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GENERAL INFORMATION ABOUT RHEUMATIC
DISEASES

A CONTROLLED INVESTIGATION INTO THE ETIOLOGY
OF RHEUMATOID ARTHRITIS

1. 8. B, DAVIDSON

ETIOLOGY
Various factors have been arraigned as causing or predisposing to rheu-
matoid arthutis. Lack of agreement on the relative importance of such fac-
tors 15 due to the fact that the opinions expressed by the majonity of workers
m the field of the rheumatic diseases are based on general clinical 1mpres-
sions and not on evidence founded on controlled expermments whuch will
wathstand cntical statshieal analyss,
tific Advisory Commuttee of the Empire Rheunatism Council ac-
Ase-teemia e - o,

-

ca- F

muttee, It was decided that for each rheumatoid arthntis patient imvestigated
a control person, either entirely normal and healthy or alternatively suffer-
e B B . - t

1t was also deczded to Lt the patients mvestigated to mndividuals who had
had the disease not more than five years, simnce 1t was felt that questions
relating to the onset of the disease would be dificult to answer if the ttme
aaterval from onset was longer.

DEFINITION OF ONSET

| LSO R R .-

logically with those obtamed from the patients with whom t]:ey \‘;;;e;;l;‘ed
Many questions put to the patients related to the date of onset of the dis-
ease, and i the absence of a corresponding reference pomnt 1n the controls,

S I . A0S

tho vaculre bt bon

At the tume of questioning he had not bad the same ttme 1n which to develop
1
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the symptoms of rheumatoid arthntis as had the patient. He mught do
so one month after the mterview, 1e, three months after tonsillitis, If this
did happen and he could have been recorded, he would move from the
control into the patient group.

To obwiate this difficulty 1t was deaded to fix, for the tontrals, a refer-
ence pomt in tme to which the questions related, comparable to the date
of onset of the patient with whom the control was paired. In other words,
each control was allotted a date of onset defined as x years before the date
of interview, where x equalled the duration of the disease in the patient
with whom the control was paired

The 230 pairs of questionnarres used in the pilot inquiry were not entirely
discarded from this analysis. They have been included m the study of those
problems which do not mvolve the date of onset, particularly in the study
of the p 1 of rh d arthntis,

The statistical analysis 1s therefore based on a total of 532 paurs of patent
and control questionnarres. In 802 of these paws the questions o the control
relate to a pomt of time comparable to date of onset in the paired patient,
m the 230 no such ble refe pomnt was present and
the mformation 1s of value only 1n the study of such aspects as do not mvolve
the duration of the disease

Each patient and each control required from three to four hours for
exanunation and questtommng. The case records were then sent for analysis
to Dr Lewis Fanmg, Staushcian to the Commttee. His first task was 10
ascertamn whether the patients and controls were stretly comparable i
regard to age, sex, avil status, social class, occupation, educational status,
age when mamned, and duration of marriage at onset of disease. He reported
that the patients and controls were entirely comparable in all these re-
spects and hence any differences subsequently discovered in the mvestiga-
tion could not be ascribed to the above sociologic factors.

ETIOLOGIC FACTORS

Sex Incidences It 1s generally agreed that rheumatoid arthribis occurs
more frequently in females than n males, but the reasons for this prone-
ness of women to develop the disease are no more understood than the rea-
sons underlymg the mereased Liability of men to develop duodenal ulcer
The corrected mcidence of males to females 1n the Empire Rheumatish
Council’s sentes of 532 was 100 males to 162 females. In the Edmburgh
series of 388 cases mvestigated from 1935 to 1940 it was 100 males to 209
females In both series the pahents were mamly m-patients in hospitals
In 400 cases mvestigated m Edinburgh between 1945 to 1045 who were
out-patients the mcaidence was 100 males to 348 females. This mu:o prob-
ably ap the true sex ! of the disease in Britain, since the
figures for m-patients are influenced by various factors relating to admis-
sion to hospital, .

Mean Age at Onset. The mean age at onset for the 532 patients in the
Emptre Rheumatism Council's series was forty-two years for males and
forty-one for females. Almost 1dentical figures were ol?tzuned for the 753
patients investigated independently in Edinburgh The information derive
from these 1820 cases does not support the view commonly expressed 1
the hterature that theumatoid arthritts has a special predilection for ynux?;;
women 1 inv of the p to develop rh
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arthritis showed that the nsk of developing the disease d pro-
gressively for males and single females with each age group from 15-24 to
4554, for marned women the risk increased up to the age of thuty-five
and then remained stattonary. .
Psychologic Precipitating Factors. These are widely held to be of im-
portance 1 the etiology of rheumatoid arthritis Statistical analysis of the
frequency of occurrence of vanous precymtatng psychologic factors within
two years of the onset of rheumatoid arthritis showed that they occurred
as frequently 1n the controls (39 per cent) as in the patients {38 per cent),
moreaver, 80 per cent of both patients and controls recorded none of the
precipitating factors within three months of the onset of arthribs Hence the
PRI TR et P . ‘tan

that
previous tllnesses may predispose to rheumataid arthntis in some manner
not understood Accordmgly the patients were questioned 1n regard to pre-
vious illnesses which had affected them at various age periods Forty-three
specific diseases were histed in the questionnaire These illnesses mncluded
such diseases as rheumatic fever, scarlet fever, venereal diseases, allergic dis-
eases, wnfectious diseases, and endocrine diseases

wrrcTions There was evids that some 1infe (excluding scarlet
fever and rheumatic fever) occurred withmn three months of the arthritis more
frequently m patients (19 per cent) than in controls (11 per cent). The
difference between these figures 1s statistically sigmficant A similar figure
of 18 per cent for patients with a history of mfections occurring within
three months of onset was obtained in 780 cases mnvestigated i Edin-
burgh No comparable figures for controls are, however, available In
assessing the sigmficance of the differences between 19 per cent and 11
per cent mn patients and controls, respectively, 1t 1s necessary to bear wn
mind the following possible fallacy The patients with theumatoid arthritis
have been questioned by their doctors after the onset of arthntis about the
occurrence of various factors beleved to be of etiologic importance, e g,
familial mcid, preceding inf psychologic trauma, and have
naturally mven considerable time and thought to these matters The con-
trols would be less hikely to remember the various illnesses or emotional
shocks which had occurred months or years previous to the date of nter-
view Hence, throughout this report minor increases m the incidence of
vanious factors 1 patients over controls should be accepted as bemng of
ctiologic importance with considerable caution and reserve If, however,
the mcidence of any factor is found to be equal to or greater 1 the controls
than in the patients this may be taken as strong presumptive evidence that
that factor 1s not of sigmficance 1n the etiology of rheumatoid arthrtis
The failure of ths i L. to d any d il

of vanous diseases before the age of fifteen, after the age of twenty-five

or two years before the onset of arthritis, and the finding that more than

80 per cent of the patients suffered from no infection within three months
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cf onset does not lend support to the view commonly expressed that pa-
tients with theuratoid arthritis are endowed with some abnormal immunity
mechanism which makes them unduly susceptible to disease or that any
specific disease or infection antedating the onset of arthritis has been shown
to be etiologically significant.

ALLERGIC DISEASES Since many authorities believe that rheumatoid ar-
thritis is due to an abnormal response on the part of the patient to an
antigen, it was decided to find out whether patients with rheumatoid
arthritis suffered from allergic diseases (asthma, hay fever, urticaria, etc)
more frequently than the rest of the population Statishcal analysis has
showed no differences in this respect between patients and controls. More-
over, a study of the incidence of allergic diseases occurring in the parents
of 532 patients and 532 controls showed no evidence of any farmhal tend-
ency to allergic diseases Approximately 5 per cent of parents and 1 per
cent of siblings 1n both patients and controls gave histories of allergy.

ENDOCRINE DIsEAseEs It is frequently stated that hyperfunction or hypo-
function of vanous endocrmne glands is of etiologic 1mportance in rheu-
matoid arthritis The fact that such disorders were found to be present in
less than 1 per cent of 302 patients specially investigated for this purpose
must finally dispose of such claims This finding is also of particnlar interest
in view of the remarkable therapeutic effects of cortisone (compound E).

Focal Sepsis At medical examination of 532 patients and controls, foct
of infection were found in 22 per cent of patients and in 10 per cent of
controls This incidence 15 much lower than is usually reported in the htera-
ture on theumatoid arthritis Since no information is available as to the
length of time focal sepsis had been present or whether 1t preceded or fo-
lowed the onset of rheumatoid arthnitis, jts significance as an eticlogic
factor remains in doubt. The data on focal sepsis in this series were collected
by am c " . T T femm shamamm
should
decide.
enced |
to focal sepsis 1n the ear, nose and throat.

One hundred cases of theumatoid arthritis and one hundred control per-
sons, comparable in regard to age and sex, etc, were investigated in the
Edinburgh Bheumabsm Chnic by an experienced ear-nose-and-throat sur-
geon who used a certamn fived standard of assessment for both groups 30
regard to the diagnosis of what constituted focal infection The incidence
of foci in the ear, nose and throat n the two groups was 1dentical, 43 per
cent in patients and 43 per cent in controls, Since cases with only radio-
- & £Y s L #hn cnen] cdnvicac vpars inslirded in both series,

css
rd

to a previous history of ear-nose-throat trouble i both groups A oty

of an upper respiratory tract infection within three months of t.hebonset

of rheumatoid arthritis was obtained i only eight patients. No significant

duference was found between patients and controls from bac(e‘n'ologm i{{v
. - - [N R Y

tion in the upper respiratory tract are present mote COMLIVLLy s prosss
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with rheumatoid arthnitis than i other comparable members of the com-
mumnty

Famihal Factors n Rheumatoid Arthritis. An investigation into the inci-
dence of arthritis in relatives of patients and controls showed that (a) 7
per cent of the fathers of patents as opposed to 8 per cent of fathers of
controls suffered from arthnitis, and 15 per cent of mothers of patients as
opposed to 9 per cent of mothers of controls suffered from arthntis; (b} of
2151 brothers and sisters of patients with rheumatoid arthntis, eighty-two
(38 per cent) had arthritss, and of 2143 brothers and sisters of the controls,
thurty-eight (18 per cent) had arthntis These fgures are statistically sig-
mfcant and therefore lend support to the contention that a familial factor
1s of etiologic tmportance The relatively low incidence of a fammhal his-
tory of arthntis and the greater likelthood of the patients’ remembering
relatives afflicted with the disease as compared to the controls necessitates
withholding any final conclusions on the matter until further investigations
have been undertaken

Home Conditions Immediately Previous to Onset of Rheumatoid Arthritis
Three hundred and two patients and a sinilar number of controls were
asked ten questions to elicit the home conditions under which they hived
No sigmficant difference was found between the patients and controls as
regards the proportions hving 1 urban and rural districts, or the length
of residence in the houses occupied up to the date of onset Over 70 per
cent of patients and controls had lived five years or longer 1n their present
homes There had therefore been an equal exposure to any deleterious
or beneficial home condition, and in the majonity of cases the length of
residence had been sufficiently long to allow any etiologic factors assoct-
ated :vish ho{ni oondnfons to produce a visible effect Statistical analysis

more trequently by the controls than by the patients In only one resisect
was there a statistically sigmficant difference between the two groups,
namely, 23 per cent of patients and 20 per cent of controls claimed that
their houses were damp This difference, although greater than would be

expected by chance, was very much less than most authorities would have
eected Thie nn cabhicfantavs avndnaan P ] -

Favnr af thie sim e o an

slas sunne cuUIVIL LEIdULLSILY L0 tieumatord arthmtis. No evidence in
TR . : -

1
by the number of children born alne during the first five years of marriage

Twenty-one patients out of twenty-two who were the victums of rheumatord
arthutis when they became pregnant stated that the disease improved
during pregnancy, only to become worse in seventeen cases after parturition

Relation of Menstrual History and Menopause to Onset of Rhcumatord
Arthritts. A change in menstral history preceding the onset of arthritis
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occurred in 9 per cent of 317 female patients The menopause (defined as
one year before and one year after the total cessation of periods) had been
reached by 115 of the 841 female patients. A time relationship between
menopause and onset was recorded by twenty-eight patients (26 per cent).
A companson with the controls on these points would be meammngless In
the Edinburgh series a relationship between menopause and onset was
found 1n 14 4 per cent of 132 patients between the ages of thuty-five and
fifty-four (menopause was defined as two years before and after cessation
of periods ), a figure actually lower than might have been expected by chance
Anr analysis of some 900 women—married, smgle and of different age
suffering from rheumatord arthnts, indicates that of all females suffering
from the disease, 10 per cent or less show any association between the onset
of the disease and changes i the menstrual history, the development of
the menopause or the termimation of pregnancy wathin six months of the
onset of symptoms. Accordmgly, I feel that no satisfactory evidence 1s avail-
able 1 support of the view that any of these factors can be of etiologic
mmportance.

Rel, o

to Rh id Arthritis The design of this m-
quury makes it for whether a specified ip or
trade might predispose to rheumatoid arthntis An analysis of occupations
of 532 patients at various periods of life showed a remarkable sfmlanty
with the occupations of 532 controls A further analysis of the type of work
engaged in on the basis of (a) indoor, manual or nonmanual, (5) outdoor,
manual or 1, and (c) 1 . showed no statistical difference
between the type of work engaged in by patients and controls. Accord-
ingly, this investigation failed to support the view that the type of occu-
pation as described above 1s a factor m the etiology of rheumatoid arthntis
A controlled study was also made into the influence of the following
additional occupational factors which are sometimes alleged to be of impor-
tance- posture at work, the nature of the work, monotonous or varied; the
type of floonng, e g, wood or stone, wet or dry; and the provision of bath-
- Mot N * at any of these factors bore any

An investigation into the tem-

. . - patients and controls worked
showed no sigmficant difference between the two groups except in oné
respect, namely, 12 per cent of patients and 5 per cent of controls stated
that they worked 1n cold temperatures, the difference persisting when the
atmosphere was dry or humid. The difference of 7 per cent is statistically
stgmficant and lends some support to the view that there may exist som¢
etiol 1 relationship b cold and the development of sheumatord

11

arthritis.
Abnormalities of the Peripheral Circulation The frequency with which
- - L. . ) IR N '-nnphcral
er these
bnormal

peripheral vascular system was present prior to the onset ot the disease
Accordingly a series of questions was devised to eliait the incidence of ab-
normakties of the perpheral circulation 1n patients and controls, and to
determine whether such changes were present before or only after the onset
Analysis led that peripheral vascular disorders were present in 55 psl'
cent of 532 patients but in only 12 per cent of 532 controls Sweaty hands
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and sweaty feet and cold fingers were present in 43 per cent, 36 per cent
and 15 per cent of the patients as compared to 6 per cent, 3 per cent and 5
per cent of the controls, respectively This analysis therefore confirms the
chimeal impression of the frequency with whuch the peripheral circulatory
changes are found 1n patients with rheumatoid arthritis When, however,
an analysis was made as to whether such abnormalities were present before
or only after the onset of arthntis 1t was found that they antedated the
onset 1 a large majonty of cases. Further, since their mcidence 1n patients
as compared to comparable controls was much greater than could be ex-
plamed by chance, 1t 15 reasonable to mnfer that such disorders of the
peripheral vascular system are mn the nature of etiologic factors rather than
clinical effects resnltmg from arthnibs
Additional Findings, 1 proof was also obtamed that the chmcal
H - . FANAEA o

m-

P . . hat
the mvolvement of joints tends to be symmetrical, and that cold and wet
adversely affect the arthnitis

RHEUMATISM—A NATIONAL PROBLEM
LORD HORDER

In the United Kingdom we still quote the British statesman who said
that the health of 1ts citizens 15 a nation’s greatest asset If this cliché be
accepted 1t follows that all diseases are, n a general sense, national problems

But there are certain diseases which are 1 some special sense “national”
1 therr importance, They may require measures of control because they
are contagious, like typhowd fever or smallpox They may be so lethal 1n
therr effects that if their inexdence 15 on the increase and their causation 15
unknown, they are a menace to the very persistence of society, like cancer
Or they may have an economic significance which 1s out of proportion to
thewr senousness as a threat to hie

It 15 10 this last category that we must place rheumatism as having a
“national” significance

The mam effects of theumatism are pam and disablement I can’t give
you figures for pam, because pam can't be measured It can only be suf-
fered But for disablement I can tell you some dimensions In Great Britam
over 300,000 new cases of disabling rheumatism occur every year. That 1s
counting snsured persons only These are about one-third of the total popri-
lation, so 1f we multiply this number by threc we armve at the figure of
1,000,000 as the number of sufferers i the whole country, or one in ffty of
the population

The econormic damage 1n sick pay, lost wages, cost of medical care, ete, 15
mndicated by the calculation that, among, the nsured workers of England
and Wales, a loss of £17.000,000 a year 1s mecurred from this couse To
multiply that figure by three would not be accurate, since allowance should
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be made for a lower incidence 1 other sections of the population The
cautious figure ot £25,000,000 may be advanced, and this does not take
Scotland mto account,

That this does not overstate the case is suggested by calculations made
m comparable countries In the Umted States even more gloomy fgures
are put forward It has been puted that 1 M: husetts there are
more cases of chrome rheumatism than of heart disease, tuberculosis and
cancer combined.

The reason why lttle or no serious attention has heen paid to this prob-
lem, mn face of such tragic figures as these, 1s probably that the mortality
rate directly attnbutable to rheumatic disease 1s low. That 1s, of course, irue
only of chrome rheumatism Acute rheumatism, as the chief cause of heart
disease, 1s mdirectly a wholesale killer

A PLAN FOR NATIONAL ACTION

Eight years ago the Empire Rheumatism Council in the United King-
dom put forward a plan for national action 1n respect of the problem of
rheumatism Thus plan had become the prototype of a scheme which was
promised by the Government under the National Health Services Act, but
which for reasons of economy, 1t has not so far been possible to put mto
operation

One difficulty had to be faced at the outset of the plan The number of
doctors with spectal knowledge of rheumatic disease was hmited Rather
than wat for the tramning of speciahsts to staff every Rheumatic Treatment
Center, 1t was decided to set up specialized centers, properly staffed and
equipped and, working in coordination with these, subcenters designed to
treat the average case but to refer other cases to the specialized centers

This scheme was consistent with our eusting medical system, which
assumes on the part of the general practiioner a sound knowledge of the
principles of medicine and surgery and an acquaintance with the common
types of clmtcal material The best resource of any sufferer, at least m the
first mstance, 1s the family doctor If we do not accept this we deny the
effictency of our whole medical system

Wihile we can remforce the general practitioner’s knowledge by short

postgraduate courses 1 rheumatism, we can also come to closer grips with
the rheumatic problem by encouraging young speciahists m this particular
feld,
Treatment of Children Turning to schemes of treatment, we have two
distinct sets of matenal to deal wath, the juvenile patient and the adult In
the case of the former the Empire Rb 1sm Counal idered that
the Rheumatic Scheme of the London County Council Medical Authonty
provided an excellent model The basis of this scheme is the routime mspec-
tion of all children at entrance and at three subsequent stages in their
school Life

Followng this “basis” came three supervisory Rheumatism Centers, 0n¢
for cluldren with a history of acute or subacute rtheumatism or chorea, one
for children having symptoms suggestive of a mid rheumatic m[echm,
and one for suspected cases awaiting diagnosis These centers are supp:‘
mented by rheumatism umts for more prol d t and
and for ameliorating home conditions where necessary,
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The scheme 1s local, but 1t mught, and should, be national It 15 expensive
but the money 1s wisely spent

Treatment of Adults 1t 1s 1 the treatment of the adult rtheumatic sufferer
that the work of the Empire Rheumatism Council has proved of value It
has been estimated that less than 10 per cent of the total number of rheu-
matic patients 1 England and Wales obtained special treatment m the early
stages of therr disease Yet there was good evidence that the results of carly
treatment of these patients might be very helpful This was shown to be the
case at Buxton and Bath, 1n three large London climes, and 1n at least one
rheurnatism center 1 the Umnited States

With the object of embracing tlus whole class of patients the Empire
Rheumatism Counncil outhned the following machinery

SPECIALIZED TREATMENT CENTERS Spectalized Treatment Centers would
be set up on a regional basis at a teaching hospital of unwversity status
The functions of such centers would include the diagnosis and treatment
of cases, of hoth m- and out-patient type, referred by local treatment cen-
ters, by other hosptals, or directly by private doctors, the education of the
patient m “home therapy”, the mvestigation of new methods of treatment

referred from any comp source, the of p dnate courses
1n the d ang of 1t diseases, the p of visits
by 1| dists to local centers within 1ts region, the

advising of local treatment centers 1n 1egard to staff and equipment, the
traiming of physiotherapists in coordination with the Chartered Society of
Physiotherapists, and cooperation in research wto the causative factors of
theunatic drsease

The ¢mef desiderata o a Specialized Treatment Center would be. (o)
tacilities for enrolling a full staff of consultant medical and dental special-
1sts, physieians and surgeons, including an orthopedtc and mampulative sur-
geon, a dentist a il , a rhimolar 1 a ok and a

diol (b) mn-patient dation, either on the site or within
convement access, and (¢) association with a university medical school and
a fully equipped and staffed laboratory and with an efficient roentgeno-
graphic department

A Speaialized Treatment Center should have, m addition to the speciahist
ph m charge, a il perma medical officer with special
expenience 1n theumatic discase, and a staff of qualified assistants, paid or
voluntarv The auvhary staft should include workers m every branch of
physical therapy, radiology, hydrology, and At Teast one of 1its
members should have a full nursing qualification

Such centers should have additional “base” beds i one of the lesser
regional hospitals, where long-term cases can be treated and rehabilitated

LOCAL TREATMINT CCNTERS In every region having a Specralized Rhen-
matism Treatment Center there would be established Local (peripheral)
Treatment Centers These should be 1n suffictent numbers and so situated
as to provide n convenently accessible places treatment facibities for suf-
ferers The cqupment of a Local Treatment Center might be arranged for
from fifty to 250 patients a day Equipment should provide for massage and
remedial evereises and for the sunpler heat and electrical treatments Sites
for treatment centers would be usually found at hospitals, pit-head baths,
pubhc baths, welfare prenuses of ndustrial enterprises, and other public or
sempublic institutions These centers would be planned for out-patients
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members should have a full nursing qualification, @ of
Such centers should have addittonal “base” beds m one of the 1

regional hospitals, : T o o
LOGAL TREATMFN

matism Treatment

Treatment Centers These should be m suflicient numbers and so gty

as to provide m comvemently accessible places treatment facihities for

ferers The equipment of a Local Treatment Center nught he arranged

from fifty to 250 patients a dav Equipment should provide for massage
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be made for a lower meidence 1n other sections of the population The
cautious figure of £25,000,000 may be advanced, and this does not take
Scotland mnto account

That this does not overstate the case 15 suggested by calculations made
m comparable countrtes In the Umited States even more gloomy figures
are put forward, It has been computed that in M 1 there are
more cases of chrome rheumatism than of heart disease, tuberculoss and
cancer combined.

The reason why little or no sertous attention has been paid to thus prob-
lem, m face of such tragic figures as these, 1s probably that the mortalty
rate directly attributable to rheumatic disease 1s Jow. That 1s, of course, true
only of chronic rheumatism Acute rheumatism, as the chief cause of heart
disease, 1s mdirectly 2 wholesale killer

A PLAN FOR NATIONAL ACTION

Eght years ago the Empire Rheumatism Couneil i the Umited King-
dom put forward a plan for national action 1n respect of the problem of

rheumatism This plar * *° [ R T i
promused by the Gove " [ N R Y I
which, for reasons of « 1, v 'y« ., L Ve ] t0
operation

One dufficulty had to be faced at the outset of the plan The number of
doctors with special knowledge of rheumatic disease was Iimited Rather
than wart for the trmning of speciabsts to staff every Rheumatic Treatment
Center, 1t was decided to set up speciahzed centers, properly staffed and
equipped and, working mm dination with these, sul desipned to
treat the average case but to refer other cases to the speciahzed centers

This scheme was consistent with our existing medical system, which
assumes on the part of the general practitioner a sound knowledge of the
principles of medicine and surgery and an acguamntance with the common
types of clmcal material The best resource of any sufferer, at least 1 the
first stance, 15 the family doctor If we do not accept this we deny the
efficrency of our whole medical system

While we can remforce the general practtoner’s knowledge by shot
postgraduate courses m rheumatism, we can also come to closer grips with
the rheumatic problem by young speciabsts m this particolar
feld,

Treatment of Children Turning to schemss of treatment, we lave two
distunct sets of materal to deal with, the juvenile patient and the adult In
the case of the former the Empire Rheumatism Council considered that
the Rheumnatic Scheme of the London County Counerl Medical Authority
provided an evcellent madel, The basts of this scheme is the routine wnspec-
tion of all children at entrance and at three subsequent stages 1n thewr
school lfe R

Following this “basis” came three supervisory Rheumatism Centers, one
for cluldren with a hustory of acute or subacute theumatism or chorea, o8¢
for children having symptoms suggestive of a muld rheumatic mfccuti:l:
and one for suspected cases awaiting diagnosis These centers are Suppe
mented by rtheumatism units for more prol d ¢t and

meliorating home conditions where pecessary




RuEUMATISM—A NATIONAL PROBLEM 9

The scheme 15 local, but 1t might, and should, be national It 15 expensive
but the money 1s wisely spent

Treatment of Adults Tt 1s m the treatment of the adult rheumatic sufferer
that the work of the Empire Rheumnatism Council has proved of value It
has been estimated that less than 10 per cent of the total number of rheu-
matic patients i England and Wales obtamed special treatment in the early
stages of thew disease Yet there was good evidence that the results of early
treatment of these patients might be very helpful This was shown to be the
case at Buxton and Bath, m three large London climes, and 1n at least one
rheumatism center 1n the Umted States

With the object of embracing this whole class of patients the Empire
Rheumatism Council outlined the following machmery.

SPECIALIZED TREATMENT CENTERS Specialized Treatment Centers would
be set up on a regional basis at a teacling hospital of umversity status
The functions of such centers would mclude the diagnosis and treatment
of cases, of both m- and out-patient type, referred by local treatment cen-
ters, by other hospitals, or directly by pmate doctors, the educatton of the
patient i “home therapy”, the mveshgation of new methods of treatment
referred from any competent source, the mnstitution of postgraduate courses
mthe d and of tt diseases, the p of visits
by i pecialists to local centers within its region, the
advismg of local treatment centers i regard to staff and equipment, the
tramung of physiotherapists 1 coordmation with the Chartered Society of
Physiotherapists, and cooperation n research nto the causative factors of
rheumatic discase

The chief desiderata of a Specialized Treatment Center would be (a)
facilities for enrolling a full staff of consultant medical and dental special-
1sts, physicians and surgeons, including an orthopedic and mampulatve sur-
geon, a dentist, a 8! a rhiolar i! a pathol and a
radiologist, (D) in-patient accommodation, either on the site or within
convenient access, and (c¢) association with a umversity medical school and
a fully equipped and staffed laboratory and with an efficient roentgeno-
graphic department

A Specialized Treatment Center should have, 1n addition to the specialist
ph m charge, a whole-t 2 medieal officer with spectal
experience in rhenmatic disease, and a staff of qualified assistants, pard or
voluntary The awabary staff should mclude workers 1n every branch of

° pody At least one of its

eds 1 one of the lesser

regional hosprtals, where long-term cases ean be treated and rehabilitated,
LOCAL TREATMENT CENTIRs In every region having a Speaialized Rheu-
matistn Treatment Center there would be established Local {penipheral)
Treatment Centers These should be n suficient numbers and so situated
as to provide 1 comemently accessible places treatment facilities for suf.
ferers The equipment of a Local Treatment Center might be arranged for

from fifty to 230 patients a dav Equipment should provide for massage and
remedial evercises and for the semnlae hass o2 0y

for treatment centers would be
pubhe baths, welfare premises ¢

senupublic mstitutions These cemiers Wouwld be planned for out-patients
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only. In-patient treatment would be provided by arrangement with the
Regional Treatment Center.

Regular skilled medical supervision is essential. The medical supervisor
would not necessarily be a whole-time official in a small center, but em-
ployed half-time or even quarter-time, fiting in his duties with other prac-
tice, or preferably sharing his time between two, three or even four Local
Treatment Centers Ths 1s preferable because he would thus gan more
experience of rheumatism It is important, from every point of view, in-
cludmg economy, that every practitioner in charge of a Local Treatment
Center should have, mn addition to Ius standard medieal skill, spectal knowl-
edge of the diagnosis and treatment of theumatic disease

Patients at a Local Treatment Center would be accepted only on recom-
mendation of therr doctor They would be, as regards special rhenmatism
therapy, under the control of its medical officer; as regards other health
matters, they would remain under the supervision of their famuly doctor
{ansurance practitroner or other). It would be necessary, however, that the
Medical Officer of the Local Treatment Center should have the decision
as to whether a course of physical treatment was necessary and of what
kind, to avoid resources being wasted.

It would be one of the functions of the Local Treatment Center to seck
to educate the people with whom 1t came into contact as to faulty con-
dittons of hving—housing, dret, clothing, soctal habits generally--which are
conducive to rheumatic disease, and to give commonsensible advice as 0
measures of preventive precaution

That is, in bare outhne, a plan to give reasonable opportumties for rehef
to all sufferers The detals of methods of administration would probably
vary m various localizes. It would not be useful to attempt to catalog them
here,

The chief purpose of the plan 15 to divide patients nto three sections.
(@) that large section which, with a very bnef period of mstitutional treat-
ment and a sound course of education, would be enabled to carry on chiefly
by stmple home treatment but would be kept under supervision by peniodic
visits to a Local Treatment Center or by wisits of skilled socal service
workers, (D) a further large section which could secure adequate treat-

ment 1 - neces-
sary which
calls alized

Treatment Center.

It can be confidently esttmated that the expense of such a system would
rep an insigmfi p ge of the yearly economuc loss now
caused by the large measure of neglect of adequate treatment of rheumatic

disease




ABSTRACTS

MEDICAL CARE OF CHRONIC RHEUMATIC DISEASE IN ENGLAND
AND WALES UNDER THE NATIONAL HEALTH SERVICE-
ADMINISTRATIVE ASPECTS

E T. CONYBEARE

An accurate estimate of the number of patients likely to veed medical care for
chomse rheumatic disease 1n England and Wales under the National Realth Service
cannot be made.

For adsmuustrative purposes the health sesvice is divided into three parts the
hospital and speciabst service, the local anthonty health service, and the general
practtioner service ‘The care of chronic rheumatism wall be mamly the concern of
the hospital and specalist secvice

For the admmnistration of this part of the health servae the countsy has been
dxvzfied mte ﬂzuneen ‘geo_gmphzcal regons. OF the tweaty -two hospitals with under-

In 1844 a spectal agvisory commttee recommended to the Mintster of Health
that, to promote research on the causes of rheumatic disease, all the unwversite
teaching haspitals should be asked to set up centess wath spectalized facilittes for
a e R SRy b S >

tor the study ot chronre rheumatic drsease along the kines recommended This
means that in eight of the fourteen hospital segions, compnsing over half the total
population of l}:e country, the medical care of chronie rheumatic disease remains
N OSSO L S . B

mav be regarded as the cluet admmstrative duficulty i developing better medical
care for sheusnatse pients under the Bntsh National Health Service

UNDERCRADUATE TEACHING OF THE RHEUMATIC DISEASES

HENTY FWRICHT

moving picteres and television. It is suggested that undergraduate didactic ¢
11 s
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Tmoted L

THERAPEUTIC CRITERIA AND RELATED AIDS IN
RHEUMATOID ARTHRITISt

CORNELIUS H TRAEGER AND ROBFRT C BATTERMAN

This report summanzes recommendations for nmform therapeutic entena m
rheumatmd anhntls To prevent the mcluslon of doubtful cases n reporting results,
the f of thi d arthntis 1s given, the defimtion closely fol-
lows that established by the Amencan Rheumatism Association

Defimton  Rheumatoid arthntis 1s a systemic disease of unknown etiology,
occurring at all ages It mav be acute, subacute or chrome It may be reversible,
especially 1n the early stages It 1s generally a chrome, progressive disease with jomt
mvolvement as the chief manifestation Ordinanly, 1t 1s polyarticular and usually
symmetric The tvpical jomt swelling presents a fusiform appearance. The affected
)om\s are clmmenzed by pam, stifiness, swelling and, many tmes, other signs of

nodules, ginttis and ! atmphy are fre-
,.n ftar reamenceng o dofrnparhe, athe

@ At pamanmstante Tha pho sastand
[T [

an elevatmn of the erylhroc)te d nte and

anemua, fever. vasomotor imbalance, loss of werght and anorexia Although the
course of this condition tends to be progressive, with exacerbzmons 1t may be punc-
tuated by In early r} d arthntss jomt swellng m.ly

Teukocy tost

atlc

.
doubtful case should be omtted from any therapeutic mnvestigation "
— . PR Shas i S SRV R

stages
Stage I‘ Early °1 No de change l 11
Jogic evtdence of v be present.
Stage II, Moderate °1 ) eviden wath or without
shght subchondral bone destruction, sllght cartilage destruction may be
present

2 No jomt deformines, although imitation of jownt mobility may be present.
3 Adjacent muscle atrophy
4 Extra-articular soft tissue lesions, such as nodules and tenovagints, mav be
Tesent
Stage ﬂx Severe °1 Roentgenologic evidence of cartilage and bone destruction,
in additron to osteoporosts
*2 Jomt defy , such as subl , ulnar d , with-
out fibrous or bony ankylosis
3 Extensne muscle atrophy
 For the complete paper see Stembrocker, O, Traeger, C H, and Batterman, R C*
JAMA, 140 859, 1949
* The astensk mdicates entersa which must be present to classify a patrent in any par-

ticular stage or grade

tion or hype
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4 Extra-articular soft tissue lesions, such as nodules and tenovagmitis, may be
present
Stage IV, Terminal °1 Fibrous or bony ankylosis
. ‘l .| N ! . . N
[ S [ . . . '
out handicaps
Class Il Functional capacity adequate to conduct normal actvities despute handi-
cap of discomfort or lrmted mobihity of ane or more joints
Class III Funchonal capacity adequate to perform only Little or none of the duties
of usual occupation or of self-care
Class IV Largelv or wholly d with patient bedndden or confined to
wheel chair, permittmg Lttle or no self care
The followmng critenia mav be used for d
activity to therapy
Grade I, Complete Remussion *1 No systemic signs of rheumatoid actiity (see
defimtion}
°2 No signs of jomt inflammation
*3 No evidence of activity m any extra-atticular process, mcluding nodules,

b e b o o b

the response of th d

*4 than that associated wath
.5
6 Articular deformity, or ext treul L due to ir bl

changes, mav be present
Grade II, Major Improvement *1 No svstemic signs of theumatoid activity, with
exception of an elevate: 4 tation rate and balan
*2 Majer signs of mflammation resolved, such as heat, redness of jomnts and of
extra-arhicular involvement
*3 No new rhe d pracess of mt ticular or exts ticulr

4 Mimmum jomt swellmg mav be present
5 Imparment of joint mobity associated with tnimum residual activity may
be present
6 Articular def , or ext ticular 3 due to bl
changes, may be present
o v ™ .o . - .
*3 No evidence of extension of rheumataid activity nto addinonal articular or
extra-arhicular structures
4 Decreased but not mmimum jomt swelling present
5 Impairment of joint moblity due to restdual inflummation may be present
6 Articular def. y, or ext ticular m e to bl

ns of rheumatord

development of
new sites of theumatord activity

Roenteenologic chinges mdicative of progresston of the rheumatod process,
excepting hvpertrophie changes

In the presence of one or more of the ahove, imprayement 1 ather featuves,
meluding a normal or Jowered erythrocyte sedimentation rate, not significant
Wheneser possible preciston instruments, such as tape measure and gomometer,
should be ustd m estimatmg the degree of swelling and motcn for the purpose of
teporting progress of the chiscase under therapy 1t s urged that an arbtrary tune

&
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limit be established for initial therapeutic response for each method of therapy,
long enough to exclude the factor of spontaneous remission To avoid errors arising
from misinterpretation of the natural fluctuations of the disease it is recommended
that Minor Improvement {grade III) should not be considered sigmficant and
should not be included in any statistical survey of a therapeutic agent or procedure
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GROUP A STREPTOCOCCAL INFECTIONS
In man about 95 per cent of streptococeal diseases are caused by mem-
bers of group A, and the remainder by members of other groups and of the
vindans streptococer Group A streptococci are further divisible mnto sero-
logic types, the sigmficance of which 1s discussed later, but no type has
been shown to be responsible for any one disease. Indeed, the many chnical
mamfestations of human streptococcal mfections are caused by many different
types
Relation to Rheumatic Fever. So far only group A streptococet have
been shown to mduce the precursory infections that are followed by rheu-
matic fever From the pecuhar chain of events (precursory streptococeal
infection, phase 1, a latent perod, phase 2, and then the rheumatic fever,
phase 8), 1t appears that the rheumatic fever is not a complication m the
ordinary sense of the word, but a sequel of the streptococcal nfection
This prcture 15 particularly well demonstrated in epideme form occur-
ring m milk-borne outbreaks of sore throat, such as those reported by
Madsen and Kalbak,? where the peak of some streptococcal epidemies pre-
ceded the first case of rheumatic fever by over two weeks, and the epr
demics had entirely substded before the majority of the cases of theumatic
sequelae appeared In military estabhishments such as barracks a simlar
sequence of events 1s frequently observed, duning World War II, many
group A streptococcal epidemics were carefully studied with modern sero-
logic technics, and 1t was well proven that no other infections, erther respira:
tary or nonrespiratory, acted as forerunners of rheumatic fevet. 1611 1
Thus negative evidence ts almost as important as the positive Moreover, it
has been established 1n schools and hospitals that group A streptococcal
infections are parnicularly dangerous among subjects who have previously
had rheumatic fever, for among such subjects the incxdence of rheumatic
recurrences 15 much higher than m mdmduals who have not previously
had thys disease
Famihal Susceptibility Famly f strep
as those studied by Paul and Salinger,? illustrate well various clmical en-
tities induced probably by single strains of streptococet, for under home
condihons where spectal precautions are not taken, streptococcal mfec-
tions travel through a family with great rapidity This brngs up the pecubiar
human bemgs among whom rheumatic fever thrives. Several observations
record the existence of this disease 1 many members of a family, an
there 15 quite suggestive statistical eyidence that there 1s probably an
mhented susceptibility to theumatic fever, but 1t is often difficult to rule
out the fl of strep 1 mi ironment. Indeed,
because in many mstances, particularly among troops, there has been little
definite proof of a famly susceptibihty, this question 15 as yet w a state
of flux
Effect of Prophylauis on Incidence of Rheumatic Fever Many careful
studies have defimitely shown that if the precursory streptococcal ’mfec-
tion 15 prevented by the sulfonamides® or pemcilln, and sometimes ifatas
cut short by pemicillin treatment very early 1n the course of streptococeal
sore throat, then rheumatic sequelae do not occur 18 Moreover, in the pres-
ence of an epdeme induced by sulfa-resistant stramns of streptococcs,
rheumatic fever sequelae occur even though the patients take Jarge amounts
™. of the respective sulfa drugs, therefore 1t must be concluded that when

1 mfection, such
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cultures Moreover, because a quarter to « chird of patients at the time of
the onset of their rheumatic fever have lost the group A streptoeocei from
their nose and throat, other evidence of the occurrence of the precursory
streptococcal mfection is requisite. This has been furnished by demon-
strating antibodies to various T of group A P in these
patients” sera,

Such antibudies are of two general classes: (a) those agamst the extra-
cellular antigens elaborated by streptococei into culture media or into the
tissues surrounding streptococcal lesions, (b) those against somatic antigens
of the streptococel.

Antibodies aganst Extracellular Anfigens In Table 1 are summarized
the vanous extraceljular antigens that have been so far identified, ther
anttbodies and, schematically, the relative frequency with which these ant-
bodies have been encountered m patients with streptococcal infections with-
out, and with, theumatic fever sequelae. Other extracellular antigens prob-
ably exist,

Table {. Anlsbodres agamst E: Antyens I 1 by Group A Strep

RELATIVE ANFIEODY

EXTRACELLULAR ANTIGENS ANTIBODIES FROPUCTION IN
HUMAN INFECTIONS

NoRF RE
Streptolysm O Antistreptolysin O ++ +++
Streptolysin 8 Antistreptolysin § ++ +
Fibrinoly<im) A ++ ++F
Hyaluromdase (Types 4 & 24) Antihyaluromdase B dttt
{“precursor”?)* all types
Protemase Antiproteinase {3 (+=)
Desovyribonuclease (Dornase)t AntiDORNaset + ++
Tubonuclease Antiribonuclease 4 »

ANTISTREPTOLYSIN 0 Antistreptolysin O has been most widely studied in
this counection, and for a decade numerous reports have indicated that
rheumatic fever patients develop abnormal concentrations of these ant-
bodies with greater frequency and mn higher concentrations than do patents
infected with streptococci who do not develop rheumatic fever.® There was
however, httle information concerning the relative capacity of the various
infecting strams to form streptolysm O. This lack of mformation has been
overcome 1n a study by Anderson, Kunhel, and McCarty,2® who employe
sera from pattents m an epidemuc where three types of streptococc: Were
inducing most of the infections, hence the antigenic sumuli were sirmlar.
There were five groups of patients I, those 1n which ene streptococcal type
was active, 1T, those probably infected with more than one type, TiI, those

PURRAN

frequently observed.
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effectively treated with pemcilln, IV, those not cffectively treated with
penallin, and V, those who developed rheumatic fever It was found that
1t fever group developed on the average by far the Iughest
cancentration of antustreptolysin O, while those m whom pemeillin therapy
was effective developed the least. .
ANTISTREPTOKINASE A smmlar general tendency ex:stel} when the same

streptolysin O formahon,

That the study of two different antibodies d a lngher d
of streptococeal infections than does testng for only one antibody 15 shown
n Figure 1 summanzed from these authors’ data Such 2 summary idr-

Anderson, Kenkel, and McCarty

gl h k

and by different patients infected
with the same types of group A streptococer

cates the hazard of denying the eustence of a streptocaceal infection on
the basis of absence of any one antibody The chart also illustrates graphi-
cally the most marked average production of both of these antibodies by
the patients who developed rheumatic fever

The gamma globuhn content of these patents” sera at various times fol-
lowing therr streptococeal mfections was agam most marked mn the rheu-
matic fever group Other noteworthy phenomena were observed. Group
11, effectively treated with pemicilhin, had an early nse m gamnma globuln
which then temporanly remained almost level and finally fell off in four to
s1x wecks Fven more interesting was the occurrence 1n the sera of the
rheumatic group of a higher merage gamma globulin at the onset of their
nasopharyngitis than was present in the nontheumatic group This was

1

n part, to ak 1 conc of n O
the sera of most of the rheumatic subjects at the onset of their latest strep-
tococcal mfection

Table 1 indicates the enstence of at least seven extracellular antigens
of group A streptoeccet and, m patents’ sera, the possible occurrence of
corresponding antihockes agamnst them, It seems reasonable to assume that
the marked formation of gamma globulin by rheumatic patients is prob-
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ably an index of intense production, by these patients, of antibodies other
than the two just discussed Indeed, observations of Quimn,® of Harns,
Harnis and Nagel# and others indicate that a distinctly higher concen-
tration of antthyaluronidase occurred among their rheumatic fever patients
than among other patients infected with group A streptococer who did not
develop rheumatic fever, and some of these observers feel that a high antt
hyaluromdase content m a patient’s serum 15 a better mdrcator of a prob-
able rheumatic fever than 1s furmshed by titration of its antistreptolysi O
content But let 1t be noted that no single serologic test yet devised 1s diag-
nostic of rheumatic fever All have only presumptne significance when con-
sidered along with other evidence

ANTIHYALURONIDASE The hyal dase and antihyal idase question
has elicited much discussion with respect to the pathogenesis of theumatic
fever The observations** that hyaluronte actd constitutes most of the cap-
sular substance formed by groups A and C streptococer and also some of
the nterfibrillar matenal of collagen, suggested that a possible causal con-
nection exsts between lesions of collagen and an action of hyaluromdase
which 1n vitro attacks this viseid polysaccharde, This hypothesis was sup-
ported by the d ration that sul i hyal dase, for
example extracts of bovine testes or of certamn bacteria, act as spreading
factors®® when mjected mtracutaneously mnto various ammals Several bac-
terial hyaluromdases mduce anmals to produce the antthyaluromdase which

b fically with the hyal dase derived from its respectine
specific source, and not from others Thus although the hyaluronic acid
substrate 15 common to all, each enzyme has serologte speaficity.

Although 1n employing the mucin clot prevention test techmque Crow-
ley?* showed that only types 4 and 22 of group A streptococei elaborate
easily detectable estracellular hvaluromdase, Pike,”> by employing the
turbicity reduction techmque and streptococeal hyalurome acid as a su
strate, found hyaluronidase to be elaborated by over half of the noncap-
sular group A streptococe: tested and also by some capsulated strans On
the other hand, the demonstratton that the majority of patients undergomg
group A streptococcal infections elaborate antthyaluromdase into ther selr-l
strongly suggests that m most group A streptococci, the antigen hyz il-
romdase probably eusts as a precursory substance not as yet always directly
demonstrable 1n vitro, Moreover, the formation by so many patents ©
antthyaluronidase suggests that this enzyme, probably m the form of 2
precursor, 1s an exceptronally strong antigen The elaboration by rheumnhtc
fever patients, compared with nontheumatics, of relatively larger amounts
of antthyaluromdase 15 probably an example of their marked tendency as 4
group to form relatnely large amounts of antibodies agamst varous coftt-
ponents of streptococet . .

Hypothetically 1t would scem that 1f bactenal hyaluronidase were {e‘
sponsible for widespread mjury of collagen dustant from the focal b“terllj
lesion, then those microorgamsms producing the largest amounts of A :
enzyme would be the most potent inducers of rheumatic fever; but thés 1‘
contrary to observed phenomena At least two epidemics have been studiec
which were caused by type 4 group A among
from rheumatic fever without being followed by rheumatic recurrencef]
Human group C T 1 mnfe , have not been observe

. to mduce rheumatic fever even n rheumatic subjects, although this group
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of streptococer quite frequently form enough hyaluromdase to be easily
demonstrable mn vitro, and pneumococer and clostridia, also potent pro-
ducers of hyaluronidase, are conspicuously negative as causative agents of

f that ave f of 1k fever Until more hight 1s thrown
on this subject, therefore, 1t seems well to assume that mtense antihyalu-
romdase production by rheumatic fever patients 15 a concomitant, rather
than a causal, phenomena with respect to theumatic fever.

OTHER EXTRACELLULAR anTicCNS The other extracellular antigens and
therr antibodies histed 1n Table 1 have been much less studred with respect
to rheumatic fever, but 1t has been definutely established that these anti-
bodies are often formed during or following streptacocceal nfections *® The
use of streptokinase and streptodornase to dissolve fibrinous exudates has
very useful therapeutic potentialities ** The relatively lower antistreptol-
ysin S formation by rheumatic fever patients dunng a rheumatic attack and
the tendency for them to form larger amounts with recovery® deserve fur-
ther study that will doubtless be facilitated by Bernhemmer's®™ determma-
tion of 1mproved methods for prepanng this antigen

Table 2 Antebodies agains! Somutie Anigens of Group A Slreplacocet

SOMATIC ANTIGENS ANTIBOMIES SPECIFICITY
C Carbohydrate Anti-C preaipitins Group spearfic
Nucleoprotens Antnucleoprotcins Common to muny et
T Proteins Anu-T agglutinns  Some type<pecific; <some
common  to  several
types
M Protemns Type-specific
Protective mvive
{over 10 types)  Bactenostatic n vitro
Ant-M precipitine mvitro*

Ant+-M agglutinins n witro®

Antibodies aganst Somatic Antigens Patients suffermg from group A
streptocaccal infections elaborate antibodies also agamst the somatic anti-
gens of streptococct Whale this question has receved only httle attention,
nvestigations, carried out manly 1n our labaratories, have wdicated its
unsefulness n suggesting a possible mechamsm 1 the induction of rheu-

L oaa B IO O e
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serologic type ot group A streptococar that is 1nfecting a patient, are those
that react with the streptococeal M protems Such type-specific antibodies
have protective mmport both m active and passive unmunsty, they are bac-
tenostatic 1 human sera, and under proper conditions positive preaipitin
reactions mdicate the eustence of type speafic antbody The difficulties
often encountered 1n testing patients’ sera for anti-M precipstins probally
stemr from our inability as yet to prepare pure M extracts unmiced with
other somatic antigenic components There are over forty serologic types
among the group A streptococer, and cach prodnces its own specific M
antigen

DEMONSTRATION OF TYPE-SPFCIFIC ANTInOntEs While the type or types of
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group A streptococer that are mfecting a patient may be readily determuned
by precipitin tests applied to the strams recovered from him, the bacterio-
static test is the only rehable technique so far developed for demonstrat-
1ng strictly type-specific antibodies in his serum Two methods of measunng
bactertostatic anttbodies have been employed, the direct and the indrect
In the former,® patients’ heparimzed blood 1s incubated with suitable dilu-
tions of the bacteria, then the mixture 1s moculated on blood agar and in-
cubated to determine how much bacterial growth has been inhibited This
test must be done within a few hours after the patient’s blood 15 obtained,
hence, accurate comparative measnrements of this antbody over consider-
able periods are not feastble With the indirect technique,! the sera ean
be refrigerated, and several, previously obtained at different times from a
patient, may be tested simultaneously for their respective bacteriostatic
antibody content, Dilutions of these sera, hepanmzed blood from a healthy
chuld, and dilutions of streptococer are muxed and incubated, then plated
on blood agar and again incubated When suitably controlled, inhibition of
growth indicates existence of type-specific antibody; by employing swtable
dilutions of serum and streptococer this test 1s roughly quantitatrve

CLINICAL STUDY: DEVELOPMENT OF ANTIBODIES IN A SERIES OF
PATIENTS

Table 3 summarizes the relative development at weekly intervals of
antibodies agamst two extracellular antigens and two somatic antigens by

Table 3 Comparatice Formation of Antibodies agawnst Group A Sireplococeal Eatracellalor
and Somatie Antigens by the Same Group of Paents

NATURE OF GROUP A UNCOM-  COM-  WITH RHEUMATIC Lo
STREPTOCOCCAL INFECTION PLICATED PLICATED FEVER STQUELAE®

ANTIBODIES AGAINST EXTRACELLULAR

ANTIGENS.
Antstreptolysim O merease, % 69.7 750 853 71
Average begionung of rise, weeks 24 23 20 24
Antifibrinolyswn ancrease, % 62.9 800 809 730
Average begmning of nise, weeks 31 25 23 26
ANTIBODTES AGAINST SOMATIG ARTICENS .
Bacteriostatsc antibody mcrease, % 667 688 879 756
Average begining of nise, weeks 42 39 61 51
Range, weeks 2-10 28 1-13

Precipitin reactions with M extracts:

Homologous type, % 455 562 853 639
Heterologous iype, % 333 438 618 469
Average begmmng of Tise, weeks 36 26 60 48
Range, wex 1-8 1-5 1-23

* Twelve per cent of theumatic patients also had purulent complications

a fairly large group of our patents infected with group A streptococer.”?
They were divided into three subgroups: (a) those without comphcahqi
or sequelae, (b) those with purulent complications, and (c) those Wi

rheumatic fever sequelae, of whom four also had purulent complications.

We were unable to measure 2 possible antifibrinolysin increase m some of
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these patients’ sera because they contamned high concentrations of this anti-
body at the onset of the latest streptococcal infechons, but it was possible
to compare the development of the other three antbodhes, The rheumate
fever group developed on the average relatvely more antibodies than did
the nonrheumatic group when tested with these four different antigens
Although the measurable antibody ncrease agamst the extracellular anti-
gens appeared at about the same average time following infection m all
groups of patients, there was an average delay of approvimately two to
three weeks 1n the appearance of antibodies aganst the somatic antigens
among the rheumatic fever group as compared with the nonrheumatie, this
was 1ll d in both the b ic and anti-M precipitm tests, and
confirm some earlier observations with the anti-M precipitin techmque 3% 34
The possible sigmfcance of this delay m the pathogenests of theumatic fever
15 not as yet evplamed.
Figure 2, izing the e antibody prod:
by the same group of our patents, ndicates agamn that the more tests one

Per cent
40 80

AT
=1 7]77 -5

Yig 2 Distnbution of four different antbodies in exghty-three patents infected with
group A streptococa

1
0% 080 % w0

applies to the same samples of sera, the more convincing 15 the evidence
nf 2 prfvmus' Tecent streptococcal mfection Among patients undergoing

of ‘ptol; O reacted tively with one
or more of the other antigens The application of four tests, however, demon-
strated antibody formation agamst one or more streptococcal antgeme

components 1 all instances °
A detailed analysis was made of the entire series of patients m whom it
was possible to mitiate these mvestigations very near the time of onsct of
their streptococeal infections and to conttnue them through the period when
rtheumatic sequelac were apt to oceur, and for several months and some-
times for two or threc years when these sequelae occurred The analysts
showed the following: -
L At the onset of an infection with a gen type of grou,

o b il

S A strept
cocer, a patient’s serum d n " ¢ That

agamst that
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type, although it often d abnormal of ant lysin O

or antlﬁPrinonsm, and sometimes of bacteriostatic antibodies ag.;inst strep-
tocoect g to types heterol to that recently infecting the patient

2 Type specific bactenostatic antibodies usually appeared later 1 the
course of mfection or with recovery, and at times persisted for months or
years though lly they were d ble for only a few months,
they were probably an mndex of type spectfic immunity,

3 Bactenostatic antibodies agamst heterologous types found very exrly
m an infection probably mdicate previous infections with streptococa be
longing to those respective types.

COMMENT

It now seems probable, from data dertved with several different mues-
tigative techniques, that many, possibly most, persons hving m this genera
geographic area suffer one or more group A hemolytic streptococeal mfec:
tions durning therr hfetime This 1s mndicated by direct clnical and bac-
tenologte studies, and also m the general population by the gradual devet
opment of anttbodies agamst the streptococcal erythrogenic touns and the
development of antistreptolysin O. and particularly by the recent studies
of antihyaluromdase m sera by Friou and Wenner,% Quinn,3® and Harns
and Harns 37 These authors reported the blood of newborn infants to con-
tamn practically the same amount of this antibody as that of their mothers,
with a marked diminutson for two to three years followed by a gradual
average rise 1 mean titer until early adulthood While this is possibly an
evample of “physiologic anttbody formation,” 1t seems more logtcal to con-
clude that the nise mn antihyak dase tl h hildhood and youth
1s due to repeated group A streptococcal infections, because these ant-
bodies have been demonstrated with the tests that have been made with
hyaluromdase obtamed from group A streptococci, and not with hyals-
romdase from other sources

As stressed by Powers® and his collaborators, early in life group A strep-
tococcal nfections are often diffuse and so noncharactenstic that thew
etiology requires bactenclogic and serologic demonstration However, ‘"‘2

cocer heterologous in type to those previously active 1n any giwen patient
The §i of d upper 'y infechons which are probably
caused by streptococc st N T T 1Teee oo an the
development of therr
the studies of rheuma
tions of the “prerheumnatic child” correspond closely with those of strep-
tococcosts” (Powers) mn young children |
For the ttme being we may postulate that there 1s a tendency ( possibly
herited) 1n the tissues of certain persons to overreact to these streptococ
cal inf with the devel of f d as rheu-
matic fever, and that this tendency 1s brought out and mcreased by ﬂ;ey
repeated streptococcal mfections they suffer The average higher antibody
formation agmmnst various streptococeal products, the average greater 3}
taneous hy Yt 1 extracts,? * 40 and the delayed,

0
tuberculin type of hyperreactivity of rheumatic patients to intravenous
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imechons of streptococcal extracts® all appear to be examples of their
hyperresponse to streptococcal antigens If this theory s correct, we may
f

regard each 13 e as due to a group A strepto-
coceal mfection with a serologic type of strep that probably had
not nfected the patient p ly Then each of 1}

fever is mdeed a new attack of thas disease occurrmg 1 tissues that have
heen reconditioned by previous streptococcal infections, and 15 not a relapse
of a Tatent $nfection such as ocents 1n syplubs

ANIMAL STUDIES

Dunng many years work m evpenmental infections of rabbuts with strep-
tococes, we have demonstrated that two types of reactivity can be induced
with runute nocula of lowly virulent stramns, according to the route of
moculation, namely, hyperreactivity from focal infections,” and immune
twp from 42 1t was alsa found that
rabbits immunized with vindans streptococas often develop tissue hyper-
reactivity to subsequent mfection with & stram of group A or group C

rep . but ay y to the mmumang vindans strain 43 4
Later, when the sigmficance of human mfections with different types of
streptococer was appreciated, we showed* that prolonged immumzation or
repeated fections of rabbits with one serologic type of group A strepto-
cocet usually caused the ammals’ cutancous tissues to respond to subse.
quent noenlabion with immune byporeactivity to moculation with the
homologous type strumn, quite frequently the same rabbats Jiowed hypes-

to oculition with h )l type strams

CONCLUSION
From both bedside studies and animal expenmentation the hypothesis
15 presented that the successive group A strcptococeal infections suffersd
by many patients lead to a hesghtened wntability of their tissues to sub-
sequent imfechions with growp A streptoeocar beterologons m type to those
with which they had previously been infected; and that when this height-
r(:ncd reactvity reaches a certain degree 1t may mamfest atself as rheumatic
ever
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DISCUSSION
BENEDICT F MASSELL

During the years that have elapsed since 1931, when Dr Alvm Cobu;xnnf
monograph on the subject appeared, there has accumulated overwhel
ing evidence that the hemolytic strep is the pr agent o
nearly all, 1f not all, attacks of rheumatic fever. it

In spite of the considerable data that have been collected 1n regar the
the streptococeal hypothesis, there 1s still lack of information reg_ardmg ”
role of this organism 1n the continuation of rheumatic fever. It is my P;:e
sonal opinion that once an attack of this disease has been mutiated by .
streptococeus, 1t may in some instances contmue mn its achive state for m';‘b «)e,
months without the incrummation of further streptococcal activity :
mechamism by which the rheumatic process 1s kept gomg still needs to
explained. N

x%r. Swiit has emphasized the importance of good bacteriologic data :rn
determining whether hemolytic streptococci isolated from the upper ressnd
atory passages are orgamsms which have been carried for some t&me ot
therefore relatvely inconsequental, or whether they are fresh nva ersme‘
hence the cause of a new infection I should like to reen.;phasnze his slmm
ments and especially point out the valfue of good baseline throat cul

in the evaluation of respiratory infections.
da’?h;n\vcfk which has beenpdone;yt the Rockefeller Hospital on type spe
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afic b i ibodes 1s ly smportant and adds a new and
sigmficant immunologic tool to those we already have for determining the
streptococcal expenence of patients .
My final comment 1n regard to Dr. Swift's paper 15 concerned with his
remark that antibiotics are not effective 1n preventing rheumatic fever once
a streptococeal infection becomes well established. ‘The interpretation of
this statement depends perhaps upon what 15 meant by well established
In this connection 1t 15 of mterest to pomt out that in definite rtheumatic
sulyects at the House of the Good Samantan approximately twenty to twenty-
ve authentic clmcal hemoly P fections treated within a
period of twenty-four hours of onsct and for a period of ten days have not been
followed by rheumatic fever recurrences in a sigle instance, During this
same period among a small number of controls we have observed several
rheumatic fever recurrences Of course, the number of patients imvolved 1s
still too small to be sure whether or not these abservations are sigmificant

OBSERVATIONS REGARDING ARTIFICIALLY INDUCED
SUBCUTANEOUS NODULES IN RHEUMATIC
FEVER PATIENTS®

BENEDICT F. MASSELL, WILLIAM B, COEN AND T DUCKETT JONES

Althoush sul

nodules were d as an mam-
festation of rheumatic fever even before 1881 when Barlow and Warner’
published the first comprehensise chineal description of these structures,
the mechamsm by which they are produced 1s still poorly understoad In
1933 at the House of the Good Samantan studies aimed at eluaidating pos-
sible factors invohed 1n the development of subcutancous nodules resulted
n the first ful md: of the by artificral methods ¢
Nodules were at first arthBaally mduced on the elbows of patients suf-
ferng from active theumatic fever by njecting 2 to 3 cc of the patent’s
own bload subcutar ly over the process and then applying
‘:'l;nly,(r‘\cho’nal pressute to tlus area for a period of ten days. Later it was

the development of nodules

From the data 1n fhese y studies it d that
the frequency with which nodules conld be successfully induced and the
size of the induced lesions were related roughly to the degree of actiity
of the theumatic fever process The microscopic architecture as well as the
clinfeal chatacteristics of the induced nadule seems to be essentially the
same as that of subcutaneous nodules which spontancously appear

* From the House of the Good Samantan. Boston, Mass_ The expenses of this studv
were defrayed orignally by & grant from the Commonwealth Tund snd more recentlv
by a grant from the Helen Hay Whitney Foundation
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the course of active sheumatic fever. Tn both kunds of lesions the histo-
pathologic prcture depended somewhat upon the age of the structures®

Subcutaneous nodules appear spontaneously m the course of rheumate
fever, rheumatoid arthnitis, and even oceasionally in disseminated lupus
erythematosus Although the nodules of rheumatic fever and rheumatod
arthntis may m some be d hable by their b hology,!
they are in many respects quite similar and in general they seem to be
spectfic for the “collagen” diseases OF still greater sigmficance is the fact
that the arcl ure of the sub nodule of rheumatic
fever 15 very sumilar to that of the myocardil lesions n this disease Fur-
thermore, most rheumatic fever patients who deyelop subcutaneous nodules
also develop definite chnical evidence of valvular heart damage It 15 Jog-
cal to conclude that the pathologic ) lved 1n the product:
of subcutaneous nodules 1s very sumlar to that involved m the producton
of rheumatic heart disease

The demonstration that 1t was possible artificially to induce subcutaneous
nodules essentially identical with those developing spontaneously seem
to offer a method of studymg one of the basic processes of rheumatic fever
Dunng the years which have elapsed since our onginal report,? we hae
continued to make observations ammed at elucidating the mechamsm 1
volved m the development of subcutaneous nodules These observations
form the basis of the present report

METHODS

A number of different methods have been used for mnducing nodules
and for control purposes The procedure used in an attempt to mduce
nodule 1s sometimes referred to as a nodule test, but, 1n using this termmol-
ogy. 1t 1s not our ntention to propose the procedure as a climeal test for
rheumatic fever

The dard procedure d m mfil the regon of the dlec-
ranon process of one elbow with 1 cc or less of 1 per cent procaine, usieg
for this purpose a small syringe and a fine (No 26) needle After a few
minutes, using another syrnge, and a larger needle (usnally No 20, oce2-
sionally No 21 or No. 22), blood was removed under stenle precautions
from the antecubrtal vemn of the opposite arm and immedutely mject
subcutaneously 1n the anesthetized area In the earher fests 2 to 8 cc. ©
blood was usually used, but later the amount was increased slightly €
about 3 to 4 cc The needle used for injecting the blood was mserted throusd
the puncture hole 1 the skin previously made by the procaine needle, and,
as the blood was mjected, the needle was redwrected several tunes 50 that
the blood could be forced mto the deep tissues overlyng the bone as well
as 1nto the looser subcutaneous tissues Other tests were performed w1ith the
same standard procedure using the anterior aspect of the knee and othe?
sites.
In some tests blood from patients suffering from severe rheumatic fever
and blood from healthy young adults was mjected into the elbows of other
patients, most of whom had recently recovered or had nearly recove 4
from rheumatic fever In these cross tests, as soon as the blood was obt.\ln?(
from the donor, it was transferred to a vial contaimng a small amount ©
sodm citrate m order to prevent clotting The citrated blood was always
used within a period of one hour from the time 1t was obtaned.
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Another method consisted 1™ wsing, the pa\\cnt'> own bloods but 10
trast to the standard traumatiza® pechniue: the blood was mjected slowly
into the subcutancous fissucs through fine needle 0 s to prod uce as httle
trauma 2% ;mssxb\e, 1n othe? tests the standard fraumabtizing technique Was
used but stenle sahine was subsmu!en\ for bloo

Finally, 31 studies which are not yet cmn;ﬂctcd and wineh wilt be re-
\mﬂcd only bocfly ™ the present communication: tests have Deen PeT”
tormed with hya\momd‘\su Fius substance has been tnjected su\)cu\.\neous\y

con-

“The imection of small amounts © 1 per cent procan® alone had prcvmus\
peen found to be an wmeffective methott of indacing nodules” and, theres
fore, further control tests with ths matenal have not been done

CLINICAL MATERIAL
The present yeport 1 based upon all of our observations to date and m-

o
Audes the ongal Jata used for our previons commumcmons,’ 3 g well
as the snatenial collected smee the

A total of 8 o dufferent tests have been pcr(om\ed on 362 heumatic fever
subjects The patients vaned from four 10 pwentytWo years of age and
averaged 106 years ppm“nme\y 93 per cont of the patient> were between
Your and sutee years of age Insome instances for pUTpOSTs of comparisot
two or mar¢ tests were done S\m\\\(.\nem\s\v but at different sites n {
came panent, other mstances & [mr!xus\;\r patient Was tested ot dufferent

disease preseating chmseal as ™ oIl as Jahoratory evidence of henmatic fever
and (4) thos® with 44+ Ach\'\\yv‘ul\ems with severe sheumatic fever
and carditis
All of the patients 12 the last category pmscn\m\ obviots SIEDY of valvular
heart damares and ahttleless than hatf of them had congestive hicart fatture
armed About wo-tiurds of the patients 1
the fiest three groups had sahular smobement while the yematnng Y
imahic panients had 1o SIS ¢ soart d1mAse 1 accordance \with the class
gicwtion of the Amencan eart Association® the dugnosis of thenmatic heart
drseare WD) has Yoen used far those mdmdoals & Wth vabvular Jamage
g poteutial theamatie heart dise ¢ (PRID) for those  heumatic patients
of cardi? e1
y-caht sandard olecranon tests were vﬂ(nm\c(\ m patients

who 8t
the tme pmu\m\ chorea s &t Jeast one of their manfestations of thew
matic feve

v
1n addition to e theumati gover subjeets 15 other ndaviduals s
They consd a of

crved
g3 controls

tod of seventy “mne [(‘(‘\)‘(‘mil\d(‘(‘ dnldren, thirt



30 Ruponatic Fever

hildren with bone tul 1 sixty patients in the first or second week
of scarlet fever, four patients with subacute bactenal endocardttis, two pa-

tients with di ted Jupus erytl and thirteen patients with
various 'other condittons unrelated to rheumatic fever. Except for one of
the patients with d 1 lupus eryth who was tested four

different times during the course of a prolonged 1llness, each of the other
non-rheumatic fever patients was tested only once m the region of the
olecranon process and with the standard technique. The controls vaned
from three to twenty years of age and averaged 92 years. About 95 per
cent of them were between four and sixteen years of age

RESULTS
Development of Induced Nodules When blood was used for the test, 2
hematoma was produced at the site of the injection In some persons the
discoloratron and diffuse subcutaneous thickening which were always pres-
ent gradually subsided and the tissues regained thewr normal appearance
and testure by the end of one to two weeks. In others, as the discolored

Table 4. Frequency of Induced Nodules in Relotion to Rheumatic Fever Actily®

SUCCESSFULLY
DEGREE OF INDUCED NODULES

RHEUMATIC FEVER ACTIVITY

NUMBER
oF

TESTS  Number Per cent

0 (Quiescent) 163 23 152
+ (Muld, nsually subclmcal) 139 6 415
++ (Moderate) 91 6 714
+ 4+ (Severe) 56 @ 857
TOTAL TESTS 451 08 452

*This analysis is confined to tests performed with the standard techmque and i the
region of the olecranon process.

swelling subsided there appeared, usually by the end of the first or durng
the second week, a ble, sul dulelike structure In the
beginnng this was poorly defined and somewhat soft, but usually withi
another week or more 1t became defimtely circumsenbed and firm The sizé
vaned from about 2 to 10 mm 1 diameter Chmecally, these mduced ﬂ‘{d'
ules, which were usually visible as well as palpable, could not be dastin-
guished from the subcutaneous nodules which appear spontaneously 10
patents with rheumatic fever. £l
In a relatively few instances, tests over the tip of the elbow were é’] -
lowed by the development of a rather large, soft, pamless swelling of : €
olecranon bursa and, 1n such cases, the presence of one or more firm nodules
could usually be palpated within the soft swelling W
Frequency, Size, and Duration of Nodules Induced by the Standard Tee! [;
nique over the Olecranon Process of Rheumatic Fever Patients The stanl
ard test mvolving the injection of the patient’s own blood sub?ufan.eo'aié’
over the olecranon process of the elbow was performed 451 times in )
rtheumatic fever patients In Table 4 the frequency with which nD;_i dfe
were successfully induced by these tests is related to the actvity OM s
rheumatic process at the time the tests were performed, while n Table
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nodules were both present, they often began to get smaller at about the
same time and disappeared withmn a few weeks of each other Howerer,
this mteresting parallehsm was not constantly observed.

Results of the Standard Olecranon Tests in Control Subjects Further
evidence of the relative specificity of the induced nodule reaction for sheu-
matic activity 15 furnished by the results of 191 standard olecranon tests 1o
188 control subjects. The data are presented in Table 6 In this group m-
duced nodules were obtaned m seven mstances and alf of these structures
were of small (4) size

One mduced nodule occurred among thirty patients with bone tuber-
culosis It was biopsied and exammed by Dr. Granville A, Bennett who

Table 6 Resulls of Standard Nodule Tests in the Olecranon Region of Control Subjecls

NUMBER NUMBER NUMBER OF
orF or INDUCED

SOURCE OF CONTROLS
INDIVIDUALS TESTS  NODULFS

Feebleminded children 79 9 1*
Patients with bone tuberculosis 30 30 1
Patients with scarlet fever 60 60 4
Patients with subacite bactenal endocarditis 4 4 ¢
Patients with disseminated lupus erythematosus 2 5 1

Patients with miscellaneous diseases unrelated to

rheumatic fever 13
_theumaticferer 0000 000000®8 0B Y
TOTAL CASES CXCLUSIVE OF RHEUWATIC FEVER PA-

TIENT AND PATIENTS WITH DISSEMINATED LUPUS o 10)

FRYTHEMATOSUS 185 185 5277

&
e

* The fetblemnded child i whom an mduced nodule developed had had rhfuml"‘
fever six months previously and was found to kayve cheumatic heart disease with imole-
ment of the aortic and mtral valves

described 1t as bemng “brous tissue, almost completely devod of inflam-
matory changes, but contatnng a small iregular cavity which is filled with
blood cells ” The material did not seem to him to be charactenstic of a thet-
matic nodule

Four of the nodules occurred 1 scarlet fever patents and two of these
structures were also studied microscopically by Dr. Bennett, Hs impres:
sion was that one was not 11 e of 1l nodule and
that the other was a subcutaneous nodule “more like those seen i shet
matoid arthritis than those m rheumatic fever ”

The sixth mduced nodule among the controls developed in a ten-ycar
old girl who was found at autopsy to have had a chronic mflammatory
polyserosttis of the type secn in di d lupus erytl T“"f
previous and one subsequent test m the same patient and one test in an
other patient who was believed to have the same disease failed to produce
nodules The successfully induced nodule resulted from a test periarlm’:l
during the third week of a severe recrudescence of the disease process an“
at a peniod when the patient was having joint pams and pericarditis
was of moderate size and although subsequently it became srlnaller, 1t per-
sisted and could still be detected at the time of the patent’s death nune
months later. Chmcally it was indistinguishable from nodules that have
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been mduced m theumatic fever patients Unfortunately, the specimen
obtained at autopsy for microscopic examination was not satisfactory and
the single sechon that was made showed an “srregular cavity m the {:br.?us
tissue with large numbers of mononuclear cells around its periphery ™ It
was not beheved by Dr Bennett to resemble a rhevmatoid nodule or a
nodule of theumatic fever Because of the possible relationship of disserni-
nated lupus erythematosus to rheumatic fever and because of the acca-
sional ebservation of sp nodules 1n d lupus erythema-
tosus, 1t 15 not surpnising that a nodule could be induced i this patient
The facts related to the induction of the seventh nodule mn the control
group are of especial interest The nodule oceurred 1n one of seventy-nine
fecbleminded children It was a small but defimte round circumseribed

Table 7 Relation of Hearl Status fo Frequency and Size of Induced Nodules

PraRTE OF

\UMRER  TDUCED NOTAILES
MTONRC e v =
wrnme TS Number Per ecnt
With hoaet disease
(HD) 100 315 Bo1 e
Without heart disease 65 10 151 10 ¢ 0
PRID)
With heart disease
+ I 102 s s29 38 9 7
Without heart diseuse 3w 12 Al 11 0 1
(PRIID)
Wath hcart dicase
+4 ®1ID) i 39 56 30 17 12
Without heart disease 13 i 162 23 1
(PRID)
Al patients with With heart disease T T T
or U 180 n3i 628 68 20 19
50 13 360 13 3 2

atinty Wathout heact diseas
(PRUD)

* None of the patients with seveee (+44) rheumatic fesor actinty escaped withont
valvutar insobvement and threfore this gruup has not been mclirded 1n this analysis

structure which could be readily moved under the shin over the olecranon
process It had all the chincal characteristies of a rhewmitic nodule Unfor-
tunately, pernussion for its biopsy was not obtaned At the time the tests
were performed and mterpreted in the group of feebleminded claldren, the
cardiae status and the medical lustones of the patients were not known to
us Later, when the histonies and physteal findings were reviewcd 1t was
found that only one of the clnldren had been known to have had rheumatic
fever and this one was the patient who had developed the tipical sub.
cutancous nodule He had had rhcumatic fever siv months previousls. and
on examnation he was found to have the signs of rheumatic Leart disease
wath aortic rezurgitation and notral valse imvolvement

If. as seems justifiaible, the two patients with dissermnated lupus en-
thematosus and the theumatic fever patent from the feebleminded group
are chmmated from the controls, it 15 evident that tests an 185 indivduals
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with conditions unrelated to rheumatic fever resulted 1n nodules m five
mstances, an wncidence of only 27 per cent. Furthermore, of the three -
duced nodules which were examined microscopically only one (from 2 ps-
tient with scarlet fever) was considered to be consistent with 2 rheumate
nodule,

Relation of the Cardisc Status to Induced Nodule Susceptibibty. The
relation of the presence and absence of valvular damage to the ease with
which nodules could be nduced and to the size of the mduced nodules
15 of some nterest and 1s indicated 1n Table 7. Al of the patients with severe
(4++) rheumatic fever had evidence of valvular inyolvement, and there-
fore thus analysis is restrcted to those in the quiescent (O} stage and those
with mild (4} and moderate (44 ) rheumatic activity.

In patients i whom the rheumatic process was quiescent, whether or
not there was detectable valvular disease, the madence of induced nodules
was low and those nodules which could be mduced were small However,
mn patients with active theumatic fever, those who had vabular damage
{RHD) seemed to develop nodules more readily than did those without
detectable cardiac mvolvement (PRHD) Thus, from the combmed datt
of those with mild (4) and moderate {+-) rheumatic activity, it 15 et
dent that nodules were successfully mduced m 628 per cent ot those wath
theumatic heart disease 1n contrast to 36,0 per cent of those without cardiac
nvolvement, On the average the induced nodules m the rheumatic heart
groups were also shghtly larger than those m the group without heart
disease

Stgnificance of Chorea 1n Relation to Induced Nodule Reaction Chorea
of varymg degree was present at the tune of the standard olecranon test
in forty-eight patients. The significance of chorea m relation to mduce
nodule susceptibility 15 of interest but 1s dufficult to determine m this grovp
because of the many other vaniables which also might have played 2 ol
m regard to the results of the tests. Among these variables are the presence
or absence of other rheumatic fever manifestations besides chorea, the
presence or absence of valvular mvolvement, and the sevenity of the chorez

Thus, an analysis made in relation to cardiac status alone Teveals the
mcrdence of mduced nodules to be eleven out of mneteen tests (58 per “e“‘%
m the patients with rheumatic heart disease m contrast to twelve out 0
twenty-nme tests (41 per cent) in thase without heart mvolvement In pa-
tients with other theumatic fever mamfestations as well as chorea at the
time of the test, nodules were successfully mduced m twelve out of eighteen
(67 per cent) 1n contrast to an madence of eleven out of thuty {37 per
cent) m those who had chorea without an elevated sedimentation rate or
other rheumatic mamfestations. bers

In spute of possible statistical imaccuracy meurred by the small nurr'ldefn
mvalved, it 1s of nterest to analyze the role of chorea, per se, by i “:;
the thirty patients who showed chorea as thewr only mamfestabon 100
those with mild chorea and those with moderate or severe chorea In'sew“r
teen patients with mld chorea, nodules were successfully 1nduced mh fﬂﬂn
(24 per cent), while m thirteen patients with moderate or severé € 0re:
nodules were induced 1n seven (54 per cent), thout

Even when the analysis is restricted still further to those patients Wi 01 .
valvular 1nvolvement and without other rheumatic fever manifestation



Supcuraneous Nopures 1 Ruevniamic Tever PATIENTS 35

(so-called “pure” chorea), it 15 observed that nadules were mduced m four
.out of twelve patients with mild chorea (an ncidence of 33 per C.cns) and
.1n four out of mne patients with moderate or severe chorea (an incidence

of 44 per cent). R
In spite of the small numbers m\'ol\‘cd, 13 se_cn;\s (E\'ulcn(! fm‘m‘ the ‘aljmc

. matc Fever Tt 1s a general impression that spontaneous nodules do not
appear dunng the Brst few weeks of an mihal attack of rheumatic fever but
rather that they tend to occur during the subacute and chrome stages of
the disease [lowever, 1 patients developing recrudescences in the course
of comalescence from a previous attack of rheumatic fever we have occa-
sionally observed nodules to develop spontaneously farly carly in the
flare-up

Talle 8 DNelation of Nodule Derelopment to Twme lapsed Since Onsel of Rheumatic Fever
Recrudestences

TINF OF TFST
I RFLATION TO ONSFT  TOTAL

I\DUXFD \ODULFS

OF A CLINICAL. TESTS® O N -
o Number  Per cent B
Within the 1<t week 10 7 e
20d 1o 3rd week 16 1 ]
#th 10 Bth wech H 6 86
9th to 2ith week 1w 16 I
: TaTAL OF AL CAMES 51 10 <8

* All patients uscd for thos enalywis had rheumatic heart diccase and ell bad chnical
shieumatic fever {4+ of 4+ + activity) at the time that the tests were performed

Therefore, 1t 15 of interest to review the results of the standard tests
which werc performed in patients who had expenenced recrudescences of
thenmatic fever while under observation 1n the hospital and to relate the
results of the tests to the time wlich had elapsed since the onset of the
recrudescence So that refable compansons could be made. the analysis
has been restricted to patients who had valvular damage and who had
chnieal theumatic fever (ether 4-4- or 4-4-4 actinity) at the time that
the tests were performed Trom these data, which are presented in Table §
1t 15 evident that clapsed time, per se was a factor of not much importance
m relation to the readiness wath which nodules could be induced In these
pabents, 2l of whowm bad chmeallh tetnve thenmabe fever and vatvodar
damage. nodules were induced 10 a2 lugh pereentage of nstances at all
staces of the recradescences, even witlun the first week after onset

We have ot had the opportumty to test patients in
mntial attacks of rheumatic fever, and obviously that §
from recrudescences oecurtng i patients who just prior to the flareup
still had low grade rheumatic fever, or who had only recently recovered 1s
not necessanly apphieable to 1mtial attacks of the disease

Lffect of Saleylate Therepy on Induction of Nodules Most rheumatic

the earlv stages of
I3 Nected
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fever patients who have spontan nodules as a manify of therr
disease also develop involvement of the valves of their hearts In fact, only
1 rare nstances do they escape without detectable valvular damage. Be-
cause of this interesting relationshup, information as to whether salicylate
therapy will prevent the mduction of nodules might possibly offer some
mdirect evidence as to whether similar therapy can be expected to pre-
vent valvular damage Although our evperiments were not planned with
this objective 1n mund, a review of the data ndicated that in forty-two
patients with chinieal rheumatic fever (44 or -+ activity) at the
time that the tests weic performed, information is available as to whether

Table 9 Inculence of Induced Nodules over Anlerior Aspecl of Knee Compared with Ezpecled
Number of Induced Nodules Caleulated from Ofecranon Tes! Dala

AcTUAL
RHEUMATIC ACTIVITY AAD  NUMBER  NDMBER
CARDIAC STATUS OF PATIENTS OF TESTS oF EXPECTED NUWBER .
YESTED IN KNLES bose . Inopenp | OF INDUCLD NODULES
NODULES
152
RF = 0, RHD and PRIID 32 0 32 X —— = 4861
100
52
RF = +, RHD 16 2 16 X = 8461
100
324
RF = +, PRHD 5 ° 5 X = 1620
100
736
RF = ++, RIID 25 5 25 X —me = 18,900
100
162
RF = ++, PRID z 0 2 X = 0928
100
87
IF = +++, RHD 22 1 22 X —— = 18834
100
102 18 53 626

ToTAL,

14~ Lan e

or not salicylate therapy was bemng administered In fourteen {82 per cenﬁ)'
of seventeen patients not receiving sabcylates, nodules were successfully
induced, while 1n twenty-two (88 per cent) of twenty-five patients recerv-
mg the drug, nodules were also mduced In most nstances salicylates wer?
given orally m the form of aspurm, the dosage usually ranging from 1l
gm dauly, an amount sufficient for symptomatic rehef. "
It 1s evident from these data that salicylates or, at least, acetylsaheybe
acid 1 small or moderate doses does not prevent the mnduction of sub-
cutaneous nodules We have no observations on the efféct of massive salicyl

ate therapy
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The Induction of Nodules at Sites other than the Olecranon Process The
ongnal attempt to mduce nodules? was made with tests in the region of
the olecranon process of the elbow becanse this 15 the most common site of
spontancously occurnng rheumatic fever nodules, for the same reason,
most subsequent studies have made use of this same regon In order to
determine whethier or not there was anything pecultar to the subcutaneous
tissues of the clbows, obsery ations have also been made on the effect of wn.
jeeting blood subcutancously over other bony prominences Most of these
additional tests have been performed over the antenor aspect of the hnee,
but a relatively few tests have also been performed 1 other regions

Data on a total of 102 knee tests are p d mn Table 9 Ink
15 given as to the degree of rheumatic fever activaty at the tune of the tests,
the cardisc status of the patients tested, the number of successfully -
duced nodules, and, by applying the data furnished m Tables 4 and 7, the
number of nduced nodules which would bave been expected 1f the knee
were as susceptible to the development of induced nodules as 1s the olee.
ranon process It 15 evident from the totals given at the bottom of the table
that the incidence with winch the subeutancous njection of the patient’s
own bload over the antenor aspect of the knee mduced nodales was on the
average about one-third of that whick was to be expected had the test been
performed over the olecranon process

In seventy-two istances tosts were actually performed sunultancously
m both the knee and the olecranon process Defimtely detectable nodules
were mduced by thirty of the oleeranon tests and onlv by seven of the knee
tests

In addition to these observations, tests with blood were also performed
orver the spine 10 six instances, over the mternal aspedt of the ankle 1 two
stances, mver the lateral aspect of the elbow i three mstances, and over
the forearm distal to the olecranan process in four mnstances As the resylt
of all of these tests nodules appeared onby twice and both of these were
 the forearm

From these obsorvations it would appear that subcutancous tiysites over
other bony prominences, as well as those over the olecranon process, are
abso susceptible to the mduced nodule reaction but not to the same degree
as the olecranon tissues

Induced Nodule Tests Ustng Saline and Blood “Gently ™ The standard
method of mjectmg blood subeutan Iy over the olecr, process in-
volves wserting the needle through the skin and then directing 1t into van-
ous arcas. meluding the deep tissue close to the bone, and foreing varying
amounts of blood nite these places Tl procedure results 1 distention
of tissue spaces and traumatization of the tissues 1 general

In order to determme whether or not the nduced nodule was due to
trawmatizing effect alone or to somethmy m the blood wself, tests were per-
formed 1 the usual way but with sahine mstead of bload, while other tests
were done by ijecting, 2 ta 3 co of hlaad slowly throuck, a fine needle into
ane area of the subcotancous tissue, thereby avording widespread trauma
as far as posuble

In 103 imstances amony patients with surying degrees of thoumatic fever
actaty (O to + 4+ 4 ) the standard test was used, but the patient’s own
blood was ijectedd into one clbow and saline was mjected with the same
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hyaluronidase, Although studies with this substance® are not yet complete,
1t 15 appropniate at this tme to summarize some of our ohservations.$

One of the procedures used has mvolved the subcutaneous injection over
the olecranon process of 50 turbidity reducing units of hyalurondase
a volume of 05 cc The mnjections have usually been repeated in the same
area daily or every other day for a total of four to five 1njectons within a
period of ane week In twenty-four such tests nodules have been success-
fully induced m eleven mstances.

COMMENT

In previous ications® ? the devel of nodular
m a high percentage of rheumatic fever subjects following the subcutaneous
1njection of blood over the olecranon process of the elbow was described
and the climeal and histopathologic stmilanty of these structures to spon-
taneous nodules was indicated The numerous observations which have been
accumulated dunng the intervening years and which form the basis of the
present report confirm our origmal mmpressions

The readmess with which nodules can be mduced by the blood mjec-
tion method shows a strong correlation with rhenmatic fever activity. The
standard techmque was followed by the development of a defimte sub-
cutaneous nodule over the olecranon process m 15 2 per cent of 165 patients
m whom active rheumatic fever had recently subsided, in 47.5 per cent of
patients with low grade (usually subchmical) rheumatic fever, m 714 per
cent of mnety-one patrents with moderately active clinical rheumatic fever,
and 1n 857 per cent of fifty-six patients with severe rheumatic fever. In
striking contrast to these results was the development of small sut
nodular structures m only five (27 per cent) of 185 control subjects who
were suffenng from conditions unrelated to rheumatic fever.

The development of a definite induced nodule in one of seventy-pime
feebl ded children and the subseq discovery that this boy had had
rheumatic fever six months previously which left him with rheumatic heart
disease was especially impresstve

In a ten-year-old girl, one of two patients suffering from dissemx{lated
lupus eryth a sul nodule of mod size and ipdis-
tingushable from rheumatic fever nodules followed a test perfom]egi
dunng an acute exacerbation of her illness In view of the fact that this

d as well as rl fever and 1t id arthritis belongs t0
the group of “collagen” diseases and since spontaneous nodules have occai
sionally been described m d. d lupus erytt the artificial
induction of 2 nodule 1n this ¢hild 15 not surprising nor out of line with
the hypothesis that subcutaneous nodules are a specific mamifestation

In addition to frequency, the size and duration of induced nodules also
showed a close correlationt with degree and duration of rheumatic actvity
Thus, i those patients in whom the rheumatic process had seemefi to have
subsided at the time that the tests were performed, those relatively few
nodules which did develop were small and s a rule lasted only one or two
weeks On the other hand, in patients with severe and chronic rheumatc
fever the induced nodules were on the average much larger, and they often

© Hyaluromdase was supphed throngh the courtesy of Dr W. Alan Vnght of the
Schering Corporation
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persisted for several months, In fact, m this last group of patients, nodules
remamning palpable for six months or more were not uncommon

Among those patients with active theumatic fever the hugher inadence of
induced nodules 1n those with clmscally evident valvular damage than in those
without apparent cardiac mvolvement 1s of interest and, perhaps, is con-
sistent with the hypothess that the mechanisms invohed 1n the production
of subcutancous nodules and valvular damage are similar.

The successful mduction of nodules over the anterior aspect of the knee,
although not occurnng with as high frequency as in the region of the
clbow, indicates that there 15 nothing peculiar to the subcutaneous tissues
overlyimg the olecranon process. In this conncction, 1t 1s of mterest that
spontaneous nodules oceur much more enmmonly over the olecranon process
than at other sites

Twao sets of obsenations, although not necessanly relevant to the gen-
eral purpose of this study, are of interest and worthy of brief comment
They arc concerned with the induction of nodules 1n patients with chorea
and m patients recerving saheylate therapy In regard to chorea, our lim-
sted studies suggest that this concition acts much like any other clnical

h f m so far as it ptibility to anduced
nodules. 1f thesc observations could be extended, they might shed some
hght on the problem of whether or not chorea 1s always of theumatic ongin

In regard to salicylates, 1t appears that these drugs or, at least, acetyl-
salicylic actd in small to moderate dosage id not interfere with the suc-
cessful induction of nodules These findings, which are consistent with the
abservations that spontaneous nodules mav also develop 1 patients recerv-
ing salicylates, may have some beanng on the question of the value of
sahcylate therapy for rheumatie fever

The mechansin by winch the subcutancous mjection of blood produces
nodules 1n rheumatie fever patients 1s of espeeial nterest, Although the
studies reported 1n this communication do not unravel the problem, they
perhaps take us a step closer to the solution

The demonstration that the readiness with wlnch nodules can be n-
duced correlates closely with the degree of activity of the rheumatic process
suggests as one possibahity that an umdentified nodule-stimulating substance
1s present in the blood of patients with active rheumatic fever and 15 exther
absent from the blood of mdniduals who hive recently recovered, or 1s
ilubited by a corresponding antibody or nentralizng substance present
n the hlood at this stage of the discase Anotlier possible mechamsm sug.
gested by these obscrvations 1s that nodule formation 1s a reaction to myury
and that the teaction of the tissues is conditioned by the rheumatie state
of the ndwidual

The bagher wavdence of wduced wodules 1 quiescenk stheumatie fover
subjects when fresh citrated blood from lnghly active rheumatic fever pa-
tients was used for the tests than when their own blood was used for the
tests at first scemed to confirm the theory that actine theumatic fever blood
contains a nedule-stunulating substance However, the subsequent dem-
onstration that aitrated blood from healthy young adults was at least as
effectine as active theumatie fever blood stimulating the production of
nodules makes this hvpothess less tenable. FPurthermore, the falure of
convalescent serum to prevent the development of nodules, even when
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injected daily 1nto the site of the test, 1s strong evidence against the enst-
ence of antibodies or neutralizing substances for this hypothetical nodule-
stimulating substance, .

In fact, these various observations are more consistent with the second
hypothesis, namely that nodule development is a reaction to trauma and
1s dependent upon an alteration m tissue reactivity which, in turn, 15 brought
about m some still unexplained way by the rhenmatic state, The higher
mncaidence of mduced nodules when blood was injected with the standard
traumatizing technique than when 1t was injected slowly through a fine
needle, and the develop of nodules foll g even the injection of
saline 1 such a way as to distend and disrupt the subcutaneous tissues,
would seem to be consistent with the theory that rheumatic fever produces
an alteration 1 the reactivity of the fibrous tissue In connection with the
mterpretation of the saline tests, the possibithty of nodules developing asa
result of some substance 1 the pattent’s own blood can not be entirely
raled out since the traumatizing techniqie which was used also caused
some bleeding mnto the subcutaneous tissues.

That enzymes may play a role in the histopathologic processes of theu-
matic fever is suggested by the observations of Mirsky? that subcutaneous
nodules could be induced in rheumatic fever subjects by the subcutaneous
wmjection of trypsim, and by our own more recent studies in which the sub-
cutaneous injection of hyaluromdase also mduced nodules 1 certain p3-
tients. However, it is also possible that trypsin and hyaluronidase act in 2
nonspecific way and that they merely cause tissue injury shich, i tur,
in the presence of active rheumatic fever, sets off the nodule reaction
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ABSTRACTS

INDUCTION OF CARDIAC LESIONS, RESEMBLING THOSE OF
RIEUMATIC FEVER, IN RABBITS SICKENING AFTER
REPEATED SKIN INFECTIONS WITHL
GROUP A STREPTOCOCCUS

CEOTCE E. MURPITY AND HOMER F SWIFT

- . e et

T —e

those sacnficed while sick, there were found focal collagenous connective tissue
alterations in vascular adventitua, valves, mural endocardium, epicardium and
myocarcial inteestitrum unrelated to arteries or vems Interspersed m fields of
firnond collagen were nodular collections of large, iregularly shaped cells, often
with abundant, fnels granular, basophil d Iy outhne ©
variously shaped vesicutar nucles, smgle or multiple, h | sharply ‘defined mem-

sulcus and valvular endocardial and subendocardial cells formed palisades contan-
ng numerous multinucieated guant cells A vanety of coronary artenal Iesions were
found, but panartentis of the penartentis nodosa type was not present Nether
bacter1t nor inclusion bodies were seen The lesions were found m only a small por
tion of rabluts sickening after multiple, successine, cutaneous infection with several
types of group A streptococet They were not found m rabbits sacrficed or suc-

travenous mocultion with one of several types of group A streptoencer

PUBLIC IITALTH ASPECTS OF RIIEUMATIC TEVER
DAVID D NUTSTEIN

Rheumatic fever and rheumatic heart disease are public health problems because
attacks of rheumatic fever are often precpitated by an infectious mieroorgamsm,
the bta hemolytie streptococens, and because this disease complex s a chrome one,
occurnng pramanly in lower mcome groups and aecesstating utihzation of many
commumty facslities.

The prevention of beta hemalytic streptocoecal infection in rheumatic patient:

@ .
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can be accomplhshed by protection of patients m hospatals agamst exposure to this
mcroorganism, avoidance of contact with others known to be infected wath the
beta hemols tic streptococeus, prevention of airbomne infection and prophylaus with
sulfonarmde drugs or pemeillin
The chronic nature of rheumatic disease and 1ts predilection for younger age
groups necessitates cooperative efforts on the part of many commumty agencies,
v d d in tubercul

such as has been effecti p It s possible to
set up public health which will d. ficiently the actities of
these various agencies for the benefit of the patient and his family and for the con-
servation of The i for such d 15 the
regustry

23N CIE T SV S S ORISR SIS J 001

may safely be used for prophylasis against recurrent attacks of acute rhenmatic
fever, that cases of subacute bactenal end wall be p d by assusng
the use of sulf de drugs or illin pror to tooth or pperaton on
the upper respiratory tract, and that young patients suffering from rheumatic heart
disease may recerve vocational traming so that they may become useful citizens
mstead of public charges.

DISCUSSION®
There 15 much we can do, through the application of public health methods, to
lower the meidence of attacks of th fever. We can lessen disabil

1ty, prevent untimely death, provide many years of happy hving, and keep eco-
lly ind dent an number of those who are victims of the

disease
Only a short while ago one would not have had the tementy to think of I}ﬁu;

quences and 1ts mortality with a stoc fatalism The medical profession itselt could
hardly see a strategy mclusive of more than mcreased attention to research and the
application of current knowledge through the individual physician-patient selz-
tionshy;

Stirnulated, how ever, by the enormuty of the problem and the meager resources
available for solving 1t, a number of leaders in the field resolved to remedy the
situatron  There 15 no necessity to review for this audience the pioneer \vnr‘k d:’:i
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additional weapon for the improvement of our attack on rhenmatic fever.

1t is tughly important m this undertaking to proceed only after a careful conad-

By John W Ferree.



ApsTracts 43

eration of what should be the philusophy underlymg our effurts T fecl, and I be-

Tieve Doctor Rutstein shares thus feelng, that we must accept and then act on cer-

tain basic premises if we arc ta be suecessful 1 should Iike to discuss two that ap-
L~ - . R

only quate the proposed objectives of this Commnssion to ndicate clearly how com-

patible they are with what we concemed with theumatse fever will probably con-
Pos T iery S '

socially usetul and \h ductine place in the

“B To define the problems ansing from chironic illness among all age gxoups,
with full realization of ats sacial as well as its medical aspects.

“C To coordinate separate programs for specific diseases wath a general pro-
gram designed to meet more effectively the needs which ate common to all
the chronmieally 1t

"D To clanfly the mterrelabionstup of professional groups and agencies now
working in the fiel

“E To stmulate in every state and locality a well-rounded plon for the preven-
tion and control of chronic disease and for the care and rehabihitation of
the chromeally il *

1 stress the necesuty for conceiving of thenmatie fever as a chrome discase be-

cause a sum-:s[u‘\ public health attack on it will require us to pravide many of the
seruieet aned Farmliting anl oo foe oo o . - - N -

WL Uit W akenpt a public health sttack on theumatic fever set apart from the
N B g

ot the . .
finderstoc

provide t'

chief bur

Uns gegur -
npheatie  + .
these socy

Yeadershn .

Moo

Tu ateuiuuil W e weldke ot the theumatic tever patient.

The physician has an ebligation to learm better and to practice the nrt of coun
selling with fus patients and their parents to the end that they mav know how to
protect th frovn wn AT o . bve waltingdy up 1o but nat
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beyond their capacities and know how to make the best possible use of avalable
facilihies and services There 15 a further job to do and that is to see to 1t that
peop}e m general know enough about rheumatic fever to visit the phvsiian early
PR .

done improperly or not done than to condemn the principle of education

I believe that as we enlarge our understanding and appheation of public health
methods 1 the control of rheumate fever, we will gamn an mereasing confidence in
their useful and a genume f: in the results.




RIIEUMATOID ARTHRITIS

FACTORS ASSOCIATED WITHI THE ONSET OF
RIEUMATOID ARTHRITIS

A Statistical Study of 293 Patients and Controls
CHARLLS L SIHORT, NATHAN R, ABRANMS AND PIILIP £ SARTWELL

CLINICAL MATERIAL

The data presented are denved from a series of 293 patients with rheu-
matord arthritis who represent consecutive adnussions to the medical wards
of the Massachusctts General Hospital from 1930 to 1936. These patients
may be considered essentially unselected cxcept that their disease was
severe enough to warrant hospatal admussion and that <hildren under
twelve, who were cared for on a separate pediatric service, are not in-
cluded In each instance the diagnosts of rheumatoid arthnitis was evident
{rom the usual climical and laboratory entena, and other joint conditions
were carefully excluded. Patients with rheumatoid spondylitis were included
1n the series whether or not peniphieral arthntis was also present We plan
to pursue the study as far as possible through the Lfe of cach patient
Preluminary results in this follow-up study have already been reported *

Compansons have been made with a contrel group of 293 persons with-
out joint discase, in order to determme the sigmficance of possible etio-
logue factors in the family and past lustones and of the imerdence of certain
constitutional symptoms and signs This group was selected to correspond
with the arthntic patients 1 sex distrt age P ic status
and geographic Jocation

SCX INCIDLACE

Females cutnumbered males 1n our senes by nearly two to one. The
underlymg cause or causes of this generally accepted Snding are as yet
unknown, That the discase attacks females at a much carlier age than
males has not been demonstrated, and that females anhent a susceptibihity
to the disease has yet to be proven by genctic stuthes The sex distnbution
in many other diseases 1s equally strnking and meapable of explanation 1
may mention merely the predisposition of males to gout and hemochroma-
tosis and of females to gallbladder and thyrerd discase When rheumatoid
tion of the tisease as a whole On the other hand, chorea and mutral stenosis
occur much more frequently i females, although the incidence of afl mani-
festations of rheumatic fever does not {avor ether sex.

