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FiG. 1. Painting of Dr. James Knight.
(Beekman, F.: A Historical Sketch on the
Occasion of the Seventy-fifth Anniver-
sary of the Hospital for the Ruptured
and Crippled. Printed privately in New
York)

only an obscure general practitioner, not even
a New Yorker either by birth or by training.
A graduate of the Medico-Chirurgical Fac-
ulty (of Maryland) in Baltimore, he had
gone to New York City in 1835 to open his
office. To be sure, he was already interested
in the art of bracing or “surgico-mechanics”
as he called it, since shortly after his arrival
several unsuccessful suits were instituted
against him for an alleged infringement of
a patent right for an abdominal support used
in the treatment of prolapsus uteri. But the
reason was that his energy had not been
wholly consumed by practice, and early in
his career he had become interested 1n the
poor and had sought to improve their con-
dition by working as a visitor for The Asso-
ciation for the Improvement 1n the Condition
of the Poor After 20 years of service for
this organization, he called on Mr. Robert

M. Hartley, its secretary, and pleaded the
necessity for an orthopaedic hospital, This
combination of Mr, Hartley's influence and
Dr. Knight's enthusiasm soon won support
for the venture, and it was not long before
the Hospital for the Ruptured and Crippled
began to receive patients.

The first building was situated at 97 Sec-
ond Avenue with Dr. Knight as its resident
physician and surgeon. It had a capacity of
28 beds and represented a modification of
Dr. Knight’s private house with the con-
scrvatory converted into a brace shop. This
was a humble beginning for the first ortho-
paedic hospital in the United States, but Dr.
Knight must have had tremendous faith in
himself and his idea to bring it into being at
all, especially in view of his rather meager
medical qualifications. He had read widely,
it is true, and in certain topics of personal
interest, such as dietetics and static elec-
tricity, was an authority. But his critical
judgment of what he read does not appear
to have been good, even in the light of his
own times. He rejected most of the newer
therapeutic advances taking place about him,
such as the use of bed rest, traction, plaster
of Paris and surgery, and he seldom spokf: at
meetings of The Academy of Medicine,
where his contemporaries Sayre and C. Fn.y-
ette Taylor often participated m heated dis-
cussions of orthopaedic problems. Once he
did read a paper on the use of static .elec-
tricity, but this had resulted from the stimu-
lation of a French visitor, who himself was
an enthusiast in the use of static electricity.
He published only one article, which‘ was
nothing but a brief statistical analysis of
scoliosts cases with a breakdown according
to sex, age and direction of curvature, In
his discussion of the etiology and the treat-
ment of this condition, Dr. Knight displays
his philosophic nature and his interest in
exercises and bracing. His three textbooks,
two on nutrition and one on orthopaedics,
show the same philosophic turn, and all lack
a scientifically analytic approach Though
he “believed in clnical instruction and ad-
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Fic. 2. The Hospital of the New York Society for the Refief of the Ruptured and
Crippled at the corner of Yexington Avenue and 42nd Street. The sccond of four
buildings, in which the hospital has been housed, opened in May, 1870, (Bechman, F,:
A Historical Sketch on the Occasion of the Seventy-fifth Anniversary of the Hospital
for the Ruptured and Crippled. Printed privately in New York)

vertised lectures,” he was not successful as
a teacher. Dr. Virgil P. Gibney, who worked
for many years as Dr, Knight’s assistant and
succeeded him as surgeon-in-chief, writes
that his “audience soon tired and after a
season or two the clinics passed into desue-
tude.” Gibney also writes that Knight was an
“optimist in therapentics, a firm believer in
the vis ‘medicatnix naturae.’” He justified
his practices and ideas by sheltering himself
in an institution where large numbers of
cases could be observed over long periods
of time, but he did not like elaborate yec-
ords, and lis “memory enabled him at all
tumes to recall the good features in a case.”
Open discussion of clinical problems was
not permitted; Dr. Knight required absolute
agreement from his associates. When Dr.
Gibney published a book supporting the use
of operative resection of the head of the
femur for tubereulosis of the hip joint, a

procedure championed locally by Sayre, he
was forced immediatefy to resign from the
staff,

No, Dr. Knight's talents must be looked
for i another direction than the purely sci-
entific. Dr. Milton M. Shaffer, the second
chief-surgeon of the New York Orthopaedic
Hospital and himself an ardent conservative,
sums up the essence of his former teacher’s
importance to orthopaedic surgery by saying
that “alf or nearly all the advance in the vse
of modern methods of caring for the de-
formed poor may be traced to New York
and the personal influence of four great men,
viz., Dr. James Knight, the philanthropist
and organizer. . ..” Dr. Knight saw that to
overcome the multiple problems of his
poverty-stricken  and crippled young pa-
tients, much mose than simple restoration
of health was needed. When a large building
was canstructed on the corner of Lexington

Jr—
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FI. 3. A contemporary print from Frank Leshie’s Weekly, October 30, 1875:

Dr. Knight with the children 1n the classroom; winter garden on the roof; entrance to
the hospital. (Beckman, F.: A Historical Sketch on the Occasion of the Seventy-fifth
Anniversary of the Hospital for the Ruptured and Crippled. Printed privately in New

York)

Avenue and Forty-second Street (where the
Hotel Commodore now stands), into which
the hospital moved in May, 1870, it was
designed to provide a multifarious service.
Besides the two large wards and the out-
patient department and brace shop, there
was a spacious gymnasium occupying the en-
tire top floor, “so constructed as to be open
in summer, enclosed in winter, open to the
sun on all sides, and yet shaded from it
overhead.” Dr. Knight believed in exercise:

No child able to hold up 1ts head is ever kept
1n bed during the day, and all able to walk by
pushing a chair before them have thus to exercise
for a certain time, and those unable to walk from
pain and tenderness are supplied with rolling
chairs. . . . Even the most vigorous and robust
constitution would inevitably be weakened and
brought to a state of ettolation by long-continued
repose, and in a weak constitution, the malady
would be proportionately increased.

The atmosphere of a hospital was mini-
mized, and no trained nurses were employed»
Facilities were provided for religious and
secular education, the latter run by the
public school system of the City. Singing
was encouraged. Patients were taught trades;
thus rehabilitation was completed from 2
physical, educational, moral and occupa-
tional standpoint.

Dr. Kmght obtained the co-operation of
his little patients through his kind and sym-
pathetic manner. Despite rigid enforcement
of a busy curriculum, they were fond of him,
and the children watched his bewigged head
with curiosity. He must have been a com-
pelling person also, since he obtaned as
consultants for the hospital many distin-
guished physicians, among whom were Wil-
lard Parker, Austin Flint and Edward G.
Janeway. The Board of Managers never hesi-
tated to back him up in any decision; nor
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did they question his optimistic reports of
results, This personal force of Dr. Knight
was also noted by Dr, Gibney, “My faith
in his accounts of cure of infantile paralysis
and of hip discases was 5o childlike that 1
found mysell giving progroses that got me
into trouble as 1 grew older.”

Dr. Knight was most accomplished in the
designing and the fitting of braces, In his
text on orthopaedics, many of these are de-

scribed and illustrated, and there is surpris-
ingly little difference in them from those in
usc today. He felt that a surgeon should be
able to fit any brace himself, and no skilled
mechanics were employed in his hospital.
He had a weakness for static electricity and
a faith in its “cfficacy for all neuroses of
women and many ncurological discases.”
The halls of the hospital “fairly reaked with
ozone,” according 10 Gibney, who himself
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was influenced enough to install a static ma-
chinc when the hospital moved again in
1912, In defense of Dr. Knight's position
against “‘adventurous” surgery, one must
judge him in the sense of his time when
Lister’s antiseptic dressing (1867) had re-
ceived little notoricty, and asepsis was not
practiced. Achillotomy and fasciotomy were
justified, in his opinion, for fixed deformi-
ties following paralysis and in the treatment
of resistant clubfeet. About 60 tenotomies
were performed each year, but, while he was
alive, no more extensive surgery was prac-
ticed in the hospital. Strangely enough, he
was not conservative in his use of medi-
cines and was not averse to heroic measures
such as the application of “Spanish fly blis-
ters, 16 square inches in area for 8 hours as
a dernivative in the acutc stage of hip
disease.”

Of the personal life of Dr, Knight, little
is known. He was born in Taneytown, Md.,
in 1810, the son of a manufacturer of mili-
tary implements. He was only 25 when he
opened his office in New York, but, except
for his increasing interest in the poor, little
is known about the subsequent 28 years of
private practice. It is only with the organi-
zation of the Hospita! for the Relief of the
Ruptured and Crippled that any consecutive
record can be found, and even here the
personal details are entirely lacking. He
served first as its resident surgeon, then as
its surgeon-in-chief. He also doubled as
director of the hospital. He must have been
one of the first “full-time” men, since he
turned over to the institution all his earnings
from private patients, drawing a generous
salary 1n return. He was married, and he
and his family made thewr home in the hos-
pital In fact, in the original building at 97
Second Avenue, his wife and daughter
helped greatly in the operation. Thus his
whole life, personal as well as professional,
seems to have been dedicated to the hospital
which he founded and to the poor crippled
children whom he loved After a short

iliness, he died on October 27, 1887, His
death was grievously noted by the Board of
Managers, but it was practically unnoticed by
the public. An obituary in the New York
World mentions only the barest facts of his
burial and contains no review of his profes-
sional attainments.

Since Dr. Knight's chief therapeutic forte
was surgicomechanics, the conditions that
were treated at the Hospital for the Relief of
the Ruptured and Crippled during his time
reflected this interest. Hernia, procidentia
and varicose ulcers comprised 50 per cent
of his cases in the early years and 59 per
cent in the late years. Almost without excep-
tion, these were treated in the outpatient
department. The inpatient population was
made up almost completely of children suf-
fering from either tuberculosis or osteo-
myelitis The difference between these two
conditions was recognized but not sharply
delineated, and it must have been further
confused by the presence of many cases with
mixed infection. Dr. Knight approached
these problems as if they were primarily
constitutional dyscrasias, and he felt that
the malnutrition of his patients was the im-
portant etiologic factor. He described a
“strumous diathesis” that tends to tubercular
invasion (Koch did not discover the myco-
bacterium tuberculosis until 1882) and a
“scorbutic diathesis” that leads to a much
more fulminating type of disease, with an
illustrative case that is typical of acute
hematogenous osteomyelitis

In view of his penchant for seeking a
nutritional or a metabolic fault in the host
as an explanation of the conditions he saw,
it is not unfair to say that Dr. Knight was
metabolism-minded. Furthermore, he had to
treat a great many cases of rickets. He
understood the pathogenic factor of this
condition as an “impairment 1n the osseous
growth and development of the cartilage
cells by an increased number of diwvisions,”
with resultant thickening of the epiphyseal
cartilage plate and a thickened layer of
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“transition substance™ under the periosteum,
However, he did not fully understand the
defect of calcium metabelism, since he states
that “the amount of calcification may equal
the normal quantity, but in rachitis it is dis-
tributed over a much Jarger space.”

“Rachitic aberration of the normal form
of the bones of the skeleton is supposed to
arise from mechanical foree,” and “sachitic
garland” and *chicken breast” were common
in his experience; so also were deformitics
of the pelvis with projection of the sacral
promontory into the pelvic strait. Weakness
of the long bones was attributed to abnormal
periosteal growth (Rocentgen’s X-rays were
not used until 1895), and “the result is that
the bones bend, and often break, producing
great deformity and lessening the stature
from curvature of the bones of the legs.”
“A uniform curving of the spinal column
posteriorly from the cervical to the last
lumbar vertebrae” was also found by Dr.
Knight to be a *‘very common indication of
rickets.” He warned of occasional difficulty
in distinguishing this spinal deformity from
that due to Pott’s discasc.

As to treatment for this condition, Dr.
Knight found the efficacy of bismuth supe-
sior to that of cod-liver oil, though the latter
was “extolled” by German and French phy-
sicians, He writes that “our experience has
not been so favorable, we having even in
small doses given to patients discovered the
undigested oil in the alvine evacuations.”
He recommended a strapping device for the
relief of projecting sternum and braces for
deformities of the lower limbs. At the same
time, he realized that many cases of bow-
legs “‘can be cured without instrumental aid,
and as the child increases in strength from a
prescribed regimen, or without interference,
the deformity disappears.” However, he
warns against undue delay in the use of
braces, since deformity is much more diffi-
cult to correct when the bones become
hardened.

As a physician, the humanitarian side of
Dr. Knight far outweighed the scientific. As
a man, he seems to have been dedicated to

the cause of the poor and to have possessed
a divine confidence in his own judgment of
what was good for them. To orthapaedic
surgery he brought an emphasis on conserva-
tism and furthered the art of bracing; but,
most important of all, he was the first to
emphasize rehabilitation in its larger sense as
an integral part of this specialty.
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Appraisal of the Geriatric Patient

RAFFAELE ZANOLI, M.D.*

Due to the continued rise of mankind’s
mean duration of life, the increasing num-
ber of the aged has led to a more profound
and meticulous study of the surgical problem
in the aged. In many statistical reports,
especially Anglo-Saxon, the number of the
operations in the aged is 15 per cent. In
Italy, although official statistics are lacking,
it may be assumed that the population aged
over 60 averages about 10 per cent and,
therefore, amounts to nearly 5 million.

Because of great advances in anesthesia
and preoperative and postoperative care, we
may regard the senile state as no positive
contraindication to surgery, as was the case
formerly. A number of general surgical
procedures, such as those for neoplasia,
gastric ulcer, hernia and prostatitis, no longer
are operations of emergency but of election,

The same occurs in our field, trauma-
tology, where the situation as regards many
affections or orthopaedic deformities has not
changed; nor is 1t likely to do so in the
future.

A man with a lifclong deformity or a
functional disability is not likely to seek sur-
gical relief when aged unless he is com-
pelled to by pain or by a disability that
becomes progressively serious. However, the

operative risk does not differ much from the
adult’s.

* Istituto Ortopedico Rizzoli,

Clinica Ortoped.
Umiversitana, Bologna. pedica

It is of great importance to evaluate ex-
actly the condition of the surgical patient by
investigating his deficiencies and organic
reserves through careful research of the car-
diovascular and the respiratory systems, the
humeral conditions and the hepatic and the
renal functions.

After evaluating the patient’s condition
accurately, it will be necessary, in preparing
for the operation, to remove or to minimize
all reversible changes. As for irreversible
ones, such as arteriosclerosis, hypertension,
coronary diseases and valvulopathies, pulmo-
nary emphysema and chronic affections of
liver and kidney, we shall proceed within
our limits, setting the operative and anes-
thetic plan and the succeeding phase of
resuscitation. If the operative hazard seems
to be very high, the absolute or relative
urgency for the operation will decide whether
or not the risk should be taken.

As a rule we administer Pentothal Sodium
in the smallest possible doses till loss of
consciousness is produced, taking care that
no respiratory depression occurs. Then we
continue with oxygen, nitrous oxide and
small quantities of Trilene or ether. How-
ever, whenever technically possible, local
anesthesia is preferred, provided that the
patient is psychelogically in favor of it.
Before local anesthesia, when there is no
contraindication, a short analgesia with oxy-~
gen, nitrous oxide and Trilene is given.
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In the Jast 2 years 30 cases were treated
satisfactorily by us by means of Dogliotti's
peridural anesthesia with 2 per cent Xylo-
caine and epinephrine. We have found this
procedure to be advisable in the surgery of
the aged, although sometimes it may be more
difficult in the presence of arthritic stifiness,
scoliosis and so on.

When employing general anesthesia, great
care must be taken as to its induction and
depth. In fact, induction is the most critical
phase, especially for cardiopaths. It must
be rapid and smooth; above all, it must
prevent any respiratory difficulty or depres-
sion.

There is a wide range of indications for
endotrachelic intubation. It is safe in ensur-
ing the passage of air through the respiratory
tract. In the aged, intubation often is easier
because of the lack of teeth. Anesthesia
must be as light as possible, for frequently
a deep and prolonged anesthesia causes seri-
ous circulation and respiratory depression
during the operation and may also give rise
to postoperative complications. A good oxy-
genation must be maintained by all means.
This is the best prophylaxis against accidents
from anesthetics. Curare is widely employed
by us, inasmuch as its use is not contraindi-
cated by age. If muscular hypotonia, which
occurs rather frequently in the aged, is pres-
ent, the fractional doses are reduced in order
to achieve a uniform relaxing effect on the
muscles and meanwhile to spare the anes-
thetics considerably without provoking any
danger i the amplitude of the respiratory
movements, Likewise, dosages of opiates

and barbiturates are reduced in the premedi-
cation. The impaired metabolism of the
aged calls for caution in admimstering such
drugs and even for excluding them from the
patient in very poor general condition.

In our experience, atropine associated
with morphine is preferred in the premedi-
cation, as often scopolamine causes some
mental confusion and psychomoter excite-
ment in the aged which may last some days.

Recovery and postoperative nursing are

the same as for ordinary patients, ie., pos-
sible tracheobronchial aspirations, oxygen
therapy, regulation and maintenance of the
clectrolyte balance, restricted use of seda-
tives and lgesics, frequent changes of
position, and a diet rich in calories and
vitamins.

Finally, it is necessary to watch the pa-
tient carefully in order to note the first
appearances of cardiovascular complications,
particularly thrombo-embolisms. The best
way in which to prevent these is by mobili-
zation and early ambulation of the surgical
patient. Other complications to be feared
are the pulmonary and the respiratory ones.
Often, merely a careful clinical check will
prevent their jnception or reduce their
severity.

The incidence of fractures, particularly of
certain fractures, is more common in old
age, while dislocations and joint distortions
become increasingly rare as age progresses
until they become exceptional.

The most comemon fractures are those of
the neck of the femur and the humerus.
Fractures of the patella, the wrist and the
pelvis also are more frequent in the aged,
while those of the forearm and the elbow
become less common. Regarding the re-
maining skeletal segments, no remarkable
difference was observed in our study of
18,500 traumatic fractures, of which 2,500
were encountered in individuals over 60.

While dislocations appear to be less fre-
quent, owing to senile osteupurusis' dis-
placements of the shoulder are alwas of the
first order and amount to 70 per cent of all
dislocations in old age. Also, those associ-
ated with fractures of the neck become com-
paratively mote common.

Distortions, on the contrary, are quite
wacommon. According 1o our statstical
reports they amount to merely 2 per .Ctnh

The operations performed at the Istituto
Rizzol from 1945 to 1956 on subjects Over
60 years of age were 1,311 out of 27,614.
Therefore, the percentage 1s Jow: 4.7,
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The subdivision according to the age of
the paticnts suggests that 70 per cent be-
longed to the 70-year-old age group, 25 per
cent to the 80-year-old group, 4 per cent
to the 90-year-old group and merely 1 per
cent to the over 90-ycar-old group. There
was a marked predominance in the female:
of the above total of geriatric patients, 758
(5855 ) were female; 554 (4255) were male,

The region operated upon most frequently
was the hip: 752 (or 57.6%) operations
were performed on it. The next most fre-
quent site was the knee (8% ), followed in
order by the leg and the foot (6%); the
spinal cord, the thigh and the clbow (4% );
the shoulder and the hand (3%6); the arm,
the forearm and the wrist (1% ). From the
foregoing it appears clear that there is a
definite predominance in the number of
operative procedures on the lower extrem-
ity (849 ) compared with those on the
upper limb (15%) and the spinal cord
(1%).

Our statistical study has shown also that
in the surgery of the aged, operations for
tr ic injuries predc (63%). The
most common operation is that on the fem-
oral neck, with 620 operations (47.6%).
The other traumatic lesions of the patella,
the olecranon and the radial head account
for 8%, and fracture-dislocations of the

shoulder for 195, The remaining ones aver-
age between 1 and 0.3 per cent,

Among the most common orthopaedic
procedures is the incidence of arthrosis de-
formans of the hip with 92 operations
(7% ). Then come amputations, 67; tumors,
48; hallux valgus, 27; marrow compres-
sions, 24; plastic surgery, 24; interventions
on painful stumps, 23; ostcoarticular tuber-
culosis, 23; Dupuytren’s disease of the hand,
21; and lumbar hernia of the disk, 20.

We feel that results of surgery in the aged
are no different from those in adult
patients. Edema, joint stiffness, painful os-
teaporosis, are more frequent and longer
lasting. Phlcbothrombosis is also uncom-
mon. On the whole, the results were as fol-
lows: good, 63.5 per cent; failures, 13.1
per cent; deaths, 1.3 per cent; results un-
known, 20 per cent.

In the great majority, the incidence of
death was due to cardiovascular failures or
bronchopulmonary complications approxi-
mately 10 days after operation. In only 4
cases did death occur within the first 24
hours after the operation. There were no
deaths during operation.

In conclusion, it is our belief that ortho-
paedic surgery in the aged is, and always
will be, surgery of emergency, not surgery
of election.
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Anesthesia for Orthopaedic Procedures
in Geriatric Patients

Donatp E. HaLg, M.D.*

The increasing longevity of human beings
sends more and more patients to the ortho-
paedist. Although many of these patients
are suflering from one or several of the
degenerative discases, they should not be
regarded as unsuitable candidates for anes-
thesia and surgery on this account. Age and
senility are not the same thing; it is not the
chronologic but the physiologic age that is
important in estimating a patient’s tolerance
to stress. Men reach advanced age because
of better fissues and organs than those of
their fellows who have died earlier.

Many older patients have an excellent
philosophic attitude and are Jess apprehen-
sive and more co-operative than they were
when they were younger. These patients
often have fixed habits which should not be
changed during their hospital stay If alco-
hol and tobacco are a part of the life of a
patient, they should not be denied him
during his hospitalization except for just
cause.

Age alone imposes no absolute contraindi-
cations fo the use of any anesthetic agent or
method. The anesthetist should not use a
different agent or an unfamihar techme for

geriatric surgery. Modification of his most
familiar method is all that 1s required. The
differences in method indicated are smaller
doses, unhurried induction and more careful

* Cleveland Clinic.

supervision throughout the procedure. The
care, the skill and the judgment of the anes-
thetist are more important than his agents
and machinery,

PREOPERATIVE EVALUATION

The orthopaedist, and the medical con-
sultant jf one is called,.should co-operate
in every way to make certain that the pa-
tient is as well prepared for surgery as pos-
sible. The anesthetist can enhance the safety
of the patient if all possible defects in phy§i~
ology have been corrected beforehand. Dis-
eases of the cardiovascular system, the liver
and the kidneys are encountered more com-
moaly in the old-age group than in younger
patients and increase the hazard of anes-
thesia. However, it should be remembered
that many patients in early or middle )?fe
have simiar diseases. Therefore, these dis-
orders do not present the anesthetist with
new or unusual problems.

The heart is the most important organ
during the period of surgery and anesthesia,
and heart disease increases the nisk. When
serious cardiac difficulty occurs during an
operation or anesthesia, it is because of.fail-
ure of cardiac output or of coronary circu-
lation, It is difficult to assess accurately
the ability of a heart to withstand surgery
and anesthesia. In most circumstances, how-
ever, when a patient succumbs to the com-
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F16. 1. Respiration in anesthesia, (A) The respiratory center is depressed by such
agents as the narcotics and the barbiturates. (B) The muscles of respiration are paralyzed
by high spinal anesthesia and by the muscle relaxants. (C) Respiration is decreased in
the prone patient by the fact that the weight of the patient’s trunk must be lifted during

cach inspiration.

of hemoglobin per 100 ml. of blood. How-
ever, this determination gives no information
as to the total blood volume, which also
should be studied or at least considered.
Patients who have chronic diseases, espe-
cially those which interfere with nutrition,
may have low blood volumes and hypopro-
teinemia. Both must be corrected. Trans-
fustons to correct a blood-volume deficit
should be given before instead of during
surgery so that the possibility of transfusion
reaction is not added to the hazards of age,
the surgical disease, surgery and anesthesia.
It is necessary, of course, to transfuse during
surgery to correct blood loss, which may be
estimated by the weighing of surgical
sponges.