AGE AT ON\SET

Opmions and figures vary wadely m regard to the distnbutian of the age
at onset in theumatoid arthntic Little sigmficance ean be attached to such

Eh
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data without taking into consideration the age distribution of the populaion
at nsk In Table 11, the males are divided mto five-year groups according
to the age at which defintte joint 1nvol i 1 Actual freq

are compared with expected frequencies based on the census figures for
the distribution of the population in Massachusetts in 1930 The onset was

Table 11 Age af Onsel—Males

CENSUS

AGE POPULATION IN unr;;?vin mi;sc’f:;n
THOUSANDS

15-19 181 0 1 122
20-24 163 1 14 ne
25-29 153 3 16 10.3
30-31 158 0 15 104
35-39 . 163 5 10 10
40-41 1475 100
4549 130 7 11 88
50-59 209 7 [ 141
60-74 166 1 8 112
TOTALS 1468 9 99 99

most common at the ages of 25-29. The chi-square test mdicates 10 318

mficant departure from the Massachusetts population In females (Table
12}, the marked increase m the age group ffty to fifty-four and the decrease
over the age of sixty caused a difference which can hardly be accoun!etz
for by chance These results are in general agreement with those of Sclater

Table 12 Age at Onsel—Females

CENSUS
€ASES CASES
AGE POPULATION IN
THOUSANDS  OBSERVED EXPECTED
15-19 185 2 16 208
20-24 182 22 20 4
25-29 170 8 19 191
30-34 167 5 18 187
35-39 172 0 19 192
4044 148 5 15 16 6
4549 13t 8 16 151
50-51 120 3 28 135
55-59 101 6 15 11.4
60-74 189 7 8 1.2
TOTALS 1572, 176 176

who has made a similar study in respect to the population of Scolland,b:gf
allowance 1s made for the exclusion of patients with spondyhts from

senes. The traditional view that rheumatoid arthntis 1s mainly a d;s?;s:
of young women is not supported in exther study. The falling off in the o :
age groups, however, a tendency toward which is also seen 1n mﬂlle;, lmtt)u'
be only apparent, since Joint disease 1t older persons seems more likely
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be accepted as one of the incuvitable features of sentlity and not to demand
hospital admussion

RELATION OF ONSET TO MENOPAUSE

The increased incidence of the onset of rheumatord arthritis in females
between the ages of fifty and fifty-four immediately suggests an influence
of the menopause. In our study, howeser, there 1s httle difference between
patsents and controls 1n respect to the age of menapause. As an additional
cheek, 2 comparison has also been made with a representative series of
Amencan women 3 Thus, while Olch? has shown that the menopause occurs
later than normally in women with breast cancer, such 1s not the case 1n
rheumatord arthritis, nor s an early menopause associated as stated by Fov.®
\While there 1s no correlation 1 our senes between the age at onset of the
arthntis and the age of natural menopause, an apparent relationship exists
between the age at onset and age of artificral menopause m fifteen patients,

Table 13 Relationship of Onsel of Arthritis to Menopause

ONSET WITHIN

NUMBER MEAN INTERY AL ONSET IN BAME
anoue W perwpEv onemr  SOVTSSET T g au
onovp  asp aEvormE (ot ST ATTER ypnopatse
Years Per cent Per cent
Whole group 9 75 327 105
Katural menopause 80 80 2 7 100
Artifio) menopause 13 50 53 133
(200 after)
Group with onset of ar-
thritis from eges 50 to
st L 37 394 107

the coeflicient of correlation 1s 4-72 = 14 In two patients the arthnitis
began within six months of the stenilizing operation, The relationship scems
less close, however, when we note that i fve patients, the arthntis pre-
ceded the menopause and 1n another fise patients from eight to sixteen years
elapsed between menopause and onset of arthntis Table 13 demonstrates
no close relationship between the start of the arthritis and the last men-
strual penod m those women with a natural or artifical menopause, nor 1n
the relatively large group with onsct from ages fifty to fifty-four We may
conclude, then, that the tuch inadence of rheumatord arthntis 1n women
m the fifth and sixth decades, 1f on au endocrinologic basis, must be ac-
counted for by other factors than the actual cessation of menstruation

TAMILIAL INCIDENCF
The data pertaming to fanuly brstorv m rheumatoid arthntis were oly-
taned by questioning both patients and contrels. One objection to the
Pt of signifi it obtamed in this manner is the like
1hood that an arthnitic patient mav be more aware of articular disease 1n
Ius fumaly than a control In this stidy we were mterested 1n constitutional
as well as yjoint disease 1n an attempt to determme whether or not the rhe-
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matoid stock was generally vulnerable. No significant difference was ob-
served In frequency of diseases of the heart, blood vessels and kidney,
cancer, diabetes mellitus, allergic chiseases and migraine Table 14 shows
that rheumatoid arthntis occurred more often in the families of arthntie
patients than in the famihes of controls In four of the thirty-five famihes,
two additional cases were reported, and m five families, three—Bgures
higher than would be expected on the basis of probability. Even more
striking instances of a large number of cases in a simgle family are known
to occur. An interesting finding, 10 view of the relationship often postulated
between rheumatoid arthnitis and theumatic fever, 1s the sigmficantly higher
mcrdence of rheumatic fever 1n the familes of patients compared to con-
trols The two diseases occurred together in the same family (1n addition
to the patient) 1n only five instances, hardly more than would be expected
by chance. It would seem reasonable from the data presented to assume
that a famihal tendency exists in rheumatord arthritis, but no conclusions

can be drawn as to the relative infl of or

Table 14 Inculence of Rheumalowd Arthritis™and Rheumatu] Fever in Famibes of Arthrifics

and Conlrols
FFERENCE
NUMEBER OF FAMILIES WITH PERCENTAGE pirerR
ONE OR MORE CASES INCIDENCE
(EXCLUSIVE OF PATIENT) T INCIDENCE
Patients  Controls  Patients  Controls
Rheumatoid arthritis 35 15 ue 51 6 ﬂsg 3
Rheumatic fever 31 9 116 31 8.5=21

mg questiomng and 10n of all bers of the patrents
familtes

hereduty until carefully controlled genetie studies can be performed, includ;
(2Bl

INCIDENCE OF ALLERGIC MANIFESTATIONS

If rheumatoid arthntis is of allergic ongin, we should expect, by analogy
with known allergic disease, an increased famihal incidence of a'sthmﬂ,
hay fever or urticaria and the coexistence of these same manifestations 10
a significant number of the patients themselves Fifty-four of the patients
(185 per cent) gave family histories which showed asthma, hay fever o1
wrticana, and forty-sys patients {15Q per cent) veported these dnsease;
in thewr personal histories Fifty-five of the controls (18.7 per cent) reporte!
these diseases n their family histories and forty of the controls (136 per
cent) reported the diseases n their personal histories. Thus, m our series
no essential difference was found between patients and controls in these
two respects.

LOCATION OF INITIAL JOINT INVOLVEMENT
1o Bt wmarnlurad furnishes
s,

e st e

T8
m-
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metry was apparent from the beginning m 70 per cent of 262 patients with
onset in penpheral joints, while the spme was pnmanly affected in the
remaming thity-one. Large and small joints (which included the hands,
feet and wrists) were first affected with about equal frequency (Table 15).
That rheumatoid arthntis should not be considered a form of jornt disease
which mtially attacks the small articulations of the hands and feet is also
shown, since such an onsct was present in less than a third of the patients

Table 45 Incidence of Intial Incolcement of Groups of Jutnls

NLuRen oF
GROUPS OF JOINTS parpare PR CENT

Small (hands, feet, wrists) 115 393
Large 124 123
Spine 3t 106
Large and small 2 78
TOTAL 293 100 0
lands and/or feet 89 301

Contrary to opinion expressed m the hterature, joints of the legs were more
frequently affected 1n the beginning than those of the upper extremities,
with this difference more marked in males In about one-sixth of the present
senies, the disease fiest appeared in a single jomt, most often the knee As
noted by others, this monarticular stage might persist and oceasion dufficulty
m formulating the final diagnosis In only three paticnts, however, was the
process monarticular on admission to the hospital Table 16 demonstrates

Table 16 Jownts Furst Involted in Patients Classified in Spondylilis Group on Admission

NUMRER OF
J01NTS patiiare TR CENT

o
2
3
3
»

1 538
Fet 5 126
Thpa 3 103
Knees 4 103
Tlips wnd knees b 52
Ankles hups and knoes 1 26
Temporomanditnlar 1 26
Shoulders 1 26
ot 39

(-]

that tn about onc-half of the gronp with spondylitis on admission, the

process began m one or more penpheral jomnts, almost jnvanably of the
Tower extremities

TRODROMATA AND PRECIPITATING FACTORS
In the Dterature on rheumatod arthntis, allusion has frequently been
made to a prodromal peniod preceding the oncet of arthntis® T 8 Of six
prodromil svmptoms studied] in our patients, faticue and appetite Joss
occurred with significantly greater frequency in patients than controls
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Skeletal pan, sensory disturbance and creprtus were eheited from an equal
number of controls, as was accentuation of any of these symptoms by
changes m weather. Fanigue and appetite loss Were less common as pro-
dromal symptoms 1n males than in females and n patients with spmal
nvolvement

As shown yn Table 17, about one-half of the patients gave a Justory of
one or more precipitating factors preceding the onset of a persistent arthnitis

Table 17 Inculence of Precipilaling Faclors Preceding Onsel of the Arthrilis

. NUMBER OF
PRECIPITATING FACTOR pamiEyrs  FER CEYT
Strain, mental, physical or both 81 276
Infection 49 187
Exposure to cold or dampness 31 06
Surgical operation 16 55
Trauma 15 51
- eewe 0B o0
TOTALS 192 65.5

- -

Patients with one or more pre-

aipitating factots 141 493
Patients without precipitating
factors 149 50 7
o fates 000000 S07
TOTALS 293 100 0

A number gave a hustory of two or more, so that 2 total of 192 factors W35
elicited from 144 patients The most common combination was strain of long
duration, with the onset immediately preceded by an infection, operatiod

Tuple 15. Incudence of Prodvomal Sympfoms and Precypating Factors w 83 Pateeals il
Onset Dating Back @ Year or Less

NUMBER OF
crouP Pamients  PER CENT

e

Neither prodiomata nor pre-

epitants 14 165
Prodromata alone 21 248
Precipitants alone 17 200

Both prodromata and precipt-
33 337

e e W
TOTALS 85 100 0

T 0B OO

* Prodromata first . 609

or injury. Under strain, both mental and physical types are meluded, 'nelg
experience of ourselves and others since these patients were questl;!; <
would ndicate that a much higher fncidence of mental strain would \l
been obtaned had a special search been made for precipitating emotiona
and i 1 factors Inf nearly always of the upper res}lwﬂ;
tory tract, preceded an onset which was often acute 1n about one-smh ln\?e
the cases Trauma was rarely a factor, but our data show that it may
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been tive in & ing the mitial localization of the arthntis Winle
the discase began in five females within one month of delivery, 1t started
dunng pregnancy i only one pahent.

‘The onset dated back a year or less in eighty-fve of our patients, a group
chosen as most Iikely to reveal accurate information of the events preced-
g the onset of the arthntis As shown 1n Table 18, the onset in only four-
teen cases appeared out of an entirely clear sky with neither prodromata
nor precipitating factors, In twenty-one, prodromal symptoms alone pre-
ceded, while in seventeen the arthntis followed one or more of the pre-
opitating factors listed above, without a defmte prodromal period. Of the
remaimng thirty-three patients whose history contained both precipitants
and prod intwent the of events leading up to the onset
could be reasonably well outlined In the majonty of instances, what may
he regarded as constitutional features of the disease were 'd.rcady present
when the acute infection or other disturbance apparently iitiated the stage
of actual arthntis, These data suggest that prodromal symptoms may mark
the real onset and that so-called precipitating factors merely determime a
more casily Tecogmzable phase, with articular locahzation of the morind
process

COMMENT
‘There are no fornal conclusions to be denved from these fragments of a
numencal approach to the study of a clirome disease of unknown ctislogy
The analysis is still in progress and as many as possible of the patients are
being followed At a later date, 1t is hoped to present the material as a whole
as a contrbmtion to the chmeal description of rheumatotd arthntis
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A STATISTICAL ANALYSIs OF 1009 CASEs OF RHEU)
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dylitis apg Stils diseasep
Can Anything be said Concerning the influence of Pregnancy on rhey.
arthnpsp

Ot of the Statistics Up to date diide the Materials only into ten-year
DPeriods, and vepy, often Men ang Women are Counted together in one group
n order o make the Materia] large Enough M foe Materials miy theumatoid
arthnys of M9ithious g with theumagoiq arthritis afyo, so-called rhey.
matic fever and ip addition g, D0t exclyde more speciyl types such as
Reiter's gy, ase, nkylosing Spondylitis o Theumatogy arthnitis combined

i i} A, 'Drising insured Persons dp ot
as a ryle nclude xheumatmd arthris of old age, S, few of these prior
Studies gy, contnbute Chrectly to a finy} ADSWer o the Questions cited

¢ Depa,
of ©Penhager, dun’ng the Years 1995 to 1947, In 1938 . Clemmesen
-card registration of all poly. s patients i the De-
Partmeng of Physical Medicine, Since they 1190 olyarthnns Patients have
been Cntered iy, , central carg index ang Numbered cOnsecutyvely,

R Tecording he cases Particular cqpe has been taken 10 get the ’"'l”f
Precise degajs for the Various Ixe:xdingx. Where thig Bas not been possible,
and in eageq where ap l'ntcrcunent disease bag Complhicated the pathologe

b ial co, lications.

" i hagen
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1S study yeay gy by a grant g Cemmesen from g1 .

nd by a Trant to D, Amsg from the Rl.l.'r/dmnlngen ul Belarmpelsn of de thewna,
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such cards 1n order to determtne whether they should be wmcluded n the
examnation 1 question

The records were obtained from the following sources -patients in the
Department of Physical Medicine, patients i other departments of the
Mumapal Hospital, when speciahists from the Department of Physical
Medicine have been called 1n, out-patients from the chimie of the Depart-
ment of Physical Medicine, and some private patients of Dr. Clemmesen’s.

As the Municipal Hospital is a regional hospital for the City of Copen-
hagen and the Department of Physical Medicme commands an equal num-
ber of beds for men and women as well as a large out-patent chinc, we
have 2 farly representative cross-scction of arthntis patients m Copen-

Table 19 Classifications and Sex Incdence of Forms of Polyarthrilts among 1190 Polients
wn Copenhages

NUMHFR OF CASES TOTAL  PERCFNTAGE

PIAGNONS IN EACH GROUP SEX INCIDENCE

Wonen  Men Women  Men

Ttheumatord arthotis of insidions onset 521 187 03 736 264
Rhenmatod arthritis developed after rheu- 110 3 141 T 1 219

‘matic fever
Rhenmatowd arthnitis developed after yaccima-

tion, hepatilis, enteritis, etc 13 n 24 311 59
Rheumatond arthritis conibincd with postive
Wassermann test 2 563 437
e . 2 2 %8
- 10 W67 233
- 12 20 50
3 B 30
2 4 a6
Stil'a disense 1 ®e  m1
Poncet's dinease 3 29 371
Ankyloing spondytitss combuned aith eheu-
‘matow arthntis L} A3 100 0
ng spondylitis ) |6 T4
777 03 3 37

hagen—with some reservation, however, m the case of children, who are
usually sent to mumerpal children’s hospitals Consequently we should be
able, at least concermng the cases developed after the age of fifteen, to
undertake a direct companson between the age at onset 1 our patients
and the age distnik of the )} of Copenhagy Iy all
cases of our matenial developed dunng the years 1930 to 1947. By com-
panng the age at onset with the age distnbution of the population of any
given year from 1930 to 1947 we could not escape a fundamental error By
an examnation of the vanous age distributions of the population, 1t has
been found that the age distnbution of 1945, when compared wath the age
at onset, will more than that of any other year tend to dimunush the peaks

fourdd in the curves of “age at onset” and thus minimize this expenrmental
©

rror

Table 19 mdicates the classification used, the number of cases and the sex
inaidence of the different groups Al the dingnoses have been made by
the authors prrsonally on the enteny generally used
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The terms “rh d arthntis of nsid: onset” and “rheumatoid
arthritis developed after rheumatic fever” need some further explanation.
The question whether rheumatic fever can develop mto rheumatoid arthntis
is still open, As early as 1676 Sydenham? noted that rheumatic fever might
result m chronic polyarthritis and thus enpple a patient for fe Later
wvestigators?® have taken the view that rheumatic fever might develop
mto rheumatord arthritis, Others, m particular Amenican and Enghsh
authors,™® would not support this suggestion In the present statistical
approach we have d that rh 1¢ fever might preci or result
m rheumatoid arthrtis, and consequently a distinction has been made
between two types of rheumatoid arthnitis. The one 1s the type most
often met, with msidious onset and often with a symmetne affection of
fingerjomnts, the other, called “theumatoid arthritis of acute onset,” 15 the
one developed after a condition simulating (1f not 1dentical with) rhen-
matic fever This group includes all cases of rheumatoid arthntis ansing
acutely with a high fever m connection with some infection of the upper
respiratory tract and continuing for more than three months As shown m
Table 19, the sex distribution of the two types is nearly the same, ie, nearly
75 per cent women to 25 per cent men

AGE AT ONSET

Figure 3 shows the age distnbution of the population of Copenhagen
compared with the age distnbutton of = © N ‘ro-0aQ
patients with rheumatoid arthritis. Of
(73 per cent women) were of msidiou
women) developed after so-called rheumatic fever.

Ths figure shows how the method of counting men and women together
m ten-year groups blurs all the detatls, especially the influence of the meno-
pause It will be observed that there are more cases 1n the older age groups
than should be expected if the distribution had been equal in all age groups
of the general population.

Figure 4 compnses the same matenal divided mto five-year groups, meit
and women beng 1ncluded 1 one group The figure reveals a twin peak,
which 1s an unusual statistical phenomenon

Figure 5 shows the same material again i five-year groups, n Wth}.l,
however, men and women are separated and compared The twmn peak is
found again in the female group, and in the male group an extraordary
new peak is found after age sixty

TFigure 6 shows the age distnbution of female patients With msidious
rheumatoid arthriis The double peak 1s found agam One peak occu’
between ages thirty and forty and another and greater one between ages
forty-five and fifty-five As a whole, fewer cases of rheumatoid arthritis are
found before age thirty, and more m the older age groups, than would be
expected from a study of age groups in the general population.

Figure 7 shows the age distribution of women with rheumatoid arthnfis
which developed after so-called rheumatic fever, with a sigmficant pe?
between ages thirty-five and forty and a smaller one between ages ffty 20

X s ted
sixty. The significance of the smaller peak, however, may bﬁ.dguiu.ﬁm of
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64 RuEUMATOD ARTRAITS

of msidious type However, we found that rheumatoid arthritis which de-
veloped after rheumatic fever appears to begin more often before the age
of forty. As seen from the curves, the age at onset differed marhedly 10
female cases of the two types of rheumatoid arthritis,

Statistical analysis of the results of the annstreptolysin test showed that
for rh d arthritis of d onset it was positive 1 only I3 per
cent of the cases, while m rheumatod arthritis developed after so-called
rheumatic fever 1t was positive m 36 per cent of the cases Taking into con-
sideration the fact that the serum was not tested in the acute phase, but
most aften several years afterwards, these results may indicate that hemo-
Iytic streptococei play a certam role by precipitating or compheating this
type of rheumatoid arthntis This agrees with the conception, which has
grown during our expenience, that the factors mducing an aggravation of
the insidious type of the disease most often are menopause, lactation,
operations and roentgen irradiation on endocrine organs, while m rheu-
matoid arthnitis developed after an acute onset the aggravations most often
are observed after tonsilhitis, siusitis, or some other mtercurrent mfection

Affections of the heart were found (either by roentgenography or electro-
cardtography) in 5 per cent of msidious rheumatoid arthrts cases and 1
7 per cent of cases of rheumatord arthntis of acute onset. Those figures are
not wholly relable, however, smce the heart had not been satisfactorily
evamined m all the patients.

INFLUENCE OF MENOPAUSE

Garrod,® who found the same accumulation of cases of theumatoid 2r-
. - . PR FpTans 1. Do wn & e

ages of thirty-five and sixty, sixty of these cases (205 per cent) developeu
within a year before or after their real menopause
COMBINATION OF RHEUMATOID ARTHRITIS WITH PSORIASIS

This combination was found 1 fifty cases out of 1190 (4 2 per cent}. Thlf
sex madence was 70 per cent women to 30 per cent men Wassmani
who studied 10,000 case records from a medical department in Copes-
hagen—patients sufferng from various internal diseases, arthnhs not 10
cluded—found that 043 per cent of those patients suffered from psonasss
He believes that this associatton is sigmficant and not a comcident occvr
rence of two common diseases

Minute analysis made by Dalkier® showed that, as Hench?S has cmp'hﬂ'
sized, a tendency ewusts toward lesions in the terminal and mddle joiots
of the fingers and toes Further, a tendency to marked and rather suddenly
destructive jomt changes of a whole epiphysis was observed. In some to
traduction to this, the roentgenologic changes in many cases were more simi*
lar to the picture found m gout and ostevarthritis than to that found i rheu
matoid arthntis Osteophytes were more marked and the decalaification
not so pronounced as 1 rheumatord arthntis

INCIDENCE OF ANKYLOSING SPONDYLITIS

This condition was met with in thirty-nine cases, thirty-three men and

six women In the male cases, 33 per cent had developed between the ages

¢ Prelimmary communication
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HEREDITY IN RHEUMATOID ARTHRITIS AND
ANKYLOSING SPONDYLITIS

ROBERT A STECHER, WALTER M SOLOMON AND RALPH WOLPAYW

Although the exact primary cause of theumatosd arthritis 15 not known,
several contbutory or precipitating mfluences have been recognized. }S;Ery
ar

experienced rh ) will recall in which r}
thtis has been 1mtated by infection, chilling, severe bodily mjury, sur-
grcal operation, jonal strain or He wi ize from the

study of massed data that susceptibiity to the disease 1s inflnenced by age,
the meidence bemg lughest between ages twenty and forty, and, by ses,
the disease bemg twice as common 1 women as 1t men.

Heredity plays an important role 1n several forms of jomnt disease. For
instance, 1t 1s thought that only a small portion of the population can
develop gout—that portion who are born with, or develop early, idiopathic
hyperuricernia Susceptible indivrduals can thus be recogmzed. It is abo
believed that 30 per cent of all women mmhent susceptibility to the devel-
opment of Heberden's nodes. The age at which they arsse depends, 1 part
at least, upon the Susceptible indtviduals cannot be recogni
until the disease appears Rbeumatic fever runs in famiies but develops
only after exposure to streptococar or other bactena

CLINICAL MATERIAL

Heredity 1n 1t d arthnitis and 1l P
tigated as follows- Famuly hustones regarding rheumatord arthritis algd
theumatoid spondylitis were taken from 152 patients with rheumatol
arthnts. Information was obtained from 286 of their parents and 451 sib:
hngg, 2 total of 859 indwiduals Family stories were similarly obtained
from 50 patients with rheumatoid spondyltis, 98 of their parents and 196
s1blings, a total of 344 individuals or 1233 people in the study series

Famuly histones were obtaned from 242 control patients, their 439 parents
and 737 siblings, a total of 1418 wndwduals in the control series and 2631
jndividuals m the entire study.

q dylitis was imves-

RESULTS
Rheumatoid arthritis occurred 1n 42 per cent of 141 fathers, in 83 per
cent of 145 tT £ 87 teral e w3 7.8 por cent of
192 sisters 0 - e e of 5 per crn;
of relatives © 10 per cent o
h rheumatoid sponds litis L, of their 294 relatves

the patients wit

Rheamatoid arthnitis pecurred in 023 per <'; - g fa(he,:s_ T 5 per
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cent of the 397 mothers, in 1.1 per cent of the 350 brothers and in 0 8 per cent
of the 875 sisters of the 242 control families
Rheumatoid spondylitis occurred m 2 per cent of 48 fathers, 1 none of
50 mothers, in 4 per cent of 76 brothers and in 6 per cent of 81 sisters of
spondyhus patients, or in an average of 34 per cent of 235 relatives of
patients Spondyhtis 11n 38 per cent of 152 rheumatoid
arthntis pattents, 1 none of their 141 fathers or 145 mothers, and in 08
per cent of 259 brothers and i 05 per cent of 192 sisters Spondylitis was
not discovered in any of the control families
In 152 families with rheumatoid arthntis, 120 famihes had 1 victim, 28
families had 2 victims, 3 famlies had 8 victims and 1 family had 4 vichms
The degrees of rel:monslup m hmlhes with multiple 1mvolvement were
L f:

2, fath H 8, mother-son 7, brother-

sister 3, ther-daug] 6, and siste ter 1.
The findings may be summanzed by saying that 5 per cent of 735 rela-
tises of patients with rh d arthutis had rf d arthrtis d

to 01 per cent of 2437 relatnves of the controls The disease occurred fifty
times as commonly 1n relatives of patients as m relatives of controls Rheu-
matoid spondylitis occurred 1n 8 4 per cent of 235 relatives of patients with
this disease compared to 0 005 per cent of 1904 relatwves of the control seres
The disease occurred seventy times as commonly mn relatives of patients
as 1n relatives of controls

COMMENTS
No conclusions can be drawn concerning the relationship of rheumatod
arthntrs to rheumatord spondyhtis except to say that rheumatod arthntis
was found 1n 10 per cent of spondyltis patients and 1n none of therr rela-
tives. Rheumatd spondyliis was found m 33 per cent of patents with
rtheumatoid arthritis and 1 about 07 per cent of their siblings
The overwhelming susceptibility of the relatves of patients with rheu-

matoid arthntis and rh for the resp diseases 15
strong evidence pomnting to consntunonal factors These consntuhona]
factors may be decisive, dividing all bers of the 1

1mto two mutually evclusive groups In such a case the members of one group
would be susceptible to the disease and thus develop it under proper cir-
cumstances, the other group would be immune and would never develop
the disease under any circumstance We believe such a situation has been
proven to eust in the case of gout We suspect 1t 15 also true regardmg
Heberden’s nodes The constitutional factor mav not be completely dect-
sive but only contributory 1n the sense that it 2dds to susceptibality It 1s
not possible with the information at hand to decide which 1s the case
After the influence of heredity has been established, 1t remains to dis-
cover the pattern of i by study of ped gene
analyses and penetrance It 15 also desu-able to discover the physical basis
upon which inhentance depends There 15 convincing evidence at hand to
justify further investigation




THE RELATION BETWEEN RHEUMATIC FEVER AND
RHEUMATOID ARTHRITIS, WITH SPECIAL
REGARD TO CARDIAC INVOLVEMENT

E. JONSSON, K. BERGLUND, B. EJRUP, O. GOHLE AND C. E. FRIEDMAN

The question whether rheumatic fever and rheumatoid arthritis are two
different types of disease has been much discussed. Climeally, the two
condittons differ 1n many respects, one of the chief differentiating factors
being the low ! of heart 1 m th d arthritis

In 1941, Baggenstoss and Rosenberg reported that the maidence of heart
lesions 1n their autopsy cases of rheumatoid arthritis was high This e
tensive study engaged the terest of many observers and led to further
mvestigations which confirmed Baggenstoss and Rosenberg's observations
Autopsy cases of rheumatoid arthritis were also studied by two of us {E
Jonsson and Kire Berglund) Among sixty-five autopsy cases of this disease
we found heart lesions of a rheumatic type 1n 36 per cent. In the majorty
of these cases endocarditis was present, In only a few cases was the myo-
cardium examned histologreally

The high percentage of heart lesions found m rheumatord arthntis at
the postrnortem Ted to clical studies of thus disease. Most of the clinical

Table 20 Incidence of Cardiac Lesions Found mn Previous Clinical Heart Sludues
wn Rheumnaloid Arlhritts

NUMBER PERCENTAGE OF
[NVESTIGATORS OF CASES CARDIAGC LESIONS
Bayles, 1943 100 5
Rogen, 1947 33 3
Bishop, Wesntraub and Hench, 1947 147 3
Robles Gil, 1918 360 55
Rosenberg, 1948 150 34

observations, however, are inconsistent with the autopsy findings. They a1
m agreement rather with the chnical studies made by earlier observers who
reported a low madence of heart findmgs (Table 20). Only Feuring 5e-
ported a fanrly high percentage of heart involvement (29 per cent) n xheuE
matoid arthntis. Among his patients there were two with a lustory ©
rheumatic fever who manifested heart symptoms, and anuihe; two wm&
past history suggested that they had been suffering from this disease.
these four cases are excluded the d of heart involvement m his
cases 1s considerably lower.

between the postmortem and clxm;
se has not yet been detﬁrmznedm:‘id

et

gative prc‘ncedures the need for adequate control studies became of pat+”
mount mmportance
[:t]
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74 ATYPICAL RHEUMATOID ARTHEITIS

and fatigue preceded some attacks. Mild, nonbloody diarrhea of one to
three days” duration occurred m five of the fifteen patients 1m addition to
the usual tnad All of the patients were febrile during the early stages of
the attack The temperature ranged between 99° and 101° F, unattended
by chills Vasomotor symptoms were present i five patients

COURSE OF THE DISEASE

The duration of the attacks was two to six months Severe articular in-
volvement in two pattents persisted for one and one-half years

Ophthalmic Incoluement The eye involvement was generally short-
lived In addition to conjunctivitis, seen in all the patients, episcleritis was
noted 1n two, superficial punctate keratitis m four, intis m three and ndo-
cychtis in one In this last patient the eye involvement was severe and was
the predommnant feature of the attack Though it persisted for two and one-
half months, recovery was complete and without impairment of vision

Gemito-urinary Involvement In additton to mucoid or purulent urethnitss,
prostatitis was noted in thirteen patients Of these, two developed prostatic
abscesses which drained spontaneously Six patients also had an acute
exudative and hemorrhagic cystitis, characterized by marked dysuna, fre-
quency, suprapubic pain, and so-called abacterial pyuria and hematuria
Cystoscopic exarmination 1n three patients with cystitis showed mtense edema
of the bladder mucosa, superficial membranous sloughs and diffuse petechial
bleeding The bladder capacity was reduced to 75 cc. in one mstance. In
two patients the bladder wall edema was sufficiently marked to cause ob-
struction of the ureters In one patient this led to bilateral hydronephrosis
and 1 a nght )i y and a left ); The gemto-
urnnary involvement persisted for eight months m this case .

Seminal vesiculttis was present m two patients In no instance wa
epididymitis found. 1n contrast to 1ts not uncommon occurrerice in gonor-
rheal infections

Six of fifteen patients developed circinate ulcerations on the glans pems
which became coalescent and were associated with mntense edema and i
flammation about the glans

Changes wn Skin and Mucous Membrane Hyperkeratotic lesions con-
forming to keratosis blennorrhagica were observed on the soles and palms
of two patients, and subungual hyperkeratosis 1 one, Superficial erosions
of the buccal mucosa also occurred

Articular Involuement The articular imyolvement was almost always the
most disabhng and persistent featare of the illness, lasting as long as o8
and one-half years w two patients Nearly always polyarticular (1 only
one instance monarticular), 1t most commonly 1nvolved the weight-beanng
joints The spine was affected 1n six cases, The arthritis resembled that of
an acute mfectious arthntis in the suddenness of onset, the tendency fo0
mugration and the degree of pain, swelling, heat, and tenderness observ

ical articular )| occurred m seven patients Mild to

moderate residual articular changes were seen in seven patients

Roentgenographic examination of mild cases rarely sbowcd more ﬂ\fi:
shight atrophy In patients with severc articular involvement, dﬂ{usq Sf“
chondral atrophy with flechy decalerfication, sumlar to that secn in in bﬁil“
tions arthritis, was observed This type of alteration was usually revess! :~
Permanent roentgenologic changes were seen in seven of fifteen patients
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6 ATvpicAL RuEuMATOmD Awtmmms

There is good evidence that pleuropneumonia-like organtsms may be un-
usual growth forms of ordmary bactena. Such forms appear more frequently
with the use of pentaillin chmceally or its meorporation in culture media,
There is evidence also that these forms may occur normally 1 the gento-
unnary tract of both males and females.
FOLLOW-UP

The clinieal course of fifteen patients was observed for an average penod
of four and one-half years. Five patients had a smgle attack with apparent
complete recovery. Ten had recurrent attacks of what presumably was the
same 1llness, nvolving one or two of three systems in five patents and all
three systems in the remamder Those with recurrent attacks have been
separated 1nto two groups. One 15 1llustrated by a patient who had a char-
actenistic onset of the triad m 1940 and seven recurrent acute episodes up
to 1949, with ocular and articular mvolvement alone on two occasions. The
other group 1s illustrated by a patient who had repeated episodes involving
one or two of the three systems for many years and then finally showed
wnvolvement of the three systems simultaneously, thus fulfiling the cntera
for the diagnosis of Rexter's syndrome It seems likely that the previous
attacks were part of the same illness

Patients have been treated with P P
and aureomyemn. These agents have not definitely influenced the course of
the acute attack,

15 3 sl

COMMENT

Despite extensive bacteriologic investigation the etiology of the sy
drome 15 still unknown Gonorrhea simultaneously nvolves these three sys-
tems and therefore always should be ruled out. In view of the negative
smears, cultures, and serologic tests for gonorrhea observed m our cases
and those reported 1n the literature, 1t is very unhkely that the gonococcus
1s responstble for the syndrome.

Rheumatoid arthritis wath pustular psoriasis involving the skin and mu-
cous membranes possibly could produce an entirely sumilar picture. Indeed,
some of the cases followed for a prolonged perod do bear resemblances
to rheumatord arthntis Exacerbations and remissions occur withccut the
charactenstic triad and the articular mvolvement may be symmetric. R;
sidual changes have resulted m patients who had repeated attacks Iritis an
vasomotor findings also were observed However, there are stukmng difier
ences between rheumatoid arthritis and Reiter's syndrome These mclude
(@) the unusual onset with the tnad of systems lnvolved, (b) the acut¢
character of the articular 1 bl fections arthritis, ()
the excellent proguosis for imtal attacks of arthrtis; (d) the contmstmg-
histopathology between Rexter's and the usual theamatoid pathologic SPec‘d
mens; (e) the absence of subcutaneous nodules; (f) the rarely obser\ef_
family history of rheumatoid arthritis, and (g) the tendency for the roen!

Tucous mem-

+ arhieular 10
volvement of rélatxvely chronic and progressive nature This may possxbr:.‘f
be the role of pl Lk 0 On the basis of our exp;l
ence to date, we adhere to the concept that Reiter’s syndrome is PrOb:’l n}'
separate from rheumatoid arthritis and is presumably infectious in origl
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THE STATUS OF THE TWO TYPES OF ARTHRITIS
FOLLOWING GONORRHEA

With a Report of Eighty-mne Cases Resembling Rheumatoid
Arthritis

VICTOR G. BALBONI AND DAVID M KYDD

Arthnitis 15 one of the well recognized and dreaded complications of
gonococeal 1nfections, and was reported as occurring m roughly 2 to 5

therapy

PATHOGENESIS OF METASTATIC GONORRHEAL ARTHRITIS

In true gonorrheal arthnitis there 1s a metastatic infection of the articular
tissues ' Tts onset 1s usually eyplosive, preceded by a chull and accom-
pamed by fever. At first, the process may be a migratory polyarthnts, but
shortly 1t localizes 1n one or rarely more josnts which become acutely
swollen and inflamed Tenosynovitis may occur about affected joints, espe-
cially when the small jomnts of the hands and feet are mvolved Symmetric
jomts are usually not mvol\ ed The  Jount ﬂmd cont:uns a igh cell count
with a may
often be recovered from the jomnt flurd by bacteno]oglc techmques and Jess
commonly by smear, the sugar content of the synovial flwd 15 usually de-
creased and the protein content 1s mereased Untreated, this type of arthritis
tends to progress to destruchon of the articular cartilage and to fibrous
ankylosis of the Jomnt, but 1t does not become chrome and there s no tend-
ency for new jomts to be progresst ely mvohed If treated early, 1t responds
therapy with complete
arrest of the mfection ** Intra-articular pemmllm therapy 1s usually not
necessary, smce 1t has been shown tlxat pemcn]lm penctrates readdly into
jomt flud f s 7 Articular tissues
possess hmnted potentialities to repair themselves The degree of residual
jomt damage 1s proportional to the virulence of the infecting gonococer,
the resistance of the host, and the duration of time the jomt infection re-
matns untreated However, the virulence of the mfecting gonococer and the
resistance of the host’s tissues are of less mportance 1 determining the
residual jomt damage than 1s the speed with which pemallm therapy 1s
mstituted Gonococer are among the more pemeillin-sensitive bacteria, and
to our knowledge no naturally occurrmg gonococci have been shown to be
completely pemicillin resistant both 1n vivo ard 1n vitro
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PATHOGENESIS OF CHRONIC CONORRHEAL ARTHRITIS

The pathogenesis of the second and now more common type of asthnts
following gonorrhea 1s poorly understood” It may begin as may the first
type with & migratory polyarthnitis but differs in that the onset tends to
be less acute and 15 not apt to be preceded by a chull, Fever may or may
not be present but 15 seldom gh Symmetric joints are often afected The
chmeal course tends to be clrome and progressive involvement of new
jomnts 15 the rule Gonococcr are never obtamed from the joint fuid, which
has a vanable cell count with a tendency to be lower in total and poly-
morphonuclear leukocyte counts than in the metastatic type The suga
content of the synovial fimd 1s wsually not abnormal. Pemailbn therapy,
though climmating the urethral mfechon, does not appreciably alter the
course of this arthnts,

CLINICAL STUDY OF CHRONIC GONORRUEAL ARTHRITIS

At Ashburn General Hospital, one of the Army’s war-time centers for the
treatment of arthntss, we had the opportumty 1o observe eighty-nme cases
of this chronie type of arthribs following gonorrhea. The arthritis in alf
cighty-nine cases mvoled penpheral jomnts, although 1 some cases artluits
of the spine was also present The patients were all males of mitary age
whose vrethntis was d and arthritis developed in the various areas
of military operation The duagnosis of gunorrhe':d t'xrefl‘m‘{is was r!msed in

m the urethral discharge In some cases the diagnoses were turther sup-

ported by postive gonococcus cultures from the urethra or urinary seds
nt.

m"‘l‘:mﬂ of Onset. In the majonty of cases {sixty-eight) the arthritis sef 1

T T es s Menllefaattan owmina naces it set {0

after more

+ {0 one OF

1 favolved

cessary to

mts some-

tumes became wyolved by the arthnts while the patient was recening

rcithn
Pe\thn we first started seeing these cases and hefare we were fambar

with the clnical picture 1t was our policy to administer l.n'ge dusfs:f
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the patients with a Instory of previous arthritis had valvalar heart discase.
Thirty-two patients had had rheumatoid arthnts and thirteen other pa-
tients had had a previous arthntis following a previous gonortheal mtec-
tion In 95 per cent of the cases studied the arthnitis was polvarticular and
symmetric jomts were mvolved 11 more than 50 per cent of the cases.

Sixteen of these erghty-nine cases, 1 addition to having arthntis of the

jpheral jomts which precip 1 therr hospital entry, had evidence by
istory and roentgenography of a pre-existing rheumatoid spondyhtis,
From the nature of the roentgenographic changes st was felt that this
spondylitis m all sixteen cases had exsted for a number of years These
cases were of special mterest because of the high famhbal madence of
rheumatord arthriis (31 per cent) and the frequency of previous attacks
of arthntis, both spontaneous (50 per cent of the cases) and following pre-
vious gonorrhea (81 per cent).

Nature of Onset The onset mn most cases was msidious, and 1n only four
cases was the onset preceded by chuill Low grade fever was not uncommon
durmg the course of the arthritis, but 1n only 15 per cent was this febnle
response 101° F or more In no case sas the febnle response favorably
affected by pemailln therapy In a few cases sulfonamide therapy was also
given without effect on the temperature, In more than half of the cases the
leukocyte count 1n the blood was within normal limuts at the onset of the
arthntis In those cases in which it was elevated the counts averaged around
12,700 cells Differential counts showed the polymorphonuclear leukocytes
to be only shghtly increased Jomt flnd studies revealed a stenle fluid
with a mild to moderate pleocytosis averaging about 10,000 cells with 74
per cent polymarphonuclear leuk Results of q sugar deter-
mnations were within normal Iinmts n all cases m which this factor was
tested Thwning of the subchondral bomes as d
graphuc studies developed 1n one or more of the affected jomts 1n sity-two
of the cases The sedimentation rate was elevated 1 all but two cases

Besults of Treatment All of the exghty-nine cases m this study recetved a
trial on pemcillin therapy in addition to that necessary to cure their ure-
thntis However, as soon as it was determined that the pemicillin was not
affecting the arthntis they were placed on the conservative therapeutic
program siumlar to that used on our other rheumatoid patients This n-
cluded bed rest for varying penods, the control of pamn with salicylates, a

. ' ' ‘ R 0 v
[ N LT R L Y
essentially asymptomatic with normal sedmmentation rates and normal-
appearng and functionmg Jomnts By “essentially asymptomatic” we mean
that the patients did not complamn of pamnful jomnts or constitutional symp-
toms Many, however, did continue to experience mild stiffness of the
affected joints after rest, as well as arthralglas with changes in weather and
following exeraise Thurty per cent remamed mildly active but no longer
required hospital care, and 10 per cent were transferred for more prolonged
hospital care because of persisting, moderately severe actiity of the joint
disease While under observation, only six cases went on to develop per-
manent peripheral jomnt damage as evidenced roentgenographically by nar-
rowmng of the yoint space
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COMMENT

Even before the advent of pemaillin therapy 1t was generally recogmzed
that arthritis following gonorfhea could be I(ﬁ’vided in%o two ioughgt,;:pes
In the first type, or what we term as “true” or “metastatic gonorrheal ar-
thntis,” the arthntis was a moderately acute disease that was self-lumted
regardless of the type of therapy gven It burned itself out within 2 few
months and did not tend to become chronic. The second type of arthritis
followmg gonorrhea tended to be more chronic and resistant to therapy.
Many observers, however, have felt that the pathogenesis in all cases was
essentially the same, namely, that gonococci invaded the joint space or
periarticular tissues.® 819 If many virulent orgamsms jnvaded the jomt, a
purulent arthritis ensued, while if the organsims were few or attenuated,
the arthritis presented a stenle flurd with low cell count, Keefer* and Spink
found high antibody titers in the jomt fluids in this latter type of case and
believed this explained the failure to d i; 1n cases where

i oould be d ated, no bodies were present in the fuid
Some authors, however, 1413 have felt that this chronic type of arthnts fol-
lowing gonorrhea was rheumatoid arthritis, the gonorrhea acting as a tngger
mechantsm to set off the rheumatord process in a susceptible individual
Hench has emphasized this point of view 1n recent articles and states, “Acute
gonorthea can provoke the first appearance of rheumatoid arthritss, reac-
tivate previously active but currently quiescent rheumatord arthmus, or
aggravate notably a coexistent rheumatod arthntis.”® ¢

Examunation of the synovial flmd m this chronic type of arthritis follow-
g gonorrhea reveals little to suggest that bacteria are in the joint fwd or

hboring tissues. This mmpression 1s confirmed by the complete falure
of the arthribs to respond to pemeillin therapy and the not wfrequent m-
volvement of new jomts while on pencillin therapy. Gonococar are among
the more pemcillin-sensitive bacterra,!® and 1 no c2se m this senes did the
urethral infection faul to respond to one or more courses of penicilln.

An examination of the family and past hustories of these patients reveals
an arthntic diathess The famuly incidence of arthntis is 16 per ceat, and
the past histonies reveal previous arthritis in 51 per cent, Qur figures ona
comparable group of patients with acute theumatoid arthnitis not assocr-
ated with gonorrhea are about the same, with a famly incidence of 15 per
cent and a past history of jomnt disease in 86 per cent. The polyarticular

nature of the disease with a tend to of sy ic joints,
the joint fud Andings, and the clnical course all simulate rheumatoid ar-
thrtis, Rh id arthnitis 35 ly referred to as a chronic deform-

at 60 per cent of our cases
<=+t -tpyation period
1 has porntt
e or subacute

recurrent chisease with a tendency toward remissions wath htle or 50
detectable Jont damage followng the first few attacks, Our total jmprove-
ment ate of 90 per cent compares favorably with that reported by Short
and Bauer's of 81 per cent improvement in a series of theumatoid subjects
in whom the duration of the disease was six months or less at the onset ©
therapy. The sucteen cases in our series who had Toentgenographic 'e\;-
dence of an old 1h id spondyhtis and who developed acute periph-

mng arthnts and it may be a!‘gued that‘ lhfi f;';ct‘ th
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some fellows 3

eral jomt afk g forther the rel, hip
between heal infections and 1 id arthritis, In thesc cases the
existing rheumatmd arthntis of the spme was presumably aggravated by
the gonorrheal infechion, with conseguent spread of the sheumatoid process
to the peripheral jomts,

go '
thi -
theumatowd arthntis
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RHEUMATOID SPONDYLITIS

THE NATURAL COURSE OF ANKYLOSING (MARIE-
STRUMPELL) SPONDYLITIS AND ITS RESPONSE TO
TREATMENT®

DONALD C. GRAHAM, A A FLETCHLCR AND WALLACE GRAHAM

In a study of 150 patients with ankylosing spondylitis of two to thurty-
three years” duration, a complete history was obtamed and detaded chini-
cal, k and radiol were carried out on each case
by one observer The course of the discase prior to the mnstitution of active
therapy was studied and an attempt was made to assess the nfluence of
treatment upon this course

A stnking h of ankylosing spondyhts, k d by this
survey, was its marhed vanahibty It became clear that there 1s no pre-
destined course and no predictable outcome 1n any individual case

NATURE OF ONSET

The feature of inconsistency became apparent from the onset of the dis-
ease In 35 per cent of cases the onset was acute and of sufficient seventy to
require cessation of duties In the remaimng 65 per cent, 1t was nsidious

In over half the cases the onset was unrelated to any preciprtating enr-
cumstance Twenty-three per cent developed their first symptoms follow-
g exposure to cold, damp and fatigue In 12 per cent of the patients the
mitial symptoms developed 1n relation to an acute mfection It was stnk-
ing that two-thirds of the d with the onset of spondylitis
were caused by the gonococeus

In 70 per cent, mtal symptoms involved the low back area Early in-
volvement of the low bach with subsequent upward spread was the usual
course of the spmal component of the disease In 14 per cent, the disease
began 1n penpheral jomts but at some time during the course of therr 1li-
ness, 30 per cent of the patients showed objective peripheral jomt lesions
mdistinguishable from those of rheumatoid arthritss Complete resolution
m the peripheral joints was the result in over half the cases with such -
volvement, onfy 13 per cent showmg chronic residual penpheral jomnt dis-
ease This 1s stnkingly different from the course of rheumatord arthritis In
9 per cent, the disease began with an attack of pan of seatic distribution

COURSE OF THE DISEASE
Like 1ts modes of onset, the subsequent courses followed by the disease

frequency, seventy and duration The earlter complete remissions became
® This study was financed through a Canadin Red Cross fellowship
83
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replaced by persistent discomfoit, still subject to flare-ups. The tempo of
this advance vaned greatly as did the resulting disability.

Anot}uir group, constituting 20 per cent of the cases, had a mild gradual

v v 1 "1
no
2
course for thirty years.

A further 5 per cent of the cases showed a prolonged mild course as just
described, but late in their disease an accentuation of 1ts activity occurred,
leading to . . T v

Ten per
course fror
mvalidism. .
sionally occurred despite intensive therapy

In another 10 per cent the disease began as an acute arthritis in multiple
pertpheral jomts Over a vanable penod the penpheral joint lesions usually
subsided, but not always completely. As the peripheral lesions regressed,
symptoms referable to the spme developed and progressed, with exacerba-
tions and remussions, to a vanable degree of disabihity.

In 5 per cent of the cases the onset was characterized by an acute, severe
attack of back pam. This was gradually succeeded by a mild course with
mumor flare-up . " " the disease.

A common , 7 progresses to complete
spmal ankylos . was rarely borne out m
this series The degree of ankylosis and rapidity of its development are
unpredictable A ngid “bamboo spmne” was noted relatively soon after the
onset 1n some cases, while 1n others a surpnsing degree of mobilty was
mamtained as long as thirty-three years after the disease had begun. At
any stage durmg its course, ankylosing spondylitis may subside spontane-
ously leaving Lttle disability. Such spontaneous arrest 1 rare and, as a yule,
of Limited duration, but m a few cases may be prolonged or even permanent.

t
t

TECHNIC OF ROENTGEN ADMINISTRATION

) ” e ® - - was admunstered, the
roentgens at 10 milh-
R ' ough 025 mm copper
were admimistered on successive days to each of five portals covering the
cervical, dorsal and lumbar spme and each sacro-liac area. The portal size
was approxumately 10 x 20 cm These five exposures constituted one course
of therapy. Courses were repeated at intervals of one month The Tmber
of courses admni: d varied ding to the app response to such
treatment, The majonity of patients recesved at least three, and m several

cases as many as si1x such courses were given

RESULTS OF TREATMENT
For purposes of assessing the results of treatment, the paticnts have been

considered m four groups. od of

Group I compnised 33 cases (22 per cent of the series) and consisted 0%
those who had ived only sporadi p t, The mn)Ol’l(;)
had mild, nondisabling, yet typical disease showing no tendency to a ‘
vance. A small number of cases in group I had more severe disability bul




T Ny 0Rsy, or Yospy, POxT

ad ¢, theyy worl Wains, e an, n Pragp, .
favonbly The Tump,., s quch Temayg alg, wath ity ?! 1l
n gp, s ny. Activg 4, if Nt g lmprcsme

Croup T of atren, Iundvr Umeng not Surtapy

C'mup mmpmed 38 DPabiens, (39 Per ooy of the Selies) who hag
2 OSPrtay bug dad Revor Teces; o roentgen tberapy These
rded o 2

beneﬁf Was op, L vauu:g o (e, © frop, 2 shap, le, de ease
n seventy of ,Vmptolns & Mp)e, SYmpy, atie felief, p/ ma;omy,
h Blony,, temlssmns Were gy, Dlete Some cumplamts ey Une
but apprecmbly dey degrec than fore treap, t T, °en by
te(hnb)tc?do Jectiy, rmemen n the oy {ner, sed Spingy 0-
bl.'ty and oy rp.-msxon duap Wancy of scle SPasn, a; Doy,
Senergy itrrtyy, Nt gy i m, latel), Severy actyy, Span, Iy,
nmlas}t]ea‘ te snbjecme and IeCtye lon Whic}, Mapg,
€ 7
mentgnmtr e, 2505



8 Ruevunatomn Spoxpytms

during therapy and remamed above the pretreatment level The records of
16 per cent of the cases were inadequate for determining the effect of roent-
gen therapy on the sedimentation rate.

At the time of this survey, approximately 90 per cent of the patients
treated by roentgen therapy were considered employable.

There were 10 satisfactory critenia for selecting patients who might be
evpected to benefit from roentgen therapy. Neither the seventy nor the
duration of the disease were of any value in this regard Actually, three of
the four patients with spondyliis of over twenty years duration derived
appreciable symptomatic relief,

Untoward Effccts of Roentgen Therapy Serious compheations of this
form of treatment were rare and were confined to hematopoietic damage
Leukopema, lymphopenta, and transient eosinophiha were common, but
1n nearly all cases the } tic tissues d to a normal state.
Of the patients treated by roentgen therapy, 48 per cent developed leu-
kopena (leukocyte count less than 5000 per cu. mm. ), 18 per cent develped
lymphopema (lymphocytes less than 1000 per cu mm ), and 15 per cent
developed transient philia {eosmophils 1 excess of 400 per cu mm ).
No cases of radiatron anemia or thrombopenia were encountered In one
patient, however, senous hematopoletic injury appeared during the suth
course of treatment after a total dosage of 6,600 rocntgens, This was fol-
lowed by unrestramed myeloid hyperplasia culmmating m acute myeloid
Jeukemia The patient died seven weeks after the earliest changes 1 the
peripheral blood had been noted P amenorrhea developed in the
only woman given roentgen therapy Radation sickness was common (77
per cent of patients treated ) but rarely of sufficient seventy to require ces-
sation of treatment

COMMENT

Comparative assessment of the value of therapeutic measures 1§ difﬁcult
and comphcated The mherent unpredictability of the course of the disease
renders the effect of any treatment difficult to evaluate The same factor
makes it impossible to obtain two groups of cases that one can be sure aré
comparable before therapy Because of the chronic, long-drawn-out course
of the disease, any mterpretation of the value of therapy based on a shorti
term penod of observation mught well be fallacious Favorable results o
roentgen therapy are based on the patients’ own claims 1n most mstanc}els
Tt has already been stressed that over half the patients in this senesfw 0
were given deep roentgen therapy had failed to benefit significantly from
a previous pertod of hospital treatment i ¢

In view of these constderations, a comparison of the relative va]uq al
hospital treatment alone and of roentgen therapy, based on 2 st:mshcav

jon of these th ic results, would be of questionable vahdity
i However, the following conclusions appear justfied Neither roentﬁzeﬂ
therapy, nor the hospital program previously outhned, cure.spond) "5_
There 1s no evidence that roentgen therapy arrests the disease in an nm’fi
ciable number of cases. About 40 per cent of the patients Q{entedf Wl‘h
roentgen therapy derived no apparent benefit Serious comphcations of suc
eatment are rare but do occur
tIOn the other hand, roentgen therapy did afford some degree tﬂf ;‘;ln’;
jective relief to about 60 per cent of the patients so treated, many of W
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and distance between the chin and the sternal manubrium, with the head
m forced flexion and forced extension These measurcments permit assess-
ment of the dorsal kyphosis. In addition, penodic standing profile photo-
graphs are useful for judging deformittes of the spine.
DRUGS USED

Daethylstilbestrol was most often used and was active in a rather high
proportion of the cases. Because the large doses frequently resulted m
digestive disturbances if given by mouth, 1t was usually admunistered first
in daily intramuscular mjechions of 20 mg or more. If no intolerance was
demonstrated after fifteen days, a dose of 300 mg, was mplanted and
renewed at mtervals of six to twelve months. If diethylstilbestrol was not
tolerated, daily doses of 10 mg ot 7-methylbisdehydrodosynolic acid were
admmstered in fifteen-day courses, repeated after two to three weeks, or
300 mg_of the latter drug was mmplanted and periodically renewed.

Based on the results of a previous study of the effects of synthetic
estrogens on menopausal pams and on arthroses, we classify these sub-
stances 1 the following order of decreasing activity: diethylstilbestrol,
7-methylbisdehydrodoisynolic acid, dienestrol, derivatives of 6-hydroxy-

2-naphthal aaid (allenolic acid), hexestrol.

EFFECTS OF VARIOUS FACTORS ON RESULTS

A sufficiently large dose was found to be essential for therapeutic results
b N N P - - eee ettt s flicient jmplanta-
ation,
. affect the results
of treatment with dosages of the quantity used m this study. These Var-
ables included the followi h 1 ition of the drug, method
of administration (oral, mtr lar mjection, or implantation, and im-
plantation of 300 mg of the drug “compensated” by the addition of .100
mg of testosterone m an attempt to palliate feminization effects); time
smce onset; extent of mvolvement; age of patient; etiologic factors; nature
of response to provious treatment, and stage of the disease (active, with
acute pams, versus chronic)

UNTOWARD EFFECTS

Except for a few cases 1n which the patient was intolerant to the dmg,
the only undesirable results of the treatment were feminization el?e(:ls
These consisted of, ficst, pamful swelling of the breasts and .P‘g‘“ef‘ff‘,‘f;’

OCCUITEU DELWEELL LIS BIBUUL i mastisiss wayw svmes G onl
tion of the drug, but as much as one month following implantation !hny
three patients expertenced no femimzation effects, and none of these three
benefited from the treatment Most of the pattents regarded these manifesta-
tons as minor inconveniences 1n the hght of the improvement 1 ther
disease.

Attempts to prevent these effects by the implantation of 100 F'g.'..gf
testosterone with 30( ;
tion of testosterone, K
might have been effe X .
ing the therapeutic effects of the synthetic estrogen
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lower Not only has the upper extremity been affected more frequently

peniods of from several months to over ten years. In this senies there was
a great dversity of causes, chiefly medical. In some cases none could be
demonstrated Symptoms and signs of reflex dystrophy may present all
degrees of sevenity, from minor complants 1 only one digit to major -
volvement of 2 limb, Even m the most severe clinical picture of reflex
dystrophy, such as the shoulder-hand syndrome, certamn typical symptoms
may be absent Nearly all of our patients, however, showed extensive signs
and the climcal picture evolved irom acute to chronic states

COURSE

We found 1t possible in the majonty of cases to divide the course of the
fully developed climcal picture imnto three stages or phases. Phase 1 con-
sisted mamly of localized pam, vasomotor disturbance, disability of the
limb, and otten swelling of the hand or foot with spotty or ground-glass
osteoporosis shown m the roentgenograms Phase 2 was characterrzed by
resolution of signs and symp with P 1l bl
In phase 3 trophic alterations and contractures were the strking findings
The duration of the earher stages averaged three to six months, but 1n wdi-
vidual cases the time factors and the extent of imvolvement were rregular
Sometimes a rapid progression to the final changes may occur,

A distingwishing feature of the majority of cases in the early stages 1 the
localized autonomic or sympathetic disturbance reflected by changes m
the skin p )i} 16 d. and blood flow gradients.
So far we have not found consistent chermcal differences 1 venous blood
of the affected and unaffected imb, or m the cellular elements of blood
from symmetrical finger tips Skin and muscle biopsies mn two of our patients
revealed no charactenishic changes

. PROGNOSIS

The subject ot reflex dystrophy may be clarified, we beheve, by resﬂfd;
g the vanable climcal features and courses as expressions of the different
degrees of reflex physiologic reactions, lar and motor, to provoca:
five 1nternal or external agents For satisfactory chagnosts, prognosis an
therapy 1t seems 1mportant to distinguwish mcomplete or abortive forms, ?35
well as the severe and typical ones, at an early stage, at least before phase
To gwide prognosis and treatment the terminal stage obviously must st
recogmzed The outcome m any case, spontaneous of l%lerapellh(-‘; 13;11“re
depend on the extent of involvement and on the underlying cause. Eue
1s a prevalent impression that these disorders naturally disappear m o
time As a matter of record, i 30 to 60 per cent of some series with v,muu_
degrees of reflex dystrophy of traumatic ongin, spontaneous partial or C?}!:s
plete resolution, sooner or later, has been reported. In many pahentsd“a]
disorder evidently may be influenced by treatment with, or without, rest ]
alterations However, disabling rreversible changes of two to ten }’e"’; .
duration so far, probably permanent, occurred m approumately 10 per Csre
of our cases with involvement of the upper extremity. (These pauent? w .
not treated by nterruption of the sympathetic supply.) In spite of o
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mustic references m the Iiterature to the outcome of these conditions, our
e )i that long-standing and probably permanent changes
or disability may be an unpredictable possibility 1n any case, unless effec-
tive therapy 1s mtiated early,

TREATMENT

Among our patients, sympathetic block gave complete resolution of symp-
toms m 29 per cent of cases and appreciable symptomatic relief in another
58 per cent in the upper extremity Results 1 the limited number with 1n-
volvement of the lower imb were excellent (75 to 100 per cent recovery)
after one or two blocks

The exact contnbution, or the superionty, of different therapeutic ap-
proaches to these variable climcal disorders ultimately will be clanfied by
observations on untreated control groups and the comparatwve results of
the many methods of treatment ad: 1 Therap ded:! m such
an arregular chinical picture with a respectable frequency of natural recov-
ery require extensive, well-controlled observation and follow-up The pros-
pect for devel ofa dly effective and dependable oral or paren-
teral agent for reflex dystrophy 1n the near future 1s very promising, but 1t
does not seem to have been accomplished 10 our expenence so far with
the substances now available At present, mterruption of the cervicothoracic
or lumbar sympathetic ganghon by nerve block, and surgery 1 selected
cases, seem to be the most rapidly useful therapeutic methods n the
greatest number, whatever the cause The earher the stage the better the
prospects of symptomatic response Whether the frequency of mreversible
changes 15 matenally mfluenced we cannot state with certamty as yet, al-
though our results and those of others make 1t Tikely Such treatment 1s
usefully )! d by physiott and rehabil e to
prevent further disability and to the 1 of function al-
ready present

DISCUSSION
JONAS IIENRIK KELLGREN

The cases of painful shoulder following coronary occlusion and other
cistant lesfons certamly suggest a reflex mechansm, but 1s 1t really as simple
as this dehightful story of the vicious eircle and the central excitatory state
of the internuncial pool?

My own expertence 15 surgical and so I have a rather different slant on
this problem In classical cases of causalgia, with typical reflex spasms of
paimn, sympathectomy gives dramatic and permanent relief, but these cases
1% w¥oremeély rare n civil lite andl we were vty @0ie o find seven such
cases among nearly 2000 peripheral nerve lesions treated at the Ovford
center A more common cause of pam following trauma 1s deep hyper-
algesa with cold pam In these cases sympathectomy may gmve partial
relief by abohishmg reflex and so o with the nor-
mal cooling of the part The commonest cause of pun m nerve mjuries 1s
undoubtedly the exaggerated and explosine sensory response to stmulation
which always occurs during regeneration but which may sometimes be
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very pronounced But tlus condition of hyperpathia is unaffected by sym-
pathectomy.

We have recently been studying the effect of short periods of arterial
occlusion in vartous painful states, and we find that inflammatory conditions
give a dramatic build-up of pain during circulatory arrest; conversely, a
slight increase of the local circulation may give equally dramatic relief and
ths is another mechanism by which sympathetic block can reheve pain

Although the theory of the wicious circle as a cause of pain yemams
unproven, it 1s nevertheless certain that sympathetic block can relieve pam
in a variety of conditions. The difficulty is m selecting smtable cases, and
for this we need more concrete evidence about the varous mechanisms
by which sympathectomy relieves pam. Even with our present knowledge
sympathetic block may be a most valuable form of therapy, particularly 1
helping to tide patients over an acute punful episode, and I am sure this
procedure should be used more frequently.

& # @

REFLEX SYMPATHETIC DYSTROPHY
JONAS HENRIK KELLGREN

We have studied this problem mtensively m cooperation with Prf)fessw
A. M Boyd’s Neurovascular Umt. The concept of reflex sympathetic dys-
trophy apparently rests upon the observation that a sympathectomy some-
times relieves pain, but most critical observers have heen struck by the
temporary and rather unpredictable nature of this relief, and I suspect
that we do not really know what we are doing when we submlg a gven
pattent to sympathectomy The most dramatic and permanent xeh;f'ls un-
doubtedly obtained in cases of true causalgia, in which a nerve injury
accompanied by the classic reflex spasms of pain, but these cases are €%
tremely rare in civilian hfe.

By far the commonest condition 1s the syndrome we have descnibed 25
deep hyperalgesia with cold pam This 1s found m a variety of nerve m:
juries, glomus tumors, fractures and other painful states of the estrem:
ties in which the deep pain nerves are for some reason abnormally sensitive,

and therefore give Tise to evcessive pain durng cooling In these €ases

R
int

2ostnm and <0

the affected extremty 15 cold and blue, but there are alsq many peopie Wi
cold blue extrermties who suffer no pam at all, and 1t is ou]).' when vashi
constriction 15 combmed with deep hyperalgesia that 1t contributes to 4
painful syndrome of which the deep hyperalgesia is the essenhal calﬁsl’;\ed
The third group of cases are those in which a minor trauma is fol DTth
by a severe localized rheumatoid arthntis with intense osteoporosis. "
occurs most commonly n the carpus and tarsus These cases are f,:om:no I\§
labelled Sudeck’s atrophy, but I have never seen a case BE Sud‘ec}’s af mpris
that could not more bly be classified as Iocal T d artin
Professor Boyd has done sympathectomies on two patients of this typ




ABSTRACT 93

although there was some temporary rehef of pan the arthnibs was not
matenally affected,

There certamly are a few post-traumatic cases with cold pam, vasospasm
and poor nutntion of the extremuty which benefit greatly by sympathec-
tomy, though whether it is wise to invoke the mechamsm imphed 1 the
term reflex sympathetic dystrophy 1s another matter

ABSTRACT
REFLEX SYMPATHETIC DYSTROPHY OF THE UPPER EXTREMITY
FREDERIC JAMES KOTTKE

Atraumatic periarthnbis of the shoulder, or the shoulder-hand syndrome with
pawnful imitation of motion of the shoulder and pamnful swelling and himitation of
motion of the hand and fingers, 15 a farly common condition Thas lesion usually
develops slowly, progresses to the point where the shoulder and hand aze scverely
ncapacitated, and then persists for an mdefinute period of time In the untreated
cases the end result may be the complete loss of functions of the mvolved jomts

Examination of the patient usually reveals that he has had some pamful condr-
tion of a persistent nature which preceded the shoulder-hand disability Moreaver,
the majonity of these patients have a low tolerance for emotional stress The basis
of this disorder appears to be the establishment of a chronic reflet sympathetic
hyperachvity m the upper extremity mitiated by the pamn This sympathetic hyper-
actinty yesults m wmpaiwment of circulation and nutnition of the extremty The
Jomnts become pamnful, edema occurs.

Interruption of the reflex pathway breaks this cycle and allows restoration of

actaty of the s hetse pathways 1 or surgically
{\m‘ a short period allows restoration of normal function of the shoulder and of the
and,







FIBROSITIS AND PSYCHOGENIC RHEUMATISM

FIBRO-FATTY TISSUE AND ITS RELATION TO CERTAIN
“RHEUMATIC” SYNDROMES

- W. 8§ C COPEMAN

It1s generally agreed that much of the pathology described for the chromc
rtheumatic diseases 1s specnlative rather than factual Biopsy does not seem
to confirm the current impression that muscle or fibrous tissues are gen-
erally the seat of cellular change in nonarticular rheumatism, or that in-
flammation 1s the underlying pathology

There 1s a third tissue of mesodermal ongm, namely fat, which has
seldom been considered m tlus connection but which appears to be quite
commonly subject to pathologic varations that may cause symptoms which
are labelled “rheumatic ” Fatty tissue 15 widely distnbuted and constitutes
nearly 20 per cent of the body weight It appears to be functional as well
as protective, this bemng so, 1t would be strange 1f its functions were not
sometimes disordered One of these functions appears to be concerned with
water storage (The most stnhing example of this 1s perhaps seen mn the
camel’s hump ) It has becn established 1n recent years by Bishop and others
that human fat may retain water to a pathologic degree in certain disorders
It would seem to be some derangement ot this normal function of water
storage which underlies the syndromes discussed i this paper

FIBROSITIS

Fibrositis as a chnical entity has for many years been accepted m the
Ututed States although 1ts pathologic foundations are slender, resting al-
most entirely upon the theories of Gowers (1904), the equally unconfirmed
histologie studies of Stockman (1920), and the suggestion of Elhott (1944)
regarding muscle spasm as a cause Stockman defined fibrositis as “a con-
diton of chrome mnflammation of the white fibrous tissue of the fascial

charactenzed by pam and tenderness which may be local, widespread or
referred, and 1s often associated with muscular spasm

Nature of the Pan 1n Fibrosttis It was only comparatively recently that
Lewis and Kellgren and others pemted out that the pan m fibrositis gen-
erally has 1ts ongm n certain focal pomnts from which the more general
subjective pam complamed of by the patient s referred according to a
seqmental plan These tnigger posnts, which when palpable are termed
fibrositic nodules,” are not merely tender spots, which are also commonly

found, but they are speafic pomts at whnch real pam 15 produced, and

| P .. . . - R .
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frequently found,
view,
. , -Sharply lectures
(1949), has emphasized the liberation of medical thought which has re-
sulted from the substitutton of syndromes for “disease enhties” as units of
illness. The syndrome has its philosophic basis in a chain of physiologic
processes, interference with which at any pomt produces the same impair-
ment of bodily function, He points out that the same syndrome may th‘us
I e B s

clusions put forward mn this paper are thought to explain more than 2
proportion of cases It will also be at an etiol Tassil

will be unhkely of attamment in this field. It would seem that the only
objective sign of the disorder les i these localized trigger points which
are, moreover, sometimes palpable 1n the form of nodules; 1t seems reason-
able therefore to attempt to classify fibrositis according to the anatomic
nature of the nodule, where this 15 known or strongly suspected.

Etiology of Trigger Points and Nodules 1t was observed (1941) that the
pam in the back which accompantes most pyrexial illnesses is of the same
nature and pattern as in Bbrositis It has also been shown that although
the pain disappears with the cessation of pyrexia, the tender trigger pomt
will perssst in a proportion of cases, often for very long pertods and un-
known to the patient. These trigger pomts can be reactivated by a recur-
rence of pyresia, even if this be due to a different cause. It is suggested
therefore that the tissues in which tngger pornts and nodules subsequently
occur 1n the course of fbrositis may sometimes have been “sensitized
earher 1 life m the course of an attack of wfluenza or one of the ew
anthemata The nature of the lesion may be a recurrent edema painfully
distending certam fat lobules mn the deep subcutaneous tissues It has also
seemed certam that trauma, and probably also the direct action of cold,
can be causative of similar lesions or can at least precipitate their develop-
ment No evidence of the direct causative effect of focal infection has been
established. -

Fibrositis Due to Edematous Changes in the Fibro-fatty Tissucs i Cer-
tan Sites The frequency of the occurrence of fibrositic pain oi. the Jower
back 1 otherwise healthy young soldiers first stumulated our interest 11
this matter. As a first step exact measurements were taken of the site 0
these trigger pomts or nodules m a large number of patients and 2 P-lym
chart was plotted The back of every patient who died in hospital was

lly d d and special was made to these a.riﬂs
The pain chart which evolved as the result of plotting the site of the mgﬁg
points or painful nodules in our series of cases of lumbar ﬂl?(osxtu wa
found to outhne the erector spinae muscles, the crest of the iliac bordlﬂ»‘
and the sacro-ilac jomts It was later found that this chart also correspon ”
with areas in which residual fat occurred, even 1n cases with the grosse
forms of cachexia. . s OF

As no evidence of pathologic change could be found in fibrous hssu( o
muscle 1 bropsy material, we decided to examine the deeper layers o o
which constituted the tissue in the neighborhood of the m’i&le
pomts In our first case we noticed a curious herniation of a Targe lof
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of dustended fat hrough 2 defect 0 tho deep §5C32 1n a later Yiopsy of &

casily fet and render nodule, fro® which \\'\\\eip(cild pain WS being
relerred, W dscovered by cautious dissection that the podule 18 hus case
was an edematous-\ou\ung, e of fatty pssue oS among sugexﬁc\a‘ fat
of the upper puttock, but with 2 pcdlc\a which could be Traced down w0
y e

Jn our ongual paper (194¢ ) we Jdesenbe the oreds of fat 28 bemg WM
5) ; 5

well-rod cd axea OF T o
not be covered BY s ypothesss, although another prmitive
501 The

an 1 S 0
these fat organs 18 52 o be situate Petween the scapulas; positon wiuch

e lmbs

Pathologie Hermation of Fat Lobules From the bnef account which has

<o far been VD ol appet hat what pass as forostic trrgget posnts

can often be shown to be related 10 ogra) cally 12 the Jambosa Tegon
1C W

y fou
these hermas 3% such cases ronded {asting ¥© sef from pant 1hstolog®
exanunation of the malexul mmm’(\ s showne nothing but normal fat
ussue d\s\emlud with cdematons o, e gEests that the cause of s
edema 15 10 inflammatory

Inthe \um\)nsacm\ cemon the fat hermids seen 50§30 have Leen of three
types (1944)- pcdunc\\hlcd, now eduncuhled and forammal The Grst
two are sc“—eq‘.\nna\orv, the hermatto? oecurmng from the deeper layer of
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fat through « fascral covering or layer mnto a more superficial layer. The
foramnal hernias oceur along the foramina which exst 1n the deep fasca
of the sacrospinalis muscles along which pass the lateral branches of the
posterior primary divisions of the first, second and third lumbar nerves to-
gether with a small artery and ven.

Twenty-two selected case Istories have heen published (1944, 1947)
from our series m which removal of a fat hernia of one of these types
resulted m 2 permanent cure of the pain, and many subsequent unpublished
cases have been investigated with sumilar findings and results Hertz (1947)
working 1n Cleveland has confirmed this work and has published two for-
ther series of successful cases

Lesions Other Than Hermation Occurring in Fat of Normal Disinbution
UPPER DORSAL RECION The skin 1s normally six to eight times thicker m
this area than m most parts of the body, and slands of fat may be found
actually n the retrcular layer of the corium of patients suffering with pan-
meulitis In the upper back the fibrous projections between the corium and
the deep fascia normally form a senes of honeycomb-like compartments
which are filled with vascular fat. The axes of these “cells” are roughly
parallel with the tension (cleavage) hines of Luanger. This structure 1s par-
ticularly noticeable 1 the upper back area and we have called this dia-
mond-shaped area the “dorsal fat pad.” It 15 one of the common sites of
“fbrosttic” pam, and 1ts area corresponds farly accurately with that of the
trapezius muscle which les beneath 1t When paiful nodules are palpable,
as 15 commonly the case m “Sbrosttis” of this region, they are seldom fibrous
1 nature Biopsy will generally disclose the nodule to consist m the fatty
contents of one or more of these compartments, swollen and under tension
Negative evidence 15 afforded by the well attested observation that pal-
pable nodules of this type can he “rubbed away” by means of deep mas-
sage, a fact that could not be rationahzed if they were formed of sold
matenal such as fibrous tissue.

PERIARTICULAR FAT PADS Locahzed collectrons of fat are to be found nor-
mally 1 association with certamn jomnts, particularly the knees and ank!es,
and these may become pamful without the jomt 1itself necessanly being
affected When this occurs an rresponsible diagnasts of arthntis 15 ofter
made as the result of msufficient examination,

THE PATELLAR FAT PADS A normal intracapsular fat pad 1s sttuated be-
tween the joint and the patella This mfrapatellar pad may become tender
and pamful without the jont itself being affected, particularly around the

time of the menopause It 1s this lesion which commonly gives nse to the
- 11l aieeddarad to mmnly

the joint cavity. No doubt 1n certam cases, 1f this 1s also aftected, s
articular function will to some extent be deranged

THE POPLITEAL FAT PAD This has not so far as I am aware been d e
as a sep entity It 1s heless present m more than 80 per cen

When it attracts notice by enlar@ng
normal people over forty years of age Wb t attracts notice by eple
12 €OV~

ch the

escribed
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cause of pamn and tenderness appears to ke rather m the distention of the
fat itself In these awcumstances, however, full fleuon of the knee jont by
compressing the fat pad mav e nse to pain and, agaw, to a mistaken diag-
nosis of arthnps,

THE SACRAL FAT Pab Thus structnre can be ohscrved m about 10 per cent
of normal persons In structure it is very similar to the dorsal fat pad It
1s rather smaller than the sacrum but is of tlie same shape and hes over st
Tt sometimes enlarges pamfully as an 1solated phenomenon, hut more fre-
fuently in associahon with a general condition of panmenhtss, exther with
or without obesity.

OTHER FAT Paps, Two other small fat pads exist i many normal persons
and in all who arc ohese The first 15 sitnated over the dorsal surface of the
basa) phalanx of the great toe It seems to bulfer the strong achien between
the tendon extensor hallucis longus and the shin It 1s seldom of climical sig-
wificance The other fat pads winch seem to be of some sigmficance, m so
far g¢ they often become swollen and panful in obese persons. are sito-
ated at the ankle jont Medually there 15 one between the malleclus and
the heel, roughly over the flexor retinaculnm while on the fibular side one
hies over the stun of the inferior extensor retinaculum A further fat pad
sometimes develops over the adductor tendons ot the thigh at thewr pubic
ongn It 15 rather doubtful, however whether these can be considered to
be of normal ccturrence. They always develop m eases of obesty and may
be very panful

CLINICAL EFFECT OF ALTERING VOLUME AND DISTRIBUTION OF
BODY FLUIDS

It the views which have been propounded are correct regarding the role
of mcreased fuid tension i certam bissues causing pain, it should prove
possible to relieve the pan by reversing this process An expeniment was
aceordingly planned with Pugh (1945) whereby twenty-two cases of fibro-
sihs, i which we heheved that the pam might be of ths type, were selected
In these patients we induced the state of chmical dehydration, at which
pomt we added electrolyte to the extracellular flud to merease sts osmotic
pressure, Smee the cell membranes are impermeable to sodium and chlo-
tide, mtracellnlor dehydration would result

Methods The fld wtake of these patients was restricted for thity-six
hours to about 225 ce After tlus for a further twenty-four hours they were
allowed neither food nor dnnk and their fiud output swas mereased by the
adminsstration of % ounce of sodum sulfate at howrly ntervals for sic
doses The process of dehydration could be followed by noting the daily
loss of weight which vared between 1 and 85 kg This prelumnary stage
of dehydration was followed by an mtravenous mjection of 50 cc of 30
per cent sochum chionde mto a vein Immediately after fhus mjection the
patrent was allowed to dnnk 4 ounces of tea to ritigate thist Apart from
this na fwd was permitted for four hours after wiich no further hmmtation
Wwas 1mposed and the patient was encouraged to get up and about

Results Of the twenty-two patients thirteen were rendered completely
free of pamm for vanable penods It was thought that this expermment con-
firmed other evidence as to the natme of the mechamsm of the pan suf-
fered in the successful cases
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PANNICULITIS

Relationship of Panniculitis and Fibrositis. According to Stockman pain
of unknown onigm oceurring 1 mesodermal tissue, which he believed was
always due to inflammation of the white fibrous tissues, is covered by the
genenc term “fibrositis.” Pain which has been described above as occur-
nng from the distention 1n niormally situated subcutaneous fat Jobules can
also therefore convemiently be classified under this heading. Where the
pam of this type occurs in abnormally deposited fat, however, it will be
referred to as “panmculitis.” The condition was described by Stockman
(1911) and also by Telling.

Panniculitis 15 a common condition, 1t 15 insufficiently recognized as a
cause for pam which 15 not mfrequently labelled “psychogenic.” Our in-
vestigations have shown no smgle nstance, histologically, of an mfam-
matory reaction having occurred, and we believe that the pain mn this con-
dition originates as the result of edema, and consequently distention, of
lobules of the abnormal fat deposits Panmiculitts can best be considered 1n
relationship to those regions of the body m which 1t is most commonly
encountered, namely, the upper dorsal region, the upper and outer aspects
of the limbs, around certamn jomnts—especially the knees, elbows and ankles
—and some other sites, Panmculitis 15 often associated with general obesity
Even in cases showing this association the sites of pam generally remain
confined to the regions m which pam 15 situated in cases not so compl-
cated This locahzation of the pam m cases of general obesity may be due
to the less lobulated nature of the fat which is laid down elsewhere and
also to the fact that in other sites, such as the abdominal wall, no fibrous

fascta or capsule 1s present to it the distention of the fat if 1t becames
- - fe aaa h 1 mmman abian yath obesity.

he preceding
areas of pain

The nodular feel of the fat deposits, the fluctuation i the sites of pamf,
and the histologic findings, however, suggest that the underlymg cause lID
the pain may be the same as in the preceding syndromes, namely, 2 shift-
1ng nonmflammatory edema affecting the pathologic fat deposits -

Pannicubtis of the Upper Dorsal Regron The dorsal fat pad whid 1:113
been described as the seat of local lesions in fibrositis is more gene.révl))i
mvolved in cases of panmculiis The tissues are sometimes successtvely
hickened and the sut tssues cannot be hfted between the finger
and thumb.

Panniculitis of the Upper and Outer Aspects of the Limbs. e
not infrequently form along the upper and outer aspects of the f‘g:]l-lpj
often in association with enlargement of the periarticular fat pads © .
knee Pam due to this cause is generally diagnosed as fibrositis Th; usuus
situation of these locahzed collections of fat 15 1 the panniculus ahlpﬂvsll
where certain portions of the areolar tissue seem to become more jzsd;'
charged with fat than do others These portions appear to be more cpp!
Iobulated and mdependent of the average layer :)f fat at .thl,s, Ievi1 -
give the appearance of bemng small mdependent “mesenteries, e:'xc1 e
its own blood and lymphatie supply There is also a large.pmentml sp;he
between the superficial and deep layers of the fascia wbwh‘ ovlef |: o
fascia Tata of the thighs, and fat nodules sometimes form also in this P

Tender nodules
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In cases where these collections become painful, 1t 15 found that they have
become circumscribed by adbesions wiich appear to present Iateral ex-
tension of the fat mass. The cause of these limiing adhesions is unknown
~it may be ic~but smce thewr appears to be related
many cases to the menopavse they may result from a drying vp of the
normal Jubneating fluid of the fascia,

Knee Jomt. An aboormal fat pad develops over the inner aspect of the knee
1oInts as a menopausal manitestation, and perhaps as a precursor of ultimate

although frequently paw or tenderness 1s confined to one side. On palpa-
tion disinct lobulahion of the contamed fat 15 casly felt, and 1t con be
appreciated that only certun lobules, which feel more tense, are tender
This Jocabzed tense tenderness affects different lobules on different days,
and thercfore appears to depend upon a condstion of shifting edema which
moves from lobule to lobule Exoision of the pamful fat pad successfully
rebeves the pamn. M. shows only ed fat of
normal structure and with no cellular reaction These pads are not to be
considered as bpomata. The arrangement of this areolar tissue does not

fact, discrete clumps each with 1ts own blood supply and lymphatic system,

When these medial fat pads attam a large size they can nterfere con-
siderably with the free. function of the jomnt, and pam from them is quite
frequently referred to the jomt itself subjectively, although careful objective
search will reveal a tense penarticular fat lobule 1n the pad as s real
ongn The duferentin} diagnosis of arthnts 15 too aften made 1n such cases,
particularly 1f the normally occurnng age changes are mterpreted as radio-
logic confirmation of this view

ETIOLOGY OF NONINFLAMMATORY EDEMA

The cause for the nomnflammatory edema which 15 found locally to
be distending the fat lobules (which m tumn cause pam n the type of
fbrosits which has been di bed and wm htis) 1s vk It

' - B . “ T 7 cton of fatavater metabolism,

with obesity. It is this factor

. 1se wexpheable vanations in

weight which occur during the dietetic treatment of the obese. In view of
the frequent association of these syndromes with the female menopause
{dotk materad an arofostd] € 15 Campiog & sospece dat de cadriying
cause is endocrine, It seems to be accepted by endocninolagusts that exees-
swe sceretion of estrogens m the human body will result in water reten-
tion which Yargely affects the Iatty tssues. The faudt here may be in the
dysfunction of the ovaries, or more probably in the pitustary body or the hy-
thal The latter probability 1s hened by the fact that men also
suffer with these syndromes, more partieularly the fibrositic ane Overachivaty
of the patustary or the adrenals 1s known to be associated with pregnancy and
the cimacteric and commonly results 1n obesity In most cases, however, no




104 Frenosmis ANp PsyCHOGENIC RuzuniaTisy

localized panntculitis the affected area may be thoroughly infiltrated with
an oily anesthetic soluton such as benzyl benzoate under pressure, with the
same object in view. The fibrous compartments separating the fat lobules
should afterwards be disrupted with the cutting edge of the wide-bored
needle employed, to prevent recurrence.

Surgery. Surgery has no place 1 fibrositis in which hermaton 15 not a
cause, Removal of ureducible fat hernias which cannot be disrupted by
injection, however, remarns the logical procedure, and in well chosen cases
1s lughly successful. These structures are sometmes surprisingly dificult
to locate 1n a well covered ‘person, however, and local anesthesia 1s essen-
tial smce the patient’s subjective impressions are often necessary to ensure
that 1t has been nightly localized It must not be forgotten that hermations
are sometimes multiple. In cases of panniculitis with obesity, persistent
pamn which cannot be remedied by other means can sometimes be cured
surgically by undercutting the pamnful area Presumably the sensory nerves
responsible are cut 1n the course of this procedure.

Several papers have been published m America during the last few years
confirming the role played by fat hermas mn the causation of pain i the
lumbar and gluteal regions. The largest series 1s that of Hertz; 1 a personal
communication {1948} he stated that since 1944 hus series of such cases had
reached 2 total of 229, of which he had operated upon sixty-eight. At this
last follow-up sixty-two of these had mawmntaned complete relef from pam
Hutcherson (1948) reported forty-two such cases operated upon, with per-
manent rebef of pam n forty, In England I have received accounts of 150-
lated operations of this type which have been followed by success. Among
surgeons who have commumicated with me 1 this way I wish to thank
Messts Leo Norbury, S. L. Higgs, Rodney Mamgot, Harold Edwards,
J C. R Hmdenach and David Trevor.

e & e

SOME ASPECTS OF PSYCHOGENIC RHEUMATISM
WILLIAM TEGNER

We who work with patients suffering from “rheumatism” have long been
faced with the problem of the patient whose aches and pains do not fitin
with any recognized anatomic syndrome Before the war we became mOI:
and more conscrous of the fact that many of our patients were presentiog
a symptomatology that fitted no known organe disease and whose physt .
signs appeared to be tnvial or were absent. Many such patents wemthe
be found m the very large numbers of rheumatic patients attending ;
London Hospital and for want of a better term I coined the phrase “poly-

3 3 ly the tend had been to
algia s_yndxome o desgnbe Elem .l?’f"’f‘,‘s‘.{" A -"e';em Ii:?;o( R

was a slur on the tree
ie of fibrostis,
i ' atribution onrtheurela:s'
5y i i en
tionshup between the hologic and physical of pal
suﬂ'em?g from arthrm; In England, mn 1942, Ellman, Savage, Witthower
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and Rodger® analyzed fifty patients who had been diagnosed as suffering
from fibrositis and found that twenty-three of these had no physical signs
of disease and twenty-five of them fested ¥ 1 tendencies, these
workers were nterested m seemg how far psychologe factors could pro-
duce orgame changes. In 1945 Fhind and Barber® published an important
paper with the si title “The Psych Character of Seme So-
called Rheumatic Pamns” In therr paper one finds a good description of

England revealed that

rheumatic, 1t was un-

fortunate for rheumatism that, owmg to there bemng no rheumatism centers

m the British Medrcal Services, the work on this subject was carried out

by psychiatrists and was not willingly accepted by the more somatically-
minded rheumatologists,

In the first 500 cases of rheumatism seen by me on return to cwilian
practice after the war I found that in sixty-six (18 per cent) the only pos-
sible diagnosis was psychogenic rtheumatism Tlus was the third most com-
mon group 1n the series The sex mcidence of my senies was two women
to one man In the war series, men, of course, were heavily predominant
There is no doubt that psychogenie rheumatism can affect men exactly as
1t does women It 15 the general of avihan th chimes
that women patients outnumber men In postwar England there 15 every
reason for women to develop functional illness more readily than raen for
the burdens of e are far greater for women, the struggle for eustence
causes thfm very great difficulties

f

P 15 s0 ly met by those who handle
large numbers of rh patients, the of this d must
be ad )) k led: and its £ d 1 think

there are two great needs 1n the sphere of psychogenmic theumatism  first,
agreed enteria of diagnosts, and second, a satisfactory method of treating
and disposing of these patients

DIAGNOSIS

1

The d of psychog: depends largely on the lustory
given by the patent and the attitude adopted by him when the history 1s
taken The vague nature of the hustory, the fanciful deseription of the sen-
sations which are experienced and the quaint symbolism used 1n the de-
seriphion of the pl are all ch tic of the cond In psy-
chogenic theumatism the duffuse, shifting pamn which is expenenced 1s
something pecubiar and personal to the patient, 1t 15 valuable and not
common to other more ordinary sufferers This pomnt must be ratsed again
when we discuss treatment, but 1t is of great importance and must be kept
m mind One can add Litle to Hench and Boland’s admirable diagnostic
critera® expressed 1n therr table for diffe between the P
of fibrositis and those of psychogenic rheumatism While some workers
suggest that the absence of physical signs 15 charactenistic of the condition
1 think thus 15 not absolutely true, for these patients do mn fact present many
tymeal physical reactions which are of great value in establshing drag-
nosis They are usually exhibitionists and physically very tense and find .+,
it almost mpossible to relax While their deep reflexes are exaggerated they
show no other neurologic signs of upper motor nenron lesions
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Again, on exammation they may react m one of two diametrically oppo-
site ways' they may either resist and resent exammation, or they may
exhibit the self-prodding phenomenon and even seize the doctor’s fingers
and plunge them into the so-called tender areas These tender areas, which
have musled physicians mito regarding them as areas of fbrositis because
of tenderness on pressure, are often m fact areas of cutaneous hyperesthesta
Just as some hysterical patients rerct with cutaneous anesthesia which 15
readily d rated, the cutaneous hyp hesta which others show
can be demonstrated either by stroking the skin or by pinching the skin
away from underlying tissue, which will elicit a pain similar to that brought
out by deep palpation. The pamnful areas of which the patient complams
will probably have no true anatomuic background for the psyche knows
no anatomy Laboratory and raciologic exammation will help m excluding
organmc disease

It may be, ot course, that one meets the second type of sufferer, the onc
who, while having a fundamental orgamc lesion, esaggerates the symp-
toms by psychogemc overlay In such cases it 1s important to assess ‘hle
relative pret~- -- -0 Tt e
findmgssucl « o1y : o
of psychogr ! O QT

TREATMENT

The handhng and disposal of these patients 1s of the greatest importance
and presents a problem which so far has not been adequately studied The
patient’s symptoms are of great value to um 1If he attends a speciahst at
a hospital he ceases to be as other men are and hecomes, 1 his own 0}"‘““’"3
some one of mterest and mmportance and a sick man who must be looke
after Response to treatment of any kind other than psycluatry 15 therlefori
very poor While one set of symptoms may be relieved, 1t will be repl 3“‘“
by ‘another These psychogenic rheumatics have a remarkable succiss 1[]
getting things their own way, a pomt so well brought out by Flind an
Barber

The attitude of the psychratrist 1s not always helpful, some of th‘cm will
not agree that the general pk 15 competent to a psychog
lllnes§ without tbegop[mun of a tramed psychiatrist, but at the same ﬂn:‘ee,
after agreemg with the diagnoss, will explam that the situation 111;15 dg(;me
beyond the reach of psychuatry and that nothmg very much can 119 l; N
In Englind, under the Nanonal Health Service, treatment for 1 1:‘:53
the right of every citizen, the patient is therefore referred for phvsmt' ‘re ,{’5,
But one must agree with Hench and Boland that pl}yslcal ther:llg ol
to convinee pahents that they are suffering from organie disease, and Wi
therefore m thus case scem to be contramdicated  Joad of

In my Department at the London Hospital we have 2 hea")ko" the
pateents with psychogeme rheumatism and my present line of attac] oble
problem of their disposal 1s to orgamze group therapy as far a3 Il)et i
In the early days I ordered the groups general exposure to ultravio o :;nf\'
ation from the carbon are lamp tollowed by group evercise ’1"111;l \Sle Yelp
partully successful and the next stage 1s being worhked out wit! o Tie
of the psyclnatrsts, from whom I am receving great encourageme! ents

, s among the patien
aum of group therapy 15 to orgamize discussion groups amo e o others
They see the e 1ons and di m the o
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THE ROLE OF PSYCHOLOGIC FACTORS IN FIBROSITIS®
J. ALLAN WALTERS, H. CLYDE SLADE} AND WALLACE CRAHAM

Fibrositis is a syndrome of pam and stiffness defined by its charactenstic
symptoms and signs and by the exclusion of other diseases,! The patients
are cooperative and in earnest They complam of aching soreness and stfi-
ness of the joints and muscles They may be worse after rest, m the morn-
g, and dunng cold, damp weather, They obtain temporary relief from
heat, mild exercise, salicyl and pl herapy. On i the
achmg tissues may be found to be tender, and palpable nodules may be felt.
Pressure on tender spots or nodular thickenings may produce referred pains
or dysesthestas mto distant parts, as mto a hmb or up the neck.

Thus fibrosttis syndrome may be seen as “secondary fibrosttis” where there
1s an obvious cause, e g, trauma, or as “primary fibrosihs” when the cause
1s not apparent The content of this idiopathic group, primary fibrositis,
will vary with the accuracy of diagnosis. Physical diseases such as hemniated
mtervertebral disk or trichmosis, if unrecogmzed, may be thought to be
cases of pnmary fibrosiis. Siumilarly, psychoneurotic disorders may be mis-
taken for cases of primary fibrosiis This latter danger has been empha-
sized lately and such cases of psych have been bled under
the term psychogenic rhenmatism ® 2 This term has ansen within the ccle
of medical spectalists 1n theumatism and may be defined as those cases of
psychoneurosis which are obvious to a rheumatologist.

These diagnostic difficulttes cast thewr shadows over any discussion of
pnmary fibrositis, each chimaian’s understanding of the state will be m-
paired by the error of his unwitting kes 1n d. G ly, any
useful consideration of fbrositis must be based on cases in which no pathe-
gemic factor has been overlooked Now the fibrositis syndrome is a symp-
tom complex of bodily distress and shff action, and people can become
physteally sore and stiff from mental as well as physical trouble. Accord:
mgly, a reliable study of pnmary fibrosiis would seem to require a broad
survey of psychologic and social factors as well as the physical factors i
all cases

METHOD OF STUDY

With these considerations in mund the authors are making a study °§
prmary Bbrosws 25 defimed 2bove, 1o, Shrositis vath no obwans physica
causes and with psychogente theumatism excluded. These patients are se;
lected by one of us (W.G.) as they present themselves in the practice o
a physican specializing n rheumatic diseases Another of us (HCS ) then
conducts a broad clinical exammation that includes general medical, n‘f;“‘

. rologuc, psychiatric and rheumatologic surveys The thurd author (JAW.)
has acted as Itant for special psychiatrnic and logic problems
With such a team we are attempting to study these patients in a way that
may be reproduced by a general physician with consultation when {180‘15;
sary. What is needed 15 tme and a traming which permits a chmgla&nnd
pursue his mgury and evamination into physical and psychologic 2

° edicine, Umversity of Toronto

;Ei‘a’féfﬁea’fff?ﬁfﬁi‘;;‘i’n? e ot Nationgl, Rescarch. Councl of Carads
whose grant of Fellowship enabled Dr Slade to conduct this survey.
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social areas to ensure that no trouble has been overlooked These factors
of ime and a broad general approach ate important A medical specralist
may make the diagnosis of primary fibrositis during a consultation which
1s hmted to an hour This means that if there are less obvious factors which
require more tme for careful history taking, these cannot possibly be
wlentified 1 a hmited cxamination °

CLINICAL OBSERVATIONS

Twenty cases have been completed and the study 15 continung These
twenty patients appeared at first to be suffering from primary fibrositis,
On closer exarmnation they were found to be a mixed group consisting of
eleven patents 1n states of emotional tension with an intramuscular fibro-
sitis syndrome, two patients in states of emotional nstability with a peri-
articular fibrositis syndrome, four patients with psychoneuroses with some
elements of the fibrositis syndrome, and three patients with lesions 1nvolv-
g nerve roots with fibrosthis syndrome,

The eleven pattents with tension states and intramuscular fibrositis could
not be considered psychonecurotic unless that term is stretched to include
most of the average sort of emotional trouble in this unhappy world They
were not chronic hypochondnacs, nor ot ly ab 1 They could,
however, be termed emotionally unstable since they reacted with exces-
swe emotional responses both mentally and physically When they met
therr particnlar trials of Life they all had the habit of becomng “tense.”
“keyed-up,” “pentup,” “tied up in knots,” “held-m,” “umable to relav,”
“stffening” or “getting sore” This atttude was one of physica) and mental
restramnt, 1 winch they felt emotions of anger or fear but were unable to
gave vent to these feelings From the correlations of the physical and men-
tal phenomena it 1s suggested that in penods of prolonged emotional re-
stramnt these persons have their fibrositts symptoms If they can relax as
on holiday, or with reassurance, or on relief of stress they become com-
fortable

The two patients in states of emotional instability had their pains and
tenderness confined to the joint regions and we do not yet understand the
psychosomatic relationships of this group

The four psychoneuroses were of a subtle order that might escape recog-
mition 1n a one-hour chimcal exammabon One woman was a mxture of
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ncapacity with some elements of tension and fibrositis syndromes
The three cases with lestons involving nerve roots were identified by a
history suggesting, extradural irntation. a roat distrtbution of rmuscle fen-
derness and dvsesthesias and mild reduction of tendon reflexes In one case
£ 1

further sug d the likely d of d inter-

a 1
vertebral disk

COMMENT
In review, then, our tventy cases of pumary fbresiss have resolved into
people with psychologze probl and three with mild nerve root
lesions However, 1t 15 probably not as simple as this To start with, 1t
would scem that the factors leading to the fibrosits syndrome may be




THE ROLE OF PSYCHOLOGIC FACTORS IN FIBROSITIS®
J. ALLAN WALTERS, H CLYDE SLADE] AND WALLACE GRAHAM

Fibrositis 15 a syndrome of pain and stiffness defined by ts charactenstic
symptoms and signs and by the exclusion of other diseases.! The patients
are cooperative and m earnest. They complam of aching soreness and stff-
ness of the jounts and muscles. They may be worse after rest, m the morn-
mg, and duning cold, damp weather They obtan temporary relief from
heat, mild evercise, sahcylates and physiotherapy. On examination the
aching tissues may be found to be tender, and palpable nodules may be felt.
Pressure on tender spots or nodular thickenings may produce referred pams
or dysesthesias mto distant parts, as into a kmb or up the neck.

This fibrositts syndrome may be seen as “secondary fibrositis” where there
is an obvious cause, e.g, trauma, or as “prunary fibrositis” when the cause
1s not apparent The content of this idiopathic group, primary fibrosits,
will vary with the accuracy of diagnosis Physical diseases such as herniated
intervertebral disk or trichmosis, if unrecogmzed, may be thought to be
cases of primary fibrositis. larly, psych 1c disorders may be mis-
taken for cases of primary fibrosiis Ths latter danger has been empha-
sized lately and such cases of psych have been bled under
the term psychogeme rheumatism,® 3 This term has ansen withm the cucle
of medical specialists mn rheumatism and may be defined as those cases of
psychoneurosis which are obvious to a rheumatologist.

These diagnostic dificulties cast ther shadows over any discussion of
primary fibrositis, each chmeran’s understanding of the state wall be m-
parred by the ervor of his unwitting kes m Conyersely, any
useful consideration of fihrosiis must be based on eases in which no patho-
geme factor has been overlooked, Now the fibrositis syndrome is a symp-
tom complex of bodily distress and stff action, and people can become
physically sore and stiff from mental as well as physical tmub}e. Acmrdd'
mgly, a rebable study of primary fbrositis would seem to require a broit
survey of psychologic and socal factors as well as the physical factors i
all cases

METHOD OF STUDY

With these considerations in mund the authors are making a study °§
primary fibrositis as defined above, 1 e, fibrositis with no obvious physical
causes and with psyct rh Iuded, These patzents are sbf-
lected by one of us (WG ) as they present themselves 1n the prachc;} On
a physician specrahzing 1n rheumatic diseases. Another of us (HC S.) en
conducts a broad climeal examination that mcludes general medical l‘l‘ev“)
rologic, psychiatnc and rheumatologic surveys. The third anthor (I«g‘l
has acted as consultant for special psychiatne and neurolngxc prol t:i]“st
With such a team we are attempting to study these patients in a way :
may be reproduced by a general physician with ltation when necem
sary. What is needed 1s ttme and a training which permits a cllmxcm:md
pursue his inquiry and exammahon into physical and psychologic

° e, f Medicine, Umiversity of Toronto

fgii?éf“ﬁ’aﬂf:ff&‘iz;‘;n? s ‘made to the Natonal Rescarch Council of Canadi
whose grant of Fellowship enabled Dr. Slade to conduct this survey
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social areas to ensure that no trouble has been overlooked. These factors
of ime and a broad general approach are important A medical specrahst
may make the diagnosis of primary Sbrositis during a consultation which
15 hinuted to an hour This means that if there are less obvious factors which
require more time for carcful history taking, thesc cannot possibly be
wdentified m a hmited examination

CLINICAL OBSERVATIONS

Twenty cases have been completed and the study 15 continung These
twenty patients appeared at first to be suffering from primary fibrositis
On closer exarmnation they were found to be a mixed group consisting of
eleven patients 1n states of emotional tension with an intramuscular fibro-
sitis syndrome, two patients 1n states of emotional nstability with a peri-
articular fibrositis syndrome, four patients with psychoneuroses with some
elements of the fibrositrs syndrome, and three patients wath lesions mvolv-
ng nerve roots with fibrositis syndrome.

The eleven pattents with tension states and intramuscular fibrositis could
not be considered psychoncurotic unless that term is stretched to include
most of the average sort of emotional trouble in this unhappy world They
were not chronic hypochondriacs, nor obviously at I They could,
however, be termed emotionally unstable since they reacted with exces-
swve emotional responses both mentally and physically. When they met
therr particular trials of life they all had the habit of becommg “tense,”
“keyed-up,” “pent-up,” “tied up in knots,” “held-in,” “unable fo relay,”
“stufferang” or “getting sore” This atttude was one of physical and mental
restramnt, m which they felt emotions of anger or fear but were unable to
give vent to these feehngs. From the correlations of the physical and men-
tal phenomena 1t 1s suggested that i periods of prolonged emotional re-
straint these persons have their fibrositis symptoms If they can relax as
on hohday, or with reassurance, or on relief of stress they become com-
fortable

The two pattents in states of emotional instabihty had their pains and
tenderness confined to the joint regions and we do not yet understand the
psychosomatic relationships of this group

The four psychoneurnses were of a subtle order that might escape recog-
nition m a one-hour chinical examination One woman was a muxture of
depression with enough tension to add a fibrositis syndrome to ber symp
toms, Three were cases of hysterta, one with hysterical pamn, 1¢, a disorder
of percep and somatic boll while the other two had hysterical
ncapacity with some elements of tenston and fibrositis syndromes

The three cases with lesions imvolving nerve roots were 1dentified by a
lustory suggestmg extradural irmtation, a root distitbutian of muscle ten-
demesf and dysesthesias and mild reduction of tendon reflexes In one case

a further sug d the Dkely d of hermated inter-
vertebral disk
COMMENT
In review then aur twenty eacns of nrmar Bheaciets Lo - ¥ 1

| sblas e e tetuls Lauwy W Le LLrosIts syndrome may be



THE ROLE OF PSYCHOLOGIC FACTORS IN FIBROSITIS®
J. ALLAN WALTERS, H CLYDE SLADE} AND WALLACE GRAHAM

Fibrositis 1s a syndrome of pam and stiffness defined by 1ts charactenstic
symptoms and signs and by the exclusion of other diseases.! The patients
are cooperative and m earnest. They complamn of achmg soreness and suff-
ness of the jomts and muscles, They may be worse after rest, in the mom-
mg, and during cold, damp weather. They obtan temporary relief from
heat, mld exeraise, salicylates and physiotherapy. On examination the
aching tissues may be found to be tender, and palpable nodules may be felt.
Pressure on tender spots or nodular thickenings may produce referred pams
or dysesthesias into distant parts, as mto a hmb or up the reck.

This fibrositis syndrome may be seen as “secondary fibrositis” where there
15 an obvious cause, e.g, trauma, or as “prumary fbrositis” when the cause
15 not apparent, The content of this 1diopathic group, primary fibrosits,
will vary with the accuracy of diagnosis Physical diseases such as herniated
mtervertebral disk or trchmos:s, of unrecogmezed, may be thought to be
cases of primary fibrositis. Similarly, psychoneurotic disorders may be mus-
taken for cases of pnmary fibrosiis Ths latter danger has been empha-
sized lately and such cases of psychoneuroses have been assembled under
the term psychogemc rheumatism ® 3 This term has ansen withm the circle
of medical specialists 1 rheumatism and may be defined as those cases of

er any discussion of
. . s ~ he state will be -
parred by the error of his unwitting mustakes 1 diagnosis, Conversely, any
useful consideration of fibrositis must be based on cases in which no patho-
geme factor has been overlooked. Now the fibrositis syndrome is a symp-
tom complex of bodily distress and stiff action, and people can become
physically sore and stiff from mental as well as physieal trouble. Accord-
1ngly, a rehable study of primary fibrositis would seem to require a bmf{d
survey of psychologic and social factors as well as the physical factors in
all cases

METHOD OF STUDY

With these considerations in mind the authors are making a study of
primary Sbrositis as defined above, 1e, Bbrositis with no ebvious physical
causes and with psychogeme rheumatism excluded. These patients are st
lected by one of us (W.G ) as they present themselves mn the pmm&: o
a physician specialzing 1n rheumatic diseases Another of us (H C8.) then
conducts 2 broad clincal examination that includes general medzcal, D‘B'“)'
rologic, psychiatnic and rheumatologic surveys. The third author (] AV
has acted as consultant for special psychiatne and neurologic problet;lﬂst
With such 2 team we are attempting to study these patients 1 a way :;
may be reproduced by a general physician with consultation when necet -
sary. What is needed 15 time and a trainng which permits a cllmxclanmd
pursue his inquiry and exammation mto physical and psychologic

. fedicine, University of Toronto.
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whose grant of Fellowship enabled Dr Slade to conduct this survey.
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social areas to ensure that no trouble has been overlooked These factors
of time and 2 broad general approach are smportant A medical specialist
may make the diagnosis of primary fbrositis during a consultation which
1s Iimuted to an hour This means that if there are less obvious factors which
require more time for careful history taking, these cannot possibly be
wlentified m a hmited exammation

CLINICAL OBSERVATIONS

Twenty cases have been completed and the study 15 continuing These
twenty patients appeared at first to be suffering from prumary fibrositis
On closer examination they were found to be a mived group consistng of
eleven patents in states of emotional tension with an intramuseular fibro-
sitis syndrome, two patients 1n states of emotonal instability with a peri-
articular fbrositis syndrome, four patients with psychoneuroses with some
elements of the fibrositis syndrome, and three patients wath lesions mvolv-
mg nerve roots with fibrosttis syndrome,

The eleven pattents with tension states and intramuscular fibrositis could
not be considered psychoncurotic unless that term is stretched to include
most of the average sort of emotional trouble in this unhappy world They
were not chronic hypochondnacs, nor ot ly al I, They could,
however, be termed emotionally unstable since they reacted with exces-
sive emotional responses both mentally and physwcally, When they met
thexr particular trials of Life they all had the habit of becoming “tense,”
“keyed-up,” “"pent-up,” “tied up m knots,” “held-tn,” “unable to relax,”
“stiffening” or “getting sore” This atbitude was one of plysical and mental
restraint, in which they felt emotions of anger or fear but were unable to
give vent to these feehngs From the correlations of the physical and men-
tal phenomena 1t 1s suggested that i penods of prolonged emotional re-
straint these persons have their fibrositis symptoms If they can relax as
on holiday, or with reassurance, or on rehef of stress they become com-
fortable

The two patients in states of emotional instability had their pans and
tenderness confined to the joint regions and we do not yet understand the
psychosomatic relationships of this group

The four psychoneuroses were of a subtle order that might escape recog-
mition m a one-hour chinical examination One woman was a mixture of
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ncapacity with some elements of tension and fibrositis syndromes ’

The three cases with lestons mvolving nerve roots were dentified by a
history suggesting extradural writation, a oot dwstribution of muscle ten-
demesi and dysesthesias and mild reduction of tendon reflexes In one case

a further d the lkely d of herniated 1nter-
vertebral disk
COMMENT
In restew, then, our tventy cases of primary fbrositis have resolved mto
people with psychologic probl and three with mild nerve root

lesions  However, 1t 15 probably not as simple as this To start with, 1t
would seem that the factors leading to the fibrositis syndrome may be



THE ROLE OF PSYCHOLOGIC FACTORS IN FIBROSITIS®

J. ALLAN WALTERS, H CLYDE SLADE’ AND WALLACE GRAHAM

Fibrositis 1s a syndrome of pam and stiffness defined by 1ts characteristic
symptoms and signs and by the exclusion of other diseases.! The patients
are cooperative and 1 earnest. They complain of aching soreness and stff-
ness of the joints and muscles. They may be worse after rest, m the morn-
g, and dunng cold, damp weather They obtain temporary rebef from
heat, mld exercise, salicylates and physiotherapy. On examination the
achmg tissues may be found to be tender, and palpable nodules may be felt
Pressure on tender spots or nodular thickenings may produce referred pams
or dysesthesias into distant parts, as into a limb or up the neck.

Thus fibrositis syndrome may be seen as “secondary fibrositis” where there
1s an obvious cause, e.g, trauma, or as “primary fibrositis” when the cause
1s not apparent The content of this :diopathic group, prmmary Sbrosis,
will vary with the accuracy of diagnosis. Physical diseases such as herniated
mtervertebral disk or trichmosis, if unrecogmized, may be thought to be
cases of primary fibrosiis. Similarly, psychoneurotic disorders may be mis-
taken for cases of primary fibrosttis. This latter danger has been empba-
sized lately and such cases of psychoneuroses have been assembled under
the term psychogenic rheumatism.? * This term has ansen withun the crcle
of medical specialists 1n theumatism and may be defined as those cases of
psychoneurosis which are obvious to a rheumatologst.

These diagnostic difficulties cast their shadows over any discussion of
primary fibrositis, each chnician’s understanding of the state will be -
paired by the error of his unwitting kes m di i ly, any
useful consideration of fibrositis must be based on cases m which no patho-
geme factor has been overlooked Now the fibrositts syndrome 1s 2 symp-
tom complex of bodily distress and stiff action, and people can become
physically sore and stiff from mental as well as physical trouble. Accord-
mgly, a rehable study of primary fibrositis would seem to require 2 brﬂﬂ.d
survey of psychologic and social factors as well as the physical factors i
all cases

METHOD OF STUDY

With these considerations in mmnd the authors are making a study Df
primary fibrositis as defined above, 1e, fibrositis with no obvious ph}'s“’j;
causes and with psychogenc rheumatism excluded. These patents 21¢ Sof
lected by one of us (W.G.) as they present themsclves in the prachcg) o
a physician speciahzing 1n theumatic diseases. Another of us (HC S.) o
conduets 2 broad chinreal examination that includes general medical 1;5 )
rologic, psychiatric and rheumatologic surveys. The third auth.or U‘l‘?l !
has acted as Itant for special psychiatric and logic pro! ednt:t
With such a team we are attempting to study these pabents m a way ‘S_
may be reproduced by a general physician with consultation when m;cet "
sary What is needed 15 time and a trammng which permits 2 chniaia -
pursue his inquiry and examnation into physical and psychologic

° ne, University of Toronto,
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social areas to ensure that no trouble has been overlooked These factors
of time and 2 broad general approach are important A medical spectalist
may make the diagnosis of primary fibrositis during a consultation which
1s hmited to an hour This means that 1f there are less obvious factors which
require more time for careful lustory taking, these cannot possibly be
identified 1n a hmited examination

CLINICAL ORBSERVATIONS

Twenty cases have been completed and the study is continuing These
twenty patients appeared at frst to be suffering from primary fibrositis
On closer examnation they were found to be a mixed group consisting of
eleven patients 1n states of emotional tension with an intramuseular fibro-
sitis syndrome, two patients 1n states of emotional nstabihty with a peri-
articular fibrositis syndrome, four patrents with psychoneuroses with some
elements of the fibrositis syndrome, and three patients with lesions mvolv-
ng nerve roots with fibrositis syndrome.

The eleven patients with tension states and intramuscular fibrositis could
not be considered psychoneurotic unless that term is stretched to mclude
most of the average sort of emotional trouble in this unhappy world They
were not chronic hypochendniacs, nor ot ly ak 1 They could,
however, be termed emotionally unstable simce they reacted with exces-
sive emotional responses both mentally and physteally. When they met
therr particular tnals of hfe they all had the habit of becommg “tense,”
“keyed-up,” “pent-up,” “tied np m knots,” “held-m,” “unable to relax,”
“stffering” or “getting sore” This attttude was one of physical and menta)
restramt, in which they felt emotions of anger or fear but were unable to
give vent to these feelings From the correlations of the physical and men-
tal phenomena 1t 15 suggested that in penods of prolonged emotional re-
stramt these persons have their fibrosiis symptoms If they can relax as
on holiday, or with reassurance, or on relief of stress they become com-
fortable

The two patients in states of emotional instability had their pamns and
tenderness confined to the joint regrons and we do not yet understand the
psychosomatic relationships of this group

The four psychoneuroses were of a subtle order that might escape recog-
mtion 1 2 one-hour clinical examination One woman was a mixture of
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tneapacity with some elements of tension and fibrositis syndromes

The three cases with lesions mvolsing nerve roots were 1dentified by a
history suggesting, extradural wntation, a root dustribution of muscle ten-
derness and dysesthestas and mild reduction of tendon reflexes In one case
a myclogram further suggested the likely diagnosis of hermated inter-
vertebral disk

COMMENT
In review, then, our twenty cases of primary 8brositss have resolved mto
people with psychologe p and three with mild nerve root
lessons, However, 1t 15 probably not as simple as tlus To start with, 1t
would seem that the factors leadmg to the fibrosits syndrome may be




THE ROLE OF PSYCHOLOGIC FACTORS IN FIBROSITIS®
J. ALLAN WALTERS, H. CLYDE SLADE! AND WALLACE GRAHAM

Fibrositis 1s a syndrome of pam and stffness defined by 1ts characteristic
symptoms and signs and by the exclusion of other diseases! The patients
are cooperative and 1n earnest. They complam of aching soreness and stff-
ness of the jomts and muscles. They may be worse after rest, 1n the mozn-
g, and dunng cold, damp weather. They obtamn temporary relief from
heat, mld exercise, salicylates and physiotherapy, On evamination the
aching tissues may be found to be tender, and palpable nodules may be felt.
Pressure on tender spots or nodular thickemings may produce referred pans
or dysesthesias into distant parts, as into a imb or up the neck.

Thus fibrositis syndrome may be seen as “secondary fibrositis” where there
1s an obvious cause, e g, trauma, or as “primary fbrositis” when the cause
1s not apparent The content of this idiopathic group, primary fibrositis,
will vary with the accuracy of diagnosis. Physical diseases such as hernia
mtervertebral disk or trichmosss, if unrecogmzed, may be thought to be
cases of primary fibrosiis, Simularly, psychoneurotic disorders may be mis-
taken for cases of pnmary fibrositis. This latter danger has been empha-
sized lately and such cases of psychoneuroses have been assembled under
the term psychogentc rheumatism 2 3 This term has arisen within the arcle
of medical spectalists in rheumatism and may be defined as those cases of
psychoneurosis which are obvious to a rheumatologist.

These diag difficull cast therr shad over any discussion of
primary fibrosiis, each clmetan’s understanding of the state wll be -
patred by the error of his unwitting kes 1 d ly, aoy
useful consideration of fibrositis must be based on cases m which no patho-
genic factor has been overlooked Now the fibrositis syndrome 1s a symp-
tom complex of bodily distress and stff action, and people can become
physteally sore and stiff from mental as well as physical trouble. Accord-
mgly, a reliable study of primary fibrosttis would seem to require & broad
survey of psychologic and social factors as well as the physical factors
all cases.

METHOD OF STUDY

With these considerations m mind the authors are making a study Og
primary fibrositis as defined above, 1e, fibrosihs with no obvious ph)”w.
causes and with psycl ic rk Tuded These patients are Sef
lected by one of us (W G.) as they present themselves 1n the practxc& :ﬂ
a physican specializing in rheumatic diseases. Another of us (H CS.) .
conducts a broad climeal exammation that includes general medical, I‘!‘e )
rologie, psychiatric and rheumatologie surveys. The third author (J.A] ]
has acted as 1 for special psychratnc and log prob irh“nt
With such a team we are attempting to study these patents in a \\'n}’ms‘
may be reproduced by a general physician with consultation when 1 et
sary. What 1s needed 1s time and a traming which permits a clllﬂl?"‘an g
pursue his inquiry and examination mto I;hysical and psychologic
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social areas to ensure that o trouble has heen overlooked. These factors
of to I B 7 Lo i
may -

is Jun

require more time for corefnl lustory takang, these canvot posstly be
identified m a Jimited cxamination

CLINICAL OBSERVATIONS

‘Twenty cases have been completed and the study 1s continwng, These
twenty patients appeared at first to be suffermg from prmary fibrositis.
On loser exarmnation they were foung to be a mixed group consisting of
eleven patents in states of emotional tension with an mtramuscular Kbro-
sitis syndrame, twa patients in states of emotional wstability with a pen-
aracular fbrosits syndrame, four patients with psychoneuroses with some
elements of the fbrositis svndrome, and three patients with lesions wnvolv.
ing nerve xouts with fibrositis syndrome

The eleven patients with tension states and intramuscular fbrositis could
not be considered psychoneuratse unless that term 1s stretched to mclode
most of the average sort of emotional trouble 1 this unhappy wordd They
were not chrome hypochond: nor ot dy ab 1 They could,
however, be termed emotsonally unstable since they reacted with evees-
sive emotional responses both mentally and physically, When they met
their partientar trials of life they alt had the habnt of becoming “tense.”
“keyedup,” “pent-up,” “tied np in knots” “heldan” “umble to relax,”
“siffening” or “getting sore” This attstude was ope of physieal and mental
testramt, m which they felt emations of anger or fear but were unable to
fave vent to these feebngs From the correlations of the physical and men-
tal phenomena it 15 suggested that m pennds nf prolonred emotional re-
stramt these persons have thewr fbrostis symptoms It they can relac as
on hohday, or with reassurance, or on relief of stress they become com-
fortable

The two patients in states of emotianal mstability had therr pains and
tenderness confined to the ot reglons and we do not yet understand the
pevchasomatic relationsinps of tus groun

The four psychonenroses were of a subtle order that might escape recog-
mbon in a one-hour clinical exammation Ons woman was n miture of

meapacity with some elements of tensior and fibrositis syndromes ’

e threc cases with Jesions involving nerve roots were identified by a
fustory sagpesting; extradural srrstation, 2 ront distnbution of muscle ten-
derness and dysesthesins and mid reduiction of tendon reflexes In one case
n myclogram fusther suggested the lhely diagnosis of hermated inter-
vertebral disk,

COMMFNT
In revicw, thes, our twerty cases of primaty Bbvositis have resolyed 1td
seventeen people with psy chologic problems and three with mild nerve ropt
lestons. However 1 15 probably not as simple as this. To start nth,
would scem that the factors leading Jothmfbrosity syndrome may:
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multiple and may nvolve both peripheral physical faults and central psy-
chologic faults, .

On the physical side we know that prolonged tomc action of a muscle
will produce aching and tenderness and trigger points Our eleven Ppatients
who developed the fibrositis syndrome while in mental attitudes of emo-
tional restraint felt unrelaxed in themselves and they described their bodies
as 1f constantly Limted by some extra muscular activity. They felt tense
and tightened up Their shoulders seemed to be held higher, Their mbs
felt controlled and held back They, in themselves, did not feel at Iiberty
and their physical motor system seemed to be equally under some xmld
restramnt We have not yet attempted to study the mtimate state of local
muscular action and tone by phystologic mstruments, but chnically we gun
an impression of an mcreased tautness 1n those muscles which cooperate
m emotional attitudes, We also know that 1n these patients this motor state
comes and goes with the nse and fall of emotional tenston We know that
with suggestion and massage these patrents may relat psycholagically and
that the muscles then feel slacker and more comfortable As the startimg
pomnt for considering the local neuromuscular fault it seems hhely that
when a person 1s tense with emotional restraint his muscles may reman
I some extra tonic action as physical components of hus total behavior and
adaptation to the situation he faces In some unknown way this hyper-
tontaity must lead to, or be accompanied by, the activation of those pa
mechanisms whch produce the fibrositic syndrome. The stiffness 15 a direct
expresston of therr mability to act mn an unhmuted fashion

Here we cannot be put off by any assumption that these fibrosittc aches
and pams are other than penpherally produced When the chplt:mn has
carefully excluded pam and suffering of a central and hysterical order,
there will still remain chimeal evidence to suggest that the patient 1 suf-
fering From pam of peripheral origin Frequently the clmician will be able
to observe that the tenderness 15 confined to single muscles rather than to
regions of tissues, e g, a muscle such as the extensor carpi radiabis longus
may be clearly defined by palpating for tenderness when no other tissue 1t
the forearm 15 tender Tlus powmts to a local disorder m that muscle or 1S
pertpheral mnervation, since hystenical pamn and central pam are ne\E;
confined to a peripheral anatomic umt It 15 very unlikely that mdmwdua
muscles have a sensory or motor representation within the human cerebrum
And while we can mentally perceive regions and areas of our body We
cannot disciminate an mdividual muscle 1n tonie actron .

Nexther can we be put off by any suggestion that psychegemc r)xem;
tism is completely separate from the fibrositis syndrome In the slrgﬂm e
a neuropsychiatric practice one often sees the full-blown state of fi ;OS;J]
in psychoneurotic patients while they are suffering unexpressed emﬂll“ e
tension The state of therr muscles and fibrous tissue may exactly dup ‘Cll;(‘f
the fibrositis syndrome with aching muscles, soreness and stiffness, “’“m“
muscles and trigger pomts They may develop exqusite radating l}:est‘
from pressure on tugger potnts or nodules or spontaneously And as e
patients find peace of mund and relaxation this fibrositis syndrome
appears

Plpf, then, we can assume that emotional restramnt may mhntun Yf":;‘:
attitudes which lead to penipheral pamn, what do we find 1 cases omrb’
ondary fibrositis from physical causes® In the case of trayma 1t is
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that the juqured patt 15 \p\m\cl\ by tome uscle actiont 1Vsth mfection we
have ovserved the locahzation of tendlerness swathn indrvidaal muscles and

n

sore When 2 pexve 100t 35, srntated 25 by \\(‘(m‘\(cd mlcr\’cxlebm\ disk,
the pcnp\\eml muscles and other tissuc sumu\xec\ by that nerve 100% ™y
demonstraté the complete fbrositis $Y ndrome Tumuted to this radicular Qi
trbuton * The physiologic changes here are obscure but 1t js not mprob-
able that an early effect of Toot wmtation 15 an \ncreased tome action of the

These cmeat observauions the stender threads that Jead to an
understandin® § how the Fhrositis syndrome comes estabhished un ler
mentat as well as phys\cn\ strs rting, pornt would be & state O

These speculations do not set forth an explanation of fibroutss Dut rather
yepresent A entatve working hypotheus which may fead to enueal ehm=
cal and e‘penmema\ stuces This whale subject of Shrositis 18 AT ed by
very few eotablished facts, & grent ack of hasic \nowledge, and an extensive
Yterature that proclams OuF confusion BIo2 chmcal studies of pnmaty

rns The psyc\\une\lrmcs with fibrositts syndrome pave still to D¢ ade-
\dies of the neummuscuhr state wn foro-
sitys are 100 scanty to permit MoTe than speculation The pathologic anatomy
f Bbrosits 15 10 o whed, and 1f W€ B o uscle Typestomsa. ¢ the
essentiat featvre Jeadimg to the pamn and stifoess then we must explun why
other hypertom© states do not slways lead to & symilar panful state.
g o

yP!
cssential factor i the mmd-body relatonship scems to be the mental and
physieal state of yostratnt which was hated and resented but Was accepted
and mamtamed They did not want to hold theroselses 1M but they could
not let Ahemsclves o Ths 18 emational behaviot ot unbike the invotun
tary atitudes of 2 trappeds hostile amumat Such 3 state could e reached
from a vanety of psvc! ologic devetopments The persom\mcs of our pv
uents ranged {rom passwve persons who were forced to be actwve, 10 Very
Qdominating people who were forced to b€ submissive Thetr psyc\\osex\u\
Jevelopment WS vaned It sncluded snfantile and Tomosexual 1YPES of

cate o MeC or se\i-l(‘:tmm\ and sdk-comm\, and 1t may be that such
Tughly orgamzed people are prone 10 develop the Ghrosibis sy drome Mean-
while we st also Lecp 1 and that all aggressive or subrussive OF m-
yuature of pcrlcmommc people Qo not develop fibrositis

Symlarly the emotianal stat® our pavents howed hard s0me yariations
and much rema to be wnderstood The usual pent-up emotion WS resent:
ment, hosthty oF anger which could not be erpxcssed But Interming ed

ere U
people with pent-up anser do ot develop 30Y physical symptoms whule in/
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others 1t may find expression 1n viscera such as heart or stomach rather than
m muscles and nerves.

These vanations of the psychologic picture agamn bring us face to face
with unknown factors, with our vast ignorance in these matters. It 1s prob-
able that people hold themselves in agamnst their wishes for many different
reasons and that generalizations cannot be made. However, in any one
particular case study the story and sequence of the psychologic develop-
ment and physical disabibty become clear as the facts are obtained, From
our expertence the main outhnes of the situation can be grasped m an extra
hour or so of history taking by a physician who has an understanding of
human nature We beheve that most cases will not require a special psy-
chatric opmon if the physietan will take the extra time to gather the
psychologic and social story
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PSYCHIATRIC STUDIES OF PATIENTS WITH
RHEUMATOID ARTHRITIS

ALFRED ©. LUDWIG

The following matenal was collected from three psyck Iytucall
studred cases seen for several hundred hours each, from mmne less wel.lf-
mvestigated patients, and from many single interviews with a number o
other patients, all suffering from rheumatoid arthritis.

THE PERSONALITY PATTERN OF RHEUMATOID ARTHRITIS

A personality pattern was found which was constant for all the cases of
rheumatoid arthritis studied The personality pattern observed 1s nol;Pe
cific for patients with rheumatoid arthritis, but has also been noter d.\lsn
patients with other psychosomatic disorders (simple obesity, Raynaud esd i
ease, and ulcerative colitis},»* * and is closcly sumilar to that describ ! );
Kardiner an 1ndividuals with chrome traumatic neurosis mcurred 1m “ar‘

The outstanding feature 1s marked mmpawrment of ego funcno(rlz;ﬁmﬂﬁ'
fested by extreme dependence, security, feelings of inadequacy, d‘::‘m{
1n the usual methods of mastering or coping with the envn-oflmen( an -
other people, and severe blocking of the external expression of emotton,
with internahzation of fecling and autonomic overactivity. Fre-

These persons are usually unaware of their feelings of pelp]eflsl:le;; i
quently, they deny thex depend by p w:i et
ward facade of independence, self-assurance, self-control, and aDp
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shallowness of emotion This gives the casual observer the mstaken ym-
pression that they are cold and devoud of feehng and that there are no
emotianal conflicts. Along with the inner insceunty, the world scems to
them to be a hostile place whch constantly threatens to mure them A
strange person, a Dew situation, even shght changes within a famihar en-
vironment or in the attitude of a famiiar person, seem to produce severe
degrees of amuety, Tlus they usually desenbe as shyness, and self-con-
seiousness, and a strong desire to flee from the unpleasant situation

Their emotional hives are marked by an mability to establish elose, mean-
mgful relationstups with other persons of exther sex. Their own and others’
feelings seem to be ded as Ily dang , and
all emotiona) closeness with other people is avoided. They are keenly me
tuttive and acutely aware of the feelings of others and they sense and react
immediately to the shghtest eriieism or rejection which they feel directed
toward ther,

Their insecurity and need for support and love from others makes them
extremely cautious of thewr reactions toward other people, and they appear
ta be in constant fear that any false move on thewr part may result 1n rejec-
. SO o B fat .
They
cc to

themselves,
« aeeow

appears 1 1its place.

In patients with rheumatoid arthntis, the most characteristic evidence of

this type of overactivity 15 the presence of vasomotor symptoms They were

present in 200 of a senes of 293 carefully studied cases of rhenmatod

arthritis at the Massachusetts General Hospital Gastroantestinal disturb-

ances and palpitation without other causes are not infrequent and probably
4

P another £ of \!

DEFENSE MECHANISMS
These patients habitually employ a number of psychologic and psycho-
somatic defense mechanisms 1n their effort to deal with the constant severe
nner et L oL e e SR o ~ -
tion o

varyn

the onset of the 1llness many of them have been exceedingly hard dnving
:'m"; ‘nvrr‘); conseientious, It 15 very dificult for them to st stl), and they
NEPIS P M) R Rt

attempt to newate their d d Loth by pting far more respons

bihity than they can handic, and by overwork This response probably origt-
nates as well from the fear of losing the regard and support of others They
drive themselves harder and harder m theit struggle agamst the fear of
failure and the loss of support. Other patients mamfest thejr dependence
and inadequacy openly, avoid all bility, and rely pletely on
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others for gmdance Such patents are prone to be excessively and openly
demanding of everyone around them, and often succeed in tyrannizing
their famihies and medhcal attendants by means of their dlness. This patho-
logic overactivity 1s accompanied by a lugh degree of emotional fatgue
incommensurate Wwith the amount of physical energy expended.

Another mechamism used to alleviate anxiety and relieve tension is the
abnormal mgestion of food, and not ifrequently of drugs or alcohol One
of my patients overate compulsively 1n response to even mmor frustrations,
another became addicted to aleohol Obesity was present in 5 6 per cent of
our Massachusetts General Hospital series*

PRECIPITATING FACTORS

The single most mportant precipitating factor 1 the case material was
the loss of or separation from mmportant key figures on whom these patients
depended for support This might be by death but often only by separation
from or following rejection by such a key person Such an mjury 1s nvanably
followed by a grief reaction, but without any, or with inadequate, outward
expression of sadness or of weepmg The term “bereavement” s used in this
sense with a broad meanmg and imples the reaction to any loss Such loss
may be not only by death of a person close to the patient, but may also be rep-
resented by loss of financial secunty, loss of position, loss of status w the
commumty, by leaving home by exclusion from a group, and even by bodily
1njury or minor operations In some women patients, menstruation agd child-
burth appear also to have the psychologic sigmficance of loss i this sense

Not only were such losses important m correlation with and immedately
preceding the onset of the disease, but exacerbations frequently occurred
on the anniversaries of the deaths of relatives, or indeed by other events
associated psychologically with the ongmal bereavement

The bereavement reaction 1s usually accompanied by moderately severe
depression These were frequent mn my cases Suicidal rleas are not un-
common but these patients appear to be protected agamst smarde and de-
pression both by the appeaance of renew ed symptoms of the disease and m
some mstances by the mgestion of food or drugs as described above

RELATION TO PSYCHOSOMATIC GASTROINTESTINAL DISORDERS

In all the cases observed, there appeared to be a sigmficant correlation
between rheumatoid arthrits and psy chosomatic disorders of the gastro-
intestinal tract These melude abdominal distress, excess perstalsis, nausea,

and duath at tames of emotional stress In one ©
the same hm(;
s O

my patients, a peptic ulcer, overeating, and obesity began at
as the onset of arthritts In the Massachusetts General Hosprtal seres
cases, peptic ulcer occurred m 3 6 per cent of 293 patjents *

FAMILY BACKGROUND

In general, the parents of these patients appe: for the
and unable to provide an adequately secure emotional cnvlronmen;] ﬂ“ e
patients m childhood The mothers of the patients could not fum;: ]d:llmnd
mosphere of wannth and affection for them in infancy and ([lt]\e .
They were frequently excessively naxd i their early traming of caslcS.
tients, and m some mstances, openly rejecting and hostle. In mhcrt ]
the mother’s relationships with the patients were marked by overanxiety

ar to have been unstable
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overprotectiveness, and resufted m unduly protonged and marked depend-
ence upon her

It is important to note that both the tional nd d
as well as the distrbance m relationshups with others and the emational
1salation, were present for many years before the onset, and not merely
secondary to the disease wself

+ 1

TREATMENT

Psychotherapy with these patients mvolves considerable technical duffi-
culty It 15 not easy to establish emotional contact with persons who are
sa extremely msecure and so fngxlcncd of any contact with othets, A very
warm, friendly, and iformal ap 15 ndicated {tas y difficult
to lead them into a discussion of meamngful emotional malenal Once a
strong, positive relation was established, @t was possible to observe and
correlate thexr reaction to rejection, disapposntment, and frustration with
therr bodidy symptoms and to show them that thev evpressed their re-
Sponses nlmost entirely by uACONSCIOUS autonomic actity, rather than by

externat I relesse Dunng the course of ther-

apy, 2 of such mternal could be observed and

demonstrated to the patient, who slowly became able to translate the prim-

twe somatic expressions of fecling mnto outward release Many wmstances

could be observed mn which strong internalizedt emotion appeared to be fal-

fowed by exacerbations m joint pan and on a few occasions m the appear-

ance of jomt swelhng, as well as of other psychosomatic symptoms such as

tor and gast testinal disturbances Grief, sadness, and weepmng

for important fgures lost sometunes many years ago finally reached full
espression with considerable rehef of tension

CONCLUSIONS

There 1s evidence that persons who suceumb to rheumatond arthritis suffer
from extreme degrees of emohional smmatunty and feelings of msecunty
They react very poordy to frustration, rejection, and losy of support, They
are unable to express their very strong emotions, but mstead react to emp-
tional enses with ntense autonomic actvily, in 2 marner which closely
resembies the primative and poorly organized technics of mastery by destrue-
ton and mgestion descnbed m the trwmatic neuroses

These prelimmary observations indicate that emotional factors may play
a very significant role in precipitating the onset .nd exacerbabions m rheu-
matmd arthatis No concluston can be drawn at this time as to the psycho-
phys‘mhg\c means wherebv joint function can be infiuenced by emotional
conibict
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PSYCHOGENIC RHEUMATISM
EDWARD WEISS

A common problem m the practice of internal medicine is the patient who

tever and CNIOMIC Drucellosts are Irequent ULagiuses. ALELUUN Ly vins
focused on the shight rise m temperature and the patient undergoes re-
peated and prolonged studies from the standporat of obscure infection or
endocrine dysfunction. In the course of the many physical and laboratory
studies shght deviations from normal are detected and additional dragnoses
are made which add to the patient’s concern She sees herself enppled by
arthritis or heart disease and anticipates bemng a burden to her famly In
addition to the many physical and physiotherapeutic measures that are
used 1 treatment, rest and more rest 1s urged upon the patient, which per-
petuates the invalidism and leads to greater restriction and a mote impov-
enshed hfe This kind of story continues, sometunes for years, often with
prolonged peniods of hospital observation and sanatorium stay.

CLINICAL MATERIAL

These observations are based on a study of eighty-three patients en-
countered m a study of patients with chronic fatigue, because so-calle
psychogeme rheumatism 15 only an aspect of the chrome fatigue problem
Of the eighty-three patients only nine were men. All but eleven of the
women were married. Physical findings of sigmficance were umformly
absent. Twenty-five patients had shght fever, always less than 100° F, and
m only two was there slight elevation of the sedimentation rate, Neither
leukocytosis nor any other mportant abnormality of the blood count was
found Lowered bol i were 11; d and low
normal fasting blood sugar levels, as well as somewhat flattened sugar tol-
erance curves, were rarely observed but it was always felt that these were
secondary rather than causal features. The same findings were present after
unprovement, 3

Ewvidence for chromic brucellosis seemed positive 1 only one Paﬂeﬂg
Low back pamn of a nagging ck was a freq iation, an
atypical neuralgas of the face, shoulder reguon, and leg were frequen!l)’
associated with the body aches and pains “Sinus infection” was a]most’mi
variably held responsible for headache, “focal infection” for the atypic?
neuralgia, and shght pelvic abnormahties for pam m the back "

i The refernng diagnoses, m addition to arthrits, fibrosttis, and muscu T
and nonarticular theumatism, mcluded tul 1 h tic fever, b"‘;
cellosis and endocrine dysfunction {especially asthenia of thyrord an
adrenal origm, adrenal cortical insuficiency being a frequent diagnosis):
Hypoglycemra, low blood pressure, anemia and avitaminosts occurr!

again and agam 1n almost every history Neuroawculatory asthenia and con-
! d d Colitss, autointouication:

were freq
and autonomic imbalance were often mentioned If the p;me‘n‘t wasl;lei‘:l
mddle age, cl was almost i iably held 1 both

16
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women and men, so that ions of S or

were almost as frequent as mjections of vitamin By,

Psychosomatic study, meamng the 1 of p
and psychologic technics, proved the presence of psychopathology rather
than tissue pathol Hysteria was d in thirty-seven patients,
anxiety states wm twenty-two, hypochondnasis m four, and two suffered
from psychotic depressions. The latter two were helped by electric shock
Eighteen patients could be classified as having neurotic character disorders
‘The one patent with rather defimte evsdence of chronic brucellosss, as in-
dicated by suggestive history and high titers in the agglutination reaction
1m addition to positive shin tests, had a pronounced personality disturbance
wiich antedated the onset of the illness

Psychologit most fr i d were poor sleep and
poor sexual adjustment, and a mantal problem was the most frequent
underlying problem Sigmficant emotronal conflicts were found which
were apparently responsible for the fatigue, but a special feature associated
with muscular aches and pams was the presence of chrome resentment of
which the patient was usually totally unaware

1vsiol

DIAGNOSIS
Psychosomatic diagnosis means more than diagnosis by exclusion of
organic disease. While 1t does not 1mply less study of the soma 1t does call
for more study of the psyche It means the utihzation of phystologic gnd
hol techmies i in an effort to establish a definitive
and 1n for hensive medical care We do not
have to change our history form, we only have to change our pomt of view
to include this supplementary techme Diagnosis by exclusion 1s dangerous
m these cases—it leads to greater mvalidism To the organically mimded
physician there 15 always another possibility to investigate and thus he
becomes a pathogenic agent 1n perpetuating the 1llness by hs well meaning
but mustaken and never-ending efforts to find 2 “physical cause ” The prob-
\cm‘ 15 not so cur‘nphc‘aled that we cannot complete our physical studies

I
i

but m

be pad
to the behavior of the patient and to the actual words that he uses i de-
seribing his complaiats as well as the asides and apparent irrelevancies
that so often give important clues to the emotional factor Other funda-
mental considerations are gmving the patient time, allowing hum to talk
with as few interruptions as possible, avoiding extensive note-taking so
that the patient may feel that you are more interested in him as a person
than m the setting down of the hustory, showing interest and sympathy for
what the patient sometimes regards as trivial or silly In additton, more
attention must be gnen to the chronologic development of the life his-
tory with emphasis on the vanous factors m the childhood penod that may

£ ihn SR Db

hara influancad tha damelaneane -

eltort will be made to obtam a more complete picture of the famly be
ground ! —
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In addition to aches and pams and stiffness these patients are always
fatigued. Nowadays lack of energy 15 apt to be explamed by lack of wita-
mins, but while these patients are sometimes too tired to eat and may not
get an adequate diet, this is certamly not their prumary problem, Indeed,
they may eat too much 1 an effort to overcome “nervous hunger.” What
we must interest ourselves 1n 1s not so much a lack of vatamins as the lack
of emotional satisfaction m thewr Lives There must be some kind of 2
balance to the emotional Iife with too much expenditure on conflict and
too little satisfaction comng in, the patient 1s hedded for emotional bank-
ruptey

Instead of looking for focal mfection we must look for focal conflict, and
often we will find 1t 1 regard to a martal or parent-chld problem Emo-
tional conflict, which uses up energy that 1s then no longer available for
work or social purposes, 15 the commonest cause of chronic fatigue. A spe-
cal feature of the patients with muscular aches and pains 15 the presence
of smoldenng resentment. When 1t 15 brought to the surface, and therr feel-
mngs somewhat reheved, improvement takes place. As Sherrmgton® ex-
pressed 1t, the best way to deal with tension of emotional ongm 15 by
action, the next best way ts by speech and the least effective 15 by thought
The person who says, “Oh, what 15 the use of fighting; after all she 15 my
mother [sister, daughter]”—that person, who does not realize the amount
of aggravation m her day-to-day evistence and certainly does not know
how angry it makes her or what hostile feelings she 15 accumulating, 15
unable to relax and her rebellion takes the form of constant muscle tension
As Ellman et al ® pomnt out, the muscles serve as a means of defense and
attack 1n the struggle for exsstence and thus nternal tension 15 most easlly
relieved by muscular action When the external expression of aggression
1 the form of muscular action 15 mhibited by repressing forces, then mus-
cular tension may result which 15 felt by the 1ndividual as pain and hmita-
tion of movement and 1s often erroneously mterpreted by the examming
physician as fibrositis or muscular rheumatism. 5

Halhday*" has been chiefly responsible for calling our attention to
the it of psych th 1n cvil medicane In connechion
with his studies, Halliday found fibrositic nodules just as common m peope
who had no complamts as m those with so-called fibrosttis, which 15 the
diagnosis commonly applied to this syndrome in Great Britam

Elsewhere! the signifi of organ 1 has been pomtgd out
When the person 1s unable to express hus teasion by word or deed, bis body
sometimes takes over the function of saying things for hum that he caﬂf;vt
say with his mouth Thus the person who 1s unable to swallow, but “’ }0
has no orgamc disease, sometimes cannot swallow something in s hie
situation, and m the same way the patient with muscular aches Elnd I"i‘"i
would often Iike to express lus aggression agamst someotie 1 p:a.mculardzut
1s prevented from domng so by the affection or respect for that person ”-le
1s mngled with his hostility He translates the aches and pams of his
situation nto bodily aches and pams Hence, persuading such a
talk about focal conflict may provide an answer to the problem [ often

When patents are tense, taut, and uncommunicative, they will Ds o
begn to talk when they are put at ease and muscular relaxation nCCU"yrved
course the reverse ts equally true, that when patients can be encoura
to talk their muscle tension often dimimishes

patient to
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neurosis—may coeust In this connection I would like to say that the emo-
tions often exploit an organic illness and thus 1t 1s that frequently, in con-
nection with an nfectious disease or after operation, convalescence ingers
and mnvahdism sets in The bebef 15 widespread that the organic disease
produced the neurosis, whereas the actual mechanism is that the orgame
process has broken down the mdividual's psychologic defenses, regression
occurs, and the patient’s predisposition, determimed by his personality strue-
ture, permits the neurosis to emerge.

A contrary aspect of the relation of organic disease to neurosis is the
severe neurotic disorder—hypochondriasis, for example—in which the pa-
tient 1s obsessed with his neurotic symptoms and inattentive to sore serious
disorder I have frequently observed that the patient who insists “that lus
illness is physical” is apt to be suffering from a disorder of emotional origin,
while the patient who is eager to blame 1t on the psyche often has an organic
disease

T t *- - -*- medicine refers to the structural
an the underlying or associated psy-
ch mnt of the physician-patient rela-

tionship 1t is tmportant to know whether the symptoms are on the basis of
conversion hysteria or are a part of the chmeal picture of depression
which the mood disturbance is overshadowed by the somahe complamts.
When one deals with depression there is often the threat of’sqicide

position for comprehensive medical care.

In addition to the term psychogente rheumatism, we must add the psy-
chiatnic diagnosts apphcable to each case because it is the psychopathology
that is chiefly responsible for the syndrome and it 15 by means of psycho-
therapy that we can deal with these patients most effectively.

TREATMENT

In approaching the patient from the standpomt of psychosomatic diag-
nosis one must realize that m dealng with the emotions one cannot sepa-
rate treatment from diagnosis and that really as soon as one has made an
nitial contact with the patient the groundwork is bemg prepared for.ueﬂt-
ment, There can be no sharp division between the period of diagnosi:
the period of beginning treatment s

1 would urge that the physical aspects of the study be c.omglete a
quickly as possible. This applies especally to brucellosts, which is a par-
ticularly vexatious problem at the moment, one reason being that so n{a‘;ll)s’
patients get skin-tested that the tests themselves induce immune reactio
resulting in low titer agglutination responses )

I wm%ld also urge, or%cge we have satisfied ourselves that the shgl}t teﬂ;
P ! is only an insigmfi phase of the disorder, that "’“;‘:e
of suggesting to these patents that they keep a record of their temperaheb
we tell them to stop taking 1t They must stop being slaves to the
mometer. - y

Once we have excluded physical disease and done 1t expedmol(lﬁl)'n‘s‘:
can say to these patients that they have no evidence of .orgas'ih tsihﬁ):
adding, in particular that there is no evidence of arthntis an al

s and
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will not be enppled by that disease Often 1t 1s wise to add at a later point
that neither do they bave evidence of mental disease, because so often,
with lay p regarding I probl to suggest that the
disorder 15 emotional means to the patient that 1t 1s mental and that he may
be in danger of “losmg his mind *

I always ask the patient toward the end of the study, “What have you
thought about the cause of your illness™ We will often be amazed at the
extraordinary rdeas that these patients have had, some of which they have
obtained from their reading or fantasies and some of which have been sup-
plied by the many medical examnations and mvestigations that have been
done We can make no headway with these patients from a treatment
standpomt until we have these first layers of anxety out on the surface. It
15 like the layers of an onon, as they are peeled off, new problems present
themselves and these new problems wall usually be found wathin the family
group Mantal incompatibility and sexual dificulties are almost always
present but the patients often hesitate to discuss them because they regard
them as personal problems unrelated to their illness

When we say to these people that their aches and pains and tatigue are
due to the fact that they are always 1n a state of tension, that they do not
know how to relax, even at mght, and that because they are taut ther
muscles are crying out n protest with aches and pains, 1t carries conviction
and provides a stepping stone for them to begmn to talk about their emo-
ttonal problems When pams persist or recur one may sometimes mahe the
suggestion that, after all, emotional immatunty s the background ot a
psychosomatic disorder and that “growing pawns” that oceur later 1n life are
apt to be more pamful than when they occur early n life

Chromc 1d 1 the special 1 prob-
lern in these patients but 1t had betier be approacked mdirectly One must
avoid the crude suggestion that they are angry at someone who 1s sup-
posed to be near and dear to them or * N N .
fihal respect That problem can be ¢
patient aware of the discontent and
study his day-to-day existence and r .
to the point where symptoms appear, We must let the patients see that
they are suffermg not from disease of body or mind but rather from a dis-
order of therr feelings

Instead of cautiomng rest and more rest, which only permts these people
to “stew n their own jurces,’l recommend that they “carry on m spite of
symptoms,” and thus they will often be able to do once they have divorced
their pan from the fear of arthntis, heart disease, cancer or what not
Once neurotic pamn 15 divorced from a fear of organic disease, 1t 1s remark-
able how rapadly 1t will disappear or duminish At the same time I recom-

mend that they do not talk about their illness to therr friends but try to
cultivate the atmosphere of health by telling people that they are well no

they are being used m a supplementary capacity and that the cure lies 1n
emotional reeducation It 15 of course sometimes necessary to make cer-
tain concessions to the previous organic miseducation that the patient has
hiad We cannot go too quickly m changing our approach from disease to*™
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disorder, from the 1dea of dong something for the patient to having him
do something for himself, from cducation along physical Iines to the neces-
sity for emotional growth Many of these patients are emotionally quite 1ll
and the efforts of the physician untrained 1 psychopathology to et ma-
terial of mportance will not only fail but may prave harmful The essence
of psychotherapy, some knowledge of which should be a part of the equip-
ment of every physician, 1s to g0 no faster than the patient 1s prepared to go.

In connection with physical medicine I think one more word ought to
be said and that concerns the problem of belts, braces and supports So
often we find these patients wearing sacrorthac or abdominal supports when
what they need 1s inner support, Instead of trying to bolster them up with
a crutch what we ought to do 1s try to develop their mner, emotional se-
cunty so that they won't have to lean on supports, or braces, or for that
matter on therr physician
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DISCUSSION
FRANCIS J BACH

A century ago, the family doctor and the patient’s relatives, and possibly
the lady of the manor, dealt with the social and economic p.mblems as \ver
as the physical alls of the village craftsman when he fell sick The docts
combined 1n himselt a knowledge of the personalities of lus patients ant
often Literally from birth, of therr mode of hfe, of ther habits and, not 1
frequently, of their problems and wornes He knew his man, not only the
disease This has altered Today, the patient 1s probably one of 2 thouzﬂﬂe
workmg 1n a factory many miles from his home, and the status of his 1:\
tor has altered, partly because of these environmental factors and pa ,‘
because of the development of elaborate diagnostic procedures, Cl‘"“:"
laboratory and psychologie, which have led to mcreasmg specmhzana
That these specialtics have therr own language 1s obvious to those who drihe
the studlies on arthnitis m journals such as Psychosomatic Medicme an

biochemical reviews . vard 3
As a reaction against this over-specialization, there is a move tov
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Psychosomatic or constitutional medicine combines what is best in the old
and the new, and I look forward with pleasure to the next phase in rheu-
matology, when 1t will take the lead,

Accepting, as we should, the essentially objective criteria for the clni-
cal assessment of therapeutic methods as adopted by the Amercan Rheu-
matism Association, it ts my opinion that as a method of treatment, the
regulation of endocrine disturbance alone will stand up to these clinical
criteria. We have a long way to go and we clinicians and psychiatusts,
possibly with the help of the physiatnist, can and should work m close
cooperation so as to contribute to this subject work of even greater value
than that of the climeran and pathologist of half a century ago and of the
clinician and biochemist of today.

ABSTRACT

DISEASES ARISING FROM OVERSTRAIN AND WEAR AND TEAR
ON THE MUSCLES OF THE SKELETAL SYSTEM, OFTEN
CONCEALED BEHIND THE DIAGNOSES OF

NEUROSIS AND RHEUMATISM

HENRIK SEYFFARTH AND KIRSTEN MPINICHEN

In skeletal disease and also in disorders of tendon attachments the tendency to
produce referred pam 1s far greater than in the primary myoses, where the Pﬂ“& s
chiefly located 1n the vicinty of the most tender muscles. Palpation of the tender
muscle reveals so-called myosis, “a volummous, doughlike, mostly u}elash& ':;’t
sharply delimited part of the muscle” (Helweg). The diagnosis “psychically m“h"
toned pains” 1s usually an indication of the physician’s inability to dere}c\t 1 e‘
organic cause of the pain_The primary myoses (funchonal myoses}, due to kyper
function of muscles, are differentiated from secondary myoses, which arise in con-
nection with a medical, neurologie, or surgical disease

Special inveshgation of the musculosheletal system consists of comple
s1s and physical e‘(m;mahon, necluding psychic status, motor functron,
coordination, and reflexes

Emotional or affective pamn oceurs because emotions normally increase pﬂ;n ﬂf‘};‘
feeling of fatigue and mdirce muscular tension, which in itself may call fort! P?lon
w tender muscles, tendon attachments and jomts Anvety tension finds e(‘lq:resslu
mamly in a fixation of the thorax m the inspiration posion with drawn-up

shoulders 5

° Tl}gebest treatment for neuroses has proved to be relaxatton gymnastics, tar;:;;"
the patient to relax during work and to release the fived mechanism of st‘gz g,
By such dally gymnashe exercises and training m the proper manner O P w4
with least possible tension, 1t has been found possible practreally tol fribrig
functional diseases 1n the musculoskeletal system as a cause of mdustrial b e
jsm, whereas 1n 1944, 25 per cent of the absenteeism was due to overstra? 4
neck and arms

te anamne-

senstbibty,



OSTEOARTHRITIS

DIAGNOSIS OF OSTEOARTHRITIS

AUGUSTUS M. DAVISON

1 1

The cntena for making a of hritis vary Pl often
disagree 1 a grven case, especially where compensation ts mvolved, as to
whether such a diagnosis 1s justified and whether 1t 15 the true basis of the
alleged symptoms Some resign themselves to the diagnosis once the roent-
genogram reveals the least hypertrophic reaction, whether symptoms are
present or not. It 1s remarkable that the oldest disease known to man 1s as
yet so imperfectly defined I propose to offer a practical answer to the query,
“When shall a patient be saxd to have osteoarthntis?”

Hench and others have admomished against the casual application of the
term arthritis to patients Jacking intra-arbcular disease, and have pleaded
for more discrimimation 1n its use, “The implicattons contained 1n the word
are such that 1t 1s not a designation to bandy about promiscuously. To all
but the most phlegmatic patient 1t comes as a prophecy of real trouble
ahead, a threat of long 1liness and perhaps of slow, painful retirement ™

To many patients labeled osteoarthritic, there 15 surpnisingly hitle com-
fort in the physician’s reassurance that this 1s a localized and relatwvely
benign condition In general, therefore, 1t 1s undesirable to brand a patient
with arthntss without proper indrcations

Ivy has drawn to the d e diseases, osteo-
arthnitis, which maim aging persons prematurely “It 1s rational to distin-
guish between the degenerative diseases and the processes, retrogressive
or degenerative, which occur as a natural concomstant of hfe ™ It 1s desir-

e . A e PO “the jomts

estrict the

. Diseases

The cause must be unk Let us therefore exclude those d of

simular reentgenographic appearance which are clearly secondary to trauma,

to improper weight beanng or to structural defects, and place these

separate categories of traumatic arthntis, congemital malformation, de-
formity and other approprnate diagnostic terms

Of predisposing factors, only heredity has stood the test of nquiry, Cli-
mate, trauma, menopause and old age are usually only comcidental

lad

PATHOLOGY

Our first assumption, then, 15 an unknown etiology Next let us accept
the pathologic process as prumanly a degencration of articular cartilage
by fibnllation, sphttng, pitting, softemng, yellowing and uregular thin-
ning* The appearance of these changes in the knees as carly as fifteen
years of age has been described,® and others have agreed that 1t 15 common
m the third decade, hut, of course, no symptoms are encountered at this
early stage The appearance of margnal proliferation follows by years
Also charactenistic 1s the later appearance of osteosclerosis adjacent to the
affected jomt cartifages

125
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CLINICAL CHARACTERISTICS

The climeal charactersstics fit the pathologic process. The onset 15 1n-
vanably gradual. There 1s a lack of acute iflammation There 15 no pam
at rest, but only with use, Coarse crepitus usually can be felt. Soft tissue
swelling 15 not a conspicuous feature Adhesions do not form. Motion may
be mechanically limited at the extremes but 1s not lost ankylosis The
roentgenogram reveals thinnimg of cartilage, osteosclerosis and osteophytes
as soon as sufficient derangement develops to produce symptoms, and
usually long before

There are only two symptoms, pamn and lunitation of motion Pam varies
trom mild to moderate, 1s rarely severe It 15 proportionate to the use of the
jont, hence charactenstically most pronounced 1 the evening and after
unusual activities It 1s alleviated by rest We need not settle the explana-
tion of the invariable renussions and evacerbations of pam as yet, for the
mechanism producing pamn 1s still speculanve While varying mn degree,
however, 1t may not vary m location for the symptoms are quite localized

The degree of himitation of motion 15 also mild and occasionally mod-
erate. Limitation may be more marked at times of most pan through pro-
tective muscle spasm It 1s rare that joint destruction proceeds to such extent
as to forfert all motion

On this working hypothess, let us base certamn arbitrary conclusions
How does one arrive at 2 justified diagnosis® It 15 preferable to elmumate
the bulk of elderly persons with presymptomatic roentgenographic changes,
else most people past fifty would be labeled as diseased when m fact they
are quite conformative to the norm Hence two prerequisites to diagnosis
must be met, an accep o * e
graphic confirmation o
may not be confirmed
diagnosis of any joint
genologist the diagnostcian and mocks the judgment of the elmen
Hypertrophic bone reaction 15 not synonymous with the chmeal disease
osteoarthritis.

NONDIAGNOSTIC FINDINGS
Tized thrat

A common error 1s to offer a diagnosis of
Actually there 1s no such condition Idrwopathic osteoarthnitis 1s practically
never encountered beyond a certain few jonts, namely the distal and prot
1mal interphalangeal joints of the fingers, the carpometacarpal jomnt of the
thumb, the acromioclavicular jomt, the lower four cervical vertebrae, 'the
Tumbar vertebrae, the lumbosacral jomt, the hip and the knee No patient
exhibits all these possibilities, usually only one or two locahties are u-
volved. Osteoarthnitis 1s purely a local condition, and only the proven jomts
are acceptable 1 the final diagrosis

Systemte mamfestations such as anorevia, fever, weight loss,
fatigue, anemsa and elevated sed rate are not ¢} e end
cepting mappropriate symptoms as related to mcidental hypertrophic i {
ngs on’ hy 1s fallacious G 1 fatigue 15 indscatnné
an infection, systemic disease, neurosis, etc, but can never be attributed to
osteoarthriis  Radiculiis 15 commonly described in osteoarthnitis of the
spine, but 1s rarely encountered in the anthor’s experience Vague but severe

abnormal
tic Ac
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incapacity of largely subjective nature, and clearly psychogemc, has never-
theless been attributed to a few innocent spurs in many patients

Crepitus, though not considered normal, does not of itself warrant a
diagnosis of osteoarthritis 3 It occurs 1n several other conditions as well as
1 persons without recogmzable disease.

CONCLUSION

Out of the wealth of climcal knowledge before us, certamn established
features of osteoarthntis have thus been woven 1to a pmchcal concept of
the disease, a to praper and of such
patients People demonstrating physiologic aging of the jomnts do not menit
a label of discase The appellation osteoarthntis 1s preferably reserved for

those persons d ting 1c and {excessive or
premature) degencrative disease
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THE PATHOLOGIC DISTINCTION BETWEEN
OSTECGARTHRITIS AND OSTEOPHYTOSIS OF THE SPINE

DOUGLAS I COLLINS

This ation presents no fund 1ly new knowledge of the
pathologic conditions affecting the vertebral column but only modifica-
tions of views formerly expressed by other morbid anatomsts I consider
that a re-presentation of the subject 1s not out of place beeause physicians
generally continue to refer to ostecarthnitis or hypertrophic arthnitis of the
spie without distinguishing between two unrelated morbid conditions
which may very well be associated with two distinet climeal syndromes

OSTEOARTHRITIS

Recent work on osteoarthnitis of imb jomts now enables us to define this
disease in precise pathologic terms It 1s a disease of synovial (diarthrodzal)
jomts, beginming with injury or degeneration of hvaline articular cartilage
and leading throuch a serses of claborate progressive changes to the state
m which the bone ends are altered in shape and form, denuded of cartilage
and surrounded by shelves and spurs of new osteophytic bone It 1s most
desirable that the "term “osteoarthritis”™ should be rescrved specifically for
this disease which, by defimtion, only affects the diarthrodial joints

The earhest stages of ommnlmm are nol detectable either radiologncally
or by the of 1 both of which
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reveal only the later stages when marginal hyperplasia of boae has oc-
curred. Evidence is uot lacking from publications of other authors, who
have used one or other of these techniques, that true osteoarthritis not

affects the 1 (apophysial and costovertebral) joints of
the spie. A few, by patient dissection of fresh specimens, have been able
to show the early stages of cartilage fbnllation and erosion in these joints
I have found osteoarthritic cartilage changes quite frequently in the apo-
physial (but rarely in the costovertebral) joints of the spines of elderly
subjects. The distnbution of the Jesions through the vertebral column
seems to be irregular. In these cases we have the condition which can truly
be called spinal osteoarthritis Its clinical correlations are bound to be diff-
cult to determne, but 1t 15 mmportant to be aware of the etistence of such
a condition.

OSTEQPHYTOSIS

Spnal osteoarthrtis may exist, and usually does exist, without the pres-
ence of marginal lipping of the vertebral hodies. This latter feature char-
acterizes spinal osteophytosis and results from an entirely drfferent patho-
genic mechanism As long ago as 1897, Benecke comected it with 2 disorder
of the intervertebral disk, and subsequent work by Schmorl (who cdlled
the jon of Itipl, phytes “spondylosis deformans”) and by
others more recently has amply confirmed this view.

Osteophytes cannot form so long as the nucleus of the intervenmg disk
1s intact and the vertebral bodies are normally separated Collapse of the
disk, however, through degeneration or prolapse of the nucleus, leads to
slight forward tlting of the vertebrae and the forward extrusion of what
plastic disk substance remams It 15 on exther side of this evtruded disk

b that the phy b ly develop The common place
for phytes is mn an )t 1 position just to one side (usually the
right-hand side) of the anterior common hgament, whose strong attach-
ments are sufficient to prevent the ettrusion of the disk in the md-line
anteniorly In a scoliotic spine the disk estrusions and the osteophytes fo:lil
in the concavities of the spmnal curve where the vertebral bodies are tilte
laterally towards one another.

Disk collapse and osteophytosis of the vertebral bodies soon leads to
immobilization of the affected spmal segments, There is ro reason, there-
fore, to think that osteoarthritis of the apophysial joints will follow -

In semle kyphosis, where the disks, as they degenerate, are vascu “é‘z "
and often partially ossified, there 15 1o extrusion of disk fissue anc 17){
osteophytes form But where the disk collapses while 1t 15 stll plastic,
may bulge forward and lead to osteophyte growth

Further evidence of the di origm of p "
the records of the experimental puncture of disks in animals and the acer
dental puncture of disks in man o 4 acck

It 15 a common expenience that spinal osteophytosis is discovere R
dentally by roentgenography or at autopsy and that it seems to bav:thnhi
climeal sigmificance, T think it 15 much less likely than spmal. ostet;)a poed
to cause parn from movement and protective muscle spasm, since the ber
ency is to anatomc fixation of the part, Disability may arise, wherea nus i
of successive vertebrae are grossly osteophytic, from rigidity of a con

hytes is obtained in
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able section of the spinal column Segmental nenritis has been ascribed to
distortion of the foramina 1 cases with localized osteophy tosss but it 15 pos-
sible that this symptom might be due to mtraspinal prolapse of nucleus
pulposus, since this lesion is also in some cases followed by the appearance
of anterolateral osteophytes.

ABSTRACTS

“RHEUMATIC” SYMPTOMS ARISING FROM THE CERVICAL SPINE,
AND THEIR TREATMENT

JOIN MCM MFNNELL

Any bodily ache or pasn which 1s presumably not visceral and 15 chiefly subjec-
tive tends to be diagnosed as rheumatism, including pains in the head, neck and
shoulders Some of these symptoms may anse from 1mpaired function of the nter-
lammar jounts m the cervical spine T ly, 3 durected at
restoring normal movement to these joints will relieve symptoms

Adequate clinical examination to infer mpairment of joint funchon requures a
full understanding of the anatoray and physiology of yomt movement The normal
range of jont movement 1s made up of a normal voluntary range and normal in-
voluntary range Once a elmical mierence of loss of joint function 1s made, then

of function by | 15 the logical treatment. If movement n
the normal mvoluntary range s smpaired, only movement by mampulation can
restore 1t, and until 3t 1s restored, normal voluntary movement must remain im-
paired, The art of mampulation bes m the accurate knowledge of the normal
wmvoluntary range of movement

One must recogmze that yomt dysfunction gives nse to distant symptoms, 1¢,
referred pam, Pam from the interlamnar jomnts i the cervical spime can be referred
along the distribution of any of the cervical nenves The sympathetic nervous
system almost certamly plavs a part in the production of referred pan,

THE CERVICAL SYNDBOME RCLATION OF THE PAINFUL
SHOULDER AND BRACIIIALGIA TO OSTEOQARTHRITIS
OF THE CERVICAL SPINE AND “PERISPON-
DYLITIS CERVICALIS”

® VAN DER MEER
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changes were frequent, and special attention 1s drawn to clanges in the uncoser-
tebral joints How ever, roentgenographic changes were often inadequate to account
for the observed symptoms and course of this syndrome The nvolvement of soft
tissue structures around the spme as a (possibly rheumatic) perispondyhitis 1s
advanced as an explanation of the discrepancy between chimcal and radiologie
findings. This concept is also important with respect to response to treatment,



EFFECTS OF ENDOCRINE SECRETIONS

THE EFFECT OF CORTISONE AND OF ACTH ON
RHEUMATOID ARTHRITIS AND ACUTE
RHEUMATIC FEVER®

PHILIP § HENCH, ED\VARD C KENDALL, CHARLES H, SLOCUMB AND
HOWARD F POLLEY

We have admimstered the adrenal cortical hormone 17-hydroxy-11-de-
hydrocor (Kendall's ¢ d E) to twenty-cne patients and
pituitary ACTH to six patients with severe or moderately severe rheuma-
toid arthnitts In each case mmprovement in climcal features and reduction
of sedimentation rates occurred within a few days This improvement gen-
erally disappeared promptly when administration of either hormone was
discontmued

The ranty of these compounds and the limuted scope of our prelimmary

data ( ) make mapproprate
now the use of the term “treatment” except n an mvestigative sense Tius
paper 1s d, not as a ol i cutic eport, but as a study of

certan physiologic effects which these new hormones exert on rheumatod
arthntis and certam other diseases

ANTECEDENT CLINICAL WORK

e\ery theumatoid” p:ment corrective forces he dormant, awaiting proper

Tt was concluded that b 1 arthnitis was not necessarily

llable disease for which no really satis-

factory and rapid method of control need ever be expected Regardless of

the supposed vahdity of the microbic theory the disease abviously could

be profoundly mfuenced by a phenomenon which was pnimanly bio-
chemieal,

The dommant feature of jaundice suggested at first that the unknown
ameliorating agent, to wlich was gnen the name 1nnrheum1uc subsmnce
X, was a hepatic or biiary Hepatic sul
were apphied without much success 7 These procedures mcluded the admin-
tstration of various bilary products, the pmduchon of experimental hyper-

t of blood from iced donors and the mduc-
tion of jaundice by means of toluenedhamine, icterogenic serum or lacto-
phemn The last two agents produced arhicular remissions but the mech-
amsm of rehef was not apparent

Meanwlile, between 1931 and 1938 the benefioal effect of pregnancy

* The tumber of ¢ wes mentioned nd muck of this report i given here as it was pre-
sentedd at the Congres ( Seventh Intemational Congress on Rhcwnatic Diseses on Mav
31, 1919), but later parts of the repart have been brought up to dite by the inclusion of
etrtaie data obtrined since the Congress

a rel
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on theumatod arthritis was also bemg studied® In view of the phenomenon
of relief of the disease by jaundice or pregnancy the further pursuit of
evidence wn support of the mcrobic theory of theumatoid arthritis seemed
less attractive than an mvestigation of the nature of substance X It was
conjectured that rheumatoid arthritis involved some basic biochemical
disturbance which is transiently corrected by some incidental biclogic
change common to a number of apparently unrelated events.

It seemed logical to suppose that what causes relief of rheumatoid ar-
thritis in pregnancy 1s closely related to, 1f not identical with, that which
relieves the same disease m jaundice. It could be nether bilrubin nor 2
unisexual hormone, because jaundiced 1} d men obtained the same
relief as pregnant rheumatoid women without jaundice The belief was
stated that some biochemical d to jaundice and preg-
nancy mght provide us with an mproved treatment or control of the
disease,

It was conjectured that the hypothetic substance X was not a dusinte-
gration product from a damaged hver but probably was a biologic com-
pound specific in nature and functron, one which was normal to the human
organism and of which, perhaps, the arthntic patient did not hae eno\ggh
Since pregnaney alters the concentration of hormones, substance X might
be a bisexual steroid hormone, perhaps an adrenal hormone. Temporary
remussions of rheumatoid arthritis are frequently mduced by procedures
capable of stimulating the adrenal cortices, such as general anesthesia, sur-
gical operations or starvation In 193§ we admumstered to several sheu
matoid volunteers, lecithin from the adrenal gland in an attempt to mduce
hyperhiperia such as may occur m association with pregnancy and jaun-
dice Among other substances which came under our consideration 1 1838 )
we listed whole adrenal cortex extract, then called “cortin,” but we did not
use it untd Jater

Prior to 1938 substance X was regarded only as an antitheumatic Thet
it was noted that preg; or jaund i relieved temporanyy
such nonrheumatic or allergic conditions as hay fever, asthma, sensmﬂl‘{
to eggs, migraine and psoriasis Hence 1t was suggested that substanceI ‘f
was antiallergic as well as antirtheumatic, and that the phenoinenon of rel éf
was not disease specific but was group specific. This lent impetus to h e;
study because it was now suspected that if substance X could be identd :
it wonld be useful acawst a number of diseases. In an attempt to identify

try compound E whenever 1t might become available

ANTECEDENT CHEMICAL WORK »
The early chemical studies were carried out independently fmmv I?e "
to 1938 by Reichstein and his associates® i Switzerland, and by “mw
steiner and PAffner,1® and Kendall and s associates?-}? in this mllmu'on
Each group made contributions to the isolation and chemical formulal
of the group of steroids elaborated by the adrenal cortet. 1010
The task of partial synthesis of these cﬂmpounds“ \Xa)s {Jc‘g;;:e;?‘red in
A small amount of dehyd t was d
1944 in the laboratories of the Mayo Foundation, a larger sample was pré
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17-kerosteRoms © Unnary concentrations, which usually were 1n the
low normal range, were reduced by use of cortisone, then mereased, but
remamed m the low normal and even subnormal Tange. % <

cormicosTeroms.® The excretion of corticosteroids in the urme always
wmecreased when cortisone was used, Usually a peak of a few mlligrams (not
more than 5) was excreted for twenty-four hours, which was followed by
a dechine to a farrly constant level between 1 and 2 mg.® %

HEMOGLOBIN. In several cases concentrations of hemoglobin mncreased
dunng the use of cortisone Representative mcreases were. 27 gm 1m
sixty-four days and 3 gm m 215 days In I case hemoglobn ncreased 14
gm durmng the first (sixty-day) course, 14 gm. during the second (eighty-
five-day) course and 1.9 gm durmg the thud (seventy-three-day) course
of cortisone,

When the use of the hormone was discontinued, the concentration of
hemoglobin often decreased.

ERYTHROCYTEs Erythrocyte counts often increased somewhat, from a few
to several hundred thousand cells per cubic milimeter, within a few weeks

LEUKOCYTES. In certain patients an imncrease in the total number of cr-
culating leukocytes and immature granulocytes, and lymphopenia occurred

ACTH FOR RHEUMATOID ARTHRITIS

The first relatively pure pitwitary adrenocorticotropic hormone was pre-
pared m 1933 by Collip, Anderson and Thompson In 1942 further punf-
cation was accomplished by Li, Simpson and Evans®™* and by Sayers,
White and Long 2" 3 Because of the scarcity of matenal between 1943
and 1948, only a few chnical studies were made on normal subjects and
patients with obvious endocrine defects, chiefly patients with adrenal
sufficiency 3133

Hawving noted the effect of cortisone on rheumatoid arthritis, we con-
sidered 1t logical to determune the effect of ACTH, which stmulates re-
sponsive adrenals to produce cortisone or the cortisone-like substance, com-
pound F. But we were not able to use ACTH until February, 1949. Befon;
g@ving 1t, we were not certamn what our results would be If the adrend
glands of rheumatoid patients were producing, not cortisone, but an alteret%
product related to the cause of the disease, stmulation of such adrenal
glands mght increase rather than decrease articular symptoms But this un-
certainty was resolved when we observed m February, 1049, that AGTH pro-
duced essentially the same antitheumatic effect as cortisone did @

Preparation and Dosage We have used ACTH given to us through the
courtesy of Dr John R, Mote, Director of Medical Research, The Armaﬁli
Laboratories The potency of different lots varied somewhat EVe generd 3'
have given 100 mg daily, occastonally the dose has been 43 to 140 mg
Faily large doses should bo used at first until the disease 1s !axgely Lf“l’i
pressed; thereafter smaller doses may suffice Since ACTH is rapidly utt ;“"
by the body, the total dmly dose must be given 1 dwided doses, at 4o
every six or eight hours, later perhaps an injection twice a day may sulice
The pitwitary hormone was given daily for eleven or twelie days.t

R e L £aT - aree o A oon fae deterpunation Of the

. given ACTII to other
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Clnical Effects. The immedhate responsc to ACTH m each of our si cases
of theumatoid arthnitis was sunilar to that from cortisone: a dimmution
) - T T * oo he maxi-

which time

contmued
further 1mprovement occurred slowly Increased appetite and weight re-
sulted from the use of ACTH as from cortisone e
an
ore " . -
to six days after ACTH was given Serum globulin and total proteins de-
creased slightly, the concentration of albumm m serum was not sigmf-
cently altered, albumin/globulin ratios d shghtly C
of 17-X ds and ds 1 urime d p
markedly

and

LFFECTS OF CORTISONE AND ACTI ON SYNOVIAL HISTOPATHOLOGY
OF RHEUMATOID ARTHRITIS

Articular biopstes of synovia of the knee were carmed out m several
cases before and at vanious times dunng the use of cortisone or ACTH for
rheumatoid arthntis. In each case synovial inflammation appears to have
been reduced by these § as md d by red 1 the cellular
reaction wath a decreased number of plasma cells and lymphocytes, redue-
tion of papillary tufting, reduction or absence of deposition of fibrin and
lessened necrosis and edema 2

DATA ON CORTISONE AND ACTII

Comparatine Dosage ACTH and cortisone (preparations of 1948 and
1949} arc not physol lly equal, mll for i Onc hundred
milligrams of ACTH apparently stinulates the production of more than
the equnalent of 100 mg of cortisone, possibly 200 mg or even more
Therefore 40 or 50 mg of ACTII may be as effective as 100 mg or more of
cortisone, The newer (1950) preparations of ACTH are more potent, the
ratio of their potency to cortisonc has not been established defimtely
Tlus distinction as to relatne dosage will explam most of the cltmcal and
biochemical differences between the results obtained from the two hor-
mones
Ci

p e Effects on Sed. Rates These were reduced more
promptly by 100 mg of ACTH than by 100 mg of cortisone (Fig 12).
Rates mercased mare promptly after swithdeawal of ACTH than after with-
drawal of cortisone ®

Other Comparisons Because ACTH 1s more rapidly absorbed and metab-
olized, 1t must be gmven oftencr {two to four times daily) than cortisone
{generally once daily} The adrenal glands of most, but not all, patients
with rheumatowd arthnitis are responsne to ACTH ¢ But patients whese
adrenal glands are not responsive to ACTH (as shown for cxample by
Thorn’s test®™ or by mereases of urnary sterowds) should derive Little or no
benefit from ACTH though they may be helped by cortisone

Effeets Related to Tovctly or to Unsatisfactory Preparations Rarcly a
short febnle reaction accompamed a gaven tmjection of cortisone, this per-
haps was due to pyrogens 1 a particular bottle Derned from pitwitary
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glands of pigs or horses, ACTH is to man a foreign protem. Fever and
hwves developed i 1 case after two of five wjections of ACTH given to
test adrenal function during the use of cortrsone. Cortisone, not being a
protein, did not produce any such reaction .
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SIDE EFFECTS

Defimtion Cortisone and ACTH are powerful agents which ma};safze;g
many bodily functions and many tissues other than those of ]OanH
muscles Dunng our further expenences we have ol:sened a mlll;; A
effects other than the domimant anturheumatic one.? * The deslrable ones
should not unthimkingly be called “clmical effects” and the m_:dxesuaﬂ em_ =
“side effects” They are all physiologre effects But the term f:de e em -
widely used by investiga:lolrs m thfu ﬁsi-_}d, and SltﬂCe 1ts meaning appe
be well understood we wall use 1t for the present.

Incidence About 75 per cent of our patients who were gl"e{ldcggfsgi
or ACTH for from a few days lcE a fewi\ Imgnthts for rh:v.;(n;gk;xide ects

ects. Moderate or mar
f}i‘l‘f’?f’_f ‘Ehi‘ f‘.?...?::n:lj os:‘ii.en»m Tn oeneral the significant side effects
nones in what we now believe
cortisone or 100 mg of AC'II'H
00 mg of cortisone, 'for ‘iee:
hvelJy/ long periods Although dosage and length of ndmm')(;tmeféil;ts‘ .
the two chief factors which governed the development of side
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diyidual tolerance also played a rale Men tolerated aither hormone better
than women, especially menopausal women

Grouping and General Incidence. A physiologie groupmig of these side
effccts has been presented elsewhere #5% The commoner side effects con-
sited of certam paresthesias or somatic symptoms somewhat resembling
those considered “functional” There was a tendeney for an 1nitial reten-
tion, then sooner or later a hiberation, of salt and water and reduction of
serum potassium; in only one case was the latter severe Cortisone in doses
of 100 mg dady usually mduced no sigmficant alterations in the plasma
electrolytes. However, daily doses of 200 mg of cortisone or of 100 mg
of ACTH sometumes produced a negative nitrogen balance and a transient
hypopotassemic, hypochloremic alkalosis wiich was usually mild and
symptomiess, but occasionally was marked and produced symptoms.®> 26

In any patient with latent or frank diabetes these hormones should be
expected to produce transient reduction of carbohydrate tolerance 2 2
4 3 40 No marked impairment of carbolydrate tolerance occurred among
our rheumatoid patients although cortisone or ACTH often was gwen for
prolonged penods.?

The cffects of hypercortisomsm (vesembling those seen i Cushing’s
syndrome) noted were rounded face m seven cases, mild hirsutism 1n seven
cases, weakness and lassitude 1w seven, transient reduction of lbulo m
three males, mald acne 1n two, and amenorrhea or strae i one case each
Minor alterations of psyche {cuphoria, mild nervousncss) often ocourred,
depression devcloped 1 one case,

These side effects have been transient and reversible

Measures to Prevent or Control Stde Effects Our attempts to do thus
have met with hmited success Retention of salt and water can usually
be prevented or controlled by limuting the patient’s mtake of salt or, 1f
necessary, givng potassium chlonde or a mercuna\ dwretic The mter-
mittent use of estrone during to pre-
vent most of the side effects which a menopausal patient e'q!cnentt‘\\ from
cortisone alone 2 ¥ Potassium or mtmgen defiats, if they occur, can usuallv
be lled by the oral ad chloride and by spectal
diets Tcsmslcmnc climinated the mtmx,en defiat m one case The Lest
guarantee agamnst side effects now 1s to use, possibly intermuttently, the
smallest effective antirheumatic daily and total doses,

At this stare of our imited knowledge one should be content to control
rheumatic symptoms without necessanly trying to reduce sedimentation
rates complc!c\y to normal \\'hen the doses required to suppress com-

eavky W ron swie oficets, the daily {or
trneckly) maintenance doses d\m\ld be reduced or the plan of admims-
tration adjusted so that 1t will provide the maamal antitheumatic response
with no or munmal side effects,

WITHDRAWAL OF CORTISO\E OR ACTH
Chintcal Pattern When the use of oitlier hormone was discontinued, evie
dence of rheumatic activity usually returned rather quickly In about three-
fourths of our cases the relapses were fanly complete within two weeks,
but a continmng measure of relief acerued in a fourth of our cases In some
of these cases most, if not all, of the rehef was retained for from several
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weebs to fourteen months before the disease relapsed. One of these patients
has retained most of lus relief five months after use of ACTH was stopped.
Another had a short moderate relapse after withdrawal of cortisone and
then a secondary remission which lasted eleven months Another patient
maimntamed practically all her relief for fourteen months.

Whether or to what extent the prolonged relef after withdrawal of the
hormone 1 these several cases was related to the previous use of the hor-
mones, or was spontaneous, remams for further experience to determmne

Withds 1 Pl The d of use of these hormones
was followed by the return of articular and constitutional features of the
disease A curious posthormonal muscular weakness and exhaustion often
came on two or three weeks after the sudden withdrawal of the hormones,
1t usually Jasted three or four weeks, occasionally longer, and then dis-
appeared. Jt may have rep 1 fent hyp Aecord,
to certamn investigators this phenomenon has not resulted when the courses
of hormonal admimstration were tapered off by decreasing doses, rather
than ended by sudden withdrawal

EFFECTS OF RELATED COMPOUNDS AND OTHER STEROIDS
ON RHEUMATOID ARTHRITIS

We have tested for antirheumatic actwity four adrenal cortex extracts
and twelve steroid compounds more or less closely related chemucally to
cortisone.* Only two (both much more scarce than cortisone or ACTH)
demonstrated sigmficant antirthenmatic properties * .

A total of 900 mg, of free compound F was given mtramuscularly within
twelve days to one patent (Fig 12) and 700 mg. of compound F acetate
withm ten days to another, These preparations were active but somewhat
less effective than cortisone A specially prepared and highly concentrated
adrenal cortex extract (Upjohn), admimstered orally, gave one patient as
much relef as cortisone had Presumably its potency was derived entirely
or chiefly from its contents of compounds E and F.

Essenttally negative results have d the use of the following
steroids, some of which are identical with cortisone except for one or two
configurations **  11-dehydrocorticosterone (compound A of I\endlllm);
11-desotycortisone (substance £ ~ 7 7 e T 4 mrkoneme
tate (DCA or DOCA), pxeg)ne
hydroxy-11-keto-progesterone ), .
dioxy-g,rogesleroge; gd;hydm-comsoue acetate, 6-dehydro-cortisone acetate,
AS-pregnenolone and 21-acetoxy pregnenolone (artisone). o and

Desoxycorticosterone acetate (DCA)} and vitamm C, given by Bilka -lm
three of us after the manner of Lewn and Wassén, occastonally resulted i
, in most cases results were entirely nega-

ient subjective imp vl

tive, artrcular swellings and sedimentation rates were not affecte
USE OF CORTISONE AND ACTH IN OTHER CONDITIONS

AR N - —act namn ~e ACTH to

‘he acute

L 1ese hor-

m:
mones.?4 446 Fever, acute polyarthnitis, tachycardia and electrocardio-

* For these two preparations we are wdebted to Drs E Gifford Upjohn and H ¥
Hailman, The Uprohn Company.
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graphic at \ usually disapp J withm a few days Scdu'nenta-
tion rates and hyperglobulmema were seduced (Fig. 13) Occasionally
when the hormones were not given long enough, short, mild rheumatic

loped but disapp i when the hormones were gnen
again aod did not recur. On reexamnation of the hearts of the patients
several months after use of the hormones was stopped, no definite evidence
of new or increased old rheumatic cardis was found #* It will take much
more time to determine whether cortisone or AGTH will prevent the wutial
develop or of 1} carditis
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Fig 13 Cffect of cortisone acetate (compauud £ acetate) on the scdimentaton rate,
T3omten s, temperatite and pulse rate of 9 patient who hid atute houmatie fever

In several cases of Inpus erythematosus disseminatus use of cortisone
or ACTH was accompansed by disappearance of fever, arthntis, shin ro-
actions, pencarditis, pleunsy and leulop Renal lesions app d to be
unaffected, atbumnuna persisted  Sometimes severe cardiac lesions have
Teen unresponsive, Blood pressure imncreased sometimes Use of these hor-
mones in lupus erythematosus disseminatus appears to he belpful often,
perhaps even hiesaving, m acute enses Terporaty Temussions, not cures,
were induced

{n psonatic arthntis the arthntis has been found to he more responsne
ta cortisone or ACTII than the assoaated psoriasis which, however, dis.
appeared entirely when fauly Jarze doses were given 7 In tuberculous
arthnts (two cases] articular symptoms and signs and sedunentation rates
deercased natalils hat results of atticular bopsy, guinea pig tests and cul-
tures rematned positive for tuberenlosts 2 Few cases of oateoarthritis have
Deen studicd by us or others One of our patients who had leukemia and
cidentally primary osteoarthritis obtamed articular rehef from corhisone
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The articular symptoms and sometimes the ntestinal symptoms of chronic
ulcerative colitis have been responsive to these hormones in some cases. %
It was not surprismg to us to observe that the hay fever of two of our
rheumatoid patients gave little or no trouble during the use of cortisone
Neurodermatitis disappeared in one case and symptoms of bronchiectasis
were markedly reduced mn another,2s The suppressive effects of cortisone
on hay fever and asthma have been studied further at the Mayo Climc ®

STUDIES BY OTHER GROUPS

Independent mvestigations on the effect of AGTH on quiescent gout
and acute gouty arthritis have been carried out by Wolfson and his asso-
crates,**-5! by Robinson and lus associates® 5% and by Hellman$* A close
relationship was demonstrated between gouty arthntis and the funetion of
the adrenal cortex. Various factors which may provoke acute gouty arthritis
may do so by affecting pituitary-adrenocortical activity. ACTH provoked
attacks of acute gouty arthritis m patients with quiescent gout but also
promptly relieved patients with acute gouty arthritis Rapid ameloration
of acute gouty arthritis has been reported by others.37 55 5

Confirmatory observattons on the effects of cortisone and ACTH on rheu-
matord arthnitis, theumatic fever, lupus erythematosus dissemmatus, psori-
atie arthritis, and other conditons have been made by a number of jnves-
figators 35 %6, 43 56-13

COMMENT
Mode of Action The rdea presented atsclf that theumatoid patients might
have an actual deficiency of production of endogenous cortisone Tiwo ob-
servations prevented ready acceptance of this 1dea: (a) rheumatoid ar-

thritis 15 not a feature or complication of Addison’s disease—indeed rheu-
’ R ' =7 (D) the doses of

nuch greater than
ire, we concluded
that 1f a deficiency of cortisone was present in rheumatoid arthritis or acute
rheumatic fever, 1t was a relative, not an absalute, deficiency, perhaps one
concerned with an increased destruction of cortisone or an ncreased tissue
requirement for cortisone rather than a decreased production This suep;i
position has been shared by Thorn and his colleagues®® who have show
that the adrenals of most rheumatoid patients are responsive to a test dose
of ACTH as ind d by the devel of penia ¥
How does pregnancy relieve rhenmatoid arthntis® Does 1t do 1t by an
wcreased production of cortisone or cortisone-like sterord? How does jaun-
dice produce its amelorating effects® Does 1t do it by lessening thc: mnc;
tivation or destruction of cortisone or hy improving the utihzation 01
cortisone at the hssue level? Careful studies of pitmlary-adrenocnrtlg-\
fi dunng , jaundice and chrysotherapy should be ma ed
The fact that the effects of cortisone and ACTH are group-specific :u}ll
demonstrable m 2 number of loosely related conditions suggests that the
hormones act at the tissue level in some as yet unknown manner. The antli
rhenmatic action of these hormones is not seemingly dependent on any ©

< Carrver, H M, Koelsche, G A, Prckman, L E, Maytum, C K, Lake, C Fa and |
Willams, H L. J Allergy, 21 282, 1950
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the metabolic or nechenneal effcets so far demonstrated  Apparently cor-
tisone restores (temporanly at feast) to the tissucs affected sn these vanous
diseases therr defenses against the unknown prumary imitating “causative
agents.” Further dsscussion of such worling hypotheses 15 not warranted
at this time,

Optimal Dosage and Method of Ad Further ¢ cnce s
needed to determine the optunal dosage and method of admumstration. In
most of the conditions studied by us, best results have been obtaned by
the use for two to three weeks or more of faily large doses of cortisone
or ACTH until the maamal imtial effects have been obtained, and then
by the use of smaller daily doses. Thus m severe or moderately severe cases
of rheumatord arthntis or rheumatic fever the daily doses might be 300
mg, of cortisone or 75 to 100 mg of ACTH (Annour LAA standard) for
the first day, then 100 mg of cortisone or about 50 mg of ACTH daly for

days before the smaller doses are used. AMild rheumatow] arthntis has been
found to respond to 50 mg of cortisone daily

Scveral methods of ad of these b to patients who
have rheumatoid arthnitis are now being tested. These are (a) a short course
of one or the other hormone ( [or‘ about two to four wecks), withdrawal of

of small doses of both hermones, and () more or fess continuous adwmin-
wstration of either hormone

Smcee several of our rheumatod patients, given courses of ether hor-
mone, obtamed sigmficant rehef for several weeks or months after the use
of the hormone was discontmued, the interrupted course method at present
appeats to us to be mote practical, less wasteful of the scarce, expensne
fiarmones and less productine of side effects than the continued use even
of maintenance doses Becanse of our present hmited knowledge, 1t would
appear proper that cvery patient should be gnen the chance of demon-
strating whether or not he can respond to a short course by a delayed
relapse or prolunge’d remussion 1f after two or three preliminary short 1n-

somewhere along the line to determme whether the patient has deseloped
meanwlule the alnlity to mantain wgwficant improvement without the
hormornes

\\‘l)lhdrciu_.nl of !I?rmmw Thvcc‘ plans of withdrawal are being ansests-

develop, A theoretic ad: ge 1s that in Qt of sud:len with-
drawal of exogenous hormone the adrenal glands may be induced to adjust
more quickly and after successive courses may respond more effiaently to
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sudden needs By use of tapered doses of cortisone or ACTH the adrenal
cortex is grven warmmng that at will soon be “on its own ” By e of ACTH
for a few days at the end of a course of cortisone, the adrenal corter, 1n-
hibited by the preceding use of exogenous cortisone, may be aroused to
increased activity by a few doses of ACTH,

CONCLUSIONS

The potential reversimlity of rheumatoid arthritis has been further dem-
onstrated. Qur earler presumption that cortisone and ACTH would prove
to be useful agamnst other articular or theumatic diseases and also against
those allergic conditions which are usually relieved by jaundice or preg-
nancy has been borne out. Before the use of these hormones can be re-
garded as a safe practical method of therapy, the optimal dosage and
method of administrahon remamn to be established so that the maumal
antirheumatic effects can be obtamed with minimal side effects. Some hm-
1ted success in the prevention and control of side effects has already been
attained A keynote for the investigation of the optimal use of these hor-
mones 1s that we must learn how to cooperate with, rather than dominate or
supplant, the functions of the pitwtary-adrenal mechamsm
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DISCUSSION
EDWARD C KENDALL

In 1930 a chemical and physiologic investigation of the adrenal cortex was
undertaken m the biochemucal laboratories of the Mayo Foundation for
Medical Education and Rescarch, In 1934 the first crystallime compounds
were separated. These were designated “compounds A, B, Cand D” In the
following year two other crystalline compounds, E and F, were 1solated, and

defimte chemical formulas were assigned to these compounds in 1937 and
100012 As T Lal- . . RS .

0
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ments on mice and rats

In 1940 st became evident that the most 1mportant aspect of the nvestiga-
tion of the adrenal cortex was to make available sufficient amounts of the
four compounds A, B, E and F to permt a detailed mvestigation of the value
of these hormones in clinical medicine To this end attempts were begun
1940 to prepare these compounds from a starting matersal more abundant
than adrenal glands *

PARTIAL SYNTHESIS OF VARIOUS ADRENOCORTICAL HORMONES

When the hormones are separated from the adrenal gland the process 15
stmply a matter of separation of these compounds from the fat, protem,
water and other glandular matenal. When, however, the hormones are pre-
pared from any source other than the adrenal gland an entirely different
procedure 15 necessary. This procedure 15 known as “partial synthesis,” be-
cause 1t mvolves a change in chenucal structure The most promusing scheme
was to convert one of the bile acids into the hormones of the adrenal cortet,
but whether or not this was possible was by no means certain m 1940

COOPERATIVE STUDIES

Just before the begmnimg of American mvolvement in the war, in the fall
of 1941, requests w ere made to the National Research Council by the medica]
departments of the Army and Navy for a large supply of the hormones
the adrenal cortex, since 1t was believed that they would be of value in the
event of military operations Indeed, a great stimulus to work on the adrenal
cortex arose from the rumor that the pilots of the German Luftuaffe were
injected with extract of the adrenal cortes and that this allowed then to fiy
at ease at an altitude of 40,000 feet or more

In 1941 a sunvey by the National Research Council showed ]
two laboratories m the Umted States were engaged in work related to th(;
Iaboratory preparation of the hormones of the adrenal cortex A semes ¢
conferences was held in Washington Information was exchanged, and at-
tempts to make the hormones were carried out by several different schemes

* This work has bee supported m part since 1941 by grants from the Research Cor
poration, New York City.

hat twentv-
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CLOMPOUND A

Two of the most sustamed v estigations were made 1 the laboratories of
the Mayo Foundation and in the research laboratories of Mereh & Co , inc In
19 14 1n the laboratorics of the Mayo Foundation a small amount of delydro-
corticosterone (compound A) was made, and in December, 1915, a large
sample of compound A was prepared by Merch & Co., Inc,, by the method
which had been devised at the Mayo Foundation The compound was em-
ployed m investigation of Addison’s disease and was found to be of no value
m this respect.

CORTISONE {COMPOUND E}

Only one more possibihity remamed. that the hormone now known as
corfisone might prove to possess chmeal value Shortly after this, cortisone
was prepared in the laboratory of Merck & Co, Inc., by Dr L. H. Sarett, but
the yield was very small. In October, 1946, a conference was held 1n New
York the p of After full d there
remamed one question to be dearded  Should Mercl, & Co, Inc, spend many
thousands of dollars and make 5 gm of cortisone by Sarett's onginal method,
or should this method of preparation be given up and more research be

the sccond plan was adopted During 1917 several important contributions
were made from both the lat of the Mayo F and those of
Merck & Co, Inc Dr Sarett devised an essenhal step to mtroduce the hy-
droyy! group at Gy 7 and work cammied out 1n the Mayo Foundation produced
new methods for two other steps A much improsed process for the manu-
facture of cortisone was ready by May, 1918, and since that time the matenal
has been produced in ever-mcreasing, amounts

To search for new chermenl reactions whneh can be applied to the prepara-
tion of a substance such as cortisone requires test tubes, flasks and laboratory
procedures carned out on a small scale To enlarge these operations to a
seale which allows the use of several hundred pounds of starting material
requires a chfferent type of research, and the accumnlation of information
brefly desenbed as “know how ” To make cortisone avalable in adequate
amounts has required an enormous nmo\’mt of effort, time and money on the
i lte- A wme veo ot wo oo B

for cortisone would be adequate and now it appears certain that a starting
material more abundant than bile must be found. 1t scems probable that
total synthesis starting with a sunple compound such as benzene or naph-
thalene (moth balls) will be the only satssfactory answer Asat 15 today, the
preparation of cortisone 13 the most complicated process wn the pharma-
centical laboratory,

Technical Difficutties Hench and s assocates have presented several
charts and summanes of laboratory work Some factors 1n the evolution of
vortisone, for climeal use, howeser, are not shown in the charts Perhaps the

most important are the manner of admimstration and the preparation of the
material for anection.

*Secp 131
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It was most fortunate that a large dose was chosen at the outset. We now
know that 100 mg. per day is reqmired, and in some cases 150 or 200 mg 1s
needed to bring relief. Had we used 25 or 50 mg. the whole project mght
well have failed. In addition, the material was employed mn the form ofa
suspension of erystals. Had the crystals been larger the absorpton would
have been delayed and the result would have been different.

An important event not shown n the charts 15 the occasion on which 1
prepared several bottles of cortisone suspended 1n solution of sodium chlo-
ride and then had the bottles autoclaved. I went to New York and Dr.
Slocumb soon found that the preparations were toxie. Those were trymg
days, but this expenence led to 1dentification of a new product which was
contained in the cortisone To find a method to purify cortisone without sub-
stantial Joss, and yet to keep the climaans supplied, was not a simple matter.

Fimally, I shall mention some of the difficulties in preparation of the solu-
tions for injecion We wanted to reduce the coarse crystals to a very fine
powder, and for this we first tried gnnding them in 2 mortar. This was not at
all satisfactory Steel ball bearings mn a flask which was rotated were then
tned. These steel balls did produce a fine powder, but the 1won oude which
was formed during the process turned the whole mass to a chocolate brown
Nickel plated steel balls and silver mckel balls were used, but they dissolved
In the end, glass beads employed with a wetting agent which acted on the
crystals and improved the gnnding process were found to be enturely satis-
factory. These were some of the problems that were d and had
to be overcome before cortisone was available for use in clmical medicme

COMMENT

Jaundice, pregnancy and the adrenal cortex appear to influence rheumatoid
arthnitis, These chinical observations must rest in turn on physiologic proc-
esses which concern the liver, adrenocorticotropic hormone of the pituttary
and the hormones of the adrenal cortex To determine the etiology and to
devise a possible relief of this syndrome are problems which can be sohed
only by co-operative effort. Cortisone has come from the laboratory as 2 first
step in this investigatron and mn the hands of the climcian it has produced
promusing results, but we all realize how far it may be to the end
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DISCUSSION
RICHARD H. FREYBLRG

The true lumit of value of this work of Dr. Hench and Ius eollaborators is
mestimable, but certainly 1t 1s the most important contribntion yet rade to
theumatology, The detailed report and the impressive cmema sllustrations
which accompanted its presentation Jeave no doubt regarding the results,
yet the conservatism of the investigators made them desirous of confirmation
from persons outside their hospitals and laboratones. To that cod Drs.
Boland, Rosenberg, Holbrook, Baver and 1 were invited to the Mayo Chnie,
where we saw most of the patients who had recened cortisone and ACTH
and examined all of the data One of the most remarkable aspects of flus visit
was that it was planned to extend for only four days. Within that tme we
examined two patients before they received cortisone and then were able to

nine patients and m all pine the chinical results are 1n complete accord with
those reported by Hench and Tus cowothers There 1s, then, abundant con-
firmation of the chnscal effect of cortisone n at least mine patients sn addition
to those the authors have reported upon, with obsers ations in several different
nstitutions

‘Two patients studied by my collaborators and me nclude one with classical
rheumatoid arthntis who shows a response to cortisone such as has been
shown in the cinema illustrations The other patient had uncomplicated, quite
severe rhenmatowd spondyhitis with shoulder and hip v olvement. He has
now been recetving, cartisone for only nine days The benefit is very sig-
mificant and follows the pattern seen in the usual type of rheumatoid arthritis
mvolving jomty of the extremities In both patients the systemic 1mprove-
meut, the speed and the certamty of the effects should be emphuasized

The chmeal benefits are indeed encouraging but we should not misunder-
stand or underestimate the great value of this work 1n contnbuting new
approaclics to study the mechanisms of rheumatic discases. New portals
arc now open and we at last hase some targets to shoot at There 1s, of course,
much yot to be done How the cffects of these hormnones are accomphished,
anl the parts pliyed by sanous organs and tissues m the production of the
<hisease and its res ersal are questions that will pose many problems requinng
much rescarch

EDWARD W BOLANDG

To date se have stadied the effects of cortisune 1n two patients, one with
very severe and the other with moderately severe, theumatowd arthntis of
the peniphieral tvpe In both we witnessed the phenomenon of rapd regres-
sion of the clrmeal and Liboratory mamsfestations of the disease as Dr., Hench
l\l:u deseribed  1n bath, prompt ¢ ) of the process d when
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wstration, she became afebrile and remamed afebrle during the period of
admimstration Withm twenty~four hours she walked on her own power and
fed herself Withm seven days she Iterally danced a jig for the edification of

counts mereased by one million cells and her hemogiol)ln by 1.6 grams One
observation not heretofore mentioned should be recorded Prior to the ad-
munistration of cortisone the electrophoretic patterns of serum protem were
abnormal, the most significant changes consisting of elevations mn the alpha
and beta globulin and particularly elevations i the mucoproten My frac-
tion. Withmn five days after begimnmng cortisone, striking decreases m these
fractions 1n the direction of normal were noted.