Respiration may be decreased by the
anesthetic methods and agents used and by
the position of the patient. The respiratory
center is depressed by morphine, pentobar-
bital and thiopental (Pentothal Sodium).
The activity of the diaphragm and the inter-
costal muscles is decreased by the action of
the muscle relaxants and by high spinal
anesthesia, When prone, the patient must
lift the weight of his trunk with each breath
(Fig. 1). The presence of bronchiectasis or
emphysema also interferes with adequate
ventilation Under these conditions it is im-
portant to help the patient to breathe, cither
by manual pressure on the bag of the anes-
thesta machine or by the use of some type
of artificial respirator. Removal of carbon
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dioxide is almost as important as the ad-
ministration of oxygen, although in an emer-
gency the administration of oxygen is much
more important, for a patient can tolerate
15 or 20 minutes of carbon dioxide accumu-
lation, whereas a much shorter period with-
out oxygen would produce death.

The dangers of hypotension are the same
as those of hypoxia. Therefore, the blood
pressure should  be  observed  carcfully
throughout the procedure. An cstimate of
the patient’s usual blood pressure should be
made by comparing blood-pressure deter-
minations of the patient at office visits, on
admission to hospital and on cntering the
operating room. This helps to avoid the
misinterpretation of an clevated blood pres-
sure (owing to fear or apprchension) as an
evidence of a more or less scrious hyper-
tension.

Blood pressure is only an index of the
tissue perfusion, but it is depended upon
heavily in the conduct of anesthesia because
methods of determining adequate perfusion
to the brain, the heart, the liver and the
Lidneys ate not readily available.

Blood-pressure readings should be taken
at S-minute intervals during the procedure
and more frequently during the induction, as
at this time the increasing depth of anes-
thesia is accelerating most rapidly. Espe-
cially is this true after the giving of spinal
anesthesia, for the fall in blood pressure
may be considerable during the first few
x?inutes. The use of the Trendelenburg posi-
tion (10°) or raising the legs of the pa-

tient may be helpful in counteracting tem-
porarily and quickly a sudden blood-pressure
fall, since the blood gravitates away from
the extremities to more vital organs. Sud-
den changes in position should be avoided,
:151 they may cause a decrease in blood pres-

e,

The toxic effects of anesthetic agents are
2 potential hazard in all anesthesias. All

2gents which the anesthetist uses are toxic

and may cause death if used in large doses.

However, it they are given in safe doses,

and with carcful observation of the effects
of cach before giving another, serious diffi-
cultics can be avoided,

Thrombosis may occur during or after
surgery owing chicfly to a slowing of the
blood stream incident to a depressed blood
pressure.  For this reason, it is wise to at-
tempt to sustain what is considered to be a
safc blood pressure for the patient through-
out the operative and the postoperative peri-
ods. This applies to coronary thrombosis as
well as to thrombosis of the peripheral veins.

Intracranial hemorrhage may result if ex-
treme hypertension occurs during anesthesia,
The causes of high blood pressure during
anesthesia  include hypoxia, hypercapnia,
painful stimuli in light anesthesia and the
use of unnecessarily large doses of the vaso-
pressor agents. Elevated blood pressure may
be controlled by correcting the cause and
by the use of a ganglioplegic agent such as
Arfonad.

The stomach should be empty before
anesthesia, In emergencies, when anesthe-
sia has to be given soon after a meal, the
stomach should be emptied by induced
vomiting or by the passing of a stomach
tube before the induction of general anes-
thesia,

Light anesthesia (the lightest anesthesia
compatible with the operative procedure) is
the safest, as it interferes least with the
homeostatic mechanisms, one of the func-
tions of which is to maintain adequate blood
PICSSUI'C.

During surgery the patient should be sup-
ported in a comfortable position on the
operating table, especially if he is crippled
with such a disease as arthritis, by placing
pillows beneath his head and extremities as
needed to avoid strain on the involved
structures.

Diabetes should be controlled as well as
possible before surgery and anesthesia are
undertaken, General anesthesia, especially
ether, causes metabolic acidosis, which may
be undesirable, When dextrose solutions are
given to diabetic patients during anesthesia,
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Fla. 2, Continuous spinal anesthesia. (A) Huber point Tuohy spinal needle, 17 gauge.
(B) One liter of 5 per cent dextrose solution given by intravenous drip. Neosynephnine
1 mL (10 mg) may be added as a vasopressor if needed. (C) 10-ml. syringe containing
procaine 100 mg., Pontocaine 10 mg., and 10 per cent dextrose solution 3 ml., made up
to 10 ml, with distilled water, (D) The plastic tubing is wound rouad a rolled 4 inch x

4 inch sponge to prevent kinking,

15 units of regular insulin should be added
to each liter of 5 per cent dextrose.

POSTOPERATIVE CARE

The patient’s position should be changed
frequently after surgery until full recovery
from anesthesia has occurred. Morphine or
Demerol should be given in small doses, and
the effect on respiration carefully noted.
Early ambulation 1s beneficial to the respira-
tory and the circulatory systems, and should
be ordered if not contraindicated. If ambu-
lation cannot be permitted, the patient
should sit up in bed or in a chair Fluids
should be given slowly to prevent the over-
loading of the circulatory system.

METHODS OF ANESTHESIA

Local anesthesia frequently is the ideal
method for small procedures and in patients
who are able to give their full co-operation.

Continuous spinal anesthesia and general
endotracheal anesthesia (using nitrous ox-
ide, thiopental, and a relaxant) are two of
the safest and most satisfactory of the tech-
nics available,

CONTINUOUS SPINAL ANESTHESIA

One of the great advantages of cofn'im!?ﬂs
spinal anesthesia over the single injection
is that small doses can be given, not only in
inducing anesthesia but also throughout the
procedure, The dose of an agent for single
spinal anesthesia must be large enough to
last the whole period of the operation. '.l'hlS
may cause serious side effects Operations
such as those for fracture of the hip usually
can be undertaken early with safety under
continuous spinal anesthesia .

A 17-gauge Tuohy needle* is inserted in
the mid-line of the back in the interspace
below the 2nd, the 3rd or the 4th Jumbas
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vertebra and is advanced until its tip lies
within the subarachnoid space (Fig. 2). The
end of a plastic tubing (442 T, 3 ft. in
length*) is inserted through the needle until
about 5 em, lies within the subarachnoid
space. Then the needle is withdrawn, and a
23-gauge hypodermic needle is inserted into
the free end of the tubing and is fixed to a
10-ml. syringe containing a solution in the
following proportions: procaine, 100 mg.,
Pontocaine, 10 mg., 10 per cent dextrose
solution, 3 ml., and distilled water q.s. ad
10 ml. The tubing is given one turn about a
4” x 4" sponge which has been rolled into
a cylinder and then is fixed to the skin of
the back, The patient is turned on his back,
and 2 or 3 ml. of the mixture js injected at
the rate of Y2 ml. per sccond. The resulting
anesthesia usually lasts for 1% or 2 hours
and can be supplemented by the injection of
an additional milliliter as needed.

Injections as small as Y2 ml. may be
made in poor-risk patients and the effect
noted, both in producing anesthesia and on
blood pressure. Then additional small injec-
tions may be made as needed to provide
adequate anesthesia while the blood pres-
sure is observed and stabilized by the infu-
sion of neosynephrine 10 mg. diluted in 1
liter of 5 per cent dextrose solution.

GENERAL ANESTHESIA

General anesthesia is suitable for opera-
tions on sites which cannot be anesthetized
safely with spinal anesthesia, and in patients
who object to spinal anesthesia, The patient
is given 2 per cent thiopental intravenously
in doses of 1 ml. every 10 seconds until the
eyelid reflex is lost. Then 40 mg. of sue-
cinylcholine chloride (2 ml.) is injected (by
vein), and the patient is given oxygen to
breathe (by the mask of an anesthesia ma-
chine with gentle assistance by pressure on
the bag) until relaxation is evidenced by the
appearance and the subsidence of fibrillary

twitching of the patient’s muscles, most
—_—
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readily observable in the neck. A cuffed
cndotracheal tube is inserted into the tra-
chea, the cufl is inflated, and the tube is
connected to an anesthesia machine. Anes-
thesia is maintained by giving nitrous oxide
and oxygen (in the proportion of 2 or 3
liters to 1), by intermittent injections of 1 to
3 ml. of thiopental and, if needed for re-
laxation, by the controlled infusion of a
§ per cent dextrose solution containing 1 mg.
of succinylcholine chloride per ml.

ADJUNCTS TO SAFE ANESTHESIA

Alcohal intravenously (5% in 5% dex-
trose solution) frequently is of considerable
help in a patient who has been in the habit
of consuming alcoholic beverages. Fre-
quently, the administration of 300 ml. of
this solution will provide a light basal anes-
thesia which has a stabilizing effect.

An oscilloscope which provides a con-
tinuous electrocardiogram, is not a neces-
sary but a very valuable adjunct, especially
in patients who have heart disease. Changes
in rhythm, such as bradycardia, may be an
indication of anoxia which demands imme-
diate correction.

The use of a respirator has been men-
tioned. There are several on the market,
and they all accomplish controlled respira-
tion of the patient so that the anesthetist’s
hands are free for the many other duties
which occupy them during an anesthesia,
such as taking blood pressure, adjusting in-
travenous fluid flow rates and checking the
blood and administering it.

A large needle or a plastic catheter should
be placed in a vein so that anesthetic agents,
fluids or blood can be administered as
needed throughout the procedure. In cir-

in which I blood loss is
expected, more than 1 intravenous infusion
should be started.

SUMMARY

Anesthesia for geriatric patients can be
made safe if careful attention is given to all
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the details cnumerated above. Anesthesia
should be induced deliberately, slowly and
carefully, and with an cvaluation of the

effcct of each dose of each agent adminis-
tered. Willing co-operation among all the
members of the team is essential.

Anesthesia pro Interventiones Orthopaedic in Patientes Geriatric

Summario in Interlingua

Etate avantiate augmenta a vices le risco
de manovras orthopedic ¢ ancsthetic. Ta-
men, nulles del conditiones incontrate a etate
avantiate es peculiar a iste tempore del vita,
proque le morbos degenerative es ctiam
vidite in juvenes ¢ personas de etate medie.
Per consequente, nuile nove o specialisate
technjcas de anesthesia es requirite sed sol-
mente un plus alte grade de circumspection
in le evalutation ¢ preparation preoperatori
¢ etiam in le induction ¢ mantenentia del

stato anesthetic. In general, plus parve
doses de premedication ¢ de agente anes-
thetic es adequate, e attention debe esser
prestate a  que dosages excessive es
evitate,

Duo technicas de anesthesia que es ade-
quate e secur in le caso de patientes geriatric
es continue anesthesia spinal e leve anes-
thesia general, con le uso de un combination
de pentothal, oxydo nitrose, ¢ un agente
relaxante,
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Fractures in the Aged

ERNEST M, BURGEss, M.D., AND ROBERT L. RoMANO, M.D.*

Advances in medicine together with im-
provement in living standards and nutrition
have combined to produce better health and
increased longevity. The resultant large seg-
ment of our population 70 ycars of age and
older presents certain distinct medical prob-
lems not encountered in younger-age groups.
Physicians are placing increasing cmphasis
on these problems; special medical journals
are devoted entirely to the geriatric patient;
some physicians limit their practice to geri-
atrics much as the pediatrician specializes
in children’s diseases.

In the field of orthopaedic surgery it has
become apparent that fractures and joint in-
juries in this older-age group differ appreci-
ably from those encountered in younger
tndwiduals. This difference constitutes the
mechanism and the type of trauma as well
as the methods of treatment and prognosis.
Certain fractures occur commonly in chil-
dren; in fact, some are found solely in this
age group. The same 1s true of the geriatric
patient, in whom specific fractures are char-
actenstic, yet seldom are seen in other age
groups,

The management of any fracture involves
much more than the mechanical alignment
of bone, With the aged, however, considera-
tion of the entire physical condition of the
patient is of paramount importance. The
ultimate prognosis in these elderly people

may well hinge on proper attention to
———
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general factors of nutrition, cardiac and pul-
monary status, and mental and emotional
response, even when the bone injury is
relatively minor, In the young person, for
example, a wrist which has been immo-
bilized a sufficient period of time for frac-
ture healing prescnts little problem in re-
gaining joint motion, Also, little problem
is presented in obtaining bony union or in
maintaining the general nutrition and pre-
venting decubiti, In the elderly patient these
sccondary factors frequently are more im-
portant than the fracture itself. One may
willingly accept less than perfect anatomic
reduction to obtain a prompt adequate func-
tional result.

In the age group under consideration it is
generally agreed that hip fractures are most
frequent and, according to most published
series, account for approximately 35 per
cent of all major fractures. Colles’ fractures
are next in frequency (16% ), and fractures
of the neck of the humerus are third, com-
prising 14 per cent of the total. Compres-
sion fractures of the spine are fourth in
order of occurrence. A wide variety of frac-
tures make up the relatively small balance
of major bone trauma. Since the vast ma-
jority of fractures in the aged involve the
hip, the wrist, the humeral neck and the
spine, these will be considered specifically,

Studies have been carried out by various
observers to determine why elderly people
are more prone to fractures at these Pparticu-
lar locations, and also what factors underlie
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the relatively common incidence of geriatric
fractures gencrally. Whitfield has noted that
older people are more susceptible to frac-
tures because they “fail to make an ade-
quate response to a hazardous situation.”
Therefore, these people develop a fracture
either because they cannot control their
motor apparatus with sufficient speed to
save themselves or they can no longer decide
whether or not there is a hazard and, if there
is, what action to take. Thus the elderly
individual with slowed mental processes due
to cerebral arteriosclerosis or other cause
either will pot judge adequately the danger
of some situation or will have such impaired
reflex responses that he is unable to save
himself from a fall. However, part of the
problem s in neuromuscular control. Jokl,
in a study of 1,704 elderly active gymnasts
from 60 to 82 years of age, demonstrated
statistically that the trained elderly person
had better control of his motor apparatus
and kinesthetic mechanism than the un-
trained one, or even the untrained young
person. He considers that constant muscular
training throughout life has an excellent in-
hibitory effect on all manifestations of aging.
Thus, there should be a place in geriatric
medicine for systematic supervised physical
activity as a deterrent to the aging process
and the resultant susceptibility to fractures.
The other great factor that predisposes to
fractures in the aged, and the one that deter-
mines the sites of fractures in general, is
osteoporosis. This condition is probably the
chronic disease that most frequently is un-
recogmzed. Its diagnosis and treatment are
of maximum importance in the care of the
fracture itself. After the age of 60 a rather
sharp 1ncrease in fracture incidence occurs,
with the sex ratio approximately 3 females
to 1 male. Osteoporosis plays an important
role in these statistics This osteoporosis is
not due to a lack of mineral salts, as the
roentgenogram  would seem to suggest;
rather, it is due to an imbalance in the
deposition-resorption equation of trabecular
molecules. All the existing trabeculac of

bone are calcified normally. It is a decrease
in the number of trabeculae present that
produces the characteristic picture of senile
osteoporosis. Thus, in the elderly individual
with osteoporosis, the basic fault is a reduc-
tion of the protein matrix or framework on
which the calcium salts are deposited. Since
the calcium content of nermal and osteo-
porotic bone is the same per unit weight of
bone, the bone is weaker and more brittle
because the trabeculae are thinner and fewer
in number. These attenuated bony trabecu-
lag can become so weak that they are no
longer able to support the body; thus, col-
lapse can occur from body weight alone.
Spontaneous compression fractures of the
spine, seen in severe osteoporosis, and bal-
Jooning out of the intervertebral disks into
the vertebral bodies exemplify this process.
Osteoporotic bone heals more slowly than
normal bone, and, because of the thin cor-
tex, internal fixation frequently is mechani-
cally inadequate and poorly tolerated.

The etiology of osteoporosis is manifold,
but the most common factors are: (1) hor-
monal or postmenapausal osteoporosis,
which occurs in both the male and the
female but is more common jn the female;
(2) senile osteoporosis, which probably is a
combination of hormonal imbalance, 2
dietary or nutritional factor and alrop.hy
from disuse; (3) disuse osteoporosis, which
is the result of diminished activity of the
elderly person, with secondarily decreased
stress on the bone structure; and (4) an-
other form of osteoporosis, which may occur
in a single area or an extremity to which
there has been trauma or pain. .

This mechanism is seen frequently in
fractures of the wrist and occasionally of
the ankle joint, where a pain cycle is set
up with disturbance of somatic and sym-
pathetic reflex activity producing 2 vnsculzfr
imbalance and resultant osteoporosis This
is known as a reflex osteodystrophy or Su-
deck’s atrophy. Usually it is due to trauma.
Local pan and irritation of peripheral sen-
sory nerves initiate and maintamn the patho-
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togic reflex pattern. Reflex osteodystrophy
is common in the clderly age groups and
will be considered in more detail Iater.

The treatment of osteoporosis can be out-
lined as follows:

1. Replacement of cstrogen or androgen,
both of which stimulate bone formation but
have a greater cffect when combined than
when cither steroid is piven alone. The
sexual side effects also are reduced to a
minimum by combined administration. The
dosages of estrogen and androgen vary
greatly, but well-balanced proprictary drugs,
with an estrogen-androgen combination, are
available (and vitamins also) for the treat-
ment of osteoporosis in the aged.

2. A high protein dict is essential inas-
much as the basic problem is a lack of pro-
tein matrix. The importance of this protein
is demonstrated by the fact that 20 per cent
of the body protein is used in the making of
bone matrix. Once this protein trabecular
framework is laid down, the very nature of
its chemical composition is such as to pre-
cipitate immediately an cqually complex in-
organic bone salt, which normally will cal-
cify the trabecular matrix.

3. A high fluid intake is recommended
to prevent a concentration of urine and
hypercalciuria.

4. The patient should be mobilized rap-
idly, and activity should be encouraged.

5. Adequate vitamin-mineral intake is
important, but excessive calcium, phospho-
Tus or vitamin D is not necessary and may
be harmful as these may produce renal cal-
culi, In osteomalacia, vitamin D is deficient,
but in osteoporosis, it is not. All the avail-
able Pprotein matrix will calcify; thus, the
ﬂf‘-Ed is for protein and not for excessive
Vitamins and minerals.

6. Vitamin C should be given the patient

U.l large doses, as there is a definite depres-

Slon of osteogenesis with a lack of vitamin

C. It has been shown also that the patient

who has not had sufficient vitamin C over
2 period of years requires larger amounts of
this vitamin to compensate for the deficiency.

It has been our custom to give these pa-
tients as much as 1,000 mg. of vitamin C
daily.

ANESTHESIA

It is the consensus among anesthesiolo-
gists that preoperative medication in the
clderly patient should be maintained at a
minimum, and that after operation he should
be returned to the ward as alert as possible.
If regional or spinal anesthesia alone is to
be used, the belladonna drugs are not neces-
sary and, in fact, are contraindicated. Only
small doses arc administered with inhalation
anesthesia, since the secretions of the aged
are less troublesome than those of the
younger patients. Atropine is preferred,
since scopolamine may produce excitement,
especially in the presence of pain. Demerol
is recommended rather than morphine, as
the depressive properties of morphine are
considered to be out of proportion to its
analgesic effect in elderly patients.

Koons ez al found that episodes of hypo-
tension were most common with spinal anes-
thesia, and that with this there was also an
increase in the occurrence of cerebrovascular
accidents, mental confusion and mild car-
diac infarcts. Since the incidence of pneu-
monia and other respiratory complications
was only slightly greater in the inhalation
group, Koons e al. favor its use. It has
also been pointed out that the elderly patient
should be maintained on high oxygen tension
throughout the anesthetic period. Most geri-
atric patients with heart disease can with-
stand anesthesia and surgery well so long as
meticulous attention is paid to the mainte-
nance of a high oxygen tension,

Postoperative medication is very impor_
tant, and one should avoid specifically the
depressive drugs, even to the point of allow-
g the patient to experience some moderate
discomfort, pain and restlessness at night as
a price for activity. Ataraxic drugs have
proved to be most helpful in the postfrac-
ture recovery period. The necessary fluid
balance and the electrolyte and the blood
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the relatively common incidence of geriatric
fractures generally, Whitfield has noted that
older people are more susceptible to frac-
tures because they “fail to make an ade-
quate response to a hazardous situation.”
Therefore, these people develop a fracture
either because they cannot control their
motor apparatus with sufficient speed to
save themselves or they can no longer decide
whether or not there is a hazard and, if there
is, what action to take. Thus the elderly

bone are calcified normally. Itis a deceease
in the number of trabeculae present that
produces the characteristic picture of senile
osteoporosis. Thus, in the elderly individual
with osteoporosis, the basic fault is a reduc-
tion of the protein matrix or framework on
which the calcium salts are deposited. Since
the calcium content of normal and osteo-
porotic bone is the same per unit weight of
bone, the bone is weaker and more brittle
because the trabeculae are thinner and fewer
in ber. These at d bony trabecu-

individual with slowed mental processes due
to cerebral arteriosclerosis or other cause
either will not judge adequately the danger
of some situation or will have such impaired
reflex responses that he is unable to save
himself from a fall. However, part of the
problem is in neuromuscular control. Jokl,
in a study of 1,704 elderly active gymnasts
from 60 to 82 years of age, demonstrated
statistically that the trained elderly person
had better control of his motor apparatus
and kinesthetic mechanism than the un-
trained one, or even the untrained young
person. He considers that constant muscular
training throughout life has an excelient in-
hibitory effect on all manifestations of aging.
Thus, there should be a place in geriatric
medicine for systematic supervised physical
activity as a deterrent to the aging process
and the resultant susceptibility to fractures.

The other great factor that predisposes to
fractures in the aged, and the one that deter-
mines the sites of fractures in general, is
osteoporosis. This condition is probably the
chronic disease that most frequently is un-
recognized Its diagnosis and treatment are
of maximum importance in the care of the
fracture itself. After the age of 60 a rather
sharp increase in fracture incidence occurs,
with the sex ratio approximately 3 females
to 1 male. Osteoporosis plays an important
role in these statistics. This osteoporosis is
oot due to a lack of mineral salts, as the
roentgenogram  would seem to suggest;
rather, it is due to an imbalance in the
deposition-resorption equation of trabecular
molecules. All the existing trabeculae of

lae can become so weak that they are no
longer able to support the body; thus, col-
lapse can occur from body weight alone.
Spontancous compression fractures of the
spine, seen in severe osteoporosis, and bal-
looning out of the interveriebral disks into
the vertebral bodies exemplify this process
Osteoporotic bone heals more slowly than
normal bone, and, because of the thin cor-
tex, internal fixation frequently is mechani-
cally inadequate and poorly tolerated.

The etiology of osteoporosis is manifold,
but the most common factors are: (1) hqr-
monal or postmenopausal osteopoross,
which occurs in both the male and the
female but is more common in the temfile;
(2) senile osteoporosis, which probably Is a
combination of hormonal imbalance, 2
dietary or nutritional factor and atmghy
from disuse; (3) disuse osteopomsis, which
is the result of diminished activity of the
elderly person, with secondarily decreased
stress on the bone structure; and (4) an-
other form of osteoporosis, which may oct_:ur
in a single area or an exm?mity to which
there has been trauma or pain. X

This mechanism is seen frequently 10
fractures of the wrist and occasionally of
the ankle joint, where a pain cycle is set
up with disturbance of somatic and sym-
pathetic reflex activity producing a yascul:fr
imbalance and resultant osteoporosis. This
is known as a reflex osteodystrophy or Su-
deck’s atrophy. Usually it is due to trauma.
Local pain and irritation of peripheral sen-
sory nerves initiate and maintain the patho-



Anosthesia 23

logic reflex pattern. Reflex osteodystrophy
is common in the clderly nge groups and
will be considered in more detail later,

The treatment of osteoporosis can be out-
lined as follows:

1. Replacement of cstrogen or androgen,
both of which stimulate bone formation but
have @ greater effect when combined than
when cither steroid is given alone. The
sexual side cffects also are reduced to a
minimum by combined administration. The
dosages of estrogen and androgen vary
greatly, but well-balanced proprictary drugs,
with an estrogen-androgen combination, are
available (and vitamins also) for the treat-
ment of ostecoporosis in the aged.