EDWARD F ROSENBERG

A few weeks ago I was also given a small amount of cortisone, and m-
mediately prepared an expeniment along the lines which Drs Hench,
Kendall, Slocumb and Polley have demonstrated. We chose a patient in
whom the disease was a classic example of th id arthritss of ful
variety, He had lost 30 pounds n ten menths Over a penod of ten days,
while the preliminary observations were made, he was given daily infectons
of cholesterol without any effect On the eleventh day eortisone was substi-
tuted for the cholesterol without his knowledge Within onre hour extraor-
dnary improvement in his subjective symptoms was obvious, Withmn erghteen
hours this patient, who had previously been able to walk only with a panful
shuffle, was able to run back and forth m the halls of our hospital

W PAUL HOLBEOOK

two years’ duration and with mimmal joint destruction. Lhe one Wi
minunal jomt destruction recovered symptomatically 100 per cent, the other
one perhaps 85 per cent T think the 1mportance of this development cannot
be overestmated We have been trying for years to find out what happens to
the amno acid metabolism between acute disease and remussion Now the
work of Dr Hench and his assoctates has opened the door wide for a study
of the mechanisms that occur with remission.

‘WALTER BAUER

We too have given cortisone to two rheumatoid patients and can confirm
most enthusiastically the results reported by those who have preceded me.
I can assure you, gentlemen, this is no humbug Dr. Hench pla‘lces m our
hands an agent which prod a remis ingl as any
that occur naturally m this mystenous disease In addition he has denlllo:
strated that, following the d of this | for as shot
a tme as a few days, symptoms begin to return,

ndicating that the
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underlying discase mechanism 1s sbll i play Many of us had better try to
determine whether cven patients with natural renussions still have some as
sct unmeasured evidence of the underlying disease mechanism

THE EFFECTS OF ENDOCRINE SECRETIONS ON
ARTICULAR TISSUES AND THEIR RELATION
TO AGEING PROCESSES®

ATARTIN SILBERBERG AND RUTII SILBI'RBENG

An analysis of the role of hormones 1n sheletal growth and ageng s besct
with many difficulties. Lattle 15 known about either the nature of age
changes in general or the mechanism by which hormones act on tissues
Nevertheless, an attempt will be made to review and to mtegrate some
of the avalable data and, sf posable, to advance a working hypathesis for
future studlies,

NATURE OF AGEING CHANGES IN ARTICULAR TISSUVES

The artienlar tissues may, with advanang age, wndergo the following
changes  {a) Stmulation of growth In the cartilace, proliferation and
hypertrophry, and in the synovialis, hyperplasia toke place (b)) Regressne
changes The eartlaginous matrix shows hyalimzation and asbestos forma.
tion, or swelling and vacuolation, the cartilage cells break down and become
bauefied, the synovialis and the hgaments undergn swelling, mucoid or
fibrmoid change () A t of growth p and
clances leadimg to a picture typrcal of osteoarthntis The cartilage ulcer-
ates and the underlying bone is bared, elewhere i the articular surface
osergrowth and vasculanzation of cartilage and synovial tissue may occur
and margnal outgrowth of cartilage and bone may result, cyst formation
15 sometimes seen sn the cpphyseal marrow Graded transitions exist from
simple nondeforming age changes to the severe deformties found in osten-
arthntis Yet, osteoarthritis has to be considered not a simple age change
hut a pathologe state

Rates of Ageng Changes The processes of growth, ageng and sencseence
proceed at & stmilar rate m mdinadnals of simlar genetic constitution, and
within the same indmidual the time cunves of different tissues shiow simu-
lar patterns * In mice, a certain parallelism exists between the proaress of
sheletal aceing, the development of the sex organs and the occurrence of
spontancons breast cancers * 2 Witlun the sheleton stself, there 1s a close re-
lationshuap Letween the ate chinges in the epiphveeal growth zones and
those i the jonts  In <lowly aceing strams of mice, the articutar lesions
began at a later date than m rapudly agong strans Once these changes
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have set mn, however, they may become severe irrespective of the speed
with which a strain ages In the pathogenesis of osteoarthntis, the sigmfi-
cance of constitutional or heredofamilial factors has rep dly been
stressed.* 7 Individual differences do ewist, however, Occasionally an aged
individual will show no or only mnor artieular changes, although 1t belongs
to a rapidly ageing stramn, on the other hand, Scheuermann’s disease may
be interpreted as due to premature ageing of the vertebral cartilage ®

RELATION OF GROWTH AND REGRESSIVE CHANGES TO ACROMEGALY AND
OTHER DISEASE STATES

The early predomuinance 1 human cartilage of regressive changes over

processes of growth has led to the interpretation that degemeration of

cartilage represents the first event leading to ostecarthritis.!® The pre-

dommance of prohferative processes as seen 1 cases of acromegaly was

—_ o v

.- Tme v e
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i . . -

Fig 14 Scction from vertebral cartilage of seventy-four-year-old man who died of
pneumonza, the cartilage 15 quiescent (X100)

thought to be a speafic response to hyperpituitarism,i-13 However, httle
attention has been pmd to the presence and possible sigmficance of prr-
mary growth processes in the cartlage occurring even n aged patents
dying without any evidence of acromegaly, ” ¢

Figures 14 to 16 llustrate some changes in the vertebral carh ag:;i o
patients dyng from vanous unrelated diseases In such cases one may X;
some proliferation of cartilage cells and, though more rarely, ‘h"—‘;e “(‘IY
be seen cartil; plugs (“Knorpelplomben”) and sug; of ?nlf'
chondral ossification, changes that have been interpreted as typlCna)‘
acromegalic Figures 17 to 20 illustrate some articular changes in acr
megaly *

Moreover m small animals, processes of g
of cartilage, regularly precede visible degenerative changes in

ially hypertrophy
growth, especially ytl})xe s

St



Eerecrs OF ENpOCINE SLCRETIONS ON ARTICULAR Tissurs 153

Figures 21 to 24 allustrate some spontaneous articular lesions in the knee
joints of mice,

A companson between the spontaneous articular lesions in ammals and
the acromegalc joint changes in man reveals a certamn sumlarity of both,

Tig 15 Section from vertebral cartilage of forty-five-year-old man who died of cirthoss
of I)lu liver The cartilage 1s hyperplastic, and there 15 recarulagnation at the zone of
wath a of columnar of cartilage cells, regressive change

19 absent (X100)

ISR P &

Imﬂ..‘\—«__ T

Fig 18 Section from sertebral cartilage of Sfty-ycar-old man who died of carcinoma of
the tonsil ‘There 15 no evidence of acromegnly, on the nght side of the photograph endo-
chiondral ossificition 13 suggasted by columas of cartlige cells, 2 large plag of degencr-
ated cartitaige {* Owifikationstuecke™) appears at the left side of the mcture (X100)

although the acromegalic changes are far more advanced and widespread
Under both conditions, growth of cartilage is intensified, and early growth
precedes visible regressne changes Furthermore, the early acromegalic
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hyperplasia Iikewase sets m m the superficial articular layers. Figure 18
shows this hyperplasia near the articular surface and the gradual forma-
tion of cartilage cell columns. In the deeper layers, the cartilage cells un-

e A —— s,
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Fig 17 Section from toe of aged acromegahc woman (Erdheim’s case I}, There 1s
hvperplasia and hypertrophy of cartilage starting m the upper layers and leading to forma-
tion of short eartilage cell rows In the deeper layers the prohferating cells undergo hvper
trophy so that the cartilage cell rows appear larger (X100) N

¥ 13
i 18 Secpn from bl of muddlesged scigmegale voman (Frdhts ot )

1

become hypertrophie (X50)
lace during
dergo hypertrophy, a condion comparable to that .takng p!
epigh)‘seal growth The cellulanty in the deeper layers of' the cmﬂnh%i
1 acromegaly may then be interpreted as due to crowding. ™ ertrop
¥

o
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cells, These crowded cells, which do not ossify at a commensurate rate and
] v e B .

mvolve the deeper layers of the cartilage less often and to a lesser extent
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Fig 19 Section s}mwmg vertebral increment same case as Fxguxe 18 There 15 pronounced
columnar arrangement of the cartiluge, endochondral ossification 1s 1n progress {X110)

Ly 20 Somm feom tiead of fumawr, same case as Tigure 18 Tlere s wleeraton and
vastutanz ition of carthige, and margim il and et of underlving bons
tho condition 15 Indhstinguichable from osteoarthntrs ('(,5)

FACTORS AFFECTING SRELETAL AGEING
Skeletal agemng. although partly genctically determined, dees not pro-
e T e AR . e R
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but more severely than females These sex differences in mice agree with
observations m other species, mcluding man, and pomt to some role of
endocrines in the progress of articular ageing ?

Nutnition Nutntional factors may profoundly alter the course of the
articular changes '* In rats, undernourishment retards the development
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Fig 21 Section from upper end of tibna of seventeen-month-0ld male mouse The carblage
1s shghtly hyperplastic, there are no regressive changes (X200)
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g, " .
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cart
Fig 22 Section from upper end of tibia of twenty-month-old n‘mIc mouse The
l:)gperxllasuc :nd ‘hypertrophic, with early regressive change { “Verdaemmerungshoefe

ge 1t

f semle rats
f age changes and of osteoarthnitic lesions. In a majonty o! !
;SOatgo 1150 gays old and underfed through life, the articular dmnie.s ]:‘ Z’;
slight or isigmficant 15 On the other hand, 1 mice reared on a hig

» far beyond
diet, epiphyseal growth and development were aec—echft?jrly Y )e\'en

tration of crude
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acid estracts of bovine antenior hypopliysis, Antwitrin G, or transplants of
anterior hypopliere #all farth hanmvas 3 avmmmer frnem chihb hesarmbacen wod
hypertrophy to

changes to dest

synovials and hgaments~ < (rags 20 w 20)

DT AL ST

Fig 23 Scction from upper end of tibia of twenty-one-montheold male mouse The
cartilage ts bypertropluc and hyperplastic, and there 15 regressive change and begimmnyg
vascolarization (X200)

R RR L
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Fig 21 Scction from upper ead of tibma of twenty-foursmonth-old male monse The
cartibige is ulceratrd, and thre is ehurnation of underlving bone (%200)

The seventy of the lesions depends, among othier conditions, on the
species used, the form 1n which the honmone 15 administered, the duration
of the treatment and the age of the ammal at the bemnung of the cxpen.
ment As a rule, the younger the ammal the more marked 1s the sumula-
ton of growth processes, whercas with advanang age there 1s an accenta-
ation of regressine changes Human cartilage seems to respond to hormonal
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stimulation 1 a similar way In Erdheun’s aged acromegahe patient (Fig.
17), growth of cartilage 15 less stunulated than in the middle-aged person
(Fig 18) The cartilaginous merement of the intervertebral disks was found
by Erdherm only 1n the younger of his two cases.

N P R St )
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from weaning on a dret contaming 30 per cent fat The carul.lgti 15 h:'perphshc :de n’n'x:l»
edly hypertroplic and there 1s k d {"v )
(X200)

the sex glands results in early prohferative processes (YF'S
EQI)‘ElsTilr?ltfalrotfo those sgeen after admimstration of anterior hypop.h}Si:.I
hormones, and 1t combmation with antenior hypophyseal hormone lns Pa -
ticularly effective in producing sevgre ::rticular l]]f:;l;sx;escloer;xéir:z );,m“.

ion of thyrod, i an
densation of caru}?age and bone These hormones thus tend gf);c(o]:_xlnfeaﬁbsf
the articular changes elicited by anterior hypnp!n}{seal hormane)J othglwl'd'
In human pathology,*7 the aggravation of joint lestons m hypothy
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ism and during and after the menopause ts well known and suggests the
presence of conditions comparable to those found i Jaboratory anmals.

L QL TR e

Fig 27 Section of cartilige from twche-manth old male mouse which had been tas-
trated at the age of three wecks and had bome s ngenevotransphints of four antenor
Lypophases aud two ovanes from the age of four weeks, There 1 ostroasthnts adyanced

?yp('mhsh and hvpertrophy, degeneration of carthage 2nd carblapimation of hgwment
X60}

Fig 28 Soction from head of fernr of ten-month-old female guinea pig which had
beens tufected dady with § cc of actd evtract of bas e satenior hypophy i for sisty dave
The cartitage 15 hvpemplastie, and there is a foos of necrows in the devper lyers (X100}

FRIMARY GROWTH PROCESSES AS FORERUNNERS
OF DECENERATIVE LESIONS
The losions absersed 10 antmak and discussed above mav then be classy-
fied mnto spontancans changes, largely or at Jeast partly genetically deter-
mmed as to mewdence and seventy, and into expenmentally mthiced chantes
seen i pasticulas after adminsteation of anterior hvpophysea? hormone
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or subsequent to the removal of the sex glands, In earler investigations !
the lesions produced by anterfor hy pophyseal hormone were thought to be
specific, especially in view of therr resemblance to joint changes found in
cases of acromegaly. It seemed more hikely that the expenmental Jesions
represented an exaggeration of the spontaneous changes, particularly since

75 N L - ]
Fig 20 Section from upper end of tbia of five-month-old gunea pig which had bees
ovanectoruzed at the age of four months The cartilage 1s hyperplasnc and somewha
hypertrophie (X100}

7
ez [ T

e,

N a
_month- le guinea pig which had
Fig 30 Section from upper end of tibia of eight-month-old femal for
received combmed treatment with anterior hypophyseal extract and tllg'rmd ];D::T!“ej; el
seven months The cartilage s shightly hyperplastic and hypertrophic, there are
erative changes (X100)

n
they appeared earlier, developed more raptdly and were more féequfe;;::n
the latter.” 3 Simlar dificuliies may be encountered in the study 0] e
material The finding in nonacromegahc individuals of pnmary pro {u“cm“
processes without (or with neghgible) regressive changes m ]cmgmwm
sith the observations in ammals raises the question, whether the
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there 1s but a quantitative dufference between the physiologic state and
that 1 acromegaly In view of the results of step-by-step investigations n
normal and expenimental anmals, *' - oo -
be interpreted as an extreme resp
lation. Simple age changes on the .
torm of a reaction, with lesions developing 1n the menopause or in hypo-
thyroidism taking an ntermediate position

Possible Mechamsmn of the Effect of Endocrine Secrcitons on Articular
Changes How, then, do hormones affect the joint? Hypophyseal hormone
acts m the absence of the thyroid and sex glands, and 1 mice syngenesio-
transplants of anterior hypophysis are more effective than various extracts
of the anterror hypophysis  * We do not know which one or how many
of the anterior hypophyseal hormones may be mnvolved 1n these Teactions
nor do we understand their mode of action However, some evplanation
based on analogy may be offered: The growth-maintaining hormone of the
anterior hypophysis mereases both water content and mtrogen retention in
various soft tissues 2° A similar effect exerted on the articular tissues might
promote both growth processes and premature degeneration of the cartilage
These changes may render the articular tissues more vulnerable to the
action of other and espeaially of mechamcal factors

The question may be ratsed whether 1t 15 permissible to speak of an age-
pr g effect notwtl d the p of app ly ncrease
growth processes m the jomts The answer should be in the affirmative
nasmuch as one has to deal with tissues of hmited growth capacity which
declines with advancing age Antenior hypophyseal hormone seems to eliait
from the cartilage a maximum growth response, only to exhaust its growth
capacity prematurely and thus to induce premature ageing * 3

In contrast to the effect of anterior hypophyseal hormone, the evidence,
both positive and negative, pomts to a condensing effect of thyroud, estro-
gemc and androgemc hormones on the cartilage>? An equibrium be-
tween anterior hypophyseal hormone and thyroxd, estrogemc and andro-
gemic hormones may aid in mamtamning the phystologte state of the articu-
Iar ussues Disturbances of s hormonal eqmbbrum as well as metabolic
disturbances of nonendocrine nature may cause changes in the composition
of these tissues with all their sequelae .,

In conclusion, what 15 the relative sigmficance of hormonal factors in
the causation of osteoarthritis? Osteoarthnitis, ke many other diseases, 15
the result of the mteraction of certain stmulating factors and the substratum
on which they act
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JOSEPIt W JAILER

It 15 well to emphasize, although Drs Martin and Ruth Silberberg have
mentioned 1t, that hormones do not mtiate physiologic and biochemical
processes but accelerate ar minhit the rate of the reaction Many evamples
of this generalization can be cited

It has been known since 1922 as a result of the work of Long and Evans
and Stockard, that the ptotary gland aceclerated linear growth in antmals
Stockard went on to demonstrate that the chrome admmstration of a crude
growth hormone caused the equnalent of galy m dogs
and ascribed differences in appearance of various strains of dogs to differ-
ences in functional activity of lh_c prtutary

of the thyroid
1ld or cretin 1s

tfiect on the uterus vagma and mammary gland only and that the androgens
exerted their effects on the secondary sex charactensties of the male Further

matnix of bone The estrogens have a marked effect on clectrolyte metabolism
and may also affect bone simularly

Gradually a new concept of bone formation has come mto existence It
appears entirely possible that the mrowth hormane 15 concerned waith the
deposition of bone at the epiplhvses and that sith the onset of puberty the
sex sterords come mto plav. They alo facilitate growth of bone but, m addi-
tion, cause a maturation of the sheleton and perhaps a clowng of the
epiphyses

1t1s not known of the grow th hormone of the pitintan ceases to be secreted
atpuberty In fact, there ss some evidence that it 1s seereted thronghout Lfe
Now, it 15 entirch posuble that at the menopause {or example, when the
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pututtary 15 released from its inlubition by the sex steroids, there is an over-
secretion of growth hormone, In the presence of normal wear and tear that
comes with age, together with nutnitional factors and trauma, it 2 possible
that the growth hormone has a smtable substrate upon which to act, and
proliferative and byperplastic changes might ensue. The working hypothesss
presented 1s very logical, However, substitution therapy with either estrogens
or androgens 1s not the therapeutic answer because 1f 15 ot easy to mhbit
the prturtary in such a simple fashion

The carrying over of data obtamed i rodents to the human bemng is
fraught with danger The bone structure $n the rodent is different, for ev
ample, the epiphyses i the rat never close, so that growth 1s possible even
m the adult. It 1s for that reason that acromegaly cannot be obtamed m the
rat

ABSTRACTS

STUDIES ON THE POSSIBLE RELATIONSHIP OF PITUITARY-
ADRENAL FUNCTION TO ARTHRITIS

GEORGE W THORN, PETER H FORSHAM, JOSEPH E WARREN
AND THEODORE B BAYLES

Pitwitary adrenocorticotrophic hormone (ACTH, Armour) m normal sub]?cts
and 10 patients with mtact adrenals lates the secretion of electrol gulat-
g, carbohyd: ) and and adrenal steroids A fall m the level of
it hils (dwrect d ) and an merease 1n the urinary excre-
tion of uric acid sensitive of the d secretion of 11-0%-
adrenal steroids Using the eosmophil change as a reflection of adrenal cortical
function, reactions to the admnstration of prtuitary ACTH have been mveshigated
in patients with rheumatoid arthnys, rheumatic fever and gout. The inthial egsm-
ophil level provides a simple measure of adrenal cortical activity m selecte lhn
stances The response Lol ACTH 15 2 method of the
reserve capacity of the gland. )

Adrenalpstegnds maygmodlfy the course of an Infection Of particular mtertsft
15 the fact that the pitwtary-adrenal system serves as a link be(\vee{\ ('he effects of

hol and 1 factors and ble changes in processes

p
DISCUSSION®

and

1t has pleased me to hear defended, w the papers by Drs Thorn and ern’chu :,:‘_
thetr associates, a thesis which I have always held namely, the ongin of rhe
bism 1n endocrne glands

Although theumatism appears under different aspects. 1 believe mﬁf se;ﬁ;aj
types of rheumatism are closely related and that the disease is “one and e v:ls;e D
Rheumatism has 1ts ongin not n outside causes but in the circumstances ";;m\wus
1n each case, m agreement with the views proclaumed long ago ’1'7)’ "!“" beheve
colleague, Dr Pidoux “La maladie est de nous, en no;s, par nous ™ I also
that rheumatism and gout are not entirely unconnected. 5 or

In various cases of yheumatoid arthritis my associates and I, by using set h

© By Mathieu-Prerre Weil,



ABSTRACTS 165

manes, have obtained results which are often interesting, sometunes remarkable,
and in certain cases really dinary, These products—estradiol,

lly quite bl

, proge:
to cortisone, as will be seen

ang
from the following diagrams

ci, CIr, CIY OH
toni CocClt, Cll|_,

ou [ COCHON
cu.CQ i, /_\_ i, C_
X o0 SO QO
v 7 o

Fatradiol Progesterone ‘Testosterone Cortisone

In menopausal theumatism, results remain almost constant. In generalized in-
. y thenmatism, the real rh 4 arthritis, results are not as satisfactory,
however, 1 certan cases they render mare effective the employment of other
remedics such as gold therapy, making the results more rapid and complete Com-
plete cures are quite exceptionat but they have occurred. In contrast to the results
obtained with eortisone or ACTH, our results are more defimtive

Although the patients we have treated were suffering from local nflammation
and edema that charactenze rheumatod arthnits, they were more or less advanced
in age and roentgenograms showed diffuse osteoporosis \We now wonder if thus

pausal or presemie far from bewng the effect, 15 not perhaps

the cause of tlus particular pamful condiion The cases, however, had every
appearance of sheumatord acthntis

One may ask oneself of our results with implantation of hormones, and the
results obtaned with pitwitary and suprarenal extracts, have not an 1dentical physio-
pathologic basis

Certainly we hve not reached the goal, but we are approaching it The observa-
tions of Hench and Thom and their coworkers are full of promise and allow us to
hope that this goal may perhaps be seached 1n the ncar future

THI CFFECT OF AS5-PREGNENOLONE ON URINARY 17-KETO-
STEROID EXCRETION AND SYMPTOMATOLOCY OF ANKY-
LOSING SPONDYLARTHRITIS, WITH A NOTE ON
THE RESUL1S OF FRACTIONATION

TOLAND A DAVISON AND PFTFR KOETS

Increased urmany exeretion of 17-ketostermds has been demonstrated i an-
Wloung spandylarthntis (Mane-Strumpell dicase). Tt 13 observed m both male
and female patents and is present in carlv cases with httle demonstrable joint
chinge, as well ns in those patients who have hiid the discase for many years and
Who show the typical findings of the advanced cace

A5Pregnanclone 13 a steror] having several actions not charactenstic of other
steroids fts chemical composition makes 1t a logical process mateniat to act as a
precursor of many actine sterosds. When norml indiniduals are subjected to acute
stress and [ahigue, adrenal cortical activity is accelerated and increased rates of
1Z-etosterond cxeretion ore observed Pregnenolome admmistered under such con-
ditions Towers the 17-hetosteraid excretion, improves performance and combats
£atigne, Tlas sterod has net to our knonledge been used in disease states. Jts
fraerl properties, its freedom from tovaty, and fts atality to bmer unnany 17-
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appears that the cells freely absorb the gold, however, the presence of gold
on, m, or within the cell membrane cannot be differentiated

The distnbution of gold 1n the blood elements in relation to tine was then
mvestigated. Under Nembutal anesthesta the saphenous vein of a rabbit
was cannulized, the plastic tube being inserted up to the iliac bifurcation
Radioactive gold sodium thiosulfate was then mjected mntravenously and
aliquots of blood were removed at various intervals. Each ahquot was

Table 25 In Vitrg Assocwation of Gold with Erythirocyles

MILLILITERS OF GOLD

1R . ATANT®
SOLUTION ADDED ERYTHROCYTES®  SUPERNATANT

01 1000 3500
02 1600 7200
03 2000 10500
04 2600 15200

* Data expressed as counts per mililiter per minute.

separated 1nto the following portions. whole blood, erythrocytes, plasma,
and white blood cells. Hematocnt measurements were taken with each
sample and the cellular p were 1 d for volume
by packing under centnfugation Table 26 contams the data from SuCl'] an
experiment The heading “plasma component” refers to the value obtained
when the hematocrit value for plasma 15 used to mterpolate the number of
counts 1n whole blood contributed by plasma, and serves as a check on the
experiment.

Table 26. Gold Parfition in Blood

.
WBC* PLASMA COMPONENT

HOURS WHOLE BLOOD*  PLASMA®* REBC*
1 lost 24,420 710 510 16,113
2 10,280 20,270 570 2,760 13,600
3 8,600 13,300 285 2500 9,600
4 8,420 14,130 396 2,810 10 200
5 4,230 6,080 518 1,070 4,380

* Values represent corrected counts per mulliliter per minute.

It can be seen from these data that by far the greatest amount of %012
Lies 1n the plasma The white blood cells are seen to be relatively h!gl Pl
gold content, however 1t must be pomnted out that this 1s the value fo: e
of cells, and that actually they contrbute very little to the total conten
whole blood

The Remouval of Gold from the Blood In the course of several :ff r‘z:x:
expermments 1t was noticed that the rate at which gold was remove]n o1
the blood stream was meonstant, and not directly related to the tx_mzi el cher
To ct st
amou wes
then o

taiten o gy me . ©
:z)ml‘)lled Dni: anothel‘agrc:ltly. &old was found to leave the blood stream &
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a regular rate and then, at from two to five hours, depending on the ammal,
1ts concentration increased and then agam fell off at a vniform rate. Samples
were taken at thirty-mimute intervals except m one ra})lm, from \\lnch_ one-,

a umform rate {(Fig 31). .
This same type of cune s suggested tn human bemngs, althouch it is not
as definite. In a healthy young male the upswing was found to occur in

gy
2000} -]
#0500 %
—
00 ,»'l e
2000 4o e
. !
e RGN S W O o
[ e
3008 ~—t -t ot s -
! !
2000l UPTAKE OF RADIO-GOLDSODIUMTHIOSWLFATE _ , 2 _ |
IN BLOOD STREAM OF RABBIT ]
100aj— ® WHOLE BLOOD  w WHOLE BL00D aPLASHA . o r
o R AU WA NN NN IS HN H
W% % we  mo. W fo o @ w0
MNUTES,
Fig. 81

from two to four hours, i a mddle-aged female arthntic subject, it was
from three to five hours

The Nature of Gold in the Blood Lattle 15 known of the form gold salts
assume once they are mtroduced into the blood stream and we desired to
know whether they remaned as the admuimstered matenal or became al-
tered  For this purpose blood was sathdrawn from rabbats forty-cight
hours after recening radioactne gold sodimm thiosulfate. This was liep-
arimzed and cemnituged Samples of the plasma were then taken and the
remamder put into ccllophane bass which were immersed in physiologie
saline solution After forty-cicht honrs with constant string, the radio.
actmaty invde and outwde the bags was tested after aod digestion and
clectralitic recosens of the gold Tt was found that essentially no gold had
dialvzed and that the total anginal activity had remuned imade the mem
brane Tlus expenimont has been repeited many times with the same result
Controls using the swc radinactne gold salt <olution proved to be freely
dulyzable

The rate at which this associihon took plice was of interest so dialysis
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expenments were set up with blood plasma samples drawn at intervals of
five mmutes to five hours after administration. It was found that the com-
bining of the gold salt and the blood protein took place within five mmutes
Table 27 shows the data from one such experiment.

Here plasma samples were measured to check the experiment and it can
be seen that the values for these samples check closely with the sum of the
activities mside and outside the membrane. It is presumed that the four-
hour valne in the “outside” column is erroneous, due to a leak in the cel-
lophane membrane

This process will take place in vitro, but at a much slower rate It was
found that at the end of five mirutes 30 per cent of the radwactine gold
sodium thiosulfate had combined wath the plasma proteins; at thirty min-
utes, 61 per cent, and at one and one-half hours, 71 per cent had combined

In order to further check the assoctation of this gold salt with the plasma
proteins, precipitation with 10 per cent trichloracetic acid was carried out
Blood was withdrawn by cardiac puncture from rabbits previously gnen

Table 27. Dialysis of Inlerral Plasma Samples

HOURS PLASMA*  INSIDE®  OUTSIDE®  stu*

1 22,780 15,730 130 15,860
2 18,125 16.210 51 16 260
3 15.090 14,060 110 14,170
4 15,170 12,410 2,050 14,490
21 6,335 3,332 91 5,625

* Data expressed as counts per minute per milliliter The sums of the inside and outside
radioactivity counts have been rounded off to the nearest five umts

the radioactive gold solution This was heparinized and the plasma was

btained Trichl 1c acad preci; was carried out and samples of
the precipitate, the supernatant hquid and the washings were taken It
was found that about 10 per cent of the activity remamed mn the supernatant
liquid, 1 per cent in the washings and the remainder n the protein pre;
aipitate. This would ndicate that the combination 1s chemrcal in nature and
possesses a rather strong bond

Radioactive gold sodum thiosulfate given to one normal male and to
one male theumatoid arthritic patient was shown to be nondualyzable after
twenty-four hours.

Donor Expeniments in the Normal and Jaundiced Rabbit Smce gold
sodium thiosulfate is altered when mtroduced into the blood stream, it
was of interest to see if the distribution of this substance would vary from
that of the salt when administered directly to the ammal Rabbits were
gaven the usual amount of radicactive gold sodmm thiosulfate and .fort)[i
eght hours later were bled by cardiac puncture This blood was heparimze!
and the plasma was separated by centnfugation Twenty ml 4°f this ch’]ﬂ:
plasma was then given ntravenously to a second rabbit, and in forty-ergh
hours, after perfusion with physiologic salme, this rabbit was sacnficed ”
The percentage of gold per gram of tissue was increased in most casgs
over that found when the radioactive gold salt was given directly Tableth
shows such data; one column contamns values for the donor rabbit and the

~
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the of gold was d o

Sumilar experiments were carned out using Jaundiced rabints Under
ether anesthesta the common bile ducts of rabuts werc hgated. After seven
to ten days, when the animals were markedly 1ctenc, therr blood was with-
drawn by cardiac puncture and they were perfused with normal saline and

second, for the recipient. The third column represents the factors by whieh
th t r d d

Table 28 Gold Dustributwn in the Normal Donor and Recipient Rabbit

TISSUE DONOR®  RECIPIENT®  FACTORM®
Liver 2 185 .
Spleen.® 218 21 7
hidnew 522 97 18
Gut 05 034 33
"Tenudon 03 189 30
Synovialiet 02 116 58
Muscle o1y 58 48
Articulor corte 031 3017 99
Skin 5 13 25
Plasma 152 186 12

* Data expressed as percentoge of total gold wyected per gram of tiseue

sacrificed. From the blond, dear, icteric plasma was obtatned This was
then admmstered ntravenously to a nonmal rabbit, samples of plasma
being saved for assay The reaipient ralibit was sacnficed after forty-eight
hours, having been perfused with normal salne beforehand  Samples of
the tissues to be assayed were taken in duplicate from both animals Table 29
contains the data obtamed from these expenments Each value 18 an average

Table 23 Gold Dutributum in the Jaundiced Donor ardd Normal Recipient Rabbit

TISUE oNOR* RECIPTENT®  PacTon®

195 1 -7

pleen 372 % —09
Ridney 54 210 3
a3 30 2

Tindon a2y 13 62
Synoviahs 023 20 19
Muscle 0001 041 T
Articul v corte g 011 0 23
Blood [livg " 30
e rumy 033 49 3T
Plastoa 03 t6h 20
Shin L 16 3z

* Datn erpresad ws pererntage 0f oAl geld injected prr grom of e

of seven or eight sawples The fint columu represents the jumndiced donor
rablut; the sccond, the normal reviprent, the third fepresents the factor of
merease o decrease m the two sets of samples

Placental Transmussion of Gold In order to determine whether or not
gold sodium thiosulfate conld cross the placental barner, the radioactne
form of this s1lt was admimstered intrapentoneatlly to pregnant mce. After
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ey, Were gep up with blood Plasma Sampleg drawg at mnteryyg of

five Minutes ¢, five hours after admimstratlon. t was founq that the com-
ining of the golq Salt anq ¢y, blood Drotein too) Place Within g, Minutes

Table o7 shows the dag, from one sycp €XDerimen;,

[2

Here p Samples vy € Measureq to check e EXDerimeny and 1t cay
© Seen that the values fo, these Sampleg check closely with the Sum of the
activiyeg nside gp, tside g, Mbrane, 1t ;. fou,
hour value 1 the utside” coj,
ophane p, rane
This

* Data EXPressed 4 counts po, Minygg, Per mullihygor The SUmS of 3 inatde ang ontside
rud.(oucllv:ty counts haye been Ffounded o to the Bearest fiy, units

¢ Tadioactrye gold solutiop This wag hepnnmzed and the DPlasma 1as
Obtaineq. Triel loracen acrd TeCmtanon Was carreq out and samples of
the Precipitae, the Subernatyny hquig and the Washings were taken It
Was foung that about 19 Per cent of the activty, Temaned 1 the Supernatant
hquid, 1 €T cent 1 the Washings and the Temainder 1, the protein pfg"
Cipitate Ty Would dicaty that the combmagon is chemiea] 3 nature an

g bond,
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that of alt v inistere, drecdy € anima} Rabbits “t’r'é‘
8vven the 5ual amgane of Tadioactiye gold sodium thiosulfate nnd.foﬂil‘
eight hours later Were bleq by ¢; rdiac DPunctyre This blood was Iuepa’rmjzz‘r
and the pl., ma v, Separated p, ffugation, Twcnty ml. of this ct};‘

Prasma wag o ven mtraye, Sl 10 2 secon, rabbit, ang ;) forty.eig]
hours, after Perfusion with physxologic salne, thic rabbit y 55 sacrificed .
age of golg m of ix'ncreased m most case:

e per Was N
over that foung When the Tadioactiye gold saj¢ Was given dzrcckly: Tal:jletb -;9
shows Ssuch data, 08¢ colump containg values for the donor Tabbit ap
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second, for the recipient, The third column represents the factors by which
the concentratton of gold was mcreased or decreased

Suntlar experiments were carned out using jaundiced rabbats, Under
ether anesthesia the common bile ducts of rabbits were higated After seven
to ten days, when the animals were markedly icterte, therr blood was wth-
drawn by cardiac puncture and they were perfused with normal saline and

Table 28, Gold Dustribulion in the Normal Donor and Reciprent Rabbit

Dovor*  RECIPIENT*  FACTOR®

2 185 T 7
278 21 kd
522 976 18
025 .08 33
05 189 39
Synovialis® 02 116 58
Muscle” o014 058 48
Articular cortex 031 307 29
Skin 05 1 25
Plasina 152 186 12

* Data expressed as percentage of total gold iy cted pr gram of tissue

sacrficed From the blood, clear, icteric plasma was abtained This was
then admmstered intravenously to a normal rabbit, samples of plasma
bemng saved for assay The recipient rabbit was sacrificed after forty-eight
hours, havng been perfused with noimal salme beforehand  Samples of
the tissues to be assayed were taken m duplicate from both animals Table 29
contamns the data obtaned from these expermments Each value 1s an average

Tahle 29 Gold Dustridbution in the Jaundiced Donor and Normal Reciptent Rabbil

TISSwE DONOR®  RECIPIENT®  FACTOR*
Liver 193 19 ~07
Spleen 372 362 —09
Kidney 54 210 38
ut 023 50 27
‘Tendon 024 15 62
Synovials 025 2 49
Muscle 0061 o011 72
Articular cortex 043 23
Blood 087 11 50
Serum 083 19 47
Plasma 103 166 20
Skin 05 16 32

* Data expressed as percentage of total gold myected per gram of tiseue,

of seven or eight samples The first column represents the jaundiced donor
rabbit, the second, the normal reaipient, the third represents the factor of
merease or decrease m the two sets of samples

Placental Transmssion of Gold In order to determine whether or not
gold sodium thiosulfate could cross the placental barner, the radicactive
form of thus salt was admunistered intrapenttoneally to pregnant mice After
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forty-eight hours, and i these cases Just before term, the mice were sacn-

ﬁc.ed. Fetal and placental samples were taken for assay and found to con-

tain ’024 and 17 per cent of the total gold mjected per gram, respectively,

l(%}:;{hogl;t)ogmphs were made to show the distnibution of gold 1n the fetus
ig 32). -

e

4 »

b ey

.’? R
AR >

Fig 32 Radwautograph of mouse embryo at term

COMMENT

It can be seen from the presented data that by far the greatest amount
of gold in the blood 1s present in the flnd fraction Serum 1s found to have,
on the average, about 4 per cent less than plasma, which mght represent
the amount held by the fibrmogen fraction Contrary to previous reports,’
the erythrocytes were found to contamn gold 1n significant concentrations.
This was true under both 1 vivo, and m vitro conditions, and m spite of
repeated washings. Washing of the erythrocytes decreases the gold held
by them, which might indicate mechanecal dispersal of gold adsorbed m
the cell membrane, or a loss due to equihbrium phenomena. 5

The chemical state of soluble morgame gold salts mn the blood stream is
of iterest, both di lly and from therapeutic ! . The
binding power of the plasma has been demonstrated m the case of other
metals Sturgenor, Koechlin and Strong* have shown that ron, copper, an
zinc are bound by the beta globuhn of the plasma Scott® has shown that
silver also 1s mostly bound with the globulin fraction DeWitte stated 1
1918 that the gold m blood mght be m the form of an albumnate, and re-
cently Freyberg, Block, and Preston® expressed the opimion that gold was
probably held by the plasma protems, although no expertmental evidence
was stated

The mechamism by which gold becomes bound to the plasma proteins can
only be speculated on It 1s possible that this takes place directly in ﬂli
blood stream, although it has been pomnted out that when gold 1s misec
with whole blood 1n vitro only 71 per cent of the gold becomes hound in
one and one-half hours, while m vivo practically all of it 1s bound wathm
five minutes It 1s possible that this could take place in the hver, however,
m a severely diced rabbit this con; can be shown to take place
i just as short a time, 3 be

The uptake of gold from the blood stream, we thought, might also
connected with hver function The mcrease m blood gald concentration
after an mhal decrease could only be explaned by postulating an early
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removal and sul liberation of the sul It was thought most
probable that the Iner was responsible for this phenomenon In the hope
of demonstrating this, samples of mouse livers were removed at intervals
over a penod of five hours after admunistration of gold However, this
merely showed a gradual increase in the gold concentration, and not the
curve nverse to that of the blood

If gold exerts its therapeutic effect by acting dlr‘ect‘ly on_ﬂle jomt tis-

stance In general, chnical experience has shown that ngher concentrations
of gold are more effective in the treatment of rheumatoid arthritis, however,
they are also more touc It might be painted out that apparently the con-
centration of this gold protein conjugate 1s not mncreased m the liver, which

Fig 33 Radwautograph of rat kdney, using gold1ss

At the present time we are attempting to 1solate the fraction or fractions
of plasma which contan the majonty of the gold In view of the evidence
at hand, 1t would seem that a concentrated gold plasma-proten prepara-
tion might be advantageously stucied further.

CONCLUSIONS

1 Gold 1s carned manly 1n the plasma component of the blood.

2 Shortly after the mtroduction of gold sodum thiosulfate into the ani-
mal’s blood stream, 1t 15 altered 1n such a way so that 1t wall not dualyze
through a cellopt ; This will also take place 1 vitro,
but at a much slower rate

3 When this altered gold complex 1s adnunistered to an ammal mtra-
venously, the distribution of gold in the tissues of the body 1s sigmficantly
altered, i general, the coneentration 15 lugher

4 Transmission of gold across the placental membrane has been dem-
onstrated,
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FOLLOW-UP STUDY OF FOUR HUNDRED AND
FIFTY-FIVE CASES OF RHEUMATOID
ARTHRITIS TREATED WITH GOLD SALTS®

DAVID H. KLING, JOHN P. VENTO AND DAVID SASHIN

The investig N . ' - - other therapy mn
rheumatord ar is. (a) Is gold 2
speaific? (b) 1 . “patural” course
of the disease =7 *= = ~nabaw dnrmnn thon athar magsures? (¢) If so, 15 the
amelioration .

A defimte ble until the riddle of

the etiology of rheumatoid arthntis 15 solved.

The second question is dufficult because the knowledge of the “natural”

course of the disease is hmted Individual evaluations depend on the ma-
T YTt om msennnbaa of aasl enidd and atypreal cases are mcluded,
he disease than if there is

1 rheumatoid arthritrs.
arthniis can be charted
at the present time, a conclusion of the effect ot gold or any other therapy
must be based on a well defined matenal The following factors which
may influence the results favorably or adversely should be taken into con-

sideration

1 Gold can affect solely the inflammatory phase of the disease; there-
fore only active cases should be included.

2. The series should contam only typical cases and exclude doubtful
and atypical forms such as palmdromic arthritis, post-traumatic, post-
nfectious arthntis, Marie-Strurapell disease, Still's disease or active rhen-
mate fever, which follow a different course

8 The senes should be consecutive b

4. Sevenity, duration of the disease, age and sex distribution should be
thoroughly analyzed.

5 Itgis ?mport};znt to enumerate the gold compounds used, and simgle ﬂl}1|d
total dosages. These vary greatly with different authors and ifluence the
results as well as the mncidence and seyventy of reactions el E s

° & e, White Memoral Hospital, College of Medical Evangeliss,
Los i’:;xgs‘ec:rﬁ};:;c and the Hospital for Jomt Diseasc, New York, New York
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The answer to ghe thirgd Question ¢y only be Siven by 4 long., ange
follmv-up study, ]mwwr, the clhcmncy of a ney thz-mpy st be e

DPoranly Measured by mmedgte results, 1y makey al erence 1f sig.

cant HNDroyemeny )¢ obtaieg withm 5 entod of g SIX months,

¢ average duratron urse, or 15 elayed for of years
eports “ate results are further Important for the spe, dy el

hon of ineflicient ppg harmfy} measures vy, have been Publicized

In order o answey ¢ e s d 2, Ird quest, We studieq g, Me.

lte ang Iong-range Tesults 1 35 f typical, aeq, e rheuma!md

cases 0; 33
arthntis of the Pertphera] Joints 30 which the Patients Tecewved ong op more
TADY. A tota] of 755 courses were 8iven, Eleyey Patients,
mdudmg five wip, vn!vuhu:, gave o Iusmzy of ol Theumat fever, but the
athetis 1yag chronie g, Progressyy and did pey Yield to gy adequate
Course of saheylyte thempy Sixteen Dattents pop bsomasis Ay Others were
typical,

CLL‘\'ICAL MATERY. AL
Of the LaSes studied, 275 per Cent were males ang 725 per cent werg
femalos, ¢ 2Zes vaned from fifteen o eighty years, the erage age being
H8yeqrs The duration of the ¢, ra
Bre Jears, the Average uration of the artheiyys Prior tg oty therapy, Was
Seven and one-hatf Years, I only 172 Per cent Was the duration less than
Year

The disease Was mild i g7 Der cent, moderate 1 439 per cent apg Severe
msilg ber cent 1y, cach cage there was clmmal, mentgenologlc and labor,.
tory EVidence 4 2 nonspec,g, mliammalory Progresy e arthntys, with var_

t

Cutiy o YDt Whep a contra.

¢ mater;q) Was unselocreq and conge,
t declineq gold therap,,

ndicatin as found or the patien,

PREPARATIONS AND DOsAqEg
U thiosulfate ...

Gold sody Cent of the cases Solgana]

Was oo » and ealeryy, durothigmg).
ate ] Myodxrysm, Were
e o lhe standyrg dosage consisted of jections of
Bt oy g once o twace Weekly UP to a tog,) dose of 3 Mg In some
S5e3 single doses of 100 Mg and gt dose of 2500 Mg were Biven §py.
teen cages who recen eg only 250 ¢, 500 mg Were meludeq becauge the
Course yaq d:sc(mtmued ©n account of toue Teactiong

Cmission, Loss of app objective and subjectrve SYmptoms of mflam.
a sedlmenmnon Tate tp Torma]

MPIoyemen;, W degree of Atvity ang , Variabl “Mount of
Subject;ye SYIDtOmS iy the sedime, fation rate gy, r no, r Marked],
lowereq Y remission o €at impraov, It was ey ded as Significan
M or t 1mpro, t Vanoys de Objective ang

trate
Subjectyy e ameloration and somg decrease 1 the sedxmentanon rate.
nimproved Or worse
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IMMEDIATE RESULTS

After the first course 13 per cent of the patients were m renusston, and
B84 per cent were greatly improved, thus, 51 4 per cent had 2 significant
amelioration. There was mod or shight obj P in 365
per cent, while 121 per cent were not mmproved or were worse (Table 30}

Statistical analysis showed that the duration of the disease, s seventy,
and the sex of the patient had only a shght influence on the results.

The subsequent courses did help to mamtain the rate of sigmficant im-
provement at about 50 per cent. However, our material does not show an
increase of sigmificant improvement after repetition of the first course

Sedimentation Ratec The Westergren sedimentation rate read after one
hour was found to give a more index to the infl 'y activity
than any of the “corrected modifications”

Table 30 Resulls after the Ferst Course

TMPROVEMENT NUMBER | peRCENTAGE
OF CASES
Remssion 39 130
Great 175 334
Moderate 96 211
Shght 70 15 4
None or worse 3 121
Total 453 100 0

The average sedimentation rate before the first course was 485 mm
After the first course 1t dropped to 257 mm Before treatment only 27 per
cent of the patients had a normal sedumentation rate, whereas 23 8 per cent
had a normal rate after treatment

The clinical course paralleled the sedimentation rate in about 90 per cent
of the cases

Reactions Reactions after the first course occurred m 86 per cent of the
cases treated, OFf these, 61 4 per cent were muld, 87.7 per cent were mod-
erate, and B7 per cent were severe All severe reactions mvolved the skin
and no dangerous visceral reactions, blood dyscrasias, or neurologie com-

were d No fatahties occurred which were related to

go]d therapy.

*#--- o= T analgesta, usually salicylates and codeme

' nd exercises were recommended for home

atents recerved varions physical tllexfnpy

treatments at the office However, the end results were no better than in a
group of 175 cases which did not have such treatment.

Orthopedic measures were used mamly 1n the prevention and eorrection
of deformities.

Controls 1 Self control: With the exception of sixteen early
duration of less than three months, all others had recerved previous themp)}
of various types for months or years without significant improvement of

duration.
angy: Two hundred and fifteen comparable patients who c!ec]me(} g;ld :}(\;:
apy or had contramdications to it were given various regimes W hich al

cases with
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last check-up However, it 15 commonly used by other authors and is pre-
sented here for purposes of comparison with their results,
. B of the lerable loss m of the cases followed up
in successive years of the study, a separate estimation was made on 152
cases who received more than one gold courst In these cases the follow-up
fluctuated between 994 per cent m the second year and 91.8 per cent m
the fifth year From six to ten years the follow-up amounted to 778 per
cent The of ficantly improved cases differed only shghtly
from that of the whole group. The conclusion, therefore, of maintenance of
the i impr mn years 15 confirmed.

2 A breakdown year by year (Table 33) showed that the percentage of
sigmficant amprovements reached a peak of 636 per cent after one year

Table 33 Percentage of Remussions and Great Improvement During Each Year of Observalion

YEARS CASES  PERCENTAGE
Furst. 316 63 6
Third 235 547
Fifth 169 97
Ninth to tenth 54 463

and dropped to 463 per cent n the tenth year, It fluctuated in the inter-
vemng years between these values This represents a superionty of at least
30 per cent above the best results (15 per cent) m the control group
treated by other means.

3 The follow-up status of the patients was compared with the results
after the frst course or the immediate results Qf the group which was
remisston after the first course, 80 per cent remained m remission or dropped
only slightly to “great improvement” during a pertod of five years. Of the
group which had great improvement after the first course enly 56 per cent
maintained great improvement or achieved remission durmg the five-year
pertod The difference 15 statstically significant and permts the conclo-

Table 34 Relapses in Vartous Years of Follow-up in Cases Which Were in Remussion 0F

Greatly Imp
P NUMBER PER CENT No AVERAGE YEARS
BAR OF CASES OF RELAPSE RELADSES IN RELAPSE
5 116 578 42 o 12
10 32 75 25 32

ston that cases which achieved remission during the first course }.md a benef
chance to remain significantly improved up to five years This probably
also holds good for the period of six to ten years . N

Of the patients who had only moderate, slight or no jmprosvement in
the first year, 20 per cent became sigmficantly improved or in rem:ssxortl
after two years It cannot be dectded how much thus is due to subsequen
gold courses and how much to a “natural” abatement of the disease. bat

4 An analysis of the relapses should consider not only the nm?ber u‘
the degree and the duration in order to evalugte the real loss of improve:
ment through the years of follow-up (Table 34).
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©Out of 116 patients who werc 1n rermission or greatly improved after the
first course, 422 per cent had no relapse whatsoever and 57.8 per cent
had relapses at five years In the tenth year of follow-up, out of thirty-
two such patients, 25 per cent experienced no relapses and 75 per cent suf-
fered relapses. The above inaidence of relapses occurred mn patients who
did not recerve addihonal gold therapy, as well as 1n patents who had sub-
sequent courses duning the penods ot follow-up The relapse rates esti-
mated among those 1 whom gold therapy was suspended are still hugher.
They amount to 62 per cent after five years and 94 per cent for a ten-year
follow-up period.

Analyzing the relapses, we note that only 7 per cent were total, whereas
93 per cent were partial relapses The average duration of the relapses
amounted to about one year out of five years, and to 32 years out of ten
of observation

The relapses were stationary for the whole period of abservation in thirty-
six patients out of the 190 who were 1 remussion or greatly improved after
the first course Thurty-three of these were partial and only three were total

et N o * * hortcomings of gold

t 10 per cent) were
r per cent of the re-
lapses had a duration of one year or less,

COMMENT

To draw a balance betwcen the ad ges and the sl of
gold therapy or any other therapy in rheumatoid arthnitis 15 a formidable
task, On the credst ™ I oo

L. Sigmficant ung
to six months durat
rheumatoid arthrit ..
severe 1n over half of the patients and mild 1 only about 4 per cent With
the exception of sixteen, these patients had previously been unsuccessfully
treated, the majonty for years, by different methods

In a compilation of the results of chrysotherapy m approximately 6000
cases, about half of them published by Amencan authors and the other

alf by foreign writers, the average of significant improvement 1s almost
equal (512 per cent) to our results Tlus also applied to the percentage
of nommprovement (117 per cent m the combimed series and 121 per cent
mn our material) In a control series of 215 patients treated by other methods,
some degree of objective 1mprovement was achieved m only 10 to 15 per
cent This supertonty of chrysotherapy has also been demonstrated by
Eliman, Fraser, Waine, Secher and their associates, unng ngid controls and
follow.up periods of observation.

Several authors (Snyder, Thompson, Waine, and thetr assoctates) and
ourse}ves have given gold after prolonged fax}uxe of other therapy, with

<
o
group treated by other methods.
On the debit side, the foliowing was shown-
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last check-up. However, 1t js commonly used by other authors and is pre.

sented here for purposes of comparison with their results
Because of the considerable loss 1 percentage of the cases followed up
in successive years of the study, a separate estimation was made on 152
cases who recerved more than one gold course In these cases the follow-up
fluctuated between 994 per cent in the second year and 91.8 per cent in
the £fth year From six to ten years the follow-up amounted to 77.8 per
cent The p ge of ficantly d cases differed only shghtly
herefore, of of

g
from that of the whole group The
the significant improvement in successive years 1s confirmed.

2. A breakdown year by year {Table 33) showed that the percentage of
sigmficant smprovements reached a peak of 636 per cent after one year

Table 33. Percenlage of Remussions and Great Improvement During Each Year of Observalion

YEARS CASES ~ PERCENTAGE
First 316 63 6
Third 235 547
Fifth 169 49 7
Ninth to tenth 54 46 3

and dropped to 463 per cent 1n the tenth year. It fluctuated in the inter-
vening years between these values. This represents a supenority of at least
30 per cent above the best results (15 per cent) in the control group
treated by other means
3, The follow-up status of the patients was compared with the results
after the first course or the immedrate results. Of the group which was
remssion after the first course, 80 per cent remained 1n remission or dropped
only shghtly to “great improvement™ during a pertod of five years. Of the
group which had great :mprovement after the first course only 58 per cent
ined great 1mp: or ach d i durng the five-year
period, The dufference 15 statstically sigmficant and pernuts the conclu-

Table 34 Relapses in Various Years of Follow-up in Cases Which Were n Remassion or
Greally Improved

AVERAGE YEARS

NUMBER  PERCENT  No

YEAR OF CASES  OF RELAPSE RELAPSES IN RELAPSE
5 116 578 422 12
10 32 (S 25 3z

ston that cases which achieved remssion during the first course had a Yln’eléier
chance to remam sigmficantly improved up to five years This probably
also holds good for the penod of six to ten years .

Of the patients who had only moderate, shght or no_ imps
the first year, 20 per cent became ficantl or
after two years. It cannot be decxded ho 0
gold courses and how much to 3 “natural” abatement of the dnceasc;,’. bt

4. An analysis of the relapses should consider not only the ﬂ\;!‘? eruve-
the degree and the duration 1 order to evaluate the real loss of fmp!
ment through the years of follow-up (Table 34)

rovement in
p. in i
w much this is due to subsequent
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Out of 116 patients who were 1 remission or greatly improved after the
first course, 422 per cent had no relapse whatsoever and 578 per cent
had relapses at five years In the tenth year of follow-up, out of thirty-
two such patients, 23 per cent expenenced no relapses and 75 per cent suf-
fered relapses. The above mncidence of relapses occurred in patients who
did not receive additional gold therapy, as well as 1n patients who had sub-
sequent courses durmg the penods of follow-up The relapse rates esti-
mated among those i whom gold therapy was suspended are still higher.
They amount to 62 per cent after five years and 94 per cent for a ten-year
follow-up perod.

Analyzing the relapses, we note that only 7 per cent were total, whereas
93 per cent were partial relapses The average duration of the relapses
amounted to about one year out of five years, and to 32 years out of ten
of observation

The relapses were stationary for the whole peniod of observation 1 tharty-
six patients out of the 190 who were m remission or greatly improved after
the first course Thurty-three of these were partial and only three were total

™o N o ' s the shartcomings of gold

(about 10 per cent) were
Eighty per cent of the re-
lapses had a duration of one year or less

COMMENT

To draw a balance between the ad and the shor of
gold therapy or any other therapy wn rheumatoid arthntis 15 a forrmdable
task, On the credit side this mvestigation has brought out the followmg.

1 Sigmficant improvement was achieved after one gold course of three
to six months duration m about 50 per cent of 455 cases of typical, actinve
theumatoid arthnitis of the perrpheral jomnts 1 adults. The disease was
severe in over half of the patients and mild in only about 4 per cent With
the excephon of sixteen, these patients had previously been unsuccessfully
treated, the majonty for years, by different methods,

In a compilation of the results of chrysotherapy m approximately 6000
cases, about half of them published by Amencan authors and the other

by foreign writers, the average of significant improvement 1s almost
equal (512 per cent) to our results Tlis also apphed to the percentage
of nonimprovement {117 per cent m the combmed senes and 12 1 per cent
1 our matenial) In a control semes of 215 patients treated by other methods,
some degree of objective 1mprovement was achieved 1 only 10 to 15 per
cent, This superionity of chrysotherapy has also been demonstrated by
Eflman, Fraser, Waine, Secher and their assocrates, usimg rignd controls and
follow-up periods of abservation

Several authors (Snyder, Thompson, Wame, and their associates) and
ourselves have given gold after prolonged failure of other therapy, with
significant smprovement an 30 to 60 per cent of cases

2 About half of the cases achieved sigmficant improvement after the frst
course, This was 1 with shght 11 for a period
of ten years, The results are at least 30 per cent better than 1n the control
group treated by other methods

On the delut side, the following was shown-
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last check-up. However, it 1s commonly used by other authors and is pre-
sented here for purposes of comparison with their results.

Because of the considerable loss in percentage of the cases followed up
m suceessive years of the study, a separate estimation was made on 152
cases who recerved more than one gold course In these cases the follow-up
fluctuated between 994 per cent in the second year and 91.8 per cent m
the fifth year From six to ten years the follow-up amounted to 778 per
cent The percentage of significantly improved cases differed only shghtly
from that of the whole group. The 3} herefore, of of
the sigmificant improvement in successive years is confirmed

2 A breakdown year by year {Table 33) showed that the percentage of
sigmficant improvements reached a peak of 636 per cent after one year

Table 33 Percentage of Re and Greal I During Each Year of Obserralion
YEARS CASES ~ PERCENTAGE
First 316 63 6
Third 235 547
Fifth 169 97
Ninth to tenth 54 46 3

and dropped to 463 per cent in the tenth year. It fluctuated i the inter-
venmg years between these values. This represents a supenonty of at least
30 per cent above the best results (15 per cent) in the control group
treated by other means

8, The follow-up status of the patients was compared with the resu[ts
after the first course or the mmmeduate results. Of the group which‘\vas in
remmssion af e
only shghtly
group whicl
mamtained
penod. The

Table 34 Relapses wn Various Years of Follow-up in Cases Which Were it Remssion or
Greatly Improved

NUMBER PER CENT No AVERAGE YEARS
YEAR OF CASES OF RELAPSE  RELAPSES IN RELAPSE
5 116 578 23 12
10 32 75 25 32

se had a better

E first cour:
ston that cases which achieved remission durmg the fir: e aobably

shance to remain sigmficantly mmproved up to five years
1lso holds good for the pertod of six to ten years .
Of the patients who had only modergte, flhght or no. u:rpm
e first year, 20 per cent became sig ly mmpro
ﬁter two}years‘ Itpcannot be decded how much ths is due to sub:equent
gold courses and how much to 2 “natural” abatement of the dxseans,b.er bt
4. An analysis of the relapses should consder not only the mfl e e
the degree and the duration 1o order to evaluate the real loss of imp:
ment through the years of follow-up {Table 34)

rovement in
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Out of 116 patients who were in remussion or greatly improved after the
first course, 422 per cent had no relapse whatsoever and 578 per cent
had relapses at five years In the tenth year of follow-up, out of thirty-
two such patients, 25 per cent experienced no relapses and 75 per cent suf-
fered relapses. The above ncidence of relapses occurred mn pattents who
id not recewve addittonal gold therapy, as well as in patients who had sub-
sequent courses durtng the penods of follow-up The relapse rates esti-
mated among those in whom gold therapy was suspended are still hugher,
They amount to 62 per cent after five years and 94 per cent for a ten-year
follow-up period

Analyzing the relapses, we note that only 7 per cent were total, whereas
93 per cent were partial relapses The average duration of the relapses
amounted to about one year out of five years, and to 32 years out of ten
of observation

e relapses were stationary for the whole penod of observation in tharty-
six patients out of the 190 who were in remission or greatly improved after
the first course Thurty-three of these were partial and only three were total

™t t ot s the shartcomings of gold
(about 10 per cent) were
Eighty per cent of the re-

lapses had a duratian of one year or less.

COMMENT

To draw a balance between the ad and the shor of
gold therapy or any other therapy in rheumatoid arthritis 15 a forrmdable
task On the credit side this mvestigation has brought out the followmng.

1 Sigmificant 1mprovement was achieved after one gold course of three
to s1x months duration n about 50 per cent of 435 cases of typical, active
theumatoid arthnibis of the peripheral jomnts m adults The disease was
severe i over half of the patients and mild in only about 4 per cent With
the excephion of sixteen, these patients had previously been unsuccessfully
treated, the majonty for years, by different methods

In a compilation of the results of chrysotherapy 1m approumately 6000
cases, about half of them published by American authors and the other
half by foreign wrters, the average of significant mprovement 15 almost
equal (512 per cent) to our results This also appled to the percentage
of noramprovement {117 per cent m the combmed series and 12 1 per cent
1n our material) In a control series of 215 patients treated by other methods,
some degree of objective 1mprovement was achieved 1 only 10 to 15 per
cent This superonty of chrysotherapy has also been demonstrated by
Eflman, Fraser, Wame, Secher and their associates, using ngd controls and
follow-up penods of cbservation

Several authors (Snyder, Thompson, Wawe, and their associates) and
ourselves have given gold after prolonged falure of other therapy, with
significant smprovement 1n 80 to 60 per cent of cases

2 About half of the cases achieved sigmificant improvement after the frst
course, This was 1 with shght f for a pertod
of ten years ‘The results are at Jeast 30 per cent better than m the control
group treated by other methods

On the delut side, the followng was shown
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last check-up. However, 1t 1s commonly used by other authors and 1s pre-
sented here for purposes of comparison with their results.

Because of the considerable loss 1 percentage of the cases followed up
in successive years of the study, a separate estunation was made on 152
cases who recerved more than one gold course. In these cases the follow-up *
fluctuated between 99 4 per cent 1n the second year and 918 per cent in
the fifth year From six to ten years the follow-up amounted to 778 per
cent. The percentage of significantly mproved cases differed only shghtly
from that of the whole group. The conclusion, therefore, of mamntenance of
the fi impr n ive years is confirmed.

2. A breakdown year by year (Table 33) showed that the percentage of
significant improvements reached a peak of 636 per cent after one year

Table 33 Percentage of Remissions and Greal Improvement During Eack Year of Obsereaton

YEARS CASES PERCENTACE
First. 316 63 6
Third 235 54.7
Fifth 169 497
Nunth to tenth 54 46 3

and dropped to 46 8 per cent m the tenth year. It fluctuated mn the mtes-
vemng years between these values. This represents a superiority of at least
80 per cent above the best results (15 per cent) in the control group
treated by other means

3 The follow-up status of the patients was compared with the resul}s
after the first course or the immediate results. Of the group which was in
remsston after the first course, 80 per cent remamed in ermssion or drop]
only shghtly to “great improvement” drurmg a period of five years Of the

T SN cent
oup - urse only 56 per
ﬁlramlza during the five-year
penod permits the conclu-
Table 34 Relapses tn Varwus Years of Follow-up in Cases Which Were in Remussion of
Greatly Improved
NUMBER PER CENT NO AVERAGE YEARS
YEAR OF CASES OF RELAPSE  RELAPSES IN RELAPSE
5 116 578 422 12
10 3z i 25 32

10n that cases which acheved remssion during the first course had 2 !];etéler
‘hance to remain significantly improved up to five years This probably
\Iso holds good for the period of six to ten years X .
Of the pgaﬁents who had only moderate, shg}}( or mo. 1mp1:ovcme.nt in
he first year, 20 per cent became ficant], P or in
after twoyyears. It cannot be dectded how much this 1s due :io subsequent
10ld courses and how much to a “patural” abatement of the lsens«l’.’. bt
’ 4 An analysis of the relapses should consider not only the m{lm emve~
he degree and the duration in order to evaluate the real loss of mpl
nent through the years of follow-up (Table 34)
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Out of 116 patients who were in remussion ot greatly improved after the
Erst course, 422 per cent had ne relapse whatsoever and 578 per cent
had relapses at five years In the tenth year of folfow-up, out of thirty-
two such patients, 23 per cent expenenced no relapses and 75 per cent suf-
fered relapses, The above inaidence of relapses occurred in patients who
did not receive additionnl gold therapy, as well as in patients who had swub-
sequent courses dunng the penods of follow-up The refapse rates estr-
mated among those in whom gold therapy was suspended are sbll higher
‘They amount ta 62 per cent after five years and 94 per cent for a ten-year
follow-up period

Analyzing the relapses, we note that only 7 per cent were total, whereas
93 per cent were partial relapses. The average duration of the relapses
amounted to about one year out of Bve years, aud to 32 years out of ten
of observation

The relapses were stahopary for the whole penod of ebservaton m thirty -
sit patients out of the 190 who were in remission or greatly unproved after
the first course. Thirty-three of these were parhal and only three were total

The hugh mnaidence of the relapses overstresses the shortcommgs of gold
therapy Only a small percentage of the relapses {about 10 per cent) were
totdl, the majonty yielding to further treatment Eighty per cent of the ve-
lapses had a duration of ane year or fess

COMMENT
To draw a balance between the ad and the shor of
gold therapy or any other therapy m 1h d arthntss 1s 2 Jah)

ce

. e we
theumatowd arthritis of the penpheral jomnts 1 adults. The disease was
severe in over half of the patients and mild in only about 4 per cent. With
the exception of sisteen, these patients had previcusly been unsuccessfully
treated, the majonity for years, by diferent methods

In a complation of the results of chrysotherapy mn approvmately 6000
cases, about half of them pubhshed by Amencan authors and the other
half by foreign writers, the average of significant improvement 1s almost
equal {512 per cent) to our results This also appled to the percentage
of nonimprovement (117 per cent in the combined senes and 12 1 per cent
i our material). In a control senes of 215 patients treated by other methods,
some degree of objective improvement was achieved m only 10 to 15 per
cent This supenionty of chrysotherapy has also been demonstrated by
Eliman, Fraser, Waine, Secher and their assocsates, using ngid controls and
fallow-up penods of ohservation,

Several avthors (Snyder, Thompson, Wame, and therr associates) and
ourselves have given gold after prolonged falure of other therapy, with
significant improvement 1n 30 to 60 per cent of cases.

2. About half of the cases achieved sigmBicant improvement after the first
course This was d with shght { ons for a period
of ten years The results ase at Jenst 80 per cent better than i the contzol
group treated by other methods.

On the debat side. the following was shown-
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1. About half of the cases responded only slightly or not at all to gold
therapy.

2 Fatahties did not occur 1n our material, but an average of about 05
per cent 15 reported in the Lterature, In 86 per cent of the cases toxic reac-
tions occurred during the first course and only shghtly less frequently in
the subsequent courses, However, only 67 per cent of these reactions were
of a severe nature. The incidence and degree of the reactions corresponded
closely to the average n the Literature.

3. Relapses in the cases which achieved remission or marked 1mprove-
ment were ligh. In a five-year penod of follow-up they amounted to ahout
60 per cent, and after ten years at least three-fourths of the cases had
one or mare relapses However, 90 per cent of the relapses were of less than
one year’s duration and only 20 per cent were stationary for over two years.
A number of authors, among them Cecil, Boots, Ragan, Hartung and their
collaborators, have likewise pomted out that most of the reactions are in-
complete and amenable to further treatment. About 80 per cent of the
patients who had sigmficant improvement after the first course remained
so for an average of four years out of a follow-up period of five, and seven
years out of ten

CONCLUSIONS

On the basis of an evaluation of the favorable and unfavorable aspects,
the answer to the third question 1s that gold therapy has a greater and
more sustained ameliorative action on the inflammatory phase of rheu-
matoid arthritis than other means hitherto used. This conforms wx!lf the
opmion of the majonity of authors here and abroad Gold 15 not an ideal
therapy from the standpoint of effi , toxicity and per How-
ever, until a more efficient and less toxic agent is developed, continued vse
of gold ss in order.

ABSTRACTS

THERAPEUTIC VALUE OF COPPER SALTS IN RHEUMATOID
ARTHRITIS N

JACQUES FORESTIFR, A CCRTONCINY AND F, JACQUELINE

Copper salts, as well as gold salts, are of therapeutic value m rheum:m'md ar-
lhnhsF.'pThe author has usedgmo organic copper compounds: Gupro-allylthio-urea
benzoate of sodum (Cupralene or Ebesal), which contamns 19 per cent of colpgx;czr,
15 water soluble, can be mjected only mtravenously, and has been used since o g
and cupro-oxyquinolme sulfonate of chethylamme {Dicuprene), which c’oy:lax:r
65 per cent of copper, is water sojuble, iasn be mjected esther intramuscufarly
intravenously, and has been used since 1945,

Ammal expenments proved that the tovaity of copper was lower than :&n‘th:{

’ n,

ES
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age dosage of Cupralene has been 05 gm twice weekly, 6 to 12 g, for a series,
of Dicuprene, 025 to 050 gm twice weekly, 3 t0 5 gm. for a senes. Like gold
salts, copper salts must he administered 1n repeated series with short rest intervals
of prolonged action 15 deswed,

Based on experience. wﬂh over 300 cases, capper ﬂ\empy s m:hcm-d 1 o)

SNREX]
chrome polyarﬁmhr gnﬁ\.
DISCUSSION®
Tharty-three cases of rhcumatmd arthritss of varying duration were treoted with
Cupralene, the d orpanic copper salt suggested by Dr.

Forestier, Twenty-seven cases lm‘e\\ed adequate dosage and follow-up sufficient
to be included w this report. A total dose of 10 gm was given to all twer

duration of their disease was from three months to Hurteen years, with & mean
duration of four years Thirteen patsents had not received pold therapy and fourteen
kad recened it, ten of whom bad shown some improvement However, ten of these
fourteen cases had developed 2 vash, anemun, or other toxsc mamifestation The
other four had received full corses of chrysotherapy without benefit
There was no signdicatt toay eﬁcct f myper was ndmmlslered n dases of 100
2 306 mg except far an n the vew In doses of
500 to 1000 mg , tavie reactions were the rule nnd consisted of severe gastrontes-
tioal ymitation m.\rLcd to severe anemias, and occasional chills and fever Frve
hundred mg. was the maxsmum dose tolerated by the majority of patients
_ Of the twenty-seven cases, onlv two had complete remission, and both hud had

and active, the patient had a complete remssion of four months’ duration after
ten weeks of treatment and then selapsed agam OF the other twentv-five cases,
sizteen shawed no 1mprovement or were worse, and mine showed some improve-
ment but just enough to be consistent wath the vanabibity of the disease

The madence of Temission of this seres of cases treated wath Cupralene was
low Thosa remusstons observed were extremely vapid and dramatse and the at-
tendant hazards were considerably less thin those of chrysotherapy

GOLD TOXICOLOGY AND RHEUMATOID ARTHRITIS, WITH
PARTICULAR EMPHASIS ON BONE MARROW STUDIES

CRARLFS LE ROY STEINBERC

One hundred and seven typical cases of rheumatord arthritis were treated with
gokl thioglucase in ot The mitial dose was 40 mg, folfowed the next week Ly 60
mg , m most wstances 100 mg. was then gven weekly by intramuscular injection

A tatal of 154 bone marrow aspirations were done on ninety of these patients
The followmng umc rencuons weve noted m the 107 tases zfented Thirty-two pa-
tients developed shin Four patients developed varying degrees of

hrombacytopensa Oue patient devel arrest of the granuloeytes

* By Terence L 'Tyson and Ity annes
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m the bone marrow. Ten i of alt 12 with eryth s as a cause of
albummnuna were noted 1n the 107 patents treated Two patients developed un-
toward gastro-intestnal symptoms and one patient developed hyperpyrexia. Thus,
fifty mstances of gold toxicity were noted m the group of cases treated
Eosinophilia of the bone marrow preceded the skmn mamfestations by several
weeks, findmgs of 3 to 7 eosinophils per ligh power field were common In -
stances in which the penipheral platelet count dropped, a bone marrow aspiration
was done, Gold treatment could be continued 1n those cases m which the bone
marrow was pormal, but had to be stopped if megakaryocytes and platelets were

scarce
e 2. PO T T3 ol e BAT (a2 E s

those patients who developed 3 or 4 plus albuminuria
Bone marrow aspiration 1s a simple procedure. The study of the bone marrow

P T G R S OIS T TSN R S
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ORTHOPEDIC AND PHYSICAL TREATMENT
AND STUDY

PREVENTION OF DEFORMITY IN THE HANDS
IN RHEUMATOID ARTHRITIS
LORING T SWAIM

The hand 15 essential to successful Living. Since 1ts jownts are mvolved m
the very beginming of rheurnatoid arthnitis, 1t 1s important to understand the
simple orthopedic measures which will prevent deformty if used early

Fig 84 Fig 35

118 o anubiw span

‘The first essential 1s a strict watch of the hands from the very beginning

The second 15 to apply splnts at the first sign of contraction Where -
fammatio N N '

to preven
tion follor
Pposthions
and are preventable
Sphints correct bad position, relieve pamn, and reduce swellng, and be-
cause protective spasm 18 no longer necessary to obtain comfort, subluva-
183
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tion of lhﬁe Joints does not take place. When sphnts have been used to rest
the ?tand in good positron ankylosis does not occur and better Joint motion
results

Following complete rest for three to seven days, guarded motion 1s started
each day. If there 15 no reaction the hands are exercised daily for longer
periods. At mght the sphnts are always bandaged on 1 the correct position
This procedure shortens the mflammatory period. However, the sphnts
are continued at night for months until there is no danger of the relaxed
Joints” shppimg, for mght 1s a dangerous tme duning which bad positions
may be taken m sleep.

The sphnts are made of plaster of pans bandage, rolled mto a slab, This
slab is applied to the palmar surface of the hand (Fig 34) from the tip
of the fingers to the elbow and bandaged with gauze to the arm from the
wrist up, assuring a good fit. The hand is held with the fingers fully ex-
tended, the palm flat and the wrist m a cocked-up position When dry,
the plaster 1s trimmed and a space 1s left for the thumb, which does not
deform like the fingers The sphnt is then firmly bandaged to the hand,
theteby giving complete comfort and rest

A splint especally designed to prevent subluxation of the metacarpo-
phalangeal jomts 1s the clam shell The whole hand, with the exception of
theé thumb, 1s bandaged with plaster. While the plaster dries the hand is
held firmly between the opposed hands of the operator, who squeezes the
plaster flat. It 15 removed by cutting along the dorsum of the lttle finger,
leaving a supporting edge, then the flap on the dorsum 1s hfted and the
cast is removed to dry Space s cut for the thumb and the palmar side 1s
tnfomed to ettend from the base of the hand‘ to the first phalangeal joints

ey e 3 .

tion, yet all the other tinger Jjoints can be used s
The third splint (Fig 37) 15 for the thumb. It is of light steel l}sld bya
wrst strap which prevents subluxation at the carpometacarpal joints and
preserves the palmar arch. The distal end has a cap which fits over the end
of the thumb, thus keeping the thumb n Iine
If hands are splmted from the onset of rheumatoid arthritis serious
deformity can be prevented. o

RECONSTRUCTIVE SURGERY OF ARTHRITIS
PHILIP D. WILSON

Reconstructive surgical procedures of different types may often }l)e of
great help in the treatment of panents with severe arthntic disabil mesi
It 1s necessary for physicians who have the resPonsxbdlty for the carbe ﬁt
arthnitic patients to know the surgical indications and some!hn;jg al n:)n
the benefits that may be obtamed from operation mn order that they mzy'
refer the patients at a time when the maumum benefits from surgery may
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cases because of the enlargement of other deposits which were small at
the time of the original operation

OSTEQARTHRITIS

The more common and severe mamtfestations of osteoarthrtis are en-
countered 1n a swgle jomnt or 1 sumilar jomts of the two extremities. They
are generally the result of congenital malformations of the two components
of a jomt, often bilateral, or of acqured deformities which may be due
to disturbances of the epxphyseal growth centers, or to infections, fractures
or avascular necrosis It may be stated as a general rule that any condition
which leads to mcongruity of the articular surfaces or to abnormal stresses
of force and strams on a normal joint, when acting over a penod of years,
will result m the development of osteoarthrtis.

The osteoarthntic process consists chrefly m the weanng away of the
jomt cartilages, the condensation and eburnation of the underlymng bone
and the reactive development of bony spurs or osteophytes at the margns
of the articular cartilages The process may be accompanied by the forma-
tion of loose cartilagimous bodies 1n the jomnt resulting chiefly from meta-
plasia of the hypertrophic synovial willi and subsequent detachment. Fea-
tures of outstanding importance m the understanding of the process are
the absence of osteoporosis and the nonoccurrence of ankyloss, either
fibrous or osseous,

Since the osteoarthritic reaction tends to be aggravated by abnormal
strams or by trauma, 1t follows that the weight-bearing jomts of the lower
extremines and of the spine are those that are most frequently 1mplcated
and the indieations for surgical intervention anse chuefly m the knees, \}lPS
and anlles, 1 that order, either singly or bilaterally, and also m the spine
It 15 unusual to encounter any osteoarthntic manifestations in the upper
extremty that requures surgery except rarely following fractures Contrary

to the situation that prevails n rheumatoid arthnibs, the surgeon is cagsg
di-
he
he

problems of senescence must often be faced One of the most duncult gues-
tions that must be answered 15 how to give rehef of pain to a patent whose
general condition 15 too poor to permt carrymg out the type of procedure
which 15 most likely to solve the problem

The Knee PATELLOFEMORAL OSTEOARTHRITIS, One of the most cnmmofﬂ
causes of osteoarthnitis of the knee 15 subluxation of the patella. Magy G}Xt -
ferent factors may have played a part 1n the displacement, such :A‘sx fa:c hy
alignment of the quadriceps extensor mechanism, a poorly develop’e s .
lear ridge on the lateral condyle of the femur, moderate genu va g‘fIThese
formity or an early untreated chondromalacia of the p§tella All’o hese
cause unusual wear on the patellofemoral cartilage, with reactive oS! >
arthritis Recogmtion of the condition is not difficult on clinical exar:ﬂ:] "
tion, which discloses enlargement of the patella, marked crepitatio L on
movement of the patella and evidence of joint frntation The :oe:riin o
graphic examination may show some evidence of generalized osteo i
but there 1s marked narrowing of the patellofemoral cartilage space, W
the tibiofemoral cartilage spaces are well preserved
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In these cases partial or complete patellectomy should be done At the
same time care should be given to the removal of such other abnormalities
in the jomt as may consttute sources of pam or impediments to function,
such as osteophytic spurs, villous hyperplasia of the synovial membrane or
hypertrophy of the nfrapatellar fat pad. In the older patients complete
temoval of the patella 1s to be preferred but 1 the younger patients 1t 1s
often better to leave a small superficial layer of the patella 1 order not to
weaken the quadriceps extensor mechanism, but m this case the raw under-
surface of the patella should be covered with a synovial flap In the older
patents 1t is particularly important to begin exercise of the knee within
twa to three days and weight-bearing at the end of one week

LoosE Bopies In many cases of osteoarthritis of the knees, loose bodies
develop as a result etther of synovial budding and metaplasta or of fracture
of an osteophytte spur In some cases there may be extensive osteochon-
dromatosis, In the latter cases synovectomy, as complete as possible, 15 gen-
erally requwed, in the former, 1t 13 generally sufficient to perform an
arthrotomy and remove only the loose bodies. It 15 important when evalu-
atng the mdications for surgery to be sure that the patient’s disabibty 15
due to the loose bodies and not to the associated osteoarthritis

CENERALIZED OSTEOARTHRITIS The question of determuning if surgery
should be undertaken 1n cases of generalized osteoarthrstis of the knees will
depend upon whethier the condition 15 hulateral or unilateral and whether
the antecedent cause of the thritis can be d d and d
For example if the process 1s umlateral 1t 15 Iikelv that some mtra-articular
cause may be discovered and ehminated, such as a torn memscus, a hyper-
trophied fat pad or a chondromalacia of the patella If there 15 a conud-
erable flexion contracture there may be a bony block to extension that can
be released. When there is chronic effusion 1m the jomnt the removal of the
th d and } hed synovial \ may give relief If there
is a pophteal cyst this should be removed since such cysts commonly com-
municate with the knee joint and, when traumatized and nflamed, may
give rise to an intermittent synovitis

When the osteoarthritis is bilateral and there 1s an obvious disahign-
ment of the imbs with erther genu valgum or genu varum which, from the

h . 13 the factor, then the hmb should be

traightened by b possble 1 have observed marked

diminution in pam and 1mprovement of function even when such correctrve
measures are carried out in mddle age or later

The Hip. From a surgical standpomnt one of the great controversial ques-
tions 15 what to do for osteoarthntis of the hup with limited and panful
function The answer varies and depends upon the age and sex of the pa-
tient, the condition of the adjacent jounts and whether the process is wm-
lateral or bilateral When there 1s severe disabihty the choice of the sur-
gical procedure which may be employed includes subtrochanteric oste-
otomy, acetabuloplasty, arthroplasty and arthrodesis When the patient’s
Zeneral condition 1s not good enough to permut these procedures, then the
surgeon may elect to employ Tavermer’s method of dividing some of the
sensory nerves supplying the joint, or to carry out 2 simple nail fivation of
the joint with a view to obtaming temporary relief of pam

It may be said of subtrochanteric osteatomy that it is a method for cor-
recting deformity of the joint, as when the hmb is in a fixed position of
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flexion and adduction with reference to the body. It improves the stand-
ing posture, corrects relatne shortening of the imb and allows the patient
to walk better. It does not alter the pathologic condition within the jornt
and there may stll be complaint of pam on movement except i unusual
situations when the change 1n alignment of the limb causes a shift of forces
acting on the articular surfaces which relieves pressure and pam In my
judgment the operation should be reserved for cases of old congenital sub-
luxation and others where there is a marked flevion adduction deforrty of
the hup In other cases there is a tendency for the Imb to dnft back mto
the old position of deformuty after a time with recurrence of the original
complamt .

Acetabuloplasty 15 of value chiefly in conditions when the femoral head
15 buried deeply m the acetabulum, as i protrusio acetabult or Otto's pelvis
This operation aims to remove the bony spurs at the antenor and lateral
marguns of the acetabulum which impede the motion of the hip, and alse
to remove the anterior portion of the capsular higament and synovial mem-
brane It 1s of hittle or doubtful benefit except in the condition described
above

Arthroplasty, or the making of a new joint, 1s an operation that makes a
powerful appeal to a patient with an osteoarthntic hip, Quite naturally he
anticipates that the new joint will be like the normal hip and the surgeon
has a difficult task 10 disdlusioning him 1 this respect and in trying to give
him an accurate pieture of what he may expect in the way of function In
our expenence with arthroplasty of the hip m osteoarthritis at the Hospital
for Special Surgery, the results were considered excellent or good in twenty-
one patients (61 per cent), poor mn ten (30 per cent), and fair i 10 per
cent In a follow-up study of thirteen fascal arthroplasties with a view to
comparmg them with the mold arthroplasties; we tound the results were
excellent or good mn nmne (69 per cent), fair m two {16 per cent}, and poor
m two (16 per cent) The results were similar irrespective of whether the
arthroplasty was performed with the aid of a vitallum mold or with fasca
lata_From the surgeon’s standpomt the operation 15 easier when the mold is
used because the patient 1s spared the addiional operation of obtainmg the
fascia lata and less time 15 required

From my own expenience I conclude that the results of arthroplasty are
not predictable with When the i 1s bilateral and there
15 much hmutation of motion and severe disability, then arthroplasty 1s to
be advised When the condition 1s unilateral and the patient ‘is a woman
1 adwise arthroplasty because generally she can regulate her activities better
than a man and from a social standpoint a comfortable sitting posture 1s
more ymportant than being able to stand and walk a good deal Bu; I L:;
plain to her that she wall walk with a hmp and that generally she will wai
to use a cane when she walks outside If the patient 1s @ man whose :lpme
and other hip are normal, and if he wants to lead an actwe hfe, T advise
n arthrodesis .
? Ful;tx}:;; of the hip, or arthrodesis, 15 the operation of choice f(:,rh a H:;:
of any age who wants to be active and on his feet a great deal }: hirinmb
spine and other jomts are normal and the fusion 1s performed wit 'n( fs
m optimum posttion, the patient can walk wxfh scarcely any lm;; ;mmg‘
1s entirely free from pam and may be as active as he plezlses.' de'ving N
posture may be awkward but the patient has httle difficulty in dri
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car. As between the period of time required for postoperative treatment
follm\ ing, asthrodesis or ar(hmphsty there 1s fittle difference as far as

5 nerally the patient with an arthrodesis will
be free of treatment at the cnd of six months while the patient wnh arthro-
plasty will still be working with and p up to
the end of a year,

As for the Tavermer operation of sectioning the sensory nerves to the
hup, chiefly the abturator and the netrve to the quadratus femons, our own
expenence s small but it mcludes patents who have contmued to com-
phain of pain following operation without much relief It seems to me that
s operation 1s indicated chuefly 1n two classes of patients. first, those
who preserve a satisfactory range of motion 1n the up but complan of
pawn, and second, feeble, elderly patients who are unakle to endure any more
senous procedure.

Simple fixation of the hip by passing a nal through the femoral head
mto the pelvis is a method of gving temporary rehef of pam It cannot,
except in rare wstances. bring about true ankylosis and nevitably the nail
will Joosen 1n the cowrse of time and reguire removal The last patient 1
whom I performed this operation fractured her femur n the subtrochantenc
region when she first tried to stand She secured umon of her fracture after
immobilization 1n plaster for three months but the fact that she survined
this treatment proves that she mught just as well have survived an arthro-
desis. 1 am told that Sir Regiald Watson-jones, who devised this method
of treatment, has given 1t up mote or less completely I conclude, therefore,
that 1t has only a Lmted indication

Other Joints There are other jomnts m winch osteoarthnitic conditions can
be rebeved by surgical treatment but these are chuefly Iollowing fractures
or infechous processes, such as, for example, the ankle, shoulder and wrnist
In these jomts arthrodesss 1s the solution of choice and, provided that the
operation 1s carried out in a manner to fix the jont 10 the optimal position,
excellent fanction can be obtamned In these jomts arthroplasty 1s of no value

In® o ouoe Fa i [adiwad
degre
Many
to plc
wnt\\ the humerus m 60 degrecs abduction, about 15 degrees of external
rotation and about 15 degrees of forward elevation These patients can
bung their hands to their mouths or any part of their heads and can carry
out every function except that of reaching to theiwr backs As long as the oppo-
site shoulder 1s normal they have no sense of handicap. As far as the wrist
1s coucerned, ankylosis m the posiion of 15 degrees dorsiflevion or etten-
sion at 195 degrees causes no sense of disablement as long as pronation and
supmation of the forcarm are preserved and there 15 normal use of the

thurb and fingers Most patsents feel that 1t 1s 1 cheap bargamn to purchase
relief of panful disability at the wnst by sacnifice of the wrist motions,

RUEUMATOID ARTHRITIS AND ANKYLOSING
(MARIE-STRUMPELL) SPONDYLITIS
From the standpomt of reconstruchive surgery, the most difficult prob-
lems are met in rheumatord arthntis, Here the surgeon has to deal with a
generalized disease whose chief vimble mamfestations are 1 the jonts
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Because of the obvious articular wnolvement and the absence of other
Symptoms 1t 15 ¢asy to overlook the well known fact that the disease process
also ymplicates the muscles, the connective tissue structures and the viscera
Here 1f the surgeon undertakes an op that 15 ob ly indicated to
mobilize an ankylosed jomt and obtasts a satisfactory anatormucal result, he
may be defeated by s inability to obtan the cooperation of the muscles
and other soft hissue structures which control movement,

The pathologic process in the jomts 1s charactenzed by synovial pro-
hferation which leads eventually to pannus formation and destruction of the
articular cartilages It frequently results 1n fibrous or bony ankyloss, An
outstanding feature of the process 15 P of the bony
leading to softemng of the bone 1n the subchondral and epiphyseal regions
and ultimate callapse of the osseous structures which support the jont sur-
faces, Even when there 1s bony ankylosis the osseous structure 1 often soft,
with atraphy of the trabeculae and replacement by fbrous and fatty ele-
ments,

The course of the disease 15 slow and chrome and is charactenzed by
pertods of progression and activity followed by remissions with periods of
qurescence, 50 that 1t is dificult to know whether at any given tune the
disease 1s arrested Nevertheless, I have seen enough cases m which the
arrest has been permanent over a period of years to prove that this can
occur and the operative results in these cases have been sufficiently better
from a functional dp to me that the op time for
operative treatment is when the disease is quiescent. On the other hand,
the surgeon sees many severely cippled patients, with severe jomt damage
which can only be smproved by surgery, in whom the signs of actvity of
the disease continue more or less indefimtely, Here the surgeon has to
make the choice of operating o the achive phase or of condemnng the
patient to mdefinite invalidism If the nature of the situation and the sus-
geon’s dhfficulties are explaned to the patient, he is generally swilling to
take the gamble of operative treatment because 1n the st analysis he has
nothing to lose, .

Another feature that complcates the problem of gaving the patient
relief by surgery 1s that many joints are mvelved mn the disease. In on¢
satient the surgeon may have to deal wath hmited function m both upper
ind lower extremities If he undertakes to restore function to the hip the
sainful and hmited motion of the knee may seriously mterfere with obtain-
g a satisfactory result The pattern of the disease varies greatly, however,
ndifferent patients and often there is major involvement of only one joint n;x an
stremity with relatvely satisfactory function in the other joints Such a
situation creates a relatively favorable indication for reconstructive surgery-

In considering these complicated cases with a view to determumng
vhether surgery can be of help it 15 necessary to simphfy the problem a:
nuch as possible This may be accomplished by considering the funcu;thr
shiective that one desires to obtan and whether or nof, in view of :d :{
1andicaps that are present, thus 15 worth the trouble and effort reguir
he patient.

Upper Extremuty Here
satient to take care of lmself even if co
:ey to improvement is generally thelelbow Even though th
susly imvolved some power of grasping is generally preserver

the chief objective is to make it possible for the
o ! nfined to a chair or bed, and the
e hand 15 seri-
d alhough 1t
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may be only a pinching action between the thumb and index finger. There
may also be Emi\‘\ﬁcn of shouldc_r movement, but some elevation of the

elbow by operation the surgeon makes 1t possible for the patient to convey
food to the mouth, to dress lumself, and to perform many other needful and
useful tasks.

Lower Extremity. The chuef objective with regard to the lower extremuty
is to make 1t possible for the patient to move about by the use of lis own
powers of locomotion This necessitates not only the ability to walk with
or without crutches or other aids but also to be able to anse from and sit
down agam in a char without help Without these latter functions the
ability to walk is of no value because the patient 1s stll dependent upon
belp from others

When di the possibility of ! by op
treatment the key joints are the hips and knees WWhen the lups are stiff
and the knees are good the prospects are favorable When the hips are
good and the knees are bad, 1t is frequently possible to improve the situa-
tion If both ups and knees show himited function then the outlook for
improvement as a result of surgery 1s poor and it 15 improbable that the
surgeon can ever restore the power of locomotion In these combmed p
and knee deformities the ability to sit comfortably is generally more 1m-
portant than the ability to stand erect The surgeon should be cautious
when tempted to straghten flexed joints in these circumstances because he
may convert a good sitter 1nto a patient who can only be extended m bed
When in these cases the patient 1s young and the indicatians are unusually
favorable, then a compromise between the sitting and standing posture 15
generally advisable. The surgeon may undertake operations to mobihize
the lups but he should arm for semufleved positions of the knees or perhaps
one knee straight and the other partially flexed

Upper and Lower Extremtics Combmed When the patient 15 handi-
capped by disabilities affecting both the wpper and lower extrermties the
émpro\'evmenl of the uppers shou!d se‘ncr‘a\ly m'ke greceglencc over the

value,

Operations in Rheumatoid Arthritis and Marie-Strimpell Spondylitis

Synouectomy of the Knee The results of synovectomy of the knee m
thentatoid arthntss are vanable and depend 1 large part npon the amount
of joint damage that 15 present. In general, pamn 15 relieved but the range
of motion is diminished Removal of the patella as a part of the operation
does not, 1 my experience, improve the results. 1 believe the indications
should be restncted to the cases with marked jomt swelling and cfusion,
where pain is a promment feature, It should not be done for the purpose
of correcting flexion deformty of the knee,

Treatment of Flexion Deformattes of the Knees Fleuon deformties of
the knees are exceedmgly common 1 theumatoid arthntis and require
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orthopedic treatment. They arise generally a5 a result of the patient’s effort
to mamntain the jomts i a relaxed position where pam is minimal. Gradu-
ally the muscles become contracted and the jomt hgaments lose their elas-
ticity and become fixed m the shortened position Secondary erosion of the
articalar cartilages takes place in the areas subjected to pressure so that
after a tune there develops a bony block to evtension Addinonally the
patella becomes bound down to the femur by adhesions so that the func-
tion of the quadriceps extensor mechamsm is 1impeded

What can be done to extend the knees will depend largely upon the
extent of knee damage In the early cases sunple werght and pulley exten-
sion with adhesive plaster may suffice When correction 1s obtamed then
brvalved plaster splints may be used part tiume to prevent recurrence. Pro-
longed fixation of any rheumatic jomt n plaster is inadvisable because 1t
generally leads to loss of motion, 1n the treatment of these flexed jounts it1s
important to combine exercises and activity, when possible, along with
corrective treatment For this reason one must be cautious m employing
wedging plasters or hinged plasters or any of the host of apphances that
have been contrived for the purpose of obtaming extension of the hnees.

When the flevion deformty 1s of long standing, operative correction will
probably be requred The operation of postenor capsuloplasty which I
have described 15 valuable when the amount of articular damage s shght.
This operation is designed to strip away the upper attachments of the pos-
terior capsular ligaments to the femur and thus allow extension of the knee
If the hamstring muscles are very contracted, one or more of them, gen-
erally the biceps femons, may be lengthened In severe deformities 1t 15
sometimes necessary to divide the medial and lateral collateral hgaments
Following operation, the knee 15 immobilized in plaster n the extended
position for a penod of two weeks after which exercises are started.

When the patella 1s adherent and prevents actton of the extensor muscles
of the thigh, 11 15 11 quired Thrs may be combined
with posterior capsuloplasty when necessary

When the flevon deformity of the knee 15 of Jong standing and 1s asso-
ciated with considerable articular damage but the patient still retains an
active range of motion n flexion, then an osteotomy of the fenmur above (h;
condyles may be mndicated After the femur is divided the knee 1s .ex!ende
by rotating the condylar fragment forward The lower extremity m.‘“é
then be splinted until healing of the fracture is obtained Benn'ng. in minc
the harmful effect of long continued splnting of rheumatic joints, it is

i frag-
important for the surgeon to employ mternal metallc fixation of the
fmportanf i cariad of splinting and to per-

men
i anhyl-
umatoiy arthntis

A s - .
i i al treatment of the
osed joint is of great value in the surgical tre; e e clhow,

It is most successful in ankyl do t}}:]e P

the hip and lastly the knee and in that order.
THEI;EMPOROM};NDEULAR jomvrs When there is ankylosis of the n;]andnl;—

ular joints with mability to open the jaw or to separate the teel]lll, t ;‘:h‘; :

operation should be performed to mobilize these jomnts. General yd al o

15 necessary is to resect the condylar process and to leave a Wi e nl: o

between 3t and the temporal bone Fascia may be imterposed to preve
kylosis but g

bably this is y if the intervening space between
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the bones 15 wide Generally the ankvlesmg process 15 bilateral and 1t 15
necessary to carry out the operation on both sides This may be done mn
two stages or on both sides at the same tme Postoperative treatment by
exerases to stretch the muscles and mcrease mobility 15 most 1mportant
and 1s started within a few days

When other reconstructive operations must be done on a patient with
mandibular ankylosis, arthroplasty of the jaw should have first pnonty m
order to dunmish the nsk of anesthesia and to make possible the epening
of the jaws and the expulston of vomutus

THE ELBOW Arthroplasty of the elbow mn theurnatod arthntis has been
most successful, m my experience, i restoring a useful range of motion
There has been some controversy 1 the past over the relative ments of

hropl. d with of the elbuw The latter procedure
gwves good function m a pattent whe has good muscular development,
where muscle power can make up for Jack of stability. In patients with
rhesmatord arthritis, hawever, the muscular power 1s poor and 1t 1s neces-
sary to remodel the bony structure m order to provide stabihity Interposi-
tion of a double fascial layer serves to prevent reankylosis and also forms
a fibrous layer between the bones, which 1s favorable for the development
of a d bl doarthrosis which permits motion If there
15 loss of the rotary movements of the forearm, resection of the radial head
38 required, and 1t there 15 arthritic involvement of the 1nfenor racho-ulnar
jomnt then resection of the distal end of the ulna must also be done

Postoperatively, the elbow 1s immobilized m plaster for two weeks, fol-
lowmg which exercises are started with the forearm supported 1 a.shng
Passive and hing are not advisable and I beleve chief rel-
ance should be placed on active exercises and occupauo‘nal ttxempy.

vitallum mold arthroplasty m 1939 this method has had the preference.

Our own experience with vitalhum mold arthroplasty has not been too
encouraging and the results in rheumatoid arthntis are less favorable than
m osteoarthntis Of twenty-five patients who were operated upon by this
method and followed, there were no results that were classified as very
good and only eight (32 per cent) were considered good The results were
poor 1 twelve {48 per cent) and the remander were far The causes of
failure were chiefly absorption of the femoral neck due to avasenlar necrosis,
and loss of motion due to cicatricial or bony overgrowth There was occa-
sional subluxation of the hip.

Reankylosis occurred m some of the cases of rheumatoid spondylits
These cases extubit a great tendency to ossification of soft tissues and 1
have also observed some cases m which reankylosis occurred even when
there had been a wide resection of the head and neck of the femur

When wide resechon 1s carned out and the result 15 favorable, good
mobility 13 obtamned but there 15 considerable mstability Such patients have
to use crutches in walking but ths is a small price to pay for reganing the
power of 1 Batchelder has d to 1mprove stabihty of the
hip by perf a subtrock y after resecting the head
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and l}ec]\’ of the femur, but this would seem to be unnecessary 1n theumatoid
arthritis,

While the res?ults of mobilizing operations upon the hips in this disease
cannot be considered as exceptionally favarable, I believe we should con-
tinue to employ these operations in cases of bilateral hip ankylosis, par-
treularly when there 15 also an ankyl p litis because
the patients are condemned to confinement to bed

TrE XNEE. Arthroplasty of the knee 1s successful in overcoming ank; losis
only 1n cases where the condition 1s the result of old gonorrheal or septic
arthnitis or of traumatic conditions, This operation usually fails m rheu-
matoxd arthntis although lly a sati v result 15 obtained The
good results will only be obtamed when osteopotosis 1s Jacking and the
bones show good density.

Miscellaneous Operations. sPINAL DEForagy, The correction of spmal
deformuty 1s strongly indicated when the spine is ankylosed in 2 position of
flexion and the patient 1s unable to assume an erect posture This deformty
1s encountered chiefly m patients with rheumatoid spondylhtis, and there
may be associated flexion deformities of the hips which stll further 1
crease the flexed posture m which the patient walks.

Correchon 15 carried out by osteotomy through the articular processes,
as deseribed by Smuth-Petersen, with such additional osteotomy throug
the laminae as may be necessary to allow extension of the spme This pro-
cedure is carrted out at several dufferent vertebral levels in the lumbar spine
and then, by extending the operating table, the patient’s spme is also ex-
tended A bone graft may be introduced to obtam fixation or the body may
be supported m a plaster shell or jacket.

Thus operation is wndhcated only when the ankylosing process 15 situated
1 the posterior elements of the spme and when there 1s hittle or no ankyl
osis between the vertebral bodes

ARTHRITIC DEFOEMITIES OF THE FEET Fixed equmus deformity of the feet
mn rheumatoid arthntis 15 generally due to ankylosis at the ankles or pos-
tertor tarsal jomts, When 1t 15 aapossible for the patent to get hus feet flat
upon the floor 1 standing or walking, there 15 considerable disability and
the deformity should be corrected. This generally necessifates a wedge
osteotomy or resection through the ankle or subastragalar jomnt

Another pamful deformity of the feet i rheumatoid arthrtis is hammer
toe deformuty of several or all of the toes of both feet Ths is usually asso-
clated with pamful calluses under the metatarsal head and it 15 ampossible
for the patients to stand or walk with comfort. The best method of giving
rehief m these cases 15 to Tesect the prowmal half of the proaumal phalant
of the great toe and the proxumal phalanges of all of the lesser toes This
comects the toe deformuttes and allows shoes to be womn with r.-amfurlf
When there 15 continued complaint of pain from pressure on the heads of
the metatarsals then these must also be resected

LIMITED FUNCTION OF THE suoutoer Stiffness or ankylosis of the shoulde!;
does not as a rule cause great disability as long as there 15 fre‘cdﬁf"“:
scapular ‘When the joel lar or sternocl }0"':
become ankylosed then scapular motion is lost and the shoulder becotmzs
ngdly fived. In such cases resection of the distal end of the clavicle }x]es f‘;ﬂ
mobility of the scapula with very satisfactory improvement of shott

function




DISCUSSION
M, N SMITH-PETERSEN
Since there 1s nothing to be gained by discussing the points on which Dr

Wilson and I agree, I shall confine my remarks to those aspeets of his paper
with which I do not agree

In treating 1hs, arthrodesis 1s never indicated, no matter what
the patient’s age or occupation may be If a patient can survive the operative
procedure of arthrodesis and the i of immobl
he certunly can survive a mold arthropl without postoperative 1m-
mobilization

Arthrodesis does not always result in bony ankylosis, 1t 15 not uncommon
that a second attempt has to be made to bring about the desired result.
Cases have been reported in which even a third attempt has been necessary

1In 111 arthroplasties of the hip for osteoarthnitis a revision was indicated
in five mstances These were all performed durmg the early period of mold
arthroplasty, when our techmque was more faulty than it 1s at the present
time

The functional result of mold arthroplasty should be such that the patient
can return to an occupation consistent with his physical age

An ankylosed hip demands compensatory function of the spine and all
they - ottt SO . ‘ h
nse
prod
to say the Jeast, hrmt the patient’s activiies T believe that it takes longer
than s1t months to achieve an unguestionably bonv ankylosts, to limber up
stiff joints, to restore muscle power

Dr Wilson further states “The patient with an arthroplasty will stll be
working with exeraises and require supervision up to the end of a vear”
He is absolutely nght, although it may take longer than a year, or even
several years What objection 1s there to exercises 1f they do not mterfere
with activities and earming 2 hving? Some of us do setting up exerases for
the sale of keeping well, arthroplastv patients do exercises for the sake of
acquinng a joint that will improve with age They have a real incentive
for doing chores

In discussing surgery of the upper extremity in the treatment of rheu-
matoid arthntis, Dr Walson states “The key to mmprovement is generally

e elbow” A complete arthroplasty 1s not always mdicated By interpreta-
tion of subjective pam and physical findines it 15 often possible in the early
stages of the disease to localize the chief source of disabling pain to the
radichumeral articulation By excision of the radial head and sursounding
symoviabs, the joint between the humerus and the ulna can be made to
funchon quite satisfactonly

We arc very happv about the relief of pam resulting from exeision of the
acromion Tt reheves pam arising from the subacromal bursa and allows
relatnely p: p y loth motion This operation

does not result m a marked increase in glenchumeral mobihity, but it does
wiprove function because of the pein-free compensatory motion between
stapula and chest Amam this operation must be undertaken only after care-
ful interpretation of subjective pain and physical findings

193
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“Vitalllum mold arthroplasty of the hip has not been too encouragmg,
and the results are less favorable than i ostecarthntis” Let us keep 1 mmd
that we are operating under most unfavorable conditions: bone atrophy and
muscle atrophy, and loss of elastiity of fascra and mtermuscular septa
Until partial, relatively pam-free function 1s restored such conditions render
the chances of a favorable operative result improbable. For this reason we
have had to resort to revisions of the primary arthroplasty n two to five
years m_twenty-three instances out of a total of 153 cases. The revisions
have achieved satisfactory improvement in range of motion and con-
sequently mereasing activities, '

1t has not been our expenence with mold arthroplasty that absorption of
the femoral neck and head 1s the chief cause of fatlure It certanly was a
common expenence m fascia lata arthroplasty.

e v w
BONE ABSORPTION IN RHEUMATOID ARTHRITIS®
The Opera-Glass Hand (La Main en Lorgnette)
CHARLEY J, SMYTH
In 1913 Mare and Lén' reported the case of 2 seventy-year-old woman

with advanced destruction of cartilage and bones of the hands Her severe
polyarthritis had set m twenty-eight years earlier and also invohed the

Table 35 Pressously Reporled Cases of the Opera-Glass Hand or La Mawn en Lorgnelle

DURATION OF
PATIENT'S SEX POI YAR- s,
omons T T AT
: - 23
Marte and Lént 70 F Yes 2 .
\\'::lrgeldt’ 61 F Yes 1:_3,
Stursberg® 53 F lrcs -;19
Nelson! 3L F Yes
s 55 M Yes }_7
d 8 s Case L 43 F Yes I
Nielsen and Snorrason C::e I A ¥ Yor :0
Case ITI 56 F Yes 23
Case IV 48 F Yes 13
Avg age 53 8F 1M All Avg 24

slbows, shoulders, hups and vertebral column. The severc bon:e :lbsurphs:
n the hands at the metacarpophal 1 and interphal. Jolmtsﬁver
itted the telescoping of one bone upon the next. The shin over the nncgh e
omts was mvagmated with ringlke folds To this deformity was givel e
»ame “la mam en lorgnette” (the opera-glass hand) because the transv
‘olds of skin of the fingers resembled a folded telescope. Elehed, these
Ouly eight additional cases of this syndrome have been publshed,
are histed m Table 85 (
« From the Medical Departments of Wayne Unverstty College of Medicme, Detro
+nd the Wayne County General Hosptal, Eloise, Michigan
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Fig 38, Case 1 Photographs and roentgenngrams of the hands of a thirty-teo-y ear-old
woman The zoentgenographie changes include extensive osteoporosts, resorption of car-
val bones and distal endls ok the radius and ulna The heads and most of the shafts of the
Pproxmal pholanges (2 4 and §) are resorbed, with evenly rounded distal end> The head
of the Erst metacarpal shows partial dissolution, with the proumal end of the first phalang
hollowed out to recene the rounded end of the metacarpal. The provimal anterphalangeal
1ofnt of the anddle finger shows bony ankylasss of the type seen 1 rheumatoid arthntic
Changes 1n the Teft hand are simar
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Fig 41, Case I Photographs and roentgenograms of the hands of a Negro woman, age
sixty-six, showing typical opera-glass hand deformibes 1 all fingers

Fig 42, Case H Roentgenograms of both knees, postetior-antenor pm]echon. and a lateral
iew of the left ankle, shawing bony ankylosis of these foints.
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both ulnae The heads of the metacarpals and proximal phalanges were small and
fit mto the cup-like excavation of the adjomng bone. Roentgenograms of both
knees and the night ankle (Fig 42} showed complete foss of articular space and
bony ankylosis Laboratory studies revealed a moderate anemia, but were other-
wise negative,

Flg 43, Case IIT P and of the hands of a thirty-th
old wlite man whe had had xheumzlmrl arthnts since age five Atrophy and subluxation
of the metacarpophalangeal jounts are illustrate

Case HI Ths patient was a white man admitted when twenty-three years old,
with Sull's disease He died at the }\uspl(a\ ten years hter He hved a restncted

hfe with httle d fort due to the wi and fuscd Jounts
b o g A el b T w81, qio L -

Fgam et am and -
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Fig 44, Case 111 Photomcrograpk of a section taken fram the left fourth metscarpo-
phalangeal jomt, showing partial absorption of the head of the metacarpal and magtoa-
tion into the basc of the phaliny, with dense fibrous and fatty tissue displacing bony
trabeculae

R
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Fig 43, Case IV Photograph and roentgenograra of the Jeft hand of a ﬁfn-uglx:y?;
old white woman, showing deformities of all fingers Bone ahsorption 1s mast 1’:‘1"‘1 ;«m
the thumb and £ifth finger Other changes charactenstic of advanced rheumatoid a

are present
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ffth nght fingers were dislocated and hyperextended The laboratory data were
compatible with the dugnosis of Stlls tisease The cartilage and underlymg
cortical bone 15 replaced and held together by acellular fibrous hissue and fat The
remaming bony trabeculae were thin and the compact bone showed marked
atrophv Sections taken at autapsv from the left metacarpophalangeal jomts are
lustrated i Figure 44

o e L

Hid

Fig 46, Case 1V Roentgenogram of the left hip joiat showing advanced destructiye
changes The head of the femur 15 small and irregular and the acetabulam 15 pushed ato
the pelus, producing a undlateral, so-called “Otto pelvis *

The fingers of the left hand were short (Fig 45) and flail bike, having deep
creases 1n the sk overlying the provimal interphalangeal joints All of the features

about halt normal size and the cortical surface was 1regular The wall of the
acetabufum was pushed mta the pelvis, producing the condition of umlateral pro-
trusio acetabull (“Otta pelvis”) A large number of laboratory studies were all
negative except for the ly elevated ervthrocvte seds rate

THE TLLESCOPIC FINGER (DOIGT EN LORGNETTE)

In the ongmal report by Marnc and Lén' describing therr polyarthnitic
patient with the “opera-glass hand,” there was a bnef reference to another
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case having polyarthnitis with destructive changes of bone 1nvolving only
the jomnts of a single finger. To this condition the term “dogt en lorgnette”
(telescopic finger) was applied. This same term had been used by Brumpt?
m 1906 to descnibe the fingers of a Negro patient with progressive muscular
atrophy, and he included sketches depicting these changes Nielsen and
Snorrason® have subsequently referred to two cases with chromc theu-
matord arthntis having osseous destructive lesions hmited to the jomts of
one digit. For some reason the cases with changes in only one finger have

t index Snger sbowx‘ng progresave
N RN

Fie 47. Case V Senal roentgenograms of the righ

ooy t
Arbor, Miclugan )
recewved less attention than those with Iike structural changes in all five
fingers .

]gJurmg the past several years we have been impressed with the lugnl:sﬁoef
quency of absorptive changes in the roentgenograms of ﬁng;r ]maten a
patients with advanced rheumatoid arthritis In a survey of the ’]?us!m(e
from this hospital the following examples have been selected to lied Ttie
the varying degree of joint destruction resulting from the mar] lly
process of bone which has accompanied the loss of articular cartilage u
considered as a part of this disease.

thirty-f
Case V. C W, a white woman, age thirty , de d
arthntis myolving the ankle, knee, elbow and hand jomnts w

toid

ical
hen she was twenty
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Fig 49, Case VIL. A Roentgenogram of the nght hand of a forty-two-vear-old man,
showing the changes of carly theumatoid arthnbs There 15 partial sublaxation of the
proumal phalany of the thumb B, C The same hand siv years latet, showng fusther

v olvement of the interphalangeal jomts of all fingers There 15 complete subluxation of
the thumb and partial subluvation of the mterphalangeal joints of the fourth and fifth
fingers, with advanced absorption of bane 1n these articulations

o g,

Soaran s,

b

Fig 50 Roentgenograms of wrst jomts of five

patients with long standing rheumatord
arthntis In four of these patients the opera

-glass hand syndrome was present
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applied to the condition or variety of conditions m which marked absorp-
tion of bones adjacent to and formmg joints occurs generally throughout the
body. Considerable confusion now ewsts as a result of this reduphcation
of names. Stursherg? 1 1935 reported two cases suffering from polyarthnts
and exhibiting destruction of jomts, 1n one the joint changes were confined
to the feet He introduced the term “polyartimtis mutilans ” This term was
discarded by Schuller® who, on the basis of the histologic studies by Rew-
hard,’® pomted out that not only 1s the jomt but 2lso the epiphysis and
diaphysis mnvolved and preferred the term “osteoarthropathia mutilans.” It
15 also probable that the cases described by Blum!! as “osteoarthropathia
mucroatrophicans” belong to this same group. In a recent report by Cram
the term “generahzed absorptive arthrtis” was recommended. It 15 evident
from a survey of these reports that the various entities descnibed under a
number of names represent a closely allied fundamental pathologic process
It 15 not unreasonable to suspect that the cases of so-called psoratic poly-
arthntis with extensive jomnt mutlation should be included in this same
category Accordmng to Brailsford®® smmlar changes may occur mn such
apparently unrelated diseases as thrombo-angntis obl h P
phyrinunia and scleroderma. The exact pathogenic relationship between
these condittons occurring 1n patients with polyarthritis must await further
inveshigation,

From an analysis of the published cases of the opera-glass hand and of
the four cases of this syndrome being reported it 15 evident that the de-
formmty 1s usually assocrated with the marked bone absorption of advanced
rheumatoid arthnitis. In the previously reported mine cases the average
duration of the disease was twenty-four years; in these four additwnal
cases the average was twenty-three years The frequent occurrence of ex-
tensive bone absorption involving jomts of the body other than the hands
m patients with long standing rheum:‘itoxd arthntis adds rex-?phasns to the

“ A amnrn

porosis m the bone adjacent to the jomt. It 1s well known clmically that &
rheumatord arthritis advances the pamn on passive mampulation gradually
diminishes and finally practrcally d The loss of to pam
renders these jomnts subject to trauma It 15 probable that trauma repr%—
sents an mmportant accessory factor 1 the production of subluxation an
the deformities which result 1n hypermobility. -
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that period was 1280, who had 1481 admissions, Approtimately 80 per cent
of the patients admitted to this Hospital came for some type of theumatic
condition The Hospital was used for a pilot study to evaluate the mfluence
of the mneral waters and other physical agents in the treatment of veterans
with these drsorders

The patients all recerved general hospital care under the supervision of
the regular staff physicians of the Hospital The spectal program of treat-
ment mecluded the use of the naturally carbonated mineral waters of the
Saratoga Spa, m the form of baths and packs In addition, electric cabi-
nets, whirlpool treatments, diathermy, radiant energy, massage and eter-
cise were all utihzed m the treatment The patents remained m the hos-
pital for a period of one to three months The evaluation of the results of
their treatment was made by the staff physicians at the time of discharge
The discharge note summanzed the changes which had occurred m the
physical condition of the patient, with an estimation of their response to
treatment The results of treatment were graded as marked, moderate or
shight improvement, unumproved, deceased, or transferred

Table 36 Age Dustribution of All Palsents Trealed

AGE GROUP NUMBER  PER CENT
Under 20 55 42
21-30 174 129
31-10 195 153
41-5¢ 301 2ts
31-60 475 372
H1-74 58 15
71-80 19 13
Above 80 3 02
TOTAL PATICNTS 1,280 100 ¢

Age Distnbution Nearly all the patients had served m either World
War I or World War I A few were veterdns of the Spanish-American War
and a few had served only m the peacetume army. Table 36 shows the age
distribution of the pattents treated in the hospital Thus table has been pre-
pared for the entire group of 1280 patients, but 1t represents a fawr spread

fourth decades This latter group were for the most part veterans who Lstt
served 1z World War II, while those 1 the Afth and sixth decades wef®
mamly veterans of World War I . wee
Duration of Ilness The data included in Table 37 also cover !hcd cr}l] e
group of patients It 1s Iikely that those with rheumatic disease % ould sl o
a slightly ngher proportion with symptoms beyond one year because 1 -
siderable number of the nonrheumatic patients were admtted for sgﬂ:u
acute condition Approximately three-quarters of the patients admuttet I
the Hospital had presented symptoms for one or more years and n‘;“;ﬂ’l
half of these patients in excess of three years, The patents admitted f
treatment of their rheumatic conditions were mainly in the chrone gm‘ln l:]
In fact, some were m the advanced chronic group and were entirely @
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completer, bedn’dden, and some 4 ©1C unable ¢, walk ang could geg about
only i 4 wheel chay,

Types of Rheumag, Conditions In the further analyses of the dags Pre-
Sented an gures iy refer dzrecdy to the ggg DPattents v}, Were admatteq
OF some form of arthny,e Table gg shows the d:smbunon of all the Patient

Table 37, Duration of linesy

N-.\\\ ;\N\\\Q
DUnirigy MMBER gy oy

TP e T

Under 1 oo 362 285

and 2 oo 31 26 4
35 years 208 162
610 yeqp 133 n:
115y g 36 45
16-20 3 eups > 10
Over 29y, 123 63

H

Toryy, PITI;N L2go ‘100 i
m g 850Up on the basis of the usya) cL\sslﬂcatxon of
The largese Zroup vyq dl.lgnmed as OSteoarthiyygy m
nchided 488 of the Patients treateq it €umato,,
Bstvag,  tota) of g3 Datrengs, nearly af op wh

M Were lassified a5 chronge
¢ remander of the Datients Tepresenteq smaller gy, dr

T
8F0ups a5 yn, cated 3

Table 35 Types of

Tty Treateq

- i
DTacNosry Mdser pg, CENE
e e T M T ——
Ostenartyypyq, 438 41
"hcnmalond rthrp 331 333
UMALC arthp gy 9 93
Mied, rhrumnlold and Osteoarthpy,, 41 41
Rbeumage,y SPondyli,g 36 36
Speaitic infeetions (¢ - “nd TR) 31 31
Loy 15 15
Unknoy 7 og
— - ~ \\\\\ ——
Toray, 993 100 ¢
T - .

the tabj, From the Study of g, table gt 45 clear thyg the tiyg large groups
of osteoanhnns and rhennmtmd arthntys accounte ) for 5 Luge Majanty of
the Dattentg

I\ESULTS OF 1REATML‘.\'T
€ Tesults of treatmeny Tecorded by the Hosputa)
Charge ave beey tabulateq for each) of the Broups’ of p
%

o eumatie diseasq n
Table 39 €Y show thye 262 patiengs (26 X shightly 1.
Proyeg, 68 Patienps 72 ) were nodomtely Droved apg 86
Datients (87 Cent} wore marked]y, Mproy e d Lives g topqy Mproye.
Ient pey 0t of 93 o Y 77 patients (5 ber cont) e, Dm0y o or
Were tansferrag for other treatmeny Ne deaths occurreq ,p, the seres
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It is obvious immediately that any statisticn] analysis dealmg with the
number of patents treated 1n groups three to eight would have Lttle value.
Because of the larger number of patients with osteoarthritis and rheu-
matoid arthnts, a more detaJed study was made

Osteoarthritis. In Table 40 are presented the results of treatment for
patients with osteoarthritis, analyzed in relation to the total amount of

Table 39 Resulls of Treafment

SLIGHT E‘:::;: MARKED
TYPE O ArTHRrris NUM- DM~ PER T, % PER M- PER LN~ PER
BER PROVE- CENT PROVE- CENT PROVE- CENT PROYED CENT
MENT MENT BENT
Osteoarthntis 438 101 234 260 503 38 86 39 87
Rheumatoidarthns 331 81 245 213 643 17 51 20 61
‘Traumatic arthritis 94 38 404 2 330 19 202 6 4
Mixed (rheum. &
osteo ) 41 12 290 21 512 4 99 4 99
Rheumatord
spondylitis 6 10 228 220 5.6 4 I 2 55
Specific infectious
(G.C,T.B, etc) 31 10 323 17 548 1 32 3 97
Gout 15 7 467 4 266 3 200 1 67
Unknown 7 3 428 2 286 ©0 00 2 286
ALL TYPES 993 262 263 568 572 86 871 70 78

treatment received. The total amount of treatment was gaged by the num-
ber of mimeral water baths, because for practically all patients 1t repre-
sented the major feature of the program Even with ten baths or less, 5°m‘:
patients showed unprovement, but the proportion of those who were n(;
mproved was much higher than 1 the other groups When the pallle(l}lxs
receved from eleven to twenty-one baths, there was some mcrease m the

Table 40 Resulls of Treatmeni of 438 Patients wilh Osteoarthritis

ST pen UOUTNTE gy MAMED gy a9
paTHs oY cENT oy cmwr MRRU cewr enoven  CEN
8 50
-10 4 125 1§ s0¢ 4 125 K
il—zl 5 272 65 52 4 12 102 2 12~6
2242 48 206 149 637 19 3117 s
Over 42 285 0 a2 3 6.1 2

7

ToTAL? 01 234 20 593 a8 86 39 8

* Total per cent of tmprovement, 913%
con-
percentage of patients who obtamed benefit. When the .balhsbl\vn?lrlear b
tinued longer, over twenty-one in number, there was consideral te lnt e
1n those who showed moderate smprovement. When the treafme .

courses 9!
ed beyond what usually 15 considered two average 8
ram extenged boyPre L~=~Bt was evident The patients who remained

ourse of treatment were more ser
. Toups

ously
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Summation of the results of treatment for all the patents n this group
shows that approximately one-quarter were rated under shght improve-
ment, 60 per cent moderate improvement and nearly 9 per cent marked
improvement, making a total over-all improvement figure of shghtly aver
90 per cent Approxmately 9 per cent were discharged, either as umm-
proved, or transferred to another hospital

Rheumatord Arthritts In surveying the results of treatment 1n this group
{Table 41) with reference to the total amount of treatment, it is evident
that those who recerved less than ten baths apparently received no special
bencfit. A few were reported as showing shight mmprovement In the second
and third groups, namely, those who recerved from eleven to twenty-one

Table 41 Resulfs of Treatment cf 331 Palienls with Rheumalcd Arthrilts

suiGaT MODERATE MARKED
BATHS menove. B mpnove- FPU wwpmove- PR WROR - PER
MENT NENT MENT
1-10 3 46 3 166 0 00 T 36
11-21 22 279 51 634 3 38 4 49
2242 10 230 17 673 1 g1 3 16
Over 42 n 193 0 02 [ 00 6 105

TOTAL* 81 245 213 613 17 51 20 61
*Total per cent of improvement, 93 9%

or from twenty-two to forty-two baths, there was a considerable decrease
1 the percentage of those who were discharged as ummproved However,
percentage figures for the small group are not sigmficant It 1s also clear
that the percentage of those discharged with marked mprovement m-
creased, particularly among those recerving the second senes of bath treat-
ments, The figures reported for those recerving more than forty-two baths are
not sigmficant because of the small number of patients It should alse be
watad shat thaca casow ar tha lomose ene ne ~f Loths were also the most
enod of hospitalization

med, 1t 15 evident that

+ improved, one-quarter
kedl; d, show-

slightly 1mp and app 1y 5 per cent
mg an over-all improvement figure of nearly 94 per cent

COMMENT
In dealing with a dusease like arthnitis which shows many different mam.
festations and which, because of 1ts chronicity, has persisted 1n many pa-
tients over a penod of years, one cannot be dogmatic m saymng that thus
or that form of treatment has brought about the results noted However,
P P B h -

will many times he changed 1nto a most cooperative person when he finds
some rehef for the pams wlich trouble him when he moves about The
undernounshed frequently show appreciable gains 1n werght,

e baths and other forms of physical treatment have been recogmized
as important therapeutic agents for patents with rtheumatic disease This is
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especially true for patients with ostecarthnitis, In treating patients with rheu-
matoid arthnitis, a more vared therapeutic program generally 1s used.

In analyzing the manner m which spa treatment can play a part n -
fluencing the disease process of arthntss, it seems that when used with
regulanity, 1t can defimtely influence certam of the precipitating, possibly
even the mitiating, factors in rheumatod arthritis. In making this statement
1t 1 the belief of the author that spa treatment, no matter what type of water
1s used, 15 definitely a constitutional form of treatment. It mfluences the
host through physical and chemcal changes of cells and organs so that the
host may resist the mvasion or the extension of the disease process True,
1t is dufficult to prove this pomt of view objectively. However, 1t is well
known that definite improvement 1n these patients may result from the use
of mineral waters or peloids which vary widely m their constituents.

When the disease process 1s more or less well developed, there 1s pam, stff-
ness, spasm and swelling of the affected joints The program of treatment
uttlizing mineral waters and muds usually will relteve pain, decrease spasm,
increase motion and decrease swelling These factors, then, which represent
pathologic physiology of these disease processes, do show defimte change
when the patients are treated at the spa or health resort They are evidence
that some change for the better has occurred The way 1 which mmeral
waters produce these effects must have further study before 1t can defimtely
be stated that any specific chermcal or agent 1n the water is responsible for
any particular response 1n pathologic physiology.

In many of the patients with theumatic diseases, and particularly m the
group which 1s the basis for this presentation, chrome changes su‘ch as
atrophy of muscles, detormity, persistent exudate, and m fact ankylosis, are
common findings With the treatment program which these patents re-
cerved, 1t was posstble even in those patients with more advanced disease
processes to note improvement with the mcreased range of motion and with
proper therapeutic exercise programs for mmprovement in the strength of
the muscles involved The tume spent m the “cure” program here was not
sufficient to obtain the matimum restoration of improvement of these more
severe chronic cases In fact. they represent mamly those patients who were
treated for the longer periods because of the seventy and chronicity of ther
conditions

The program bult around mneral waters and assoctated treatments, par.
ticularly when occupational therapy and corrective evercise are include
can be of real benefit i fhe rehabilitation of many pattents with axbmts
It must be r bered that an adeq of rehabil for these
patients 15 more difficult than for the patient with static dlsablllt)" such as
the loss of an extremty, the loss of an eye, or fived paralysss, w hich does
not change from year to year The patient with arthutis may pr?grcﬁfi
making 1t more difficult to plan a long range program of reha b)htc\llﬂn]
is possible for the spa, with 1ts pertodic therapeutic program, to be of value
in this phase of care for the patient with rheumatic disease

REFERENCES
Baudisch, O ] Chem Ed, 16 440, 1939
—— ] A MA, 123 959, 1943 o 44, 1955
McClellan, W S, Lessler, M_A, and Douln, A T Am Heart J, 29. 44,
——~ and Camstock, C R, Jr_Arch Phys Med, 30 29, 1949
5 —— Ann Iot Med, 18 825, 1943

1o



REHABILITATION IN RHEUMATOID ARTHRITIS®
K. C. HANSSON AND JACK LOVELOCK

When we review the management of the panent with rheumatoid ar-
thntis dunng the last few decades, we find many different approaches
We have tried spa therapy, various diets, removal of foci, vaccine therapy
and chemotherapy. In spite of all our efforts there 1s doubt that we have
influenced or dimimished that large group of our fellow men who eke out
therr existence on crutches, in wheel chars or in bed because of rheu-
matoid arthritis We all know of patients who have had the best possible
care and, mn spste of this, have progressed to severe jomnt deformity, muscle
atrophy and general disalihty We find pahents whe have suffered an
attack of rheumatord arthritis with a vanation of residual scars They may
have badly deformed hands, an ankylosed hip or knee, a painful, stiff back
or general muscle atrophy. All these symptoms and signs are often found
1 the same mdividual To add to this discouraging picture we must admit
that the disease 15 usually progressive Over the period of many years we
stand by while the patient takes to canes and crutches When locomotion
becomes 1mpossible the patient must resort to the wheel chair and finally,
n the progressive cases lose all freedom and become bedndden These
patients comstitute a real challenge to the medical profession m general
and to the rheumatologist 1n particular What, then, do we have to offer
our convalescent patient with rheumatoid arthritis, both early i his 1ll-
ness and later m his deformuty?

In spite of the recent reports of Hench Kendall and their coworhers} of
the effect of it d arthnitss, the probable pauaity of sup-
phes for many years h)gether \v)th the present expense will lumt its use mn the

of disabulity an and 1t cannot correct those already
stmctun]ly established No one will pretend that aur present treatment of
the disease 15 satisfactory, and there was untl very recently much to be
sad for the view expressed by Stecher! that “since there 15 no clear con-
cept ot the eticlogy of the disease, therapeutic meffectiveness ts almost
guaranteed ” In practice we canuot afford to adopt this depressing attitude
m dealing with patients, and we must use the utmost at our disposal Physi-
cal measures have been well tned and are of proven benefit, m many places
they are still the backbone of symptomatic treatment, but 1t 1s the defor-
muty reduction that we must aim at as well as this rchef,

THE SCOPE OF REHABILITATION

Though by defimtion “rehabilitation” really imples treatment from the
onset until the return to remunerative employment, m accepted medical
practice 1t 15 spohen of as help after the defimtive treatment has ended
Rehablitation has recently been very well reviewed by Rusk? who stresses
1t as “the third phase of medical care” 1t 1mplies the long time treatment
of the chronic case m the comvalescent stage, with parhcular emphasis m
tord arthntis fi on the of deformitics as well

as on the relief of symptoms Tlus naturally 15 the province of no particular

,I;rom lhe Hospital for Specaal Surgenn New Yorh, N Y
ee
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especially true for patients with osteoarthritis In treating patients with theu-
matoid arthritis, a more vaned therapeutic program generally 15 used

In analyzing the manner in which spa treatment can play a part m -
fluencing the disease process of arthrtis, 1t seems that when used with
regularity, 1t can defimtely mfuence certamn of the precipitating, possibly
even the imitiating, factors 1n theumatord arthritis, In making ths statement
it is the beltef of the author that spa treatment, no matter what type of water
15 used, 15 defimtely a constitutional form of treatment ‘It influences the
host through physical and chemcal changes of cells and organs so that the
host may resist the invasion or the extension of the disease process True,
1t 1s dufficult to prove this pomt of view objectively. Howener, st s well
known that definite improvement m these patients may result from the use
of muneral waters or peloids which vary widely in their constituents

‘When the disease process 1s more or less well developed, there 1s pam, stff-
ness, spasm and swellng of the affected joints. The program of treatment
utthzing mineral waters and muds usually will relteve pam, decrease spasm.
increase motion and decrease swelling These factors, then, which represent
pathologic physiology of these disease processes, do show definite change
when the patients are treated at the spa or health resort They are euflence
that some change for the better has occurred. The way in which m:rgeral
waters produce these effects must have further study before 1t can definitely
be stated that any specific chemcal or agent m the water 1s responsible for
any particular response in pathologic physiology.

In many of the patients with rheumatic diseases, and particularly m the
group which 15 the basis for this presentation, chrome changes such as
atrophy of muscles, deformity, persistent exudate, and in fact ankylosis, are
common findmgs With the treatment program which these patients re-
cenved, 1t was possible even 1n those patients with more advanced dxseasﬁ
processes to note 1mpr with the d range of motion and \vnt(
proper therapeutic exercise programs for improvement in the strength o
the muscles mvolved The tune spent in the “cure” program here was not
suffictent to obtamn the mavimum restoration of improvement of these more
severe chronic cases In fact, they represent mamly those patients who were
treated for the longer periods because of the seventy and chronicity of thewr
conditions

The program built around mmeral waters and associated treatments, par-
ticularly when occupational therapy and corrective exercise are mclude
can be of real benefit n the rehabilitation of many patients with arthntis
It must be r bered that an ad program of bulitatior for ‘i‘f‘e
patients 1s more difficult than for the patient with static d:sabﬂlty. SUCd a5
the loss of an extremity, the loss of an eye, or fixed paralysis, which does
not change from year to year The patient with arthntis may P'{’g"";t’
making 1t more difficult to plan a long range program of mhabllmf‘?llue
is possible for the spa, with its periodic therapeutic program, to be of va
m this phase of care for the patient with rheumatic disease
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REHABILITATION IN RHEUMATOID ARTHRITIS®
K. G, HANSSON AND JACK LOVELOCK

When we review the management of the pahent with rheumatod ar-
thntis during the last few decades, we find many different approaches
We have tned spa therapy, various diets, remaval of focs, vaccine therapy
and chemotherapy. In spite of all our efforts there 15 doubt that we have
ifluenced or dimsmished that large group of our fellow men who eke out
therr existence on crutches, in wheel chars or 1n bed because of rheu-
matoid arthntis We all know of patients who have had the best posuble
care and, 1n spite of this, have progressed to severe jomnt deformity, muscle
atrophy and general disability We find patients wha have suffered an
attack of rheumatord arthritis with a variation of residual scars They may
have badly deformed hands, an ankylosed hip or knee, a painful, stiff back
or general muscle atrophy All these symptoms and signs are often found
1 the same individual To add to this discouraging picture we must admut
that the disease 1s usually progressive Over the period of many years we
stand by while the patient takes to canes and crutches When locomotion
becomes mpossible the patient must resort to the wheel chair and finally,
m the progressive cases, lose all freedom and become bedndden These
patients constitute a real challenge to the medical profession i general
and to the rheumatologist mn particular What then, do we have to offer
our convalescent patient with rheumatoid arthnitis, both early m his all-
ness and later 1 his detormity?

In spite of the recent reports of Hench, Kendall and therr coworkerst of
the effect of cortisone 1 rheumatod arthntis, the probable paucity of sup-
phes for wmany years mgether wnh the present expense will hmit its use i the

of d and 1t cannot correct those already
smmtumlly established No one will pretend that our present treatment of
the disease 15 satisfactory, and there was until very recently much to be
saud for the view expressed by Stecher! that “since there 15 no clear con-
cept of the etiology ot the disease therapeutic meffectiveness 1s almost
guaranteed ” In practice we cannot afford to adopt this depressing attitnde
1 dealing with patients, and we must use the utmost at our disposal Physi-
cal measures have heen well tried and are ot proven benefit, in many places
they are still the backbone of symptomatic treatment, but 1t 15 the defor-
mity reduction that we rmust aim at as well as ths relief

THE SCOPE OF REHABILITATION
Though by defimtion “rehabihitation” really mmphes treatment from the
onset until the 1eturn to remunerative employment, n accepted medical
practice 1t 15 spoken of as help after the definttive treatment has ended
Rehabilitation has recently been very well reviewed by Rush? who stresses
1t a5 “the third phase of medical care ” It 1mplies the long time treatment
Bf the chromc case mn the conv:«]esccnt stage, with pnmmlar emphasis 1n
d arthntis £ on the )l of d as well
as on the relief of symptoms Tlus naturally 1s the province of no particular

(me the Hospital for Speciat Surgery, New York, N Y
See
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spectalty, but 1t is agreed by all that physical methods play a large part, It
15 this aspect that we wish to discuss, fitted into the general over-all back-
ground of medical, surgieal, radiologic, social and other treatments The
appropniateness of any d ds on the pathologic actvity or
quiescence at the moment, as well as on the reaction of the individual, so
that critical knowledge and wide experience are needed for accurate pre-
scription. Thes apphes to physical no less than to other measures.

Rheumatord arthritis is so protean in its manifestations that the treat-
ment of chronic cases as well as of all others must be carefully indvdual-
1zed. However, here we will be forced by space to make generalizations, 2
dangerous thing, realizing that some are not always strictly applicable. The
scope of rehabibtation starting really from the beginning of the onset of
cisease has been stressed recently 1 poliomyelitis by Hansson *

Fustly, we must utilize all measures for deformity prevention or at least
msure that 1f joint ankylosis does supervene it is n the best position for
that particular patient. Secondly, thanks to the dynamic approach to con-
valescence by the Army Medical Carps during the Jast war we have a more
(admittedly guardedly) optimistic attitude with more therapeutic modalt-
ties to offer our convalescent patient. This is one of the few benefits of our
last World War The approach proved eminently successful in the armed
services and 1t 1s our duty to provide our civilian convalescent patients witk
the same complete after-care that we offered our soldiers during the war
Thirdly, we must treat our patients as indiiduals with different mental
and physical reactions to all our treatments, psychologic, pharmacologic,
radiologic or physiologic i

It is difficult to fit any treatment of a disease of unknown etiology into
neat headings, but for the sake of clanty we will try to systematize the
physical aspect somewhat artificially under the five headings. Body Me-
chames, meluding position, rest and exercise, Passive Phystcal Therapy,

)| heat and ge for symp 1c relief, Therap Pool, Am-
bulation, in 1ts various grades, and Occupational Therapy and Gadget Board

BODY MECIIANICS, INCLUDING POSITION, REST AND EXERCISE

Many patients are forced to remain m bed over long periods of time,
so rest must be stressed equally with actiity, general for the whole body
and Iocal for the affected joints Supervised bed rest and removal of wexght-
bearing strains 1s one of the most mportant things in deformuty prevention
This is well emphasized by Margelis* and might receive more aﬁenbfm
than it does at present Deformities should not be allowed to develop, }Z:
a patient with chronic rheumatoid arthnifis who has just had the bene t
of supervised management 1 treatment may present !h’e following :égfd

1 - - - v 1 e nT e e dr
is also
31!;5( he use
of eyes, which will tend to bend the head and neck torward Amenoration
can be aided by the removal of head pillows We also recommend pcr{szolli
glasses which permit the patient to read a book held on the chest withou
m‘."f.m'%‘ht:(:h};f\zl‘g;rs show cupping m front and round shoulders pos!ermrlz"
The chest is usually depressed and vital capacity is Jow. This lyll:e Dlders
formuty is also predisposed to by supports under the neck and shou 3
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be struck between rest and activity We now know the changes m metab-
obsm that occur during inactivity We know the loss of calcirm and phos-
phorus as well as the mcrease 1n nitrogen excretion and other changes m
our body chemistry, as shown recently by Deitrick and his coworhers,” *
in normal men In normal health, balance 1s always dufficult to arme at,
as pomted out long ago by Hilton® and recently stressed by Lovelock ™
In pathologtc states 1t 1s even more difficult, depending on the psychologic
and physiologie reaction of the mdividual and on the physician’s concep-
tion of the discase

However, complete bed rest should always be reheved, partrcularly 1n
the absence of objectne evidence of acute mflammation, by defimte bed
exeraises Such patients should be encouraged to change their positions
and assume such postures as supine and prone lymg, and to turn on the

v e+ [N

e IR i

Fig 54 Prone hang in extension to prevent deformities

night side and on the left side Further actrnaty may take mnanv forms vary-
1ng from once-daily passive movements to reduce the hebhood of ankyl-
osts of involved jomts immobilized v spht plasters or i extension shngs
and static muscle contractions to reduce disuse atrophy, through actne-
assisted to act; ted m the lescent stages The sim-
plest, most efficient and most practical bed exerase i the relatively qui-
escent state and 1n the absence of adequate tramed supervision 15 by ineans
of a stout cane, so widely used dunng the war for ward drll of men
confined to bed by mjunes Though the ways of using this are almost
unlimited, exercises of extension and abduction should be stressed here
just as they are when movements are done under superviston They are
older phylogenetically and ontogenetically, and are therefore lost earher
With such a cane we can maintam the grip of the hands, suptation and pro-
nation of the forcarm, and flewon and extension of the wnist, elbow and
shoulder By Liooking the handle of the canc under the foot, flevion and
extension can be performed at ankle knee and lup If the handle of the
cane 1s hoohed over the foot of the bed the patient has a great help in
cmming to position and alo an ud i side flexion and twisting of the spine

Properly tuned chosen and performed everaises bencht general body
metabolism as well as lacal joint functron In the program should be m-
cluded breathing exercises and abd 1, gluteal and driceps contrac.
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tions, while sponge rubber balls are used for strengthening hand move-
ments Whatever exercises are done, however, 1t should be stressed that
Iittle and often 15 the 1deal Occasionally patients and therr advisers think
that exercise means mavements of large range and heavy type, performed
relatively infrequently, these are more likely to reactivate quiescent inflam-
mation

PASSIVE PHYSICAL THERAPY, HEAT, MASSAGE AND MOVEMENT

Physical therapy has been used empirically in all forms of arthntis for
centuries. While other treatments have changed we still rely to a great
extent on heat, massage and movement in the general management of theu-
matoid arthntis To these older, sumpler treatments, we mght add more
modern apphcations by physical means, such as light and electricity m its
vartous forms Physical therapy has developed greatly as a result of the last
two World Wars, and we have come to consider the various modahties
with more specifiaty. At the present time we should try to prescnbe a
certain specific measure for a special symptom found in the arthritis patient

The skeletal system of bones and joints is always involved in rheumatord
arthrites, There are stiffness and swelling of the joints, as well as more or
less deformuty and the faulty body mechanics already mentioned For stiff-
ness we may use heat, massage and movement, for painful swelling we
may apply cold, while various forms of movement and manipulation may
be used for the deformity, with postural correction for faulty body me-
chanics. )

The voluntary muscular system with its contained and attached tissue is
necessary for static support, and for dynamic functional movement of the
whole body. It often shows signs of atony and atrophy, 1t often gives symp:
toms of myositis and fibrositis For atony we may use alternating hefit and
cold and muscle reeducation, for atrophy we may use electrical stimula-
tion, muscle reeducation, muscle setting exercises and masimum-effort or
resisted exercises. For myosttts and fibrositis, heat of varymg penetraton
and massage, light to deep, are mdicated

The circulatory system may show secondary anemia, deficency of the
capillary circulation and congestion of the dependent parts. Then we rel[)if
on ultraviolet radiation, hydrotherapy, paraffin baths, iontophoresis an
movement. 5 . ith the

The respiratory system may show decreased eﬁimer.my ass.ocxated wi 3o
drooping and fixation of the chest, when the posterior articulations of ¥ ‘:
1ibs are involved, interference with expansion occurs (Frg 52) Treatmen
of this has already been mentioned under the preventive aspect

The digestive system largely controls nutrition and x_nc]udes. the gastro-
intestinal tract and 1ts functions, embracing ngestion, digestion and t‘Xl-
cretron, including skmn el jon. Dysh may show as abnormd
variations 1n weight, with poor appetite and constipation, sometimes asso-
ciated with visceraptosis For these we have ultravioh‘et radiation as 1
tonic, hydrotherapy for elimination, massage and exercises includimg postura
exercises for constipation

In the nervous system we have to de
their control over the voluntary muscles
tonomic system on the various viscera Symptoms may take
arthralgia, neuritis and general inability to coordinate. Deep

al with the peripheral nerves and
as well as the action of the au
the form of
heat should
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facihitate the handling of the pattents « Heating, filtratton and sterihzation
of the water are best carried out 1 a special room. The punty of the water
should be tested at the beginning and at the end of each day Bacteniologic
tests should be made once a week A solarum especially for winter use 1s
an umportant adjunct to the therapeutic pool. After twenty years of expen-
ence 1n treating patients with rheumatoid arthritis, we feel 1t is safe to
say that there 1s no treatment the patient will enjoy so much as the time
spent m the therapeutic pool Many patients begin to take a new interest
m life, and if this new interest can be transformed 1nto beneficral actmty,
half the benefit of treatment 1s gained.

We have mentioned apphed exercise, particularly the essential one of
walking In the patient illustrated on the hoist (Fig. 55), the neck and
shoulders are ankylosed 1n flexion This naturally adds balance dficulties

Fig 56 Therapeutic pool for early activities

A ¢+t - ~eneral
walk-
1on to

his body weight being largely taken by the water, he 15 aided by one ;h"‘
flated rubber ning These early attempts at walking are best stz.u'(ed in the
pool, where the legs can be moved first without weight-bearing, h‘efh“
graded amount of weight can be allowed depending on the depth of the
water and the number of rubber rings used, as seen mn the left side of the
same picture (Fig 58) Also, nothing can give the same confidence as the
flwd support of warm water.

Once agamn, however, we must stress t
movement, passive or active, specific or apphed, withn
of the pathologic state of the moment Chronic quiesc
deformitres are largely due to penarticular contractures benefit grea "
gentle forced movemicnts, or prolonged forced extension with web strap-
ping on metal sphints under the warm water.

AMBULATION

This is a severe problem, especially in paties
werght-bearng jonts of the lower imbs For many years we ha

he importance of keeping pool
n the requirements
ent cases n which
tly from

nts with mvolsement of the
ve advise
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tramed supervision, and m practice all too often the hmitation of
n}l‘ent imposed by the disease prevents anything more tharlx (h(e) :e(::t
shuffling gait However, even 1f it be not the ideal, that allows a greater
degree of physical freedom,

3 When the patient has mastered the walker he should be measured for
Icrutches, and the greatest precision should be used to obtain the proper
ength The patient 1s first placed on crutches with hus back toward a wall,
He should agam expenence weight-beanng and balance, Iifting the crutches
alternately from the floor, placing a crutch forward and return, and later
one foot forward and return. When the patient is ready after these pre-
hmunanes to start actual walking with the crutches he should be aided m
prelang the gait that seems best suited to lum There are four gaits: {a) the
four point gait where the left crutch 15 placed forward followed by the
right foot, then the nght crutch forward followed by the left foot; this 1
a slow gait but offers great stability and safety; (b) the two pomt gait
where the left crutch and night foot come forward at the same tune, fol-
lowed by the right crutch and left foot, (c) the three point gait where
both crutches and one foot are placed forward at the same time and are
then followed by the other foot; and (d) the swing-through gait where
both crutches are advanced at the same tume, followed by both legs swing-
g through to complete the step This 15 the speediest method of ambula-
tion but has no other advantages In practice, where a vanable degree of
fixation of the lower jomts frequently eusts, a shufflimg gait precedes a
well coordinated stepping gait, and more weight-bearing i the aulla than
15 theoretically desirable often has to be permitted owng to involvement
of the upper extrenuties, especially weakness and deformity of the hands
However, 1t suffices to prevent the patient’s being bound to the bed or the
wheel chair, and allows short-time freedom for essential needs In practice
a frank attitude dependmg on functional possibilities has to be adopted
rather than an idealishic conception

4. Walking and gait training are auded considerably by gymmasium work,
especaally walking between parallel bars with mirrors placed at both ends
50 that the patient can correct himself in technic, prevent poor walking
habits and learn the proper length of the step.

5. As soon as the patient has learned some form of ambulation at becomes
mmportant to learn how to get 1nto a regular chair or wheel chair, and how
to get out of such a chair This should preferably havé arms that the pa-
tient can grasp, after which he turns his body and shdes into the seat The
opposite technic 15 used 1 getting out of the chair, This performance often
requires much persistent traimng that is of great value in the independent
Iife.

6. The ambulatory patient walking with crutches, or later when progress
has been made to canes, 1s much disturbed by steps or ramps, If 2 han

rail 15 available as a fixed pomt only one crutch is used and the patient
can usually hoist hus body up the step If no hand rail is present, the patient
can ratse the right crutch to the first stair; raise the right foot, turning
the body to the left crutch, straighten the right knee and push down on the
left crutch, the patient will then be able to rase the left leg to the step
This traimng mn star climbing is fedious, but when mastered will help
enormously toward physical freedom
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OCCUPATIONAL THERAPY AND GADGET BOARD

Another name tor occopational therapy mrght be “fun and fonction”

because we distinguish between the diversional and funcbonal aspects

The science of medicine aims to develop the latter physiologie side, but

the art of medicine prevents our closing our eyes ta the emoational psycho-

logic stde. The arthrtic pattent 15 stmmulated by diwersional thesapy. It

s < * * the 2pathy which accompantes

»y a therapist with smtable per-

. I knowledge However, we arc

T L 3 TS

Fig 58 Functional actwaties t orcupational therapy  hand foom for upper extremities

hiscussed under therapestic exerene and we shall now survey evercises
with a porpose If we analyze the k logy of the upper fes we
find that the are usually d { and tollow a certam pat-
tern. Fleuon of the fingers goes with fleaon of the elbow that goes with
tlewan and adduction at the shoulders Likewne the extension of the ngers,

wrists, elbows, and shaulders are closely coord d The 3
thevapy presenbed shauld, therefore, be based on these reflex patterns,
L that n 1 atast arthritis the enty muvements more

usually suffer an the disease process Henee, extenston 1s agamn stressed
here as st was in speoific exerenes As a sunple example consider the work
on a loom (Frg 58) Ths has the advantage of occupying bath upper
extremittes at the same tune The mnp of the hand 15 necessary to hald
the heater oc the shuttle, and coorhnated motions 1n elbows and shoul-
ders ave easy to perfarm This mamtans or mpsties the function of the
jorats and strengthens the moh ed muscles

In o stmular way we recogmze different reflex patterns m the lower
extremsties where flovion i the tup and knee are coordinated with dorsal
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flevion of the foot, while extension of the hp and knee are coordmated with
plantar flexion of the foot These movements are coordiated when the
patient 15 working a bicycle saw (Fig 59). It is evident that different types
of occupational therapy can also be used for corrective purposes, while
extensors can be strengthened 1n the presence of flexion contractures and
a pronated forearm can be used  supmation The foot pedals of a bicycle
saw can be altered m order to produce flevion of the lower extremities
mstead of extension, -

Needless to say, such functional activity also benefits the patient’s mental
outlook, gives him the pleasure and satisfaction of making things, and may
even lead to an avocation In this respect much use can be made of such
simple activities as typewnting or clay moulding

Fig 59 Occupational therapy bicycle saw for lower extremties

For the crippled rheumatord arthritis patient it becomes very lmg%f'
tant to attend to his personal hygiene 1f this abiity has been lost te
rehabilitation service at Bellevue Hospital uses a List of mnety-stx iters o

! 1 for datly hving? They consist of bed actwties,
test the pahent’s capacity tarly hying © hey con undress, hand activi-

- the needed abilities

At the Hospital for Special Surgery we usec tor some of these a gad{éz
board or nstrument panel m retraming, under therapeutie supervisos, o
the more necessary acts of daily hving The board 1s provided \yxth va;lgw-
gadgets and fixed on the wall m such a way that 1t can be raised ord i
ered This 1s to smt different patients while sitting or standing, an
oblige the patient to use the arm at different shoulder herghts der of

Only the more necessary simple acts are taught, arranged m OX o
physiologic functional necessity. They entail the mgestion and §(§ o
of food and drmk, the clearing of the air passages, and the essen! ‘?nclude
movements of shifting position and dressing These necessary acts
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the pressing of 2 toilet flush lever, the turning of faucets of different types
and resistances (Fg. 60), and the screwng of the tops of tooth paste tubes
and powder and shaving cream jars.

Scarcely less necessary 1s the ability to handle a brush used etther for
the hair or the clothes. A large number of different types of electnc hight
fixtures are also included (Fig, 61). The ability to move around the house
requires the openmg of various doors of closets and rooms. To train the
patient we therefore include door handles, locks, keys and bolts of dif-
ferent sizes and resistances A telephone dial and receiver can be used for
practice. Buttons and safety pins of various sizes are available, also matches
and many other gadgets. This type of training can be utilized by patients
in their leisure hours, wathout petition p but with path
guidance. An advancement in this may be seen at any big rehabilita-
tion center where prevocational and vocational training require increased
strength as well as varied nevromuscular coordination The patient with
rheumatoid arthnitis, however, 1s always a shght nisk in advanced rehabih-
tation and care must be taken not to precipitate a flare-up of the disease
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AN ELECTROMYOGRAPHIC STUDY OF
RHEUMATOID ARTHRITIS®

SEDGWICK MEAD AND MARGARET H. CLARE

The purpose of this mvestigation was to evztexfd the observghonz ‘ﬁ?g
by Morrison et al ! in a pioneer paper on the subject. The sgemﬁc oby e
was to determme whether denervation (fibnllation) potentials are pres ent
in rheumatoids. Such potentals were not seen in the materal ?f l\lom}jed
et al We have observed them 1n only one case Other abnormahities sgarzlw.
for included spontaneous electrical activity of the motor umt type (fas
lation), spasm, contracture and tremor

ne
© From the Division of Physical Medicine, Washington University School of Meg;!“!’

and the Arthntis Chinic, Washington University Chines and Albed Hospitals, St
Aissoun
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symptoms i nearby jowts, Positive findings have likewise occurred m com-
fortable patients with old, burned-out chsease. Six of the sev enteen patients
showed no electromyographic abnormalities.

We_did not scarch for evidence of spastieity (lesion of corticospmal
tracts). Spasm we considered to he present when muscles previously at
rest and electrcally silent showed protective contractions accompanied by
pam during passive stretchmg, This 15 a difficult finding to 1nterpret smce
a patient not sufficiently traited may iously activate both the assist-
mg and the stretched muscle as a result of apprehension or m trymg to
assist the movement, We felt that spasm was unequivocally demonstrated
only 1 patient WB Contracture was said to be present when a muscle
could not be stretched its normal length i spite of electrical silence. Spon-
taneous resting activity of the motor umt type occurred as random spikes
or occasionally as 2 umt repeating at a nearly fixed frequency Denervation
(fibnllabion) potentals were noted m the left sacrospimalis museles oppo-
site L in patient R.H , a forty-two-year-old man with rheumatoid spondyl-
its of ten years® duration. The tracing has unfortunately been lost, but two
responsible observers agreed that the spike charactenstics observed on
the oscilfoscope were mcompatible (duration 1 to 8 milliseconds) with
motor umt activity We have not had an opportumty to reexamine the pa-
tient. Tremor patterns are frequently observed. The frequency 1s variable,
usually 6 to 8 per second Tremor bursts often merge unexpectedly into sus-
tamed tetant They may be brought out by increased effort, as by lifting a
weight. In some mstances, tremor seems 1dentical with fatigue and anxiety
{neurosis) tremors seen 1 nonarthntic subjects,

COMMENT

It was not anticipated that electromyography would provsde any sort of
specific dtagnostic or prognostic pattern All the findings mught have been
predicted 1n view of histol abnormalities which have been reported
by Morrison et al and by other path Ar a granuk
Iying 1n a nerve trunk might well set up imtant foar of spontaneous dis-
charges 10 neighboring axons If an examwmng needle by chance happenet
to be placed near a muscle fiber whose motor axon had undergone coﬂ\(i
plete degeneration, fibrillation spikes might be observed, as we wdee
observed The chance of such a Iucky shot 1s remote, however It should

e emp d that the elect phi jon often revesls o
abnormal changes at all 1

The difficulty of distingwishing spasm, contracture, and fibrosis 15 we)
jlustrated by the experience with patient C.G. Thus woman, with ol
arthritie of the hips, had had witallum mold arthroplasties perfanned on
hoth jomts five years previously Her luutation of hip ‘abduc’twn was
aseribed to spasm of the adductors. Electromyographic tracings from these
mueclee showed no activity during stretching Because of t‘he'allmost bo'n’)"

exiel site UL Lug oo B ) i ’
muscle. The final nterpretation, therefore, was pathologic shortening, of
contracture.

The mechamsm
logic states is well disenssed by Pishop,

of tremor 1n normal (voluntanly produced) and patho-
Clare, and Price? The constant
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other jomt m the body, this 1s predicated upon a restoration of mobility without
loss of the essential stability The former objective 15 accomplished by resection of
the diseased head and neck, the latter by angulation osteotomy m the coronal plane
(Schanz type)

The operative mtervention is dingly simple Itis fed by relatnelv
Iittle shock and may therefore be mdicated i older patients No plaster smmobiliza-
tion 15 used and the patient may consequently be permitted out of bed, walking
with the aid of crutches within three to six weeks after operation No stiffness of
the knee and ankle has been observed

Ongmally performed m two stages, the earher operation has been completely

location, fracture of the femoral neck with avascular mecrosis or arthritts, m ad-
vanced osteoarthntis and i one case 1 which a previous arthroplasty had been
completely unsuccessful In all cases stabilty and mobility have been restored,
provided the motor power of the hip muscles has been adequate In several cases
some pam has persisted, i one case this was overcome by the resection of the
obturator nerve, m two others by removal of the projecting screws On the whole
the patients have expressed themselves as happy and the results have been suf-
ficiently encouraging to warrant wider use of the method

FUNDAMENTAL INVESTIGATIONS ON THE SYNOVIALIS, A NEW
APPROACH TO THE NATURE OF ARTHRITIS

C I REED, NORMAN R JOSEPH AND IRVING E STECK

Fully recogmzing the systemic nature of rheumatoid arthntis, we have under-
taken a study, with new techmcs, of the fundamental physiology of the element
most commonly involved 1n these systemic reactions. the svnovials

Some earlier efforts had been confined to single static determinations in itro
or m vivo Our expeniments were done 1n continwity to permit followng the reac-
tion over a long period of time  Another electrode mserted 1n the femoral ven made
possible simultaneous contimuous study of the changes in the blood from the gen-
eral region This study was of value m the evolution of our procedures, mvolving
many factors mtegrated m varving proportions under different condiions

The next step was to study the mfluence of vasomotor control by meaqs'of pert-

strmulation.
By thus time 1t had become apparent that
i; tissue Iy, 1t

the synovial membrane 1s an actvelv
d feasible to study membrane pnteni
bials and the mfluences of vanous 1ons thereon This led directly to a study (1)
enzyme systems When known enzyme nibitors or activators were mjected w::ri
the potential was being determuned, 1t was possible to get a quantitative pic ¢
of the metabolic reactions occurring In general, postive millivoltage mehmlcsr

quiescent state or at least a less actve state, while negathe potentral fndiates

ater activity .

greFurthet studies are under way to determine how these facts may be mteg;at:g
and modified 1n relation to pathologic changes n the joints prelmmaty to arthntis.
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to jouts, articular dramage, the parenteral use of varous protein denva-
tves of the gonococcus, nonspecific foregn protein therapy and intra-
venous antiseptics. On the whole the results were poor with these modal-
ties. Duration of the disease was prolonged and permanent articular damage
occurred 1n at least 25 per cent of the cases.

Followng the use of fever therapy in the early 1930°s a marked improve-
ment 1n results occurred. A comprehensive summary and companson of
the outcome of hyperthermy and the previous nonspecific therapy m the
same hospital had been given by Schnabel and Fetter. In two series of
ninety-three cases each, fifty-four were completely cured by fever, as agamst
only five cures with nonspecific methods, Summarizing the status of fever
therapy in the treatment of gonorrheal arthnitis, Hench stated that if early
and adequate treatment 1s given, patients have an 80 per cent chance of
bemg cured, with an additonal 10 per cent chance of bemg greatly re-
heved When the disease was of over six weeks' duration, the proportions
of cure and great rehef dropped 30 per cent and 35 per cent, respectively,
with permanent ankylosis and stiffness common )

With the duction of the sulf des, 1t soon became apparent
that the results with this therapeutic measure were at least equal to those
previously obtained wath hyperthermy. In early acute cases, 80 to 85 per
cent recovery or marked impr was obtained, although the duration
of the disease continued to be prolonged. Fever therapy, therefore, became
of secondary mnportance, with 1ts use reserved for those cases resistant to
the sulfonamides According to one observer, even sulfonamides have Jost
ther former effectiveness m gonorrheal arthritis, with the incidence of
failures having gradually risen from 15 per cent to 35 per cent or even
Iugher. This has been attributed to the hlling off of most of the sensiive
strawns, so that present-day gonorrheal arthntis is presumably largely due

If de-resistant or;

The first report of the use of pemeilln in gonorrheal arthritis appeared
m 1943 Smce that time several other reports have appeared, but the moi‘
comprehensive series to date has been that of Hursch, Feffer, :{nd Do:vhlmD
They reported seventeen cases of proved gonorrheal arthritis. Of these,
fifteen were acute and of less than one month’s duration The first seven
of these acute cases recewed 200,000 to 2,400,000 umts of pemmllmdlﬂ
exght to thirty hours. In this group the gemtounnary focus cleared prtith_a)l'Iv
but there was no improvement m the arthritis The autlhors stafed gyafe\'er
subsequently recovered on ic i
!heragy." T}’:’e next group of eight acute cases received 1,000,000 !o:%-
000 umts of pemecillin over a penod of five to ten days All slw\;re con
plete recovery of jomt function. The authors beheved that the prol (}]ng 0
of the treatment 1n the second group of acute cases accounted for the g
results

eAlthough the twenty-eight cases herem reported provide too :m:ll;h::
senes for statistical analysis, the results m twenty-three of the twen t’i o
cases, eight of whom were cured and fifteen of whom wlere grenl 3’;1]6!1?
proved, showed a trend toward therapeutic eﬂecgveness at eaf}tl equ! o
to, or greater than, the outcome from sulfonamide or fe;‘ﬂ;t i i::gxyé e
far superior to the older nonspecific forms of treatment. Furthe: s
duration of the disease was appreciably shortened
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COMMENT

Certamn of our obsenvations we believe are worthy of further comment
It is to be noted that m all of our patients a bacteriologic cure was effected
However, our experi d that the of at logi
cure does not elmmate the need for attamng two other goals, namely,
symptomatic relief and the prevention and correction of deformity. Thus,
1n ten of the last twelve cases followed personally by us, residual jomt in-
volvement had to be treated for an average of threc wechs even though
pemallin ehminated active gonococcal mfection. The jomt stgns and symp-
toms 1n these cases were due to thuickened, persistently inflamed synovial
membranes, inflamed extra.articular structures or damaged cartilage sur-
faces, The therapeutic problem then, as m the chrome arthntides, revohves
about the proper use of immobihization, movement, the various physio-
therapeutic modalities, and correctne orthopedic procedures in order to
obtain a musculoskeletal cure

The advent of the antibiotics, with their demonstrated effectiveness
against the etiologic agents of certain speaific jont infections, probably
requires a revision of the methods of management of these cases The prm-
ciples of prol d rest and hsl of wfected joints to assure
fixation m optimum positions served their purpose \whe‘n specific mfections
z . . At . SR L wen

fection 1s under control, more attention must be given to the early and
yudicious use of physical therapy and exercise m ncreasing amounts, but
within the Iimts of the patient’s tolerance The adequate use of posterior
molded splints, rather than prolonged immobilization, seems more suitable

a o s

THE RELATION BETWEEN HEPATITIS
AND POLYARTHRITIS

INGLR-LOUISE MARNLR

In 1697 George Still called attention to the fact that dunng the course
of hepatitis an 1mp t of the jomnt symptoms might be
seen n cases of chrorue sheumatoid arthntis In apparent contradiction to
this 1t happens. although rarely, that chrome rheumatoid arthrtis may
anise after, or in ammediate connection with. hepatitis A third eireumstance,
often observed durmg recent years an infechions bepatts 1s that snoe
cases of hepatiis are introduced by arthritic symptoms lasting from days
to months Those symptoms are not charactenzed only by pans i the
joints, but also by swellings, so that chimcally they may simulate true rhen-
matoid arthritis When the hepatitis of these patients then mamfests itself,
the rheumatic symptoms usually disappear

Seyeral i estizators, especaally 1lench, have attempted to find the cause
for the heneficial effect which hepatitis can have on the symptoms of the
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jomnts m rheumatord arthritis Thus, studies have been made to determme
whether the cause might be the mereased amount of bilirubm or bile salts,
or both these factors combined Some mvestigators think that the mprote-
ment 15 caused by the increased blood supply in the joints, which 15 seen
1n some patients with diseases of the liver.

As previously stated, chromc rheumatord arthnitis rarely develops i
connection with hepatitis, Lundgren, in 1945, by going through the records
of the Swedish mvalid compensation bureau, found only 2 cases out of
2183 where the chrontc rheumatoid arthntis had arisen in connection with
hepatitis. I myself am able to describe one case. It concerns a sixty-two-
year-old woman who had not previously had any jomt disease. During a
serious attack of hepatitis with a strong positive Takata-Ara reaction, after
she had been ictenic for one month there developed large cushion-shaped
swellings of both hands and also swellings of the ankles Dunng her stay
at the hospital, which lasted three months, she was treated with massage,
but later a typical chronic rheumatord arthritis developed, with deformation
of the finger jonts and the ankles Reactions to both the Takata-Ara test and
the thymol turbidity test were strongly positive a year and 2 half after her
discharge, which indrcates that chrome hepatitis had developed in addition
to the chrome rheumatoid arthntis

The frequent occurrence of hepatitis during recent years m all medical
departments 1n Scandinavia has led to some observations of the cluucal
features of this disease Thus, 1t has been noted that the imtial rhenmatic
symptoms are frequent This feature of the disease was ﬁxst‘ no!ed. b\"
Graves 1n 1864, who called to the bination of acute r
arthntis, hepatitis and urticania (nettlerash). It was not 'un!'ll many y&ars
later that descriptions of sumlar cases with pronounced imtial joint a lCl-
tions were pubhshed, so that the questron arises whether these ml'{'lsl
symptoms of rheumatord arthntis are phenomenona which alternate wi
the different epidemucs, like the variations seen m other virus mfecuonf1

A study of the records of 485 patients who, 1n the course of a year fm]
a half, had been treated for hepatitis at two of Copenhagen’s mum?];“
hospitals, revealed that sixty patients (12 per cent) had had symptoms o l:e‘e
jomnts mn the pre-ictenc period As the patients are not systematically as ed
about this symptom 1 the recording of the history, 12 per cent 1s a mu

m.
ml;n order to supply the mformation for the record, I 1ssued quesho!:;
narres to those sixty patients From the fifty-three rephes {forty-tao wome!
and eleven men) the following information was obtamed.

Duration of arthralgia before the appearance of the ictern
often about one month In 70 per cent of the patients both large and sm:

s was most
all

101]:1&54;@:(3 affected simultaneously . e d Ths sl
mgn as n single -
Fhere . hem in 3

er cent. P
P That the pams were not neghgible 1s ndicated by the Ia;gti nuﬁl};ﬁ; ;’s
patuents, 72 per cent, who had taken analgesics on account of the a

f the joints.
© Su(ty] per cent had consulted a physician on account of the rheumatic
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punified pituitary adrenocorticotropic hormone (ACTH) was prepared
a modification of the method of Sayers and associates® m the Arm
* Laboratores, Chicago,® Dosage 15 expressed in terms of the Armour AC
standard as determined by bio-assay; the lots used m these studies
dentified 1 the fgures.
Figure 68 1llustrates the study plan used: After a control pentod, sub
RS. receved approximately 50 mg per day, in three equal doses e
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for the nonspecificity of colormetnic techmques by deternuming the :S:;:l
tion of chromogenic activity after the action of the enzyme, uncax;, wh
speaifically destroys unic acd Thus 15 desl.gnated as the true ur}z: A
1t also determumes those matenals which give 9010: reactions Wit e
acid reagents which are not destroyed by urjcase. This xs.d:lsxg:x; 3
nonurate chromogen and expressed as the chromogenic equivalent
acid .,
* We are mdebted to Dr J. R. Mote, The Armonr Laboratones, Chicago, for the ACT!
used 1n these studies
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RESULTS

Effects of ACTH on Metabolism of Normal Subjects In no.rmal subject
1S, hormone admimstration resulted i a prompt increase in truc urate
excretion whuch persisted throughout the injection period, reaching its
peak on the ninth day There was an merease n nonurate chromogen, which
appeared later and was not well sustamed There was a pronounced drop
I true urate excretion on the first postinjection day, followed by unusually
high values on the second and turd postmjection days, after which the
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¥ig 69 Effect of ACTII on other indices of adrenocortical function in normal subject R S
Additional metabolic date on tus stady published thewhere ¢

values did not differ sig Iy from the ' control penod
Blood urate content was not followed by the uncase method on this sub-
ject, by the direct method of Brown® apparent urate content fell from 31
mg per cent to 24 mg. per cent dunag the ten-day penod, nsing to 32 mg.
per cent by the eighth postinjeetion day
Firmira A incdinatog cnma ~f oL

ing

ance .
excretion oceurred with ACTH admomustration, dropping promptly alter
the first twenty-four hours after medscation was stopped, but with a sharp
merease on the fourth postinjection day. This, together with the nise in
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urate excretion seen m Figure 68 and changes at times in carbohydrate
tolerance, is J‘nterprf!ted as evidence of a rebound m endogenous Ditutary-

PN
'

elsewhere * 6 The changes m fasting blood sugar are charted as an index
of this effect Definite retention of fluid and electrolytes also oceurs. This
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Fig 70 Effect of ACTH on blood and unne urate of normal subject R S. in second
study dunng which protamine zne tnsulin was also admumstered Diet as noted for Fig
68 Addinonal metabolie data on this study published elsewhere ®

FCI i e ey

1s represented by the changes m wetght, which were accompanied by the
expected changes m unnary sodwm and chlornde excretion

Injection of desoxycorticosterone acetate 1 doses of 20 mg, daly to a
normal subject for ten days did not produce any effects on purine, mitrogent
or carbohydrate metabolism

Figure 70 illustrates the changes i urate metabohsm m a secon(} study
on normal subject RS Protamine zine insulin, administered during thf
period of ACTH injection, modified the effects on carbohydrate metabolsm
but did not alter the pronounced increase in urinary excretion of urates or
nonurate chromogen A rebound in urate excretion 1s noted on the second,
Bfth and sixth postinjection days. The apparent blood urate level by.ﬂ'le
direct method fell from 32 to 22 mg per cent during hormone adminis-
tratron, however, the blood urate as determimed by the uricase method was
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acute gouty arthritis observed to respond to colchicrne; his serum urate
level has ranged from 65 to 95 mg. per cent, His hver and kadney fune-
tion 1s normal by standard tests

Admumstration of ACTH for five days (Fig. 72) resulted in a prompt
increase in urinary urate excretion comparable n magmtude to that seen
n normal subjects, In contrast to the normal subjects, this was associated
with a marked fall 1n true blood urate, reaching a low of less than 50 per
cent of the control level on the morming of the fourth day of hormone ad-
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Fig 72 Effect of ACTH on blood and trine urate m gouty subject E S on constant

diet gf 99 gm protemn, 304 gm carbohydrate and 178 gm fat Unnary creatuune aver
aged 150 gm per 24 hours

minsstration This suggests that mcreased renal excretton accounted for‘a
great portion of the augmentation of urnary urate output mn gxe %fr‘:by
patient, whereas 1n the normal subjects the entire increase may be af o
uted to increased urate production Quantitative caleulations regar xls.
changes 1n total body urate cannot be made until accurate mbm;m:s >
available concerning the partition of urates in body flurds Using é e ¢ m
mates of “urate space” obtamned by Benedict, Forsham and Stfl een‘da!a
therr studies with sotopreally labelled une acid, caleulations of fesA et
indicate an mcreased production of urate under the mﬂuence’ L;) A s
m the gouty patient as well as an mcrease m clearance by the ki 22 e
subject also differed from the normals 1n showing no nise in nonur: el
mogen and no rebound in urate excretion during !hf: postujection Iu?ughly
The other metabolie effects dunng ACTH fadnymstmhon were x“ i
sumilar to those seen in normal subjects (Fig 73) Increase 1n
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Additional metabolic data on this study published elsewhere &
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pitrogen occurred  Abihity to respond to the hormone with 17-ketosteroid
productron appeared normal Impairment of carbohydrate utilzation was
definite, although not as well sustained as in the normal subjects. Reten-
tion of fluid and electrolytes was observed. Conspicuously absent was any
evidence of rebound in pituitary-adrenocortical activity, In fact, the 17.
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i ved 1 ther subject durog
setosteroid excretion was lower than observed in any ol
Ii’tsasp::;d, averaging about one-half of the control values on the seco
h postinjection days. L
O%L?:tsuﬁjecl, l\vlm had been free of symptoms for th:h pr;:ct—:dhix dm‘% 2}1&:‘
nonths, experienced mild but definite gouty attacks on the ey
)ostin]'e’clion days, at a ime when the studies suggest a decreast

>
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cortical actwvity, 1n 1935 Talbott and associates'? descnbed cyelic changes
n urate, water and eleetrolyte excretion in patients with gout, and noted
a dwrests of sodim and ¢hloride 1mmediately before or on the day of
maximum articular distress. Their data can be interpreted as reflecting
cychie changes in adrenocortical activity, with attacks occurring durng

periods of d d fonchion 1t as by that this patient had his
mavimum urinary excretion of sodmm on the second and third postinjection
days

While these studies were 1 progress, Wolfson and associates reported
findings of low excretion of I7-ketosteroids in gouty patients 3. 14 \We have
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Fig 76 Other indices of adrenacortical function duning gouty sttack in subject W R.

confirmed their obsesations (Fig 74) Twenty-five determinations on
seven nommal male subjects gave values ranging from 105 to 22 mg per
taenty-four hours Only five of tirty-four determinations on thirteen gouty
males durng asvmptomatic ponieds exceeded 10 mg per twenty-four hours
Nine of elevin deternunations on six subjects dunng attacks were below
this Tevel There was no tendency for the Tevel to bie lower or Ingher m
the sume subject duntig attacks as compared with interval values Particu.
larly teresting are the levels s two gouty women, where the gonadal

t to the 174 ids 15 el L Repeatedly low valoes

o B v .

e Ve
' ' s .
gout was alforded i patient W R, who developed acute gout forty-cight
fours following removal of a tophus under local anesthesta {Fig 73) The
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mitrogen occurred. Abihity to respond to the hormone with 17-ketosteroid
production appeared normal Impairment of carbohydrate utilization was
defimte, although not as well sustamed as in the normal subjects. Reten-
tion of flurd and electrolytes was observed. Conspicuously absent was any
evidence of rebound n pituitary-adrenocortical actmty. In fact, the 17.
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Fig 75 Blood and unne urate levels doring gouty attack following laphccgng:
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ketosteraid excretion was lower than observed i any other subject dun:g
this period, averaging about one-half of the control values on the seco
to fourth postinjection days y .
This subject, who had been free of symptoms for the prec.e(gntg ’é’fl:ﬁ
months, experienced mild but defimte gouty attacks on the thir 3: o
postinjection days, at a ime when the studies suggest a decrease in a
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cortical activity. In 1935 Talbott and associates'* described cyclic changes
in urate, water and clectrolyte everetion 1n patients with gout, and noted
a diuresss of sodium and chloride immediately before or on the day of
mapomem articular distress, Their data can be interpreted as reflecting
eyche changes in adrenocortical activity, with attacks occurnng dunng
penods of decreased function It is noteworthy that this patient had his
masimum unnary excretion of sodium on the second and third postinjection

ay s .
While these studies were 1 progress, Wolfson and assaciates teported
findings of low exeretion of 17-ketostermds m gouty patients.? 14 We have
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Fig 78 Otber mdices of adrenocortrcal function dunng gouty attach m subject W R

confirmed therr observations (Fig 74). Twenty-five determinations on
seven pormal male subjects gare values ranging from 10.5 to 22 mg. per
twenty-four hours Only five of thuty-four determmations on thiteen gonty
males during P tic periods ded er twenty-four hours
Nine of eleven deterrimations on six subjects durning attacks were below
this Ievel There was no tendency for the level to be lower or Ingher
the same enlupat. duxng, attarks, a5 campied with, miamak valves Butrn.
larly interesting are the levels 1n two gouty women, where the gonadal
b to the 171 ds 15 el d Rep dly low values
were obtuned 1 interval penods and during attacks. The levels rately are
as low as those seen m patients with Addison’s disease,
An opportunity to observe the effects of ACTH dunng an acute attack of
gout was afforded in patient W.R, who developed acute gout forty-eight
hours following removal of a tophus under local anesthesia (Fig 75). The
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peniod prior to the attack was not characterized by any alteration of urate
excrehion Fifty mg of ACTH, gven tramuscularly within erght hours,
was followed by a temporary relief 1 acute jomt manifestations Jasting
twenty-four hours, and changes 1n blood and unine urates mdicated stimm,
lation of adrenocortical activity. With recurrence of symptoms, ACTH was
again followed by symptomatic rehef and similar metabohic changes How-
ever, symptoms recurred and extended to the knee, previously uninyolved
Our reasonmg at this time was as follows: The evidence was suggestive
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of adrenocortical suppression at the time of acute attacks, yet these g]and;
appeared capable of responding to ACTH, both in mterval pegmdst i:e
dunng attacks Therefore, the decreased activity s hkel'y to be a e
pituttary level Exogenous ACTH should benefit the situation tempom'hzt,
but may at the same time depress endogenous pitutary actwaty, so ';e
when its effect has worn off, the patient’s own pitustary 15 unable loI ’;n-
over It was logical to attempt to stimulate pitwtary acn};ny dlre?ﬂy. 2 -
venous epmephrine, reported by Recant and coworkers'® to have xs:ncdeﬁ-
effect, was given, duning the next twenty-four hours there wexee O e
mite metabolic changes and the gouty symptoms,became much mo:(’llef e
The attack was then termmated by oral calchrcine, symptomatic
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associated with a spectacular increase m urate excretion, and a profound
diuresis.

Other metabolic effects obsersed are mdicated m Frgure 76 Increase in
urinary mtrogen excretion followed each admimustration of ACTH, dunng
the lafer attack period defimtely negative mitrogen balance was present.
T)ns has been a consistent obstrvmon n n“ gouty amcks studied in our

71 W, lered prior to the attack,
definstely increased after each ACTH m)echon and was not altered after
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Fig 78 Other indices of adrenocortic al ﬁm(:uu'n dm‘mg study on gouty subject L H

epmephrine or colelieine Fasting blood sugar levels were not altered sig-
wiicantly, and ghcosuna did not oconr The magnitude of divresis asso.
cuated with termmation of the attack with colehieme 1s ndieated by the
body weight loss of 27 ke i twenty-fonr hours.

Independent observations by Hellman'? on the effect of ACTH have
faven stmilar results swith respect to provocation of attacks and relief dur-
g attacks An umportant difference was Ius observation that ACTH, in
larger doses and over a fonger period of time, could termnate acute attacks,

Effects oy Epnephrine and Colclucine on Metabolism of Gouty Subjects
'i;Ime rel.\homh\ps m the alm\c study do not pmmt ns 10 tell whether the
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peniod (Fig, 77). Epmephrine m oil, given 1 divided doses of 6 mg daily
for five days, produced no defimte alterations in blood or urme urate levels
The level of circulating eosmophils was depressed dunng the first two days
of this ad atron, Oral colch in dosage of 05 mg, every hour to
a total of 5 mg, produced no effect on urate levels or eosinophils, Two mg
of e hrine given ntr 1y 1n one hour produced the expected sharp
drop in eosinophils, but had no effect on urate levels No gouty symptoms
developed at any time duning these studies.
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Figure 78 indicates the absence of any other evidence of adrenomm;‘g:
stimulation in this subject by these procedures. }Innary‘ mt.rolgenh\\?ss o
clearly altered, 17-k d Tow hout shao suog
Llood sugar levels were not clearly influenced, and body weight

i fluctuations. L
DOI:J :‘:Lllidtiee:t on four additional gouty subjects, colchicme admmlsgnctton
in oral doses of 4 to 5 mg_and travenous doses of 20 mg, has dnct(nmfmm
either the level of cirenlatmng eosinophils or of 17-ketactermd imarked
In one additional subject, however (F”l; 79), we have obscrve e
ora

p followi Tohioi an
increase in urate excrehon during ymp
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period. This was not accompanied by a drop ir blood Ievel, nor any change
m 17-ketosteroid or mitrogen excietion. A few days later 15 mg mtra-
veaously produced no effect. Such an increase in urate excretion is contrary
to reported effects of colchicine, and to previous expentence 1 our labora-
tory. All our previous observations, however, have been made dunng acute
gouty attacks

Certamly colchitine does not produce the complete metabolic altera-
tions seen consistently after admuuslm\mn of ACTH, The possibility of
selective ) of the cannot be ruled out

COMMENT

These observations are obviously of an mcomplete nature and much
more work 1s necessary to define accurately the mechanisms wvolved. They
are reported at thus time for two reasons. (2} to call the attention of those
nvestigators who have access to the hmited supply of ACTH to what
appears to be 3 promisng. field of mvestigation, and {b) to mdlcate the
necessity of d factors in the
stuches on gouty patients.

CONCLUSIONS

Tentative conclusions to date are (a4} The adrenal cortex has a pro-
found influence on urate metabolism, (B) ats effect 1n gouty patients daffers
somewhat from that m normal subjects, (¢) gout 1s characterized by a low
excretion of 17-hetosterords; and (d) the adrenal cortex of gouty patients
can respoud to exogenous ACTH stunulation, bath durmg interval perods
and at tunes of acute attacks

There 15 suggestive but not conclusive evadence (a) that acute attacks
tend to occur at tumes of decreased adrenocortical activity, and (b) that
the latter 15 the result of slugeish prod or of
ACTH under the same conditions m which normal people demonstrate
evidence of a sharp mcrease m activity of endogenous ACTH Epinephnine
appears to be an unsatisfactory method of stimulating pituitary-adreno-
cortical activity 1n gouty patients. The mode of action of colchieine through
an endocrine mechanism has not been estabhished
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THE FUNDAMENTAL ROLE OF ADRENAL CORTICAL
DYSFUNCTION IN THE PATHOGENESIS OF GOUT®

An Endocrime Basis for the Rapid Treatment of Acute Gouty
Arthritis with Pitmtary Adrenocorticotropin (ACTH)
and Colchicine

WILLIAM Q. WOLFSON, CLARENCE COHN, RACHMIEL, LEVINE,
EDWARD F ROSENBERG, H DUNHAM HUNT AND HENRY S, GUTERMAN

The regular absence of obvious physical signs of endocrinopathy m pa-
tients with gout has delayed consideration of a possible endoerme back-
ground, even though gout has long been suspected of bemg an inhented
constitutional disorder of metabolism The use of pure hormones for diag-
noste testing, and newer techmgq for d landular status by
biochemical methods, have recently made possible the detectton of endo-
cnne disturbances although physical abnormalities are absent. Rapudly ac-
cumulating evidencet of hormonal dysfunction 1n gout 1s largely an out-
come of these advances m basic endoerme physiology.

AN ABNORMAL MALE SEX HORMONE IN GOUT
17-Ketosteroud Excretion in Gout. One may suspect that androgens favor

the appearance of chnical gout because of 1ts predilection for adult men
and 1ts relative ranty 1n children, premenopausal women and eunuchs. The
17-ketosterords (17-KS) are metaboltes of adrenocortical and testicular
androgens Therr urmary excretion reflects the rate of androgen production
under most circumstances, . tack

In all gout patients studsed, whether durmg the interval or mn an atfack,
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17-KS excretion was greatly reduced The average valve (32 mg per day)
was about one-third of the mimmum normal value for adult men, Equally
low 17-KS outputs did not occur 1n nongouty hyperuricemia or mn mesn with
rheumataid arthntis or with spondyhtis, Cout patients showed no sigus of
the endocrimopathues known to cause very low 17-K§ outputs, namely,
panhypopstntansm, Addisen’s disease and severe hypothyroidism

In spite of very low 17-KS outputs, the regular absence of hypogonadism
in our gout patients made 1t apparent that some androgen was bemng se-
creted Injection of testosterone, now beheved to be the most smportant
normal male sex hormone, led to normal recoveries of extra-urmary 17-KS
Tius showed a normal hepatie abiity to convert mjected androgens to
ketosteroids It became necessary to conclude that the low 17-KS outputs
resulted from the patients’ farlure to secrete aderjuate amounts of normal
androgens rather than from an mality to convert androgens to ketosteroids
Since normal androgens were bemng secreted m reduced amounts, 1t ap-
peared that the hormone ble for the mamt of and activ-
ity in the gouty must be an abnormal male sex hormone which, when
metabolized, was not importantly converted to urinary 17-KS.

The suggestion that there may ewst an abnormal male sex hormone which
1s not metabolized to urmary 17-KS 1s not entirely unprecedented In women
with arthenoblastoma, 2 masculimzing tumor of the ovary, 17-KS outputs
vefore operation may be normal or low, and, following successful resection
of the tumor, 17-K$ outputs may be unchanged Since gout may oceur n
men or women, the at 1 androgen 1n gout bly ongmates m
the adrenal cortex, which 1s the only site of androgen production comman
to both sexes at the usual age of onset of clinical gout Certan data sug-
gest that a metabolite of this abnormal adrenocortical androgen may oceur
m the nonketomie fraction of the sterowds rsolated from gouty urine

L R LT I S AR I

- o 1 1 - ‘e .
average plasma urate level between the sexes However. adult men have
tugher plasma urate levels than adult women, both i the normal and gouty
groups This normal sex differential m plasma urate 1s presumably a func-
tion of the normal androgens which attan adult rates of seeretion durning
puberty

Genetic hyperunicemia, an inhented biochemical lesion of gout, 15 regu-
larly present before the onset of chimeal gout Carriers of this defect were
found by Smyth, Cotterman and Freyberg to have normal plasma urate
levels until puberty »f male, and by Stecher, Hersh and Solomon to have
normal plasma urate level§ un‘.ll the menopause if female To explan these

Ue LILELIU by @LIL SEs, LS GULVLILA JUGIULUL PIESWLADLY 4150 OF1g-
nates 10 the adrenal cortex As a first assumption, it 15 convenent to den-
tify the abnormal ad tical and ponsible for the of
mhented hyperuncemia with the similar androgen detected by the study
of 17-KS output 1n gout
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11-oxvsTEROIDS * Recent reports show the 11-otysteroids (11-08) to be
important regulators of urate ol The adminstration of a potent
11-oxysteroid, such as 17-hydrovy-corticosterone, or an ncreased adrenal
11-0S output, obtained by stimulating the adrenal wath the adrenocortico-
tropic hormone (ACTH},f has two effects on urate metabolism: It 1n-
creases urate production and urate clearance as well. The two effects are
somewhat independent, and the increase in urate clearance 1s relatnely
deficient when the kidneys are damaged. In the normal adult, ACTH ad-
munistration causes (@) either no change or some decrease 1n plasma urate,
(D) an increase in the ratio of urine urate to urne creatinine, and {c) an
increase 1n the ratio of urate clearance to creatinine clearance. In gout, the
latter two changes are less marked than 1 normal adults, even when hemato-
logic changes show a normal adrenal response to ACTH stimulation

Certain evidence suggests that plasma urate levels, absolute urate out-
puts and the renal clearance of urate depend upon the ratio of 11-0S ac-
twvity to the activities of abnormal and normal androgens, rather than upon
the absolute Jevels of esther In those endocrinopathies in which the abso-
lute production of 11-0S is increased (Cushing’s syndrome and some acro-
megalics) the pattern of urate metabolism may resemble that of normal
adults who have received ACTH.

In children, the absolute 11-OS production is not abnormally lgh, but
11-OS/androgen ratio is high owing to their small androgen secreton
Children, however, also show the low average plasma urate level, and the
high ratio of urme urate o urine creatmine and of urate clearance to crea-
tmine clearance which are seen mn the adult after ACTH. Preliminary
observations suggest that the findmgs in normal children may assume the
adult pattern after and 1 The blance between the
childhood pattern of urate metabolism and that produced in adults by
ACTH suggests the 11-0S/androgen ratio, rather than the absolute Jevels

of erther, to be the effective determinant of urate metabolism
- on L. st g} Advenocortical Androgen Although

7 cause the clinical symptoms of gout,

most cases to be correlated with the
duration and severity of antecedent hyperuricemia The abnormal. adreno-
cortical androgen appears to regulate the time of appearance of 1'nhenl}cle
hyperuricema m those genetically predisposed, and so appears basic to
susceptibility to clinical gout

A DEFICIENT RESPONSE TO 11-OXYSTEROID LACK IN THE GovTY

A

i e puuvm
reason, a parhicularly satisfymg aspect of recent advances in
ology of gout has heen the mdication that both aspects of the disease were

under steroid control N
Hormonal Induction and Relief of Acute Gouty Arthritis. }Iel]m‘:m, and
*# The term “11-ovysterord” 1s here used rather ]al‘isely'tixll‘n"c:lit}‘emb:l:rb;}ﬂz "% '}.mnd ol

our Laboratones,
ind for a number
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Bobinson and his assocrates, have reported that when ACTII was admin-
sstered ta patients with roterval gout amd then vathdeawn, an attack of
acute gouty arthntis has begun within mmety-six hours m most patients.
Both groups have also observed sclief of spontancaus gout attacks or attacks
mduced by ACTH withdraw a} folk ¢ the ad of ACTSH
We have confirmed these findings and l\at'c abo observed relief of a
[ S A - ae oy e

tharty-six hours and ended with the explosive onset of a severe polyarticular
exacerbation 1n which virtually alf of the jounts of the appendicalay skele-
toa were nalved Ths observation suggests that the effects upon clmcal
symptomatology produced by ACTH, lile its effects on urate metabohism,
actually depend on the alterations i 13-08 output which ACTH produces

Withdrawal of AGTH, i the normal adult and in the gouty, 1s followed
by metabole changes mdicatng 13-0S lack These persist for a few days
and 1n narmal subtects are termunated by a short period of “rebound”
11-08 excess, followmg wluch funchon restabilizes at normal levels, In the
gauty, rebound appears deficent and attacks anduced by ACTH with-
drawal begmn at the time st which rebound nermally would occur Presun-
ably, thus indicates that a sufficrently prolonged relutne lack of 1108
produces progresstve metabohe changes which eventually provoke a gout
attack 1 a predisposed indnidual and which may be reversed Ly 11-08
excess,

Adrenal Function Dunng Spontancous Gout Attacks Sowme years ago,
Talbott and his associates at the Massachusctts General Hospital reported
eyche alterations of water and electrolyte exchunge which suggested thewr
concept of 2 “gout cycle” From metabolic studhes, they found electrolyte
turnover w the prodromal phase of the attack to resemble those of relative
adrenocortical msufficiency.

Qur studtes, as well as dable nitrogen bolism data, appear
to confirm Talbott’s suspicion In the prodsomal peniod before a spon-
taneous attack of acute gonty arthritis, metabobe findings incheate relative
11-05 lack, and these fndings persest duning the active stage m whieh the
attack 15 developmg As an attack subsides spontaneously, there may be
metabolic evsdence of relatrve 11-08 excess Prolonged attacks which resist
therapy may gwe evidence of persistent 11-0S deficiency Most gout attacks
are not preciprtated by a known matant and presumably anse from the
perodie endacrne shifts of the intrinsic “gout cycle”, however, induction
of relative 11-05 deficiency does appear to be a reasonable common factor
i the action of most of the known incrtants of acute gouty artheitis In

lar, that wlentieal bolic thanges appear to occur whether at-
tacks are spontaneous or precipiated by ACTH wihdimwal mientes the
essential simlanty of the two varicties

The Action of Colduaine In ammals, toue doses of colchicine are known
to increase the output ot 11-0S, hike many other toue substances Some
tavestigators have been tempted to explam the effect of colcluceme i gout
merely as due to the production of relattve 11.0S excess,

Our findings indicate that a therapeutie dose of colchicine {1 or 2 mg
ntravenously ) produces metabohe changes in the normal adult which indi-
cate d 11-08 d Nevertbeless, 1t seems nnlibely that this
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increased 11-08 output 15 a complete evplanation for the action of col.
chicine m gout Wathdrawal of colchiome after 1ts adaunistration to interval
gout patients does not precipitate acute gouty arthritis, Morcover, Landolt's
recent report of a persistent thrombocytosis mduced m man by single doses
of colchicne, 1f confirmed, will show an effect of therapeutic doses of col-
chicine which 1s probably not mediated by ACTH, since ACTH has been
reported not to affect crreulating platelet levels.

The Defect i 11-Ovysteroud Production in Gout Lack of rebound after
ACTH withdrawal, Bobmson’s observation of farlure of 11-OS excretion
to increase during an attack precipitated by ACTH withdrawal, failure to
observe the eosmopema or lymphopenta which would demonstrate m-
creased 11-OS production during gout attacks; and our observation that
sensitivity to a nominal dose of adrenal cortical extract was retamed dunng
a prolonged severe attack—all these suggest that the basic detfect 15 a failure
of the gouty to respond to relative 11-08 lack by prompt merease m 11-0S
production.

Recent reports suggest an acute control of serum cholesterol level by
the adrenals Factors which stimulate steroid hormone synthes:s appear to
cause an acute fall in serum cholesterol, while whibition of steroid output
with desoxycorticosterone or adrenal cortical extract 1s followed by an -
crease m serum cholesterol It 15 believed that the serum cholesterol 1s the
ulimate substrate tor adrenal steroid formation In gout, we have observed
an average fall of 63 mg per cent in serum total cholesterol dunng the achive
phase of the attack This has seemed to oceur prior to the change in oﬂ'lfl:

tive 11-0S lack by a prompt mcrease i production may be exther due w an
trmsic adrenal defect or to a defect m trophie stmulahion by the pitustary
The data do not yet permit a clear choice between the two possibilities

RAPID TREATMENT OF ACUTE GOUTY ARTHRITIS BY CONCURRENT
ADMINISTRATION OF ACTH AND COLCRICINE

Acute gouty arthritis now appears to be a true endocrine deficiency s;ate[
Attacks are precipitated by persistent 11-08 lack 1n a Susceptll?le mdeé 1:1‘;
and may be terminated shen the deficiency 1s repaired by giving Al ¢
When ACTH 1s withdrawn from a patient after hus attack has been halted.
one might expect to see the episade return since the endocrine deﬁclEnC‘)"
now recurs Actually, in the combined etpenence of Hellman, BDblIlISO
and ourselves, this has been true 1 most, but tot m all cases. Nex:ex%he f55:

the recurrence of attachs foll hormone withd 1 mnkef‘
tion of "
ent O
Fortu oy of

acute guws, . - ;
ACTngxﬂ))drawal to precipitate a renewal of the attack Ten attacks have

jeipe In
en treated by concurrent admumustration of ACTH and colchicine
?:vsn, a single gO-mg dose of ACTH {Arnmour) effectively lermmaie:‘ld tl;:
attack within four hours In three, a second or third dose was :'ieqmr i
six-hour mtervals after the first Although a number of the episo: ’1';; :renmd
had been prolonzed and resistant to previous therapy, no AGTH-tre:
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attack has persisted more than twenty-four hours after hormone therapy
was begun
P

colchicine for at least two weeks No patient who has recerved combined
ACTH-colchsene therapy has had even a minor recurrence of acnte gouty
arthntis within one month of treatment

The of ACTH and colct appears to be
the most rapid and effective avalable treatment for acute gouty arthntis
In view of the relative scarcity of ACTH the small amounts of this hor-
mone which are requtred constitute a particularly desirable feature

DISCUSSION
L \SAXWELL LOCKIE

As Dr Savage has recently remarked, the Jow purine dret of the Bntish
today has reduced the mudence of gouty arthrtis m England, and this
may be the factor that raises the abulity of the gouty patient to keep lus
11-otysterond level up and thus prevent recurrences of gouty arthritis, or
perhaps 1t enables the body to meet the demand for 1l-owysterowds as
the occaston ealls

The adminsstration ot a Ingh-fat dict has been successful n provoking
an acute attack of gouty arthritis m a high percentage of cases mn our hands
and m the hands of some others, it would be interesting to examune the
data for any factors which are in keeping with a lower 1l-oxysteroid pro-
duction afong with a constant ncrease m the blood urate level

It might be well at thus pomt to emphasize again what the mdices of
oyysternit production are, as outlmed by Dr Wolfson (a) decrease m
total eosmophals, (H) decrease 1n lymphocytes, (c) increase 1n total
wrate /total (reatimine ratio, and {d) wncrease m urate clearance ‘creattnine
clearance ratio, The mability of the gouty patient to meet the 11-otysterord
demandy ¥5 a serrous one

1t 15 of interest that ¢ hed 17-4 d 15 ch it
of gout This 15 not found m rheumatod arthnus, nor i ichopathie hyper-
usnicemia Serum cholesterol esters might be the ultimate substrate for
1l-oxysteroud formation Already, the comersion of 1sotopic cholesterol to
a sterord hormone has been shown

Avother pomt slustated here 15 end that eotcd
acts by productng an ACTH effect through the prtuttary gland Perhaps
some of the other chemual substances wiich have a sumlar effect on
mtosis might have the same effect Podophyllm 15 one of the eassest to
use As the result of the work presented here 1t would seem logical that
colchicine showdd be contmued m small doses over long periods of time iy
the patient with gouty arthntis, espeaially of the stubborn vanety

Bobinsen has shown the sumilanty between the ACTH effect and Tal-
bott’s ohsesvations of the disturbed water and electrolyte exchange of
sothum and potassuen salts before an acute attack of gouty arthritis and
mitd adrenal cortical insufficiency It should alse be remembered that
¢ortisone 15 a potent 1l-oxysterard




ABSTRACTS
GENERAL DISCUSSION ON GOUT

PHILIP $. HENCH, IIUBERL J GIBSON, HALVARD HLGNA, L. MAXWELL LOCRIE,
EDWARD F ROSENBERG AND OSWALD SAVACE

SEX INCIDENCE

Gout is much more frequent in men than in women The impression m England

35 that not more than 5 per cent of gouty patients are women This dfferential has
long been recogmzed- Hippocrates stated that gout did not occur in eunuchs, and
that women did not contract the disease until after cessation of the menses This
latter observation 1s now known to be inexact, gout may oceur in women before the
The diff 1m weid between the sexes is presumably hnked

with the fact that values of urates become hugher in men shortly after puberty, but
this elevation 1m urate values does not occur 1n women until after the menopause

THE MECHANISM OF ACUTE GOUTY ARTHRITIS

There are many preciptating factors i gout, of which the commonest 1s trauma
Psy‘chologxc upsets and allergic reactions may also play a part, slthough gout 15

bhab o thann smebamann sl £22T L0 3 1 o s PR

15 then withdrawn, the adrenal cortex functions at a lower level for a few days
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reaction to such a definite hemalytic tovn as lead might be just enough to pre-
cipitate a gouty attack

PATHOLOGY

The tophus 1s the charactenstic fesion of gout, Whether it occurs it subcutaneous
tissues, 1n carttlage or i synovial membranes, 1t consists of a central zone composed
of crystallme urates and necrotic debris, and a surrounding flammation

The histologic changes that take place m a joint durng an attack of acute gouté'
arthnitis are not known by direct observation However, the joint becomes hot ant
swollen, and 1t must be assumed that the synovial membrane 15 inflamed There 15
often a fluid exudate I

Gouty arthritis is a very mued arthntis having elements of usteonﬂhnhiuwx.
synovial reaction, especially m the late stages It x5 the end result of ¢ tmﬁm
nflammation or ritation of all constituent structures of the jomt Itisa mmsye]m c
asthntis apart from the deposttion of erystals, which mav he marked i the cartilage

the subjacent bone
an?}l‘xxx;ically th!ere 1s some mvohement of the kidneys i gout In the prodroma!
 The authors histed parhicipated in a group discusston of which this 15 an abstract
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phase of an attack there 1s 2 une actd diresis of about 23 per cent Gout 15 often

d h raciolk renal une acid caleul Clronie nephntss
15 one of the commonest causes of death in patients with gout The uric acid clear-
ance rate i patients with well developed gouty arthnitis is apt to be low. If such
patients are put on a very high glucose diet the unc acid clearance rate may improve
by a factor of as much as 25, whereas the urea clearance rate may increase very
Tittle, About 10 to 20 per cent of these patients have urate stones sometime during
the course of the disease ‘These patients have strohes, coronary attacks and other
evidence of arteriosclerosis in a higher proportion of cases than will be found in a
normal group.

DIAGNOSIS

nostic determmations of unc acid values 1t 15 necessary to be sure that the patient

-

witha lens 1{ necessary, there 15 secn any bone rrachon or uutlmmg of dense bone,
118 not & true punched-out aren, but 15 more suggestive of rheumatord arthntis
than of gaut

THLRARY

upset, or when hus gouty symptoms subside In genera), cﬂlclncma 15 mot foue to







SCLERODERMA

ONE HUNDRED AND FIFTY CASES OF SCLERODERMA®
JAVING LEINYAND, A, WILBUR PURYEE AND MAURICE N RICHTER

Scleroderma 1s not a common disease but 1t is delimtely not a rare disease
The Brst description of this conditton 15 credited to Curzio of Naples m
1752, Smee that time there have been hundreds of cases reported in the
hterature

Seleroderma was fust regarded as pnmanly a skin disease. Any systenmec
symptoms for the mast part recenved seant ttenhion since skin lesions far

) 3 any other ) However, defects in the peripheral
arrcudation producing shin, color, and temperature changes, ultimately led
to 1ts mclusion m the penpheral vascular discases A detmled study of the
pathology of the discase necesmitates its further disposiuon and reciasufi-
cation as a generahized disease of the collagen system.