2. A high protein dict is cssential inas-
much as the basic problem is a lack of pro-
tein matrix. The importance of this protein
is demonstrated by the fact that 20 per cent
of the body protein is used in the making of
bone matrix. Once this protein trabecular
framework is laid down, the very nature of
its chemical composition is such as to pre-
cipitate immediately an cqually complex in-
organic bone salt, which normally will cal-
cify the trabecutar matrix.

3. A high fluid intake is recommended

to prevent a concentration of urine and
hypercalciuria.
_ 4. The patient should be mobilized rap-
idly, and activity should be encouraged.
5. Adequate vitamin-mineral intake is
Important, but excessive calcium, phospho‘
TUs or vitamin D is not necessary and may
be harmful as these may produce renal cal-
culi. In osteomalacia, vitamin D is deficient,
but in osteoporosis, it 1s not. All the avail-
able protein matrix will calcify; thus, the
need 1s for protein and not for excessive
Vitamins and munerals.

6. Vitamin C should be given the patient

Inlarge doses, as there is a definite depres-
Ston of osteogenesis with a lack of vitamin
C. 1t has been shown also that the patient
Who has not had sufficient vitamin C over
a period of years requires larger amounts of
s vitamin to cc for the deficiency.

It has been our custom to give these pa-
tients as much as 1,000 mg. of vitamin C
daily.

ANESTHESIA

It is the consensus among anesthesiolo-
gists that preoperative medication in the
clderly patient should be maintained at a
minimum, and that after operation he should
be returned to the ward as alert as possible.
If regional or spinal anesthesia alone is to
be used, the belladonna drugs are not neces-
sary and, in fact, are contraindicated. Only
small doses are administered with inhalation
anesthesia, since the secretions of the aged
are less troublesome than those of the
younger patients. Atropine is preferred,
since scopolamine may produce excitement,
especially in the presence of pain. Demerol
is recommended rather than morphine, as
the depressive properties of morphine are
considered to be out of proportion to its
analgesic effect in elderly patients.

Koons et al. found that episodes of hypo-
tension were most common with spinal anes-
thesia, and that with this there was also an
increase in the occurrence of cerebrovascular
accidents, mental confusion and mild car-
diac infarcts. Since the incidence of pneu-
monia and other respiratory complications
was only slightly greater in the inhalation
group, Koons et al. favor its use. It has
also been pointed out that the elderly patient
should be maintained on high oxygen tension
throughout the anesthetic period. Most geri-
atric patients with heart disease can with-
stand anesthesia and surgery well so long as
meticulous attention is paid to the mainte-
nance of a high oxygen tension.

Postoperative medication is very impor-
tant, and one should avoid specifically the
depressive drugs, even to the point of allow-
ing the pmient. to experience some moderate
d|sco‘mfort, pain a‘nd restlessness at night as
a price for activity. Ataraxic drugs have
proved to be most he]pful in the postfrac-
ture recovery period. The necessary fluid
balance and the electrolyte and the blood
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requirements are handled in the usual man-
ner, care being taken not to overload the
circulatory system by rapid parenteral
administration,

TREATMENT OF SPECIFIC
FRACTURES

Fractures of the Wrist. The distal por-
tion of the radius is one area of the skele-
ton in which rarefaction occurs routinely
with advancing years. This bone not only
becomes weak but also brittle; thus, severe
comminution occurs often. Although this
fracture is commonplace, it does not en-
danger life or require prolonged hospitaliza-
tion; nor does 1t even interfere with ambula-
tion. Nevertheless, 1t should be regarded
with particular care, as the end-results in the
elderly patient may be crippling. The usual
fracture seen in this area is about 1 inch
proximal to the articular surface of the
radius, with comminution and impaction of
the fragments and dorsal tilt of the distal
fragment. The ulnar styloid process may
fracture, or the ulnar collateral ligament
may be avulsed Usually, it 1s not difficult
to obtain a satisfactory manipulative reduc-
tion, but frequently it is very difficult to
maintain full correction, particularly radial

Fic. 1. Typical Colles
fracture 10 weeks after
reduction in elderly
male. Patient has full
finger, elbow and shoul-
der function, practically
complete restoration of
all wrist movements and
essentially no discom-
fort. Moderate radial
shortening and dorsal
tilt are entirely com-
patible with adequate
function. Attempts to
maintain more neatly
perfect osseous anatomy
using multiple-pin fixa-
tion, continuous traction
technics or intramedul-
lary pins cannot be justi-
fied in this age group-

length. In treating this fracture one must
remember that the clinical result does not
always coincide with the roentgenograms.
There are patients who apparently have an
excellent anatomic result, as shown by
roentgenogram, yet who present a poorl.y
functioning wrist. Others have a final post-
tion with considerable shortening and even
moderate dorsal tilt but have regained ex-
cellent function without pain. The aim of
treatment, then, is to obtain a wrist and a
hand free of pain with approximately normal
function and good appearance.

Of secondary importance is cosmesis. In
the very elderly patient who has an impact'cd
Colles’ fracture with very little dorsal ilt,
one may decide to accept the deformity and
immobilize the patient for a short period .Of
time without manipulation, allowing h.xm
rapid restoration of function and ignoring
the slight deformity observed clinically fmd
by roentgenogram. However, in the major-
ity of patients, it is necessary to mnmp}!la‘e
the wrist under brachial block anesthesia of
general anesthesia; then to cast the extremity
to the mid humerus with the wrist in mod-
erate flexion and ulnar deviation, with th:
forearm in pronation and the elbow at 90
flexion.
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Fia, 2. Typical intra-
capsular hip fracture in
an clderly female 8
months after reduction
and nail placement. The
paticnt has resumed cs-
sentially the same activ-
ity enjoyed prior to
sustaining the fracture.
Remaining objective dis-
ability is very slight loss
of Jeg length and abduc-
tor weakness with mild
limp when fatigued,

It is extremely important that the cast be
short enough to provide full flexion and ex-
tension of the fingers. The metacarpopha-
langeal joints should be completely free so
that full active motion can be obtained.
Finger motion should be encouraged imme-

not been necessary to immobilize this frac-
ture any longer than 6 weeks at the maxi-

mum. Some authors use skeletal traction
by means of the thumb or the metacarpals
to maintain the length of the fragments and
prevent settling. Generally, this method has

diately upon awakening from anesthesia
The patient should remain in the hospital
overnight, at least, the arm elevated by sus-
pension and a careful check kept on circu-
lation. Elevation should be reduced gradu-
ally over the next several days. The posi-
tion of the fragments should be checked by
roentgenogram in 1 week. If the cast has
become loose and the deformity is recurring,
the cast can be changed carefully at this
time. Otherwise, 3 weeks from the time of
the initial fracture the cast should be
changed and a new short below-elbow cast
applied which is left on for an additional
3 weeks.

Careful attention should be directed con-
tinually to full motion of the fingers and the
shoulder. In some elderly patients, in whom
the fracture is quite comminuted and short-
ening is present, immobilization may be dis-
continued in approximately 4 weeks. It has

been ful, inasmuch as it rarely
prevents final settling of the fragments, and
the risk of permanent stiffness due to the
immobilization may be great. Again it
should be stressed that radial shortening
does not necessarily compromise a good
clinical result. In an occasional patient in
whom radial shortening is severe, discom-
fort may be felt at the ulnar styloid due to
impingement at the wrist joint or to tension
periostitis of the ulnar collateral ligament
insertion. In these patients it is necessary
occasionally to resect the distal portion of
the ulna. Following this procedure the wrist
and the fingers can be mobilized again
quickly to obtain full function,

Neurovascular dystrophy (Sudeck’s atro-
phy) is encountered occasionally with com-
plaints of pain, coldness and stiffness of the
fingers. If treatment has been prompt, and
the postreduction care as outlined has been
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FiG, 3. Typical com-
munuted  intertrochan-
teric hip fracture 1n an
elderly male 8 months
after injury. The patrent
has been on full weight-
beaning with cane as-
sistance for the past 4
months.  Activity, in-
cluding standing and
walking, is urged tomax-
imum tolerance, even
though union of the
fracture still is not com-
plete. The adequate in-
ternal fixation sufficient-
ly protects the healing
fractures to a degree
that relatively early su-
pervised partial weight-
bearing is beneficial
rather than harmful

Fic. 4. Prosthetic
head replacément for
ntracapsular hip frac-
ture in older diabetic
patient, Illustration in-
dicates status of pros-
theses 2 years after in-
sertion, The patient
walks comfortably with
out crutch or cane anc
with a barely perceptible
Iimp. She experiences
very lutle discomfort,
even after fairly long
pertods of weight-bear-
ing. Motion of the hip
is nearly normfll, and
physical activities ap-
proach the prefracture
status. Treatment Of
fractures by prosthetic
replacement has a rela-
tively wide field of use-
fulness in elderly pa-
tients,
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The late treatment of ununited fractures
of the femoral neck and the care of those
individuals who develop femoral head ne-
crosis will not be considered. With proper
management of the fracture initially, whether
by appropriate internal fixation or by pros-
thetic replacement, approximately 85 per
cent of all patients should proceed to frac-
ture healing and/or surgical recovery with-
out complications and with reasonable res-
toration of their physical activity before
fracture.

Intertrochanteric hip fractures also are
treated by primary internal fixation. A
wide variety of well-designed nail-plate and
blade-plate appliances are available. The
operation is of greater magnitude than nail
placement in fractures of the femoral neck;
nevertheless, operative mortality and mor-
bidity still are negligible when facilities are
adequate and the meticulous attention to
detail so important in elderly patients is
given.

Approximately one fourth of all intertro-
chanteric fractures are so extensively com-
minuted, or the bone is so osteoporotic, that
mechanical fixation by blade plate and
screws is unsatisfactory. For patients with
this type of fracture the well-leg traction
technic is used. A Steinmann pin is inserted
through each distal femur, under local anes-
thesia if one wishes to avoid general or block
anesthesia; then each leg is placed in a well-
padded long-leg cast and the pins are firmly
incorporated in the plaster, as outlined in
the Roger Anderson technic., After the
plaster has set, a well-hip type of splint is

attached to the casts, and traction, abduction
and internal rotation are accomplished grad-
ually over the next several days. Very satis-
factory reduction usually is obtained with-
out difficulty. The patient may sit up in
bed and be up 1n a wheel chair a day or two
following surgery. The casts are trimmed to
permit both active ankle and foot movement
as well as quadriceps setting and passive
patellar massage The splint, the casts and
the pins are removed after 8 to 10 weeks.

Knee movement then is regained, and ambu-
lation js permitted gradually over the next
several weeks, We have had relatively little
difficulty with knee stiffness, even in patients
whose knces are moderately arthritic, Well-
leg traction should be used in preference to
open reduction when there is any question
as to cither the patient’s ability to withstand
the surgery or the mechanical suitability of
the fracture for internal fixation.
Fractures of the Humerus. Commi-
nuted fractures through the proximal hu-’
merus are frequent among older people and
require a particular course of management
if painless shoulder function is to be re-
gained. As O'Brien points out, the key to
this treatment is simplicity, and early motion
is the goal. When a reasonable alignment
of fragments has been achieved, the arm is
supported gently by a sling and swathe
alone, and a mild analgesic medication is
given to control pain. The patient s per-
mitted to get out of bed the day following
injury and is encouraged to sit or stand as
much as possible and to sleep in a semi-
sitting position so that the weight of the
arm exerts gentle traction. On the second
or the third day the entire arm is removed
from immobilization, and S-minute super-
vised gravity exercises are carried ou't 5 to
6 times daily thereafter. Mobilization is
increased as rapidly as it is tolerated, and
an ordinary sling is used after the first we.ek.
Minor fragment offset and angul:ztion or im-
paction are disregarded. Assisted  wall-
climbing exercises are started after 10 days
to 2 weeks. Most patients can feed them-
selves comfortably and place the hand above
the head after 5 to 6 weeks. After the fourth
week, the sling should be discarded cn.tire])".
Healing usually is complete and motion Is
regained largely within 3 months. Th.e sling
and swathe are discarded as early in }he
postfracture period as comfort permits.
When the humeral head tends to subluxate
downward, it is advisable to maintain s}ing
support for several weeks during the. time
that the patient is up or walking or sittng.
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Fi6. 6 Healing spontancous compres-
sion fractures of the spine tn an elderly
female. The degree of osteoporosis and
degenerative changes present 1s about av-
erage for this age group. Reduction of
fractures 1s not attempted. Splinting by
corset or hight brace suffices Treatment
1s directed largely toward maintenance of
adequate physical activity, proper nutri-
tion and improvement of bone structure.

sion and the correction of the basic pathol-
ogy, i.e, osteaporosis  Attempts at reduc-
tion with hyperextension and cast fixation
are to be avorded Bick and Copel demon-
strated 35 cases of mampulative reduction

in aged people, and in only 1 case was there
roentgenographic evidence of significant
correction of the deformity, This was com-
pletely lost by the time the second roent-
genogram was taken, despite adequate
immobilization. Thus, manipulation is un-
productive of any correction of the deformity
and is further contraindicated because the
necessary postmanipulation immobilization
will produce further osteoporosis. A well-
fitted brace or brace-corset will immobilize
the back sufficiently. Bed rest may be nec-
essary for a few days, but any prolonged
bed rest is contraindicated, as it will only
increase the pre-existing osteoporosis. Occa-
sionally patients develop paralytic ileus and
will respond to return flow enemas, Prostig-
min and the usual measures, The patient is
allowed out of bed wearing the support, and
an active exercise regimen is ordered. The
osteoporosis is treated energetically. This
should include increased activity, a high
protein diet, large amounts of vitamin C, and
estrogen-androgen therapy. None of these
measures should be neglected, and, if car-
ried out properly, the patient will soon be
comfortable. Bracing may be discontinued
when the patient is comfortable and muscle
tone is good.

With this plan of management these old?r
people shortly will become asymptom.ahc
following compression fractures of the spine.
Relief of the pain and muscie spasm must
be followed by the long-range measures out-
lined if the patient is to remain comfortable
and subsequent fractures are to be avoided.
Hormone therapy particulatly should be
maintained for long periods.

CONCLUSIONS

Suceessful management of fractu
aged a shift of
from precise restoration of bony amatomy
and toward the total problem, ie., resump-
tion of maximum activity, self-sufficiency
and comfort. Total patient care is s0
planned and executed that normal physio-

res in the
away
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del trabeculas es reducite a infra le norma,
le osso mesme es debilitate. Iste defecto es
primarimente un question de deficientia que
concerne le matrice proteinic del osso. Le
tractamento del osteoporosis consiste de (1)
le reimplaciamento de! hormones estrogenic
e androgenic, usualmente administrate in
combination, (2) alte valores in le ingestion
de proteina con le objectivo de restablir un
adequate matrice proteinic, (3) adequate
provision de fluidos pro prevenir hypercal-
ciuria, (4) adequate nivellos del ingestion
de vitaminas e minerales con forte quanti-
tates de vitamina C, ¢ (5) exercitios active
con prompte mobilisation del paticnte.

Le plus meticulose attention prestate a
omne detalios pre- e postoperatori insimul
con le correcte selection del anesthesia rende

possibile que mesmo debile patientes de
etate avantiate supporta salvemente le ma-
joritate del indicate major manovras chirur-
gic, como per exemplo le fixation interne de
fracturas coxal o prosthetic reimplacia-
mentos del capite femoral o humeral.
Quatro typos de fractura—coxal, carpal,
proximo-humeral, e spinal — constitue le
grande majoritate del fracturas in patientes
geriatric. Cata un de iste grande gruppos
es considerate relative al prompte mobilisa-
tion del patiente, al rapide restauration de
acceptabile grados de functionamento, e al
evitation de difficultates ¢ complicationes
que frequentemente comencia per parer
minor ¢ plus tarde fini per provar se disas-
trose. Un ben-planate programma thera-
peutic servi a render le tractamento de omne
iste fracturas satisfacente e gratificante.
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Patellectomy in the Geriatric Patient

H. H, Boucnegr, M.D.CM,, M.Sc.*

The original work of Broohe! suggested
that excision of the patefia would be fol-
fowed by pood function. The results in a
personal series of over 100 cases reported
by the author® were most encouraging, and
further experience has proved the value of
the operation.

This chapter deals with 76 persons of 50
years of age or over when operated upon or
who, having been operated upon, are now
in that age group. (Only § were women.)
The follow-up ranges from 1 to 12 years and
averages 7 years,

Between 50 and 60 years of ag¢. .. ... vnnt st
Between 60 and 70 years of age. . L. 19
Over 70 years of age. ... oeeeeonaniins 6
76

INDICATIONS

Other than for gross trauma (13 in this
series had fracture of the patella), patellec-
tomy usually is dome for chronic malacia.
Only 5 patients were women, which sug-
gested that trouma was a major factor in
the development of malacta, When this is
associated with jnstability and deformity of
the knee, the indication for surgery must be
made with caution. However, m well-
selected cases of this nature, the operation,
when followed by the use of some simple
e ——

* Seriior Octhwpaedic Surgean, Shaughnessy Hos-
%am_ Department of Veterans Affairs, Vancouver,

- = Assistant Clinical Professor, Unversity of
British Columbig. Y

Exl

form of support such as the tensor bandage,
has given worth-while improvement (Fig.
1). If there is gross instability in a rela-
tively young and active person, a stabilizing
operation such as the tenodesis of McMur-
ray* should precede or follow patellectomy.
This operation has been found to add a good
measure of support not only when there is
lateral instability but when there is antero-
posterior relaxation as well,

DIAGNOSIS

Foliowing injury to the patella not accom-
panied by fracture, the diagnosis may remain
in doubt until the signs and symptoms of
malacia are obvious. Chronic disabling ma-
lacia usually is recognized readily. The
complaints are mainly pain and swelling
after activity. Pain often s severe when
going up or down steps or inclines. On
examination excess fluid is found, with
coarse patellar crepitus on motion aggra-
vated by resistance. Following aspiration,
shreds of degenerated cartilage frequently
are seen floating in the synovial fluid.

OPERATION

The patella is removed readsly through a
marginal incision, medial or lateral, of about
its own length. It is shelled out by careful,
sharp dissection, protecting the tendon.
Closure is done as for routine arthrotomy,
and no attempt is made to “bunch” the
tendon unless it has been damaged by in-
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FiG. 3. (Top and lmltom) Patient aged 61.

The patient works at an oil refinery, climbs
towers as part of his job and rides a bicycle
in the evenings for exercise.

ASSOCIATED INJURY OR DISEASE

Torn meniscus ... . 23
Ligamentous msmbnlny . B
Malacia of temoral condyles .21
Loose bodies . . . .............. 5

New bone formauon in pntcl]ar tendon

It was interesting to note the frequency of
coexisting conditions in the knee. Tear of a
meniscus or strained or ruptured ligaments
may have been accompanted by injury to
the patella and followed by malacia. Long-
continued pressure of excess fluid in the joint
probably is a factor in producing fibrillation
of articular cartilage, and frequently chronic
synovitis exists in the presence of a torn
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F1G. 4. Veteran 75 years of age. Patel-
lectomy in April, 1953, with removal of
loose body, probably arising from injury

to the patella. Examined May, 1957.
Healthy stable knee with full active range,
almost full muscle volume. Is helping his
son to build additior to house, states that
knee 15 wonderful. Has no complaint.
Banged knee on wooden stool to show it
was not tender to kneel on.

meniscus or of instability due to damaged
ligaments. Loose bodies may have arisen
from direct injury to the patella (Fig. 4}, or,
having been derived from the synovia and
delivered into the joint, may have caused
malacia through repeated trauma. A direct
blow or a strain may have caused acute in-
jury to the articular surfaces of the patella
and the femoral condyles (Fig. 5), while
injury to one may cause degeneration of the
contacting surface of the other during
gliding motion,

RESULTS

1. Health of Joint. It was common to
find that the usual preoperative complaint
of pain and swelling had disappeared. It
was rare to find heat, soft-tissue thickening
or excess fluid, and crepitus was less and
not wfrequently absent.

Fic. 5. Patient aged 16. Simple strain
caused fracture of patella and lateral fem-
oral condyle: loose bodies; lateral femorat
condyle; patelia,

2. Motion. Full active extension without
lag could be anticipated and usually was
not difficult to obtain. A temporary lag was
not uncommon, due to inhibition, but only
3 showed a permanent Jag, and this was less
than 5° in 2 cases and 10° in the other.
Flexion was obtained readily following exci-
sion for malacia, but it was delayed and
sometimes limited after immobilization fol-
lowing fracture and rupture of the tendon
and the aponeuroses.

3. Muscle Volume. Only 10 patients
recovered full quadriceps volume, and slight
to moderate atrophy was common. The
greatest loss was over 2 inches in volume,
the average being .71 inches. Failure to
recover full volume in an active patient was
not disabling, as with good tone there
seemed to be ample power.

4. Power. It was common for patients
to complain of weakness easly in their con-
valescence. Generally this occurs in arthrot-
omy of the knee but persists longer after
patellectomy, the chief complaint being a
fear of sudden collapse in flexion. This com-
plaint disappears gradually and rarely per-
s.ists, so that on making follow-up examina-
tions one was impressed by the power and
the confidence displayed. On direct ques-
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et o)

FiG. 6. Railway employee aged 53.
Gross malacia of patella.” Operation—
patellectomy March, 1952. Examination
June, 1957. Returned to former occupa-
tion of switch foreman. Jumps on and
off boxcars without trouble. Knee healthy,
stable, powerful, full active range, ¥%-in.
atrophy of thigh. No tenderness on kneel-

ing.

tioning a few patients stated that they had
noticed some weakness in getting up from
a sitting position, but no one voluntarily made
this complaint.

5. Activity. These patients remained ac-
tive in keeping with their age—some sur-
prisingly so. Several stated that the knee
operated upon was now the best knee. If
active prior to surgery, it was not uncom-
mon for the patient to return to his former
occupation (Fig. 6).

INTERESTING CASES

Mrs. A. C. At the age of 60 she complained
of a grossly swollen and painfu} knee of several
years’ duration. Clinical examination suggested
chronic willous arthritis. In November, 1950,

when patellectomy and synovectomy were done,
there was gross destruction of the patella, and
the shaggy, faded chocolate-brown appearance
of the synovia suggested that the clinical diag-
nosis was correct, The report of 2 pathologists,
however, was that it was tuberculosis

The paticnt was seen in April, 1957. At this
time the knee was healthy with full active exten-
sion, flexion to 60°, stable, no crepitus and -
inch atrophy of the quadriceps. The pathologic
sections were reviewed by the same 2 patholo-
gists, and, in spite of the clinical picture today,
they feel certain that their diagnosis was correct.
There was no evidence of tuberculosis elsewhere
in the body at the time of surgery, and no anti-
biotic treatment was given.

Mrs, M. M. W. This short, heavily-built and
overweight woman of 42 (weight 200 1bs) had
a right pateliectomy done in 1949 for malacia,
with an excellent result. She returned in 1956
with clinical evidence of gross malacia in her
other knee, and the patella was removed with
what would appear to be a good early result.

Mr. A. S, In 1953, at 64 years of age, patel-
lectomy and synovectomy were done in the left
knee for a clinical diagnosis of chronic villous
arthritis, confirmed by pathologic examination.
The patient was examined in April, 1957, then
68 years of age, and the knee was healthy and
stable, with full active extension and almost full
flexion with no crepitus. He states, “Itis a good
knee.”