In reviewing the lastory of sclerodenma, one 15 nmpressed by the meta-

h of opimon d the ck. of tus disease This 18
due manly to the obscanty of its etsology and the mynad of theories at-
tendant upon such a situation The etology at the present time 15 com-
pletely unknown

CLINICAL MATERIAL
In order to establish the chinscal and pathologse preture of this disease &
long term study involving a substantial number of patents was under-
taken This study covered a penod of approximately fourteen years Of the
150 cases studied, 25 were localized scleroderma There were 108 females

onset The younpest patrent was
* per cent of our cases developed
between the ages of twenty and fifty with hitle difference 1n numbers be-
tween the three decades
This 15 apparcntly largelv a disease of winte-shinned people There were
three Negroes in 150 patsents
Neither i our own series nor in the hiterature have we been able to trace
a single mstance of the disease occurnng in any other member of a family
or, as far as we could learn, 1 any other generation ANl cluldren of any of
our patents with scleroderma were normal,
The duration varted tremendously One patient tied cight months after
the anset of the disease One patient 1s stll hiving who has had scleroderma
for twenty-five years

SYMPTOMS
‘The earliest svinptoms are usnally swelling and stiffness of the skin and
lhands Pain in the jownts 1s almost always present and may precede any

* From the Persplier1l Vasculir Division, Depetment of Medine and the Department
of Pathofogy the Post Gradnate Medica) School and Umiversity Hoepntal of the New
York Unnversity-Bellevae Medical Center
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apparent skin changes so that arthnitis is not an uncommon diagnosis 1n the
early phase of this disease Loss of weight, weakness, and fatigue soon fol-
low 1 the generalized cases. Bronze pigmentation of the skin may be pro-
nounced. Headache is a common complaint and is not confined to any par-
ticular area Cough is not uncommon. Palpitation and dyspnea on exertion
are late complamts and indicate cardiac involvement

Ulcers may be seen as small punched-out areas, ustally at the extreme tip
of the finger or close to the nal Paronychia is a common compheation
Ulcerations over the joints commonly contain small deposits of caleum
which form the center of the ulcer. Where the ulcer has healed, a depressed
scar may be present The most common sites are over the phalangeal joints
and the elbows Where sclerodactyha is present, the fingers are shortened
and rounded and the pails are much decreased i size In these cases
roentgenographic visualization reveals the disappearance of the termmal
tufts Occasionally the entire distal phalanx is absent.

Raynaud’s syndrome may precede, occur concurrently, or follow the onset
of this disease Most of these patients are sensitive to cold

LABORATORY FINDINGS

The laboratory findings as a whole do not present a true picture of the
disease but merely the evtent of mvolvement, For example, the blood
chemistry may reflect the sequelae, so that if the patient has a glomerulo-
uephntis the laboratory findmgs would be consistent with such a disease
Al other exarmnations follow the same pattern so that there are no Jabora-
tory tests which may be said to be conclusive or typical of scleroderma

PATHOLOGY

Since hstologic exammation 1 one of our fatal cases revealed ewden'ce
of vascular o e semeenhala
graphic tra
showed den..
and seventeen were reported as normal; The abnormal tre‘\cings did not

ottty Frve

these findings certain presumptions may be made. It 1s possible i ur
abnormal racmgs may indicate vascular lesions in the cortex of ! es?
patients It 15 also possible that alterations &f an undetermined chemica
nature may be responsible for such abnormal activity. . .
Lungs. Physical exammation of the lungs may reveal nothing abnurma(
o - -f -~ lungs may show several dufferen

¢ fbrotic strands extending to the

sstendimg toward the base of the

scleroderma were described years
tion untiy Weiss and his coworkers poll:lfc(]
out specific lesions of the myocardium which oceurred in this disease Since

hers The
smilar lesions have been reported by Bevans, Goetz, and of!
e e nssaoated with this G\ are mainly dyspnea on evertion

ago, they recerved scant attenl

ymp!
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and those referable to abnormalitics in rhytlun In sprte of the pulmonary
fibrosis dyspnea is more frequently symptomatic of cardiac than pulmonary
mvolyement. It 13 difficult m the presence of extensive pulmonaty fibrosis
to calculate the relative role of these lesions since the two are commonly
imohed concurrently. However, the onsct of dyspnea may be considered
of grave p B jon of the heart 15 not defimtive
Murmurs and at dises of rhythm of th tic heart discase
T ' ' ot * ited as a con-
present. The

namely, the

the Q-T
woughout
de-

the tracing, with axs d ion and shght senlar cond
fects, are commonly seen
The i

of the heart frequently reveals more patho-
logie change than had been antscipated m the hght of the examination of
the lieart itself pior to death This is particularly true a5 regards the lach
of change m the electracardiogram We have found extensive changes m
the myocardium where the electrocardiogram had been normal There are
few patients wath this disease who do not present signs of cardiac failure
e PN A

ibers were with vascular bssue A thrd type of

leston was probably a later stage of the second. namely, an extension of

the fibwosss fram pericardium to endocardsum.

As has been noted prestously these lesions were apparently independent
1 I ta -

R

vascolar symptoms.

Kidneys In the chmeal picture of scleroderma there 1s Little 1n the disease
1o call attention 1o the adneys unless, or untl, 2 Yerminat phase ss reached
It has been reported that red blood cells 1n the urme are seen early 1 this
disease We have not been able to confirm thas findmg In fact, unmnalysis,
kadney function tests, Addis count, ete, are all normal until the udneys
are so alfected as to produce Chimeal sigas of remal faslure Once this occurs
the confirmatory evidence of the laboratory becomes overwhelming and the
disease becomes very rapidly fatal The hterature, while reporting evidence
of renal Tesions, has not emphiasized the fact that wpvol t of the kidney
vecurs in practcally all cases where death 1s due to thus disease,

In all of the patients autopsied, changes were found n the kidvey. In
80 per cent of the known dead where netropsies were not sbtamned, some
chimcal evidence of cardhorenal faslure conld be obtamed. In the chmeal
picture of the termnal phase where the kidneys are imvolved, proten, red
blood cells and casts are found i the unne, Hetention of nitrogen in the
blood and occaswonally lowenng of the total blood protem with reversal of
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the albunin globulin ratio may be seen. The blood pressure, which has
hitherto been normal or below normal, becomes elevated. With these find-
ings the assoctated changes in the fund: also appear.

Esophagus FEhrmant of Vienna in 1903 first described progressive dys-
phagia and mvolvement of the esophagus m a case of scleroderma, The
symptoms are due mamly to a lack of motility throughont the gastro-
mtestinal tract. The loss of smooth muscle 1s the pathologic basts for the
production of these symptoms throughout the gastro-intestinal tract. Anal-
ysis of the gastric contents reveals no abnormalities smce the secretory or
epithelial portions are not primanly affected.

Roentgenalogic studites of the esophagus reveal three features which
may be present mdividually or together: (a) constrction, which is usually
present 1n the lower thud of the esophagus, () lack of motility, evidenced
by an increase 1n the time mterval for the passage of food or barrum from
the mouth to the stomach. The greatest delay i passage is noted at the
cardia Normal penistaltic movement may be absent altogether. There may
be gapmng and a tendency for the barium meal to adhere to the walls of the
esophagus (¢} Dilatation of the esophagus may be present with some re-
tardation of the passage at the cardia wathout complete obstruction

Stomach There have been no lesions previously reported in the stomach
We had one patient who had atrophy of the muscle layers of the stomach.
found at autopsy

Small Intestine Kraus, mn 1924, was apparently the first to report changes

. - R y A e CRRN )

There 1s marked delay 1n emptying time of the loops 1nvolved No changes
of the mucosal pattern were noted

Colon Exammation of the large bowel by means of barium enema shows
the barium to move more slowly than usnal from the rectum to the spleme
flexure The colon may show areas of ngidity and peculiar narrowing with
areas of sacculation There may be tendency toward sacculation withou
ngiity, Intestinal obstruction may be the final result of these pathologic
changes

Blood Vessels All three layers of the blood vessels are affected The
mtima becomes greatly thickened so that even though necrosis of the mus-
cularis may be present, the hypertrophied mntima dominates the px‘cmref
Complete occlusion of the lumen of the vessel by extensive prolferation of
the elastica may ocenr The smaller artertes are chiefly affected Of the larger
arteries, those chiefly affected are the digital. coronary, and cerebral
arteries

DIFFERENTIATION FROM ADDISON'S DISEASE

In the past there have been occasional instances reported of the diffi-
culty m the chimcal differentiation of Addison’s disease and certamn forms lor
types of scleroderma. This difficulty 1s even more pronounced where the

muscles are prommently affected The sumilarity of pigmentation of ‘h‘c
skin, weakness, maluse and gastro-intestinal disturbance 15 very gred

While the two diseases may appear to coexist, the inc:dimce it w;]er[}; ;‘(;\cgr's
. : 1 s
mon. Talbott in reviewr e of with Ad ‘11 e

disease found only one case In our series the patients who presente
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greatest possibility for this diagnosss also showed no changes m the adrenal
glands at autopsy.

PROGNOSIS

The course of the disease cannot be said to follow any particular pattern
for all cases except where the outcome 15 fatal. The picture that the patient
presents when first seen by the physician, whether the lesion be Jocalized
or lized, may remamn Itered durimg hfe Complete resolution 1s
arely seen w the generabized type, and when 1t 15, 1t is questionable whether
the diagnosis of scleroderma was correct. Where the disease progresses
the ) become md of visceral 1 and the various
physical findings and laboratory examinations confirm the subjective symp-
toms These findings on roentgenologic exammation may be present m the
absence of physical findings and may become known through routme exam-
mahon On the other band, p: may reveal
pathology 1 the absence of climcal findings. Death 15 usually due to a ter-
minal bronchopneumonia comphicating cardiae farlure with renal insuffi-
ctency

TREATMENT

The treatment of this disease has been completely unsatisfactory We
have tried every reported “cure,” such as vitamns D and E, and Hytakerol
We have observed patients in this series who have undergone surgscal
such as parath ! sympathectomy, and the ke We
beheve that those patients reported as cured were arrested cases whose
course, happily or unhappily, comaded with the therapy admmstered at
the time We have barely avorded this pitfall on more than one occasion
The vaganes of the course of this disease make any evaluation of treatment
difficult, The errcumscribed type apparently affords a more receptive field,
according to reports of other mvestigators We have had bitle success with

this type, erther

DISCUSSION
TIARRY KEIL

Such entities as systemc lupus erythematosus, diffuse progressive
scleroderma and dermatomyositis are not truly rare diseases Thesr inct-
dence has nsen sharply m the past two decades, wath better recogmtion
and differentiation of the climcal pictures The recent tendency has been
to throw these diseases mto one category, along with a number of other
entities Such embracing concepts as diffuse vascular disease, collagen dis-
eases, } diseases, h mn general and hyper-
globulinema i partienlar, represent useful and praseworthy attempts to
establish relationships among diseases of unknown cause on the basis of
br'o&d o more narrow stmlanties m pathogenesis

T S .

to become

ena for the

These cis-

tinctions are waportant 1f only to deternwne the mmportant guestion of
prognosts as 1t concerns the patient, the family and the physician Accurate
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clmlc;:l iagnosis will also be most helpful to the pathologist in assembling
a uniform collection of cases for intensive study at postmortem, and,
some respects at least, progress in this field will be roughly proportionate
to such clinicopathologic correlations

Although sy Tupus eryth iffuse pr ive sclerod
and dermatomyositis may resemble one another at certain stages, this has
only happened mfrequently in my observations More often the precise
diagnosis has not been recognized, even when the case was typical, and
there are recorded examples which illustrate this point well. Under the
term scleroderma, for example, dermatologists have Jong recorded two
types: the circumscribed and the diffuse. The circumscribed form is often
called morphea, but 1t should be recognized that this is a heterogeneous
concept and that occasionally morphea may occur in more widespread
fashion over the skin of the body. In any event, these variants of so-called
scleroderma should be discarded in any consideration of the diseases
under discussion here. In this study only the affection answerng to diffuse
progressive scleroderma should be retained. The term acrosclerosis refers
o a type of diffuse progressive scleroderma in which the major seat of
changes is for the moment 1n the acral or distal parts of the hmbs.

The early mamfestations of diffuse progressive scleroderma may be
convemently classified, with transitions, under the following headings In
the first group, the signs and symptoms resemble Raynaud’s disease In
other patients, the affection starts with “articular disease” i the sense that
pamns, swellings, discomfort, or impaired mobility may be locahzed in or
about the larger and smaller jomts In a third but small group, the first
mamfestations occur in the skin 1o parts other than the acral areas. Rarely,
mvolvement of the esophagus or the oral mucous membrane may be a
relatively eatly sign.

Although the Raynaud-like symptoms pomt toward vascular imvolve-
ment, the fundamental disturbance in this disease seems to concern the
behavior of collagen bundles Indeed, the clinical diagnostic features i
diffuse progressive scleroderma are essentially secondary to the shnpkage
of collagen, for example, the contractures of the fingers, the absorption of
the tips of the termmal phalanges, the sclerodermic facial mask with 'the
charactenstic pomted or beaked nose showmg the outhnes of underlying
cartilage, and the striking furrows about the lips. ’l'l}e esophageal change;
appear also to belong m this category In my opinion the oceurrence 0
absorption of the terminal phalanges in Raynand’s disease mjdlfate: th-l(
the patient already has diffuse p Jeroderma, pi that lfe
contours of the fingers are fairly well preserved Calaficanion 1n the soft
parts of the fingers in association with this combmation of features makes
the d is of diffuse pr 1 ma even more secure

VWhereas the collagen changes have been stressed here, this dossﬂnot
necessanly 1mply an etiologic or even a close relationship between diftuse

i leroderma and ic lupus eryth such as has

been adduced by some observers Indeed, there is reason to beleve that
- N £ 1- .M 0t even though every once in
m a chnical sense Nor do I

s descnibed 1n the spleen m

systemic lupus erythematosus, apart from the question of speaifieity, war-
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membrane, was removed, were selected, Specimens of synovial membrane
had not been taken in every case. The reason for this may be interpreted
m two ways. (a) No sigmficant synowial changes were noted at the tine
of the operation, or (b) the surgeon did not remove any synevial membrane

METHOD
It 1s our distinct impression that m many cases of osteoarthntis of the
hup jomnt, very little change in the synovial membrane is found at operation
On the other hand, changes in the synovial membrane may be marked In
fact, at tunes the synovitis is as marked as that occasionally seen m cases
of theumatoid arthritis

Y

o eIty

To T el g I 2 DI
B A T 2, .~1r¢-~,‘}‘¥f =i
x\\\?;.’.#":'ﬁ&‘f-:‘ RPNl Sl I 12N

Fig 80 Normal synovial membrane showing normal number and size of capllaries
{Hematoyhn and eosin, X120 )

In reviewmg these cases, we noted the diagnosis as "osteoaxt]mtls.,dﬂf
osteoarthntis secondary to some other condition such as Legg-l’erthesd 15+
ease, old shpped epiphysis or the Iike For years we have attempte “(‘l;
designate the primary condition 1n ostecarthritis of the hip which has co e
under our observation On the basis of our study of synovial changes l“
seemed unlikely that, except in certain types, the primary Fand:tm{: wil
have much effect on the development of changes in the synovial mem rl;ﬂm?»

In cases of osteochondromatosis, old septic arthritis and old .c;;
matoid arthritis and spondyhtis there are of course sigmficant clurlgflim0
the pumary Jomnt condition which m some nstances may c:trryfov:'e';l;omI
the osteoarthnitic stage of the disease and cause a mixed type of sy

change to appear. . .
Begauxe 5{ previous reference to various types of synovial changeo.‘efhi‘
following changes have been looked for and, 1'51 found,_ have b/‘eega;ﬂlary
it ial fibrosts, d capllary Y, ey
engo’rgement, pericapillary fibrosis, medial fibrosis of artenes, duffuse in.
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Changes 1n 124 coses of various types of
ostecorthritls of the hip

Hemorrhage
Increased viih
Calcium spicules
Hemosiderin

Fatty metamorphosis

Marked edema

Necroses

Glant cells

5 10 15 20 25 30 38
Per cent of totgl cases®

*Most cases showed more than one chonge
Fig 81 Inadence of some changes encountered in this series

Seventy of chonges in 124 coses of vorlous types of
osteoarthritls of the hip

Subsynovial

Increased
capillary
vasculoriy

Increased

copitary [
engorgement

Pericapiliary
fibresis

Hediat
fibronis of
arteries

Diffuse

Focal
Collections

20 e %0

T 20 25 s i

Per cent of total cases®
[orade 1 [Joredenn  PZoragems  [dorese v
*Most cosss showed more than one change
*8per cont of B5 cases with arteries observed

Fig 82 Incdence of other changes encountered, graded according to degree |
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COMMENT
In summanzing the sigmficance of these findings, we again point out
that the figures only a paratively small number of the pa-

tients whose hips were operated on and from whom specumens of synovial
membrane might have been saved had there been sufficient synowial change
to justify the surgeon’s asking for a study of the specimen, Frequently,
the gross changes are so shght that no particular effort is made to obtam a
speaimen of the membrane

- cmne AP mmmman bl Auealass of the hm with hyper
y engorge:
i3 A foct
ase wkltre-
s (Hema-

The obvious conclusion to be drawn 1s that there is no cons}swntly tnulc‘il
pathologic picture of the synovial membrane mn osteoarthntis Ix;1 s‘om;ﬂe
stances the changes in the synovial membrane are marked enough to meke
one suspect a mixed type of arthritis, such as DStemmmn; apd r}:':n;f o

1 0]
arthntis In many mstances this is hard to prove, a]th'ou.g h in s e oed

cases

mal s

g aking-
dow 2 aesses EXtEDG
down or d tion of the cartil surtaces and, to 2 e piy

i 1 m
of the bone, must in some cases exaite & reaction in the synovia
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brane whch leads to the changes noted, but to a vanable degree In some
cases advanced osteoarthntic changes may be present wathout much i the
way of synovial change In some cases the changes result from a mixed
type of arthritic mvolvement of the jomt

From a practical standpomt 1t should be noted that we frequently see,
particularly m cases i which the head of the femur 1s greatly enlarged,
marked adhesions of the synovial membrane and capsule to the head of
the femur These may be postulated as bemg a cause of pain 1a such jomts
In other cases, however, adhesions of the membrane to the head were not
noted, and cannot therefore be said to be the more common cause of pain
in these jomts,

Our work may be said, therefore, to substantate the earlier work of such
writers as Nichols and Richardson, Pemberton and others Changes i the
synovial membrane are not the charactenstic pathologic changes m osteo~
arthnitis, but are secondary to the other jomt changes, particularly of
cartilage and bone

REFERENCES
1 Pemberton, R Arthnts and Rheumatoxd Condiions Their Nature and Treatment
Philadelphia, Lea & Febiger, 1929, p 60
2 Nichols, E H, and Richardson, F L J Med Research, 21 149, 1909-10
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DISCUSSION
MUBERT ] GIBSON

My experience of osteoarthntic synovial matenal 15 agreement with
that of Drs Ghormley and Bateman The reaction 1s mamly one of fibrosis
and degeneration and 1t differs markedly from that of rheumatosd arthnits

At the same time small and widely spaced paravascular lymphoeytic
foer m the fibrous tissue suggest that m diagnosis regard must be had to
qu wve as well as qual dards This question of
quantity of reaction has been repeatedly raised by both old and new work
on the rheumatic diseases Bennett, Waine and Bauer! showed that chimecal
osteoarthriis 15 probably a quantitative increase of the changes due to
stress, stramn and agemg which are seen m all jowts after the second decade
In the same way Clawson and his co-workers® have suggested that the
round cell reaction of rtheumatoyd muscle may be a quantifatne mcrease of
that found i nonrheumatic persons, especially m muscles such as the
daphragm and the mtercostals which are subject to the continued stress of
respiration

Yes

. ¢t rome
) PN St A e L Ll died
. ' . - L s el
reachion seen m muscle, nerve sheaths and elsewhere, including that seen
1n theurnatoid arthntis
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R If we accept the view that these round cell foci have no essential rely-
tionship to arthnitis but are due to intercurrent mechanical or tovie mjary
to collagen, the question of their sigmficance 1n rheumatord arthritis arises
A sequence of such sites may be drawn up commencing with normal muscle
or osteoarthntic synovia and passing to theumatord skin, muscle and nenve,
the penipheral zone of subcutaneous nodules, the epiphyseal marrow, jomt
capsule, subsynovial fat and finally synovial villi of rheumatoid arthritis
Such a sequence estends from unrelated nonrheumatic diseases to the
very center of rhenmatoid arthntic activity, and the difference between
each step 15 a difference in quantity and not quality of reaction

This conception of quantitative difference leads to a further question
Is the difference between a healthy person and an osteoarthntic patient
of the same age a ne diff n the resi: of articular
cartilage to the normal microtraumata of use® This may well be the X
factor of the disease. Such ap abnormal lability of cartilage mght be
mherited,* but the alternative raised by recent announcements js that it
may be acquired by the lack of endocrine factors which raise tissue re-
sistance t0 damage as such, wrespective of the nature of the damaging
agents I feel that extreme mterest will attach to the mfluence, if any, of
cortisone on the development of osteoarthritis m jomts damaged by rhes-
matoid arthritis
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THE HISTOPATHOLOGY OF RHEUMATOID ARTHRITIS,
ESPECIALLY IN THE EXTRA-ARTICULAR
MANIFESTATIONS
G. D. KERSLEY AND HUBERT J. GIBSON
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cluston 15 reached that the fully developed rheumatoid lesion typically con-
tams both features and that necrosis as found 1n subcutaneous nodules may
oceur m synovia and muscles, while round cell reaction 15 invanably present
in the capsular zone of nodules

SUBCUTANEOUS NODULES

The develop of sul nodules 11} this rel 33
The earliest nodule examimed (Fig 85) showed a patch of fibrosis 1n sub-
cutaneous fat, surrounded by a ring of small lymphocytie foer From a study

2 e

ous nodule from a case of rheumatord arthnus 1 shows
d by Hlary Tymph

Fig 85 A very early subcutanc
2 locahized pateh of Bbrosis 1 sul at,
accumulations No necrosus 1s evident at this stage

of many sut nadules the foll 15 d as de-

y
scribing 1ts further development Furst, the area of fibrosis mereases with
the lymphocytes occupying a capsular zone of looser texture at the periph-
ery Fibninowd degeneration passing on to necrosis then oceurs at the center
(Fig 86) In the early stages the necrotic areas are seen to be elongate
and tortuous when ¢ut longitudinally The necrotic areas fuse and hiquefac-
tion then occurs, leaving as an end result a cyst wath brous wall contam-
g necrofic tissue debris
A simlr sequence can be observed n other situations

SYNOVIAL MEMBRANE
Fibrosis occurs in the membrane and subsynovial fat with round cell
reaction, plasmn cells and later lymphocytes predominating
Necrosts then occurs, typically 1 the form of fissuring of the fibrotic
membrane along hnes of cleavage from the surface (Fig 87) Such lmes
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L.
Fig 86 A sectx
hon
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Fig 87 Synowal membrane m rheumatord arthnbs, showing necrosis m the form of
fssumng of the thickened fbrotc membrane A pabsade of radially assenged fbroblasts
appears azound part of the fssure

B e ol o e
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meet and branch, gmving nise to villous pracesses and later detached frag-
ments. A palisade of fibroblasts 15 seen along the lines of linear necrosis and
the appearance is very similar to that of the subcutaneous noqule, modified
by the fact that the process 15 occurring in relation o a cavity and not a
sold mass (Fig 88). Superficial necrosis of the surface layer and of the
il then occurs and the neerotie tissue 15 exohiated mto the jomt cawity,

Fig 85 Synovial membrane in thenmatoid arthratis, showang 2 patch of necrosis sur-
rounded by a well marked palisade The appearance 15 identical with that of a subcu-
tancous nodule

The end resuit 15 again a fibrous cyst with round cell foci 1 the wall and
products of tissue degeneration i the lumen

LESIONS IN MUSCLE TISSUE
Round cell reaction 15 the predominant feature in this situation Necrosis
15 rare It has, bowever, been found at postmortem 1n an intercostal muscle
w which a fibrous sac contawing necrouic debris was found (Fig 89).
1

Mic dly the s were strihngly hike those seen m cxcavated
nodules and m synovia

LESIONS IN NERVE 1ISSUE

Agan Iymphocytes predominate, but Freund et al® have deseribed n

center acollular liomogeneous zone contanng collagen strands but with.
out fibrin,

RIEUMATOID TENOSYNOVITIS AND BURSTIIS

~ - N

de '
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They are forms of extra-arhicular rheumatoid synovitis In all stuations
the lesions are inflammatory as shown by lymphocytic reaction, and de-
generative as shown 1n necrosis The end result at each site appears to he
a fibrous walled cyst contaming the products of tissue degeneratron

Fig 89 Intercostal muscle from an advanced case of rheumatoid arthrtis, showng 3
large necrobic lesion It 1s encapsulated by dense fibrous tissue and contans tissue debrs,
cluding much cholesterol

COMMENT

The widespread nature of the lesions which affect all the mesoderma!
tissues has been demonstrated Collections of round cells, namely, lympho-
cytes and plasma cells, proliferation and degeneration in all the coats l?f
the smaller blood vessels, and swellng, fibninoid degeneration, necrosis
and proliferation of collagenous fibers m the connective tissues have been
shown to occur 1n the skeletal muscles, heart, pericardum, around nerves,
1 the synovia and capsules of joints, in cancellous bone, in adipose tissu¢
and in the skm,

In small random samples of muscle taken by biopsy, each smaller than
a postage stamp, the above mentioned changes were found 1n 64 per cent of
seventy rheumatord cases They were also found occasionally, but much
more rarely, 1n other theumatic conditions and controls (see Table 44).
They have been seen in muscle taken from a case of Volkmann's contracture,
1n a reaction to a foreign body in the breast, and 1n a case of post-traumatic

ositis
m>Iyn the rh d cases the freq of did not vary with
the actnity of the disease, the degree of muscle wasting, the pro\lmll\; to
an affected joint, or the previous admmstration of gold therapy Its fre-
quency did, however, increase with the duration of the disease.

In a consecutive series of fifty autopsies on nonrheumahe cases,

muscle
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was removed for evamination from seven sites m each case, The amount
of tissue examined was approsimately twice that usually obtamed on biopsy
On scctioning thus tissue, fields were found which resembled those seen
1 rheumatoid discase in about 9 per cent, as compared with 64 per cent

Tuble 4% Number of Posilive Faindings on Muscle Biopsy in Vartous Rheumatic Syndromes

NUMDER  NUMBER
SYNDROME OF CASES POSITIVE
Rheumatod disease 70 43
Ttheumatoid spondybitis 17 1
Gonococeal arthniis 1 [}
Sull's disease . 3 1
Psoriauc arthritis 1 1
Osteoacthritis 2 1
Gont 6 ]

using half the quantity of tissue m rheumatord arthntis Positve results
were found, according to the site chosen, i 16 per cent 1n dhaphragmatic
muscle, 9 per cent deltoid, 8 per cent pectoralis major, 7 per cent sterno-
mastod, 5 per cent psoas and m no case m the heart muscle,

e .B. !....q. = 14
Tz 90 A section from a nodule from a case ntermediate between rheumatic fever and
theumatoid arthntis

Nodule formation has been examined and the symmetry of the arrange-
ment of the pahsade layer and the central necrosis makes this the most

then progressed to typical 1l q def

o @ nodule was exeised
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which also showed a Iustology mtermediate hetween that of rthenmatord
disease and rheumatic fever (Fig 90).

<L M) Y oses Wds LALSLGL LUNL WIe GOl OF 4 patient with othenwise
typical v ymp is sac tained a creamy deposit con-
sisting largely of cholesterol (Fig. 01).

—— © . T
Fig 91. A section through the wall of a bursa contumng cholesterol, removed from the
calf of a patient with rheumatod arthntis

Again degeneration 1 muscle and tendon may be the cause of spon-
taneous ruptures which may occur in a number of sites in the same patient
They have been seen in a patient :n whom the disease was only modesately
active and not 1n a very advanced stage as judged by jomnt deformities and
general condition 3

To summarize, 1t is felt that the histologic changes in 1k id dis-
ease are not specific though they are seen much more commonly in this
condition than in any other They become more widespread the longer
the duration of the disease and if 1s thought that they would always be
found if suficient tissue were available for exammation They are probably
a pecific brochermeal reaction of tissue which may be set
m train by a number of different stimult
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THE DIAGNOSTIC VALUE OF SYNOVIAL
FLUID FINDINGS

MARIAN W. ROPES

The avalabl, t and p evidence mndicates that the jont
cavity 15 a large hissue space and synu\’lal fluid 15 tissue flisd As would
be P'(pected from this hypothesss. synovial flmd reflects changes produced
by disease in synovial tissues The alterations m the flud vary with the
type, duration and seventy of tissue inflammation and, therefore, are often
of value 1n diagnosis

Aspiration 15 simaple and safe The only condition m which 1t may be dan-
gerous 1s hemoplulic arthntis, and even m this disease aspiration can be
done safely 1f ll\e dottmg hme 15 bmu«ht to normal before tapping
y 2 coses of soint disease in which
the dmgnosls 15 in questmn. Furthermore, it 15 of axd in determiming the
prognosts 1n infectious arthnihis As soon as flud recurs in an infected joint
{every one to two days), aspiration 1s of value both therapeutically. to
dram the joint, and prognostically, to determmc whether whatever treat.
ment 15 bemg used is adequate as ind d by mnp m the flud
findings,

‘The most frequent use and the greatest value of aspiration are m diag-
nosis, and depend on the fact that the changes in synovial fimd increase
with increasing seventy of fissue inflammation

CORRELATION BETWEEN CHANGES IN FLUID
AND SCVERITY OF INFLAMMATION

In the muldest mflammation, that due ta trauma (as m traumatic ar-
thrstis, degenerative jomnt chscase and Charcot’s jomnts), there usually 1s
httle change from normal and the flmd alterations are never marked

In mild cases of infectious arthntis or mild cases of rheumatoid arthritis,
the changes in the flmd are still shght With increasing seventy of disease
the alterations 1n the flmd ncrense, though the degree of change 1s not
dicectly proportional to the sevenity ‘This merease with seventy s wel)
demonstrated 10 gonococead atthnbis, 1 winch the severe cases with post-
twe enltures 1 the jomt fluid show much greater changes than the cases
with negative cultures 1 the fliud A positive culture has never been ab-
tained 1n a flmd with a leukacvte count of less than 30,000 Total leuko-
cyte and polymorphonuclear cell counts and the sugar concentration show
the greatest differences In rhenmatoid arthnbis st 35 not usually the cell
count that indicates the degree of severity However, an average sugar
level of 55 mg per 100 cc and a globulm content of 41 gm per 100 cc
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were found m severe cases, in contrast to a sugar concentration of 81 mg
per 100 cc and globulin content of 2.9 gm per 100 cc 1n mld cases.

In mtermittent effusions of short duration the changes in the fluid, reflect-
Ing varmations in seventy of tissue inflammation, oceur rapidly and can be
followed if flud 15 aspirated daily, as m the case of one patient who had
generahzed rheumatoid arthritis with bilateral knee involvement The effu-
sions 1n the knees recurred with precise regulanty with mtervals of six
days between the peaks of the effusions, As the effusions appeared the Jeu-
kocyte counts rose to 22,000 and 81,000 in the two jomts, and the sugar
levels fell to 74 and 50 mg per 100 cc. With subsidence of the effusions
the counts fell to 6600 and 5000, and the sugar concentrations rose to 163
and 103 mg. per 100 cc.

Sumilar changes m flud findings as the severity of jont inflamminen
decreased were found 1n other cases of rheumatoid arthnitis and 1 ecases
of theumatic fever and infectious arthritis. The total leukocyte and poly-
morphonuclear counts fell as the joint disease subsided and the effusions
disappeared.

DIAGNOSTIC DIFFERENCES IN FLUIDS

Analysis of the findings 1 1000 synovial effusions indicated that joint
fluads could be divided 1nto two groups on the basss of the degree of change

Table 45. Cytologwcal Findings in Synevial Fluids
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in the fuids. Group I, 1n which there are only relatively shght ::lm:;gg;
from normal, was found to include all diseases m which the m}?amn;.ntm
1s due to trauma The most common diseases m this group are U cuse]l| s] rlm o
mn Table 45 he arthritis, d ive Joint disease :mdhc J’Ih’)l'd
jomts. Group II ncludes all types of mfectious nrthnh§ and rheums
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arthntis, Septic arthntis here mcludes B, coly, pneumocoecal, streptococeal
and staphylococeal anfections, Fluids from patients with rheumatic fever,
whuch are Listed separately, resemble those of group I 1 many respects but
the abnormaliies 1n cell counts are greater than those of group I. Gouty
flwds resemble group 11 fluds in general but the changes are samewhat
less marked,

The dufferences between the two groups of fluid are of value m diag-
nosis In Table 45 the findings in normal fluds are gmven at the top for
companson [t can be seen that none of the changes i group I Awds are
great Some of the impoztant differences between the groups are apparent
merely on observation of the fluld or with simple tests

Clanty and Clotting Tendency Normal flund 15 clear and does not elot
Group I flurds are usually clear (unless bloody, as they often are m Char-
cot's jomnts) The flunds of this group vsually do not clot, or if they do, the
dots formed are small and friable Group 11 flnds, on the other hand, are
usually turbid However, here, as i all fluid findings, there may be great
varnation m rheumatord arthetis and fwd from mild cases may be clear,
though the majonty ot theumatod flwds are turtnd The Awds of group I
frequently clot and often form large, firm clots, especally w nfectious
arthntis

Cell Counts ‘The dufferences between the groups are marked 1n the cell
counts The average levkocyte count 1 normal flmad 15 83 In group 1 fluds
there 1s a shght mncrease n cells but the average remans low, 500 to 1500,
and the Jughest count we have seen thus group )5 5300 Sumilarly, the

counts are much hagher than in group I flwds, though 10 all other respects
the flnds are comparable Group 11 fwds show a much greater increase
n cell counts with averages of 14,000 1 theumatord arthritis and as high
as 65,400 in septic arthntis The latter figure does not mciude some fluds
that were thick pus on which accurate cell counts eould not be done The
average poly 4 fear p also nises & i group II
flmds, to 65 mn rheumatord, tuberculous §nd gonococeal arthntis and to

Protein Concentrations Some of the relatnely simple cliemscal tests fur-
nish other differences between the two groups (Table 46) The average
PROReIn Comgnmbe~e e AF mreenad 1301 Ll LT ca
13 au increay
the Iughest -
ancrease 15 10 the globuhn frachon, from the normal average of 05 gm, to
averages of 08 to 11 gn per 100 ce In group If flwds, on the other hand,

Huds
Alterations 1n the concentrations of the vanons protemn fractions as dem-
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onstrated m the electrophoretic patterns of synovial fluds also aid in dif-
ferentiating the two groups of joint diseases In traumatic fluids differential
permeabihity to individual protein fractions 1s found The concentration
of albumm 15 hugher in the fluid than m the serum, the alpha-1 globulin
concentration is essentially the same, and the alpha-2 and gamma globulin
concentrations are lower in the fluid. In early or muld cases of theumatod
arthrtis, the electrophoretic patterns in the Swids usually resembled those
of traumatic fluids In the majority of fuids from rheumatoid arthnitis, how-
ever, the albumin concentration in the fluid was equal to or lower than
that 1n the serum and the gamma globulin in the fid was higher In many

Table 46 Clinwcal Findings in Synovial Fluds
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patients with theumatoid arthritis, the serum albumin 15 very low and the
gamma globulin marhedly elevated and the fAwd reflects these changes
with ap: 1y very httle diff 1 permeability for individual proki:n
fractions There 1s apparently a tendency for the gamma globulin m the
flurd to increase in eff of long d Inrh ic fever the elec‘t]m-
phoretic pattern, ke the majonty of the other flud findings in this ‘15-
ease, resembles that of traumatic flds The albumin concentration 18 Iigher
and the gamma globulin concentration lower m the flid th_:m in the serum

Sugar Concentrations The sugar concentrations also aid in dllfercnham:'%
the two groups In Table 46 are Shom:i differences Ihet‘l\le:: lt(})zem ;er;ﬂ

i : .

sugar and the fuyd sgar Nomnally, the Qreace & e auference remans
B he dafference ncreases
; per 100 cc The high
ero sugar levels Such

)
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levels arc found not only m tuberculous and other types of infectious ar-

precipitate obtamed with acetic anid The concentration does decrease from
the average normal of 85 gm per 100 cc to 06 to 07 gm. 1 group 1 fwds
and 64 to 06 gm 1n group II fluids, but the change 1 viscosity 15 more
relable The averige normal viscosty 15 150, m contrast to 87 to 99 m
group 1 flmds and 12 to 83 in group 1 fmds The best differentiation
comes from a companson of the precipitates obtawed by adding acetic
acid to the joint find to a final concentration of 1 per cent The preaymtate
from normal fluid 15 a tough, ropey clump with clear surrounding solution
In group [ fluids the precimtate remains ropey though sometimes 1t 15 less
touth and can be broken up shehtly with a stimag rod The solution re-
mans practically clear In group 11 flnds the mucin wsually precipitates 1n
a soft clump with cloudy solution In severe cases there 1s no clump and
only a cloudy solution is obtamned.

COMMENT

Thoin 1A S PR S R .

var

eqc

count above 5000 per eu mm, an absolute polymorphonuclear count above
1000 per cu mm , a protewn concentration above 55 gm per 100 cc . a serum-
g o- e PR b .

Huwd has only shight changes fram the narmal, such as those found in group I
fuids 3t does not prove that it 1s a travmahe flmd since fuds from mild
cases of rheumatoid arthntis and even of ganococeal arthritis may show only
shght changes from normal

In addition to the ralue wn d i f and st d
furds from those of traumatic origen, the flud findings are of some value
m suggesting other differentials For mstance, in onr evperience sivteen
out of eighteen rheumatic fever fluds have had good muem precitates,
\'\‘1 ereas the mucin n il 3 fluids usually poorly Sim-

SR ‘e N e - -

or a few months) the combination of 4 relatively Inw ccll count (23,000
or belaw) and polymorphonuclear forms of 50 per cent or less with a low
content of sugar {20 mg. or below) can, we think, be found only m tuber
culosis Not all cases of tuberculons arthritis show this type of fluid, as
shown by the four exceptions we have encountered 10 twenty patients,

CAST 8TUDY

An aighteen-veir-old white boy was admitted with a complamt of prin and
swelling in the left knee of five months” duration A eyst of the internal semilunar
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cartilage of the left knec had been removed twenty-one months before admission,
The knee had ined absolutely symptom-free until five months before adms
ston, when he was thrown agamst an anchor baf on a ship dunng a storm, striking
the left knee, The knee had been swollen and pamful since that time Examinshon
showed effusion 1 the left knee with tenderness over the lateral hgament and the
pos(erulats{ml aspect of the lateral memscus The capsule was markedly thickened
A dagnosis of traumatic svnovitis was made and synovectomy and removal of
external semilunar cartilage were performed. Flud obtamed at operation had a
total cell count of 5250 with 58 per cent polymorphonuclear forms, contamed no
sugar and had a protemn content of 538 gm per 100 cc., all three findings bemg
entirely with those of flwds and, dered together, sug
gesting a diagnosis of tuberculosis Frozen sections of the synoviabs had not been
made at operation because the diagnosis was thought defimite and the examation
of the flid gave the first mdication that the diagnosis was correct. Histologic
etam:;lﬂllon of the synovialis showed tuberculosis and the knee was fused subse
quently.

In this case, preoperative examination of the fluid would have suggested
the correct diagnosts, which cauld have been confirmed by examnation of
frozen sections of sy lis at the first operat and a second operation
would have been unnecessary

In summary, the changes in jomnt flyid, which reflect the degree of sever-
1ty of tissue 1nfl son, make fuid 1on of diagnostic value The
chuef value is 1n differentiation of various types of mfectious arthriis and
rheumatoid arthritis from jomt diseases that are traumatic m origim

= o o

HISTOLOGIC AND CHEMICAL CHANGES IN SKELETAL
MUSCLE OF PATIENTS WITH RHEUMATIC AND
NONRHEUMATIC DISEASES®

JOSEPH J. BUNIM, LEON SOKOLOFF, EDWARD J. BIEN, SIGMUND L.
WILENS, MORRIS ZIFF AND CURRIER MCEWEN
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specific for theumatord arthritis and recommended that muscle biapsy be
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cal study of shelctal muscle extended to 202 cases® meluding 57 cases of
theumatoid arthnts, 76 other types of arthritis, 156 nonrheumatic discases
and 13 normal, apparently healthy solunteers The purpose of this ivesti-
gation was two-fold: first to d the specifiaity and value
of the cellular nodule, and second, to ascertam whether the hustologic
changes observed m a given muscle specimen were associated with altera-
tions n certain chemical constituents of the muscle

HISTOLOGIC STUDIES

In over 90 per cent of the cases, muscle was obtamed by biopsy, usually
of the gastrocnemius and, wherever possible, remote from an affected jont,

2222 -
Fig 92 Section of a lesson from a thuty-four-year-old Negro woman with rheumatod
arthnbs, an example of (he Jargest bpe of lesion seen 1n this senes

In each instance, approumately 400 senal sechions were cut and every fifth
slide was stamed The average size of each section was 1 sq em and the
sections were cut at 8 mmcrons A total of more than 80,000 sections were
cut and of these, 17,000 were exammed In cach positive biopsy, the num-
ber of nodules and the number of cells in the largest nodule were counted
The mean dixmeter of the largest nodule was measured with an eye-prece
nucrometer Specified entena for a typical muscle nodule were adopted
and apphed to the control and the rheumatoid cases ahbe These cntena,
the inardence of lestons per umit volume of muscle in the rheumatic cases
and nonrheumatic controls and the average size of the mfltrates in these
groups, are reported and discussed mn another paper ¢

In an ilustration 1n the paper of Freund and associates,® the lesions are
shown as fairly compact aggregates of lymphocytes with a small proportion

* The semor author exammed each patient m tlis senies and collected the Liboritory
data necestary to complete the diagnosis,
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H ENE
Fig 96 Section of an end ! Jesion from the of a fift;

man with osteoarthnbs of the spine
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Fig 97 Section of an endomy sial lesion from the gastrocnerms of an apparently healthy
thurty-one-year-old man
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was 74 myg, per cent The lesion 1s located in the penmysial margin of a
muscle bundle and lies next to an artenole

Figure 96 15 one of four endomysial lesions i the gastrocnemuus of a
&fty-nine-vear-old white man with ostecarthritis of the spine No other
types of arthntis coeusted The largest lesion had 280 cells, prmerpally
lymphocytes, with a smaller proportion of menonuclear cells

Figure 97 1 an endomysial lesion m the gastrocnemius of an apparently
healthy adult volunteer He was a thirty-one-year-old white man, a hos-
pital attendant, with no hstory or physical signs of any of the rheumatic

Table 47 Iistologreal Findings tn Muscles of 202 Subjects

DISEASE TOTAL POSINIYE DOUBTFUL AFGATIVE ATYPICAL
Rheumatod arthritrs 57 32 8 17 ¢
Ankylosing spondylitis 10 4 2 3 1
Rheumatic fever, actne an 1 4 10 0
Theumatic heart discase, maciive 1n [3 3 8 o
Osteoarthritis 1 1 4 1 [
Toint tuberculosss 10 3 Y 6 1
Pulmonary tuberculosis 6 0 1 3 2
Gaut 8 3 3 2 0
Subacute Lacterial endocarditis & 4 1 1 Q
Techinosis 3 - — — 3
Miscellaneous* 38 8 10 13 2
mal 1 3 3 7 0
TOTAL 202 68 39 86 9
Per cent of 57 rheumatoid eases 100 56 1 30 [
Per cent of 145 nonrheuratoid cases 100 B 2 a8 6

diseases The electrocardiogram, ervthrocyte sedimentation rate, rocut-
genogram of the chest, serum titer of 4 d
shevp red cells 11 antigen P were nor-
mal, This nodule has more than 200 closely packed lymphocytes and 1s con-
silered an acceptable leston in everv respect

The results of the histologie study are presented in Table 47, It will be
noted that besides the positive and negative biopstes {(by which 15 meant
JOrn - Rl % ¥

. )
berele, were classified as atypieal

Tfty.six per cent of the rheumatoid eases had positise biopsies n con-
trast to 25 per cent ot the comtrol group Despite a thorough search, the
striated muscle of at least 30 per cent of the patients with rheumatoid
arthntis failed to show cellular mfiltrates It 15 true, however, that m no
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other disease was the ineidence of muscle nodules as Tugh as 1 rheumatoid
arthritrs, with the exception of subacute bactenal endocarditis, It is ter-
esting that Mare-Strumpell spondylitis ranks close to rheumatoid arthntis,
with a rating of 40 per cent. The important finding is that one-fourth of
the patients with diseases other than rheumatord arthritis presented m-
flammatory muscle lesions mdistinguishable from those seen m rheamatord
arthntis From this observation 1t tollows that the Jesion 1s not specific for
any one disease and, hence, 1s of limuted diagnostic value

In the skeletal muscle of four patients with rheumatoid arthnitis a vascu-
Iar lesion was observed which will be described 1n another paper 2

BIOCHEMICAL STUDIES

From forty subjects, approumately 4 gm of the gastrocnemrus muscle

was removed by biopsy under local procame anesthesta and divided mto

TOTAL PROTEIN FRACTION OF MUSCLE (DRY WT)

%
80
60
40

20

40

NORMAL NO ATROPHY ATROPHY

Fig 98 Companson of the total protemn fraction 1n dried muscle of normal subjects
that of patients wth vanaus diseases

with

two sections One section was fixed for hustologic study and the othg \;:;S
refrgerated mmediately and finely minced for chemical analysis Def
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minations were made of the water content, total mitrogen, nonpratein nitro-
gen and protewn. Further amalysis was made of two components of (!\c
proten fraction, myosn and collagen. The myosin was then treated for its
adenoswnetriphosphatase activity when mcubated with the substiate sodium
adenosinetriphosphate for six ramutes at 37° G The results were expressed
m micragrams of phosphorus liberated per milligram of myosn

MYOSIN & COLLAGEN GOMPONENTS
OF PROTEIN FRACTION OF MUSCLE (DRY WT)

Notg that the Collagen cornponent MYOSIN
remeins vimost constont EOLLAGEN

% PROTEIN NITROGEN

% PROTEIN NITROGEN

a

NORMAL NO ATROPHY ATROPHY
Fig 87 Companson of the cotlagen and myosin fractions of dned muscle in normal
subjects with those 1 patients with vanous discascs

The values obtuned for these biochemical substances were then come
pated with the lnstologae chantes seen 1n the same muscle, with particular
reference to atrophy and the presence of cellular nodules. Patients with
severe atrophy were not included because muscle biopsy was not feasible
The details of the chemical methods employed and a full apalyss of the
results wall be the subject of a separate report 12

he forty subjects conasted of thiteen healthy adult males, eight pa-
tents with rheumatoid arthnits, four with gout, four with tuberculous
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spondyhtis, three with degenerative jomt disease, two with MarieStrum-
pell spondyhitss, two with subacute bacterial endocarditis, and one each with
syphilis, pul y tul losis, erythema nodosum and bronchial asthma

In Figures 93 to 100 the cases are grouped in two categones: One 1 ar-
ranged according to the chmeal diagnoses—miscellaneous diseases, osteo-
axthntss, tuberculous arthntis, rheumatoid arthribis and gout—and the other

MYOSIN COMPONENT OF MUSCLE (WET WT)
& ADENOSINTRIPHOSPHATASE ACTIVITY OF MYOSIN

MYOSIN fos % wet wi)
L1} 477 - #s€ acTiviry (3 presphonss
per mg Myosm)

MISC  OSTEQ Tac

Tig 100 Companson of the myosin content of wet muscle, and the adenminehlpf:!'-:::
phatase activity of this myosin, 1 normal subjects with that 1n patients with vanans
eases

S atrophy regardless of the
accordmg to the presence or absence of muscle atrophy r
disease %n each category the thirteen normal persons were mcludcq fo:
reference The normal persons whose muscles were free of cellular foci nlrh
labeled A, those with doubtful lesions, }3, and lthe normﬂ: :ub)esf\s]y\\;he
‘ To simplify the graphic presentation,
g‘efir:tg m\:scle n?dules, ‘C p! ;Ie graphy e 85 15 sho“gl
o -
the protein fraction of the dned muscle As compared to the norma} S:o -
jects, in whom 74 per cent of the dry weight of musc{e is made \q:} a .'ﬂes
tem, there 15 2 sigmficant decrease in the cases of mrscell.mcoust M’hcrt:
of g’out and especally of degenerative jomt disease or osteoarthritis W
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the level falls to 51 per cent It should be powted out, however, that m
tlus Tast group, the average age was sixty-mne years In the patent with
gout, 1t was sicty-Bve and in the normal subjects at was forty-four years
With advancing age, the general nutntional state declines and skeletal

but are sick and m most bedndden, with 1t tic or h
matic diseases.

1t was of mterest to hnow whether the dumnution of the protemn frachon
was attnbutable to a Joss m any particular one of its components In Figure
9 the collagen and myoun compunents of musie protem are demon-
strated It 13 noteworthy that as the myosin fraction® falls i the varions
fgroups, there 15 no compensatory merease in collagen concentration even
m diseases assoctated with marked atrophy From this 1t 15 concluded that
atrophy 1 human sheletal muscle 15 not assotiated with a process of re-
placement fbross.

Although there 15 2 sigmbeant fall m the myosin content of wmuscle
from patients with vanous diseases, it cannot be concluded that this change
13 charactenstic of any particuiar disease It appears to be related to
disease in geveral and o manscle atropby 1n parhicular An exception o
RESC R At R o A

af these so-called “lesions ™ We are now further challenged by the observa.
tion that the myosin content of the muscle of these same persons 15 syg-
nificantly fower than m those normal subjects whose muscle sections were
free of cellvlar infiltrates or even m those who had “doubtful’ nodules. The
number of ndviduals 1n each subgroup 1s small and conclustons from Qus
histack 1 1 ate not 1 at this time, although the oh.
servation seems worthy of further mvestigation

In Figure 100 15 shown the myosin content of the wet weight of muscle
and the adenoswetriphosphatase actiaty of this myosn It s only an aco-
dent resufting from the scale used m thas graph that the column of the
enzyme is ogher than that of the myosin The myonn as per cent of wet
weght decreases 1 the same order, as shaws in Figure 89 The adeno-
sinetriphosphatase activity, lhe the myosin, falls nonspearfically mn the
svarous diseases The determining, factor again seems to be essentially
disuse and muscle atrophy Unlike myasin, however, adenosmetniphos.
phatase actwvity does niot vary with presence or absence of cellular foor in
the muscle of normal persons It 1s noteworthy that m the varous groups
the fall of mvosin 1s not parallel to that of adenosinetnphosphatase 1n fact,
m some mstances the values are dnergent This finding supports the con-
tention of some wnvestigators that myosin and its adenosmetnpbosphatase
actvity are due to separate substances, the enzyme bemng adsorbed to the
surface of the myosin

* The tm myoun s wsed in this report means that protewn frachion extracted from
muscle with 85 molar potassiunt chlonde i 663 molar sodum bicarbonate precipiated
by 2 ten fold drfation i copper-free wotrr 2t » plt of 88
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DISCUSSION

HUGO A FREUND

Dr. Bumm and his associates question the specificity of muscle nodules
in rheumatord arthritis. In that, they are not alone. They agree that these
nodules are found m higher percentage mn rheumatoid arthntis, and that
they are present chiefly m rheumatic diseases Although one illustration
shows simlar nodules m muscle taken from a healthy person, I hardly
think he would have us beheve that such accumulations of lymphocytes
and plasma cells are normal muscle constituents, or that a latent disease
was not present N

Our onginal papers cited Klinge, and Curtis and Pollard, Klge con-
cluded “that m rheumatic fever (fieberhafter Rheumatsmus}, v'ascular
connective tissue of the entire body 1s attacked n devastating fashion {m

verheerender Weise ), with or without involvement of the in‘lrll‘_ts"‘gh‘e:;

nvestigators It was undertaken prmanly to make a study ot the celua:
and pegn'p}xeml nervous system m rheumatoid arthntis 1 shared the be:xhe!
of chimcians that rheumatoid arthritis was a systemic disease, and thcét ‘
pathology of the jomts,h !?e subcutancous nodule and the heart did po
represent the entwe pathology.

% search of the htepmture ;gi}llsclosed the fact that nervous tissues had ;x:f
been adequately studied 1 thought that the interosseous muscle a!r(;(a) n"l-’
hyperactive refleves, paresthesias and troptue changes might find exp! tl;c
tion m a Iistologie study of the entire nervous system That \\jas "
objective of our ongmal work publshed n 194% on peripheral nqnesr:\u o
m 1945 on muscles Discrete nodules in the epineurium and perjmet: lﬁ i
of peripheral nerves were found 1 more or less zonal ﬂnangemsr\;“\;‘ it
of seven autopsted cases of rheumatoid arthrins. It was p?m((i e
these nodules were present i nerves not connected with invehed j 3
such as the 1lio;ingumal,

i hes,
In continmng our search for nodules in the smaller nerve brancl
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OBSERVATIONS ON THE HISTOPATHOLOGY OF THE
NEUROMUSCULAR SYSTEM IN RHEUMATOID
ARTHRITIS

L. RAYMOND MORRISON, PEDRO M. CATTOGIO AND WALTER BAUER

Histologic ion of the lar system was undertaken in
patients with rheumatoid arthritis i an attempt to establish the anatomse
basis for the vamous muscular, neurologic and neurologic-like symptoms
and signs that frequently accompany this disease, Stmilar examinations were
made m cases of fupus eryth 1, tus, der itis, pen-
arteniis nodosa, scleroderma and rheumatic heart disease without patho-
logie ievulenc:e of arthntis, to determme the specificity of the lestons ob-
served

CLINICAL MATERIAL

Tissue was obtamed from eighty-two cases of rheumatoid arthries In
thirty cases only muscle biopsy specimens were examuned Of the ffty-two
autopsy cases, the muscles were exarmined in twenty, the penpheral nerves
m forty-seven, the sympathetic chair m nieteen and the spinal cord m
thirty-nme  Somewhat comparable studies were made of tissues obtamed
from nie cases of lupus eryth five cases of der two
cases of penartentis nodosa, one case of scleroderma and four cases of sheu-
matic heart disease without pathologic evidence of arthntis,

FINDINGS

The principal lesion found 1n this study was the paravascular focal col-
lections of Iymphocytes and plasma cells n the connective tissue sheaths
of muscles and nerves Similar lesions have been reported by previous
workers from the latter part of the last century onward 1 Except for a few
cases reported m the lterature® these focal cellular collections have not
been observed m the many control cases examined by various workers?
In fact, so specific are these lesions thought to be that Stemer and col-
leagues are able to distmguish by the character of the foc1 alone the lesions

of rheumatoid arthntis from those seen m other diseases,
. T e s med st fe mag that focal acou-

As far ac
mulations ¢ " wellas byusm
Raynaud’s *ty of other con
ostor disturbances

ditionss, as
are common to many diseases and it 15 possible that the cellular anfiltra-
tions are related to these disturbances

Rheumatord Arthritrs We have found these paravascular round cell 2g-
gregations m about 60 to 75 per cent of the cases in which m\\sd.es were
exammed (depending upon whether the tissue was obtamed by biopsy ot
at autopsy), and 1n about 70 per cent of the cases m which nerves were
examined,

These paravascular foc: were found 1n pahients with rheumatoid asthritis
who ranged from eight to seventy-six years of age, there was no relation-
ship with the seventy of disease, its state of activity, or s duration,

804
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LESIONS IN MUSCLES As previously described,® the focal lesions in muscles
1n rheumatod arthntis were always located in the interstitial connective
tissue usually of the penmiysium but sometimes of the endomysium {Fig
101 g). Ordmanly such 2 focus would be i relation to a blond vessel The

Fig 10t Sumbar focx of Bmphocytes ;mrl plasma cells 1 endomysum or permvsium
of muscle g, theumatad arthnus, b, lup ) €
ositis, d, scleroderma ( Hermatox lin. and eosm. X100 )

cells 1 the nfiltration Were 1 most msunccs Iymphocytes, with a smaller
number of plasma cells or mon hese coll were
present not only m muscles that were rel:lted to jomts but also in an extra-
ocular muscle and in the diaphragm

Avophy of the muscle fibers vaned from case ta case and bore no rela-
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5322533 ;ets}:::?:isaeﬁcino; G}J;egfse:fl:hese celléxlnr foc1. Sometimes atrophy
£ the b 1 ’ 2 was moderate, with variation in size
of ers, relative increase m sarcolemmal nucler and loss of cross stria-
tions. In severe atrophy long chams of sarcolemmal nucler were present,
Iying deep m a muscle fber, 1f muscle fiber stll remained, otherwise form-
ing dense cords i thin strands of fbrous tissue m the site of what were
presu}nably former muscle fibers.

LESIONS IN NERVES Sumilarly, 1n the nerves the lesion was located m the
connective tissue sheaths, the endoneurium, the permneurrum or epmeurum
The nodules themselves were smmlar to those seen in muscle. Since the
nerve sheaths are the peripheral extensions of the meninges of the central
nervous system—~the endoneurium being denved from the pra, the pen-
neurium fmn: the arachnoid and the epmeurum from the dura—the men-
inges were d for focal 1 of round cells
In the subarachnoid space, seen best i relation to nerve roots, there were
mereasedr  ° A A - L) PR
arthntis, T
present 1 .
advancing age However, comparing the rheumatord arthritis cords with the
normal control series of similar age groups, the mumber of cells 1n the
memnges 15 greater in the rheumatod arthritis cases We have not yet
encountered frank foci such as are found 1n nerve sheaths, but this 15 bemng
further investigated,

In addition to lesions mn the mterstitial tissue of nerves there are some-
times mild parenchymatous alterations to be found as well In a myelmn
stan patches of pallor and beading and fragmentation of myehn can be
seen Sometimes this 1s venfied by a posiive Sudan reaction It must be
emphastzed that these changes are not severe, that they are scattered, and
that they bear no obvious relationship to focal inflammatory reactions mn
the nerve sheaths Here agamn, as m the cord and axon alterations to be
descrnibed, these changes were not spectfic, and were similar to, but more
severe than, corresponding changes as they develop m advancing age In
a scattered way also swelling, tumefaction and fragmentation of axons were
observed 1n silver preparations Axon alterations were also found in the
postenor roots in some cases N

Due to njury to the axons, retrograde cell disease was present in the
large motor cells of the anterior horns of the spinal cord in about 25 per
cent of the cases Instead of the cells bemg concave 1n outhne with cen-
trally placed nucleus and even distribution of Niss] substance, these affected
cells were swollen, with comvex outline, central chromatolysis, eccentric
nucleus and sometimes d lipoch sirlar changes
are noted in old age but they are more advanced m theumatord arthntis,
for example, 1n one case in which the changes were quite severe, the patient
died at the age of eight years having had rheumatoid arthnitis for over six

years
}eIn the sympathetic cham of the autonomic system cellular reactions were
also fornd These reactions took place within the ganghon tself, or alf)ng
the cham between the gangha, or as lymphod infiltrations the neigh-
boring fat, Within the ganghon itself, 1t 1s probably true %hnt some of these
cellular collections, specifically those sur ding or rep nerve SEHS’
were composed of modified glial elements as has been recently stated,” but
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the focal collections of round cells were found in the muscles 1 eight out
of nme cases of lupus erythematosus as well as in the peripheral nerves
and sympathetic chain of the cases examined. These focal aggregations of
cells (Fig. 101 b) were indistingmshable from those seen 1 rheumatoul
arthritis, composed as they were of lymphoceytes and plasma cells located
m the interstial tissue of the muscles or nerves

D In is there were also intersttial accu-
mulations of round cells n the connective tissue of nerves and muscles
{Fig 101 ¢} They were found in all five cases m which muscle was ex-
amuned. In one case the infl y reaction was and one focus
might be so large that 1t would ettend beyond the lumts of a low power
field of the microscope In this way 1t seemed to differ from other diseases
of this group But m other cases, the focal lesions were small and could
not be distinguished from those of rheumatoid arthnitis or lupus

Scleroderma The focal lesmns found m the musele of one case of sclem»
derma (Fig 101 d) no ch 1sties that d hed them
from those of other diseases of this grou

Rheumatic Heart Disease The focal accumulations of cells found m the
mterstitial sheaths of peripheral nerves in four cases of rheumatic heart
disease were sumlar to those found in rhevmatord arthntis. They were
composed of lymphocytes and plasma cells with an occasional monocyte,
usually seen paravascularly Occasionally the outer coat of the bload vessel
would be shghtly infiltrated,

Nodosa The nfl y lesion of muscle mn periartentis
nodosa 1s probably different from the lesion 1n these other discases, because
of the mvasion of the blood vessel wall by polymorphonuclear leukocytes
and destruction of the vessel wall In the foct m rheumatoid arthnitis the
vessels also sometumes showed nfiltration of the outer coats by lymphoeytes
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JOINTS AND PERIARTICULAR TISSUES
IN IMMOBILIZED EXTREMITIES®

EUGENE F TRAUT, KENNETH M. CAMPIONE AND JOHN P, KISELIS

Extremtties immobihzed by paralyzing diseases or fixation apparatus
frequently develop deformities. The jomts 1n the involved leg or arm assume
a bizarre positon Forcible movement of the deformed extremity 1s often
pamful The d lar atrophy and e the
distortion One of the deformities following a cerebrovascular accaident 1s
referred to as “posthermplegic arthritis” without more evidence than joint
deformmty, stiffness and pain on forced motion -3 Some refer to the joint
changes as “joint affections” m hemiplegia or call them “arthropathes.™ *
Some classify the conditton as neuropathic arthntis, along with Charcot’s
jomnts m tabes ® The jomts on the paralyzed side are described as some-
times becommng red, swollen and hemorthagic within a month of the
“strohe " “Arthntic changes” contribute to the stiffness of the paralyzed
extremuty ' In discussions of changes in immobilized jomnts, 1t has been
stated that use 1s indispensable to normal growth of cartilage# The non-
contiguous jomt surfaces have shown degeneration ? The integnty of articu-
lar cartilage 15 dependent upon apposttion with the opposing cartilagmous
surface.

The pamful, ngid estremities m Parkinson’s disease have often been
mustaken for arthritis An imterosseous atrophy similar to that in rheumatoid
arthritis occurs not mfrequently 1 Parkinson’s disease but has received
Ittle attention The pyramudal ngidity 10 the hemiplegic extremty, the
extrapyramidal stiffness 1 Parkmnson’s disease, and the leg or arm corming
out of a cast resist passive motion Just as do the shff extremitres of the
arthnhic

Our mterest led us to study just what makes the extremity resist ontside
efforts to move 1it, and, 1n partrcular, how much jomnt changes contnbute
to stiffness In dealing with these stiff extrermities we considered the pos-
sible role of the recently mvestigated soft-tissue changes n stiffening dis-
eases, notably the penneural and pertvascular infiltrations m rheumatoid
arthntis, ' the abnormal effects of the autonomic nervous system expressed
m the shoulder-hand syndrome or Sudeck’s atrophy,!t and the debated
problem of fibrosihis Venous and lymphatic stasts i immobilized extremi-
ties lead to mtra-articnlar serofibrinous exudates Their orgamzation causes
adhesions of the capsular folds, according to an orthopedic viewpomt.!*

CLINICAL MATERIAL AND METHODS

Qur material mcluded ten hemiparetic or hemiplegic patients, six pa-
tients with Parkinson’s disease, a patient with congemtal palsy, and a bed-
ridden patient with tabes, who had Charcot’s jomts in both knees Al of
the hemiplegic patients had long-standing arterial hypertension and arterto-
sclerosis One was a young man with rh, Ivalitis who developed
hemplegia as a result of cerebral embolus, e included the patients with
tabes to determine possible changes m the soft tissues at some distance
from hus joints

o Assistance and advice were hindly gnven by G M, Hass, MD, and Granvlle A
Bennett, M D
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The joints of the deformed extremities were exammed for swelling, ten-
derness and mobility. Roentgenograms were studied for evidence of mntra-
articnlar changes such as narrowing of the jomt spaces, alteration of the
normally smooth bone ends or blurnng of the joint margins. In most of
the patients with hemiplegia, biopsies were made from gastrocneruus
muscles on the paralyzed and nonparalyzed sides Ope biopsy was taken
from the gastrocnemius 1 the patients with Parkinsomsm, one from the
patient with congenital cerebral palsy and one from the patient with Char-
cot’s knee joints

GROSS MORPHOLOGY

The deformities found were those of fleion (often to the pont of sub-
luxation), shffness and atrophy of the hand muscles Most deformities m
the upper extreruty 1n bolh hemiplegia and Parkinsomsm mcluded fleion
at the 1 jomnts and of at least some of the
terphalangeal )omts, although there was wide vanation in the finger
deformities In all except two patients the fleuon and extension deformi-
ties could be eanly reduced with only shght discomfort to the patient

The flewon deformities in the hands of two patents with Parkinson’s
disease could not be reduced The deformities 1 these patients were espe-
cially marked but roentgenography did not disclose any arthropathy other
than the subluxation noted 1 the other cases The bomnes in the paralyzed
hands 1 a few of the hermplegic patients were smaller than those on the
nonparalyzed side The bones i the pnralyzed l\and \vere cspecmlly small
m the patient with the birth palsy were
agamn apparent and were more easily d: hed as pama] dis]

Osteoporosis was a regular finding and could be distinguished 1 the
roentgenograms of all our elderly patients It was the generahzed rarefac-
tion usually cf 1zed as semle In some of the hemiplegic
cases 1t seemed more marked on the paralyzed side In the arm of one
hemiplegic woman (V H ) 1t appeared as a patchy loss of density of the
Sudeck type None of these patients had been mven thiocyanate while
under our observation

HISTOLOGY °

Histologically the atrophy of the soft tissue was expressed as narrow-
ness of the muscle fibers The atrophy of the muscle fibers was most evident
m the preparations from the hemiplegic patents and was much less ap-
patent 1n the biopsies from the patients with Parkinsonsm The biopsies
also showed an increase n the nucler between the muscle fibers of all the
stffened extremities This mcrease m the interfbrllar nucler seems to be
an mcrease in the number of sarcolemmal nucler The nucler vary 1 shape
and tend to be oval or rounded The increased number of nuclei 1s not
e‘(p{mned by the atrophy of the muscle and the consequent compression of
S w2 T B >N

in bone destruction A sumlar increase m the number of sarcolemmal
nuclei has been desenibed m muscles degenerating as a result of denerva-
tion The apparent ucrease 1 sarcolemmal nucler has been explamed as
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Fig 102 Hand of patient VH (Case II), hemiplegic side The roentgenogram shows
subluxation and Sudeck’s atrophy but no arthnhs

R

sV fe Y

b

e

Tig 103 Sectious from gastsocnemaus muscles of patient V H. A, muscle fom nonpara-
gIyzed side, B, muscle from paralyzed side, showing merease of fnterfibrillar nuclet
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dne to the deerease m bulk of fibrls The infiltration of mononuclear cells
' Y ;- - ruscle Brown

o . [OE T were present

CASE STUDIES

mereased.

Casc I A woman of sisty-four vears (VH) with artenal hypertension had
hemiplegia due to cerebral hemorrhage two years previouslv She had never had

SS—
oy e I

pas
e

e — e mmm= Ty
e ”'._;E.m_":;-{’m PP S |
Fig 104 Section from gastrocnemus muscle of patient A§ {Case UI), showing httle
change in muscle fibrs but some nerease in penmysial nucler The patient had 1diopatiue
Parkinsomsm
arthntis R showed some subl of her finger jomts (Fig
102) The jomt ends were smooth, the mterspaces were normal width A miero-
scopic section from her paralyzed leg (Fig 103) shows a great concentration of
i d cells

nucler and 1
- -~ =€ faet covon vears (A §.) had adonathie Parian-
t pummal
+ termmal
ag. 1049)

Case IV RF was a physician seventy-five vears old. ffe had had Parlanson’s
cisease, probably owing to arteriosclerosis, for eight years His metacarpophal-
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angeal joints were flexed The dust:
e sl Bowmesoexed | SJ]O\Vl;i ;ldphalanges were flexed ?nd deviated to the

Fig 105 Hands of panent RF (Case IV), with Parkinsonism The hand deformtics
and 1ntesosseous atrophy are apparent, dnd the roentgenogram shows sublutaton but no

arthniis

sareolemmal nucles (Fig 108) In places the nuclet are so grouped as to resemble
gant cells Fat cells frequently iterrupt the contmuty of the muscle fibers,

Case V. A man of fifty years had been paralvzed since buth by a congenital
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normal m width Cross striations were obliterated The interfibnllary nucler were

increased, many of them being very large, pale cells, The small arteries were in-
filtrated by round cells, the appearance bemng compatible with syphibtic artenitis

IMMOBILIZATION EXPERIMENTS WITH RABBITS
One of the anterior extremities of each of six rabbits was’immobilized.
At first we strapped the foreleg to the chest, This gave sabsfactory immo-
bilization but many of the rabbits died of pneumoma We adopted the better

method of applying a plaster cast fiung the rabbit’s foreleg in extension
The rabbits were then sacrificed at periods varying from five to twelve

Table 48. Summary of Results of Ezperimenis with Rabbuls

RABBIT  WEEES  GROSS CHANGES  CHANGESIN  CHANGES IN CHANGES IN
NO  DDIOBILIZED N LEG CARTILAGE BONE MuscLE
1 s No change Normal Atrophy Atrophy,
Flevion slightlyn-
creased nu-
cles; fragmen-
tation
2 8§ Disarticulated  Vasculanization  Atrophy Atrophy *

Extension  at jomnt with
cartilage ex-
posed

3 9 Muoscular Connectave tis-  Atrophy, par-  Fibnls narrow,
Extension  atrophy;stff-  sue over- FOW, spafse nuclei 1~
ness, crepitus  growth, subsy-  trabeculae; creased, vary
novial inflam-  subchondral in shape

mation plate thin
+ 10 Atrophy, stff- Defectsn sur.  Atrophy Atrophy
Extension  ness face, shght _
connectr e tis-
sue over-
growth .
5 12 Atrophy, stff-  Connective tis-  Atrophy Atrophy; m-
Extension  ness, crepitus  sue over- (‘re.ssed Du-
growth clei
6 12 Atrophy, stifl-  Connective tis-  Atrophy Alrophg, in-
Extepsion  ness, crepitus  sue over- c‘rease Dy
growth clex

Th i hed muscles,
bihized and the opposite knees, with their attac 3

weeks —~-E:T;n .?mli ]r-nmn;ued‘ Findings are summanzed in Table 48.
) -0 ‘- was

' ophy

. 181 Cast aus sameen
!fge ‘,‘f&,‘?g‘;‘ggﬁ: :; fhgll‘:fme, t‘l‘:et subchondral plate bemng almost entirely
x
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absent The trabeculae are narrow, short and sparse. A prolferation of con-
nective f1ssue proceeds from the periphery toward the center across the
surface of the cartilage The cells of the articular cartilage are ncreased.

Sections of muscle from the same rabbit (Fig 108) show that the muscles
are more granular on the immobilized leg, the average width of the fbrils
being 20 microns as compared with an average fibnl width of 36 microns
m the control leg The sarcolemmal nucler, besides bemng mncreased mn num-
ber, vary markedly 1n size, shape and intensity of stan

Figure 109 shows sections from the legs of a rabit which had carried
a cast twelve weeks. The findings as regards atrophy of subchondral bone,
the centripetal growth of connective tissue over the cartilage and the muscle
atrophy are sumlar to but more marked than those in the leg immobilized
mne weeks. At one pomt the connectnve tissue protrudes mto the synovial
cavity 1 the shape of a villus In addition, new cartilage has been seen
prohlerating between the articular cartilage and the overlying connectise
tissue Jayer.

CONCLUSIONS

The term “posthemiplegic arthnitis” 1s not yustified by our findings. Ar-
thritis 1s not a part of the deformuty i Parkinson’s disease.

Marked soft-tissue changes are d ble histol i
extremities and 1n congemital palsy Suntlar changes are less marked
muscles of Parkison’s disease

Proliferation of the cartilage and synovium 1s demonstrable 1 the jonts
of rabbits’ legs rmmobihized 1 casts
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an average. The effects on these patients of their stay 1 this microchimate
for 5o long a time—they were not allowed to leave the room duning the
whole of therr stay there, and the staff and visitors entered the room by the
air lock—were then mvestigated

RESULTS

The shin temperature of the patients was determmned on different parts
of the body with a thermocouple of copper and constantan * The measure-
ments \ver:e made before and after the stay 1 an ordinary room tempera-
ture of 20° C and relative humidity of 50 per cent, and n the hat room
We found that at ordimary room )¢ these patient: 1L
those with theumatoid arthritis—showed & relatively low skin temperature
on the distal parts of the extremines and a higher difference between this
skin temperature and that of the trunk than normal persons, In the hot
room this skin temperature rose much more on hands, feet and distal parts
of the extrermties—just as far as the effect of the arteriovenous anastomasts
extended—than on the trunk, so that the difference was mverted, skin tem-
perature bemg Ingher on the distal parts than on the central The penpheral
vasospasm was converted mnto peripheral vasodilataon The peripheral
circulation was mncreased, and the artertovenous anastomoses were mau-
mally dilated + In addition, m the hot room the consensual reaction of the
vessels to 1ce on the skin, mhalation of amyl nitrite, etc, was lowered or in
some cases ntibited

The relative oxygen saturation of venous blood was also affected® At
ordmary room temperature mean oxygen saturation of venous blood, meas-
ured at the median cubital vem, was 51 per cent on an average That 1s
a low saturation In normal mdrviduals Lundsgaard® found an oxygen satu-
ratron of 68 per cent under the same conditions, and several other authors”
have found values aronnd 65 to 70 per cent This relatively low saturation in
venous blood can no doubt also be cons:dered in association with the con-
stnicted peripheral airculation an these arthritic patients,

At a room temperature of 32° C we found, on an average, B2 per cent
mean oxygen saturation Goldschmudt and Light had observed that by
keepmg the forearm mn hot water at a_temperature of about 45° C, a rela-
five oXygen saturation could be established in venous blood, measured in
the same way, of up to 92 per cent. that 15, bordenng on that of arterial
blood. By keeping the forearm 1n water at a temperature between 23° and
39° C. we were unable to obtain an ovygen saturation in these vens of more
than 69 per cent, or, by keeping 1t 1 arr up to 82° C, of more than 7‘5
per cent The difference lies 1 the length of stay i the room and also in
the constancy of the temperature, this seems to be the reason that we ob-
tained a stronger effect

The abnormally low saturation of the venous blood 1n these arthntic

ipheral It When this

patients seems to be d with the p
vasospasm vanished in the hot room and was converted mto vasodilatation,

the saturation was good It seems that the maamal dilatation of the arterio-
venous anastomoses and of the capilfanes m the hot room was responsd{]e
for the gh saturation found, approximating the saturation of the arterial

b]l')l'a}i; venous blood taken from the cubital vemn in the hot room was bright
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symptoms, and are at times capable of working Eleven of them, however,
have deformities of their mitral or aortic valves. Two died of heart farlure,
one of nephritis and uremia
Of the twenty-mne rheumatord arthntis cases, ffteen became free from
chmeal symptoms and are at times capable of working (one of them -
proved after the first treatment n the hot room, then had a relapse and was
given new treatment, since then she has been free from clinical symptoms)
Nine improved and eight of these are working at times; in one case there
was a recurrence one year after the treatment Two cases improved tem-
poranly but deteriorated agam. One case mproved durmng the first treat-
ment but had a relapse after return home four months later and conld not
be 1mproved by renewed treatment 1n the ward. In two cases there was 1o
effect
In no case was there a tendency to recurrence immediately after return
to ordinary room temperature. In some cases, however, hemolytic strep-
tococar were again found in the throat flora after a few days
The chnical findings, however, scem to me not so rmportant as the
physiologic and bactenologie effects Three such effects have special im-
portance as results of the stay of the patients in the hot, dry microchmate.
(1) changes m peripheral crculation, (2) changes in the oxygen satura-
tion of venous blood, and (3) changes in the throat flora.
S " * °' ' caused by the physto-
e shall find an expla-
throat flora, and dis-
eases caused by such streptococci, are relatively uncommon in a tropical
clmate 1 say “tropical chmate” and not “the tropics,” sice it is the
chmate and not the latitude that seems to be of importance.
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THE PERIPHERAL GENESIS OF PAIN

JONAS HENRIK KELLGREN

i he mechanisms by which dis-
Dttle precise mformation about 4 -

e ]::::sses caﬁse pam The immediate pan of a cut or burn clearly
eas:ltls) from durect J) 1 or thermal of thebpaln“n:hwes:
{]e;t when diseussing the pain of disease we usually speak about “mflam
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mation,” “tissue tension” or muscular or vascular “spasm” though we have
10 clear conception of how the pam 15 produced

Most chmcians have been mmpressed by the fact that severe structural
and functional disorders of the body are often quite painless, while 1n many
pawful states such disorders may be msigmficant This mysterious lack
of correlation between pam and pathology has led to the mvention of spe-
aal neurologic mechanisms for the geneuss of pan Such concepts have
gamed 1mpetns from the study of causalgia, and the occasional relef of
pain that follows sympathectomy, but true causalgia 1s far from cornmon
and it is probably unwise to base a general concept of pam upon such a
bizarre ranty

In the common painful diseases that we see every day, experience tells
us that efficient treatment of the diseased organ commonly reheves the
pain This suggests that local tissue factors are a more patent cause of
pawn than “vicious circles” and other mechamsms within the nervous sys-
tem We are therefore studymg these local factors, whether cherucal, cir-
culatory or morphologic, which may contribute to the pam of disease

From the outset 1t was clear that we were dealing with two major mech-
amsms first, the direct stimulahion of normal pam receptors by excessively
strong stimul, and second, a lowerng of threshold so that pam results from
stunult normally meffective An examination of the pam produced by var-
ous chemical changes will serve to illustrate thus potnt

CHEMICAL CHHANGES

Various pamn producing solutions were mjected mto the forearm muscles
of four normal subjects and the result was noted m terms of spontaneous
pamn and alteration of pain threshold to mechamcal stnuli as measured

v 2 pressure algesiometer

The solutions contained elements normally present m the body, cg,
sodwm chlonde, glucose, hydrochlone and lactic acid, sodium carbonate
and sodiwm hydroxide, potassum chlonde, and caleum chlonde They
were made up m such a way that only a single factor was studied m each
experiment alterations of osmotic pressure, alterations of pH, and so on
A standard dose of 03 m! was mjected and the immediate and delaved
results were noted, Figure 110 summarizes these results It will be noticed
that with hypertonic solutions there 1s a short latent penod follo\\ed h\'
severe pam but no al of pain )|
stimuly With acids (here 1s tmmediate pamn accompanied by a lowenng
of threshold to mechanical shmult, and this low threshold may persist for
as long as twenty-four hours Alkalis produce similar change hut are less
effective than ands Excess potasstum chloride gives a similar result, but
exeess caleam chlonde produces a delayed lowermg of threshold althongh
no ymmediate pan 15 expenenced

Thus certain physiochemical disturbances m the tissues may give nise
to spontancous pamn alone wiile others may produce an alteration of pam
threshold. The majonty of such changes, however, produce a combination
of spontancous pam with an alteration of threshold

THERMAL CHANGES

An alteration of pain threshold to | 1 stimuli 15 easily recog-
wized because it gives nise to pam on movement and pan on pressure,
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In the erythralge condition described by Lewis,? both warming and
coohng produces cutaneous pamn within a much wider range of tempera-
ture, above 80° C. and below 15° G, but deep pamn remamns unaffected
When, on the other hand, the deep pam nerves are abnormally sensitive,
even gradual cooling within the range of 30° to 15° C causes severe deep
pamn, while the effects of extremes of p on pam re-
ma unch, d Thus, 1n erythralgia
cause pain, while m deep hyperalgesia pain results from the cooling which
oceurs with ordinary everyday changes of environment These temperature
effects are most easily demonstrated when the arculation to the part 1s
occluded, so that they are clearly the result of the temperature change as
such and are not caused by secondary crrculatory disturbances

CIRCULATORY CHANGES

To wnvestigate the effect of circulatory changes upon pamful states we
keep the temperature of the part constant and within the range of 30° to
35° C, and we then produce venous congestion or arterial occlusion by
applymg a pneumatic cuff proximal to the lesion, using pressures of 80 and
200 millimeters of mercury respectively Each pressure 1s maintamned for
ten minutes and any alteration 1n pain 1s noted

This simple test separates panful states mto three groups In the first
group there 15 no response, i that arterial occlusion and venous congestion
have no effect whatsoever on exther pam or hyperalgesa In the second
group there 15 a dramatic build-up of pain during arterial occlusion, the
patient becomes pale, sweating, and so acutely distressed that the cuff
must often be released before the nsual ten munutes have elapsed After

present In the third group there 15 a lesser or modified bwild-up of pamn

uning arterial occlusion and also a vanable merease of pan dunng
venous congestion, and again a rapid recovery after release These tests
are only useful when the patient 1s actually espeniencing pam or has
experienced pam recently When pam 15 very shght or 1f the patient 15
unstable or uncooperative, it mav also be dificult to mterpret the result,
but a dramatic build-up 15 always unmstakable

CLINICAL MATERIAL

These simple thermal and aireulatory tests have been tred out on patients
suffering from a vaniety of painful states 1 am greatly indebted to my sur-
eal colleague, Dr R P Jepson, and my assistant, Dr ¥ St C € Adds,
for most of the following chnical observations

There are threc mam types of cases Fust, there are those hnown to
have morphologe changes 1n the pam nerves, conditions such as glomus
tumors and digital nevromata Al cases n this group show extreme lower-
ing of pan threshold to mechameal stunub, neither artenal occlusion nor
\enous has any eflect what: , but if the deep pain fibers
are mvolved there 15 severe pan on cooling within the range 30° to 15° C,
and 1f cutaneous hyperalgesia only 15 present there 15 no abnormal response
to thermal stimul: Thus these cases differ from the erythralgie condition de-
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artery, the flow returming to normal after several days of denervation. More
extended periods of denervition resulted m subcontrol bloed flow values
which appeared to parallel the extent of muscle atrophy. Denervated mus-
cles exmbited a subnormal temp and responded to drathermy with
temperature ncreases greater than those observed with comparable doses
on normal muscle. The twitch response of denervated muscle to mduction
shocks was slower than that of control muscle, This was due only 1n part
to ats subnormal temperature. The subnormal temperature, increased sus-
ceptibility to diathermy and the sluggish response of muscle at varions
times after denervation did not appear to be related to changes in blood
flow. Both short wave and micro wave diathermy caused an increase in
blood flow provided the dosage and mode of application were sufficient to
cause an appreciable elevation of muscle temperature. The cntical level of
muscle temperature was approximately 43° G At muscle temperatures sig-
Elﬁcantly below this level diathermy appeared to exert little effect on blood
low

The application of heat by means of hot packs caused an mcrease 1n
blood flow The effect of this type of thermogemic agent upon blaod flow
m denervated muscle or after local anesthesia with Butesin was less pro-
nounced or ml

The effects of numerous drugs upon blood flow have been investigated.
Mecholvl ni aeid, h lycerim, hylline, Isuprel
and small doses of epinephnne cause an mcrease 1n blood flow. Epinephrine
m larger doses caused a decrease and dumtrophenol caused no change an
blood flow In general, the effect of the various drugs upon blood flow was
transient The increases m blood flow resulting from' treatments with dia-
thermy and hot packs were of much longer duration than those resulting
from drugs, and the mcreases persisted after the return of deep tissue tem-
perature to control values

ABSTRACTS
THE PHYSIOLOGY OF MUSCLE IN RELATION TO ARTHRITIS
DONALD YOUNG SOLANDT

The normal fimction of mammalian skeletal muscle depends on a normal shele-

ton, The muscular and sheletal systems have been matched dunng lh(:: develop-
N * (Lnear and volumetric), mave-

ngth The arthritides alter these
with a profound effect on the
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THE EFFECT OF SOME VASODILATNG ARD VASO-
CONSTRICTING DRUGS ON THE TEMPERATURE
OF JOINTS AND RELATED STRUCTURES

JOSEPM LEE HOLLANUIR AND STEVEN M. HORVATH

Af of itra-arhicut have been made on nearly 100
persons, both normal contrals and p;menrs with vatious types of jomt disease,
using 2 filamentous thermacouple mserted through an aspirating needle mto the
tace jomt Simultaneous measurements have been made of the jomt temperature

The vasomotor tesponses 1n the synovia tissues are not recessanly paraliel to
those of the overlymg skin but show a tendency toward a recsprocal blood flaw
between the integument and deeper tissnes Procawme mjected fnto the jomnt has
shown a marked vasodilating action 1 some persons, but no effect i others, Other
drugs admmxsm'ed mduded Priscalmn. tetme(h)lammrmlum chlaride, mtrogly-
cena, . Pitw and noon Mmimal
effectsve dosages of thcse drugs i not sxg\xﬁcrmﬁy modify the jomt temperature,
presumably because the yolats were already in a state of complete vasodiatation
It appears that vasodsfator drugs are mcapable of raismg the temperature i dis-
eased joints bryond the Linits delineated by the body temperature
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INVESTIGATIVE STUDIES OF IMMUNE
REACTIONS, ANTIGENS AND ENZYMES

STUDIES ON THE DIFFERENTIAL DIAGNOSIS OF
ADULT RHEUMATIC FEVER AND RHEUMATOID
ARTHRITIS BY MEANS OF SEROLOGIC TESTS®

ROBERT W. QUINN AND SUNG J Luao}

The dufferential diagnosis between acute rhenmatic fever and acute rheu-
matoid arthnibs in adult patients, based on physical findings alone, 1s fre-
quently difficult because of the similarsties of these two diseases The prob-
lem 1s further comphicated by recent reports that an appreciable percentage
of patients with theumatord arthntis have vahular heart disease  Likewsse
other forms of arthntis, particularly osteoarthnits, are difficult to distin-
gutsh from rheumatoid arthnitis, although at 1 granted that there may be
mixed types Serologic tests have been employed by investigators and
chnierans as aides n the diagnosis in these diseases The agglutmation test
with hive beta hemolytic streptococer has been used for a dozen years as a
diagnostic aid 1n the arthnitides, smgly or m combmation with the anti-
streptolysin O test Ceail and lus assocuates' and Dawson and his assoer-
ates™ ? have used the agglutination test with line streptococar extensively,
b\xl with this test spontanecus agghutination, an wherent difhculty of the

test ki Iive T has limited ats use Both the

hsin O and the ptohinase tests have been used widely in

the study of beta hemolytic streptococcal mfections and rheumatic fever

However, there 1s still a need for laboratory procedures which nught help
to d

iate between artl and 1t fever in the adult

Recently two relatively new techmques for the determunation of strep-
tocoecal antibodies have been mtroduced which seem to offer promise as
mds m tlus difficult dll}ercmml dmgnnsls Thc !‘rst an agglutination tcst

d by Thuln® employ

resents o Qechmcnl lmpm\cmcnt over the older methiod hy chmm.\lmv,
spontancous agglutmation The second, the antihyaluronidase test, measures
the mhibitory substance 1n human blood serum aganst bactenal hyaluron-
wdases It s the purpose of this paper to report on chmeal studies of these
two relatively new techniques and to compare the resuits of these two tests
smultanecasly worh those abtamed by the better dnoso anhstrantalisie O
and antistreptohinase tests

PATICNTS AND METHODS
The majonity of patients in this study were seen on the medical wards
and in the Arthntis Clinie of the New Haven Hospital Diagnoses were
established on the bass of careful clipieal observation of each patient sup-
* From the Scctian of Presentive Medicine, Yale University School of Mediane, New
ifaven, Connecticut This study was aided by a grint from the Life Inwurince Medical
Research Fun
Ptk \(cmnn Al Fellow

amn
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plemented by roentgenologic and laboratory examinations of many of them
These adult pattents were arranged n the groups shown n Table 49 Bleod
specimens were collected and the sernm separated and stored at —20° C,
Each serum specimen was tested by means of four tests. Methods employed
were as follows:
P g e PR *fied by Liat
P
. revention test
deseribed by McClean', the hyaluromdase was that elaborated by a stram
of group A type 4 beta hemolytic streptococcus,

Table 49. Diagnoses and Number of Palienis Studied

DIAGNOSIS NUMBER OF PATIENTS
NORMAL SUBJECTS --m-- B NP 1.
UPPER RESPIRATORY
beta HEMOLYTIC —  =mmm=mme —————— 33

STREPTOCOCCAL INFECTIONS
RHEUMATIC FEVER, ACTIVE —

RHEUMATOID ARTHRITIS
NON-RHEUMATOID ARTHRITIS =
(OSTEOARTHRITIS, GOUT,REITER'S SYNDROME
TUBERCULOUS AND SYPHILITIC ARTHRITIS)

————— - 306

3 Antistreptolysm O—the method described by Todd® and modified by
Hodge and Swift?
A 1

th dure described by Kag]aﬂ *
¢ a P PP A P

RESULTS

To provide a baselne the mean serum titers for each of t}')e four aﬁll-
bodies were determined for normal subjects These are sl.lown in Figure
along with the mean titers for each antibody for pabins :v]t}] macut\;
rheumatic fever and patients 1 t from beta y Su;;Pthe
coccal 1nfections of the upper respuratory tract. The mean tters ag et
frequency distbution for normal subjects were found to correspon! d\1 o
thase for normal individuals reported from thxé‘laborakzry ?nd b))r of aend

WO 2 ers, ant
ﬁj iggl“t.m“.“"’(‘)f“:,re :\:d the t tly higher i these two groups ofdp;:
tients than those for normal subjects The antistreptokinase htg{s wel:e : s?g—
tical in patients with 1nactive rheum‘atic fevefr ::ld normal su jects but
mficantly higher m patients Tom_ strep e
'I:here wy?'re f‘? sn_g?lfilcant dlﬂe;i‘rffsa::l any of the ﬂ?t}b'od)' mﬂ:(ﬁz;[l’in
I as much‘higher in the latter dxse;lsef.
the four antibodies for the groups ©
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patients with active rheumatic fever, rheumatoid arthritis, and nonrheu-
matord forms of arthritis, In patients with active rheumatic fever the mean
ant titers were fcantly lugher than those for any other groups
of patients studied The agglutination fiter was not sigmficantly higher than
that found for patients with rheumatoid arthritis, mactive rhenmatic fever
or streptococeal nfections but was markedly higher than in normal subjects
The mean agglutination titer for the patients with theumatoid arthritis was
significantly Ingher than that for patients with nonrheumatoid forms of
arthritis and normal subjects, but the antienzyme titers were nearly identi-
cal All four mean antibody titers were siclar for patients with nonrheu-
matoid arthritts and normal subjects.

COMMENT

Figure 113 has been prepared to show the percentage of patients with
active theumatic fever, theumatoid arthnhs and nonrheumatord arthritis

NON-RHEUMATOID ARTHRITIS

— -
2rex% 3% 6 2% EE)

60
RHEUMATOID ARTHRITIS
40,
20
o L}
732% 143% 07

RHEUMATIG FEVER, ACTIVE

100
a0
60
40
20
85%

° 883% 100% s05%
Yo [ AGGLUTINATION | ANTIHYALURONIDASE [ANTISTREPTOLYSIN "] ANTISTREFTOKINASE

fever (active), theumatod arthntis,
an 1 oggh biters

Fig 113 Percentage of patients with rheumatic
and nonrheumatoid arthnitis who had
above the usually accepted normal level

who had antibody tters above the usually accepted normal level All of ﬂ:e
antibody hters were defimtely elevated m over 85 per cent of the pnh}:&nls
with active rheumatic fever, with the exception of antistreptokinase Wi ‘i }:
was elevated 1 60 per cent of these patients In the group of patents \wm
rheumatoid arthnbis the agglutmation titer was elevated 1n 73] per cem,
but the percentage with elevated anbenzyme titers was very smahl, mn%m cEl!
from three to fourteen The percentage of patrents with nom1 eumal o
forms of arthrins who had antibody titers higher than normal ) ‘;vns ness;{
hgible These varattons m streptococeal antibody patterns woul sugsg;es
possible fundamental differences between these three disease processes,
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h fever, 1t d arthntis and 1 d forms of ar-

thnhs although 1t is admmutted that the number of observations is small
On 'the basis of these differences 1n antibody patterns, further dlimeal
trial is warranted It \vould seem that the agglutination test employing

d group A hemolyt 7 mlght be used as a screemng
test to exclude the ) d arth s YWhen the aggluti uter
is hugh, then one of the tests, preferably the anti) id

for techmeal yeasons, may be employed to dilferentiate between rh
fever and rheumatord arthritis

One important point must be emphasized, namely, that a recent hemolytic
streptococeal infection m a patient with arthntis may alter the antibody
titers so that they would resemble those m patients convalescent from
hemolytie streptococeal mfechons.

Table 50 Comparison of Tilers beticeen Pattents
uith nheumnlu: Fever (Acttre), Rhmmulmd Arlhll(u end Noncheumatowd Arthrtes
FENER
TesTs AGTIVE ARTHmITIS AutaITS
STREPTOGOEOAL TITRES TITRES TITRES
ANTIENTYNE TESTS
L-ANTIHTALURONIDASE nieH Low row

T-AKTISTREATOLYSH O
3 -ANTISTREPTOKINASE

STREFTOCOCEAL

ASOLUTINATION TEST
wite

AUTOCLAVED BACTERIA

HigH HigH Low

In summary (Table 50) if these tests should be used as mds i the dif-
e v s . S <.

titer wonld favor a dugnosis of active th fever Low

titers and & hugh agglutination titer would favor the diagnosis of theumatod
arthntis, whereas low anhienzyme and low agglutmation titers would favor
a diagnosis of one of the forms of nonrheumatod arthnitis,
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IMMUNOLOGIC REACTIONS IN RHEUMATOID
ARTHRITIS®

R. H, BOOTS, M. O. LIPMAN, J, A, COSS, JR., AND CHARLES RAGAN

In our chme, three logie tests—hemolytic strep agglu-
tination, differential sheep cell aggl and determi of the ant-
stnlagtolysm O titer—have been found useful from the viewpomt of differen-
tial d

as well as p of r} arthrits,

STREPTOCOCCUS AGGLUTINATION

Cecil, Nicholls and Stamnsby! m 1930 reported that certain strains of
streptococer were agglubmated to a high titer with sera of patients wath
rheumatoid arthntis Later, these strawns were found to be group A hemo-
Iytic streptococcs. In general, we have followed the technique origually
described by Nicholls and Stansby.® In reading reactions, the character of
the agglutination m the lower dilutions of sera has been found of greater
significance than the titer. A result 1s classified as “positive” only 1f the
1/20 dilution shows coarse, firm clumps with clear flud between the clumps,
“doubtful” mdicates smaller clumps and cloudy flmd, “negative” designates
no agglutination or fine granulation
) T T Yove, occurred with

This agglutmation
ot non-type-speaific
pneumococar ® Absorption with strans of different group A types has re-
moved the agglutimmns for all types. Cross absorptions with a non-type-
specific pneumococcus and with a group G stram of Streptococcus hemo-
Iyticus have resulted 1n a weak‘e'mng Put not a removalyof the agglutimns

— Tentes pan

tion. The results of absorbing with the protein fraction K (Heidelberger}

were also negative The agglutinins seem to be of the nature of true }E:nll-
- - g —eiotrt fe sanmaten £avn hoe heen
L

ciation with strong salt solution

Wallis? made an mteresting study of the agglutination phenomenon using
fine collodion particles as well as the streptococcal organisms, Using the
shall, he found that many theumatoid arthntis

techmque of Cannon and Mar:

szra nq 1 P of these collod Jes. Because of this
of feeble aggl for group A 1 lytic strep-

fact and the presence of fe T adated thatgthep" Y abihty of

tococal 1 normal
the sera of patients with rheumal
selected strains of hemolytic streptococcus of

toud (atrophic) arthntis to agglutinate
f group A 1s due to a nonspeuific
o F v e ama
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enhancement of the action of normally present agglutining,” We do not
concur with Wallts” explanation but agree that 1t 15 possibly a nonspecific
reaction,

We have compared the agglutinability of whole cultures with that of
washed orgamsms from the same cultures as well as with fltrate-coated
collodion particles. Table 51, show g the results of comparative tests with
a few representative sera, 1llustrates our findmgs Collodion particles coated
with the filtrate of an agglutinable culture have been agglutinated by many
sera m a fashion similar to that of the whole culture, suggesting that the
agglutinable factor 15 a product of group A streptococer Orgamsms washed
from three to six times and resuspended in salme to the ongmal volume
have been agglutimated much less than the whole culture Few of the sera
which are “posttive” with a whole culture or with fltrate-coated collodion
particles have agglutinated a saline or broth suspension of collodion particles
to a sigmificant degree Most of the sera tested against uncoated particles
have given negative or equivocal reactions, different m character from the
agglutination of whole culture or of filirate-coated collodion particles. It
would seem that three factors play a part n this agglutmation: the serum
contaimng the agglutinating property, a product of group A streptococet
present 1n the filtrate, and the bacterial orgamsms The last can be replaced
partially, at least, by inert substances such as collodion particles

The agglutination reaction of Cecil, Nicholls and Stainsby, which depends
on the presence of a product of group A streptococct m a broth culture, is
entirely different from that described by Quinn and Liao ® The latter, fol-
lowng the techmque of Thulm, used washed, autoclaved streptococe: sus-
pended m buffer soluttion Thulm® lnmself concluded “that the reactions
with Irving streptococeal antigen . and the autoclaved antigen are of

different character ” ) .
. . . B PRI M

of

cer . |

matoid arthritis Subsequent follow-up has shown that a pmpomg‘n ot

those patients whose disease was d d cl ly as 1k ar-

thntis, and who had a negative streptococeus agglutination, had rheumatic
fever With one or two exceptions all patients with subcutaneous nodu}es
have given a positive agglutination The agglutination has been positise
less frequently mn juventle rhenumatord arthntis (10 per cent), rheuma.lold
arthntis of the spme (2 per cent), and rheumatoid arthritis with psoriasis
(20 per cent) @

The atiglutination reaction of a patient changes infrequently except wit
chrysotherapy. We have had no opportunty to observe the effect of cortisone
or the pitwitary adrenocorticotrophic hormone on this agglutination ,

OF those patients followed more than five years (246 patents), 52 per
cent had a negative or doubtful agglutination which remamed negative aé
doubtful, 26 per cent had a positive reaction which remained positive,
per cent changed from negative to positive while under observation, :u:‘
19 per cent changed from posttive to negatve or doubtful (over two-thirds
of these while receiving chrysotherapy). With this change m agglutmation,
the disease becomes mnactive Few patients with diseases oth?z than rheu-
matoid arthntis have been found to possess this agglutinating property

® Seo page 331
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Posttive reactions have been gnen by occasional patients with a strep-
tococenl mfection, theumatic fever, scleroderma, penartentis nodosa and
d i d lupus ery U O lly a posiive reaction oc-
curred in a patient with skeletal pains but 1n whom we were unable to make
a clmical dagnosis of theumatoid arthritis

Z' A7} patients N milats 171 patlmats
“ § : §
H 3 @
Pl £ 4 . Pl
4 diiD iid
R 1 i i Ed
s ii’i 2 2 5§g
= e ii Il g1
R HER H ioEd

R EATIVE,
Fig 114 End result in 874 rheumatord arthntts pitients i refation to streptocaceus
agghitination

Our present svicwpont 1s that the mechamsm of this agglatmation and
s sigmficance m regand to the etology of theuratod anthinus are sull
wiknown The reaction may be nonspecidic, comparable 1o the Wel-Felrx
reaction However, this does not minmmze its practical value in diagnosis,
In prognoss it 1s also of value since the presence of a positive streptococens
agglotmation (T1g 114) indicates a poorcr prognosis than when the ag-
ghntination is negative

ANTISTRUPTOLYSIN © TITER
Todd? in 1932 shawed that the antustreptolysin Gter furnished an accurate
methad for detcrmmmng the presence of recent infection with hemolytic
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streptococct, Following such infections, the titer of antistreptolysm O nises
rapidly, remams elevated for a vanable number of months, and gradually
tends to return to normal values. This test has been found of particular
value in rheumatic fever and acute nephritis, where lugh titers are the rule.
Rothbard and co-workers'® have reported on the antibody response to the
known antigentc components of group A hemolytic streptococcei, These m-
cluded the antistreptolysin O, antifibnolysm, bacteriostatic and anti-M
precipitin responses While from therr study 1t was evident that at present

)

v P - . s
an excellent antigen and the titer of its antibody can be accurately deter-
mned. Significant rises mn this titer occurred in 77 per cent of persons
with rheumatic fever n their series.

In 1936 it was reported from our chmc?! that the antistreptolysin O titer
15 increased 1 many early cases of rheumatoid arthriis Most late cases
showed a normal titer. In the subsequent thirteen years of follow-up this
has not been corroborated. A majonty of those early cases reported as
having a high antistreptolysin O titer are now beheved to have had theu-
matic fever We have observed forty instances of such patients who clin
1cally seemed to have had early rheumatoid arthritis wath an elevated anti-
streptolysin O titer and who subsequently proved to have adult rheumatic
fever. The salient charactenstics of these cases are (1) a preceding history
of an upper respiratory infection, (2) fusiform jomt swellings simulating
early theumatoid arthnihs, (3) complete recovery of the arthntis after weeks
or months, (4) a response to sahicylates much poorer than 1n typical rheu-
matic fever, (5) evidence of carditis more frequently than in theumatoid
arthritis, and (8) an elevated antistreptolysin O titer uniformly present.

We now believe that lngh titers do not occur in rheumatord arthritis
more frequently than m the general population A high titer 15 seldom
accompanied by a positwe agglutination reaction. A change m agglutinat-
g power from negative to posttive foll an elevated antistreptolysin O
titer has rarely been observed Certainly the results of antistreptolysm O
determmations have failed to menminate Streptococcus hemolyticus as an
etiologic factor 1 rheumatord arthribs.

SENSITIZED SHEEP CELEL AGGLUTINATION
This differential agglutination test of sheep erythrocytes was recentl)‘:

with the sera of patients having rheumatord arthns, Lug vligils vs oo
sera 1s not known Waaler'® in 1939 had re-

hemagglutinms i rheumatoid
ported a peculiar achvating effect upon agglu!ma'non of senstized sheep
blood cells by serum from vanous mdividuals, particularly those with rheu-
matoid arthntis. In a series of tests 1 collaboration with Dr Rose, a clinical
correlation was found between this reaction and the streptococeus a‘gglut:.na(\i
ton in that most patents with a e :ns
a positve sensitized sheep cell n
for these two reactions are distir
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component, smce the agg! for t)w can be absorbed
ly without ¢ the s for sensitized sheep cells

No sansfacmry e(plamhon has hecn nﬂered (m- tlus unusual finding of two
T discussing the sen-

ated that it had alf

of the heterophile

type.
COMMENT

Using the two agglutination reactions, at least 70 to 75 per cent of pa-
tients with rheumatmd arthritis will show either a positive streptococcus
4 a positive d sheep cell agpl or both (Table
52} Both of these tests have heen performed thus past year on all arthritis
patients at the Preshyterian Hospnta’l \\’h\]e ihmr routine use 15 to be de-

sired, it is realized that i most d s the perf cof

both :s not practical Which agglutination test, thcu, is to be prcfcm-d?
e of the { sheep cell is its

imphcity. Any lab y which is equipped to do routine Wassermann

Table 52, Serotogic Differenfiation of Rheumatic Deseazer

DEGENPRATIZ MRPUMATOID RIFUMATIC
SFROLOGIC DFTERVINATINY 2A0INT DISFASP ARTHRTTIS
Antistreptolysin titer o Q +
Streplococcus agrlutination 0 + o
Sheep cell aggtutination 0 + 0

teactions can with little trouble set up thns test The actual reading of the
titers is not dificult The streptocnccus agghitination test, on the ather

hand, §s ¢ ing and ats useful depends on sistable cultures
and on discnmination in rmdmg reactions Strong positive reactions and
lete negatives are d readily but to differentiate between a

weak positive reaction and a doybtful, or between a weak donbtinl and a
negative, is sometimes difficult for even an expencnced reader The per-
sonal equmon is one nf the f1clnrs g the performance of this test that
make it # i for d If further reports confirm
the rcmlh of Drs Rose and Ragan, we would faver the sensitized <heep
cell i as a routine

Any chnician dealing with rheumatic discases must frequently find in
stances where it s difficult to differentinte between rheumatic fever and
rheumatoid arthrits, or between rheumatod arthntis and degencrative
fohrit dwease Tn sueh eanes e Secls mmth more sure of Bis ground o he nas
the cortoborative laboratory evidence of these serologic reactions.
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DISCUSSION
NANNA SVARTZ

First 1 should hke to stress especially two of Dr Boots’ important re-
marks on logic reactions in rh id arthritis: (@) The signifi-
cance of the streptococcal agglutimations m regard to the etiology of
rheumatoid arthntis is still unknown, (b} the results of antistreptolysin O
determinations have failed to incriminate Streptococcus hemolyticus as an
etiologic factor of rheumatord arthnitis

Dr Boots further emphasized the fact that these two reactions are not
specific for rheumatoid arthntis It 15, therefore, of great importance that

Table 53 Absorption of Hemagglutinins by Normal Sheep Cells in Retter's Disease

BEFORE ABSORPTION DIFFER- AFTER ABSORPTION
ERYTHROCYTES Serum dilutions, 1 part m, ENTIAL - Serum dilutions, 1 part in
2 64 128 256 TER 4 3 16 32 64 128 256
Normal 321 10 ; 000 00
Sensitized 322 1 ¢ 100 0 ©

the differential sheep cell agglutination test of Rose and associates, although
apparently specific, has given positive results 1n only 30 to 40 per cent of
cases of rheumatoid arthritis

‘While I was engaged m collaboration with Dr Schlossmann m tryng out
the differentral agglutmation test, we found an absorption test which,
the tnals carnied out so far, has given positive results 1 all cases of rheu-
matord arthritis Something similar to this has also been repor.ted by Sulkin
and co-workers *

On sera from both healthy and sick persons we carned out different
absorption experiments, using both sensitized and unsensitized sheep cells
In the majonty of the sera the hemagglutinins conld easily be a!.Jsorbed by
normal sheep cells Thus, the sheep cell agglutmation test carried out on
the centrifuge furd gave a negatwve result, whether the reaction was made
with unsensitized or sensitized red blood corpuscles Table 53 shows an
example of this, However, sera from rheumatoid arthntis patients reacte
m an entirely different way 1f absorption experiments with nu{ma! sheep
cells were made on sera from patients sufferng from rheumatoid arthritis
and the sheep cell agglutmation test was then made on the supernatant
flud, the following results were obtained

As with all other sera, the reaction was negal
cells were used, but sheep cell agglutmation carried out

°Seep 360

tive 1f unsensitized sheep
with sensitized
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sheep cells was not affected by a preceding absorption with normal sheep
cells In all tests so far carried out (about fifty) on sera from patients with
rheumatoid arthritts the results have been the same. Table 54 shows some
of these results Strikngly enough, no other disease has, so far, shown these
results 1n absorption tests. A shght agglutination sometimes remams when
the test is made with sensitized sheep cells, This agglutmation can always
be induced to disappear after one more absorphon. It 1s guite probable,
of course, that other diseases will be found which give the same reaction
With the experience that we have already gained in regard to the outcome
of the absorption reaction m, for mstance, different articular diseases, it is
not very likely that this will have much effect on the usefulness of the

Table 55 Sheep Cell Agglutination in Serum of Rabbuls Ingected vith Enlerococes

AGGLUTINATION TITER
BLOOD  JOINT FOR SHEEP CELLS AGGLUTINATION
RABBIT STRAIN DRAWN AFFEC- o °'C ~————————  TITERTFOR

AFTER  TION BEFORE  AFTER  ENTEROCOCLI

INJECTION INJECTION

8 8Ws 4 +  Normal 116 11028 1 7000
days Senstized 132 12018
16 8WE 1 +  Normal 116 12048 1 7000
days Sensiized 132 12048
19 Vacome 6 0 Normal 132 164 15100
80°8Ws  days Sensiized 161 164
20 Setz 7 0 Normal 116 116 140
filrate  days Sensiized 116 116
8Ws

test We were able, with the aid of Meyer's method (1992), to absorb even
the reaction carned out with sensitized red blood corpuscles in cases of

rheumatoid arthritis, )
Schlossmann and I have made further experiments on the theoretical
aspect of sheep cell agglutination We decided to carry out experiments on
ammals with a view to ascertmmng what bearing (if any) the infection has
on that form of hemagglutmation which is being discussed here. Since I
have found enterococer particularly useful for inducing both acute and
chrome arthutss, these bactena were chosen first for our experiments. The
remarkable and. so far as we could ascertamn, the hitherto unknown fact,
could be demonstrated that enterococer are capable of inducing antisheep-
cell agglutimns. All strains of enterococci so far tested on rabb;s have
thus given nise to sheep cell agglutinins m serum. These hemagglutinins are
not absorbed by the bacteria which induced them (see Table 55). @
Subsequently, other bacteria have been tested, the experiments '¢‘lvalnr
streptococer bemg, of course, of the greatest interest, Neither S, vi‘n; ol
nor beta hemolytic streptococer have given tise to sheep ‘ce].l aggu ;nﬂc
(Table 56) It 1s worthy of especial mentron that a strain ot; ertr‘z‘z; E) e
streptococer which had been obtained from the State ser;xm hnsu i
Copenhagen, and which 1s generally usfd-,lf]usﬁ?gl:a_ni .:(ir ‘tn 'e"}:sl::l; o
. cei and
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Besides enterococci, we have found, in collaboration with Qlhagen, that
certamn strams of pneumacocer are capable of forming hemagglutinins
However, this reaction has been very weak except mn the case of Type 42,
which, upon bemg mjected mto rabbits, induced the formation of hemag-
glutinm in the same way as enterococcl

Tuble 55. Agalutinins agatns! Sheep Cell 1n Serurs from Rablts Injected with Bacleria ather
th

an Enterococct®
AGGLUTINATION
BACTERIA TITER FOR
BACTERIA

Streptocuccus, S F. 130, Group A, Type 1 1280
Streptococeus, Group 1230
Streptococeus, Group A, Type 11 1 200
Streplococeus virtdans 1 200
Staphylococeus aureus 1 600
Salmanella typhosa 1 200
Preumocnceus, Type 3 1 800
Pncuraococcus, Type 42 1 2000

* Agglutiation titexs for sheep colls were | 16 and 1 52 1 all cases (normal ag-
gluknation m rabbits up to 1 64), except that tters up to 1 128 were used with
Type 42 pneumococcus

The sheep cell agglutination obtained from the rabbits imfected with
enterococer could usually be suppressed 1f the serum had been adsorbed
m advance with normal sheep blood corpuscles However, m one of the
ammals 1 wlich enterococer were mjected m October, 1918, and which
exhubits symptoms of chrome arthnitis, we have succeeded in showmng a
reaction that 15 xlentical to that observable m rheumatoid arthotis Three
earlier tests were negative

e s o .

BLOOD SLUDGE IN PATIENTS WITH ARTHRITIS®

T A Prelummnary Report
MARJORIE B, PATTERSON AND RICIIARD H. FREYBERG

Rlood sludge 1s the it 1 or cl of red blood
cells mto masses, due to the deposit of a sticky matenal which forms a
coating on the surface of the erythrocytes and causes them to adhere to
ench other Cells 1n sluggsh masses change normal blood into clrcuhlmg

sludge. These changes have heen observed following trauma or injury,
1m! m many dlsc1scs
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The purpose of this paper 1s to report a study of blood sludge in patients
with arthnitis, aimed to determine (a) the meidence and charactenstics
of blood sludge in various types of arthntis, (b) whether there 15 correla-
tion between the character of the sludge and different structural stages,
or the degree of rheumatoid activity; (¢} how sludge mfluences the patho-
logic physiology of rheumatoid arthnitis, and (d) if the sludgng process
lessens coincident with climcal improvement

PREVIQOUS OBSERVATIONS OF BLOOD FLOW IN PATIENTS
WITH ARTHRITIS

In patients with rheumatod arthnitis, changes have been seen in smaller
vessels of the pertpheral circulation Kovacs, Wright and Duryee! noted
the high madence of constriction of the capillanes, slowing of the rate of
flow, and sometimes an mterrupted capillary flow 1n patients with rheu-
matoid arthntis In both rheumatord arthritis and ostecarthriis these
changes were associated with lowered surface temperature, measured at
the fingernail fold Pemberton? also reported that such abnormalities oc-
curred 1n 75 per cent of arthnnic subjects. Knisely et al® ¢ mentioned
the occurrence of sludge m 125 patients with rheumatord arthritis, but re-
ported no details.

CRITERIA OF NORMAL BLOOD FLOW AND PROPERTIES
OF SLUDGED BLOOD

The enterta of normal blood flow, the properties of sludged bloed and
the effects of damaged leaking vessels 1n man, have been described m de-
tail by Kmisely et al* and are rerterated here m brief form, in order to
eluaidate the method of this stady and the appraisal of the circulation in
patients with arthntis. . .

vessels.

4, Flow m 60- to 100-micron vessels 1s so rap:d that individual red blood
cells cannot be seen.

Circulating Sludge 1. Coated erythrocytes form clumps varying n size
and shape, plasticity or ngidity, elasticaty, fragility or toughness, and with
different surface charactenstics In arteroles such masses which do not
break up as they pass to capillanes are called “basic masses.” Agglomerates
m venules are composed of basic masses

9 Leukocytes adhere to the endothehal lmngs of vessels. .

8 Coated erythrocytes are ph ytized by loendothelial cells of
the hver, spleen and bone marrow, thus removing considerable numbers of
red blood cells from the circulation and contributing to reduced cell volume

and anemia. .. C e e eedacathe

to
rate of
tissue

vessel walls so that plasma leaks nto tissues Edema occurs i perivascuiar
tissues when the rate of leaking exceeds the capacity 'of ]ym.phahc retunll

5. Leaking and plasma loss contribute to lowered circulating blood ;od-
ume and to } raton These changes, together with reta; e
blood flow, permit setthng or sedimentation of sticky red cell mi:sses rom
the plasma, and the formation of temporary or permanent thromba.




Loop SLUPCE 1 PATIENTS WiTHL ARTIHRITIS 847

6 Dccreasc in carculating o blood \'o\ume caused by v\asm'\ and by
phago osis of €0 ated cr)ﬂ\mcylcs may ntiate temporary © r \nngcd
cons! mclmno( ncuva\ artenoles and ¢ ap\\\'\nes

\lET“OD

\hcmscﬂp!c observatiods { flowing blood and of V€ essel walls 1° pa-
yents were ™ ade by use ¢ \\ ]\msely lcc\m\(\uc,‘ employmt & a stereascome
microscope ocuscd on the obhquely bt furmnated hu\\m\' con‘unc\l\'a

Ninety patients were observed The group ‘comprised S cases of rheu
matod arthntis, fourteen pauents with rheum:\\ou\ spondy\m ven O
whom had 10 venp\xcm\ ot mvo\\'cmcn\‘ ten cases © s\coml\mns, and
four €ases of gouty arthr 2

Tudge Was Jtuded 10 relation 1O the of the patie? the duration of

the discase the stage of sm\dunl dnnc,cs, m\ the d\seﬁsc ;nctmt) 1n most
pstances craminations for the prcsen ce of sW adped b ood were M ¢ before
therapy WS wnstituted by us. ? although # !cw pu\\ems were rec corVIng smatt
Joses of acc\yhahcy o aod for ;ma\qesm Subscq“cn( observations were
made at ¥ tervals dunng treatment and dur cmeal \mpm\cmcnt n

“Ten patients receved 50 mg of ;:n\d l\\mg\\\cnsc weehly \mm 1000 m%
had been gven and thereafter once OF tWi€e 2 month & a mainte
pance d0s€ until yheumato tord -u.(m\y mbsu\c(\ Two x\\cuma\ou\ su\\\ecls
were treated yntravenous usty with cﬂp er salts 1@ doses © e
week until gm were gven A smidar <enes of 1 injections was, rcpc.ncd
after an wntert al of one month T\m patients wn\\ rheuma! mu\ sphndw\\l\i
Tecened roentgen therapy t© the back through on ar more Por ts in total
Joses of 600 T ‘through each ortal 10 cach of tvo cou rses of ( reatment

To determin® whether Blood studpe would be Yossened by lhc use of
quinine sulfatc. three r\\c“ma\md p.mcnu were NG n 06 gm o 20 sm
Qaity over penods varying from o and onc” qwalf to (our mont!

T stumation of ancrd was made o0 samples of senous Blood \h\ determt
ation of the mean corpuscu\.u- hemodlobin concentration Tius ca\cu\ ation
was based upon cmoglotnn \a\m‘s (§ alih mcl\\od) and the solume of

1

p'\c\e(\ d blood eclls pet 00 m § blood (et 1t} by L Wintrobe's
pmccdurc
RESULT! 1s
Some deeree of Wood sludee © as obser, od w all patien aatly arthntss
Eaghty-three 7¢F cont of the P mu wath The cum’\lm\ '\rﬂ\m“ <howins

pmnmmcc a Hlood sudee thad 3 mm\( rately severe ot seVeTe desree O f then
matord activty and structural changes e 11 1t or W {The cr\ptnlu
Critena.” Amencan Rhewm W \“mmllnn\ The c\umvlcr of the shuds
present hore DO constant relation t@ the ate O of the patieot nor to the tot,
duration of the diseast A rentially more parmiul dudge was present
with exacerbation or TeCUrrenes Tuad basie dum
v perm

pcnmk o t\\c\m\.\\nu\ actinaty Tarse Lenacions ng\ﬂmnrn\lm winch br

up \u\h (\\mc“\l\v at \enule ifureations and winch retarded rates of

were als0 PIes seventy-fne 10 100 per cent of the ed cells were €
" Seep 12



348 Stupies OF IMMUNE REACTIONS, ANTIGENS AND FNZYMES

and were clumped n the circulation. When such sludge persisted for a
length of time, there was a direct corrclation with a high degree of rheu-
matord activity.

L S MR I 1. saa e e .

stder that this would be an mmportant handicap to recovery A sigmficant
degree of blood sludge was present 1 all patients with an elevated erythro-
cyte sedimentation rate.

Thirty per cent of thirty-nine patients with rheumatoid arthnitis who were
examned for anemia showed subnormal mean corpuscular hemoglobin
concentration concomitant with severe or moderately severe blood sludge
and a high degree of rheumatoid activity. The patents in this group (70
per cent) who had normal mean corp lar h lobi ion
had a similar degree of blood sludge and clinical activity was present.

Four pattents who responded to treatment so that rheumatoid actwity
showed major improvement (grade 11, Therapeutic Cniteria)® and in whom
this improvement was mamtamed for four to six months, showed persistence
of sludge, mdicating that sludge does not quickly reverse m this period of
time. However, the character of the sludge differed from that seen at the
time of clinical activity, in that the agglutmated masses were smaller, softer,
less numerous, and blood flow rates were less retarded The character of
the sludge seen in three patients examined while in remission, considered
grade II at the tume of first sludge examination, was simular to that observed
m the patients who, under treatment, had reached grade II jmprovement

Changes 1n the blood sludge were observed in one rheumatoid patient
who recerved cortisone for twenty-three consecutive days. On the fourth
day after mjections were begun there was an increase in the circulation
rate, agglomerates became smaller and softer, and hard basic masses present
before the use of corhisone, became smaller and less rigid, internuttently
plugging terminal arteriole tips for shorter periods. After the exghth day of
observation basic masses again became ngid and remained relatively hard
until the forty d day Other ch isties of the sludge varied dur-
ing this interval, being interpreted as improvement or regression Maximum
improvement in the sludge did not appear untl the forty-second day of
observation, eighteen days after withdrawal of cortisone Shght regress:on
from this peak of improvement in the blood sludge occurred 1 the sub-
sequent four weeks, but the potentially damaging factors present before
the use of cortisone had not returned at the time of presentation 'of this
report, ten weeks after injections began The unsludging lagged behind the
declme of the erythrocyte sedimentation rate and even further behind the
rate and degree of clinical improvement. Seven weeks after stopping cor-
tisone the patient showed early symptoms of clinical regression and the
erythrocyte sedimentation rate had returned to 101 mm per hour, yet the
improvement in blood sludge was maintained at shghtly less than masimum.
Tn this patient, regression in the blood studge picture did not parallel the
rise in sedimentation rate nor the early chuical regression.

n 70 per cent of the patients recelving chrysotherapy the sludge worsened
after 225 to 1000 mm of gold thioglucose had been given, even.after a
grade II or III response to therapy This sludge was characterized by

®Seep 12
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this ime seem unwise. We do not know all the possible intravascular or
vessel wall changes assocrated with different stages of structural change
through whach patients with rheumatoid arthntis may pass, nor do we yet
know the relation of these vascular changes to vartous degrees of rheuma-
toid activity One can, however, estimate potential damage to penpheral
vascular channels and to tissues supplied by them, and the posstble patho-
logic physiology of the crculation which may result. Repeated showers
of nigid basic masses, acting as temporary or permanent embol in termenal
arteriole tips, deprive the tissues supplied by these vessels of oxygen and
nutnents Any therapy which would reverse the blood sltdge and 1ts dele-
tenious effects upon the circulation might make miore discermble some of
the fundamental factors 1n rhenmatoid arthnitis
It was shown® that quinine caused unsludging or breaking up of large
masses of coated agglutinated red cells 1n rhesus monkeys with knowlesi
malana. Whether this was due to decrease in the mternal cohesion of the
masses or to solubility of the coating on the red blood cells comprising the
masses 1s not known. Although human blood protems from which 1t 1s be-
Leved the coatings are derived are not 1dentical with the blood protemns
of the monkey, a tnal of quinine as a possible means of reversing sludge m
arthnitis seemed indicated Our results with this drug suggest that 1t is
effective in patients only while bemng administered, and has no lasting effect
m reversing sludge, however, the number of patents is at this time too
small to allow dependable evaluation i
Unstudging occurred more rapidly and to a greater degree in the patient
to whom cortisone was given than 1n any other patient. If further exper-
ence with cortisone proves its effectiveness m reversing the pathologic physi-
ology of rheumatoid arthnitis, blood sludge may be expected to lessen or be
d wh ifi chnrcal 1mpr occurs with this hor-
mone. Studes of these effects are being contmued. R
The effect of gold salts on the imtravascular changes which occur dynng
therapy cannot be fully evaluated from this hmited study. Evidence is not
available to mdicate whether gold per se contributed to the changes ob-
served, or whether they may be attnbuted entirely to alterations in the dis-
ease process, related or unrelated to this therapy. - o of
How great a role 1s played by the reticuloendothelial cell phag l?
coated erythrocytes 1n sludged blood 15 nat known It may be that :; e
anemia observed 1n 30 per cent of our patients with severe blood sludge
was due, in part, to removal of coated red cells by phagoc}:tos}s ’}'h'e n‘c}v:-
mal mean corpuscular lobin values md e
remaming 70 per cent of patients studied for anemia was unexpected, 10
view of the severe blood sludge associated with their disease. Rapid mgesd
tion and destruction of coated blood walls by phagocytes of the hiver a.nn
spleen have been seen® ¢ by the quartz rod method of in vivo obserzlam‘)a
when sludge was experimentally produced n amumals. It 15 reasona fold
assume that a simlar process of phagocytosis would occur in rhiurma "
patents whose blood contamed :} h;gh p:ergen;gge 1(])_5 fcr{::x:e‘tihzr}:ir m‘;l?’t:on
is postulated removal of coated red cel
fsl l;‘:f :er;sg;l:n?wnh the normal or high hemoglobm and hema;ocntlzzslius;
70 per cent of our patients Hemoconcentration resulting from
lasma i red n these patients, may have masked an
plasma fluids, which was observed mn these p. e entration
anemia determmed by the mean corpuscular hemoglobi
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With continued sexere rheumatowd activity and assouated blood sludeing
. . ' S L I N T

Phagocytosis NO MeASurements ot CIrCiating LIUU YUMNIE Ldve veell
made 1 our patients. If such a theory 15 substanhated by fact, to blood
v o F P g it -

systemie nature of the discase
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IMMUNOLGGIC AND BIOCHEMICAL STUDIES
IN INFANTS AND CHILDREN, WITH SPECIAL
REFERENCE TO RUEUMATIC FEVER®

VIL Inhilntion of Hyaluronidase by Sera
NATHAN LPSTEIN, PAUL F. DI} GATA AND MAY @ WILSON

The following study 1s one of a series of immunolowe and biachetmieal
pilot studies 1n children nndertaken to obt.un mfnrmmmx as to the pos-
sible wlierent diff m chuldren i\ imatie fever Thi
working hypothesss 1s based on the evidence prc\muslv presented that
genetic susceptiility of the host is an important factor i the acquisition
of this disease 1t 35 also well known that speaific enzvine reactions my be
1nfluenced by genetic factors

The nature of the process responvble for the characterishie connective
tissue changes i theumatic fever s obscure Recent stadies have unple-
caterd the hyaluronie acid-hyaluronsdase enzy mc system Investications
have been d with the mhnt of 1 dase by sera from
Pitients wath acute rheumatic fever 1t has been reported that s!rrplncﬂ«‘:ll
hyaluronidase actnaty 1s more markedly inhibited by sera from theumatic
pmcms than by sera of nontheumatic controls

m the New Yorh Tlocpital and the Department of Pediatries, Comedl Unnveruty
\k\l\nl College These studies were aded by grante from The Commonw ealth Fund and
The ielen lhy Whitney Founlahion
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MATERIALS

During the past four years we have collected about 900 blood speci-
mens from normal, susceptible, and rheumatrc children who are under our
medical supervision. The specmens were stored at —20° C. OF these, 101
specimens of sera from cluldren aged three to fifteen years were arbitrarily
selected for this investigation. The turbidity method described by Dorf-
man was followed, with shght modifications” Hyaluronic acid from human
umbilical cord, and bovine testicular hyaluronidase (150 turbidity umts per
mg ) were obtained from Dr. R McCullagh of Schering Laboratories

RESULTS

The results presented are expressed as the percentage reduction in enzyme
actvity of a standard solution of hyaluromdase (7.5 to 9 TRU per deter-

INAGTIVE RHEUMATIC ‘,
% NORMAL RHEUMATIC FEVER

[o R 4 * - *

by of reduction of hyals dase actvity by sera from
nofr:lgal lcifld::en from patents with mactive rheumatic fever and from children with acute
rheumatic fever.

P S instrnm valnac ave Ve

In the sera tested, the degree of mhibttion was nou aueviou vy oo -

agend.\ﬂerences. The percentage reduction by sera from normal and sus:
en was within the same range.

ceg_tllble‘ Chd'dr-—'-‘ f +hoo marnantace reduction by sera from normal ehl-

fever and children with acute rheu-

Figure 115. It is apparent that the

wide range from 0 to 80 per cent. There 15

distribution of values covers a tion of hyaluronidase activ-

no sigmficant difference in the degree of inhaby
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ity by the sera of children m each group. In the normal and inactive rhen-
matic series including sixty-four sera, 61 per cent showed 2 reduction
greater than 40 per cont, compared to 73 per cent for thurty-seven sera
from children with acute rheumatic fever.

INACTIVE RHEUMATIC
% NORMAL RHEUMATIC FEVER
[t

20]

[

iz 118 Redvction of hraluromdase activity fullosing aptecedent respitatory allngss

Rheumatic Faver
Q0 fnactive
M Active

M iaan Aar THat we TR trey suar 1A bhab Yres
Wy L SH G ava e swn e are e i
LLEP R TF DUYINEE LR oY e Nons  iww Nene  bome 3wk JMay

Fig IIT Resuts of senyl determuations of hyaluronidase inhibiton for three theumatic

In previous studies of immunologe Feactions among these patients it was
observed that prolysin titers, 1 agglutiin titers, and the
gamma globnhn D i ned by electrophoresis were d
in patients who had expetienced an antecedent sespiratory Biness presum-
ably streptococcal 1 ongin Tlus was true wrespective of the presence or
absence of rheumatic fever The data obtuned were therefore analyzed
wath tespect ta the presence of antecedent liness. It may be sren in the
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accompanymg graph (Fig 116) that 95 to 100 per cent of the sera tested
tn each group gave a reduction of hyaluronidase activity greater than 40
per cent.

It was found that m the scra of fifty-two children Without a recor
antecedent illness, 36 per cent sho\\'ed) a reduction greater ﬂxnne:?) fag
cent, m contrast to 96 per cent for forty-nine children with a recorded
antecedent respiratory iilness In the majonty of the sera tested, respiratory
tllness occurred within one month In some instances reduction of hyaluron-
idase activity was noted six to eight months following an antecedent sllness

The sigmibi of d iratory ainess is further demon-
strated in senal d ions of hyal ! hub: Figare 117
shows that for three rheumatic patients, all of whom had had respiatory
llness at intervals from two weeks to six months previously, the percentage
reduction of hyaluromdase activity was not sigmficantly different during
the active or inactine phases of rhenmatic fever,

COMMENT
1t 15 apparent from these observations that the jnhibition of this enzyme
systern by sera from rheurnatic patients 15 not a reflection of the rheumatic
process
The serum constituent responsible appears to be increased following
antecedent respiratory illness presumably streptococeal 1 ongin The ob-
servation of marked inhibitton of bovine hyaluronidase by sera from chal-
dren who have had an dent resp v Thas also been re-
ported for streptococeal hyaluronidase. It has becn suggested that the
inhibition observed 15 prabably the reflection of an wmmunologic reaction
This view would receve support from the fact that mn our series other
log; i of strep 1 1nf was obtained for sera which
showed marked inlubition of hyaluronidase activity. Further support of this
concept js also gven by the fact that the serum constituent responsible for
decreasing the activity of the bovine enzyme was found to be heat stable. It
has also been reported that the intubitor of streptococcal hyaluronidase

1s heat stable

TOXINS AND ENZYMES OF STREPTOCOCCI®

ALAN W, BERNHEINMER
1

With the growing belief in a_causal relationship between strepte
snfection and rheumatic fever, there has developed an mtensified interest
in the composition and activities of the streptococcal cell. Tt hag been

Lnown for many years that group A streptocoeci possess the eapaoity to

i Ah o vanety of tovic products, but only in the last
elaborate d‘\mng growth a ranety  tovie pro lucts, b M‘m):r‘ e

which
ed are
From the Department of Microblology, New 10m Univesstly Lunp® o fedicite

and College of Dentistry, New York, N. Y.
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soluble sub of ligh molecular weieht, 1 g the properties of
proteins They are recognized almost exclustvely by the biclogic or bio-
chemical effects which they bring about, the effects 1n each mstance being
relatively specific for the particular streptococcal product involved.
Group A streptococes {Strepfococcus pyogencs) are capable of produc-
ing at least eight substances, each of which induces a speaific alteration
n cells or m ch 1 thereof. These substances are
streptolysimn O, streptolysin §, scarlatinal {erythrogeme} ton, protenase,
streptokinase, hyaluron:dase, desoxynbonuclease and nbonuclease Every
stram of group A streptococcus does not form all of these substances In
fact, there exists among cufferent strains a wide vanation in regard to their

1o streptolysin O, streptalysin S and X

TOMINS

Hemolysis is the oldest and one of the best known of the many possible
types of actiities possessed by streptococcal cultures and thewr filtrates
Although dictory findings the and
production of the substance thought to be responsible for lysis exist in the
literature of a few decades ago, the confusion largely disappeared wath the
demonstration! that many strams are capable of elaborating not one but
two b L These sul have been designated streptolysin O and

ptolysin §;' O wndi ble lability to oxygen and S standing
for serum which favors the formation of streptolysm § Smece thew recog-
nition a great many differences between the two lysins have been demon-
strated, these include differences in chernical properties, in antigente speei-
fieity and in the kimehes of lysis mduced by the two agents There cannot
therefore be any doubt about the custence of two distmct streptolysins
It has been shown, mareover, that some strans of streptococer produce
bath tovins and that other strains produce cither one or the other but not
both * The vanation 1n capacity of strams of group A streptococet to pro-
duce the two streptolysins has not been correlated with differences 1 the
climeal seventy of streptococeal mfections or thewr sequelae

Streptolysin O Although streptol sin O and related touns have frequently

n studied 1n connection wath their action on blood cells, they have been
mvesticated less thoroushly 1n rezard to possible biolomic effects on cells
otlier than erythrocvtes and leuhoevtes Expersments utilizing the 1solated
frog's heart have recently demonstrated umigue effects of streptolysin O
and have shown in addition that the action of this toun 1s by no means
Limited to the cells of the hload s + 3

Application to the isolated frog's heart of o diluted solution of partiatly
punfied streptolisin O, previously activated with cvsteme, produces little
or no change 1n the heart beats as recorded kvmoataplucally The same 15
true even when a relatively large dose of streptolysin O 15 tsed, this mav
be contrasted with the action of other cardiototic agents such as the toun
of Clostridium septiceon which acts 1n 2 single dose I the first dose of
streptolysin © 15 now washed out of the heart and a second dose apphed
the heart undergoes systolie contracture It ean readih be shown that the
effect is not a yesult of a summation of the two doses
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accompanymg graph {Fig 116) that 95 to 100 per cent of the sera tested
m each group gave u reduction of hyaluromdase activity greater than 40
per cent.

It was found that in the sera of fifty-two children without a recorded
antecedent illness, 36 per cent showed a reduction greater than 40 per
cent, m contrast to 96 per cent for forty-nine children with a recorded
antecedent respiratory illness In the majonty of the sera tested, respiratory
sliness occurred within one month, In some mstances reduction of hyaluron-
1dase actrvity was noted six to eight months followmng an antecedent 1llness.

e B of fent r y llness is further demon-
strated 1 sertal determinations of hyaluronidase inhibition. Figure 117
shows that for three rheumatic patients, all of whom had had respiratory
illness at mtervals from two weeks to srx months previously. the percentage
reduction of hyaluromdase actvity was not sigmficantly different durng
the active or inachive phases of theumatic fever.

COMMENT

It 15 apparent from these observations that the mhibition of this enzyme
system by sera from rheumatic patients 1s not a reflection of the rheumatic
process.

The serum constituent responsible appears to be increased following

dent r 1llness bl 7 1 1n origin The ob-
servation of marked inhibition of bovine hyaluronidase by sera from chil-
dren who have had an antecedent respiratory infection has also been re-
ported for streptococcal hyaluromdase It has been suggested that the
inlubition observed 15 probably the reflection of an immunologic reaction

decreasing the activity of the bovine enzyme was found to be heat stable It
has also been reported that the mhit of p 1 hyal d
15 heat stable

TOXINS AND ENZYMES OF STREPTOCOCCI®

ALAN W BERNHEIMER

With the growing behef in a causal rel hip between strep

infection and rheumatic fever, there has developed an intensified nterest
m the compositon and activities of the streptococcal cell. It has been
Lnown for many years that group A streptococci possess the capacity 0
elaborate during growth a variety of toac, products, but only _in‘the lc‘\sﬁ

'From the Department of Micrabuology, New York Unnersity College of Medicine
and College of Dentistry, New York, N Y,
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soluble suk of ugh molecular weight, the properties of
protemns ‘They are recogmzed almost exclusively by the biologic or bio-
chemucal effects which they bring about, the effects m each mstance being
relatively speeific for the particular streptococcal product involved
Group A str {Strey ) are capable of produc-
1ng at least eight substances, each of which mduces a specific alteration 1n
mammahan cells or i chemical constituents thereof These substances are
streptolysin O, streptolysin S, scarlatmal {erythrogenic) toun, protemase,
kinase, hyaluromdase, desoxynibonuclease and nbonuclease. Every
stram of group A streptococens does not form all of these substances. In
fact, there exists among different strains a wide vanation 1 regard to then{

to )| 0, streptolysin S and k

TOXINS

Hemolysis 15 the oldest and one of the best known of the many possible
types of actiities possessed by streptococcal cultures and their filtrates
Although numerous contradictory findings concerming the properties and
production of the substance thought to be responsible for lysis exist i the
Iiterature of a few decades ago, the confusion largely disappeared with the
demonstration® that many strams are capable of elaborating not one but
two hemol These sul have been & d 1 O and
streptolysin S,' O mdicating reversible lability to oxygen and § standing
for serum whach favors the formation of streptolysin S, Since their recog-
mition a great many differences between the two lysins have been demon-
strated, these include differences i chemical properties, 1n antigenic specs-
ficty and in the kmeties of lysis induced by the two agents There cannot
therefore be any doubt about the existence of two distinct streptolysins
It has been shown, moreover, that some strams of streptococer produce
both toxins and that other strains produce either one or the other but not
both 2 The vanation m capacity of strans of group A streptococer to pro-
duce the two streptolysms hay not been correlated with differences i the
climeal sevenity of streptococeal wfections or thewr sequelae

Streptolysin O Although strep O and related tovins have frequently
been studied 1n copnection with their action on blood cells they have been
mvestigated less thoroughly 1n regard to possible biologic effects on cells
other than erythrocytes and leukocytes Expeniments utilizing the 1salated
frog’s heart have recently demonstrated unique effects of streptolysin O
and have shown n addition that the action of this toxin 15 by no means
humited to the cells of the hlood? 4 *

Application to the 1solated frogs heart of a diluted soluton of partially
purified streptolysin O, previously activated with cysteme, produces httle
or no change in the heart beats as recorded kymographically The same 15
true even when a relatively large dose of streptolysin O 15 used, this may
he contrasted with the action of other cardintoie agents such as the toun
of Clostrichum septicym which acts in a single dose If the first dose of
streptolysin O 15 now washed out of the heart, and a second dosc applied,
the heart undergoes systolic contracture It can readily be shown that the
effect is not a result of a summation of the two doses
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accompanymng graph (Fig. 116) that 95 to 100 per cent of the sera tested
m each group gave a reduction of hyaluromdase actvity greater than 40
Per cent,

It was found that m the sera of fifty-two children wrthout a recorded
antecedent 1llness, 36 per cent showed a reduction greater than 40 per
cenf, 1n contrast to 96 per cent for forty-nine children with a recorded
antecedent respiratory aliness. In the majority of the sera tested, resptratory
1liness occurre ¥+ T )
1dase activity

The signtfic
strated in senal determmations of hyaluromdase inhibition Figure 117
shows that for three theumatic patients, all of whom had had respiratory
1flness at intervals from two weeks to six months previously, the percentage
reduction of hyaluromdase activity was not sigmficantly different during
the active or mactive phases of rheumatic fever

COMMENT

It 1s apparent from these observations that the mhibition of this enzyme
system by sera from rheumatic patients 1s not a reflection of the rheumatic
process.

The serum constituent responsible appears to be increased followmg

dent r y illness p bl P 1 1n ongm. The ob-
servation of marked inhibition of bovine hyaluromdase by sera from chil-
dren who have had an antecedent respiratory infection has also been re-
ported for streptococcal hyaluromdase. It has been suggested that the
mhibition observed 1s probably the reflection of an immunologic reaction

This view would recerve support from the fact that m our series other
serologic evidence of streptococcal infection was obtained for sera which
showed marked mhibition of hyaluronidase activity. Further support of this
concept 15 also given by the fact that the serum constituent respensible for
decreasing the activity of the bovine enzyme was found to be heat stable. It
has also been reported that the mhibitor of streptococcal hyaluronidase
1s heat stable

CEEE

TOXINS AND ENZYMES OF STREPTOCOCCI®

ALAN W BERNHEIMER
1

With the growing belief in a causal re hip between strep
mfection and rheumatic fever, there has developed an intensified mnterest
m the composition and activities of the streptococcal cell It has been
known for many years that group A streptococci possess the capacity to
elaborate during growth a vanety of tovic products, but only in thg last
decade or so have extended investigations been drected toward the isola-
tion of these products from the chemically complex culture me‘dia m “‘Illlch
they are usually found The strep 1 d to be are

o From the Department of Microbiology, New York University College of Mediane
and College of Dentistry, New York, N. Y
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beil;;t;&;d},“th}i first dose alters the reactivity f)f t'he heart so that the organ
! ghly sensitive to the second application of streptolysm O. The
:‘e:sl:‘l;l:’)lffy of the heart hLas been shown to !‘)e‘ due to the loss from the heart

ap ¥ or toxm . The inhit 15 released
on thg first exposure of the heart fo streptolysin O, and is removed m the
perfusing fluid when the heart 15 washed prior to a second applhication of
the toxin The release of mhibitor appears to be a specific and umque effect
of streptolysm O, for other cardiotoxic agents which have been tested fail”
to exhibit a comparable effect, It would be most desirable to hnow the
chemical 1dentity of the mhibitor because such information may well pro-
vide an 1nsight mto the chemical nature of the cellular alteration which 1s
mntiated by the toxin. It 1s of interest to note that the inhibitor not only
prevents the contracturing action of streptolysin O but also inhibits the Jethal
effect of streptolysin O mjected mtravenously into mice.

Whether or not a bl hanism exists 1n Is is not fully
established, but there are observations on record which are consistent with
the view that streptolysm O affects mammalian tisste m a manner funda-
mentally sumlar to that of the frog’s heart. Intravenous injection of a barely
sublethal dose of streptolysin O causes mice to become partially resistant
to a subsequently injected lethal dose The refractoriness develops within
six hours following the sublethal dose and disappears in approumately
forty hours. The refractory state depends not upon antibody formation but
upon some other mechanism Investigation of the specificity of the mnduced
resistance to streptolysm O has shown that the refractory mice are not mn
general resistant to other toxic suk whose phar logic effects re-
semble, more or less, those of streptolysin O An mmportant exception to
this generalization is provided by saponin Mice which have been imjected
with a sublethal dose of streptolysin O develop refractoriness not only to
the streptococcal product but also to sapomn Likewise, mice injected with
2 barely sublethal dose of saponin develop resistance nat only to saponm
but also to streptolysin O The pected reciprocal relationship suggests
that there are fundamental elements of sumilanty in the modes of action
of the two substances In order to mvestigate thrs point further the effects
of the two substances on the isolated frog’s heart were re-examined.$ Analy-
s1s of the experimental results suggested that the ultimate site of cardiotoic
action of sapomn and streptolysin O is normally covered by two barriers;
one of these barners 1s displaced by saponin, the other by streptolysin O
Removal or displacement of exther barner permits exther cardiotoxic agent
to mduce systohe contracture,

What impheations the foregomng observations may have for an ux{der-
standing of rheumatic processzzs is not entirely clear.' R}:eumahc patients

possess much larger o ant O than do per-
sons who do not have rheumatism As the antibody represents a specific
S AT s e o cbeomials ein O by the infecting

» toucity

ed todn

:ould reach tissues remote from the site of local streptococcal intection.
Streptolysin S The biologic effects of streptolysin § have been investr-
gated less thoroughly than those of streptoly sin O and lhe'chemlcal nature
of the former has not been convineingly eluc.:ldat.ed. A discovery of cor}-
siderable interest is the finding that nbonucleic acid, or a fraction thereof,
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jects display a higher average antibody response than do normal indiduals
to antigeme stimuli of other kinds. Howeser, the observation serves to
mamtain mterest n the possibility that an antigen-antibody mechanism
may play a role m the pathogenesis of rheumatic fever.

ABSTRACTS

DIFFERENTIAL SHEEP CELL AGGLUTINATION TEST FOR
RHEUMATOID ARTHRITIS

S EDWARD SULKIN, ROBERT M, PIKE AND HOWARD €. COGCESHALL

Rose and his recently described a sheep cell aggluti test which
may prove to be helpful as an ard in the diff 1 d between 1l d
arthnitis and other diseases with arthritic marufestations It was shown that a sixteen-
fold difference or greater between agglutination titers of normal and sensitized
sheep erythrocytes occurred almost exclusively with sera from patients with rheu-

matoid arthnis
The dffe ] sheep cell aggl test of Rose and lus associates was per-

formed wath serum from forty-three persons with rh d art}musr

i gonan

less than 16, .

oo ’ t #aem Teem thew ewbnon were observed in
« test appears ta
irm the observa-
heep cell agglu-
> rheumatoid ar-
test, studies re-
1d arthntis

DISCUSSION*

At the King Gu o T
m collaboration

Tutimation test "
iam agree with those reported by Drs Sulkm, Pike and Coggeshall. 'lne ai-

ferential hiters found by us are best seen from the curves in Fx%ule 118 Those gf;‘r-

A3 darnve

® By Dr Nanna Svartz.
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been remarkably small We do not, therefore, consider that we are able to pass
any defimite yudgment yet on the possible evstence of a parallehsm between the
ifferential titer and the actmaty of the disease

As deseribed m my discussion of Dr Boots” pzpel’,: m the course of our worh on
SRR Ty e e [

. ., . PEE
corpuscles, can as a rule be suppressed if the patient’s serum has previously been
absorbed with normal, 1., nonsensitized red blood corpuscles It 1s true that a
shght agglutinabon may occasionally remain of the reaction 1s carmed out with
sensitized blood corpuscles This agglutination can usually be mduced to disappear
by renewed absorption with normal blood corpuscles

60

Subjects, %
5 8 8 5 &

——

2 4 8 16 2 es w8
Fig 118 Differential agglutination titers of ninety rtheumatod arthntis patents (broken

line), srcty-fve patients with diseases other than rhrumatoid arthnbs (dotted bine), and
ty-twa presumably normal persons (sohd line)

With theumatoid arthnts, however, the case is quite different Here, only those
agglutimns which give nise to agglutmation with unsensiized blood corpuscles are
absorbed by normal sheep cells, whereas the reaction camed out with sensitized
sheep blood corpuscles remams unaffected To judge from the expenments we
have so far cared out, this reaction 15 1 1 rheu-
matoud arthntis, if & special method 15 used

Certamn bactena gve rise to antisheep cell aggluimins upon mjection 1, for
example, rabhits, while others do not Enterococct m particular mduce strong
antisheep cell agghitnims We espeaally studied these bactena because I have
used tl};em for many years in varous aticmpts to induce expenmental arthntis in
ammals,

By 1njecting enterococet into rabbits 1t 1s possible to mduce a chromie articular
infection which does not at first give nse to the rheumatoid arthntis reaction But
after the disease has been gomng on for some months st may be possible to demon-
strate the typical reaction We do not yet know how frequently this 1s the case

In the experuments so far carnied out only enterococer and certamn types of
pueumacocer (especially type 42) have given mise to antisheep cell agglutiming
after injection mto ammals It 1s important to pote that injections of beta hemolytic
streptococer, Lancefield’s group A, do not give mse to hemaaglutinmns, nor do
staphvlococer or Salmonclla typhosa

*Seep 842



SENSITIZATION WITH TISSUE ANTIGENS
PHILIP A CAVELTI

The Lterature on evperimental senstization with tissue antigens is reviewed,
wil hasis on I tissue ls 1 conjunction with bactenal prod-
ucts In the author’s own work immumzation of anmals with mixtures of homol-
ogous kidneys and lalled group A beta hemolyte streptococei led to the formatian
of antoantibodies to kidney, as demonstrated n witro, and, by in vivo reaction of
these antibodies with the kidney, to acute and chromic glomerulonephntis Smmtar
immuntzation of ammals with homologous heart or connective tissue 1 mixture
with klled imhated production of bodies to cardrac or con-
nechve tissue substances, also demonstrable m vitro with extracts of these tissues
As a result of the reaction of these antibodies with the tissues m situ, lesions of
the 1t type developed, lly endocarditis and myoearditss, but alko
widespread lesions 1 the pernascular connective tissue

By means of the collodion particle technic, autcantibodies to human heart ex-
tracts have been demonstrated n the serum of patients with active rheumatic fever,
Techncal difficulties, especially as regards the activity of the tissue antigens, have
led to the search for a method giving more consistent results Prehminary findings
of complement fixation studzes indicate the presence of antibodies to human tissue
components m active rheumatic fever

- . BRI

f

Sl e b bans

DISCUSSION®

Clinieal expenence and epidemiologic studies strongly implicate the beta hemo-
Iytic strep m the of gl \f h and rheumatic fever, At

the same time, failure to demonstrate the orgamssm m affected tissues, and‘ (be
! T v L e afata

of the and the pathologic changes prod ) wat wn
interposed host reaction 15 a sensttization, particularly to body tissues combined
with or altered by bactenal products, 15 in accord with many L‘]lnl(,'al features of

lative medicme without expermmental evidence Sucir #s tudl Pluuuva vy
Cavelt: that such antibodzes can be produced i animals and that pathologic changes
analogous to those seen 1n the human diseases can be produced by these procedures

The difficulty m demonstrahng such antibodies i patients with .rheumnhc
fever may be, as the author suggests, due to technical factors ‘There is also the
possthility that such antibodies are not present in the Clr}r‘:uh(m g !)J:od u: fsée‘jsﬂg:
amounts. perhaps due to fixation mn the tissves. In i s conme n.‘\?"ﬁ,‘.ﬂ ould be

* By Dr Willam D Robmson
By Dr 362
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tissue 15 more patent than other connective tissues In sera of patients with rheu-
matoid arthritis, no antibodies to human jomt tissue antigen capable of producing
antibodies in rabbits could be detected
Tius concept 15 not mcompatible with other lines of investigation mn rheumatic
diseases The work of Fulton and Marcus, 1dentifying certam hyaluronidase snhub-
itors with some components of complement suggesu at least a relationship of
with the story More m-
me:l:a!e]y pertinent 1s the ocal relationstup between reactions

tissues analogous to those dlscussed m lins pJpel’ [t 1s therefore necessary in
studies of this sort, where injections of antigens are continued over fong periods of
tune, to determne whether the changes produced result from a specific smmurno-
lome reaction or are a mamtestation of nonspecific stress operatmg through the
pitwtary-adrenocortical mechanism,

ANTIGENIC PROPERTIES OF HYALURONIDASE INTRODUCED
INTO THE STUDY OF RHEUMATIC DISEASES

CATHARINE E LAGAN

Intradermal injechons of 1 1000 hyaluromdase (013 turbidity reduemg unit
per cc } with I per cent methylene blue were given to eightv-one persons to deter-
e the mcidence of skin sensivaty 1 patients wath arthntis and 1n controls The
results were positive in fifty-mme of sixty-two patients with atrophic arthnbs,
one of three patients with hypertrophic arthrtis, and m seven out of eight patients
with mixed types Only one of the controls showed 2 shightly positive test

1In 2 number of the patients exhilating positive tests, a cutaneous nodule devel
oped which lasted from three to fourteen davs. Round cell mfltration, smalt areas
of nectosis and occasional gant cells were seen 1 the several mnstances m which
a biopsy was performed

everal patients wnh atrophic arthritis were given a series of mjections of small
amounts of h n an attempt at The results were incon
sistent although impmvemnnt was noted 1n a few mstances

Ttas Juded that y to hyal dise may play a part in the develop-
menl of :u\hxmc dumges, m we\v of the tissue respanse at the site of mjection

d that may alter the course of the

¥
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STUDIES ON BLOOD PLASMA AND
AMINO ACIDS

ELECTROPHORETIC ANALYSIS OF THE PLASMA
PROTEINS IN RHEUMATIC DISEASES, ESPECIALLY
RHEUMATOID ARTHRITIS

BORJE OLHAGEN

For many years 1t has been agreed that the mcreased sedimentation rate
m arthnitis 1s a reliable cnterion of activaty, but not until lately have we
realized the complexity of changes in the plasma protem pattern that alter
the suspension stability of the blood The sedimentation rate 1s dependent
primanly on the fibrinogen concentration, but the globulins and even the
albumms also seem to have ifluence However (he plasma globuhns and

are not ble to an exact ch With ordi-
pary salt fractionation methods only the grosser alterations are detected,
so the finding of a normal albumn/globuln quotient need not signify the
absence of globulin changes Now the electrophoretic separation method
as developed by Tiselus has greatly mcreased the possibihities of differen-
tiating the plasma protemns, especrally the globulins During the last seven
years we have examined about 180 cases of arthntis and allied conditions
electrophoretically t As we have used different buffers, only a part of the
matenal that 1s hemogeneous with respect to the buffer composition will
be presented

CLINICAL STUDY

Rheumatic Fever The cases of rheumatic fever have been divided m two
parts (Table 57) One group, called “simple acute polyarthritis,” represents
cases with localtzed symptoms, mamly n the jomnts, the other, called
“complicated acute polyarthntis,” comprises cases with additional 1nvolve-
ment of the heart or rtheumatic mamfestations from other organs In this
group relapsing cases of rheumatic fever are also mcluded The blood ex-
amnation was carried out when the disease was estimated to have reached
its maximum with respect to the sedimentation rate Common to all cases
1s & reduction of the albumm, a pronounced a]pha globulin mncrease (with
few exceptions) and a merease th the beta
bemng withun the normal range As regards the gamma globulin the two
groups duffer With few exceptions the simple cases show hardly any increase
of this component, whereas the complicated cases display an obvious -
crease n the gamma globulin With begmning regression of the disease
the alpha globulm and the fbrinogen first return to normal values and ulti-
mately the gamma globulin also returns When the sedimentation rate has
teturned to normal there are no longer any sigmficant alterations mn the
electrophoretic pattern

Rheumatord Arthritis As will be seen from Table 57 there 15 also a dwi-
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sion of the cases of theumatoid arthritis, One group represents onl i
rheun}atmd arthnitis or the syndrome we in Scag:xdull)avxs often call ypiﬁ?reg
chronic polyarthitis.” The other group consists of chrome arthnitis sec-
ondary to focus of infection? including atypical cases of theumatoid arthritis,
The general changes are hypoalbuminemis, moderately raised values of -
alpha globulin and a moderate ncrease in fibrinogen and gamma globulin
The cases of true rheumatoid arthritis show much more elevated gamma
globulin values than the cases of secondary chronic arthritis. As to the clni-
cal course there are also differences. the primary cases are severe or mod-
erately severe, with a long history (at least one year ), whereas the secondary
cases are generally characterized by shorter duration and frequent occur-
rence of remissions The average values might give a false impression of
vrformity Among the primary cases there are five severe cases exhibiting
gamma globuln values within the normal range It 15 of interest that all of

Talle 57 Relatwe Plasma Protein Concentrations in Acule and Chronic Forms
of Articular Rheumalism*

DESCRIPTION TOTAL
AND NUMBER ALBUMIN, @ 8 P v PRO-
OF cASES TEIN
% % % % % %
Normal values (10) 56 2 70 140 40 183 77
5086164892 98I1823050154222

Range (= 20) .
Rheumatic fever

Sunple acute polyarthritis

19, 43 6 121 144 96 20 3 7.6
Complicated acute poly-

arthritis (8) 376 123 13 8 78 285 78
All cases (27) 120 22 142 88 228 77

Rheumatoid acthritis

Primary chrome polyar-

thotis (40) N7 92 142 73 276 71
Secondary chromc polyar-

thritis (26) 2 9 10 6 136 85 224 75

4z 0 97 M8 80 %5 76

All cases (66)
« Buffer compositwon- 0,032 molar sodium phosphate, 0004 molar sodmm biphosphate,
and 0 15 molar sodwm chloride, pH 76

had been treated with gold before the last exacerbation It
mterferes with

these patients

mght be comadental, otherwse 1t would mdicate that gold W
gamma globulin production In fact, two of the five cases also had signs
of injury to the bematopotetic apparatus i the form of thrombocytopenia
It should be emphasized, however, that the protemn changes 1n rheumatoid
arthritis occurred m hospitalized cases with fully developed arthritic symp-
toms In the very early begmming of the disease the electrophoretic pattern
may be wathout significant changes and the sedimentation rate may be
Jow. The first sign seems to be an mcrease m alpha globukn * About half
of the cases of secondary chronc arthntis show rather low gamma globuln
values, the other half elevated values Generally these latter represent the
more severe cases, both with respect to the extent of the tissue changes and

the duration of the disease
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Fig 118, Electrophoretie disgrams: A, pormal plasma; B, synowl fluid from a patieat
wath traumatic synovins; C, plasma, and D, acute exudate from a patent with theumatic
feves; B, plastos, and F, chromc exudate from 3 patient with sheumatosd asthntis,

dragram, All the protein components are represented and the tota} protein
LIS s AR AUt g i

evpected since these proteins have the lugest molecules The joint fuid
in traumatic synovitis generally shows a low tfotal protein value but the
relative fons of the comp are of imately the same
order as those of the correspondwg plasma; the fibrinogen component,
however, is often missing in cases of Sxmg-s:anding hydrops, The chronic
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ating the effect of normal plasma on rheumatoid arthntis. Each patient re-
ceived weekly mfusions of 250 cc of normal plasma and the chinical and
laboratory course was observed,

OBSERVATIONS IN THE POSTPARTUM GROUP
In general, the characteristic response m the group mjected with the

The mvolved knee joints usually were the first to improve In two pateents
the subcutaneous nodules on the forearm gradually disappeared. Six cases
that had previously been refractory or intolerant to gold salts therapy re-
sponded dramaticaily to the postpartum plasma. All of the pabents gained
weight' The vasomotor and trophic disturbances of the extremittes reacted
favorably with the clinical progress and the hypochromic, microcy tic anemia
showed a slow, steady improvement In most of the patients the albumin/
globulin ratio was restored to normal The sedimentation rate remamed
unaltered except for two cases Total leukocyte counts exdubtted no abnor-
malities other than a tendency toward leukopenia. The Aschheim-Zondek
tests were negative m all the treated cases.

In 320 transfusions with postpartum plasma there were no cases of homol-
ogous serum hepatibis nor any febnle reactions Two patients had a mild
urticarix which was relieved with antinstamine therapy. Transient reac-
tions such as flushing, fullness n the head, and tingling of the lips were not
uncommon, but m each case the symptoms passed off a few minutes after
the end of the infusion

According to the entena for grading therapentic results established by
the New York Rheumatism Association, the group treated with postpartum
plasma could be classified as a grade I, or major improvement, This group
did not show systemie signs of theumatoid activaty, such as leukocytosis
and fever Jomt inflammation, as characterized by heat and redness, sub-
stded and jomt swellings were minmmal No new rheumatoid process of intra-
articular or extra-articular nature developed and the remaiming impairment
of jomt function due to muscular spasm was slight or absent. Although the
erythrocyte sedimentation rate was usually elevated 1t was less than 50 mm
per hour (Westergren)

From our observations 1t appears that the ideal procedure would be to
admumster this plasma for months, and that the clinical response 15 more
rapid with the larger amounts of postpartum plasma nfusions The remus-
sions were sustained 1n an average of three to twelve weeks after cessation
of therapy

RESULTS WITH NORMAL PLASMA IN CONTROL GROUP
Continmation of treatment for eight to twelve weeks 1n the control series
with normal plasma led to a surprising failure Of the six patients under
observation, five either failed to mmprove or actually felt worse The sixth
patient thought he was shghtly better In this group there was no spon-
taneous sense of well-being and no evidence subjectively or objectively of
any benefit in the course of the arthritis The laboratory results were un-

altered
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luteum plays mn the defense mechansm during pregnancy 15 at present
g]n;xilztsermmed. Less is known as to the hormognelz s%crete{( by thli fetal
In the early phase of pregoancy the excretion of estrogens rises slowly
ir.om normal values found 1n the menstruating woman, so that at about the
eighth week there are from 2,000 to 10,000 international umts of total
estrogens.® ? The values then increase gradually to from 15,000 to 40,000
or even more internatonal umts at term Immediately before delvery,
g d P to very low levels. These estrogens are in
both the free and bined forms, predominantly the latter, which can
be tested biol lly only after hydrolysis to the free or active form Preg-
nanediol excretion 1s at a relatively low value up to about the third month,
ranging from 5 to 25 mg. daly. There 1s a rather steep rise daily exere-
tion to about 100 to 150 mg. dunng the last few months of gestation, and
a steep drop a few days before term to low values approaching those of the
normal luteal phase (4 to 15 mg.) Chononic gonadotrophin excretion dif-
fers 1 pattern from the foregoing two substances. The hormone appears
fauly promptly m the urine 1n increased quantities, so that 1t can be detected
two weeks after the missed period by the injection of urine mto rabbits
{Friedman test). These values range between 1,000 and 5000 rat umts
dailly By the thirtieth day, however, there is a defimte explosion 1 excre-
tion, approaching 100,000 rat units 1n twenty-four hours, and on about the
fortieth to the sixtieth day there may be even a higher concentration up to
500,000 rat unts daily Followmg this sharp peak in excretion there 15 a
Tt oot seome 1 2V LKA g 10,000 yat units daily
ble amount occurs,

. d pregnenolones increases
gradually and rather rapidly dunng the last two-thirds of gestation while
that of 17-ketosteroids shows only a very shght rise The ordinary elunina-
tion of the gonadotrophin reaches a toward the end of the
second month and falls to low levels when the excretion rates for the first
mentioned four products begin to rise sharply. The corticord ebmnation
i the urme shows a double peaked curve, with one maximum comerdent
with the peak of the gonadotrophm excretion and the second maumum
between the two hundredth and two hundred and fortieth day of gesta-
tion, Noteworthy quantines of corheord actmity can be extracted from the
corpus luteum, p bly because p P corticoid po-
tency. Folliculoids elicit a pronounced and specific type of cortical hyper-
trophy According to Marrian’s theory® of C-17 side-chain oudahon, corti-
cods could be formed from progestérone by oudation between G-17 and

-17

Other profound chemical changes occur during pregnancy which may
well influence the constitutional response In the Literature are certam ref-
erences which are m harmeny as to the ifluence of pregnancy upon the
Iipids of the blood “Thus m 1904 Capald: . . . noted that the blood fat of
dogs late in pregnancy was almost double that of the nonpregnant ammal
This 1s quoted by Bar, m 1907, who adds Ius own observation that the serum
of pregnant women appears white and, as there is an abundance ?f fat
in the viscera at this tune, he 15 not surprised to find 1t increased in the
blood.™ One of the most important changes mn pregnancy is this ‘marked
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STUDIES OF THE URINARY EXCRETION OF AMINO

ACIDS IN PATIENTS WITH RHEUMATOID ARTHRITIS

A Prelimmary Report

CHARLES A. L, STEPHENS, JR., ALICE BORDEN, W. PAUL HOLBROOK,

known antirh effects of p
it has long been the bel
d i bl

DONALD F, HILL, LEO | KENT, EVELYN B, WALLRAFF
AND A. R. KEMMERER
rell
heumatoid arthntis 15 unknown Because of the wel
The etiology of rhe unkng . @ o o,

ef of the authors of this paper that the common
in these for i of the disease 15

of

a metabolic nature .
The reported alterations 1 ammo aud excretion and/or blood concen

i 12 sted that rheumatord arthntis
tration in pregnancy and jaundice »'* snugge: h s
m":x; be dlprlcclglx)]' orymdixectly assocated with ntrinsic metabolie disturb
ance of protem metabohsm The weight loss and many of the systemic
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logicals) at seven levels of concentration, Wh
. When the (1) fi v il-
able, a double quantity of the (d!) form was used (0 form veas unaval
Siy Organisms used were L oides P-60, Lactobacill
arabinosus, and Streptococcus fecalis R. Assa; i : i
: X y media, storage media ft
stock cultures, and media for growing the seeding cultures w%ere those 2;

Table 58 Amino Acid Assays of 24-Hour Urine Specimens in Rheumatod Subjects

AMINO AMINO ACID CONCENTRATIONS
ACIDS  PATIENTS (All values in mg /24 hours) 1 YALUES*
Free Bound Total Free Bound Total
Tyrosine Arth 17 150 2103 264 =122 425 =176
Norm 20 186 =83 146 =57 331*73}286?5 206
Preg norm 17 27 0 216 186 208246 299
Preg Arth 3 330 182 512
Valime  Atth 12 66=40 131 =104 191 +116
Noem 17 TTe42 107=81182¢102}°7°7 0z
Preg porm 2 10 4 280 384
Preg, Arth 3 106 201 307
Aspartic Arth 13 38 =32 945 =338 083 =33 3] -
hod . Nowm 18 24 +221047 3691071 +370f 13 065 07
Pregporm 1 43 121 7 126 0
Preg Ath 1 75 1227 130 2
Argme  Arth M 72=11 321177 393 =78
Notm 5 5613 277 =114 332*126}11808 106
Preg norm 1 11 2 3t 4 45 6
Preg Arth 1 139 ns 554
Tistidine Female
Arth 15 681 =123 166
Norm 13 99 4 =555 616
Preg nocm 17 429 0
Preg Arth 609 0
Male
Arth 10155 5 %53 7 L6
Notm 12198 3 +69 9 62

* ¢ value 18 a factor indicating statistical significance

Snell and Henderson # For glutamc acid assays, the modifications suggested
by Brickson et al® were followed For serine assays, 4 modification of the
medium TII of Sauberlich and Baumann!* was used

6. Tutratton of lactic acid was performed with a potentiometer, Free and
total amino acids for each sample were caleulated from the same standard
curve. Bound values were obtaned by subtracting the free value from

the total.

RESULTS
d from varymg degrees of actwvity of therr
exact interpretation of the reported
tudy which are composed of a‘x;‘1 m-

iimbartan When

The patients studied suffere
disease, winch may mterfere with the
results. Also, there are groups m this s
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ABSTRACTS

ELECTROPHORETIC STUDY OF SERUM AND PLASMA IN RHEU-
MATOID ARTHRITIS COMPARISON OF RESULTS WITH
THE FLOCCULATION AND OTHER TESTS
R ARMAS-CRUZ, M. MADRID, ~ VALENZUELA, G LOBO-PARGA, C J. MEREDITH
AND L GOSTIN

The percentages of the several protem fractions, and the molecular mobshty,
were d by electropt 1c methods 1 twenty 1 samples of serum and
twenty-seven samples of plasma from thirty patients suffering from active rheu-
matoid arthntis In the serum of each patient the total protein and the albummn and
globulin fractions were estimated by chemical methods and expressed in grams
Flocculation tests (cephalin cholesterol, colloxdal gold, colloidal red and thymel
turbidity) were also carried out, and the erythrocyte sedimentation rate was de-
termned by Westergren’s method

T O A

higher than normal
The average molecular mobility for gamma globulin was significantly reduced m

the rheumatoid group.

The albumin/globulin ratio deterrined by electrophoretic methods was roughly
one-fifth lower than its chemical counterpart

The flocculation tests of the serum were also found to be positive m the majority
of cases of active rheumatord arthntis No constant relationship was apparent
between this positmaty and the quantitative changes mn the protein fractions

separated by electrophoresis
The erythrocyte sed: rate m 1k
closely with the relative quantty of fibrimogen.
Patients mn this series were graded according to the relative seventy of ther
disease processes Possible relationships existing between the climeal status and
the electrophoretic findings did not appear to be sigmificant. Electrophoretic anal
ysts seems to be devoid of prognostic value m rheumatoid arthntis ’

id arthntis correlated faulv

TREATMENT OF RHEUMATIC DISEASES BY AMINO ACIDS
ALDO MASTURZO

Extensive studies, including estimations of the amino acid content of blood
and synovial flud, were performed 1a control ammals and in animals suffermg
I ) 0 T o« 7 Nt r ™o -h the blood amwo

« + red 1n the synovial

Syt S ' [
B . <o oo el
: ' * + of an amino aad

lybds , seemed to nduce chernical, histologic and

alts in 63 per cent of the cases of
an additional 22 5 per cent ameho-
»d for thase patients suffermg from
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Periphera] xheuma!und arthnyrs {only 4 per cenp f.ulures). and Osteaurtlypyg {1
Per cen farlureg )

CONTINUED INVESTICATIONS INTO THE I’ERH’HERAL
CHICULATORY AND METABOLIC PHENOMENA

EINAR Japiqy
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882 Stuptes oF CoNNECTIVE Tissue

for sols or soft gels and cement substance refers to the more concentrated
and ngid gels ’
The proportions of the various types of intercellular substance 1n the
different connective tissues of the body sary m relation to the particular
supporting functions of these tissues \Where connective tissue need pro-
vide support only for cells, the intercellular substances consist. chiefly of
mixtures of‘ re}'lcu}a‘r ﬁbe‘rs and ground substance. Where connective tissue

strength, and elastic fibers the elasticity Ground substandes in these tissues,
with clefts for tissue fliud, contnibute to therr fleubility, In tendons and
Ligaments, where great tensile strength 1s required, collagemc fibers and
cement substance constitute the bulk of the intercellular substance. For the
weight-bearing connective tissues, such as cartilage and bone, the Bbrous
imtercellular substances that contnibute strength and 2 certam degree of
elasticity to these tissues are sohdified by the presence of a considerable
amount of the cementing type ot amorphous substance. This complex of
fibers and cementing substance, moreover, provides a medium suitable for
mmpregnation with calcium salts for still greater ngidity.

THE NUTRITIVE ROLE OF CONNECTIVE TISSUE

The nutritive role of connective tissue is determmed by the fact that
the blood and lymphatic vessels of the body lie within 1t and are all con-
fined to this tissue. Since most cells do not abut on capillanes they must
be nournished from the connective tissue that separates them from capillaries
On consideration, 1t 1s evadent that there are three possible mechamsms
for cell nutrition by way of the connective tissue. (a) circulation of tissue
fnd through large clefts, combined with diffusion of nutrient materals
through the mtercellular substance, (&) diffusion of nutrient materials
through the bound water of gelled mtercellular substance, and (c) duffu-
sion of nutrient matertals through tissue flurd 1 minute clefts with mimmal
crrculation of tissue flud

Normally, tissue flud with its nutrient crystalloids 1s produced as a
dialysate of blood plasma through the living semipermeable membrane of
endothelium at the artenal ends of capillartes. This 15 because the capil-
lary hydrostatic pressure, though not great, 1s greater than the difference
between the osmotic pressure of the colloids of the blood and that of the
tissue colloids Some of the tissue fluid emerging from the artenal ends of
capillanes, and after arculating through the tissue spaces, 1 returned at

the venous ends of capilanes where the hydrostatic pressure has become
A P N T S

When any‘one of the factors 1n this process is altered, excess ussue duwu

1s produced For example, venous obstruction increases the venous h)'gxo-

‘) static pressure and this interferes with the resorption of tissue flmds into

" the capillartes Agam, lowerng of the osmotic pressure of the blood col-

loids by depletion of blood” protems causes eder{la, as does also nereased
permeability of capillary endothehum due to njury to 1t

In areolar tissue which is fleuble the tissue flud formed as a dialysate
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of blood plasma may circulate in the large tissue clefts In addibon, diffu-
sion of nutnient matersals between capillanes and cells may occur through
the ground substance

In the more ngid types of connective tissue, however, there are no large
clefts for the circulation of tissue fuid In cartilage which 1s nonvascular,
the cement substances provide a means whereby dissolved crystallords may
diffuse between capillanies and the cartilage cells, However, when cartilage
cells mature and hypertrophy, they hberate alkalme phosphatase which
results 1 the calafication of the mtercellular matnix This m turn mter-
feres with the diffusion of nutnent maternals througl the drspersion medum
of the gel So, m calofied cartilage the cells must die Calafied cartilage
therefore can hardly be a permanent tissue for ngid support

In bone, on the other hand, tiny clefts or canaliculi that contain tissue
fluid permeate the mntercellular substance Hence, bone cells may be nour-
ished by the diffusion of the nutrient matenals through tissue fluid 1n these
tny clefts though they reside m a calafied matnx Therefore, bone can
persist as a hving caleified weight-beanng tissue, this 15 the reason for
bone having supplanted caleified cartilage for this purpose

THE DEFENSIVE ROLE OF CONNECTIVE TISSUE
In playing a defensive role, comnective tissue serves as the “arena of
sflammation ” ‘The vascular and speaific cellular activities nherent 1n the
inflammatory process are well known The 1tercellular substances by their
character and composttion may act, 1 addition, as a bammer to the spread
of mfection Certamn depolymenzing enzymes such as hvaluromdase have
bfen ShD\Vl’fl t}? increase the spread of certam infections by changing the
ter of the 1lul le

RELATIONSHIP OF CELLS TO INTERCELLULAR SUBSTANCES

There »s an ntimate relationship between connective tissue cells and
intercellular substances Changes m the one are reflected i the other
Charactenstically, the undff ated cells of t are d
with an optreally h Ilul 1 that contamns dis-
perse (or scattered) protems and polysacchandes 1n a sol-gel state Daf-
f d fibroblasts are d with 2 more diffe d comt
of fibrous protems ortented and cerented into fibrils and fibers with the
cement type of it O. hond cells arc assoc-
ated with similar conshtuents in shightly different proportions Moreover,

hond cells can f; alkaline phospl which 1s
s0 important m the % of cal

AGING AND REPAIR PROCESSES

Most differentiated connective tissues contain a large proportion of dif-
ferentiated cells, but they also have a small proportion of less differentiated
cells with great developmental potentiahties Thus i areolar tissue the
majonty of the cells are diff d fibrobl k . fat eells
and mast cells The functions of the first three are clear, but the role of the
mast cells 15, as yet, obscure It has been suggested that they claborate or
store heparm and that ths 1 contamed m their distinctive granules The
relation of heparin, a sulfated ! haride, to the other ly-

sacehandes of the intercellular substances, and its function 1n the connectn e
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tissue, are as yet unknown. Besides these differentiated cells there are less
differentiated cells which may give nise, from time to time, to any of the
others as the need arises,

So also m cartilage and bone most of the cells are well differentiated
cartilage or bone cells But in the cellular layer of the penchondrium or
periosteum reside less differentiated cells, which can give rise to fiber-
forming cells, chondroblasts, osteoblasts, osteaclasts, or more of the undif-
ferentiated cells.,

In repair phenomena, as also m the process of aging, there 1s a shft
from the less differentiated to the more differentiated types of cells and
intercellular substance—an acceleration, as jt were, of the maturation process.
For example, in areolar tissue, as scar formation proceeds following an
injury, more of the coll ic fibrous Tlul b is formed with
a diminution of the ground substance

THE CONNECTIVE TISSUES OF JOINTS

Joints develop as hzed areas of ive tissue In the dense
core of cellular mesenchyme of a developing limb, areas of amorphous
mtercellular substance appear as clefts i the regions where joints are to
develop. These clefts in the cellular mesenchyme are the defimtive joint
spaces but are actually filled with amorphous intercellular substance

In a movable or synovial joint four types of connective tissue exist in
relation to a connective tissue space filled with amorphous intercellular
substance. Hyaline cartilage provides the bloodless and nerveless articular
surfaces. The synovial membrane and joint capsule are composed of areolar,
adipose, and fibrous connective tissue Areolar tissue occurs where there 15
greatest movement and least tension Adipose tissue occurs between pres-
sure areas, and fibrous tissue where greatest tensile strength 1s required, as
1n the strengthening tendons and hgaments. The synovial fluid acts as a
Tub and source of ishment for the articul: Hlage cells.

The synovial flud is a sol m which tissue fluid may be thought of as the
dispersion medum and the hyaluronic acd as the disperse phase. It is
probable that the tissue flud i denved from the blood capillaries of the
synovial b e pol: haride may be elat d by the less dif-
ferentiated cells of the areolar connective tissue directly into the joint space,
or be washed there from the ground substance by the eirculating tissue fluid




THE CHIEMICAL COMPOSITION OF THE
CONNECTIVE TISSUES*®

KARL MEYER

The amorphous ground substances, rather than the formed elements,
are now generally considered to be the pnimary sites of the pathologic
pmcesses which we cnmbme under the name of rheumatic dlseascs Our

dge of the ¢l } nature and pk e ground
substancLs and specifically of the interfibnllar mntru, 15 shll scam despite
the fact that they have been deseribed and studied nstol {ly by many
tveshigators ‘There are rcasons for this slow progress The quantity of the
materzal is evmemely small compared with the bulk of the formed ele-
ments, and the and formations of this matenal
are apparently rather slow and thcxefore difficult to detect. In our Jabora-
tory we have attempted for many years to 1solate and to characterize the
components of thesc amorphous ground substances Two mucopolysac-
chandes have been 1solated from normal tissues, one a sulfate-tree complex
polysaccharide 2c1d which we named hyaluronie acid, the other the long
known sulfate ester chondrostin sulfate

HYALURONIC ACID

Regarding the problem of the distribution of hyaluromc acid m the body,
the presence of hyaluronate has recently been reported by many invest-
gators on the basis of histochemical methods These methods employ meta-
chromatic staining or other stans for high molecular weight carbohydrates
before and after treatment with cnzyme extracts having hyaluromdase ac-
tivity There are obyious daff 10 the staming ch of tissues
before and after enzymatic digestion In many wstances the interpretation
of these histochemical reactions leaves much to be desired For example,
isolated hyaluronate does ot stan )
below 1 per cent. Lison beheved that only high molecular weight sulfate
esters show true metachromasia Hyaluronic acid 1s not a sulfate ester, al-
though 1t rust be borne m mnd that, with very few exceptions, samples
of 1solated hyaluronate do contain sulfate, in some preparations 1n rather
Ingh concentrations For example, a sulfur content of 1 per cent, as recently
reported by Hadidian and Pirie, would represent 15 to 20 per cent of a
monosulfate ester In fact, we have Leen able to obtain hyaluronate of
very low sulfur content (that 1s, 01 per cent or less) only from synovial
flud and tumor fluids, Hyaluronate from umbiheal cord usually contains
considerable sulfate, Whether this sulfate 15 contammating chondroitin sul-
fate, or hyalurono-sulfate, or one of the other known sulfate esters such as
heparm or amylod polysacchande, 15 not known at present

The rigorous demonstration of hyaluronic acd still reguires 1s0lation and
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chemieal characterization On this basis, the presence of hyaluronate in
adult connective tissue 15 only certain in skin

CHONDROITIN SULFATE

Chondrottin sulfate was first 1solated from cartilage over seventy years
ago by Schmiedeberg Since then cartilage has served as the sole source
of chondroitin sulfate. There are, however, sigmficant differences between
the chondroitin sulfate obtained from this source and that which has been
obtained from other tissues The concentration of chondrottm sulfate in
cartilage 1s very much greater than that in loose connective tissue. In car-
tilage, chondroitin sulfate appears to be bound to a soluble collagen by a
polar (1e, salt) linkage rather than by a stable covalent bond, In loose
connective tissue, on the other hand, chondroitin sulfate forms a true
mucod, that is, 1t 1s bound to protein by a stable linkage The chondroitin
sulfate of cartilage 15 relatively eastly hydrolyzed by testicular hyaluromdase,
while that of loose connective tissue, when isolated, appears resistant to
the action of the same enzyme. As we pointed out several years ago, the
optical rotation of cartilaginous chondroitm sulfate rs different from that
obtamed from skin and umbilical cord In loose connective tissue, chon-
droitin sulfate thus far has been found in association with hyalurome acid,
whtle m cartilage, hyalurome acid seems to be absent,

Since the chondrottin sulfate of loose connective tissue 15 stably bound
to protemn, extraction with strong salt solution or urea does not yield the
pol hanide; the latter 1s ob d only after the use of strong alkalt
such as 05 normal sodium hydroxide Extraction with weak alkali, such as
002 normal calcium hydroude, 1n some mstances does yield a protem com-
plex from which, after treatment with strong alkali, the polysacchande
sulfate ester 15 obtamed, but the mucoid 1s denatured Recently we have
obtained from heart valve a native mucod containing a sulfate ester which
appears to be chondroitin sulfate Electrophoretically the mucerd prepara-
tion showed two p The man t, which comprised about
75 per cent of the total, has a mobility at pH §6 of 8.1 X 10~%. The car-
bohydrate content 15 approxumately 85 per cent by weight. The protem
component does not appear to be related to collagen It remaws to be
determined whether this muce:d 15 antigenic and how 1t behaves toward

enzymes

COMMENT

The dynamic aspects of the problems related to these polysaccharide
cement substances can be treated only bnefly because of the scaraity o
information Nothing 1s known of either the mechanism of synthesis of

these substances or the rate at which they are broken down and replaced
. ey .. f cohenh e Tahle ic maoctlv 1 with




Ceyicar. Comrosimion oF THE Cosnecnve Tissugs as7

enzyme concentrations have been shown to exert a profound physiologic
effect From thrs we have to assume that the serum protem fraction re-
sponsible for the m witro whibition is either absent i the subcutaneous
tissue {which seems very unbikely) or that the whole system studied 1 vitro
has no relation to the in vivo conthhions

Avother factor is worth stressing concermng hyaluromdases of ammal
origm e know something only of testicular hvafuromdases We believe
that enzymes depol; izing and hydro} both hyal and the
chondroitin sulfates in tissues other than testis do occur Other workers have
attributed our finding of hyaluromdase 1 the uveal tract, skin and spleen
to bacterial contammnation But 1t would be diffieult to explan 1 thus man-
ner the hyaluromdase actwity of press juice of the comea or of aqueous
humor. Undoubtedly the concentration of such ensymes m the tissues 15
very low. The hyaluronate mjected mto the antenor chamber or ntra-
venously into anumals disappears rather rapidly, and m tusues like synovial
flud or synovial tissue the enzvme concentration mav be too low to be de-
tectable by our present methods The nonnal turnover of the mesenchymal
polysacchandes consequently may be assumed ta be very sfow (¢ naturaliy
15 possible that the degradation of these pohsacchandes or thew protewn
complenes has a nonhydrolytic pathway, but this possibility seems remote
The production of hyaluronate, and possibly of chondsostn sulfate, ap-
pears to be much faster than their removal, as evidenced by the pathologic
accurnulation of hyaluronate 1 the synowial sac and in other body cavities
m certamn tumors.

DISCUSSION
EDWARD W, DEMPSEY

Dr. Meyer has commented upon the maportance of the connective tisswe
sround sut as sites of pathologi n the rh dneases
The sotercellular matrrc of connective tissues 15 of great biologie mmportance
m many other situations Newly forming connective tissue evsts as a loose
syncyhum of fibroblasts, the spaces or pores of which are Blled with an
mterstitial flud  Dunug differentintion, one of several remarkable trans.
formations oceurs in s intersbtial fimd In collagenous or elastic bissue
fibets appear withm 1t Calem salts are deposited m the case of bone
Chond sulfate 15 lated wto the igid matric of cartlage.
and we gre dearming presently from Dr Meyer's work that hyalurome acd
and probably other mucopolysacchandes are similarly accumutated 1n
other locations The intersbtial fimd, the Sbers and the ground substance
matny oWl seem ta hic m 2 state of dynamic equilibrium wath the products
of the cells and the substances transported by the blood stream The
phymical character of the connective bssue, whether bone or tendon or
laose cannective tissue, 15 determmed by the amount and bind of nter-
cellular material rather than by differences m the organzation of the cells
themsely es Patholozieally, taa much, too little or an mappropriate matrie
€an cause serious embarrassment to the affected part

The study of the ground substances bas been undertaben Jargely from
twa related points of view The first, exemphfied by Dr Meyer's investiga-
tions, concerns the gualitatne and \! ination of the com.
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ponent substances of the matrix. For such studies relatively Jarge amounts
of material are needed, and the original location of the extracted substances
cannot be stated with microscopic accuracy. The second, depending upon
histologic procedures, permuts a more precise description of the relation-
ships between the ground substances and the other morphologie structures
These hods, } , lack the chemical precision which is desired, At
their best they permut the locahzation of substances exhibiting one or more
of the characteristic tions of the Is which have been isolated
and identified.

The polysaccharides contaming sulfuric acid exhibit metachromasia in
solutions, and the regions from which these compounds have been extracted
are also metachromatic when evammed in Instochemical preparations The
sulfate-free hyaluronic acid is less reactive and 1s metachromatic only when
tested m concentrated solutions However, in histochemical preparations,
the ground substance 1s precipitated and dehydrated before staming Its
local concentration is therefore high The metachromasia observed in vitre-
ous humor, ial fluid and elsewhere might be explained either by the
p f hyal or by ion with sulfate esters It should
also be kept in mind that metaphosphates and sihicates have been shown to
nduce metachromasia.

The sugar portion of the mucopolysaccharide complex, after oxidation in
periodic acid, reacts with the Schiff reagent All mucopolysaccharides do
not react with equal vigor Moreover, sut other than pot harides
also gve this reaction -

Dr Meyer has mentioned the enzyme methods, and has commented that
their speafieity leaves much to be desired.

None of these three } hemical permits ion of
mucopolysaccharides Nonetheless, applied together they can locate' ac-
curately substances which exhibit a peculiar staning quality characteristic
of mucopolysaccharides, which exhibut carbohydrate reactions Iike those of
mucopolysaccharides, and which are destroyed by enzymes capable of de-
grading mucopolysaccharides .

No one method 1s perfect The chemmcal methods do not permit the
accurate localization of the ground substances in highly complex tissues
The Hhistochemical methods achieve more satisfactory localization, but at
best permit charactenzation rather than identifi of the speaific “}b‘
stances By applying the methods together, more can be learned than with
one method alone.

Tod +dontif




THE RELATION OF CONNECTIVE TISSUE SUBSTANCES
TO THE RHEUMATIC DISEASES®

CIIARLES RAGAN

Clinically there are many dissimlanities between the three mam groups
of theumatic diseases—rheumatic feser, rheumatord arthntis and degenera-
tive jomt disease, In no way can 2 common pathogenesis be assumed, but
the supp str es—tissues of hymal origin—are involved in all

RHEUMATIC FEVLR
Rheumatic fever may nvolve practically any connective tissue n the
body. Khinge showed that the Brst change m the rheumatic nodule was 1n
lhe ground substance, with secondary changes i lhe fibnllar elements with
of wand cells The of fever 15 nbi-
mJtely assocmted with infection wlth the group A hcmolyt.\c streptococcus

no recurrence of rheumatic activity when the infecting group A strepto-
coceus was an hyaluronidase-producing strmin which did not produce the
mucopolysacchanide Antibadies to various products of the streptococeus
are fuund mrculalmg durning rheumatic fever, one bemg an antistreptococcal

Attempts to confer on acid have not
been successful Thus most miurm:mon on the relation of rheumatic activity
aad or b dingly mdirect.

The one charactenstic {eature of the jount lesions of rheumatic fever 15
lhelr reverubility with full recovery on or \\1thout an(lrhcummc dmgx

Tiov] Tabi

that patients wath th feve d with d an .
creased spread with hy nlummdase when compared with controls In our
€xpenience, a rheumatic paticnt hot under s'.\hcylntes shm\s no greater re-
sponse to the ding reaction of than does the
control, The i of the inhit of spreading by saheylate inges-
hon described by Guerra was not clear since a change i the substrate
scarcely be predicted to tahe place so rapidly and since salicylate
mlubnlcd hyaluronidase m vatro in only very lugh concentration, indeed,
only at levels at which other biologically active protens were denatured
Anm vivo metabohic product of salicylate, gentisic aeid, recosered from the
unne of patients recewving salicylate, was found to whibit hyaturomdase
m vitro when aged m an all\alme solution, and synthetic gumslc acid was
found to have defimte antil)
‘)stcms, as represcnted by gennsnc acid, are active biologic '\gcnts 50 1t

8%9
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cannot be d that the antar} action of gentisic acid repre-
sents hyaluromdase mhibation or that rheumatic actiwity 1 related to hyalu-
romdase activity, but this serves as an hypothests upon which further lmes
of mvestigation may be based

RUHEUMATOID ARTHRITIS

In 1t g d arthnitis, 1 of the supporting structures, notably
the joint lesions, 15 less reversible The Frst changes m the synovial struc-
tures are of a descript 1nfl y character mdist hable fro

other jomnt inflammations These changes are soon succeeded by an over-
growth of granulation tissue or poorly differentiated connective tssue.
Changes in the cartilage may be looked upon as secondary to nutritional
disturbances caused by this pannus The hyaluronic acid of the jomt flnd
of patients with rheumatoid arthritis has been found to be less highly
polymerized than that obtamed from normal jomnts, but there is an exces-
sive amount of this low polymer mucopolysaccharide present One may
perhaps nfer from the presence of an increased quantity of this low
polymer hyaluronic acid in the synovial fluid that the defect hes m the
synthesis of this mucopolysacchanide rather than in 1ts enzymatic degrada-
tion Nothing 15 known of the pathways by which these mucopolysaccha-
rides are synthesized m vivo Thes disturbance in the biochemistry of hyals-
rome acid may possibly be correlated by analogy with the granulation
tissue of the pannus, which also does not reach the stage of 2 mature well
differentiated connective tissue

Other changes seen m rheumatoid arthnibis hikewise mvolve the mter-
Bbrillar elements The lymphorrbages n the skeletal muscles and 1 the

sheaths of nerves he between the fibrous elements, The rheumatoid nodule
A ¢ - - detl Lt thnea vo ssenalle an nereased amount

1s stular
of necros1 certain of the
stamning Cau.. . etiologic rela-

tonship between the group A hemolytic streptococcus and rheumatord
arthntis, such as eusts i rheumatic fever, has not been shown and the
action of salicylates on the jont symptoms of rheumatoid arthntis 1s ap-
parently solely an analgesic one Thus there is no evidence, however indi-
rect, that hyaluronidase activity plays any part i rheumatoid arthrits m
contrast to theumatic fever

DEGENERATIVE JOINT DISEASE

Whale 1n theumatic fever the jomt cartilage is not involved and m rheu-
1 habl 1

matoid arthntis the 18 p y y to the growth of
pannus, m degenerative joint disease the pnmary defect 1s an involvement
of joint cartilage In fact, cartilage throughout the body s nvolved 1n the
process The change lies primanly m the matrix of the cartilage, with ap-
parent degeneration of the chondroit 'f te-protein complex p
the appearance of the fibnllar elements which, in normal cartilage, are em-
bedded n the homogeneous matrx and are not visible on section This
change 1s associated with the ageing process and s accentuated' by m-
creased stress and stram Changes 1n the cartilage of young growing am-
d of id I and the

Is induced by the , thyroi
g;?)\v:}? }mrmonz of the pituitary, have been demonstrated but the apphca-
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tion of these findings directly to degencrative joint disease cannot be made
at the present time

In summary, rheumatic fever, theumatoxd arthrits and degenerative jont
disease mvolve structures ot 3 1 ongin There s frag-
mentary evidence that in rheumatic fever there may be mereased actvity
of the enzyme hyaluromdase In rheumatoid arthntis, this enzyme s ap-
parently not a factor but there may be an overpreduction of defective con-
nective tissue, both fibrillar and mterfibnlar In degenerative jomt disease,
degeneration of the chondraxtim-sulfate-protemn complex of cartilage takes
place m conjunchion with agemg and 1s conceivably related to changes
hormenal production

THE PROTEAN NATURE OF THE CONNECTIVE
TISSUE DISEASES®

WALTER BAUER, ). E GIANSIRACUSA AND ] F KULKA

In recent years there has been an mcreasmg tendency to speak col-
lectively of rheumatoid arthritis, rheumatic fever, lupus erythematosus
dissemmatus, periarterttis nodosa, dermatomyostts, and generalized sclero-
derma as “connective tissue diseases” The demonstration of widespread
morphologic alterations 1n the fibrous connective tissues has led to the con-
cept that these diseases, protean m nature, may be related This 15 i sharp
contrast t 7 ¢ Ve et T - o' =" distinet
and unre - ot 1 Pt diseases
are systen ' ' acternized
by mvol

of tissues of al ongin

CLINICAL MANIFESTATIONS

Tabulation of the chmeal mamfestations of these diseases will serve to
illustrate these pomts and stress the common featurcs (see Table 59)

C 1 y ticularly weakness, easy fatigabihty, ano-
rexia, weight loss and fever are seen mn these entties Their presence in
marked degree during the ymtl phases and before the onset of locahizing
Symptoms indicates the systemic nature of these diseases Indeed, m the
acute stages, many of these diseases may smulate an acute infectious
Process,

notor 7 varymg in ! and seventy, are common to
thus group of diseases When present in pronounced degree as an early mani-
festation of the underlying duease the diagnoss of Ravnaud’s discase 1§
frequently made

The symptom-complet, chorea, 15 almost always a mamfestation of rheu-
matie fever, but has been observed m patients wath lupus erythematosus
disseminatus

The ocular symptoms, episclentss, uvertis and scleromalacia perforans,
are seen almost exclusnely i rhenmatowd arthntis

* A more detailed sccount of our expenence with these diseases will be pubbshed Later
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The cutancous manifestations of these diseases are often 1mpossible to
differentiate from each other. This is especially true of the erythemas of
theumatord arthritis ard rheumatic fever, the rash and telangectasis of
lupus erythematosus dissemunatus and dermatomyositis, and the subeu-
taneous and cutaneous changes of dermatomyositis and scleroderma. Cer-
taimn skin lesions, however, are frequently of diagnostic significance; these
will be discussed later.

hag if ions are to all except scleroderma, They
are most frequent in Iupus erythematosus dtsseminatus and in this disease
may be an expression of thrombocytopenia

Table 59 Clinical Mansfeslations of Conneclive Tissue Diseases
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cated grossly by the stee of the arrows;
Mucous membrane lesions, a frequent finding 1 lupus erythematosus
disseminatus, are rarely seen in the other diseases. .
Genemhze’d Ilymphadenopathy, seen most often rheumatolq arthritis
and lupus erythematosus disseminatus, may be an early and prominent sys-

temic feature of all these diseases,
ts 1S 2 festation to all save scleroderma

Van'aus) types of cardiac lestons are demonstrable in each of these dis-

is i i tic
tis 15 common to all Valvuhtis is seen only in rheuma
over, Tais ey a heamatoid anthiits, in that

us and
order of frequency. Clnical differentiation of these latter diseases on the
basts of the presence or absence of orgame murmurs is not warranted, ho“’s-
ever, the morphaologic features of the valvuhts in each of these disease:
»

are usually distinctive. o . 12 the csse of perk-

= onary manifestation
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4 some of these diseases will be discussed tater The mugratory preu-
moniti ¢ rheumalic fever and upus ery\hema\osus dissermnatus 1% chnt-
cally mdxs\mgu\shab\c.

The chicf symptoms vcfcmblc to the gastra—mtcscmal tract are A0 m
theumatic fever, and. pen:merms nodosa and disturbed mothty 1» dermato-

‘Articular symptomS yarymg 10 frequency and seventys are common ()
Al these diseases & d may wn SO pstances be cimeally md\s\mg\ns\m\ﬂc
i p:\mculm\ true of upus eryihematosus Qissemnatus: the arheutar
ns O simulate those of Theumatic fever and
ccasionally those © xhcumnlmd arthntis
s nodulcs. the most © gmﬁcmnt of the cutaneous 1esions 10
r\\cuma\md arthntis and rheumatic fever, show relatvely spectfic orpho-
a cen occnsmna\ly 1 the
sually they 81¢ readily dxs\mgu\shcd from those of theuma®

other diseases: 20

tord arthntbs cumatic fever OCcasmna\ly they ot the features of

oth rheuraal id arthntr rheumatic fever nodules

Manfestations refera 1o muscles 2x€ sec! JI Even m absence

of muscular yPLoss: mmatory focr € metimes be dcmomtmted
The 'pevipheral nes colcement of pcnmmh odosa 15 2% 1mpot-

matory, cells 1 the vcnp\\ﬂa\ perves of rheumator arthritis, rheumatic
t

atosus disseramatus and derm? oy ositis 13 additonal

—

7
Y
2
z

5
o
&

m normal 1M a1t except
¢ eosino! tha 18 frequent 1° vcnnrtcntls nodosa an°

| occasonally seer n 1he tord artht

‘ Renal disease 3 a prommcm feature of Tupus eryihcmawms Qussepmunatys
* and penaﬂcrms nodosa O asonally there r¢ wrmary abnormahtics 1
"; ‘heumatic fever 3 dermntom)os\hs Renal mvolvement 10 yheumato?
" arthntis should alway® 1ead one t0 suspect amylondosts: though em rarc]
1o tisa ‘mamfestation the disense

it Parallehng these cimical similarittes the hologc alterations

are 1] mo!
connectin € tissues Detarted discussion of ths subject 15 pot withon L
scope of this prescnmhv:m

For aid 1 duagnoste orientations the squares 1 able 59 call atten
{o the promment o “charactensti¢ features 1t will be noted that these
e, vet their presence suggests the drass

tures M3y averlap to SO LY €

or himits the diagaostic possxb\\m 1 the latter ynstances continued
servation usud lly ena les on bheh the d1agmo

mwumnloid arthntis 18 chnmctcnzcd progre ne, rametric ast]
Usually the patter® of deve ment and the tvpe, of articular avolse
resultm @ € mcal entity wh recognz 1 readily 10 ¢ <0
prodromal staee and atypreat forms the o cular i ol
Tnost often uveiti>: € he prese ¢ subcntaneots nles may
the clne to the final diaso The subeota s nodules. althoush it
smilar to those se he amati or and lupus ery hematostt

n v
rwnatus, present rc\a\‘n’e\\' specxﬁc (mt\m\nmc al
tenal disease & mamfestatio™ of rhc“ma\md arth
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may indicate the presence of amyloidosis or require consideration of Tupus
erythematosus dissemmatus or periarterttis nodosa.

In theumatic fever, cardiac involvement (usually endocarditis or myo-
carditis, les.s often pencarditis) 15 the most sigmificant mamfestation Dis-
tl{rbances in auricular-ventnicular conduction time are frequent but not
diagnostic becanse they are seen occasionally m rheumatoid arthrits and
lupus erythematosus disseminatus, The arthntis 15 migratory mn nature and
rarely causes persistent inflammation of periarhcular structures Microscopie
examtnation of nodules, if present, usually permits differentiation from rheu-
matoid arthntis and lupus erythematosus dissemmatus The presence of
chorea 1s presumptive evidence of rheumatic fever The same 1s true of
erythema margmatum The infrequent abdominal pamn and the migratory

15 are not di tic A leukocytosts 1s usually present, a Jeuko-
penia 15 distinctly unusual and suggests the possibility of lupus erythemato-
sus dtssemnatus,

Critenia for the di is of lupus 7 d) are not
easily stated The presence of a typical skin rash, serositis, arthritis, leuko-
pema and renal disease 1 a patient with fever and other constitutional
symptoms makes the diagnosis highly probable, However, the climeal prc-
ture may not be present 1 1ts entirety Some of these mamfestations may
be absent 1 an mdividual case, some may be present only transiently,
others may appear only mn the last few weeks or’ days of life The latter
statement is particularly true of the shin and renal mvolvement We would
hesitate to make a d of Tupus eryth d i m the
absence of ) ) "
to dufferent
festations a.... ..