Mr. M. M. In July, 1951, at 58 years of age,
he suffered a compound fracture of the left pa-
tella. The lesser fragment was removed else-
where, and the tendon was repaired. Infection
followed, and he was referred for treatment.
Examination showed profuse discharge of thick
pus, and there was osteomyelitis of the remain-
ing fragment with 2 sinuses and a visible defect
in the patellar tendon. In December, 1951, the
remaining fragment was femoved, no attempt
being made to repair the tendon, Marked reac-
tion of soft fissue and a gross defect in the
patellar tendon were seen. No cast was UseG,
and active exercise was begun almost jmmedt-
ately. o
Late in January, 1952, Atehablhtauon was
begun, during which the patient fell on Fcbrl\)l'
ary 6 and suffered an intertrochanteric and sub-
trochanteric fracture of the same femur. A
Smith-Petersen nail and a McLaughlin plate
were used Infection of the wound was 2 compli-
cation. On May 27, 1952, he fell while exercs-
ing and fractured the distal shaft of the same
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femur. This was treated conservatively. On No-
vember 15, 1952, he was written ofl by'lhc
Workmen's Compensation Board on the basis of
time foss and given a P.P.D. award. At that time
the knee scemed (o be healthy, with active ex-
tension to 170° no lag, flexion to 70° and fair
strength,

Mr. C. J. H. Fractured patella in 1944;
only 30° of flexion following open reduction.
Refractured patella in 1946; followed by exci-
sion. Many intra-articular adhesions were found
at operation. Now 55 years old, heisa bulc}?er
and also ruas a farm. The knee is healthy, active
range of mation is from 180° to 70°, there is
v4.inch atrophy of the thigh, and the patient is
very pleased with his knee.

Mrs. E. A. On June 20, 1954, at the age of
68, this woman suffered a comminuted fracture
of the patella with complete rupture of the apo-
neuroses. The patella was excised, and the ten-
don and the aponeuroses were repaired. When
examined on May 8, 1957, then 71 years old,
this patient had a healthy, stable, powerful knee
with full active flexion and extension,

Mr. R. 5. B. (age 74). This patient suflered
a gunshot wound in World War I, the result
being a short right leg and a stiff knee, In 1937
he fell and fractured the right patella. Open
reduction was done, and extension was com-
plete with flexion limited to 110°. In 1952 he
fell again and fractured the same patella with a
complete rupture of the aponeuroses. The pa-
tella was T 3, and the were

. + . PP
repaired with fasciz lata. He was examined in

May, 1957. The knee is healthy with flexion
to 100° and a lag of extension of 10°. The
patient complains of weakness and would prefer
Tus knee as it was prior to his last injury.

Mr. H. J. C. In November, 1952, a1 66
years of age, pateil y and i
were done. Malacia of patella, medial femoral
and tibial condyles and a torn medial meniscus
were found. Examined on May 7, 1957, he
bad 2 healthy knee, full range of motion, full
volume of muscle, no crepitus. His Ppresent oc-
cupation 1s census-taker, on foot.

SUMMARY

The results of patellectomy in a group of
76 persons of 50 years of age or over are
given. The main indications for operation
are fracture and malacia. The diagnosis is
made on physical findings. The operation is

simple, the patelfa being “shelied” out care-
fully by sharp disscction, aad, unless the
tendon is torn, no “bunching” is done. A
splint is not usually applied, and early activ-
ity is cncouraged. The average time of re-
turn to moderate activity is somewhat longer
than after simple arthrotomy, even in
younger patients, and improvement gener-
ally continues over a period of 1 or more
years, Postoperative rupture of the tendon
occurred twice, and new bone formation in
the tendon was troublesome in 1 patient.
Malacia of the patella frequently is asso-
ciated with a torn meniscus or damaged
ligaments, and varying degrees of degenera-
tion of the femoral condyles are common.
The results were uniformly good, with dis-
appearance of excess fluid and pain and a
lessening of crepitus. Tenderness on kneel-
ing was seldom a complaint and rarely per-
sisted. A few complained of weakness in
getting up from the sitting position early in
the convalescent phase, but in the final ex-
aminations for this report no patient offered
this complaint voluntarily. As these patients
reported on request, for long-term follow-up
enquiry, it was abvious that they were very
willing to come and were well pleased with
the result of operation. Thus, to visit one
of these patients, or 1o have one turn up at
the office, became one of the brighter
moments of the day.

CONCLUSION

Paellectomy in the geriateic patient is a
good operation.
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Patellectomia in le Patiente Geriatric

Summario in Interlingua

Ablation del patella esseva effectuate in
76 patientes de etates de 50 annos o plus.
Le principal indication esseva malacia, Sol-
mente 13 habeva suffrite lesiones ossce. Le
seric total includeva non plus que 5 feminas.
Isto suggere que trauma es un factor major
in le disveloppamento de malacia, In deter-
minar si o non patellectomia es indicate, le
etate del patiente es minus importante que
le stato de su sanitate e le grado de su acti-
vitate. Le genu deberea esser stabile. Un
deformitate var suggere le presentia de alte-
rationes degeneratori que se provara proba-
bilemente como progressive. Le operation
es simple. Le patella es simplemente “eco-
chleate” per acute ¢ caute dissection con le
minimo possibile de insulto al tendine pa-
tellar. Iste tendine non es fasciculate,
excepte quando illo es severmente ledite.
Nulle apparato es usate post le operation,
excepte quando le tendine ha essite grave-
mente vulnerate o quando le sanguination
post-operatori es excessive o persistente.

Aspiration e application de apparatos pote
prevenir le formation de sinos. Activitate es
tosto incoragiate, providite que nulle com-
plication lo prohibi. Ruptura del tendime
occurreva in duo patientes durante lor con-
valescentia, Illo esseva tractate per reparo
aperte con bon resultatos. Neoformation de
0sso in le tendine non es incommun. In rar
casos illo attinge un grado invalidante. In
un patiente il esseva necessari remover un
portion marginal, sed quando iste patiente
esseva re-examinate sex annos plus tarde,
ille habeva nulle gravamines. Le resultato
final in patientes active es usualmente bon.
Le signos e symptomas de malacia dispare
o se reduce, Le restablimento del complete
extension active con bon fortia e un bon
grado de flexion pote esser expectate. Un
certe grado de persistente atrophia del qua-
dricipite es commun, sed bon tono e bon
fortia co-existe con illo. Le autor opina que
iste operation, portate a su attention per le
Jlabor de Brooke, es un manovra de valor
positive.
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AND J. Garth MooNEY, M.D.*

The end-result study of Vitallium cup
arthroplasties of the hip was done on cases
on which the authors operated over a 16-year
period. The first operations were performed
in 1940; the last cases included in the group
were done in June, 1956, After examina-
tion of these cases we found that 101 pa-
tients qualified for this pasticular end-result
study. Cup arthroplasties were done on 8
of these patients on both sides, making a
total of 108 cup arthroplasties performed on
101 patients.

The patients in this series varied in age
from 16 to T2 years. Seventy-two of these
patients were between the ages of 30 and
70. Sixty-five of the 101 patients were
males.

In the majority of cases the patients pre-
sented themselves with the chief complaint
of progressive disabling pain in the hip. The
average duration of symptoms was 8.7
years. In a few cases the hip joints were
fused solidly by bony ankylosis. In other
cases there was only a few degrees of mo-
tion, which was extremely painful. Ninety-
two per cent of the cases had flexion de-
formity of at least 25°, and usually there

* The authors are on the staff of the Seattle
Orthopaedic Clinic, Seatile, Washington.
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was some degree of adduction as well. One
extreme case presented a fiexion deformity
of both hips with fixed ankylosis in 130° of
flexion. In all cases there were varying de-
grees of limitation of abduction and internal
and external rotation. The average follow-
up period was 3.9 years.

In 55 patients the diagnosis was osteo-
arthritis without specific cause. Of these 55,
14 had bilateral hip-joint involvement.

Table 1 indicates the diagnosis in the
cases reviewed for follow-up study. Septic

TasLE 1. D1acNosis oF Hip PATHOLOGY IN
101 PATIENTS

PATIENTS

Osteoarthritis, unknown cause ..... 55
Septic arthritis ............. 8
Congenital dislocationst . 8
Slipped epiphyses ........... 1
Arthrokatadysis (Otto’s pelvis) . 2
Old Perthes’ disease of the hip ...... 2
Rheumatoid arthritis with Marie-

Strumpell spine ............... 12
Fracture dislocations ............. 5

Fracture of neck of femur with avas-
cular necrosis

T Those hips showing mild ar moder:
3 dysplasia and i
in the group of osteoarthritic hips.

ate degree of
were classed
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arthritis accounted for 8 cases in our group.

A history of congenital dislocation with
apparent successful early treatment ac-
counted for 8 cases. Four of these 8 con-
genital hip dislocations were bilateral. One
case revealed bilateral shallow acetabuli of
marked degree without actual dislocation.

There were six cases with definite history
of a slipped capital epiphysis; in this group
3 cases were bilateral.

Two patients presented a marked degree
of arthrokatadysis, or Otto’s pelvis. How-
ever, in several of the cases of osteoarthritis
without definite cause there were varying
degrees of intrapelvic protrusion of 1 hip
and sometimes both hips.

An old history of Perthes’ disease of the
hip accounted for 2 cases in our series.

There were 12 cases of definitely diag-
nosed rheumatoid arthritis. In all 12 there
was some degree of involvement of the spine,
the sacro-iliac joints and some of the other
joints in the body. Six of them had painful
involvement of both hips. In 1 case there
was complete ankylosis of both hips without
pain, and the operation was performed to
correct the extreme amount of deformity.

Fracture dislocations of the hip were the
cause of degenerative changes in 5 cases.

Aseptic necrosis of the head of the femur
following fracture of the femoral neck is
accountable for the symptoms in 2 cases.
Those cases of avascular necrosis following
fracture of the neck of the femur, which re-
quired a Colonna or a Whitman reconstruc-
tion using a Vitallum cup, were not in-
cluded in this series.

SURGICAL TECHNIC

The surgical technic of these operative
cases varies over the 16-year period covered
in this survey. The cases in which operation
was performed between 1940 and 1950 fol-
lowed closely the classic method described
by Smith-Petersen. However, beginning
about 1950, this group of orthopaedists
began to modify the procedure in several

respects. First, they began to use the pos-
terolateral approach to the hip joint.
Through this approach they found that they
were better able to dislocate the hip quickly
with less loss of blood and without having
to remove as much of the acetabular rim,
if any.

Through this posterior incision it was
found to be extremely helpful to remove the
tip of the greater trochanter with the abduc-
tor muscles. This was done in all cases
except 2 in this series operated upon since
1950. It became apparent to us, as we did
more arthroplasties through this posterolat-
eral approach, that previously we had paid
too little attention to the normal mechanics
of the hip joint. Before 1950 we had sacri-
ficed a great deal of bone over the head of
the femur and almost routinely had taken
all the cartilage and the subchondral bone
out of the acetabulum, This, we have found,
further shortened the already inadequate
lever arm of the abductor muscles. In most
cases of degenerative arthritis the lever arm
is so shortened as a result of wear of the
acetabular cartilage and the cartilage on the
head that the hip is decompensated from a
mechanical standpoint. Therefore, we made
it a point to try to circumvent this by re-
attaching the trochanter downward on the
femur a sufficient amount to re-establish
normal lever-arm relationship for the abduc-
tor muscles. Sometimes this required trans-
plantation of the trochanter downward 2s
much as 1 inch from its excised position.

As more cases were done utilizing this
method, we found that it was not necessary
to remove large amounts of bone from the
acetabulum and the head of the femur. In
fact, the review seems to indicate that ﬁ_ﬂ’-
best results were obtained in those cases It
which the least amount of bone was re-
moved It occurred to us that it was unnec-
essary to drill out the cartilage from the
acetabulum unless the acetabulum definitely
needed deepening. Only in those cases in
which the acetabufum 1s poorly developed,
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or is posed at an oblique angle, is it neces-
sary to deepen the acetabulum; nor is it
necessary to shorten the length of the head
and the neck. The head can be made smaller
by reducing its size circumferentially without
reducing its length. Thus, it will accommo-
date an adequate cup and have sufficient
room for freedom of motion. By transplant-
ing the trochanter downward, more normal
tension is maintained on the abductor mus-
cles, and instability and dislocations are
prevented postoperatively. The only post-
operative dislocation in this group of arthro-
plasties occurred in a case in which the
trochanter was pulled out as the result of a
fall 2 weeks after surgery.

We have found that the rehabilitation of
the abductor muscles has come about more
quickly in those cases in which the trochan-
ter was transplanted downward to establish
a more normal abductor muscle-acetabular
relationship.

About 1950 we began removing more and
more of the capsule of the hip joint instead
of trying to resuture it after the arthroplasty.
This procedure was predicated on the idea
that most of the pain-bearing fibers of the
hip joint have their origin in the hip-joint
capsule and the synovial membrane. We
consider this concept to be practical in view
of the fact that it has not been definitely
established exactly what role endosteal bone
pain plays in the pain of osteoarthritis.
Therefore, we feel that we are removing the
vast majority of pain-bearing fibers of the
hip joint by taking out the entire capsule.
In most degenerative arthritic hip joints the
hip-joint capsule is so fibrotic and thick-
ened and avascular that itis a limiting factor
in itself in regard to motion of the hip, and
probably restricts circulation. We do not
consider it a necessary anatomic structure
for stability of the hip joint in preventing dis-
locations. Since 1950, in 95 per cent of the
arthroplasties done by this group, the capsule
was removed as completely as possible.

Another problem that has seemed to be

a great swmbling block to the function of
many arthroplasty operations  was the
amount of ncw bone formation that oc-
curred. Since about 1950 we have used in-
creasing amounts of oxidized cellulose gauze
in and round the base of the nck, under the
cup and in any other points at which ther_e
is exposed bone. 1t is our impression that it
may be helpful in preventing large amounts
of new bone formation. No proved bad
effects have been observed.

Frequently in bilateral cases it is difficult
to determine on which hip to operate first.
It has been our plan to decide on the hip
that has been the more painful. By operat-
ing on the more painful hip we found that
many of the bilateral cases got along well
for years because of the improved function
and relief of pain in the hip that underwent
surgery so that it was unnecessary to oper-
ate on the opposite side. Forty-one of the
101 cases operated upon had bilateral hip-
joint disease.

Since 1950 we have modified our post-
operative care in these arthroplasty cases.
Many of the earlier cases were placed in
plaster with traction straps inside the cast
and left in plaster for a period of 2 or 3
weeks, or even longer. Since 1950 the ma-
jority of cases have been started on early
active exercises as soon as pain would per-
mit. We have also used an arthroplasty type
of splint on a board with rollers on the splint
to allow for abduction and flexion exercises
aided by passive motion of the joint through
pulleys and ropes. Early ambulation is the
rule so long as there is a good hip on the
other side to enable the patient to use
crutches. Weight-bearing on the side oper-
ated upon is started as early as 6 weeks in
some cases. Since we have not removed so
much of the subchondral bone from the head
and out of the acetabulum, we have started
weight-bearing as soon as the abductor
muscles permitted or at the time the trans-
planted trochanter appeared by roentgeno-
gram to be firmly united.
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TABLE 2. POSTOPERATIVE COMPLICATIONS

PATICNTS

Magssive new bone formation requir-

ing removal of cut and prosthesis.. 2
Deep infection requiring removal of

the cup .. . cenee 2
Infection requiring dramage ciesees S
Temporary foot drop due to peroneal

nerve paralysis «...ooieeiiiias. 3
Thrombophiebitis .2
Fatal pulmonary embolus. e 1
Nonfatal pulmonary emboli........ 3
Marked absorption of the neck requir-

ing removal of cut and prosthesis. . 2
Dislocation into secondary acetabulum 1
Dislocation  following avulsion of

transplanted trochanter ......... 1

POSTOPERATIVE COMPLICATIONS

The postoperative complications are tabu-
lated in Table 2, In this series they have
not been numerous. Four of the earlier cases
developed such massive new bone forma-
tion round the cup which restricted motion
to such a degree that the cup had to be
removed, In 1 case there was a serious
deep-wound infection that made it necessary
to remove the cup,

Of the 108 hips operated upon in this
series, only 2 became dislocated. One of
these occurred in the group operated upon
before 1950 and the other in the group after
1950. The earlier case occurred in a pa-
tient who had had a congenital dislocation
and a secondary acetabulum had formed
above the normal site. At the time of the
operation an attempt was made to deepen
the original acetabulum to hold the cup in
the newly formed socket. The cup, how-
ever, dislocated postoperatively into the sec-
ondary acetabulum, but the end-result was
good from the standpoint of pain and range
of motion. The stability of the hip still was
poor, and the patient continued to have an
abductor limp.

The other case of dislocation occurred in
a patient in whom the trochanter had pulled

loose from its transplanted position. The

hip was manipulated into place, and the
trochanter was replaced in the transplanted
position with another screw. The hip did
not dislocate again, and the end-result was
good.

There was a total of 4 postoperative deep
infections which required drainage. One hip
had a chronic recurrent drainage for as long
as 5 years, with an ultimate good result.

Another postoperative complication was
temporary peroneal paralysis with foot drop,
which developed in 3 cases. The paralysis
in these 3 cases indicated that the probable
cause was pressure over the peroneal nerve
as a result of the arthroplasty splint during
the first few days postoperatively while the
patient was heavily sedated. Eventually all
made a full recovery.

Two patients developed a thrombophle-
bitis with prolonged excessive swelling of
the entirc extremity. One patient died of a
pulmonary embolus the day that he returned
home 4 weeks after operation, Two cases
of pulmonary emboli were not fatal.

Marked absorption of head and neck
under the cup occurred in 2 cases to sucha

TABLE 3. ADDITIONAL PROCEDURES

PATIENTS
Exciston of capsule ......coceunns 84
Acetabulum deepened or trimmed . .. 113(2’

Trochanters transplanted - . ........
Removal of the cup (usually a Whit-
man reconstruction or proslhe!lc
replacement was done. ') ..... .
Obturator neurectomies . .
Adductor tenotoruies .
Postoperative mannpulntlons i
Shelving procedures ......oevene
Section lateral cutaneous nerve uf
thigh «voeieiiiiiiiaieernnes
Replacement of the cup with prosthe-
F 1 R
Neurectomy of scratic branch of the
hip joint oo woiioiiieiaienens
Reattachment of avulsed trochanter. .
Lengthened iliopsoas - .........- .

=

* When this was done the case was classed as @
farlure of arthroplasty.
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marked degree that the cups were removed
and prosthetic replacements were inserted.

Four patients of the selected group for
this end-result study were known to be dead
as a result of carcinoma or other causes not
related to the operation at the time this
review was done,

ADDITIONAL PROCEDURES

The additional procedures are tabulated
in Table 3. In 84 of the 108 hip joints
operated upon the capsule was removed as
completely as possible (77%). We have
estimated that we were able to excise 90 per
cent of the capsule and the synovium. In
67 of the 108 cases (62% ) the acetabulum
was remolded in some form or other. Either
the edges were trimmed or the acetabulum
was definitely reamed out to remove the
roughened cartilage. In some cases it actu-
ally was deepened where needed. In 29 per
cent the subchondral bone actually was cut
through,

Several other additional procedures were
done, either at the time of the arthoplasty
operation or as a secondary procedure.
Eight cases included in this group of addi-
tional procedures are those considered to be
failures because the cup was removed for
one reason or another. Usually a Whitman
reconstruction or a prosthetic replacement
was done after the cup was removed.

Obturator neurectomies were performed
upon 9 patients for relief of adductor spasm
and pain distribution over the obturator
nerve. The adductor tendons were tenoto-
mized in 29 cases.

Postoperative manipulations were carried
out under anesthesia in 5 cases. These
manipulations were done because of a de-
forming flexion and/or adduction contrac-
ture in the early stages of healing. It ap-
pears that this procedure has no lasting
effect. Most of these cases requiring manip-
ulation of any kind ended up as failures,

A shelving procedure was done in I case
because of a grossly inadequate acetabular
1o0f, The result in this case was poor.

The lateral cutancons nerve of the thigh
was sectioned in | case because of persistent
radiating pain over that nerve’s distribution.
A section of the nerve to the posterior hip-
joint capsule from the sciatic nerve was done
in 1 case because of persistent pain over
that distribution,

METHOD OF FOLLOW-UP STUDY

As part of the follow-up study in these
101 patients, a questionnaire was sent to
cach. The questions included were intended
1o clicit the feclings of the patient about the
operation. While questionnaires sent to the
patient are helpful in deciding the end-result
in a particufar case, the conclusions cannot
be exact. Results that are established on the
basis of answers to questionnaires alone are
often erroncous. For example, a patient
with a completely stiff hip following an ar-
throplasty may be almost symptom free so
far as pain is concerned and yet may be
totally satisfied with the result. Further-
more, the answers received to questionnaires
often had to be corrected and modified at
the time the patient was interviewed because
they did not reveal the true symptomatic
picture of the patient.

Each patient then was given an ortho-
paedic examination for this end-result study.
The examiners noted particularly the fol-
lowing findings:

. Walking ability

. The degree of internal rotation

. Hip flexion

. The degree of external rotation

. The degree of extension

. Degree of abduction

. Each patient was tested to determine
whether or not he had a Ppositive or a nega-
tive Trendelenburg test.

A.method aof classifying the results ac-
c.ordmg to subjective complaints and objec-
tive .ﬁndings was worked out for each classi-
fication. Table 4 shows the criteria by which
each case was classified.

In orfier to qualify as an excellent result,
the patient’s subjective complaints should

N A W=
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Fi6. 1. (Left) A 62-year-old man who walked with crutches before surgery and had

been unable to tie his own shoe for over 10 years. He now can run up and down stairs

without the use of a hand rail and is pain free. Had 40° fixed flexion deformity of left

hip preoperatively. (Center) Ability to flex and abduct left hip is quite adequate for most

functions (Right) The left hip is stable 4 years after operation, and the patient walks
with practically no limp.

TABLE 4. CLASSIFICATION OF RESULTS

SUBJECTIVE COMPLAINTS OBJECTIVE FINDINGS
Excellent:
No pain No limp
No restriction of motion Passive and active motions as good as oppesite
Patient feels the operated hip is as good as hip
opposite hip
Good:
Minimal or no pain Negative Trendelenburg test
Walks with slight or no limp Flexes hip at least to 90°
Does not require crutches or cane Abducts at least 25°
Puts on own shoes and stockings Sufficient internal and external rotation to allow
Able to pursue a gainful occupation (f em- patient to put on shoes and stockings
Pployed before surgery—or does own house-
work
Fair:
Some pain but much mmproved over pre- Moderate limp
surgteal condition Able to flex hip 60°
Improved ability to walk Abduct 15°
May use cane but not crutches Flexion deformity of 30° allowed
Poor:

More pamn and restricted motion than before  Definite decreased range of motion
surgery Decreased abihty to walk
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Fic. 2. (Top, left) A young man 30 years of age w.uh an
anky(l;osing(sp:ndyhtis ang complete ankylo_sis of hips in this
position (about 135°). He was severe{y hnndlcapped and walked
in this position. (Top, right) After bilateral cup arthroplasty 4
years previously patient watks quite well without cane or crutches

i ition. While not a good result from standpoint of )

lbr;l;t:falpgxs-;::?cplasty, patient isg greatly improved ar}d very s:ftisﬁed.a (Bottom, IEII.) Bilateral
ankylosing arthritis’ with Marie-Strumpell spine. Hips fixed in 135° flexion. Quite marked
atrophy of bone of head and neck. (Bottomn, nghl_) Four years p(')stoperanvel)f bone he.xs held up
quite well, although there has been some shortening of neck. Hips are practically painless, but

motion is only fair.

e

reveal no pain and no restriction of motion,
and he should feel that the hip which under-
went operation is as good as the opposite,
or gormal, hip. His objective findings should
show that he has no limp, that passive and
active motions are as good as a normal hip.

To classify as a good result, subjectively
the patient has minimal or 1o pain, he walks
with slight or no limp, does not require the
use of crutches or cane, is able to put on his
own shoes and stockings, and is able to pur-

sue a gainful occupation if employed before
surgery or, in the case of a woman, is able
to do her own housework. Objectively, the
patient has a negative Trendelenburg test,
flexes his hip at least to 90° and abducts to
at least 25°. (See Fig. 1.)