Though several of these diseases exhibit hemorrhagic phenomena, throm-
bocytopentc purpura 1s seen only mn Jupus erythematosus disseminatus.
Serositis without valvulitis, m Iupus eryth et

1s seen also in rheumatord arthritis and penartentis nodosa, in rheumatic
fever both serositis and valvuhtis arc usually present, though the former
cannat always be d ted cl lly. The p of a Jenkop
favors lupus erythematosus dissemnatus The articular involvement may
be indistinguishable from that seen in rheurflato‘id arthritis ‘a‘nd m rhew-

JESC I

and leukopenia

The diagnosis of periarteritis nodesa. even when suspected, may be -
ficult to establish A history of serum sickness or sensitty to sulfonamide
compounds 15 not a prerequisite The diagnosis is s_uggested .by varfo;l‘s
combinations of z -
eral neuntis, abc 0-
cytosis and eost.., res

ail present. A smgle muscle biopsy may corroborate the clinrcal impres-

sion but, if negative, does not rule out the diagnosis The central nersous

system findings are so varied that they are of no aid in differentiation. The

~ticular mvolvement may be acute and mgratory, however, it can simu-
s

articu bt
late 1} d arthritis ] . o .
Der ihs, once well lished, 15 by emaciation,
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induration of the subcutaneous tssues, marked weakness, atrophy and con-
tractures of skeletal muscles and frequently cal 1 1 m mo-
tility of the gastro-ntestinal tract, particularly the esophagus and small
bowels, are noted occasionally. Early 10 the disease, moderate to marked
constitutional symptoms, rauscle weakness and wasting, and articular symp-
toms are often the only manifestations In such patients only the passage
of time will permit the Auf of der ositis from 1k 4
arthnitis Occastonally the presence of these symptoms plus a malar erythema
and shght albummuna will closely simulate the chmeal picture of Iupus
erythematosus disseminatus Even more difficulty 15 encountered n the
duff of d osits from selerod The pathologie fea-
tures of these two discases may so overlap as to make a smgle diagnosis
seem 1nadequate
The typieal casc of scleroderma can be recogmzed at a glance The tight,
waty, adherent skin with areas of pigmentation and depigmentation 1s
charactenishie The scurhous process may molve the heart, the climcal
f eing 1 cardhac dil and congestive failure
1t may result m pulmonary fibrosis Disturbances m the motilty of the
gastro-mntestmal tract are much more common than in dermatomyositis and
occastonally disproportianate to the degree of shin mvolvement Before the
appearance of charactenstic changes in the mntegument, the presence of
vasomotor symptoms, articular pain and stifiness and muscle weakness may
suggest theumatoid arthnts In such mstances the passage of tume 1s usually
of chagnostic aid In an occasional patient typreal theumatoid arthritis and
sclerodermal changes may develop 1 ly As already il
the differentiation of dermatomyositis from scleroderma 15 even more diffi
cuit,

CASE REFORTS

4As indicated above, the climnical features considered charactenstic of one
or another of these discases may overlap to such an extent that diagnosis 1s
difficult and at times impossible Occastonally one of these diseases seems
10 supersede another Rarely, the pathologic features characterishic of two
or more different discases occur comcidentally Some of these diagnostic
problems are illustrated ©  * 7

In the first case the 1 ucal feature
suggested another diagne and subse-
fjuent events.

Case I This patient, a nineteen-year-old bov, was first scen i 193 because of
persistent sy tne swelling of met. lingeal jomts, ankles, wnsts and
finger jounts of two years’ duration Addstional findings were subentancous nodules,
Weight loss, low-grade fever, lized had: hy, spleme enl.
and a moderate leukocy t A diagnosis of rk d arthntis was made One
year later the findings and interpretation were the same except for a well marked
cosinophilia Biopsy of a recent nodule showed a lesion indistingmshable from

AULS LILLE WAS 4 ALY PETIIEATAN WII BUTLIUILE It
Duning the nest five vears the patient uproved gradunlly, and 1 1940 he was
tahen into the United States Army Shortly thereafter, marked swellings of the
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legs and persistent albuminuria appeared. Since then, he has had occastonal edema
of the. ankles, mild articular p 3 o lymphad hy, persistent
albuminuria and hematurra. The eosmophil count is normal. !

From thus ease, 1t wonld appear that periarteritis nodosa and rheumatord
arthritis may sunulate one another for a period of years.

In the next case, a long period of observation and biopsy served to
define the diagnostic problem.

Case 11, The patient, a twenty-nme-year-old man, was first seen in 1942, com.
plainmg of progressive symmetrical arthritis of large and small peripheral yoints
of two years’ duration, The chnical picture was entirely consistent with rheumatod
arthnbis unn] six months before admussion, At that time, the appearance of a skin

rash, an increase 1 constitutional symptoms and the presence of pleunsy suggested
the possibility of lupus eryth d i On admi the addihonal
findings of lized lymphad hy, leukopenz, urmary ab lites and

a skin biopsy confirmed the diagnosis.

A second biopsy from the proximal mterphalangeal joint of the nght mdex
finger showed, 1n addition to a nonspectfic chronic synovitis, a 4-mm lesion which,
though atypical, was with a 1l d or th fever nodule
Here the three ch. istic zones of a rh d nodule were apparent a central
area of fibrmoid alteration and necross, an intermediate Iayer of palisaded mes-
enchymatous cells, and a nonspecific chronic inflammatory reaction at the persph-
ery. However, the well developed fibrinoid lattice and relatively large number of
pol h T were more of a 1} fever nodule

During the year following the bropsv, edema, marked albuminuria and hypo-
albuminurta appeared In the last five years the rash has faded, the edema has sub-
sided and arhicular symptoms have been mimmal, Sigmficant albuminuna has

persisted

This case illustrates the fact that lupus
simulate rheumatoid arthntis for a time.
and the renal mvolvement were the firs
The presence of a lesion having features of both rheumatoid arthritis and

rheumatic fever nodules suggests the possibility that these three diseases

may be related
Even more mstructive 15 the type of case m which a complete post-

mortem exammation fails to narrow the diagnosis to a single member of
the group of diseases under d An ple 15 the following case
Case III A tuenty 1d b d of fatigue, coug')l.
loss of weight and intermittent : "+ .+ S 1 o L g veant apis
taus and ecchymoses and fever « » * Co e
the onset of symptoms because «* ¢ + Lot ' .
findings were papular, urticaria-ike lesions with denuded surfaces on the face am:
arms, many hiae and ecchy , 2 marked thromb D prolong
d a Jeukocyte count of 4000 Following a splenec-

bleedmng and clotting times an:
tomy, the bleeding and clotting times and the lewkoeyte count retumed to normal,
but the platelet count remained low. During the next three months, the rash per-
sisted, the articular symptoms became more severe, the hemorrhagic phenomena
recurred and hzed lymphad thy and albumis P d The lew-
kocyte count remamed normal, The terminal events were a nse i nonprotein
nifrogen, continved fever and coma The final diagnosis was lupus erythematosus

disseminatus
sAt autopsy the most striking finding was widespread polyarteritis nodosa. The;
Tesions involved some medum-sized coronary arteries and the arcuate arteries of
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of upus erythematosus disseminatds was the presence of a focal glomerulitis, but
sumlar renal lesions have been observed also in penartentis nodosa

In this case, adhcxenre to custing diagnostic cntcna would seem to
two Tupus eryth i and penar-

tentis nodosa 1f 1t were not for the widespread involement of artenes as
well as arterioles and the well marked periarterial inflammatory cell -

NS By g RS
'i xq *%i‘\fa\,xia/na,; K6 'i?:"““ 4‘;""
.

o
Fg 1"0 Kudney, s]\uwmg segmental nccmnnng p'\nnrl(nhs of the arcuate artenes (xso)

Eltration, the d of lupus eryth 4 tus would Le
adequate Thus the climaan may ok the pathologsst: How often is the
distinction between these diseases made on a quantttatne rather than a
qualitative basis?

The following case? exhibated both the chimeat and pathologic features
o 4o of the enbiues wmder dncasson

e rer o . . UL PNV NS SR APAE o

endartentis amd ogmontal noerotizing artents in the kidoess with resufting throm-
bogs and focal cortical infarction
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Fig 121 Myocardiam, showing four mihary extravascular granulomas as well as two
similar submihary lesions Iying respectively withim and adjacent to the wall of 2 medwm-
sized artery with segmental granulomatous artentis { X200}

e idiie ol At L A
A ~f}'”?. >
5o, ”—'*'f_; NN

x,,‘&!‘..“ o ,r;'@’\f .

AL KL YIRS L
Fig 122 Epicardal artery with classical polyastentis nodosa (%200)
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This case suggests a rel hip between d and gencral-
1zed scleroderma It scems unlikely that two such rare discases should
develop simultaneously m the same patient Either these climcal entities
represent mamfestations of the same disease process or one may closely
simulate the other. It 15 of interest that a necrotizing angiitis was also
present,

The last case* shows the most vaned morphologie lesions of all

Case V., The paticnt, a twenty-one-year-old man, developed bronchsa) asthma
one year prior to admission On the day before entry he experienced severe hypo-
gastric pan and increasiog dyspnea On entry he had the signs and symptoms of
severe heart failure The leukocyte count was 17,000 with L1 per cent eosnophls,
He died on the same day despite intensive therapy

C
GoL PN SEER

A

At autopsy miliary and submihary lesions wete scattered throughout the viscera
The majonty of these lesions were so-called “allergic granalomas” with central
areas of fbrnovd necrosis surrounded by prohferating and, at tunes, radully pal-
tsaded mesenchymatous cells, they showed a stnling tendency to be uituated
within or adjacent to the walls of blood vessels {see Iig 121} In addition, how-
ever, there were lesions which scemed to represent transitional forms hetween
classical polyarteritis nodosa and the intramural granulomas on the one hand {sco
Fig 122) and between dentical extrarascular granulomas and stolated Aschoff
odics on the other (see Fig, 123)

The presence 1n thus case of an entire spectrum of lesions varying from
focal necrosis to predominantly prol and v olving both
blood vessels and extray ascular mesenchivinatous tissues suggests the pos-
sibality that these morphologically diergent lesions may be mandestations
of & sumilar tissue mury diffenng only n mtensity and site of action.
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Despite the fact that rhenmatoid arthnits, rheumatic fever, lupus ery-
thematosus disseminatus, penartentis nodosa, dermatomyositts and sclero-
derma usually conform to distinct disease patterns, 1t 15 apparent that they
have many overlapping features. The existence of cases with pathologic
lestons charactenistic of two or more of these diseases further suggests a
relationship.

The exact nature of this relationship with regard to etiology and patho-
genesss 1s unknown We agree with Klemperers and Duff,# who have aptly
pomted out that tissue may react m a similar way to many different types
of mjury and only the final step or steps in the cham of pathogenic cause
and effect need be similar to account for the morphologic resemblance of
the lestons Since these diseases usually duffer in chinical pattern and prog-
nosis, the generally accepted termmology serves a useful purpose. Cases
such as the one cited, however, suggest that some of the accepted diagnostic
cnteria are arbitrary. We should like to emphasize that rigid adherence
to these criteria may obscure clues pointing to common pathogenic mech-
amsms Such clues are of importance m orienting the investigative approach
to these diseases
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EXPERIMENTAL ARTHRITIS

PLEUROPNEUMONIA-LIKE ORGANISMS AND THEIR
POSSIBLE RELATION TO ARTICULAR DISEASE

LOUIS DIENES AND HOWARD ] WEINBERGFR

A few years ago attention was called! to the fact that infectious proc-
esses produced 1 mice with varrous strams of pleuropneumona-like organ-
1ms resemble 1 some respects rheumatic fever and rheumatod arthritis
m humans Articular imvolvement 15 seen also n other ammal species m-
fected with smmlar orgamsms Efforts to prove that these orgamisms are
connected with the rheumatic diseases m man so far have failed, but ob-
servations concermung their properties and nature have brought out certam
facts of great importance 1n the study of infectious diseases It has become
apparent that these orgamsms do not comstitute an independent class or
order of microorgamsms different from bactera, like the Actinomyces, for
ewample, but that they are growth forms of bactena comparable to smooth
and rough strains 2 8

Under appropnate conditions many of the common pathogeme and
saprophytic bacteria are £ d with ease mto pl ik
forms The pathogenc properties of these changed bacterral forms have
not been adequately studied as yet In ammals orgamsms with similar
morphology are important pathogens They also occur in man and probably
produce disease, This radical transformation of bacteria will probably fur-
ther our und, ding of certain mfe diseases It 1s of special interest
m the study of rheumatic fever Some relationships of the streptococeus to
this disease have been established, but the streptococcus cannot be demon-
strated in the lesions nor do the latter correspond to streptococcal lesions
The possible presence of streptococcus 1 an altered form with special
affimty for the heart, jomnts and other structures becomes a reasonable sup-
position and deserves careful study

MORPHOLOGY AND RLPRODUCTION

The pleuropneumoma group of organisms differs from the usual bactenia
i many respects 4 The stze of the orgamisms 15 much smaller By filtration
through gradocol memk 1t has been d 1 that the ammal patho-
genic strains and those 1solated from sewage and earth contan reproduc-
tive granules between the swzes of 01 and 02 micron There is, however,
a dufference between the viruses and pleuropneumoma-like orgamsms 1n
regard to size In the case of viruses most of the orgamsms are small and
pass through appropriate flters The size of the pleuropneumonia-like or-
Ranism varies and only & portion of them 1s very small A simulanty to the
Wiruses 15 that the plenropnenmoma-like orgamsms wsually are not visible
i tissues or exudates In the highly mfections edemn flwd of the Jung in
infected cattle, the pleuropnenmonsa-like orgamsms cannot be discerned
%ith the usual staning methods For a long time the organisms were not
detected even m the colonies grown on agar Like the protozoa, these or-

401
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gamisms are so fragile and a
e d:ygs le an vulnerable that they are destroyed and unrec-
Examination with appropriate methods showed that the cultures con-
sist of organisms of varymg size and shape (Fig 124). Tiny granules and
round forms varymg i size from less than 1 micron to 5 or 10 micra are
present 1 the cultures. Some cultures contain flaments of varable length
The small forms multiply by fission like bacteria, while the large round
fozms reproduce many small ones by multiple germmation or by the break-
ing up of their protoplasm This multipheation by swelling and differenti-
ation mto small forms 15 charactersstic of the pleuropneumona group
The distinctive charactenstics of the pleuropneumonia group, their small
size, the fragility of the orgamsms and the presence of a reproductive

e B
WA R ’

B2 A 2
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e

Fig 124, Morphology of typhoid bacill and of the L type cultures A Typhoid baaill,
staned agar preparaton (<2300) B L type cultvre from typhoid bacill grown 1n broth,
stamed with crystal violet mounted 1n salne (X2300) C L type colomes from typhod
bacill:, impression preparation, stamed with thiomn mounted 1n saline, very high magafi-
cahon ( X3800)

process different from binary fission, suggest that this group forms a class
or order of microorganisms different from bacterta This is the usually ac-
cepted opmion concerning therr nature and classification At closer exami-
nation the diading hine between bacteria and the pleuropneumoniz group
is less distinct Some bactenal stramns belonging to varous spectes and
famihies show a pleomorphism and a multiphcation process similar to those
of the pleuropneumoma group The swellng of bacterra into large forms
and therr subsequent breaking up into the usual small ones has been ob-
served in B coli® and m Protcus and Bacteroides® ¢

e d betwveen the pl ia group and bacteria is not
qualitative but is one of degree Certam properties and processes which
are observed rarely in bactena are m the pl group
The most observation g the relationship of these twe
groups of microorgamisms is that cultures sumilar in morphology and physi-
cal properties to the pleuropnenmonza group can be solated from many
bacterial cultures Examned under appropriate conditions, almost all gram-
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very lugh, regardless of whether they were 1solated with the help of peniail-
Iin or with 1mmune serum or whether they occurred spontaneously 1 the
culture Therr resistance to other antibiotics is not marked. Another char.
acterjstic of such cultures is that they grow slowly, often continuing to grow
for several weeks. The center of the colony often autolyzes while the
periphery continues to grow. All strains of pleuropnemoma-like organisms
grow better on agar than in broth, and penetration mto the surface of the
agar seems necessary for abundant development of the cultures. In many

Table 60 Sugar Fermentation Reaclions of L Stramns

ORGANTSM DEXTROSE MALTOSE  LACTOSE BUCROSE
Salmonella typhose L Acid Acid  Nochange No change
8 typhunuriam L Acid, gas Aad, gas(?) No change  No change

Table 61, Certamn Properties of I, Type Cullures

GROWTH SERQLOGIC
ORIGIN T TS
Streptobacillns  Spontaneous, Anymal protein  Similar to Freshly isolated
mopiltformis pemeillim agar, har bacillus strains in
and soft, broth
aerobic, an-
aerobic
Barleroules Spontanrous; Ammal protern Prolonged cultr-
pearcillin agar, hard vation in
and soft, an~ broth
aerobic
Proleus Refrigeration, ~ Ammal proten  Similar to On agar and in
exposure to agar, soft, baoillus broth, 1 day
distulled wa- aerobic, an- to several
ter, penicillin aerobie weeks
Salmonella Pemellm, Ammal protein  Smmlar to
lyphosa antiserum agar, soft, bacillus
anaerobic

cases the presence of fresh ammal protemn is necessary for their growth
even though it 1s not required by the parent organism. In all cases studred
the usnal pathogemc achons of the bactena seem to disappear when they
are transformed to the L form

The return of the L form into the usual bacterial form varies with the
species from which 1t 1s derived In some cases, the Proteus, for evample,
it occurs regularly withm a few days. In Bacteroides 1t 1s necessary to keep
the cultures for several weeks to observe the reversion Thus far 1t has not
been observed n typhoid bacillus, although the serologic symlanity of the
bacillus and the pleurop Yke forms indi that in this case
also they are a growth form of the same organism The inability to regain
the usual bacillary forms in many cases makes it dufficult to determine
whether a pleuropneumonia-like organism isolated exther fmn} an ammal or
 human beag is zn independent organsm which occurs only in that form or
is a growth form of a common bacterium.
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OCCURRENCE IN MAN

In human beings pleuropneumonia-like orgamisms can be cultivated most
casily from the gemto-urnary tract of females ** Posttnve cultures are ob-
tamed m one examination m about 30 per cent The frequency of thewr

varies derabl ding to the d of the mucous
membranes Klieneberger-Nobel®? found such orgamsms in only 1 per cent
of healthy women ding childbirth, while the mad was over 40
per cent 1 a gy 1 ward In 1nfl Y P ding from
the genitals into the pelvis or 1n Bartholin cysts, they may be present 1n pure
culture or muced with ather bacterta They are rarely found n the unne of
females. In males, pleuropneumonia-like organisms are most often present
n the urethra In one group of young service men, for example, the mnei-
dence of these orgamsms was found to be over 30 per cent, and they were
often present 1n apparently normal utethras Thewr meidence m the average
hospital patient without gemto-urmary symptoms 15 low They are found
more often m nongonorrheal urethntis and prostatittis The most 1nteresting
group of patients 1n which the pathogemc cifect of these organisms 1s sug-
gested 15 that with “abactenial” eystiis Twenty cascs were exammed m
one sentes and in eighteen of them pleuropneumonia-like orgamsms were
recovered There does not seem to be complete agreement between the
i or d. ance of clinical sy and the presence or ab-
sence of these organisms For this reason caution 15 necessary i attaching
etiologic sigmficance to them In some cases of nonspecaific urethntis and
prostatitis and of “abactenial” cystiis i which pleuropnevmonia-hike or-
ganisms are present, polyarthnitis develops This abservation 15 sufficiently
constant to suggest a similar eticlogy of both local and general symptoms
The fact that 1n ammal diseases the pleuropneumonia group shows an
affimty for the jomts is very tive that the pleurop argan-
isms found 1n the genito-urinary system are responsible for the pohyarthitis

Except for material from the genito-urinary tract and two jomnt fitds in
cases wath arthntis compheating the genito-urmary 1voh ement, pleuro-
pocumonia-like organisms have not been 1solated from any other source
except when pemeillin was used m treating the patient or was added to
the culture media. In patients treated extensively with penioallin these or-
ganisms have been isolated from the blood, spinal flnd, sputum, pleural
exudate, paronychial pus and from the wntestmal mucosa 1f pemserdhn 15
added 1n appropriate amounts to the plates used for cultnvation, pleuro-
pneumonia-like orgamsms cun be recovered from the throats of 75 per cent
of normal persons The role of pemeillin 1s probably to elimmate bacterial
mowth and to give better conditions for the growth of pleuropneumonia-
hke orgamisms Tt 15 probable also that the pleuropncumoma-hie orgamsms
are produced from the bactena by the presence of pemieillin on the mucous
membranes or in the lesions as in the culture mediz Pleuropneumonia-hle
Organisms may occur 1n almost all organs, although we do not know whether
they ere dustributed mn the pleuror Tike form or arrse locally from
the bacteria,

be pleuropncumonia-libe orgamsms isolated from human benes cer-
tanly do not belong to a single speeies There are persistent diferences in
thewr nutntional requirements and 1 morphologic and serologic properties
between the strams Tt has been pomted out that it is mmpossible to deade
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whether they origmate from bacteria or are mdependent organisms, Iden-
tification of these strams 15 still unsatisfactory, as 1s the actual determina-
tion of the presence of these orgamsms, The method of cultivation which
most often gives posihive results 1s evidently unsuccessful in many cases
In some cases of abacterial cystitis, for example, we can culture only a few
dozen tiny colomes no longer than 10 micra m dameter and cannot keep
them growmg in subcultures In many cases 1t 1s impossible to keep the
pleuropneumonia-like colonies developmg from bactena growmng m sub-
culture. The pathogenic strams seem to be strictly adapted to a certain
host and transfer to laboratory animals cannot be used for therr identifica-
tion. Inoculation mto embryonated eggs results often 1n a poor growth or
no growth at all The reS?lts obtained thu: pleuropneu-
i . A PO

v lbrecan van.

r

COMMENT

In 1934 only two members of the pleuropneumoma group were known
The mtroduction of a new stamung techmque made it possible for Kliene-
berger to discover similar organisms 1 various ammal species and sources
and also m a bacterial culture It has d long expen to
find the techniques by which such organisms can be isolated from cultures
of many gram-negative bacteria and from 1 few gram-positive ones, With
mproving methods the continuous widemng of the spectra of bacterial
species in which pleuropneumonia-like organisms oceur 15 suggestive that
all bactenia may produce such forms and that 1t may be only a matter of
developing proper techmques to find them m gram-posiive cocci It is
hoped that therr demonstration m pathologic processes will be more suc-
cessful in the future and that the evidence for their pathogenteity in jomt
disease will be more conclusive
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CHEMOTHERAPEUTIC TRIALS IN EXPERIMENTAL
POLYARTHRITIS OF RATS®

WILLIAM C, KUZELL, GRACL M. GARDNER, DE LOREZ M. AIRLEY
AND HELEN B. TRIp1f

As long as the causative factors of rheumatoid arthntis are obscure em-
pine treatment 1s necessary. No exact counterpart of rheumatoid arthnitis
has been produced mn lower animals since no infective microbe or metabolic
substance or disturbance has yet been discovered to produce mn them a
strictly comparable disease state The work of Selye® suggested that a ds-
ease state somewhat sumlar could be produced m rats which had had um-
lateral nephrectomy and which were given Luge doses of desox corticos-
terone acetate prior to bemg exposed to cold However, we were unable to
confirm Selye’s elaims

EXPERIMENTAL POLYARTIIRITIS IN ANIMALS

On the other hand various workers n this country, England and else-
where have been able to reproduce a polyarthnitis 1 mice and rats using
the Ly stram of pleuropneumonia-like orgamsm which has been isolated
from naturally occurring arthntis m these rodents® Sumlar microbes
have also been 1solated 1n various diseases of sheep, cattle, dogs and guinea
pigs. Human strains of pleuropneumoma-bike organism have been olated
by us and by others® from urethral discharge, conjunctrval lesions and joint
flud of patients with Reiter’s syndrome, although no defimtive proof has
been d )l g these bes as the sole tive agent
Dienes and s 78 have rep 1solated pleur x
like organisms from the genital tract m many women with rhewmatord
arthntis,

1

PREVIOUS STUDIES IN TIERAPY
A point of considerable interest stems from the fact that 1n rats and rmce
tns polyarthntis may be prevented and cnred by the usc of gold salts—
agents which have been accorded some measure of success n the empine
therapy of rheumatoid arthritis of man Using the preventive and curatine
actions of gold compounds 1n the polyarthntis of rodents as a st?ndaril of
- . T - o =f -orkers
event-
firmed
oddum
. vy also
sho--tar .ot .- ~vamtad b nogarsphena-
w 1 salicylate
a d Warren'
showed effective preventive and curative effects with calcum aurothio-

* From the Dy of T logy and Th Stanford Unusersity School
of Medicane, San Francisco, Calfornia This work was supported, in part, by contract with
the Office of Naval Rescarch, U S Navy Department, and, 1n part, by the Stem and
Bullird Funds for Expenmentat Arthntis

¥ With the technical asastance of Pelogio § Tabar
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CHEMOTHERAPEUTIC TRIALS IN EXPERIMENTAL
POLYARTHRITIS OF RATS®

WILLIAM C. KUZELL, GRACE M. GARDNER, DE LOREZ M FAIRLEY
AND HELEN B. TRrpif

As long as the causative factors of theumatord arthnitis are obscure em-
pinc treatment 15 necessary No exact counterpart of rhevmatoid arthrits
has been produced mn lower ammals since no mfective microbe or metabolic
substance or disturbance has yet been discovered to produce m them a
strictly comparable disease state The work of Selve! suggested that a dis-
ease state somewhat similar could be produced m rats which had had um-
lateral nephrectomy and which were given huge doses ot desoxycorticos-
terone acetate prior to being exposed to cold However, we were unable to
confirm Selye’s claims,

EXPERIMENTAL POLYARTHRITIS IN ANIMALS

On the other hand various workers 1p this country, England and else-
where have been able to reproduce a polyarthntis m mice and rats usmg
the Ly stram of pleuropnenmonia-ike orgamsm which has been isolated
from naturally occurrmg arthnitis i these rodents - Sumlar microbes
have also been 1solated 1 vamous diseases of sheep, cattle, dogs, and gmnea
pigs Human strans of pleuropneumoma-hihe orgamism have been 1solated
by us and by otherss from urethral discharge, conjunctival lesions, and jomt
flud of patients with Rexter’s syndrome, although no defimtive proof has
een ¢ )i these bes as the sole causabve agent
Dienes and his 78 have dly isolated pk -
like orgamsms from the gemtal tract 1 many women with theumatoid
arthntis

PREVIOUS STUDIES IN THERAPY
A pomt of considerable nterest stems from the fact that in rats and mice
this polyarthritis may be prevented and cured by the use of gold salts—
agents which have been accorded some measure of success 1 the empine
therapy of rheumatoid arthntis of man Using the preventive and curative
actions of gold compounds m the polyarthntss of rodents as a standard of

showed that there was a shght preventne action exerted by neoarsphena-
fune in the arthritis of mice Sulfamlamude, sulfapyndine, sodim salicylate
4nd Lthwm antimonyl tartrate were without effect. Sabin and Warren'
showed effective preventive and curative effects with caloum aurothio-

. A e e otan?
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410 EXPERIMENTAL ARTHRITIS
malate Powell, Jamieson and Ricel? showed that streptomycm was effective
In preventing the polyarthrins of rats, whereas they had previously shown®
that pemerllin was meffective Snow and Hmes'* showed that ligation of
the common bile duct in rats before or twenty hours after the mjection of
L, organisms delayed the onset and decreased the degree of arthritis,

PATHOLOGY OF POLYARTHRITIS IN RATS

This polyarthritis m the rat 1s a purulent process which goes on to eventual
fibrous and bony ankylosis (Figs. 125 and 126). Abscesses are also to be

Fig 125 Albmo rat showing extensive polyarthnts one week following the intrapentoneal
mjection of 2 cc of broth culrure of Ly stram of pleuropnenmoma-hke orgamsms

found 1 the perttoneal cavity and the lungs In the mouse the pathologic
changes are not purulent, but also go on to apkylosis,! The possibthties of
therapeutic trials 1n the polyarthritis of rodents nclude: (a) the discovery
of agents which act as well as gold without undesirable side effects for
possible therapeutic trials m man, (b) the discovery of compounds or en-
vironmental conditions which may ageravate the arthnts ther?by.gwm%
some lead as to etiology, and {¢) discovery of possible combinations o

agents which may alter the course of the expermental polyarthritis,

METHODS
confined to rats smce we have been unable to

n
Qur studies have bee s after repeated trals over a three-year penod

reproduce the mouse arthrit
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using numerous strains of mice and hhe struny from Qi rent mstituhons
The microbe used m these studies was onginilly olited i 1942 by Pres
tor and was obtained from Dr Dieves of Boston It has been carnied i
culture using the media deseribed by Trips and huzell ™ wluch consts of
30 gm. of Difco dehydrated yeast evtract 70 vm of Difco nutrent bruth
concentrate, 100 gm. of tryptose phosphate Lroth concentrite, and 20 gmy
of dextrase, C P., added to 1 hter ot dintiled water To this (0.3 g auar
is added for broth and 2.0 per cent agu tor sohd media Adjustment at ptl
1s made to produce a final value of § 0 witer antocinme Using weeptie pre

TN T T e T S -
’\“ sk ,'a,,_(;,!r'?,. TERTRTN ‘5}’\‘. o

1
3

Sl T s LTl

Fig 128 Photormerograph { % 100) showing section of the ankle lofnt of an afbinn 1at

thse wecks fallowang the mtrapentoneal injecton of 2 e of broth entture uf L atran of
Pleuropneumonia-like orgamsms

cautions, 20 per cent normal unpreserved horse serum s added to thi
medinm The rats were infected by mjection of 2 cc ot brath anlture of L,
- - : < ty-four-hour and 1
' ally To obtain the

s

oo

fection and hecame worse for seven to ten dass thereatter bhaore spon-
taneous improsement became evident Occasionally deaths sesulted from
the safection. Similar results were obtainable by nsé of 02 cc of the broth
culture given wntras enonsly, but when large nutnbers of snimals were usedd
this method proved fo be too tme~onsuming and did mot produce any
higher incidence of yont muolyement In sconng the ffect of the vanons
2%ents tested, three factors were eomsidered: percentaze incudence of ar-
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thritis 1n each group, percentage survival, and the average arthrogram score
ff)r the group Since the arthritis-producing properties of the microbe some-
times varied from one culture to another each test group had a control
made simultaneously. To compute the arthrogram score a numerical valve
of 4 was assigned to each front leg and 5 to each hund leg and then the
highest value of the estent of jomnt 1 t during a th k penod
was recorded for each animal ¥ The average score for the group was deter-
mined by adding the highest score attained by each individual rat and
dividing by the number of rats mn the group wrrespective of the percentage
ncidence of arthritis for the group. Compansans were made with controls
and with infected rats medicated with gold salts. When substances were
mixed in the food or dnnking water thewr administration began the day of
infection and continued for the duration of the experiment When substances
were mjected by stomach tube they were begun at the time of infection and
continued for variable pertods as mdicated m the accompanyng tables.

RESULTS

Table 62 shows the agents tried for preventive effect an the polyarthntis
It will be noted that aurothioghicose {Solgancl-B), sodium aurothiosulfate,
and aureomycin given at the time of infection prevented the development

of the arthritis. Aurothioglycoanahd (Lauron) was also effective in pre-
DY [ A B NN wah hnd rpamrad a cinole

. b4
colchicine, ~—=rn= <M1 thin win cadorm (Comraléne), p i
(SN-13276 1 hexavanadate,
streptomyc sulfamerazine,

desiceated thyrod, cystime, and the anterior pituntaty-use hormone chori-
ome gonadotrophin (Follutein}

When the arthntis was allowed to develop aureomycin given by injec-
tion (100 mg per kilogram) caused the arthntis to subside within forty-
eight hours 7

In the course of these tnals a large number of substances were found to
be of no demonstrable benefit 1n preventing the arthntis, but on the other
hand did not appear to aggravate it These substances or procedures -
cluded oltve od (1 ce per kil i Jarly), h din chal
{2 per cent in diet), rutin (05

G ly), besp
per cent 1 diet), sodium gentsate (10 gm.
o - - - o= At for

‘TIme

sub-

001
cutaneously f, PNENODUIDILAL (U L Pus Lunis an e gy .
per cent myc,iie‘t)), thyrordectomy, 1sopropyl alcohol (0.1 per cent in water),
increased heat, ultraviolet Light, exposure to cold, 8-o-toloxyl-1,2-propane-
diol (Tolserol) (2 per cent n water), Diasone (075 per cent in diet),
progesterone (1 mg, per kilogram for four days, intramuseularly), desoxy-
corticosterone acetate (05 mg for four days, inuamuscuhfly), Xetohydroxy
estratriene (Theelin) (2 mg per Milogram for four days, 1ntramuscularl;']'),
and Chloromycetin (10 mg per kilogram for four days: mtramuscularly,
and 50 to 100 mg per kilogram for three days, by mtubation). Tnd
Table 63 shows agents which made the arthritis worse. These BIXCL l; g
Sobismunol, xanthium (cocklebur extract), 2,3-cimercaptopropanol ( K
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para. t acd, p actd plus sodwm salicylate,
and para-ammobenzoic acid plus sodim gentisate, ovophenarsine, rutin
plus ascorbic acid, and pitwitary gonadotrophm. Roentgen therapy (100 r )
gen after development of arthritis caused creased jomt nvolvement
as compared with the controls The serum from rats convalescent from the
infection also aggravated the arthritis In a previous study it was shown that
thiouracal increased the incidence and seventy of the arthitis 10

COMMENT

Admttedly this approach te the problem of arthritis leaves much to be
deswred, and the most that we can obtain from such methods 15 an indication
that certain suk or b of sut may act as well as
gold compounds m preventing and curing the rat arthntis Among the
agents found to be of benefit in this experimental polyarthntis were several
which may be worthy of climeal tnals Aureomycin, which showed both
preventive and curative cffects, has thus far been disapponting in pre-
biminary chinical trials in typical theumateid arthnbs, but has produced
a striking cure 1n a case of Reter’s syndrome ¥ Favorable chimcal thera-
peutic results have been presented by Svartz®” for Salazopynn, and by Fo-
restier” for Cupraléne. To our knowledge, no chmecal trials have been made
with eystine, pentaquine (SN-13276), sodwm hexavanadate, and the com
bmation of streptomyein and vitamin D Trials with these substances m
theumatoid arthrtis may be worth while Comroe®® reports that chimcal
trials with chomome gonadotrophun have been without benefit, but this
may be worth reevaluation chimeally It1s of interest that the antimafanal
et e e Y RN LR W N
the
. e of
d arthrtis Although d d thyrowd, and sulfa-
merazine are of shght beneficial effect i the rat polvarthntis, we know of
10 veports of their benefit in rheumatord arthnitis

) : Tad

JRSSS B )

the growth of these microbes easier from the body fluids and sceretions of
man

RAT ran 10 T LT L bas Laae alvanatad ne a remady

the growth of the microbe n vito
In 2ddition to makang further chemotherapeutic trsals in this polyarthntis
of rats and mice, further efforts should be made to isolate the pleuro-
Preumonia-lihe orgamsm from man hy newer approaches or improved
methods Perhaps the use of some of the agents which aggravate the rat
pharthnts wll asd in facihtating this search
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ABSTRACT

POSSIBLE RELATIONS BETWEEN RHEUMATIC FEVER AND
ALLERGY EXPERIMENTAL STUDY IN THE RABBIT

ANIBAL RUIZ-MORENO, RODOLFO SAMMARTING AND MANUEL LITTER

Numerous controlled experniments were carried out in rabbits sensitrzed to normal
horse serum The shock dose, or 1njection, 1n single or multiple doses of 05 cc, was
given mtra-articularly 1n the nght knee, the left )mee being ected with sxmzL:I
& it 2.4 Tar .

tions of saline may act as a weak sensitizing agent., 'The :uhcular CATAIE AnU pur
wonary lesinns o these are to simlar lesions
encountered in rheumauc fever
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crdence of, 50
ol o reh 1 1

“A streptococeal mfection, 21, 22
Anti-C precipitins, 21
AntDORNase in theumatic fever patients,
it

B

Antienzyme tests, 332

Antifibrinolysin, development of, m grour
A streptococeal infections, chmcal study
of, 22-24

Antigeme o luronidase -

A + il n
arthnts, 222-224

Amencan Council on Rheumate Fever, 44

Amencan Heart Assoctation, Commuttee on
the Epidermology of Rheumatc Fever of,
4

Amno acids and blood plasma, studies on,
865-379
assays of, 1 unne specimens 1 rheu-

matoid subjects, table, 376
treatment of rheumatic diseases by, 378

£ 1
P
troduced mto study of rhevmatic diseases,
363
Anbigens, enzymes and immune reachons,
mvestigative studies of, 331-363
extracellular, elaborated by group OA
streptococci, antibodies against, 18-21,
22

sor;lauc, of group A streptococci, anb-
bodies agamst, 21, 22
tissue, sensitization with, 362, 363
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Anthvalurordase, 24
n theumatic fever pitients, 18, 20
test, 332
Anti-M agglutinns, 21
precipitins, 21
development of, 1 group A strepto-
coccal iafections, chimcal study of,
824

Antinucleoproteins, 21
Antiproteinase i rheumatic fever patients,

1
Antrheumatic substance X, 131
Antmbonuclease in rheumatic fever pa
tents, 18
Antistreptolanase and antistreptolisin O
production in group A streptococar e
fections, chart, 1!
1 theumatic fever patients, 18, 19

test, 332

QO and
production 10 group A streptococet
wfections, chart, 19
development of, i group A strepto
coceal infections, chmeal study of,
2224
m thewmatie fever patients, 18, 19
test, 332
titer in rheumatie fever 340
m rheumatmd arthntis, 339, 340
S 1n shewmatie fever patients, 18, 21
test an anudions thewmatod arthntis,
analysis of Tesults of, 61
in rheam toid arthnts of acute onset,
ambysis of results of, 64
Anb-T agelutimns, 21
Arthatss and conjunctivatrs, nongonococcal
wrethntis wath, 73
and velated disorders, sp1 therapy m, 209
age distnbution in, 210

study of, 200214
chnfcal matenal in, 209, 211
duration of ilness m, 210,
211

21
types of thenmabtic condi
tions n, 2!

approch tn mature of, through funda-
mental in estigations of synovialis 231
hasal metabolic rato in, effect of dry hat
mictnebmate on, 921
Blond sludge 1n patients wuh 343-351
methods of studv of, 347
obscrations on, 846
results of study of, 317349
calone consumption n, effect of drs hot
mictoclmate on, 321
cardiac ontput in, sffcct of drv hot micro-
chmate on, 321
fect of dry hot 3

419

Arthntis, espenmental, 401-415
following gonorrhea, iadence of, 77
statas of two types of, 7781
generalized sbsorptive, 203
gonorrheal, chronie, 78, 79
eatment an, 79
metastatic, 77
Yreatmest n, 77
treatment of, feor therapy i, resulty
of, 2
praallia i, 835-237
adpncts to, 237
clinseal matenal i study of 233
companson of, with othiet forms of
therapy, 233, 2
results of 235, 236
sulfonamide therapy 1, results of,
2

236
goutv See alvo Gout
acute, and hyprruncemy, relationship
etween 256
as endncrine deficency stite, 233
endocnne_hasis for treatment of
with ACTH and colchiume 234-

259

etiology of, 260

mechamsm of 260

rehef of and hormonal wduction
236 257

Areatment of, 261, 262
ACTH and enlchicine 1, 238,

239

endocrme bavs for 234-259)

colchcine 1n, 261

bluod sludge n paticnts wath, 349

dignous of 261

effect of ACTH upon, 142

famila) aspeets of, 262

Patholagy of, £60, 261

reconstructive surgery of 183
wdications for, 185

treatmnt of, surgical reconstruction in

83

1
liemoglolin percentage in, effect of dn
ot tcrochimate on, 32

hemolyic streptococe 1 throat in, effect
of dry hot mucrochmate on, 82

1 Rester’s syndrome 74

lectious, speasfic, 295-219

neurapattuc, 3

of hip, reection angulation oper stion for
233, 234

ovgen situration of scuowy bload
effect of dry hot microchmate on 330
22t

pun in, studies of, 326

physioloms of musele i relation to 828

possible relationship of pleropnesmvonta-
1-\; orgamiems to 4

he

on peny
eral cwreulation and other functions in,
319322

posthemipleme, 308
Feoruatic, cotisone and ACTHH for, 141
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Arthnts, reconstructive surgery of, 184-
195

mdzcations for, 185
procedures in, 185
rheumatoud, 47-71
b Lities of

m, 6,7
absorption of agglutins by normal
sheep erythrocytes i, table, 343
test for, 342345, 361
age at onset of, 2, 4749, 5665
compared with age distbution
of population, chart, 57, 58
sex distnbution 1, chart, 59
. statistical problems of, 54

of group
and of collodion patticles m, table,
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Arthrits, theumatod, combined with an-
kylosing spondylitis, 65
wath hepatitis, meidence of, 238
with psunasls', 1merdence of, 64
n,
of, 232
defense mechamisms 1n patients wath,
113, 114
definition of, 12
definition of onset 1p, 1, 2
deformties m, bed posttion producing,
216, 217
m foot i, osteatomy for, 191
surgical treatment of, 194
1 hands 1, prevention of, 183, 184
sphnts in, 183, 184
prczvlgnuon of, bed position 1, 218,

d potentials m, el

allergic disease as pred factor
i,
amelioration of, by jaundice, studies
of,
ammne acid assays of unne specimens
of patients with, table, 376
and acute theumatc fever, effect of
cortisone and of ACTH on, 131-151
and adult theumatic fever, studies on
differential diagoosis of, by means
of serologic tests, 331-335
and ankylosing spondylitss, difference
1n pathology of, 65
and psychosomatic gastramtestal dis-
orders, correlation between, 114
and Rerter’s syndrome, differences be-
tween, 76
and rheumanc fever, chmcal differ-
ences between,
relation between, with special re-
gard to cardiac mvolvement,

68-71
ankylasis 1n, arthroplasty for, 192-194
antistrepfolysin O titer m, 839, 340
approach to nature of, through funda-
mental mvestigations on synovialis,

23.
arthroplasty m, 192-194
arthroplasty of elbow 1, 193, 95
of htp 1m, 193, 198
of kneen 194
as psychosomatic syndrome, 123
atypical, 73-81
bereavement reaction n patients with,

114
blood sludge m patients with, 347, 348
ect of chrysotherapy upon,
48

© s
of copper salts upon, 349
of corhisone therapy upon,

3.
of quinme therapy upon, 349
bone absorption m, 196-208
classes of, 13

wraphic study of, 232
iagnostic features of, 893
differential sheep cell agglutimation test

for, 360, 361
effect and relationstip of pregnancy

and childbeanng to,

of ACTH upon albumin 1 serum in,

13
upon alburmin/globulin ratios 1,
137
upon cortrcosterord excretion m,

upon eosmophls m, 187
upon hemoglobin 1, 137
upon 17-ketosteroids in, 137
upon sedimentahon rate in, 137
upon sertm globulm fa, 137
upon total protemns 1, 137

of compounds related to cortisone
and other sterords upon, 140

of corhisone upon, 148-151
upon corticosterad excretion 10,

It
upon erythrocytes 1, 186
upon hemoglobn 1n, 136
upon 17-ketosterords m, 136
upon leukocytes mn, 136
upon sedimentation rate 1n, 135
upon serum proteins in, 13
of dry hot microchmate on, study of,
19-322

of endocrme secretions on, anteced-
ent chemical work m, 132,
133

clmeal work m, 181, 132
of hepatitis upon, 237, 238
of jaundice upon, 142, 237
of pregnancy upon, 142, 871
studhes of, 132
electramyographic study of, 233-233

‘material and metheds m, 229
purpose of, 828

results of, 230-232
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Arthntis, sheumatord, electrophoretic anal-
ysis of plasma protems 1, 363,

of serum and plasma in, and com-
parson of results with Boccula-
tion and other tests, 378
of synovial flud tm, 368
endocnine diseases as predisposing fac-
torin, 4
endogenous corlisone in, 142
etiologic factors of, 1-7
fAc\érs associated with onset of, 47-53,
6

fanuhal factors in, 5, 114
maidence of, 49, 5
ﬁbnsllamn m, eletromyographic study
of, W2
Revion deformuty of kuee m, osteatomy
of femur for, 102
patellectomy for, 192
postenior capsuloplasty for, 102
treatment of, 191, 192
focal lesions 1n muscles in, 303, 308
m nerves in, 306
sepsis as predispostng factor in, 4
unchonal impaiment in, classification
of,
gold toxicity wn, mcadence of, 182
with particular emphasis on bone
marrow studies, 181, 182
harlvg:er toe in, surgical treatment of,

heart lesions in, clmical matenal i
study of,
meidence of, 68
methods i study of, 70
zesults of studv of, 70
heredity m, 68,
clinical maternal 1n, 66
Tesults of studv of, 66
lustopathology of, 280-258
eatures of, 280
of nevromuscular sy stem 1n, 304, 303
chinical materlal in study of,
801

findings 1n study of, 304-807
chservations on, 304-107
fome conditions {mmediately previous
1o onset of, 5
immunologe mcuons in, 336-315
wncidence of allerge in,

421

Arthnitis, theuniatand, msidious, factors -

ucing (ggraration of,
Dicart afic ctions 1n, 64
relation of menopause to onset of,
64

mveshgation mnto etiology of, 1-7
defirunon of onset m, 1,2
methods used 1z, 1

festons ¢n muscle tissue 1o, 243, 234
nerve tssue in, 283

Jocalized, wath intense osteoporosis, 92

location of 1vhal joint mvohement

muscle nodules 10, weidence of, 29%
ocular symptoms 1n, 391
of acute onset, 58
age at onset of, m females chart,
6l

analyss of results of antistre ptofy
s1n test 1,
factors ndncing aggravation of,

heart affections i, 64
operasglass hand as vanant of 208
parasascular oo i, 301
ptbology of, 12
personality pattern of 112, 113
preciptating factars in, 51-5%
prevention of deformuty 1o hands in,
183, 184
previous illness as predisposiny factor
m, 3,
prodromal sy mptoms in, 5153
psveluatne preaptating factors i, 3
114

studics of patieats wath 112-115
feconstructive surgery for, 189194
indications for, 190, 191

procedures 1, 191-194

rehabylitation 1, £15-228

ambulation in, 222024

bed exercse 1, 219

hody mechames in, 218-2

crutches in, 2.

cark, ambufation fn walker i, 23

gadget bnard in, 226-228

heat therapy in, 220 221

1ndmhmpy .3 2:0

of Stll's disease in, 63
infection as predispasing factor 1n, 8
fnsidious, 58
age at onset of compared watl age
stnbution st oncet of meno-
pavse, chatt, 63
wm females, chant, 80
in males, chart
anahsis of results of antistreptolyan
test In, B4

massage in, 220, 221

movement 1n, 220, 2.

occupational lhchpy in, 221, 225,
26

mnﬁn baths 1n, 220
Pasise p}yyﬂml nhmpy in, 220, 221
psvehotherapy in, 221
Test and evercise in, 210, 218-290
posiion m. 217, 18
of, 215, 2
it d.mbmg truning in 221



Arthritis, rheumatoid,

rehabihitation  in,
therapeutic pool 1, 221, 222
ultraviolet rachation 1m, 220, 221
relation gf connective tissue substances
to,
of occupation to, 6
of onset of, to delwery, 65
to lactation, 65
to menopause, 49
to menstrual history and meno-
pause,
to pregnancy, 65
Tesponse to therapy i, cntena for, 13
grades of, 13
sedimentation rate 1n, effect of gold
salts upon, 176
sensitized sheep cell agglutination test
1, 340, 341
sex madence of, 2, 47
spa therapy in, results of, 213
spagm , electromyographic study of,

spontaneous reshing activity i, elec-
tromyographic study of, 23
stages of, 12,
cntena for, 12, 1,
statistical analysis of 47-65
chinical matenal 1n, 47, 54-56
streptococeus  aggluhnation test 1n,
336-339

effect of chrysotherapy upon re-
action to, 338
subcutaneous nodules n, 281, 285, 286,
93

symptoms of, 12
synovectomy of knee 1n, 1
synowvial histopathology cf effects of
cortisone and ACTH upon, 137
membrane 1o, 281-283
therapeutic critena and related aids 1,
12-1:
treatment of, ACTH and cortisone m,
181-151
ACTH in, 136, 137
chimeal effects of, 137
dosage of, 143
effects of withdrawal of, 139, 140
Isboratory effects of, 137
Aurocein m, 175
caletum avrothiomalate 1n, 175
compound F m, 140
concentrated adrenal cortex extract
1, 141
cortisone and ACTH 1, methods of
admlmscrahon of 143
of, 143,
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Arthnitis, rheumatod, treatment of, corty-

sone 1n, effects of withdrawal of,
139, 140
ambia) chmeal effects of, on mus-
cles and jounts, 133, 134
laboratory effects of, 135, 136
Cupralene 1n, 180, 181
cupro—ally]duo'urcn benzoate of so-
dinm n, 180, 181
cupro-oxyqunolne sutfate of di-
ethylamme 1,
Dicuprene m, 180
Ebesal in, 180
gold salts 1, classification of results
m, 175

chmcal materialin study of, 175
controls 1n study of, 176
effect of, upon suepmcoccus ag-

glutination reaction, 338
follow-up study 1, 174-180
mmmedhate results 1n, 176
preparations and dosages 1n, 175
reachons to, 176
relapses followng, 178, 179
results 1, 179, 180
supplementary measures 1a, 176
toacity due to, 181, 182
sodium thiosulfate m, 175

Lauron m; 175

Myochrysin in, 175

postpartum plasma m, 369-373
matenals and methods i studv

reactions to, 370
Tesults of study of, 370
theones as to probable mode of
action of, 871-373
primary considerations m, 12
psychatherapy 1, 115
sex hormones 1, 164, 165
Solganal B 1, 175
spa method 1n, results of, 213
surgical reconstruction 1 See Ar-
thnits, rheumatod, reconstructive
surgery of
value of copper salts 1n, 180, 181
tremor 1, electromyographie studv of,
232

wnnary excretion of aming aeds o,
874877

methods of assaying, 3
results of stady of, 376 377
spa therapy in, 209-214
specific mfectmus, 235-239
studies on posslble relationship of pitu-
ction to,

methods of
14

cortisone in, 133-]
chmcal effects of 133—185 149

om:ru!s m study of, 133
dosage of, 143

throat ﬂora m, eﬁec! of dry hot micro-
chmate on, 321

tuberculous, cortisone and ACTH for, 141

urethntica, 73

wrethritis and conjunctivitis, nengonococ-
cal clmeal triad of,
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Artlirodesss for osteoarthntis, 189
contraindications to, 19
of lup, 188, 189
Artlropathies, 308
Arthroplasty for ankylosis in sheumatod
arthribs, 102194
for osteoarthuitis, 189

of hip, 188
tndications for, 188
results of, 188

for theumatord arthnss, 192-104

of tbow 1n rheumatoid arthnits, 193, 195

of hip m osteoarthnts, 193

1 theumatod arthnits, 193 196

of knee 1n rheumatord art 94
Arthrotomy 1n osteoarthribis of knez, 187
Atticular See Jomt
Artisone, 140

theumatoid, atyptcal
Aureomvern, effect of, on pleuropneumo-
mia-like organssms, 407, 408, 412
Awrocern 1a treatment of theumatosd arthn-
ts, 175

Bacx, lower, pain 10, n psychogenic rleu-
matism, 119

Bacteniologic stuches m Renter’s syndrome,
s

Bactenostatic antibody, development of, 1n
streptococcal mnfections, chinical

Bacteroides, plewropneumonia-like colonies
from, 403
BAL 1n treatment of gold touaity, 182
Basal metabole rate m arthrins, effect of
dry hot microchmate on, 321
Bath, paraffin, in rr]);\hﬂ!l;\hun 1n theuma-
tod arthnbs, 220
Bed evercises relmbllmnon 1 rheuma-
tod arthnbs, 21!
posihion prtvenﬁon of deformubies
theumaterd arthnus, 218, 219
xvroducmg common deformities i rheu-
atoid arthritis, 218, 217
Berea ement seaction 1 ‘patients with theu-
matond arthritis, 114
Biachemcal and immunclogic studses 1 -
f:nu and children, with special refer-
ence to theumabic fever, 351-354
studies of sheletal muscle of patients wath
ll.cum.\llc and nontheumatic diseases,

movl sympathetic, fn reflex dystrophy in
extremities, 91, 92

l“ood. . alteration of radioactise gold in, 169,

nm:lk ;al.ne, nduced nodule tests using, 87,

423

Blood, distrsbution of radioactne gold 1,

flow, ’cﬂms of denervation upon, 327,
328

of drugs upon, 3"8
of heat upon, 3

1w arthntis patients, observations on,
346

n tissues, experimental studies on, 327,
328

methods 1n, 327
results of, 327, 328
normal, critera of, 346
mection mcﬂxod 1 nodule test, 27, 28,
30, 87, 38,
nature of guld m, 169, 170
plasma See Pl
protemn, combmn!xan of radicactive gold
with, 170
xemcval of radwactive gold from, 168,

sludge, defimtion of, 345
m arthnus, 845-351
methods of studv of, 347
Tesults of study of, 347-349
m gouty arthnhy, 849
1n osteoarthntis, 349
n rheumatmd ard'mns. effect of <hrs-
sotherapy wpon, 348
of copper salts upon, 319
of cortisonc therapy upon, 348
ot quimine therapy upon, 319
1 theumatoid spondy htss, 349
effect of roentgen therapy upon,

sludged, properties of, 346

venous ovvgen saturation of, 1 arthntis,
cifect of dry hat microchmate on, 320,
321

vessel im o ement 1 Scleroderma, 268
Board gadget, m rellablllmhun n rheuma-
toud arthntis, 226-23
Bodv fluds, altenng volume and distribu-
tion of, clnical efect of,

9
methods 1n, 99
results of, 99
mechanies 0 rehabibitation in rheuma-
tord arthntis, 216-220
Bone abeorption 1 rhewmatoid arthntis,
196-208

formation, concept of, 163
marrow studies in rheumatod arthnts
patients treated wath gnld salts, 181
o
structure, infuence of steraids upon,
163
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Bntish Natonal Health Service, medical
care of chronic rheumzuc disease 1n Eng-
land and Wales under, 1

Bronchiectasis, cortisone for, I~L.

. chrome, an
‘matistn, chfferentiation uf 119

rheu.

SupfEcT INDEX
Chondroitin sulfate 1 connective bissue,

Chorea i rheumatic fever, 391, 894
nodule test m patients with, 34, 41

Chrome Ilness, Commussion on, proposed
oblccuves of, 45

arthntis See

Bursis and 4, 283,

of

C supsTANCE, elaboration of, by strepto.
coccl,
Calawm  aurothiomalate m treatment of
theumatoid arthrins, 1
Calone consumphion in arthntis, effect of
hot dry mcrochmate on, 321
Capsuloplasty, postenor, for flevion deform-
1ty of knee n theumatoid arthntis, 192
Carbohydrate tolerance, effect of ACTH
upon, 244
Cardiac See also Heart
output m arthnus, effect of dry hot mi-
crochmate on, 321
Carditss, theumatic See Rheumatic carditis
Cartilage, chondroitin sulfate in, 386
effect of hormones upon, 1.
growth and regressive changes 1, 152
response of, to anterior hypophyseal
hormone, 162
vertebral, changes i, 1o disease, 152,
153

Causalga, 8
sympathectomy for, 91, 92
Cells, connective tissue, and mterceltular
substances, relahonship of,
counts 1n synovial fld, 289
nutntion by way of connectne hssue,
‘mechanisms of, 382
tusue, 381,

Cald snlta- " tremment o/ theumatord
arthritis
Cinchophen in treatment of gout, 261
Circulation, penpheral, abnormalities of, in
theumatord arthnitis, 6, 7
and metabobsm, conhnued mvestga-
tions roto, 879
and other funchons m arthnuis pa-
tients, effect of hot, dry mucroch-
mate on, 319322
10 arthntis, effect of dry hot mueroch-
mate on, 326
Clam shell splnt, 183, 184
Colchieme, action of, 257, 258
an gout, 257, 258
and epmephrime, effects of, on gouty sub-
Jeets, 251-253
therapy 1n gout, 261
Colehicine-ACTH  therapy in gout, 258,
259

endocnne basis for, 254-259

Cold parn, deep hyperalgesia with, 91, 92

Colitis, chrome ulcerative, cortisone or
ACTH for, 142

Collagen and mvosin frachons of dried mus-
cle, 209, 301

Collagenic fibers of connective bissue, 381

Collodion particles and group A strepto-
coceus, agglutination of, i rheumatord
arthritis, table, 837

Colon, mvolvement of, m scleroderma, 268

on Chrome Hlness, proposed

Cerent sut m
382
Cerwical spime, ostecarthritis of, and “pen-
spondylitis cervicahs,” relation of
panful shoulder and brachialgia to,
129, 130
rtheurnahc symptoms ansing from, and
their treatment, £
treatment of, by mampulation,
129

sympathebc syndrome, postenor, 129
syndrome, 129, 130

Charcot's jomts, study of morphology and
hstology 1, 308-311

T a-asa

ment of, 8

ab]echvcs of, 45
Commuttee on the Epdemiology of Rheu-
matic Fever of the American Heart Asso-
clation, 44
Compound A, 146
of Kendall, 140
study of, 147
synthesxs of, 132,133
B, 148
C. 148
D, 146
E See Cortisone
acetate See Cortisone acetate
F, 136, 148
for theumatoid arthritis, 140
Congenutal palsy, immobilized extremities
m, smdy of morpholagy and hustology m,
308-311
Conpunctrvitts and arthrtis, nongonococeal
urethritis with, 73
arthnts and _urethntis, nongonococeal
chmeal triad of, 73
n Reiter’s syndrome, 74
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Connettive tissue, ageng and reparr proc-
esses 1n, 383, 391
cells and mntercellular substances, reda-
tnnship of, 3
cement substances in, 381, 382
chenucal composition of, 353395
chandrortm sulfate 1, 385
collagenic Bbers of, 381
defensne role of, 883
differentiated cells of, 383
diseases, 391
articular symptoms in, 393
cardiac Tesyons 1n, 392
case reports of, 395400
chorea 1, 8
chmeal  manfestabons  of, 31—
393
constitational symptoms i, 391
cutancous manifestations of, 392
defimtion of, 391
dhagnostic features n, 393-395
eosinophihia 1n,
gastrointestinal syniptoms in, 393
generaized  lymphadenopathy  1n,
2

hemorthagie mamfestations of, 392

hypcrtension n,

leakoevte counts i, 393

mucous memhrane lesions 1n, 392

muscalar symptoms in, 393

ocolaf symptoms i,

peripheral nerve involvenment
393

protean nature of, 391100
pulmonary manufestations in, 392
seml disease an, 393
scrositis an, 892
subcutancous nodules n, 393
~asamotor symptoms, {n, 891

rl.mm ﬁbm of, 38t

flad,

mound suhmnm m, BRI &37 348

Tustophysiology of, 351,

hvalurenie ad 1n, ax*

Intracellular substance m, 381

mr((lmmtm\ of cell nutntion by way

nutntine ln]e' of, 392, 183
of punts,
mbsmhnndm in, 383-38%
seticular fibers of 391
studies of, 3814
substances, n“\lu\n of to du:rntmlnz-
jnt disease 390 §f
to rheumatic dm‘“m, m—’m
ever, 8
10 theumatand arthnius, 390
<upporting futction of 3
wlite fibers of 351
yullow filers of, 381
Constitutional fnadespuacy n psschogemc
thenmatiem, 119

25
Contracturcs in theomatord arthrits, elece
romyogyaplue study of, 232
palmar and digital, 89
Consalescent serum, effect of inwction of,
nto site of nodule test, 3!
Copper salts and gold salts, 167-182
Hect of, upon blood sludge 1 rheu-
matord arthnte patients, 349
w theumatord :mhnus therapeutic
alue of, 18
Coronan occhusion, ,mniu! disabibity of
shoulder followng, §
Cortev, adrenal See Adrenal cortes
Cortwosterad ¢ xcretion i theumatond ar-
thritss, efect of ACTH upan
137

of cnriwone upon, 136
Cortisone, 146, 147
actate, 133
and ACTII, comparatnve  dosage of,
137
effccts of, on sedsmentation rates
137

companson of absorption and mitab
olism ol
data o, 137, 1
effect of on rheumatord arthntis and
acute rheumane fever, 131-151
on synosial histopathology of thew
mitord arthntis, 137
whated to toutty 01 A0 wnsatnfac-
tory preprations, 137, 1
for acute rlewn itic fever 140 144
for chrome uleeratine colitis, 142
for lupus erythematosus disseminatus
141

for ostecarthnitrs, 141
for psonatic arthnts, 141
for theumatend arthntis, methods of
admunistration of 1
for tuberculous arthrits,
m(-khrkh of Mlhdmvml ol’ l-ﬂ 14¢
e of action of 142
nphm:\l dosage nnd method of admun.
stration of, 143
side «fects of, 139, 139
defimtian of 138
srouping and gencral incxdence of
13

inaidence of, 138 119
weawires to prevent or control

we of, in conditions other than they
matord aethritis 140
withdrawal of, 139 140
chnical patiern w139 140
antevedent chemical work on 132,133
chimeal work 1, m n*
hemical strcture of 1
compounds related to :nd ml.n steronds,
effccts of, on rhewmatoid arthntis
140
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Cortisone, effect of, upen bload sludge in
theumatond arthnus,
upon theumatord arthntis, 149-151
endugenous, 10 sheumatowd arthritis, 142
for asthma, 142
for bronchiectasis, 142
for hay fever, 142
for neurodermatitss, 142
for rheumatic fever, dosage of, 143
for theumatoid arthntss, 133-136
chinical effects of, 133-135, 149-151
controls in study of, 133
dosage of, 143
effect of, upon corticosterord excre-
tion, 136
upon erythrocytes, 136
upon hemoglobin, 136
upon 17-ketosterods, 136
upon leu}mc)tes, 136

zles

of,
147, 148

Cortisane-like substance, 136

Crepitus n ostecarthntis, 126, 127

Cross test m artificial mduction of subcu-
taneous nodules 1n rheumatic fever pa-
tients, 28

Crutches in tehabilitation m rheumatod ar-
thrites, 22

Crutch-walking, gaits n, 224

SusjEcr INDEX

Dehydrocorticosterone, study of, 147
synthesss of, 132, 183
8-Dehydro-corbisone acetate, 140
Delivery, relation of, to onset of rheuma-
tord arthntis, 65
Denervation, effects of, upon blood fow,
327, 328
potentials sn rheumatoid arthnts, electro-
myographic study of, 232
Dermatomyosttss and generabized sclero-
derma, case report of, 397, 399
an;l_lslderodema, differentation of, 263

diagnosts of, 394, 393
focal lesions 1n muscles 1n, 307
n nerves 1n, 3
histopathology of neuromuscular system

Desoxy corticosterone acetate, 140

Desov corticosterone-like sterords, 241
11-Desox cortisone, 140

21-Desory cortisone, 140
21-Desoxy-11-dehydrocorticosterone, 140
Desovynibonuclease, 18, 355, 35!

Dualysis experiments with radioactive gold,

Dicuprene 1n treatment of rheuwmatod ar-
thrtts, 180
Dienestrol, 88 -
Diet, effect of, upon skeletal agemng, 156
m gout, 262
n treatment of fibrosiis, 103
of panmculitss, 1

PSRRI S 2 X

Dasabl from 10 3

Cupralene 1n treatment of rth ar-
thnts, 180, 181

Cupro-allylthto-urea benzoate of sodum
treatment of rheumatord arthntis, 180,

181
Cupro-oxyqumohne sulfate of diethylamine
1 treatment of rheumataid arthnhs, 180
Cystitss in Rester’s syndrome, 74
DCA, 140

R T U

DISTCIOEY a1, e
prevention of, m rheumatord arthritis,
183, 184, 216-220
Degenerative jount disease, relation of con-
nective tissue substances to, 390, 391
Dekydratin in treatment of BEbrosits, 99,

of pannienlias, 103
11-Dehydrocorticosterone, 140

7.8
Duuresis in treatment of fibrositrs, 103
of pannicufits, 163
DOCA, 140
Doigt en lorgnette Sec Telescopic finger
Donor expenments with racdioactive gold i
aerma] and jaundiced rabbits, 170, 171
DORN. 18
Dornase, 18
Dorsal fat pad, 98
region, upper, fat in, 98
fibrositis 3n, 98
Tesions mn fat of, 98
pannicalitis of, 100
Dratees, fncidence of rheumatic cardiac
valvular disease in, 17
Drugs, vasodilating and vasoconstrichng,
effect of, on temperature of fosnts and re-
Tated structures, 328
Dysphaga in scleroderma, 271
Dystrophy, reflex, 8!
in extremuties, 83-92
treatment in, 91
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Dystropliy, reflex, sympathetic, 92, 93
of upper extrematy, 93

Egessw in treatment of slicumatord arthritss,
180

Economic sigaificance of rheumatism, 7
Ldema, nomaflammatory, etiology of, 101,
102

Elastic fibers of connective tissue, 381
Elbow, arthroplasty of, 1n theumatoid as-
thears, 103, 195
Elctrocardiogram in scleroderma, 267
Electrocnec phalographic tracmgs 1n sclero-
derma, 260
Electromyographic study of contracture in
rheumatond arthrits, 232
of denenation potentials 1 theuma-
tmd arthntis, 232
oiﬂl&bnll wion 10 rheumatosd arthntis,
2

of rhewmatod asthintss, 228-233
mutenal and methods in, 229
purpose of, 228
results of, 230-232

of spasm in 1h d arthnbs, 232

42

Enducrine secretions See also Hormones
effects of, 131166
antecedent chemmeal work m, 132,
133

chmeal work n, 181, 132
on articular changes, possible mech-
ansm of, 162
tissues and thesr relahon to agemng
processes, 151-1
m etwlogy of osteoarthntis, 151, 162
treatment w fibrositis, 103
1n pannieuhios, 103
England and Wales, medical care of chromc
theumatic disease 1, under National
Health Sernce, 11
Enterococet, sheep cell agglutination 1n
serum of rablus mected with, table,
H

Environment 1n etiology of rheumatosd ar
thratss, 5
Enzvmes, antigens and immune reactions,
imestigative studies of, 311363
ind touns of streptococer, 354-360
uf streptococcy, functions of, 339
E hl d arthrits, eflect of

of spontaneous resting activity 1 rheu-
matoid arthntis, 232
of tremor 1n rheumatoid anthntis 232
Electrophoretic analysis of normal synevial
uid, 368
of plisma proteins i shemmitc dis-
cases, 365369
fever, 363, 366
w rthoumatoid anthntis, 965, 366
of hn(’y)\'(.ﬂ flwd in theumtie fever,
508

n theumatoud arthntis, 368
in traumatic synovitis, 363
studdy of serum and plisma in theumatod
arthntis and companson of results with
. fcculation and other tests, 378
Empite Rheumabim Counal, Local Treat-
munt Centers of, @
plan for nitonal action in problem
of theumatism by, 8-10
Scientific. Adwisory Commuttce of,
imvestization of etiology of rhen-
matond arthnts by, 1
Specialized Treatment Centers of,

Fnducnine bisis for treatment of acute gonts
arthntis with ACTH and eolclucine
2534-259

(‘lS\g-;nry State, acute gouty arthntis as
25

disease as predupaang Factor m theu

‘ matold arthintis, 4

4ctors i etilogy of spontancous articu-
Wt leslons, 161, 162

=l n,v;;h. tole of, in etiology of theum tism

resulation of urate metabohem, 255, 250

m
ACTH upon, 137
Yvdd of as measure of adsenal corticdd
uctivity, 161
Epmephrine and colchine, effects of on
gonty subjects, 251-253
Episclenbis in Reter’s svndromie, 74
Lrythrocytes, distnbubon of radioactive
d o, 167, 172
m relihon to time, 168
in witre, 167, 163
1 theumatord arthntis, effect of cortivone
upon, 136
normal sheep, absorption of agglutimune
by, n rheumatoid arthrits, table, 343
Envthrocyvtic sedunentation rate in dugnosis
of theumatic cardihs, 17
Enthroge me tonn 355
Eounophilia 1n connective tissue diseases.
393

Esoph i t of

268
Futradiol, chenucal structure of 163
Eatrogens, excreton of, s pregnancy,

2

ssathrte clussification of, 83
in treatment of anky losing spondvlitie
87,88
Eacrend and rest in relabibtation in thew
matoid arthnbs, 21%-220
Bed 0 rchabulitation in rheumatosd ar
thats 219
Eutremities mmobihzed See Immobalized
curemitics
Tve mvols e nt s Rester's svndrome, 74

Fastruar factors 10 thenmatond arthnts S
suscephibility to rheumatie fever, 16
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Fat her;)'n_;a 1 lumbosacral region, types of,

removal of, for xehef of patn, 97, 98
m upper dorsal region,
lobules, pathologic hermation of, 97, 98
normal anatomic disposition of, 97
of normal distnbution, lesians other than
herntation oceurning an, 98, 99
of upper dorsal regon, lesions m, 98
pads, dorsal, 98
1n knee jont, 101
pam duee to, 10}
over adductor tendons of thigh, 99
over ankle joint, 99
over basal phalanx of great tos, 99
pain 1n, 98, 99
patellar, pain m, 98
penarticular, pan m, 98
poplhteal, pamn m, 98
sacral, pain i, 99
residual, 97
Fatigue and acute stress, pregnenolone ad-
mgnistration 1, 165
(h;(;nsw, 1n psychogenie rheumatism, 116,

Fatty structures as sites for pamnful lesions,
7-99

tissue, functions of, 95
water storage as funchion of, 95
Fecbleminded cluldren, standard nodule
test 1n, results of, 33, 40
Femimzzton effects of synthetic estrogens
1n treatment of apkylosing spondyhts, 88
Fever i psychogeme rheumatisr, 119
thearmbic  See Bheymatic fever
therapy for gonorrheal arthrtis, results
of, 2
Fibers, cellageme, of connechive tissue, 381
elastic, of connective tissue, 38!
reticular, of connective tissue, 381
e ot

Fihrinalyss, streptocaccal, 357
Fibro-fatty tissue and ats relation to certan
“theumatic” syndromes, 95-104
fibrositis due to edematous changes m,

Fibrositic nodules, 95
1 psychagente theumiatism, 118
Fibrosiuis, $5-97
and panniculihs, relabonship of, 100
and psychogeme sheumatism, 95-124
classification of, $6
chmcal observations in, 109
definition of, 95, 108
due to edematous changes in fbro-fatty
hissues, 96109 ©
etiology of, 109, 1
of a’gger pomts and nodules 1n, 96

SupjEcT INDEX

Fibrosttis 1n upper dorsal region, 93
nature of pamn ip, 95
primary, 108
cluucal observatons an, 109
method of study of, 108, 103
role of psychologie factors n, 108-112
secondary, 108
symptoms m, 108
treatment of, 102-104
dehyvdration in, 99, 103
diet m, 103
drresis 1n, 103
endocnines 1, 103
Iocal injection in, 103
physiotherapy 1n, 103
surgery in,
mgéer romnts and nodules n, sites of,

arthrts, treatment o1, 191 L.

Floceulation tests and electrophoretic study
of serum and plasma 1n rheumatoid ar-
thribss, companson of results of, 878

Flora, threat, 1n arthnts, effect of dry hot
mucrochmate on, 321

Flud, bodv See Body fuds
tension, mcreased, i tisstes, pan due to,

99

Focal mfection as predisposing factor 1
rheumatoid arthnas, 4

Foot deformuty i rheumatoid arthnitys, sur-
gical treatment of, 194

Foreign protem reaction to ACTH, 138

Gancer board 1n rehabiktation m rheuma-
tard arthntis, 226228
Gauts 1n crutch-walking, 224
Gamma globulin in rheumatic fever pa-
tents, 19
I disorders n 2
tissue diseases, 393
psychosomatic, and rheumatoid arthn-
tis, correlation between, 114
Gemto-unnary anvelvement m Rester's syn-
drome, 74
Glands, adrenal See Adrenal glands
Glans pems, arcmnate ulcerations i, I
Retter’s syndrome, 74
Globuln, gamma, m rheumatc fever pa-
fents, 19
serum, m sheurnatond arthnts, effect of
ACTH upon, 137
of cortisone upon, 135
Gold, binding of, to plasma protetns, mech-
amism of, 172
distrsbution m jaundiced donor and mor-
mal reciprent rabbit, table, 171
1n normal donor and reciprent Tabbit.

table, 171
1 blaod, nature of, 169, 170
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Gold plasma-protemn preparation, concen-
trated, study of
radinactive, alteration of, m blood, 169,
10

combmation of, with blovd protan,
170

Qualysss experiments with, 169, 170
dismbution of, 1 blood, 167, 169
i refation to bme, 168
methods of study of, 167
of ammals and man, 167-173
results of study of, 167-172
n erythrocvtes, 167, 172
 relation to time, 168

in relation to time, 168
donor expeniments with, 1n nonml and
jaundiced rabhuts, 170, 1
placental transmission of, 171 172
remosal of, from blood, 168, 169
rate of, 168 169
salts and copper salts, 167-182
1 treatment of rheumatoid arthrits,
classification of results m, 175
chmeal matenal i study of, 175
controls mn study of, 176
eﬂev:t of, upon blood sludge,
48

upon sedimentation rate, 176
upon streptococens aggluti-
nahon reaction, 338
follow-up study m, 174-150
immediate results in, 176
pr;’p;xahuns and dosages n

reactions to,
relapses fullowinm 178, 179
rcsuh: of, 179,
pr\‘t’men\axy measures i, 176
sodium thiosulfate 1n treatment of theu-
matoid arthribs, 1
Tadinactne Sce Gold, radiactine
tovaty, BAL 1 treatment of, 182
in ﬂwullgn!md arthnitss, ncidence of,

wnh patticulie emphasis on bone
@ rrow stoies, 181, 152
Sonorthes 7mhnm follawing, incidence of,

¢ Stitacof, 778
"‘nm’ﬂ\m| arthntis Sce Arthntis, gonor-

('mut "n-"m Sce alo Arthntis, gouty
shnormat adrenocartical androgen in, 255
clincal significance of, 258
fuale sex hormane fn, 954-256

\(‘nlmlcmcmo therapy in gout, 238,

‘Cll"n of cokhieme tn 257, 058
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Gout and urate s tabolism, role of antenor
pitwtary and adreni] cortex i, 241~
253

cycle, 257
de(ect m 11 oxystermd production n,
258

dehclen( respemc to 11 oxysterad lack
m, 23
dmgnuus oi "Gl
et in, 262
fﬁ(‘c! of ACTH adminsstration m, 142,
256 257

upim indices of adrenocortical func
tion m, 247, 249
upou  17-ketosterond  excretion m,
247,248
upon metabolism 1 245-251
study of, 2412
methods 1n 211, 242
wathdrawal m 257
of adrenal cortia! extract i 257
of epinephrne and colchicine m 251
253

5
familial aspects of, 262, 263
general discussion on 260-262
17 ketnsterod exeretion 1n, 254, 23:
Jadney 1m ol ement 1n, 260, 261
pathogenesss, fundamental role of adrenal
cortical dvsfunction 1 234-259
pathaloge of, 260, 261
rocatgen dugnosts of 261
sexinaidence nf 260
spontancous attacks of adren functim
during, 257
tophus n 260
treatment of, 261, 262
colchime m, 261
urate productionn effect of ACTH upon
248

Gouty arthnitis Sec Arthritie, gouty

Great Britun, incidence of theymatism in 7

Ground substances in connectine issue 381

357, 3%%

Group A streptocoecl mfection See Strep-

tococeal infection, group
streptocoocts Sce Sfreptococcut group

A

Growth and agemg, skeletal, role of hor-
monesin, 151-164
and ngresme changes in articntar tisue
aton of, to acromegaly and
ml:rr disease states, 152-135
in cartlage 152
m articnlar bissues 131
influence of pitwtary glnd upon, 163
of thyroid glind upon, 183
Processes prmry, 8% lomunnm of de-
Renesabive leanns, 159
response of cartlice to nmmm‘ Tvpo-
plivsel hormone, 162
skeletal, role of hormones in 151-164
Guinnasties, rehvation, for aeuroces 123
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HaxuEn toe m theumatord arthntys, sur-
gical treatment of, 194
Vand, deformty in, prevention of, 1 theu-
matotd arthritis, 183, 184
opera-glass Sec Opera-glass hand
swollen attoplue, 129
assoctated with cervical osteoarthri-

ts, 88
fland-shoulder syndrome, 90, 93, 129
Ilay fever, cortisone for, 142
Heart disease, rheumatic, See Rheumatic
heart discase
msolement m Refter’s syndrome, 75
lesions as sequelae of streptocoecal in-
fections, 17
1 connective tissue diseases, 393
1 theumatic fever, 394
m rheumatod arthriis, merdence of, 68
of acute onset,
of nsidious onset, 64
study of, chinacal matenal in, 69
methods of, 70
results of, 70
m scleroderma, 266, 267
relation between rheumatic fever and
rheumatowd arthntis with special re-
gard to, 68-71
resembling those of rheumatic fever,
induction of, 1n rabbuts sickening
after skan infections with group A
streptococeus, 43
status, relation of to frequency and uze
of mduced nedules m rheumatic
fever, 41
to susceptibility to induced nodulcs,

Heat apphcation 1 s relief, mechanism
of, 326
massage and movement 1n rehabilitation
m theumatond arthnbs, £20, 221
Hemagglutimns, absorption of, by normal
sheep cells 1n Reiter’s lilseme, table, 342
omobil:

n,
study of morpholagy and histology 1,
30%-311 .

l m,
study of morphology and hustology v,
301

jomt affections in, 308
. Hemoglobin wn rheumatosd arthnbis, effect
of ACTH upon, 137
of cortisone upon, 136
percentage 1 arthntis, effeet of dry hot
mierochimate on 321
Hemolytic streptococes 1n throat, effect of
dry hot microchmate on, 321
Hepatiis and polyarthrihs, relabon be-
een 207-23 |
combuned with thenmatoid arthntis, in-
nce of, 238 "
e i sheumatand aribabs, 297,
an0

Sumpect InpEx
m:%astms, theumatic symptoms in, 238,

Heredity 1n theumatoid arthnns and ank;l-
osing spoudyhts, 66, 67
chinical matenal In, 668
results of study of, 66
Herny, fat, 1n Tumbosacral Teman, types of,

removal of, for relief of pamn, 97, 98
Hermation, pathologic, of fat Jobules, 97, 68
Hevestrol, 88
Hip. anky losis of, surgical treatment of, 193

arthnts of, resechon angulation operation

for, 233, 234

osfeoarthntis of, acetabuloplasty for, 188

arthrodesis for, 188, 189

arthroplasty for, 189, 195

ndieatrons for, 188
vesults of, 188
diagnosis tn 124 cases of, table, 275
reconstractve surgery for, 187~189
choice of procedures i, 187

simple fivation in, 189

subtrochantenc osteotomy for, 187, 188

Tavernier operation for, 189

rheumatoid arthntis of, arthroplasty for,

193, 196
Horraone(s) See also Endocrine secretions

adrenocortical  See Adrenocortical hor-

mones
antetior hypophyseal, growth response of
cartilage to, 162
effect of, on articular changes, possible
mechamsm of, 162
upon cartilage, 157
upon skeletal ageing, 156~159
mduction and relief of acute gouty ar-
thntis by, 256, 257
mfluence of, upon physiologie and bio-
chermeal processes, ¥
male sex, abnormal, m gout, 254-256
of adrenal cortex See Adrenocortical hor-
mones
putatary adrenocorticatrome See ACTIH
role of, w ehology of osteoarthntss, 151,
63

162
35 etiolagv of spontancous joint lesions,
161, 162
1n skeletal growth and ageing, 151-164
sex, 1n treatment of menopausal rheu-
matssm, ¥
of theumatoid arthritis, 164, 165
Hyaluronic acid 0 conneetnve Essue, 383
Hyalurorudase, 18, 20,
activaty m rheumatic fever, 389, 391
reduction of, by sera frorh theumatic
.. _fever and normal cl* 852,
- N :
g anteced
359, 351

Lo wof,
reumatic di
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Nysluronsdase, nodule test va28, 20,89, 40
\esneadar, 356, 35

1t dronepbronis 1 Rexter’s syndrome, T4

Fiydrotherapy 1 rehabibtation 13 sheamas
tod axthntis, 220

17-Hydroxy-11-dehy drocorticosterone. See
Cortisone:

171y drosy- 11 Keto-progestesone, 140

Mly&uw—‘.’.-mph!}mlmepxopmmc aad,de-
svatines of, 58

111y droxs -progesterone, 140

Hrpesslpes, deep, with cold paizs o1, 02

1 percortisonsT, effects of, 139

H)‘f‘)ﬂxemlon 10 connective LSSUS diseases,

Viyperthermy for gonortheal arthntis, 16
sults of, 238

tivperuncemus and acute gouty anthnbis, Y&

Jationship between, &

genehic, 255

tispoghyseal hormane, antenot, growthve-
sporse of castilage 10, 162

IuMoBIZATION Expenments th rabhuts,
33331

3
fmmobilszed extremubes, deformtes o, 303
rase hustorses ofs 311314
Br0ts morphology in, 309
Tustology m, 808311
joumts and penartscular Bssue m, 308~

case hastomes of, 311314
‘ol materniand methods w
study of, 303, 309
rons morphology 48 300
Tastology in, 80F-31L
Lemune reactions, antigens aad ey,
Imeshigatane studes of, 831-563
Lnmunologie and biochemueal stodics in i
fants and children, with specral refer-
ence Vo theumatic fever, 54
teactsons in theumatoid arthns, 816~345
nadenuacy, constitutional, {0 psychogeme
sheamatsm, 119
Tfants and cheldren, fmmunolosic and Ino-
chemal studses o, with special reference
to heumatie fever, 331331
e prediwpocng factor o Thew
matold arthoits, 3
focal a3 preduposing factor in thevmr-
told arthnts, 4
wreptococeal See Streptococral infection
Inteomout antntis, epocifie, 83323
Anhubitor, servm 37
Injeetion, focal, in trratment of Rbroditie

of panniculis. 103
faculin, rotamine 7ine, and ACTH, effcct
S oo metabotiem in ormal subject,

24
Tntestine, ymfl, Javolsement of, i sclero-
derma, 26!

431
fontophureus (1 redatubituan 0 rheamt
rthnts 230
Irndocschts sm Hoster 8 syndsomes "
Toces it Buater s ssnrosae,

JALNDICE, amehuration of rheumatod &
(hats by, stodies ah

31
et ot wpors theunstard arhetis 12

Jaundiced aud posmal rablats, donor es0TTY
et with adioactie gold At 0¥
Younts, allectuns o 12 icrplegis, 305
and muwtles @ Thepmatord artlinbse me
ol chucal effuts of cortnone upon.
133, 134
and poniarticulss hssues W wamabihzed
pytremmties, 303316
ase hustones ofy 311314
chaedl matenal and ‘methods w
studv of, 305, 509
£¥osS morphology 10 30
Srstology 1o, 803331
and related stractures, efect of vasodlat-
o and sasoconstricting drugs of 520
okl fat pads over, 8
changys m, effect of endocnine secretions
o possble mechazm ot 162
i acromegaly, 152159
ctotagy of, 182
o and spontancous ©t Tossons
w angmals, companson tetaers
153~15%
connectyse THUe of, 394
O of, sepurabion 10 Jagnons ofy

251
Aoy netativy,  celaion, of conpecing
sue substanees 10, 190, 39
oma Wke  UrganisTas and
4

o owtastatic goporhead anthinitis, 77
imohenient of, 19 Retter's syndmme, T

]
stial, location of, in sheumatond ar
shrtis, 50, 83
= spondyhus, table 33
Loce, fat pads in, 101
Ja due 1o, D3; 103
Yesons 1, in e 153 156
Josions of, prmary crwthy procestes o8
urcrunners of, 139-101
spont pndoctine factars In -
ogy of, 163, 162
in &almls and scromegabie !
chgnges tn man, compation

tween, 153153
ndiblir, salolwed, arthroplasty for
192, 193

«aptome in.in connective Liysue duease

ki3
lrmpmmmmhlmhr ankalosed, aathre
sty for, 102 193
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Joints, tissues of, ageing dung!:s in, 151
nature o, 151, 1.
rates of, 151, 15"
effects of endocrine secrtions on, and
their relation to ageng processes,
151-164
growth and regressive changes 1n, rela-
tion of, to acromegaly and other chs-
case states, 152-155
growthn, 151
Tegressine changes in, 151

Kenpave, compound A of, 140
compound E of See Cortisone
Reratitts, superficlal punctate, 1n Reiters
syndrome, 74
17-Ketosterold  excretion, urmary, and
symptomatology of ankylosing
spondyhts, effect of AS-pregnen-
olone upon, 165, 1668
effect of ACTH upon, 247, 248
fractionation of, 166
i ankylosing spondyhitis, 165
1 gout, 254, 255
17-Ketosterords 1n rheumatoid arthntis, ef-
fect of ACTH upon, 187
of cortisone upon, 136
Kidney mvols ement 1n connective tissue dis-
eases, 393
m gout, 260, 261
 scleroderma, 267
Knee, flewon deformuty of, in rheumatoid
arthnitis, ostectomy of femur
for, 192
patellectomy for, 192
posterior capsuloplasty for, 192
treatment of, 191, 192
mduced nodules 1n, 1 theumatic fever,
madence of, compared with ex-
pected madence 1 olecranon
process, 36, 37
jomt, fat pads m, 101
pamm due to, 101
lesions m mice, 153, 156
loose bodies i, surgrcal treatment of, 187
osteoarthntis of, 186
arthrotomy mn, 187
causes of, 188
diagnasis of, 186
generalized, indications for surgical
treatment of, 187
osteotomv 1, 187
reconstructive surgery for, 187
loose bodies m, 18
ptellectomy for, 187
reconstructive surgery of, 187
synovectomy m,
rheumatoid ;\rll\nhs of, arthraplasty for,
194

synovectomy for, 191
17-KS See 17-Ketosteroud
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L Sce Pl Tik
organisms

La mamn en lorgnette See Opera-glass hand

Lactation, relation of, to onset of rheumnatoid
arthntss, 63

Lan(cﬁeld s classification of streptococe, 15

Language, organ, m psychogemc rheuma-
tism, 118

Ln;l;;n mn treatment of theumatoid arthntis,

Leukocyte count m connective tssue dis-
eases, 343
1n synovial flwd, 289
Leukoeytes, distbution of rachoactive gold
m relation to time, 168
i theumatod arthnts, effect of eortisone

upon, 1
Lobules, fat, pathologic hermation of, 97,
98

Local Trcatment Centers of Empire Rheu-
matism Counail,

London County Councils Rheumatism
Scheme, 44

London County Medical Authonty, Rheu-
matic Scheme of,

L\gnbusncral region, fat herma wn, types of,

7

Lupus erythematosus dissemmatus and pen-
artentis nodosa, case report of,
396, 397
case report of, 3¢
corhsone and AC‘l‘ll for, 141
diagnosis of, 364
Tustopathology of neuromuscular sys-
tem in, 3
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lory study of, 75

n “fever, electroph

SusjecT InpEx

Test{s), serolomc See Serologic tests ™
standard okcmnon See Nodule test

analysis of, 368
1n theumatord arthntss, electrophoretic
analysis of, 368
n traumatic synowitis, e!ecuophmeuc
analysis of fluid in, 368
leukocyte count in, 289
mucin_m, 291
normal, electrophoretic analysis of, 368
protemn concentrations 1n, 259, 290
sugar concentrations mn, 290
lustopathalogy of rtheumatoid arthntis,
cffects of cortisone and ACTH upon,
137

membrane in ostecarthntis See O:tcmr-
b

m rheumatoud anlmm, 336:539
effect of chrysotherapy upon re-
action to, 338
Thorn’s, 137
Testicular hyalurorudase, 386, 387
Testosterone, chemical structure of, 165
1 prevention of femimzation effects of
synthetic estrogens 1n treatment of an-
Kylosing spondy ltis, 8§
Therapeutic pool 1n rehabiltation 1 rheu-
matod arthntrs, 221, 222
Thigh, fat pad over adductor tendons of, 99
Thorn’s test, 137
Throat ﬂora in arthntrs, effect of dry hot
321

thntis, synovial
in rheumatoid arthntis, 281-288
tissues, buman, range of pathologic reac-
tions displayed by, 81
m Fengx's syndrome, biopsy of, 75

on, 32
Thumb sphnt, 183, 184
Thyrmd gland, influence of, upon grawth,

szsue .Bntzgen:, sensiizabon wath, 362, 363
e tusue

s on,

234
Synovibis, theumatic fever, 317
traumatic, _electrophoretic  analysis of
flmd 1, 368

Tases, immobilized extremuties 1n, study of
morphology and histology n, 308-311
Tavermer operation for sectioming sensory
nerves to hip,

Teaching, undergraduate, of theumatic dis-
eases, 11

Telescopie Snger, 203206

Temperature of joints and velated struc-
tuses, effect of vasodilating and vasacen-
stnicting drugs on, 329

Termporomandibular joints, ankylosed, ar-
throplasty for, 192, 19

Tendons, adductor, of thigh, fat pad over,

[
tis and bursitis, d, 283,

fatty, See Fany tissue.
fibro-fatty See Fibro-fatty tissue
Tater, antistreptalysin O. See Antistreptoly-
sin O titer
Toe, great, fat pad over basal phalanx of,
99

hammer, 1n rheumatoid arthritss, surgical
treatment of, 1
Tonsillitis, theumatic fever as sequela of, 15
Tophus deposits 1n gout, 260
in gouty arthnts, locations of, 183
results of, 185
treatment of, 1
Toucology, gold, and thevmatoid asthntss,
with particular emphasis on bone marrow
studies, 181, 182
Toxins and enzymes of streptococcs, 354~
360

enthrogenie, 855
Tatinal,

281
m metastatic gonorrheal arthntis, 77
Tension, flud, ncreased, m tissves, pam
due to,
Test(s), absorption, i rheumateid arthn-
tis, 342-345, 361
aptienzyme, 3“12

alecranon See Nodule test
sepstized sheep cell agglutmation, n
thevmatowd arthnts, 340, 341

Tremor 1n rhenmatord arthnitis, electromn o-
graphue studv of, 232
Trigger pomts and nodules m fibrositis, ett-
ofogy of, 96
sites of, 98
Tuberculasis of bone, standard nodule test
m clecranon region of pahents with, re-
sults of, 3
Typbsp(‘c:ﬁo antibodies, demonstration of,
In group A streptococeal infection, 21, 22

UrtravtoLer radiation 1n Yel\alnlltahon m
theumatoid arthritis, 220, 22
Undergraduate teaching of rhmmmc dis-
eases,
Urate excretion, cflect of ACTH upon. 241
of Ilm(ysh’rmds upon, 24
of nnmnl subject, effect ot ACTH
m, 242, 243



Stnpecy Inpey
Urate Metabolyg,

41
ndg ul, sole of &nterjop Viasog mulndmg and hlitsn, 2 dry, Tugs, of
pmuury “Ortevin 3,y fect of, gy 'y scr ure of )umlx and re.
Liteg slru(fuk 3 9
d r8uLition of 255, 255 \'asod:l.mng an gdrug:, e[~
u-amk <I01 /o gy, aho A'n, 256 fect of, o ten ner.:tmc cl/ forn;
Tole of § lot)stem:l ted strucpy.. es,
produ(Lmnl AC’I‘II PO Vi bloog, Y gen sa(um!mn of, 15 ar.
thnty effec kuldn hot “Tochmate o,
Ureq catmeny of Iibrnnns 20d panpy,. 820, 321
uhrl\- 101 ‘e.\'lcu'ltu, Stimina), o Reiter ¢ Sndrope
Umhmu mn, unctivyg .1n nr(lmus, non.
Lon, dmlcnl l
Rmteu Warg, ngly m ! care of
Ongongcgey l, w.u. con,um-lums D Chrome heumgp, o diseas, o, andey \,
mhm.: 73 fional 1t gpey! Serco u
Un 10ary o Cretion of amng 2ads they. Walkey earhy 2bulagon m l\lnlhlhla
atojg arthnp, 3744 77 tion 4y rheum,p, .mhnm 22283,
Method, faxmy Study of, Water Oage a5 l’nndmn of lull tysue g5
ars Whnte bl s See fon ety g
resulty of study of, 376, 377 fibers of op, ete tisrye g

Yenay therap,
huumx " Connecpy o tssue Aeases,
392



AUTHOR INDEX

Barber, H S 103, 106
Barlow, T 27
Batchelder, 193
Baternan, J G, 2138
Baudisch, O, 209

Capalds, 872

Catoggio, B. M, 304
Caveltl, P. 8, 862
Gectl, R. L, 331 6, 338
Certoncioys A, X 0

Clawson, B. 1, 279
Clommesen, 5 » 542
Gobum, A 15,26, 301
Coen, W B, 27
Cogaeshall, i1. C, 360
Cobm, C., 219, 254
Cofher, W. A, 409
Collins, 408

Bauer, W, 73 80, 150, 273, 79, 304, 891 Cothns, D. H 197, 817
76 C 5

A,
Dagles, T B, 68, 164
Bazett, 102
Bagibock, 73
Penecke, 128
Benedict, ] D, 246
Bennett, G A, 215 279, 817
Bensley, S » 382

Buchthal, F, 233
Bomm, 1 1, 292
‘Buxton, Cc L, 373

Canepione: K M, 808
Cannon, 336

omroe, B. 1,
Conybeare, E. T, 1
Conn, ] W 142, 241, 245

5
G D D, 196,208
Crowley, N, 20
Curts, 302

DAvIDSON, L.sP,1
Davison, A M, 125
Davison, R A 163, 873
Dawson, M H, 65, 331

pewitt, L 172
Thenes, L 73, 401, 409, 41
3

446



Avrnoy f, NDEY

Fheliem ¢ 4 » 376
Eng}, Dan, I plag
Lpatern, N, 351

Evdher 'y 155, 158
Evans, 1 gy 136, 163

qu_l:v, Dy, M, f09
Feffer, 23¢

Findly, G’y 409
Hetcher, 5 > 53

Hind, § 105" 108

FD"‘IUL‘Y.J; 180, 415

ford'mm, P 1, 181, 215, 216, 250
o, R

Fr und, fy 4 . 73, 283, 093 293
Fn-\bnrg, R, 7, 149, 172, 255 345

Honey, LT} 8% 80 105 10 125
LEINY 237, 260 974

e, Loyfg;

Hertingrom 1 19

Herg, g,

ey, Y8 1oy

ttrmn '

447

1
> C g, gy
Ingle, p § 133, 145

A IR AT

Jicomon gy 249
Tquebne 0
Joke ) op
Jamieion 3y 410
P A
Tohanon” (7 c2s
Jones, 7 1y’ o7

Mg ¢
Aiphin yp H 332
i gy, 112
oy oagy
Kerter e 700
Ked gp 269
Keligrer, J g 92, 935, 22
Actimery,' g g )
Aot p o 131 g4
Keor o, 7 oy
Kerdes” ¢; D, 25
Am-lnv] P ooy
Mempeeee ' ")
Micoehe rg,, L
Ynm'uu’u NUCINS ans
Abnz 1y " oyry
Mgy 4 29y 02 359

1)

0

Anlla f'p 3
hudelyy @7
ultner gy

fordl W ey S, 4 g,
it p Ao



448

Lancerigln, R C, 15
Landsit, 258

Lapin, L, 89

Lﬂ‘mhlcnlnﬂ B , 28‘3, 292, 203
Lemwand, 1,

Lém, A, 196. 203

chme, R, 249, 251

Lesy, R L,

Lewss, T, 95, 325, 328

L, C 11, 136

Lipmag, M O, 836, 340
Lison, 385

Litter, M, 416

Lobo-Parga, G, 378
Lockie, L M, 259, 260
Logan,C E, 363

Long,C N “ 136, 163, 212
Lows, L H, 142, 241, 245
Lovelock, ], 215

Lovelock, ] £, 219

Ludwg, A O, 112, 228, 230, 232, 233
Luflm, N H, 279
Lundgren ..58

Lundin, G, 819
Lunds.g:mrd <, 320

MacCarom F O, 409
McCarty, \( 18, 359
McClean, D, 332
\XcClelhn, WS, 209
McEwen, C, 202
McKenzie, B F, 132
Mackenzie, R D, 409
Madnd, M, 878
Madsen, T, 16
Mandelbaum, F S, 203
Margohs, K M, 216
Mare, P, 196. 205
Marner, §-L, 237
Marshall, 336
Martin, DuP R, 373
Mason, H L, 132
Massell, B F, 26, 27
Masturzo, A, 378
Mead, §, 228
Meer, P van der, 128
Mennell, ] Mcht, 129
Mereduth, € ], 878
Meyer, X, 385
Mch, 1,238
Musky, T A, 42
Momichen, K, 124
Moore, D H , 373
Mormzon, L' R, 238,
04

3
Muur, Robert, 279
Murphy, G E, 43
Myers, C S, 132

230, 232, 283,

AUTHOR JxDEX

Nacer, R L,

Nelson, L 8, l

Nicholls, £ E 381 836 338
Nichols, E H,27G 79
Nielsen, B, 196, 198, 204, 207
Nissen, 31 A, 104

Noble, J F, 279

Osenc, S A, 249
Ogryzlo, M. A, 292
Olch, I X, 49
Olhagen, B, 365
QOlmstead, M, 331

Parve, 408

Patterson, M B, 343
Paul, ] R, 16,24
Pearce, E., 340
Pedersen, L 0,378
Pembetton, R , 273, 279, 346
Piffver, ] J, 132

Pike, R M, 20, 360
Pane, 385

Pollard, 802

Powell, H, M, 410
Powers, G, F, 24
Preston, WY. S 172,411

l "83 292, 20

Prunty, F. T. G, 245
Pugh, 99

Quevx, B W, 20, 24, 331

Racax, C, 840, 336, 389
Randafi, B F, 827
Recant, L., 250

Reed, C I, 234
Reschstew, T, 132
Rewmann, 1L A, 119
Resphard, W, 208

Reiter, H, 73

Rice, R M, 410
Rschardson, A. W, 827
Tuchardson, F. L, 278, 279
Ruchter, M N, 2
Rabinson, W D 142, 241, 257-259, 362
Fobles G2, ],
Rodger, T F,
Roge

Rones, M w, 257

Rose, H M, 340

Rosenberg, E F., as 150, 249, 254, 260
Ruiz-Morena, A , 418

Rusk, ;i A, 215

Rutsten, D D, 43

Rothbard, S, 340

10), 118

Samv, A B, 407, 408
Salinger, R, 18, 24



Avrio Inorg

449
Sammartyng, R, 410 Starg, y, | 342, 360, 45
T4 113 Swaim, [ T, is3
Sartcy p! E, 47 Swife, iy 15, 43, a3 3y
‘ Sashyp, D, 173 S\d(nham, T.sg
f Sauberjy ), i) L
4ge, L 1, 209, 057 259, 260, 264
Tegner, vy 10}
Te ling
Thompsey, .y

'h:bhu, A, Is7
Lodd, W33, 39
Trau, F 308

Usseey 0 T3

VALL\(UL[ A F, 37y
\t'nm,] Py
Victor 4w, 369

u MLig p 340
W gy 179, 27y oy
Wally, 4 )y 1%
Walleatf gy 374
409 Walters 5 1o
LM ON 19y, 195, 274 Harner

25, 255
, 181
9, 235
7 2 , 203 301
eihens, € 4 L.jr g
STetten, 1y Ir. 2347
Sty Gourge, 933 arg
Sockirg 16}
Sk, 3
rong, 1. 172
ATy D, 17
