In the group classified as fair, the subjec-
tive complaints included some pain, but jt
was much improved over what it was before
surgery; the patients walked better, and they
were allowed to use a cane but not crutches,
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Fig. 3. The transplanted trochanter
helps to maintain a more nearly normat
abductor muscle acetabular relationship.
The problem of new bone formation round
the cup is a difficult one to overcome.

Obijectively they had moderate limps but
were able to flex their hip to 60° and abduct
to 15°. A flexion deformity of 30° was
allowed.

The poor results subjectively showed
more pain and restricted motion than before
surgery, Objective findings verified the sub-
jective complaints, with definite decrease in
range of motion and ability to walk.

The classification of end-results in arthro-
plasties of the hip is rather complicated be-
cause of the many factors involved in each
case. A subjective evaluation of the case
alone, from questionnaires and interrogation
of the patient, often is misleading. In most
instances, the patient up-grades the result,
while the surgeon is disappointed in it. For
example, a result may be regarded as quite
successful by the patient with an ankylosing
spondylitis and bilateral hip joint ankylosis
but as a rather poor result by the surgeon in
a bilateral osteoarthritic case. (See Fig. 2.)

For ts reason it was decided that 10
qualify for this end-result study, each pa-
tient was required (1) to have undergone
operation at least 1% years previously; (2)
to answer detailed questions about his sub-
jective symiptoms, both by questionnaire by

mail and by interrogation at the time of
examination; (3) to have a complete ortho-
paedic examination within the past 2 years;

and (4) to have roestgenograms of the hip
taken if there had been none in the past
2 years.

As a result of these requirements, many
of our cases were thrown out because they
could not be located or failed to meet one
of the other requirements, We were able to
accumulate 101 patients who had undergone
108 cup arthroplasties and met these quali-
fying requircments.

The final estimate of these cases, recorded
in Table 5, was arrived at by setting a stand-
ard for the subjective and the objective find-
ings in each case and classifying it as excel-
lent, good, fair, or poor. It will be noted
that only 6 cases were classified as excellent,
and it must be emphasized that these were
unusually good results. Those cases classi-
fied as good numbered 43. Thirty-six cases
were classified as fair, and it should be noted
that a fair result was one that was com-
pletely satisfactory from both the patient’s
and the surgeon’s point of view. The poor
cases numbered 7 and included those in
which the patient was neither improved in
walking ability nor relieved of pain. Of the 8
cases classed as failures, the cups were re-
moved for one reason or another. Of these
complete failures, jt is interesting to nok
that 3 cases were in the group of old sup-
purative arthritis of the hip and 2 were frac-
ture dislocations of the hip. One was a case
of rheumatoid arthritis with a spondylitis,
and 2 cases were from the group of degen-
erative arthritis without specific cause. Three
patients included in the group are known to

TaBLE 5. END-RESULTS oF 108 CUP
ARTHROPLASTIES DONE ON 101 PATIENTS

No, CasEs
Excellent . . .......... 6 5.7
Good 43 425
Farr A 36 36.7
Poor - eel - 7 G.Z
Complete failures 9 8.
101

Total
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have dicd from other causcs not related to
the operation but were qualified to be in-
cluded in this study.

In conclusion, evaluation of end-results on
101 patients indicates that a satisfactory re-
sult can be obtained in approximately 85 per
cent of the cases selected for this particular
pracedure. The operation should be rescr.ved
for those people who ar¢ having increasing,
progressive hip-joint pain.

Our attitude may change regarding the
indication, so far as older people are con-

cerned, in that the use of a prosthesis may
be the casiest and quickest method of ob-
taining a pain-frec movable hip in a persoa
who has a short life expectancy. However,
for the most part, it appears that we should
not throw away viable bone of meck z:d
head in order to replace it with a metal
prosthesis. The end-results of the Vitallium
cup arthroplasty are sufficiently satisfactory
for its continued use. If failure occurs, usu-
ally sufficient viable bone is left for the
insertion of a prosthesis.

Studie del Resultatos Definitive
in Arthroplastias Coxal a Cuppa de Vitallium

Summario in Interlingua

Dr. med. Harry E. Emmel, Dr. med. John
F. LeCocq, Dr. med. Edward A. LeCocq,
Dr. med, Darrell G. Leavitt, Dr. mied. Harry
L. Leavitt, Dr. med. Kirk J. Anderson, Dr.
med. Henry H. Nash, e Dr. med. J. Garth
Mooney presenta un serie de 108 arthro-
plastias a cuppa de Vitallium executate in
101 patientes in le curso de un periodo de
16 annos. Le duration medie del symptomas
esseva 8, 7 annos e del observationes post-
operatori 3, 9 annos. Le ctates del patientes
variava inter 16 ¢ 72 annos. Septanta-duo
del patientes habeva mter 30 e 70 annos de
etate, ¢ 65 esseva masculos.

Le indication pro le intervention chirurgic
esseva arthritis septic in 8 casos, dislocation
congenite 1 8 casos (incluse 4 bilateral),
coxa var luxante in 6 casos (incluse 3 bi-
lateral), arthrocatadysis in 2 casos, morbo
de Perthes in 2 casos, arthritis rheumatoide
in 12 casos (incluse 6 bilateral), dislocation
per fractura in 5 casos, necrosis aseptic in
2 casos, e osteoarthritis in 55 casos, Isto
representa un serie total de 101 casos que
esseva omnes usabile in le presente studio de
resultatos definitive.

Le technica chirurgic sequeva fidelmente
le methodo classic de Smith-Petersen in 28
operationes executate inter 1940 e 1950,

Post 1950 Ie technica esseva modificate in
multe respectos. Le posterolateral via de
approche esseva utilisate con ablation del
trochanter major, sequite per re-insertion
del trochanter a sito abassate pro restaurar
le mechanica levatori del musculos de ab-
duction. Per contrasto con le practica ante-
rior, nulle amontas major de cartilagine e de
osso esseva dismontate ab le capite del
femore e ab le acetabulo. Grados maximal
de capsulectomia e synovectomia esseva
practicate in consequentia del argumenta
que isto resulta in le elimination del plus
grande portion del afferente fibras nervose
que transmitte le dolores e assi in un melio-
ration del grado de motilitate. Gaza de
cellulosa oxydate esseva utilisate pro restrin-
ger le neoformation de osso. Quanto al
bandage, le spica gypsate esseva abandonate
in favor de un apparato arthroplastic a ro-
lettos. Motion passive esseva initiate tanto
tosto como le dolores lo permitteva. Portage
de peso al latere operate esseva initiate in
certe casos post un intervallo postoperatori
de non plus que sex septimanas.

Le complicationes postoperatori non es-
seva numerose. Dislocation postoperatori
occurreva in 2 casos; massive neoformation
de 0550 in 2 casos; infection con necessitate
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de drainage in 5 casos; transiente paralyse de
nervo peroneal in 3 casos; thrombophlebitis
in 2 casos; embolo pulmonar in 3 casos (in-
cluse 1 mortal); ¢ absorption marcate del
capite e cervice del femore in 2 casos. Octo
nonsuccessos in Ie serie total pertineva a iste
categoria de complicationes imponente le
necessitate de remover le cuppas de Vital-
lium,

Manovras additional effectuate al tempore
del operation initial esseva tenotomia de
adductor ¢ refraction de rebordos. Chirurgia
secundari esseva requirite jn le forma de
neurectomia obturatori o sciatic in 9 casos,
de manipulation in 5 casos, de elimination
del cuppa de Vitallium (con secundari ope-
rationes de Whitman o reimplaciamentos
prosthetic) in 9 casos, section del lateral
nervo cutanee del femore in 1 caso, e re-
attachamento del avellite trochanter major
in 1 caso.

Le classification det ultime resultatos ¢s-
seva effectuate super le base del constata-
tiones objective e etiam del gravamines sub-
jective del patientes in un total de 101 casos.
Le casos classificate como excellente esseva
inusualmente bon. Iste classe includeva 6
casos (5,7%). Pro esser admittite a iste
classe, le coxa debeva esser libere de dolores
€ capace de motion in un maniera compara-

bile 2 un coxa normal sin ulle tracia de
claudication. Le numero del bon resultatos
esseva 43 (42,5% ). Patientes in iste gruppo
habeva pauc o nulle dolor, leve grados de
claudication que non requireva crucias o
cannas, un negative signo de Trendelenburg,
¢ leve grados de restriction del motion in
le articulation coxal. Le numero del casos
classificate como satis bon esseva 36
(36,7%). Iste patientes se plangeva de un
certe grado de dolor; illes usave un canna;
¢ objectivemente illes monstrava un grado
moderate de claudication. Flexion esseva’
effectuabile usque a 60° e abduction usque
a 15°, Un deformitate flexional de 30° es-
seva permittite. Le resultatos pauco satisfa-
cente monstrava plus dolor ¢ minus motili-
tate que ante le operation. Lor numero
esseva 7 (8,15 ). Le serie includeva 9 mal-
successos absolute (8,8%). Tres patientes
includite in iste gruppo moriva ab causas sit
relation ol operation. Hles esseva prendite
in consideration in e evalutation del resul-
tatos final.

Le antores opina que le resultatos obie-
nite esseva generalmente satisfactori ab e
puncto de vista del chirurgo e ab le puncto
de vista del patiente in 84 pro cento del
casos seligite pro iste operation,



Fractures of the Hip in the Aged and Disabled:
A Study of the Relation of Preoperative
Evaluation and Preparation to

Morbidity and Mortality

LEwIS M. OVERTON, M.D.*

The purpose of this study has not been to
evaluate end-results of hip fractures but,
rather, to study the problcms encountered
in elderly and chronically ill patients with
fractured hips. The study does not include
any individuals under 70 years of age except
those in whom the fracture was complicated
by severe chronic illness or other factors
that would be expected to increase materi-
ally the morbidity and the mortality.

The literature is relatively replete with
studies on morbidity and mortality as related
to pre-existing disease in persons with frac-
tures of the hip. There are a few studies on
mortality rate in the aged with hip fractures;
however, these do not include morbidity.
Boyd and Griffin® reported 360 cases with
an over-all mortality of 7 per cent. There
was 1 death under 70 years of age. Van-
Demark and VanDemark® reported 104
patients 80 years of age and older with a
mortality of 12%% per cent. The deaths are
analyzed, but nothing is reported on the
over-all morbidity. This same group? later
reported another group with a mortality of

* Section of Orthopedic Surgery, Lovelace Clinic,
Albuquerquc, New Mexico.
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over 14 per cent. Koons* reported 300 cases
with a mortality of 16 per cent. These were
not separated as to age. Other authors®%®
have stressed the importance of preoperative
evaluation of these patients. However, none
of them presented their morbidity studies.

Most elderly and chronically ill persons
drink and eat sparingly. As a result, many
of them are in a continued state of mild
dehydration and dietary deficiency. When
injured, they will be more likely to exhibit
some degree of shock with very early, sub-
sequent evidence of electrolyte imbalance.
This will be more significant in the presence
of a chronic debilitating disease. If the
trauma of surgery is superimposed on that
of the fracture in these persons without first
correcting the imbalance, the postoperative
course will be much stormier, and both the
morbidity and the mortality will be in-
creased. Decrease of these complications
will require a careful Ppreoperative evaluation
of each individual, followed by supportive
therapy to reduce the complications to a
minimum. A reasonable length of time is
required to accomplish this end, which pre-
supposes that these fractures cannot be
treated as emergencies,



52 Fractures of the Hip in the Aged and Disabled

TABLE 1. PREOPERATIVE COMPLICATING FACTORS (53 PATIENTS, 56 Hips)

COMPLICATING
FACTORS Act Grours (Years) ToTAL
5059 6069 7079 o9  90and
Over
Average for age 11 2 1 14
Advanced cardiovascular
Discase :
Rheumatoid heart disease 1 1
Myocardial infarct 1 1 3 4 1 10
Cerebrovascular accident 1 2 4 7
Cerebrat arteriosclerosis 1 3 1 5
Arteriosclerosis
with hypertension 2 1 5 8
(3 hips) (9 hips)
Arteriosclerosis
without hypertension 2 2
Malignancy 2 2
Severe rheumatoid
arthritis with 2 2
osteoporosis (3 hips) (3 hips)
Rheumatoid arthritis
Pulmonary tuberculosis,
fat emboli 1 1
Severe injuries, shock 1 1
(2 hips) (2 hips)
Total 3 7 22 19 2 53
(10 hips) (56 hips)

We became quite interested in this prob-
lem, and for the last 10 years it has been our
policy to place the elderly patient with a
fracture of the hip in traction upon admis-
sion to the hospital. The internist examines
the patient carefully and then makes an
evaluation of his general condition. Sup-
portive therapy 1s given as indicated Surgery
on the hip is not performed until the condi-
tion of the patient has improved to the
extent that the least possible strain will be
placed on the person

Fifty-seven patients with 60 fractures of
the hip were selected for the study. All pa-
tients over 70 years of age have been
included and only those under 70 in whom

the fracture was complicated by a serious pre-
existing factor. All others were excluded
because they did not fall within the scope
of this study. Incidentally, no deaths oc-
curred in the excluded group. Fifty-three of
the patients with 56 fractures were treated
by surgery. Of the 4 not operated upon, 1
was in a terminal state of cardiac decompen-
sation and died within 12 hours, 2 were
92 years of age and had suffered com-
plete hemiplegias from previous cerebrovas-
cular accidents, and the fourth was in the
advanced stages of malignancy with multiple
metastases.

The 53 patients treated surgically were
analyzed on the basis of their physical con-
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dition at the time of admission to the hos-
pita), as shown in Table 1. It will be noted
that the health of only 14 was considered
to be average for their age. Cardiovascular
disease was by far the most frequent com-
plicating factor encountered in the group.
“There were 33 cases (62.2%) in which the
cardiovascular disease was severe enough to
be a serious factor in the prognosis. There
were 2 cases of malignancy, one of which had
sustained a pathologic fractute. The single
case of rheumatoid arthritis and pulmonary
tuberculosis probably would not have been
included had the patient not developed mul-
tiple fat emboli 20 hours after the injury.
This necessitated a delay of 39 days before
surgery.

From 24 to 48 hours was required to
evaluate the patients; therefore, no opera-
tions were performed earlier than 24 hours
after admission to the hospital. All who did
not have severe complicating factors were
operated upon within 3 days. There were
41 in this group (Table 2). Operation was
deferred 4 days or longer in 5 patients who
developed preoperative complications. One
developed a moderate upper respiratory in-
fection, 2 developed abdominal distentions
due to jleus, and 1 developed fat emboli. In
all the others, the delay was due to the pre-
existing complicating factors. However,
there is no doubt that the shock of trauma
aggravated these conditions to a varying
degree.

Tastt 2. TiME Lapst BETWEEN INJURY
AND SURGERY (56 Hips)

INTLRVAL IN Davs NuMBER

8
22
11
S
10
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The immediate preoperative preparation
for surgery included light sedation so as to
produce the minimal depression. The type
of anesthesia selected by the anesthesiologist
was the one best suited to the patient’s con-
dition. The only exception to this policy
was in those patients in whom it was felt
that another type of anesthesia would not
increase the surgical risk.

General anesthesia was employed 27
times; spinal, 17 times; local, 7 times; and
a combination of local and general, 5 times.
The type of thesia did not infl the
postoperative course, except that it was felt
that it was a little more difficult for those
who had received a general anesthetic to
ambulate early.

All patients were ambulated within 48
hours and over 60 per cent within 24 hours
after surgery. The average period of hos-
pitalization after surgery was 17.8 days, the
shortest being 4 days and the longest
48 days. Thirty-one (55.5%) remained in
the hospital less than 14 days, 11 (19.5%)

TABLE 3. POSTOPERATIVE HOSPITALIZATION PERIOD WITH COMPLICATIONS

DuraTiON (Days) 'NUMBER OF Hips COMPLICATIONS DEATHS
Less than 14 days 31(555%) 3* 2
{3.78% for
patients,
14-21 days 11 (19.5%) 2 3:37% for bips)
Over 21 days 14 (25%) 3
Average:
17.8 days

* Includes two deaths,
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remained from 14 to 21 days and 14 (25% )
remained over 21 days. There was no sig-
nificant relation between the lengths of post-
operative hospitalization and postoperative
complications {Table 3).

The 2 fatal complications were in the
group with the shortest hospitalization.
There was also 1 mild postoperative upper
respiratory infection. There were 2 compli-
cations in the second group. One of these
had some mental disturbance prior to sur-
gery, but this became exacerbated for a few
days following surgery, and the other was a
patient with a pathologic fracture whose
recovery was extremely slow. Of the 3 com-
plications in the group with a hospital stay
of over 21 days, 2 were patients in their late
eighties who became mentally confused. This
cleared slowly. The other patient developed
a pulmonary embolus 48 hours after surgery.
This was the only patient in whom the delay
in surgery was a probable factor in the com-
plications. The patient developed a severe
ileus and required a delay of 7 days before
surgery. The extended hospitalization of the
remainder in this group was due either to
inadequate facilities for care at home or to
long distances of travel to their homes.

There were 2 deaths in the group. One

occurred in an 86-year-old man whose gen-
eral health was considered to be average for
his age. Surgery was performed within 48
hours after the injury, and the patient was
up in a wheel chair the day after surgery
He developed a massive pulmonary embolus
4 days postoperatively. The second death
occurred in an 89-year-old man who had
been in a mental institution for 2 years be-
cause of advanced cerebral arteriosclerosis
with some dementia. This was accompanied
by moderate cardiac insufficiency. The pa-
tient did well after surgery except for slight
mental confusion. Then, on the early morn-
ing of the sixth postoperative day, he suf-
fered a cerebrovascular accident. This was
followed by unconsciousness and death the
following day.

SUMMARY AND CONCLUSIONS

The most important first consideration in
each elderly patient with a fracture of the
hip is not the fracture but, rather, the pa-
tient as a whole. What is the general physi-
cal and mental condition of the patient?
This must be determined and evaluated;
then the complicating factors must be cor-
rected in so far as possible prior to surgery
if postoperative complications are to be
avoided and the mortality reduced to the
lowest reasonable percentage.

The delay in surgery for a period of time
sufficient to evaluate and prepare the pa-
tient adequately for operation will lower
rather than increase the complications In
our study there was only 1 patient in whom
the delay in surgery could have been a fac-
tor in the postoperative complication. He
developed a severe ileus which jt took a
week to correct and also a nonlethal pulmo-
nary embolus 48 hours after surgery. The
1 preoperative death could not have been
considered suitable for surgery in any cir-
cumstances because that patient was in a
terminal status at the time that she was first
examined.

The average postoperative hospitatization
was 17.8 days, 55 per cent of which was
less than 14 days. Of those who rem:u'n.ed
over 21 days, there were extenuating cir-
cumstances in all except 3 cases. The reason
for the longer stay for uncomplicated cases
was either a lack of adequate facilities at
home for their care or the long distances of
travel to their homes. The mortality rate of
3.78 per cent for the number of patients
and 3.57 per cent for the number of hips
operated, when compared with other studies,
would suggest that careful attention to the
general status of the patient prior to surgery
is of definite significance, in that it resulted
in a substantial lowering of both the mor-
bidity and the mortality rates.
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Fracturas del Coxa in Personas de Ltate Avantiate ¢ in Invalidos:
Un Studio del Relation inter (1) Evalutation e Preparation Preoperatori e
(2) Morbiditate ¢ Mortalitate

Summario in Interlingua

Le studio ¢s concernite con le problemas
incontrate in individuos de etate avantiate o
con maladias chronic quando illes suffre
fracturas coxal. Le studio non sc concerne
con le resultatos final que es attingite per le
coxas fracturate per se.

Es presentate 53 patientes, omnes suf-
frente de sever, avantiate, e chronic morbos
que complicava le fractura coxal. Le me-
thodos appropriate al tractamento de iste
problemas es presentate, ¢ le importantia
del meticulose evalutation e preparation pre-

operatori del patiente es sublineate. Datos
relative al morbiditate e mortalitate postope-
ratori es presentate, ¢ le essayo es facite de
evalutar le complicationes incontrate.

Le resultatos del studio indica que il es
importantissime dedicar un evalutation me-
ticulose a omne patiente individual qui
sufire de un fractura coxal, con le objectivo
de corriger le factores complicatori in tanto
que possibile ante le effectuation del opera-
tion chirurgic.
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Rupture of Tendons of the Biceps Brachii

A Case

Report

SPENCER T. SNEDECOR, M.D.*

In working men between the ages of 50
and 70 rupture of the tendon of the biceps
brachii is not an uncommon happening.
Perhaps the incidence is increasing, for in
our own practice we have seen 17 instances
in the past 4 years and have operated upon
11, yet relatively little has been written
about this entity in recent literature. Four-
teen of our cases happened in workmen’s
compensation practice. We have not seen
a case in a woman.

In most instances the diagnosis was not
made early, and surgical intervention thereby
was delayed. One patient recogpized the
situation himself and came to us because he
had injured his opposite arm in a similar
fashion 2 years before, He never had re-
ceived treatment for what had since proved
to be a serious handicap. Actually, the diag-
nosis is not difficult, and once seen it is quite
characteristic. A working man just beyond
middle age complaing that while lifting he
suddenly felt something snap in s arm
and that this was followed by local pain
which was not too severe. Then he notices
some weakpess in his arm, but does not
identify this too accurately because he is
still able to flex and use the elbow with the
aid of the brachialis anticus and the acces-
sory muscles On examynation, the typical

* Hachensack, N. J.
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appearance shown in Figure 1 reveals the
biceps to be visible in a contracted mass
distal to its normal position. If acute, it will
be slightly tender. The flexion strength of
the elbow is weakened. In only 2 instances
have we observed a complete rupture of the
distal tendon, and in those cases the biceps
“lump” was proximal to its normal position.

The mechanism of the injury usually is a
lifting strain with the elbow flexed. Perhaps
it is a sudden strain, but rarely beyond the
individual's usual capacity, For example,
ong man who ruptured both biceps at the
same time described his injury as oceurring
when he lifted a heavy pipe above the hori-
zontal with both arms.

PATHOLOGY

The pathology is somewhat variable as
to the location of the rupture, but always it
is based upon a degenerative process in the
tendon that has been developing over 2
considerable period. In each instance we
have been impressed by the yellowish frayed
appearance of the tendon ends, even in the
recent cases. The underlying chronic de-
generative lesion which predisposes to the
tears is seen in Figure 2. In most cases the
long tendon of the biceps was ruptured close
to its junction with the muscle. One case
was torn so close that there was hardly
enough tendon base to hold the repair su-
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wires, Another case ruptured midway in its
tength, and 3 ruptured at jts insertion on the
glenoid margin. The man with the bitateral
rupture first came to us 3 months after in-
jury and delayed surgery. At 6 months he
came back and requested surgery for the
right arm. He felt that he would accept the
disability in his left arm because of the post-
operative helplessness of doing both at once.
Only 4 cases ruptured distally, Two tore
right off completely at the radial tubercle,
and both of these also tore across the bicipi-
13) aponcurosis, or lacertus fibrosus. One
tendon tore two thirds of the way through
close to the bicipital twubercle. The fourth
patient, who suffered n partial tear which
was not operated upon, had considerable
disability and lost time from work for 3
months. In retrospect, surgery probably
would have helped this case.
¥ a period of time elapsed before surgery,
invariably the tendon retracted and fre-
quently coiled up (Fig. 3), encasing itself in
a thin mesenchymatous sac containing serous
flvid. The muscle belly always was found to
be contracted and fixed in proportion to the
lapse of time between the rupture and the
surgical repair. Yet, even the case 6 months’
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Fic, 1. Typical swelling of contracted
biceps mass after rupture of tendon.

old could be stretched out satisfactorily by
blunt disscction and traction,

OPERATIVE TECHNIC

As a resuit of our studies on the first 2 or
3 cases, we developed an operative technic
which has proved to be simple and satis-
factory, For the upper tendons, a 4- to
S-inch anterior skin incision beginning below
the acromion extends obliquely along the
inner border of the biceps. The tendon in its
encapsulated sac is identified quickly and
then is used for traction to restore the Jength
of the muscle. Usually, blunt dissection is
required to mobilize the muscle, depending

s IR

F16. 2 Chromic degenerative changes in biceps tendon at site of rupture.
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on the duration of the injury. In the cases
of long standing, the muscle must be fol-
lowed well distal to free it sufficiently to
stretch it out to full length, It requires care
to identify and preserve the musculocuta-
neous nerve supply and the blood vessels
coming in from the brachial group. The
short head of the biceps is easily demon-
strated.

Our fixation technic has consisted essen-
tially of a tenodesis of the tendon origin
close to the muscle into the bicipital groove
as far proximally as it can be stretched. The
bicipital groove is prepared by carefully
scraping and roughening. After the most
proximal point of fixation is demonstrated

.- - .

GLENOID

ACROMION PROCESS

LONG HEAD OF BICEPS:
SHORT HEAD OF BICEPS
BICIPITAL GROOVE

BICEPS BRACHII

SCAPULA

by flexing the elbow and pulling the muscle
upward, the arm again is extended, 2 drill
holes are made into the bicipital groove,
and a double wire suture is carried through
them. The elbow again is flexed and held
so throughout the remainder of the opera-
tion. The double-wire suture is divided,
each is woven through the tendon at the
proximal end of the muscle, and both are
tied firmly so that the muscle now will
obtain its origin from the bicipital groove.
Any extra tendon proximal to the sutures is
excised and discarded, and the wound is
closed in the usual manner. The aftercare
consists of splinting the arm at 90° of flexion
for 3 weeks. Then follows a week in a sling

CORACOID PROCESS

ANTERIOR

ULNA

LACERTUS
FIBROSUS

'

DRILL .
WITH HOLES IN SHANK

Fic. 3. Anatomy of the biceps brachu. -
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with gentle, active exercise. After 4 weeks a
gradually increasing program of active excr-
cise is given; full use after 6 weeks.

The cases of rupture of the distal tendon
were found to be morc of a problem becausc
that tendon goes into a deep tunnel in the
antecubital fossa to reach its inscrtion on the
radial tubercle. An anterior bayonet-design
incision is made across the elbow joint. The
ruptured tendon is easily identified, but it is
not always easy to suture it back to its orig-
inal attachment on the bicipital tubercle, A
special drill, as shown in Figure 4, is a big
help. By beveling off the shank and punch-
ing 2 holes through, the surgeon can thread
the drill point as a needle with a pull-out
wire. After he has drilled through the bone,
he can remove the drill handle, thread the
drill point with wire (which has been woven
through the end of the tendon) and push it
out through the dorsum of the forearm. The
wires can be hooked around from the dorsal
aspect of the radius and sutured back again
through the distal end of the tendon, or they
can be pulled out through the dorsum of the
forearm and tied over a button. In the
latter instance a pull-out wire should be
looped through this retaining suture in the
tendon before it is fixed and led out through
the skin anteriorly. After 4 weeks the button
is cut off and the pull-out wire will remove
both sutures. In the distal tendon cases we
have delayed active motion 2 more weeks
because the tendon does not come in con-
tact with as much bone surface. If this ana-
tomic repair cannot be made, then a simple
splice of the radial end of the tendon to the
\§cenus fibrosus on the ulna side will func-

lmr.l well. Although this loses the supination
action of the radial insertion, it does restore
the. flexor strength of the elbow, and, inter-
estingly enough, our 1 case had good supina-
tion. This verified our war experience, when
we found that the radial tubercle insertion
Was not essential to good function. One sur-
8201 has recommended that the insertion be
mﬂd? into the brachialis muscle as close as
Possible to its attachment to the coronoid

| S

FiG. 4. Typical rupture of long tendon,
which had coiled up.

process of the ulna. This would have exactly
the same result as reattaching it to the ulna
fascia, The 1 case of partial rupture near
the bicipital tubercle was repaired success-
fully with a wire pull-out suture tied over a
button on the dorsum of the forearm.

CONCLUSIONS

We have found that rupture of the proxi-
mal long tendon and also the distal tendon
of the biceps brachii is not uncommon, par-
ticularly in industrial practice.

A degenerative process in either tendon
of this muscle in men from 50 to 70 predis-
poses to the injury.

Once the clinical entity comes into focus,
the diagnosis is relatively easy.

A satisfactory operative technic has been
described.

Our operative results have been routinely
good. In each instance the men returned to
their previous occupations, and they have
been able to do such heavy work as shovel-
ing coal.
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Slipped Capital Femoral Epiphysis®

WiLLIAM J. SCHNUTE, M.D.t

Within recent years the subject of slipped
capital femoral epiphysis has been pre-
sented repeatedly in the literature and at
orthopacdic meetings. It is interesting to
note how varied the treatment of this con-
dition can be, and yet satisfactory results
with each method of trcatment used are
reported by many authors. The methods
include manipulation, osteoplasty, osteotomy
of the neck of the femur, subtrochanteric
osteotomy, and replacement of the slipped
head of the femur at the epiphyseal linc. It
is hard to conceive that all these methods of
treatment will give equally good results when
the problem involves a deformity of a major
weight-bearing joint during the adolescent
period. This diversity of opinion among
skilled orthopaedic surgeons can only mean
that no one method of treatment, thus far
at least, has stood out as being the most
satisfactory for this condition.

This chapter deals with a consecutive
series of 16 patients with 21 hips that suf-
f?red shipping of the capital femoral epiphy-
sis and underwent operation by the author
since 1943 following the method that he had
been taught and that had been used previ-
ously at the University of Michigan Hospital
by Dr. Carl E. Badgley. Each case is re-
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ported in as much detail as is available, and
cvery cffort has been made to obtain as long
a follow-up in each case as was possible, in-
cluding examination and roentgenograms. In
two of the cases all roentgenograms have
been discarded, and in several others some
of the pertinent roentgenograms have been
lost. Some of these cases have been re-
ported previously by the author’s partner
Dr. Clinton L. Compere, but in the interim
the follow-up studies of these cases have
yielded further information regarding the
behavior of the head of the femur with
continued use.

The cases presented have all been treated
by internal fixation and include those pinned
in situ, where the degree of displacement
was minimal, as well as those that under-
went an open reduction with replacement of
the head of the femur in a corrected position.

When open reduction of the hip has been
used, exposure has been made through an
anterolateral Smith-Petersen approach. Ade-
quate exposure is always necessary to permit
the surgeon maximum freedom in the hip
joint. This point has been emphasized re-
peatedly by other authors,

The skin incision is made in a gentle
curve, extending from a point about 3 inches
posterior to the anterosuperior iliac spine,
crossing it anteriorly about 1 inch below,
and then proceeding distally an” additional
4 inches below it. The resulting scar from
this incision avoids bony prominences, The
proximal portion of the incision is carried
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down to the anterior crest of the ilium,
where by means of an osteotome the lateral
one third to one half of the crest of the ilium
is osteotomized outward in order to enter
the subperiosteal space about ¥4 inch below
the crest of the jlium. This variation from
the original Smith-Petersen approach per-
mits reattachment of the tensor fascia femo-
ris and portion of the gluteus medius with
greater security than is possible when only
the muscle edges are available for resuturing.
A moist laparotomy pack over a blunt in-
strument completes the subperiosteal dissec-
tion of the gluteus muscles down to the
superior portion of the acetabulum. The
pack is left in place to protect the reflected
portion of bone and muscle while the distal
arm of the incision is opened.

Immediately below the anterosuperior
iliac spine, the interval between the sarto-
rius muscle medially and the tensor fascia
femoris laterally is identified and separated,
A perforating vessel is found constantly im-
mediately distal to the anterosuperior jliac
spine, and this should be ligated on exposure.
The sartorius muscle is reflected medially;
the tensor fascia femoris is reflected laterally.
The rectus femoris muscle lying beneath the
sartorius is also reflected medially. Directly

underneath the rectus femoris muscle, at a-

point approximately 3 inches distal to the
anferosuperior iliac spine, the femoral cir-
cumflex vessels are found constantly. Before
they have been torn or cut, they should be
1solated, clamped and doubly ligated to
avoid unnecessary bleeding. It is very dif-
ficult to control hemostasis from these ves-
sels if advertently they have been cut
before being clamped. The lateral femoral
circumflex vessels and the previously men-
tioned superficial jliac circumflex vessels are
the only ones of importance encountered in
this approach, and 1dentifying and clamping
these vessels permits a bloodless approach
to the hip jomnt

The exposure then continues along the
lateral edge of the rectus femoris muscle,
and the reflected head of the rectus femoris

muscle is identified and freed carefully by
blunt dissection. The reflected head of the
rectus fermoris muscle must be sectioned as
it passes over the capsule of the hip joint,
but, as a rule, the direct head of the rectus
femoris muscle need not be sectioned and
can be adequately retracted laterally. At
this point the anterior and superior capsule
of the hip joint is exposed completely. The
capsule of the hip joint is opened carefully
by incising the capsule obliquely in the direc-
tion of the fibers, with a cross incision along
the margin of the acetabulum and also at
the base of the capsule near the intertro-
chanteric line.

Immediately upon opening the capsule of
the hip joint, usvally it is noted that the
articulating portion of the head of the femur
is not visible, and in its place the periosteum
is seen to cover the denuded portion of the
metaphysis of the femoral neck. This perios-
teum is incised sharply in the direction of the
neck of the femur along the metaphysis to
the margin of the articulating cartilage if it
can be seen. Cross incisions also are mz.lde
above and below to permit gentle reflection
of flaps of the anterior periosteum. Marked
external rotation of the hip at this point
usually exposes the margin of the articulat-
ing portion of the head of the femur. Occa-
sionally, however, the slip of the femoral
epiphysis posteriorly and inferiorly has.been
so great that even now it may not be visual-
ized. If the edge of the cartilage-covered
surface can possibly be seen, a curved blunt
osteotome is used to probe gently beneath
the articulatipg cartilage for the epiphyseal
plate. This should be done by hand control
rather than by using a mallet.

Great care is needed to dissect carefully
the head of the femur at the epiph_)'.feﬁl
plate This procedure is tedious and requires
great patience and skill on the part of the
operator. When the head is being separated
from the neck, every effort should be made
not to teat the posterior capsule still af—
tached to the head of the femur for maxi-
mum preservation of any blood supply en-
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tering the head of the femur through the
posterior capsule.

After the head of the femur has been
separated carcfully from the neck and is
completely free, a wedge of bone is taken
from the metaphyseal portion of the neck of
the femur, The base of the wedge is directed
superforly and anteriorly to permit replace-
ment of the head gently and without stretch-
ing the posterior capsule, and also to place
the head in & valgus position on the neck
of the femur with central placement in the
lateral projection.  Experience has shown
that for the head of the femur to be placed
cemtrally in regard to the lateral position
there is an apparent overhang of the edge
of the head of the femur which may be as
much as 1 cm. from the edge of the femoral
head 10 the nech of the femur. After the
positioning of the femoral head has been
completed, internal fixation to maintain posi-
tion during the healing phase is carried out.

Several means have been used for placing
the pins or wires, but it is the author’s prac-
lilce at present to usc a separate lateral inci-
sion about 3 inches long below the greater
trochanter to expose the lateral portion of
}he upper shaft of the femur and directly
Insert the wires. This offers several advan-
tages, in that the wires can be placed more
accurately; and, since it is also the author’s
plan to remove routinely the wires at a later
date, an incision at this point is necessarily
required when they are removed. This has

Proved to be much more satisfactory than

carlier attempts at placing the wires directly

through the skin without incision or by ex-
tendl'ng the inferior arm of the Smith-Peter-

Sen incision laterally and posterially at the

Pomt of insertion of the tensor fascia femoris

with the tensor fascia lata.

be:s‘:racll kinds o.f internal ﬁxa_tion have

ved ;it .d'lrhe Smith-Petersen nail has been

oo e head of the femur is found to

very hard, and considerable force is

;l:rfierd Tul:l drive it into the head of the
P readed wires have beex} used, but,

¢ smaller gauge threaded wire is used,

it is difficult 1o control it at times, The
author fecls that heavy-gauge threaded wires,
or perhaps screws, arc more satisfactory.

The head of the femur should be located
centrally in relation to the neck of the femur
on the lateral rocntgenogram, but definitely
the line of ostcotomy and the position of the
head of the femur should be in a valgus posi-
tion, permitting constant impaction at the os-
teotomy site and ensuring rapid healing and
a vascularization of the head of the femur
as rapidly as possible. This observation agrees
with the concepts of Dr, Robert T. McEl-
venny on the necessity of obtaining this posi-
tion in the treatment of fresh intracapsular
fractures of the hip joint.

Complications from this surgery are not
related to the incision in any degree but are
completely dependent upon the work done
within the hip joint itself. The chief compli-
cation is that of aseptic necrosis of the head
of the femur. The danger points which may
cause this complication can be prevented by
the gentle handling of the tissue, including the
periosteum, where it is incised and reflected
anteriorly and superiorly, by gauging accu-
rately the amount of stretch that is placed on
the posterior periosteum and by avoiding the
tearing of the posterior periosteum, either
by the instruments used in the dissection of
the head or by the forceful replacement and
stretching of the head onto the neck of the
femur. A second point at which a complica-
tion may easily develop is that of transecting
the head of the femur itself. This may happen
if a sharp instrument is used to explore the
epiphyseal plate, particularly with a mallet.
This may also develop if more than one op-
erator does this step and the “feel” of the
epiphyseal plate plane is lost. This may also
happen if there is partial bony healing pos-
teriorly and inferiorly, mecessitating the use
of a sharp instrument and a mallet.

To complete the surgical procedure, the
incision is closed anatomically in layers, and
a compression dressing is applied.

Postoperative care has consisted of the use
of Russell’s traction for a varying period of

—
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Fic. 1. Casc 1. January 28, 1946.
Roentgenogram showng bilateral slipped
capital femoral epiphysis.

time, from 3 or 4 days to 2 or 3 weeks, or
until the hip passively could be moved freely.
The patient then has been encouraged to
ambulate with crutches, the affected leg not
bearing weight. Full weight-bearing has been
permitted only when there has been roent-
genographic evidence of union of the head
of the femur with the femoral neck, and
also when there are no residual symptoms of
soreness or stiffness about the hip joint.

CASE REPORTS

Case 1. An 11%2-year-old boy with a symp-
tom of a mild limp for about 1 year’s duration.
At that time no definite diagnosis was made,
and he was not seen again for 2 years, when he

Fi16,2. Case 1. Feb-
ruary 3, 1947. Roent-
genograms  showmng
open reduction, both
hups with internal fix-
atjon — Smith-Peter-
sen nail, right hp,
threaded wires, left
hip.

had a history of increasing limp and pain in
both hips. The diagnosis was bulateral slipped
capital femoral epiphysis (Fig. 1). The boy
weighed 115% pounds, but there was no evi-
dence of endocrne disturbance. Open reduc-
tion of both hips was carried out. The right hip
was operated upon by another surgeon, a
Smith-Petersen nail being used for fixation.
Multiple threaded wires were placed in the left
hip by the author (Fig. 2), The wires were
removed 15 months later, when the patient had
no symptoms referable to either hip and no
limp, and there was essentially normal motion
in both hips.

Case 2. A 14V2-year-old boy at the time of
original consultation with symptoms of pain in
the left knee and hip, limitation of motion of the
hip and a hip limp on the left following a fall
from a bicycle I year previously. This boy was
obese, On examnation he walked with a defi-
nite hip limp on the left; the left lower extremity
was held in external rotation. There was limita-
tion of the extremes of flexion and abduction of
the left hip. A diagnosis was made clinically
and by roentgenogram of a shipped capital fem-
oral epiphysis on the left. .

Open reduction of the left hip was carried out
with internal fixation by means of multiple
threaded wires. The wire fixation, however, was
not felt to be too stable. Because of this, a spica
cast was applied and left on for 4 weeks, after
which the patient walked with crutches. .Ax fime
of his discharge his hip was asymptomatic. Un-
fortunately, all roentgenograms on this case
have been discarded.

Case 3. A 17-year-old boy with symptoms
referable to the right hip for about 1 year. He
recalled no specific injury, although there was
some question of his having hurt his hip in stid-
ing 1nto base while playing baseball at the time
his symptoms began. On examination this boy
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weighed 140 pounds and was 6 fect tall. He
did have a definite endocrine disturbance with
an additional diagnosis of pynecomastia, The
right lower cxtremity was 1 inch shorter than
the lefts there was no internal rotation of the
right hip; external rotation contracture was
present; abduction was to neutral; flexion, 30°,
A diagnosis was made of slipped capital fem-
oral epiphysis on the right.

An open reduction was carried out on the
right hip with internal fixation by 4 threaded
wires. This bay did well following surgery, He

moved to another city, and reports during the
next year indicated that he continued to do very
well. - Unfortunately, original roentgenograms
were discarded.

Case 4. A 12-year-old girl. When first seen
in November, 1946, there was a history of pain
and limp referred to the lcft hip of 4 weeks’
duration, Symptoms became acute 3 days be-
fore admission following a ballct lesson. Exam-
ination at that time revealed a complete restric-
tion of motion in all directions of the left hip.

Fa. 4. Case 4. December 19, 1946. Open reduction and internal fixation with
multiple threaded wires, left hip.
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The patient was unable to bear weight on the
left leg. This girl was small and thin but had
been in good health. The left lower extremuty
was placed in traction for 2 wecks (Fig. 3).
At the end of that time an open reduction was
carried out with internal fixation by multiple
threaded wires (Fig. 4).

By 1951 the subject was a student nurse, and
at that time there was a normal range of motion
of the left hip in all directions. There was only
% -inch shortening of the Ieft lower extremity
(Fig. 5).

A letter received from this patient on April

Fi1G. 5. Case 4, December 28,

1951, Five years after open reduction and

22, 1957, stated that she had married Tecently
and was expecting a baby in July. Because of
this, we could not obtain roentgenograms for
this chapter. She wrote: “There has been no
hip disturbance, and I am unaware of the sur-
gery that I had 12 years ago I have full motion
of the hip, and it has not prevented me from any
activity that I wished to engage in.”

Case 5. An 11%-year-old girl with onset of
symptoms 3 months before consultation follow-
ing a fall. Two wecks later she had another fall
from a bicycle, followed by immediate pain

threaded wire fixation—normal range of motion.

Fic. 6. Case 5. December 28, 1946, Original roentgenograms showing slipped
capital femoral epiphysts, left hip  Acute displacement.
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about the left hip. These symptoms increased
slowly. One week bhefore admission she slipped
on an iy sidewath with marked increase of pain
in the Jeft hip and was then unable to bear
weight on the feft fower extremity. On exam-
ination (December 28, 1946) there was com-
plete restriction of motion in all directions of
the feft hip with marhed pain on any attempted
motion. The hip rested in a marked external
rotation position, A diagnosis was made clini-
cally and by roentigenogram of an acute slipping
of the feft capital femoral epiphysis (Fig. 6).
Russefl’s traction was apphed with gradual,
complete correction of the deformity by roent-
genogram, On January 7, 1947, internal fixa-
tion of the left hip was carried out with multiple
threaded wires without opening the hip joint,
anteroposterior and fateral x-ray control being
employed. Crutches were used for 3 months,
On July 15, 1947, the threaded wires were re-
moved from the left hip, at which time the
motion of the Jeft hip was normal.

On June 2, 1957, the subject entered a con-
vent and now is teaching fourth-grade grammar
school in Cincinnati, Ohio. She was referred to
Dr. Joseph Freiberg for examination, and roent-
genograms were taken of her pelvis. Dr. Frei-
berg wrote: “This patient has had no difficultics
whatsoever associated with her left hip. For
the past number of years she has engaged m
sports and other normal activities. On exami-
nation, though rather farge and heavy, she had
no imp. There were bilateral ncgative Trendel-
enburgs. Hips recumbent showed approximately
Eg\ml degree of abduction bilaterally. With both
h_lps cxtended there was no measurable limita-
tion of rotation in the left or the right hip. Flexed
at 90° the left hip had approximately 25° of
limitation of internal and external rotation as
compared with the nght. Motion 1n both hips

Fia. 7. Case 5. May 31, 1957, Ten
years after operation—left hip entirely
asymptomatic on all normal activities.
Slight limitation of internal and external
rotation with left hip flexed as compared
with the right.

was from 45° to 180° without symptoms.
Length of both Jegs equal.” (Fig. 7)

Case G. A 13%-year-old boy with onset of
symptoms I month prior to consultation with
gradually increasing ltmp and soreness about the
left hip and jromediately above the left knee,
There was no preceding injury or illness. Ex-
amination (June 9, 1948) revealed a tall obese
boy, who wathed with a marked limp and had
limitation of internal rotation and himitation of
the extreme of flexion of the left hip. He walked
with the left lower extremity in an externally

Fic. 8. Case 6 June 9, 1948, Original roentgenograms showing a marked

slip of the capital femoral
Joint Surg. 32A:358)

epiphysis, left huip. (Compere, C. L.: J. Bone &



70 Slipped Capital Femoral Epiphysis

rotated position. Clically and by roentgeno-
gram there was evidence of a marked degree of
slipping of the capital femoral epiphysis on the
left (Fig. 8).

On June 21, 1948, open reduction of the left
hip with complete frecing of the capital femoral
epiphysis and replacement in a satisfactory posi-
tion was followed by internal fixation with mul-
tiple threaded wires. In order to obtain the de-
sired position, the superior third of the head was
not in contact with the femoral neck (Fig. 9).
In spite of the defect between the superior sur-
face of the neck and the head of the femur, this
area filled rapidly with bone. On December 3,
1948, the threaded wires were removed. On Jan-
uary 18, 1949, the use of crutches was discon-
tinued, and a normal range of motion of the left

F1G 9. Case 6. Au-
gust 3, 1948. Six
weeks after open re-
duction and 1nternal
fixation with multiple
threaded wires, show-
ing superior third of
head not in contact
with femoral neck
because of necessity
of obtaining desired
position.

hip in all directions was noted. There was only
Y4-inch shortening of the left Jower extremity.
On August 30, 1956, the patient was enm:e]y
asymptomatic and was pursuing normal activi-
ties. Examination revealed a normal range of
motion of the left hip in all directions (Fig. 10).

Case 7. A 13%-year-old gul with onset of
symptoms 3 months prior to exammfﬂwn, at
which time she fell while skating and injured her
right hip. She was able to walk home but, be-
cause of pain and stiffness of the right hip, was
in bed for 1 month and then became ambulatory
with crutches. Examination (April 20, 19501 re-
vealed a very definite hip limp with marked limi-
tation of motion of the right hip, She was stender
in build, weight, 86 pounds. Examination of the

Fig. 10. Case 6. August 30, 1956, Eight years and 3 months after op?ration. Left hip
entirely asymptomatic on normal activities with normal motion.
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Fo. 11, Case 7,
April 15,1950, Orig-
inal rocntgenograms
showing shipped capix
1at femorat epiphysis,
right hip.

right hip revealed it to be held in mathed external
rotation, There was 3 em. of truc Jeg shortening:
16° of hip flexion was possible; there was no ab-
duction and no internai rotation (Fig. 11).

On April 28, 1950, an open reduction of the
right hip was carried out with internal fixation by
multiple threaded wires (Fig. 12), By May 17,
1950, she was ambutatory with crutches, On
September 23, 1950, the threaded wires were
femoved, and the paticnt became ambulatory
with full weight-bearing on the right hip. When
examined on July 18, 1957, she had been work-
ing regularly and at no time had had any diffi-
culty regarding the right hip. No symptoms were
foted with weather changes or excessive fatigue,
O examination the patient walked without a

limp; there was a negative Trendelenburg bi-
faterally; the night lower extremity was 3 inch
shorter than the left. The night hip had a range
of motion cqual to that of the uninvolved normal
Teft hip (Fig, 13).

Case 8. A 13%-ycar-old boy with onset of
symptoms of pain in both hips about 6 months
prior to first cxamination. There was no preced-
ing injury or ifiness. Examination (December 2,
1951) showed Jimitation of internal rotation and
fiexion of both hips. Diagnosis was made of a
minimal slipping of the capital femoral epiphy-
si1s, bilateral (Fig. 14).

On December 3, 1951, internal fixation of the
right hip was done without changing the position

Fio, 12, Case 7. July 27, 1950. Three months after apen reduction and threaded wire
fixation.
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rotated position. Clmically and by roentgeno-
gram there was evidence of a marked degree of
slipping of the capital femoral epiphysis on the
left (Fig. 8).

On June 21, 1948, open reduction of the left
hip with complete freeing of the capital femoral
epiphysis and replacement in a satisfactory posi-
tion was followed by internal fixation with mul-
tiple threaded wires. In order to obtain the de-
sired position, the superior third of the head was
not in contact with the femoral neck (Fig 9).
In spite of the defect between the superior sur-
face of the neck and the head of the femur, this
area filled rapidly with bone. On December 3,
1948, the threaded wires were removed. On Jan-
vary 18, 1949, the use of crutches was discon-
tinued, and a normal range of motion of the Jeft

Fie. 10. Case 6. August 30, 1956. Eight years and 3 months after operation,

Fi6. 9. Case 6, Au-
gust 3, 1948, Six
weeks after open re-
duction and nternal
fixation with multiple
threaded wires, show-
1ng superior third of
head not 1n contact
with femoral neck
because of necessity
of obtaining desired
position.

hip m all directions was noted. There was only
Va-inch shortening of the left lower extremity.
On August 30, 1956, the patient was entirely
asymptomatic and was pursuing normal actvt-
ties, Examination revealed a normal range of
motion of the left hip in all directions (Fig. 10).

Case 7. A 13V-year-old girl with onset of
symptoms 3 months prior to examination, at
which tume she fell while skating and injured her
right hip. She was able to walk h(_)me but, be-
cause of pain and stiffness of the right ‘l:u:, '\;\"S
st - . T et Lamnsmaa nenhila

tation of motion of the right hip. She was slender

in build; weight, 86 pounds Examination of 1he

. Left hip

entirely asymptomatic on normal activities with normal motion.
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Fo. 11. Case 7.
April 15, 1950. Orig-
inal rocntgenogranis
showing shipped capi-
tat femoral epiphysis,
right hip.

right hip revealed it 1o be held in marked external
rotation. There was 3 em. of true leg shortening;
10° of hip flexion was possible; there was no ab-
duction and no internal rotation (Fig. 11).

On April 28, 1950, an open reduction of the
right hip was carried out with internal fixation by
multiple threaded wires (Fig. 12). By May 17,
1950, she was ambulatory with crutches. On
September 23, 1950, the threaded wires were
removed, and the patient became ambulatory
with full weight-bearing on the right hip. When
examined on July 18, 1957, she had been work-
1ng regularly and at no time had had any diffi-
culty regarding the right hip. No symptoms were
noted with weather changes or excessive fatigue.
On examination the patient walked without a

limp; there was a negative Trendelenburg bi-
laterally; the right lower extremity was 3 inch
shorter than the left. The right hip had a range
of motion equal to that of the uninvolved normal
left hip (Fig. 13).

Case 8. A 13%-year-old boy with onset of
symptoms of pain in both hips about 6 months
prior to first examination, There was no preced-
ing injury or illness. Examination (December 2,
1951) showed limztation of internal rotation and
flexion of both hips. Diagnosis was made of a
minimal slipping of the capital femoral epiphy-
sis, bilateral (Fig. 14).

On December 3, 1951, internal fixation of the
right lup was done without changing the position

Fia. 12, Case 7'.” iuly 27, 1950. Three months after open reduction and threaded wire
fixation.
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FiG. 13, Case 7, July 15, 1957. Seven
years and 3 months after operation, Right
hip entirely asymptomatic.

of the femoral head. On December 10, 1951,
internal fixation of the left hip was carried out,
again without changing position of the femoral
head. By May 3, 1952, crutches were discon-
tinued, and a normal range of motion of both
hips in all directions was noted. On December
26, 1952, the threaded wires were removed from
both hips, except for 1 pin on each side, which
were broken, and could not be removed. On
April 20, 1957 (Fig. 15), no discomfort at any

FiG. 14, Case 8. November 20, 1951. Bilateral minimally slipped capital femoral

time had been noted in either hip in all normal

activities, i college gy

and golf. Examination revealed that there was
a shight restriction of internal rotation bilaterally,
but all other hip motions were normal.

Case 9. A patient of Dr. Orren Baab, with
whom the surgery was performed. This 16%-
year-old boy had an onset of symptoms about
6 months before first being seen, when he fell

epiphysis, Noté“the importance of slateral views in making an x-ray diagnosis. Both

hips pinned in situ.

Fic. 15. Case 8 April 20, 1957. Five and one half years after oper:ﬁ?éﬁ'. Broken prece

ot 2 [l

of threaded wire remaining on each side.
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while tumbling in school. He had pain in the
left hip and the Jeft knee, At the time of the first
cxamination (October 25, 1953) a marked limp
was noted on the left, the left leg being held in
external rotation. No internal rotation or abduc-
tion at the hip was possible. A diagnosis, clini-
cally and by rocntgenogram, was made of a
slipped capital femoral epiphysis on the left. On
October 26, 1953, open reduction of the left hip
and internal fination with multiple threaded wires
was carried out. On November 2, 1953, the pa-
tient began to use crutches. When last seen in
April, 1954, he had a complete range of motion
of the left hip in all directions and was asympto-
matic (Fig. 16).

Case 10. A I12t4-year-old boy with symp-
toms of pain, stiffness of the left hip and limp
for 3 months following a fall while playing bas-
Retball. The symptoms of pain, stilfness and limp
of the left hip increased in severity. On examina-
tion (July 16, 1954) there was marked limita-

tion of internal rotation, abduction and flexion
motions of the left hip. Diagnosis was made
linically and by roentgenogram of a slipped
capital femoral cpiphysis on the left. Unfor-
tunately, the original roentgenograms have been
discarded.

On luly 19, 1954, an open reduction of the
teft hip with internal fixation, using multiple
threaded wires, was carricd out. The right hip
was pinned in situ at the same time. On January
28, 1955, all wires were removed (Fig. 17). Pa-
tient was asymptomatic.

Case 11. A 15-ycar-old boy whose symptoms
began about 4 months prior to the first examina-
tion with pain in his left hip following a twisting
injury to his hip in getting out of a boat. Pain in
the hip and limp on the left continued. Two
months later the family physician was consulted,
and roentgenograms of the hips were reported to
be normal. The patient went out for football
practice and after 3 days had to stop because of

. Fi6. 16, Case 9. April 22, 1954, Six months following open reduction and
Internal fixation, showing solid healing of epiphyseal plate and osteotomy site.

bo:‘;lG 17. Case 10. February 1, 1955. Postoperative roentgenograms ‘showing fusion of
! epiphyseal plates following open reduction of the left hip and pinning of the right
'P in situ 7 months previously
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discontinued. The hip then was entircly asympto-
matic, and the range of motion was normal. On
January 1, 1956, the left hip continucd to be en-
tirely normal after return to normal activities,
However, during the previous 4 weeks the pa-
tient had noted pain in the right hip, aggravated
by fatigue, stair climbing or extremes of motion.
Examination revealed a limp on the right, limi-
tation of internal rotation of the right hip, and
pain on forced internal rotation (Fag. 19). On
January 23, 1956, inscrtion of multiple threaded
wires into the right hip was carried out without
changing the position of the femoral head. On
Apni 17, 1956, the threaded wires were re-
moved from the right hip. On May 28, 1956,
the use of crutches was discontinued. On March
19, 1957, both hips were noted to be cntirely
asymptomatic; the patient had a normal gait and
a normal range of motion in all directions of
both hips. He had been playing football on a
Miltary Academy team, and at the present time
%as inying out for the track team in pole-vault-
ing, which he had done prior to his oniginal hip
difficulty (Fig. 20).

Case 12, A 9-year-old girl. On Scptember 7,
1954, the patient felf, injuring her feft hip. The
following day she fell again, had severe pain n
the left hip and was unable to walk. A diagnosis
of a slipped capital femoral epiphysis was made
by the family physician. The left hip was manip-
tlated and immobilized in a 1% spica cast.
Boenlggnugmms in the cast showed no change
In position of the femoral head. The cast was
removeq, and manipulation was carried out a
:econd time, followed by application of bilateral
long leg casts that held the legs in abduction and
internal rotation (Fig, 21). Following the first
examination by the author on November s,

Fia.

21. Casc 12. November 6, 1954,
Acute injury to left hip 2 months previ-

ously. Two manipulations under anes-
thesia followed by casts. Acute slipped
capital femoral cpiphysis on the left.
Treated now by open reduction and
threaded-wire fixation.

1954, the abduction casts were removed, and
the patient was placed in Russell's traction.

On November 8, 1954, an open reduction of
the left hup was carried out with replacement of
the capital femoral epiphysis in corrected posi-
tion, the position being held with internal fixa-
tion by muluple threaded wires. On January 17,
1955, the left hip was asymptomatic, the patient
was stll on crutches and non-weight-bearing,
and there was a norma! range of motion of the
feft hip. However, a roentgenogram indicated
some 1ncreased density of the left femoral head.
On June 6, 1955, the threaded wires were re-
moved from the left hup, and the child continued
on crutches until November 21, 1955, At that
time there was a normal range of motion of the
left hup in all directtons, as well as roentgeno-
graphic evidence of complete fusion of the head
of the femur and normal vascularization of the
head of the femur.

On May 18, 1956, there was an acute onset of

Fi6. 22, Case 12. May 23, 1956 Five days following acute onset of pain in
nght lup. Right leg unable to bear weight.
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FiG, 23. Case 12, February 11, 1957, Twenty-seven months after surgery to left hip

and 9 months after surgery to right hip. Both hips treated by open reduction and

pinning with threaded wires.

pain in the right hip with a limp on the right.
The night lower extremity was held in marked
external rotation. Two days later the patient was
dnable to bear any weight on the right lower ex-
tremity. A diagnosis of an acute slip of the right
femoral epiphysis was made. She was hospital-
ized and traction was applied. The traction was
continued for 5 days without appreciable cor-
rection (Fig. 22). On May 28, 1956, a manipu~
lation with traction on the operating table failed
to give complete correction. Open reduction of
the right hip with freeing of the capital femoral
epiphysis and replacement in the corrected posi-
tron was followed by internal fixation with mul-
tiple threaded wires. Exposure of the hip re-
vealed that there was a fresh tear of the anterior
portion of the periosteum along the anterosupe-
rior lip of the epiphyseal plate with still some re-
cent blood clot remaining where the head had
been torn off. On November 19, 1956, the

F16. 24 Case 13,

May 24, 1956. One month after open reduction and 1

threaded wires were removed from the right hip
On February 11, 1957, when crutches were dis-
continucd, the patient walked without a limp,
and there was a normal range of motion of both
hips in all directions. She was advised to resume
all normal activities (Fig. 23).

This case demonstrated potentially serious
damage to the blood supply of the head of the
left femur. It is the author's impression that the
intimate contact of raw bone surfaces with the
impaction afforded by the valgus position en-
couraged a rapid revasculanzation of tl}e head
of the femur, which saved this epiphysis from
permanent damage.

Case 13. A patient of Dr, Orren Baab,. with
whom this patient was operated upon, This 12-
year-old girl had an onset of symptoms in {hc
right hip about 1 year prior to examination, with
increasing limp and pam in the right knee. This

nternal

fixatron, right hip.
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Fia. 25. Case 14. May 8, 1956, Slipped capital femoral epiphysis, left hip. Symptoms
of pain in left hip for 1 year.

child was obese and walked with a Trendelen-
burg gait on the right, maintaining the nght
lower cxtremity in marhed external rotation.
There was limitation of motion in all dircctions
of the right hip with %4 -inch atrophy of the nght
thigh. On April 26, 1956, an open reduction of
the right hip with internal fixation, using 3
threaded wires, was carried out (Fig. 24). By
lune, 1956, there was normal motion of the right
hip. On July 19, 1956, partial weight-bearing
with crutches was allowed. By August 7, 1956,
full weight-bearing was allowed. On February
19, 1957, the threaded wires were removed. On
April 2, 1957, the patient was discharged. Range
of motion of the right hip in all directions was

formal, and she was asymptomatic on all activi-
ties,

Case 14. A patient of Dr. William B. Fischer,
With whom this patient was operated upon. This
15‘/&-.year—0]d boy had an onset of pain in the
left hip about 1 year before the first examination.
There was no known injury. Beeause of contin-

ued pain in the left hip, he was scen by the family
physician, who recommended crutches, which
were used for 214 months. On original examina-
tion (May 8, 1956) this boy was well developed
but not abnormally heavy; there was a severe
external rotation deformity of the left Jower ex-
tremity; no abduction was possible; there was
free flexion of the left hip; the legs were equal
in length (Fig. 25).

On June 1, 1956, an open reduction of the left
hip and internal fixation with multiple threaded
wires was performed. There was some bony
union of the postenior and the inferior portions
of the head of the femur, and in dissection of the
head of the femur at the epiphyseal plate appar-
ently a false plane was opened and a fracture oc-
curred in the head. The remainder of the head,
however, was removed 1n one piece and replaced
1n a corrected position. Internal fixation then
was done with multiple threaded wires. On Sep-
tember 11, 1956, roentgenograms (Fig. 26)
showed the wires to be bent, apparently because
of some premature weight-bearing on this hip.

FiG. 26, Case 14.
September 11, 1956.

Tee months after
Open reduction and
Internal fixation, left
hip, Note evidence
of a fracture through
the head in the lat-
eral view, The bend-
Ing of wires suggests
Premature weight-

earing,
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F16. 27. Case 14.
March 22, 1957.
Nine months after
surgery to left hip.
Evidence of aseptic
necrosis in head frag-
ment.

There was also some restriction of motion of the
hip at this time. On March 22, 1957, the wires
were removed, there was roentgenographic evi-
dence of vascular disturbance in at least half of
the head of the femur, and there was some re-
striction of hip motion (Fig. 27).

This patient presents the only complication in
this series, in that the head of the femur was split
at the time of surgery. The author feels that two
factors were responsible for this pli
(1) the inferior surface of the capital epiphysis
was fused, requiring osteotome section; and (2)
the dissection of the epiphyseal plate was shared
by two surgeons, which greatly increases the pos-
sibility of a false plane being opened  Aseptic
necrosis of a portion of the femoral head has
resulted; consequently the author feels that this
boy will not be able to bear weight for a pro-

jon:

longed period and that he will have to use
crutches.

Case 15. A 14-year-old boy with onset of
symptoms about 1 year prior to examination.
Examination (May 29, 1956} showed mark.ed
external rotation deformity of the left hip with
limitation of abduction and a bmp on the left.
Di: is was made clinically and by roentg
gram of a slipped capital femoral epiphysis on
the left. On May 29, 1956, an open reduction of
the left hip was carried out, surgically freeing
the femoral head and maintaining the corrected
position with multiple threaded wires. By Janu-
ary 9, 1957, the hip was completely comfortable.
On examination there was normal range of mo-
tion 1n all directions of the left hip. This boy con-
tinued to use crutches, as advised, because of

Fig. 28. Case 15.
January 9, 1957
Seven and one hall
months after open
reductron and inter-
nal fixation, left hip-
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Fia, 29, Case 16.

October 8, 1956. Slipped capital femoral epiphysis, right hip.

Symptoms of pain in right knce following a fall 1 week before. Marked residual paresis
and paralysis in right lower extrenmity following poliomyelitis in 1948,

some delay in complete bony union of the cpiph-
ysis with the neck of the femur. It was recom-
mended that he continue to use crutches and
lzlg\)c the wires removed 1n 4 or § months (Fig.

Case 16. An 11%4-year-old gir. This girl had
poliomyelitis in 1948 with residual paresis of
both lower extremitics, most particularly in the
tight lower extremity. In 1955 there was 1%-
inch shortening of the right lower extremity. On
pctobcr 4, 1956, she fell from a bicycle, follow-
ing which she had pain about the right hnee.
Be.ca.use of severe pain she began to use crutches.
Clinically and by roentgenogram (October 10,
1956) there was found 1o be a mild slip of the
right capital femoral epiphysis. There was an ex-
ternal rotation deformity of the right hip, limi-
tation of complete flexion and abduction, and no
internal rotation (Fig. 29). On October 12,
1.956, Internal fixation of the right lip was car-
n‘:d out with multiple threaded wires without
Zua"gmg position of the right hip (Fig 30). On
mo%“;‘ 8, 1957, the threaded wires were re-
d ed. The right hip was frecly movable m all

irections, and the child was asymptomatic.

Fie, 30, Case 16, May 23, 1957. Seven months following pinning in site, right hip.

CONCLUSION

A consccutive scries of 16 patients with
involvement of 21 hips has been reported
of slipped capital femoral epiphysis in vari-
ous stages. One hip was operated upon by
another surgeon, who used a Smith-Petersen
nail; 3 hips were operated upon jointly with
colleagues. In this series of cases only 1 vas-
cular complication has resulted, and the fate
of that hip is as yet undecided. This series
of cases has been extremely instructive and
convinces the author that the treatment of
slipped capital femoral epiphysis is a surgical
procedure which must be treated at the point
of pathology. After noting the condition of
the epiphyseal plate at the time of surgery
in each case, it seems inconceivable that
traction or any manipulation could possibly
alter the position of the head of the femur,
unless the slip has been acute within a period
of 3 or 4 weeks prior to the treatment. The
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surgery itself is technically as difficult as, or
more difficult than, any other single ortho-
paedic surgical procedurc. End-results of
the patients treated by the surgical program
outlined indicate that this surgical attack
gives the best possible chance of restoring to
normal function the hip in which a capital
femoral epiphysis has slipped.

It is further suggested that prophylactic
pinning of the unaffected hip in cases of
unilateral epiphyseal slip is indicated.
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Displaciate Epiphyse Supero-Femoral

Swummario in Interlingua

Es presentate un complete revista de vinti-
un casos de displaciate epiphyses supero-
femoral in dece-sex patientes tractate per fe
autor. Le indicationes pro intervention
chirurgic es discutite e illustrate per refe-
rentias al casos presentate. Chirurgia con
fixation interne es fortemente recommendate
quandocunque le displaciamento del epi-
physe supero-femoral es considerabile. In Ie

le presentation del resultatos es extendite
usque al tempore presente.

Le objectivo del reporto es exprimer le
puncto de vista del autor relative al attacco
chirurgic de un problema que per se ¢€s
capace a resultar in un deformitate perma-
nente del coxa. Il es necessari tentar evitar
o corriger ille deformitate le plus prompte-
mente possibile pro restaurar le coxa a un

majoritate del casos, le datos es pr
in lor integritate. Le questiones que pote
esser sublevate con respecto al positiona-
mento in le typo de chirurgia usate e con
respecto al fixation, al periodo de prohibition
de supportar un carga, al rehabilitation, e
al resultatos es explicate. In omne casos

normal functic y futur. Le
chirurgic que servi a attinger iste objectivo
es difficile e tedie. Illo es cautemente de-
scribite. Su execution debe esser mancate
con delica tessa si on vole que le resultato es
Ie effectuation de un essentialmente normal
articulation coxal.
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Correction of Para]ytic Footdrop
by Hemigastrosoleus Transplant

GENE D, CALDWELL, M.D.*

The handicaps produced by paralytic foot-
drop are well known. The resultant “step-
page” gait is unsightly. Control of paralytic
footdrop by tendon transplantation to pro-
duce active dorsiflexion of the foot is the
ideal, but, in the absence of any suitable
evertor or invertor muscles for transplanta-
tion, some other method must be sought.
Arthrodesis of the ankle or posterior ankle
block has definite disadvantages that nced
not be discussed here. A brace, of course,
may be used, but with the disadvantages in-
hercn.l in all braces.
; Thirteen patients with paralytic footdrop

ave been treated by transplanting one half
Of.ﬁlc gastrosoleus to the dorsum of the foot.
With 1" exception, all these patients had no
active muscles controlling the foot and the
ankllc other than a strong gastrosoleus, One
p]atlent haq an active peroneus longus mus-
i;e !‘:ePrfellminary triple arthrodess to stabi-
he oot was done in all cases. In I case
In 3pmcedure was carried out bilaterally.
soleuscasr:s the lateral half of the gastro-
stous SWaS transplanted through the interos-
“anspla[;n:cz' And m 1 the lateral half was
Peroes T lateral to the fibula with the
In 10 s longus to the dorsum of the foot.
oleuy ;ases the medial half of the gastro-
foor b as lransplz'mted to the dorsum of the

Y the following technic

* Shrevcpen, La.

OPERATIVE TECHNIC

The gastrosoleus is exposed through a
long posterior mid-line longitudinal incision
extending from the mid-portion of the belly
of the muscle well down on to the plantar
aspect of the heel. The tendon and the
aponeurosis are split longitudinally, the divi-
sion being carried proximally through one
half of the muscle belly. The medial half is
divided as far distally as possible well down
on the heel.

The aponeurotic portion of the gastro-
soleus to be transplanted is tubed by a simple
continuous suture of No. 000 plain catgut.
The muddle cuneiform bone on the dorsum
of the foot then 1s exposed through a dorsal
longitudinal incision, and a bony trap is
fashioned to receive the transplant. A chan-
nel for the transplant next is made in the
plane between the fat and the deep fascia,
the flap being elevated well anteriorly off of
the tibia 1n order that hemigastrosoleus to be
transplanted may be transposed anteriorly as
far as possible to affect a more direct pull on
the dorsum of the foot. This channel 1s con-
tinued downward into the incision on the
dorsum of the foot.

The tendon then is drawn through the
channel to the dorsum of the foot and im-
plamed into the bony trap previously fash-
joned. The tendon is sutured directly into
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Fic. 1. See text.

bone by any means most swtable with the
foot dorsiftexed to from 85° to 80°. If the
foot cannot be dorsiflexed with ease to 80°
or 85°, the half of the gastrosoleus left in-
tact can be lengthened, although this has not
been necessary in any of the cases reported
here. The wounds now are closed, and the
leg is immobilized in a long leg plaster cast
with the foot in maximum dorsiflexion and
the knee at 100° of flexion.

AFTERCARE

Immobilization is continuous for 6 weeks,
after which the cast is removed and physio-
therapy 1s started. Muscle “re-education”
has not been a problem. Ambulation is per-
mitted as soon as the foot drop is demon-
strated to be under control either by live
tenodesis or by active dorsiflexion of the
foot. Ambulation usually is started about 2
weeks after removal of the cast.

Gasérocremius
rrrecscle
- Haeid !
RESULTS
Fourteen h rosoleus  transplant

have been done on 13 patients. The longest
follow-up in this series is 3% years; the
shortest, 6 months; with an average follow-
up of 22 months.

Of the 4 lateral gastrosoleus transplants,
2 were poor. The gait was improved in these
cases; although there was moderate residual
footdrop, the transplant acted only as a
tenodesis.

One case was rated as good with active
dorsiflexion to 90° with the foot drop com-
pletely corrected. This was the case, how-
ever, in which a peroneus longus of normal
strength was transplanted with the lateral
gastrosoleus, and in all probability the cor-
rection 1s due largely to the active function-
ing peroneus longus transplant.

One lateral transplant was a complete
failure, This was transplanted through the
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interasseots space, and explortion 6 manths
afier operation revealed complete adhesence
of the transplant thronphout its course in the
interosscaus space.

Ten mechal gasteocolens teansplants have
beent done on 9 patients by the technic just
deseribed. In all these cases, footdrap has
been contealled effectively by active dorsi-
flexion to 90° or more by active contraction
of the transplanted medial gastrosolews. Suf-
ficient power ta clevate the heel is main-
tained in the latesal balf of the gastrosolens.

These patients have developed a socker-
pe motion of 10° 1o 20°, and the gait has
been mackedly improved, Two of these
patients hase postesior ankle blocks on the
opposite side and are much more pleased

P o

C.

Lnderpined apenirg
'‘Sr Srrcriioa

of Lenden

E.
Zermtort S
dle and
thormr B

RLERIVIN L

with the foot in which the transplant has
been done,

DISCUSSION

While this series of cases is too small and
the period of foltow-up observation probably
toa short to warramt drawing any defiaite
pasitive conclusions, to date the control of
paralytic footdrop by transplanting the
medial half of the gastrosoleus to the dorsum
of the foot has proved ta be most sats-
factory. Transplanting the Iateral half of the
gastrosofcus has been abandoned, since a
dircct pull cannot be obtained as casily by
transplanting round the fibula, and transe
planting through the interosseous space is
most Jikely to result in complete adherence

udeerod indo mid~
Fataral cerre- P
ores

Fi16, 2. See text
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since the transplanted mass is too large, the
space too narrow and the course too long.
Transplanting the medial hemigastrosoleus
here described affords a fairly direct pull
and actually may be called a partial trans-
position. The neurovascular bundle js too
short to permit a complete transposition of
the gastrosoleus.

Summario in Interlingua

Un medietate del gastrocnemio e del doleo
esseva transplantate al dorso del pede in 14
casos de paralytic pede pendente in le quales
nulle altere musculo functionante esseva
disponibile pro le transplantation. Iste ma-
novra corrige efficacemente pedes pendente.
Le resultatos es multo melior que le re-
sultatos obtenite per blocage talar o arthro-
dese, proque le motion e le impulso in avante
in le ambulation es preservate. Un typo
basculante de motion es effectuate, e le
ambulation es marcatemente meliorate.

Fla. 3. Range of active motion
2 years after operation,
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A New Operation for Correction of
Cavus Foot”

Fusion of First Metatarsocunciformnavicular Joints

RoBERT TALBOT MCELVENNY, M.D., AND GENE D, CALDWELL, M.D.{

INTRODUCTION

Cavus foot is corrected permancntly by
elevating and supinating the first metatarsal
bone, Usually, sufficicnt correction is gained
through the first metatarsocunciform joint.
\'Vhen needed, additional correction and fixa-
tion are gained by adding the naviculocunci-
form joint to the fusion mass.

One of us (R.T.McE.) first performed
the above procedure in 1945. Since that
ume, our combined series of patients over
Znyears of age has shown this procedure to
ﬂ;xn(bll) excellent by itself in dealing with

' cavis and (2) a valuable adjunct
combined with triple arthrodesis when deal-
g with rigid cavus,

Pl:\:;:r-mrsal section, plantar  strippings,
o feurectomy or common toe extensor

0011 !_mnsplan!s have not been necessary.
capsiclgixonally, in marked ‘ri‘gid cavus, a
of the }t:nlly of lht? great toe joint and fusion

Dnguspt: gngeal joint and extensor hallucis
tarsy] hel:ion transplant to the first meta-
0 hea have been done,

* Presented a
t the
gonc 2nd Jomt Sur,
Pril 6, 1957, ang

e meeting of the Associatton of
Ee:l:]ns held 1n Havana, Cuba, on
at the Sixth Surgical Service, Cit,
Ospital, Boston, M g s
Chicago, “;1'. fass., on May 4, 1957.

¥ Chief Sy .
Children, Shr‘:gvz(;tﬂs T‘:"s Hospital for Crippled

At times, phalangeal arthrodesis of a la-
teral toe or so has been indicated.

Infrequently, subcutancous section of the
plantar fascia has been added.

Cavus deformity is characterized by: (1)
a high arch due to forefoot drop and prona-
tion; (2) an additional first metatarsal drop
below its fellows; (3) tight plantar fascia;
(4) cock-up deformity of all toes at the
metatarsophalangeal joints; (5) flexion of all
toes at the phalangeal joints; (6) varus de-
formity of the heel; and (7) the heel, usually
not in equinus, is found to be in neutral or
slight calcaneus. Calcaneal tendon lengthen-
ing thus is not desirable unless roentgeno-
gram shows fixed equinus.

The etiology of cavus is not known. Local
muscle imbalance may cause it. Commonly,
such conditions as spondylolisthesis, spina
bifida, diplomyelia, Friedreich’s ataxia or
involvements of certain spinal nerve tracts
produce the condition.

A flexible cavus foot is defined as one that
corrects easily by pushing up on the first
metatarsal bone and in which the heel may
be placed manually into 3° to 5° of valgus.

Thus form of cavus and between this form
and the markedly rigid and deformed cavus
are the types of foot that yield to fusion of
the first metatarsocuneiform joint or, at
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Pes Planus Normal Pes Cavus

H C,u;n% |
At rest CD 9 1-’"‘-‘.'-:-1 @ %

Body Midline

Weight
bearing = o @

Body Mudlne

Dody Midline

._Q.______,_;‘,_O_,.

Fic. 1. Illustrates how the heel follows the forefoot. In flatfoot, to get the elevated
and supinated first metatarsal to the ground, the heel assumes valgus. In cavus, because
of the depressed and pronated first metatarsal, to get the fifth metatarsal to the ground
the heel assumes varus. The operation advocated here shifts the first metatarsal to the
position encountered in flatfoot. Once this is done, a heel able to get into valgus will

do so.

times, the adding of the naviculocuneiform
joint to the fusion mass.

THE PROCEDURE (Figs. 1-3)

PLASTER WEDGINGS

We have followed the principle that the
correction of any fixed deformity of the foot
severe enough to require surgery should be
preceded by a series of plaster wedgings. The
wedgings correct both the rear foot and the

forefoot conditions by stretching the soft
tissue and softening the bone. When the
wedgings have placed the foot in an over-
corrected position, or when as much cor-
rection as possible has been gained, surgical
stabilization js carried out. Wedgings elimi-
nate removal of large pieces of bone to get
functional lengthening of soft tissue. The
cartilage comes off the bone with little ef-
fort; therefore, the bone need be little dis-
turbed. The foot retains all possible length

Fi6 2. Previous
to surgery the foot
should be flexible, so
that the first metatar-
sal may be supinated
and elevated and
the heel placed in
valgus attitude. Thrs
movement alone re-
laxes the plantar
fascia, and the toes

straghten at the metatarsophalangeal joints. This position is maintained 1n plaster after surgery.



Cavus

S0 Pronated or
@ laterally rotated

Planus

n Supinated or
mediolly rotated

First metarsal

Fic. 3. (Top) MMus-
trates condition of fore-
foot in cavus. Note the
additional drop of first
metatarsal over its fel-
lows. (Center) Exposure
diagrammed. After the
metatarsocuneiform
joint is denuded, the
metatarsal is elevated
and rotated. While the
metatarsal is held in
firm contact and in the
corrected position, the
fixation wires are driv-
en. (Bottor) Completed
procedure.



Fia. 4, (Top) Result of first metatarso-
cuneiform fuston 1n left foot 2 years after ! . ”\
operation, Cavus was more marked on left \
than on right Patient a male adult, (Center) i
Shows behavior of heel after first metatarsal
correction on left. (Bortom) With patient
supmating forefeet, note alignment of first
metatarsal on left as opposed to right foot.
Plaster wedgings preceded surgery.
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FiG. 5. (Top, left) Result of triple ar-
throdesis and first metatarsocuneiform
fusion—bilateral, in case of marked cavus
with forefoot—anesthesia due to spina bi-
fida. Note cock-up of great toe on left.
(Other 3 illustrations) Result 4Y2 years
after bilateral calcaneal tendon lengthen-~
ing and 4 years after bilateral triple ar-
throdesis and first metatarsocuneiform
arthrodesis. Six months previous to this
photograph, patient had dorsal capsulot-
omy of left first metatarsophalangeal joint
—phalangeal fusion of great toe and trans-
plant of extensor hallucis longus tendon
into first metatarsal head.

and becomes a much more desirable and
esthetic member.

In treating cavus foot, the heel first is
placed into valgus by plaster wedgings. The
forefoot then is supinated by plaster wedg-
ings with the heel maintained in valgus.

THE OPERATION

Flexible Foot

At surgery, the first metatarsocuneiform
joint is opened and is denuded of its carti-
lage. Mobility of this joint is sought until the
first metatarsal bone can be markedly ele-
vated and rotated (supinated). When this
has been accomplished by gradual trimming
of the cuneiform bone and the metatarsal
base, contact between these 2 bones should
be full and intimate. The overcorrected posi-
tion is maintained while 2 or 3 threaded
wires are run through both bones and across
the denuded joint to maintain position and
contact. The wires are left long for incor-
poration in the plaster boot.
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If the first metatarsal drop is marked, ad-
ditional correction is easily obtained by fus-
ing the naviculocuneiform joint after full
correction and stabilization of the metatarso-
cuneiform jomt have been completed.

A plaster boot is applied with the forefoot
supinated and the heel in valgus. Both posi-
tions of supination and valgus are as extreme
as one can get without jeopardizing the soft
tissue or the circulation. At the end of 5
weeks, the wires are exposed in the plaster
and spun out. A walking sole is provided.

Fic. 6. Result in case of right calcaneal tendon Jength-
ening and first metatarsocuneiform fusion.

The boot is removed at the end of 9 weeks.
If roentgenogram shows union at the meta-
tarsocuneiform joint, a self-adhering gauze
stocking is provided and the patient starts
weight-bearing.

The Rigid Foot (Markedly Deformed and
Rigid Foot)

The plaster wedgings achieve as much
valgus of the heel and supination of the fore-
foot as possible.

The metatarsocuneiform fusion is donme
first, and this correction is secured by
threaded wires before the triple arthrodesis
stabilizes the rearfoot. The heel and the fore-
foot must be lined up for correct weight-
bearing in the stabilized position. The su-
pination of the first metatarsal must not in-
volve the rest of the foot to any marked
degree because of the rearfoot stabilization
One must be sure to get the heel into a full
5° of valgus. If previous plaster wedgings
of sufficient efficiency have been apphed,
this is easily accomplished without removing
large sections of bone.

In some of our cases the cock-up of the
great toe upon its metatarsal has constituted
a subluxation that precluded the raising of
the first metatarsal. A radical dorsal cap-
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F16. 7. Result fol-
lowing bilateral triple
arthrodesis and first
metatarsocuneiform
fusion. Note effect
on cock-up deform-
ity of toes of each
foot. Cavus due to
Friedreich’s ataxia.

Fra. 8. Effect of first metatarsocuneiform fusion 20 months after surgery.
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sulotomy, combined at times with trans-
plantation ‘of the extensor hallucis longus
tendon to the metatarsal neck and phalangeal
fusion, has corrected this situation, In these
cases, care has been taken to see that the
plaster boot holds the great toe in plantar
fexion with the metatarsal well elevated,

THE REsULTS (Figs. 4-8)

We have been doing this procedure for
over 12 years. We have reversed the pro-
cedure for treating flatfoot in the child. In
children with flatfoot, the lowering of the
metatarsal puts more weight upon it, but the
flexibility of the proximal joints in the foot
rapidly neutralizes the first metatarsal shift.
In cavus foot, the order of application of
force is in reverse, and the correction is
permanent.

In the child it is thought better not to have

the wires pass through the epiphyseal plate
at the base of the first metatarsal bone. This
is avoided by taking most bone away from
the cuneiform and putting the wires only
through the epiphysis and thus missing the
plate. In our opinion, if one wire need be
passed through the plate, the harm done is
more of opinion than of fact.

CONCLUSIONS

A new operation is presented for the cor-
rection of flexible cavus foot. This procedure
is of great value when combined with rear-
foot correction and stabilization in the treat-
ment of rigid cavus foot,

The result of this procedure alone in cor-
rectly chosen cases and when combined with
triple arthrodesis in others has given the
best-looking feet and the best functional cor-
rection that we know of.

Un Nove Operation pro le Correction de Pede Cave
(Fusion del Prime Articulation Metatarso-Cuneiforme
e del Articulation Naviculo-Cuneiforme)

Summario in Interlingua

Es presentate un nove operation pro le
correction de flexibile pede cave. In le trac-
tamento de rigide pede cave, illo es de valor
quando combinate con correction € sta-
bilisation del pede posterior.

In casos correctemente seligite, le apgli-
cation del technica—sol o in combination
con triple arthrodeses—ha resultate in pedes
del melior apparentia e del melior grado de
correction functional que nos cognosce.
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The Enigma of Low Back Pain®

ALEXANDER LICHTOR, M.D.,

Over a decade ago Brailsford! wrote that
there was probably no problem in clinical
medicine which had been the cause of so
much controversy as sciatica. It is true
today. Diagnoses vary from neuritis, sacro-
iliac strain and Jumbosacral arthritis to rup-
tured disk. The inciting causes have in-
cluded trauma, exposvre 1o cold, gout, hys-
teria, sensitivity to certain foods and septic
foci m teeth, tonsils, galibladder and respira-
tory and the gastro-intestipal tract. Treat~
ment also ranges from manipulation, locally
applied heat and massage, back support and
medications to surgery.

In order for any pain to be present there
must be appropriate sensory nerve endings
which are described as bare and without
specualized end-organs.® Such nerve endings
are present n ligament, muscle, fascia and
bone but absent in the nucleus pulposus.
This 15 most significant, as the current popu-
tar explanation of back pain is that of a
protrusion of the nucless pulposus from
within a tumbar intervertebral disk into the
vertebral canal. Copious nerve endings are
found in the anterjor and the posterior tongi-
tudinal higaments, as well as the posterior
annulus fibrosus.>®  Here the Jigamentous
ussue is the important structure, and onfy

whes 1t 1 damaged by stretching or tearing
can the underlying nucleus pulposus exert
any influence on pain. Changes such as
Protrusion or post-tr: ic thinning of the

AND Joserss LichiTor, M.D.

intervertebral disk arise secondarily from
these figamenfous changes.

Another guestionable concept is that pres-
stee on a spinal nerve by a bulging, or pro-
truding, posterior longitudinal ligament re-
sults in sciatica. This nerve has seasory,
motor and reflex functional components
which may be altered by dircet pressure or
jeritation. For example, direct pressure on
the radial nerve in the axilla or the Jateral
popliteal nerve over the fibula produces
wristdrop ot footdeap plus paresthesta but
not pain, From this it is doubtful that pres-
sure on a spinal nerve within the vertebeat
canal wil} cause pain. Jt is fikely that sciatic
pain comes from alterations of the ligamen-
tous fibers,

There are other factors in the ctiology of
Jow back pain, Intervertebral disk thinming
effects an overriding and malalignment of
the fateral intervestebral joints. The pain
undes this condition arjses from the stretch-
ing of the capsule, which is fitious tissue
surrounding the joints and weld supplied with
sensory nerve endings.  Also, trauma can
change the structuse of the supraspinous and
the interspinous figaments. Spondylolisthesis,
100, is subject to diffesence of opinion as 1o
ctiology and treatment. Pain from this
source will result because of tearing of the
fibrocartitaginous fissue which fifls the defect
of the pars interarticulasis. According to
Gill and White,? excision alome of the

* From the Division of Orthopaedic Sur
Menorabh Hospital, Kzneas City, .‘0&' =
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flected tissue will selieve the back pain.
Even surgery has its different motivations
as ta whether spine fusion should or should

L
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not be tried. Both the orthopaedic surgeon
and the neurosurgeon may operate for the
so-called disk Jesion. There have been sta-
tistical attempts to prove or to disprove the
superiority of bone-grafting procedures.
Some orthopaedic surgeons do not perform
surgery unless a bone graft is used, hence a
human element may enter into their evalua-
tion of the end-results. In the past, benefit
from surgery has been ascribed to bone
grafting. Nevertheless, in spite of the differ-
ent technics, bony unjon takes place in
approximately 60 per cent of the cases, but
more than this number get relief from the
surgery.” Therefore, the benefit from sur-
gery must come from something other than
the stabilizing or the fusing of the spine, As
stated previously, the sensory nerve endings
for pain lie in the ligamentous structures. By
excision of the supraspinous and the inter-
spinous ligaments and the lamina with the
spinous process, the possible sources of jrri-
tation are eliminated. If the lesion is spon-
dylolisthesis, the removal of the involved
tissue eliminates the cause of pain. In osteo-
arthritis the affected joint may be excised
and a bone graft used to eliminate its mo-
tion. It seems apparent that excision of the
stretched capsule about the lateral interver-
tebral joint alone actually religves the pain.
With a protruding longitudinal ligament it
should be pointed out that its fibers are cut
prior to the removal of the nucleus pulposus.
After the stretched ligamentous fibers are
incised there is relief from pain. It is evi-
dent that when affected tissues are excised
and/or incised, pain may be relieved even
though a surgical procedure presumably was
for another purpose.

CASE REPORTS

Case F. P. A service-statton attendant, 49
years old, complaned of low back pain of 22
years’ duranon after bemg knocked down by
a heifer Previous treatment had been a plaster

right lower extremity, which also was pares-
thetic. Examination revealed positive right leg
signs and 1% inches atrophy of the right thigh,
The right leg and foot were hypesthetic, and
active right foot motions were weak Roent-
genograms of the spine were not diagnostic.
Cerebrospinal fluid study showed no cells and
74 mg. total protein. At surgery the vertebral
canal was approached at the L-4 to L-5 level on
the right, since the right ankle jerk reflex was
normal. A huge intervertebral disk protrusion
was found with the overlying posterior longi.
fudinal ligament stretched but grossly intact,
On incising the ligament a large piece of nucleus
pulposus under pressure exuded into the canal.
Convalescence was uneventful, and the pattent
returned to his work in I month.

In this case the severe back pain may be
ascribed to the extreme stretching without
complete rupture of the posterior Jongitudi-
nal ligament. Incision of the ligamentous
fibers relieved the pain, and excision of the
bulging nucleus pulposus removed direct
pressure from the nerve.

Case B. M. A man 55 years of age com-
plained of low back pain of 6 months’ duration
that disappeared suddenly 2 weeks prior to the
first ion. His chief plaint at that
time was numbness of the right leg and foot
dorsolaterally. Right leg pain was relieved by
flexing the spine and the hips. On examination,
percussion tenderness was present over t'h'e right
lumbosacral area. Leg signs were positive on
the right, and the right ankle jerk reflex was
absent. The right foot was hypesthetic over 1ts
dorsolateral aspect, and active right foot dorsi-
flexion was mildly weakened. Roentgenographic
examination showed some thinning of the
lumbosacral disk. Surgical exposure of the
Ilumbosacral disk on the right showed a free-
Iying nucleus pulposus. Thts was removed. The
patient returned to Light work 1 month after
surgery with no pain in the back or the right
lower extremity.

This typifies back pain that disappears
suddenly and a Jower extremity becomes in-
volved in sensory, motor and reflex changes.
Obviously, the back pain disappeared when
the protruding posterior longitudinal Iiga-
mentous fibers ruptured completely. The

body jacket and many spine each
making him worse A week prior to our ex-
ammnation he was unable to stand because of
severe low back pain. Pamn radiated down the

leus pulposus then exuded and pressed
against the nerve, crossing the disk, and
lower extremity nerve involvement resulted.
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This was taken out without the posterior longi-
tudinal ligament’s requiring incision. Except
for return of the right ankfe jerk reflex, she
made a rapid and excellent recovery.

This case illustrates the minimal back
pain present when the longitudinal ligament
is completely torn, yet sensory, motor and
reflexes changes in the affected lower ex-
tremity were marked from direct pressure on
the nerve traversing the lJumbosacral disk.

Case . B. A woman of 46 slipped on an oily
floor and twisted her back. She was treated else-
where for 5 weeks with physiotherapy and a
back support for low back pain and right lower
extremity paresthesia and weakness. Six months
after injury a myelogram was done and surgery
performed, the lowest two right Jumbar disks
being explored. Subsequently the back was in-
jected seven times, and a myelogram was re-
peated. A steel back brace was prescribed, but
after performing light work for 6 months she
was unable to return to work I year after
surgery.

On our first examination 2 years after injury
she was in obvious pain and walked with care
and a right feg limp. The low back was mark-
edly tender over the right paralumbar muscles.
Lumbar extension and flexion were painful and
moderately limited. Leg signs were positive,
and the right ankle jerk reflex was absent. A
thin Jumbosacral disk and pantopaque material
within the vertebral canal were seen on the
roentgenograms. Operative treatment consisted
of complete removal of the fifth lumbar verte-
bral lami Much impr resuited, and
the patient returned to light work 3 months post-
operatively.

In this case the main difficulty was back
pain and tenderness. Excision of scar tissue
and the fifth lumbar laminae without at-

“tempting a spine fusion produced much
relief from pain.

COMMENT

From a theoretic viewpoint, pain arises
from irritation of sensory nerve endings. In
the low back, these sensory nerve endings
are to be found in soft tissue such as liga-
mentous fibers but not in the nucleus pul-
posus. Thus, back and Jower extremily
pains result from stretching of ligamentous

fivers and not from nucleus pulposus pro-
trusion, With pressure against a nerve, sen-
sory, motor or reflex change may develop
in @ lower extremity, Pain is relieved when
the affected tissue is excised or incised. Re-
moval of the nucleus pulposus beneath a
bulging posterior longitudinal ligament will
relieve the sensory, motor or reflex changes
resulting from nerve pressure. Surgery for
the relief of back pain with or without lower
extremity radiation should always include
excision of the lamina and its spinous proc-
ess, along with the supraspinous and the
interspinous ligaments. In a posterior longi-
tudinal ligamentous protrusion the ligament
is incised and the nucleus pulposus removed.
With a spondylolisthesis, the laminectomy is
bilateral, and the scar tissue across the de-
fective pars interarticularis must be excised.
In the surgical treatment of the above-
mentioned lesions, the use of bone trans-
plants in an attempt to secure spine fusion
remains open to question,

CONCLUSIONS

The nucleus pulposus has no perve end-
ings; therefore, it cannot produce pain.

Ligamentous alterations precede interver-
tebral disk protrusions or thinning.

Pain in sciatica follows ligamentous tears.

Relief from back pain is obtained by inci-
sion or excision of involved ligamentous
tissue.
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Le Enigma del Dorsalgia Inferior

Summario in Interlingua

Dorsalgia presenta un problema quanto al
natura exacte de su causa. Modas ha venite
e disparite in re su diagnose e su tracta-
mento. Evidentemente, dolores pote esser
notate solmente ubi il existe terminos de
nervos sensori pro le reception de signales
dolorose. Tales ha non essite trovate in le
nucleo pulpose, sed illos existe in le tessuto
molle, specialmente in ligamentos e in cap-
sulas que coperi faciettas articular. Le pres-
sion directe super un nervo pote afficer su
functional componentes sensori, motori, o
reflexe sin causar ulle dolor. Ergo, quando
le ligamento postero-longitudinal es debile,
le nucleo pulpose pote protruder, coperite
per tense fibras ligamentose. Isto es dolo-
Tose, € si un pression es exercite super un
nervo, le resultato es alterationes sensori,
motori, o reflexe. Si il existe nulle pression
super un nervo, nulle manifestationes oc-
curre in le gambas. Del altere latere, si le
fibras lig; 1 rum-
pite, le dorsalgia es minimal o absente. Le

)SE €5 comp

pression super le nervo depende del loco del
extrudite nucleo pulpose,

Le tractamento chirurgic de dorsalgia in-
ferior resulta in bon successo quando un
incision es effectuate in le tessuto interessate,
i.e. per exemplo in le tense fibras ligamen-
tose que coperi le protrusion de nucleo pul-
pose. Le excision del ligamento interspinose
o del capsula articular es etiam efficace, si
iste tessutos es interessate. Isto explica le
bon successos resultante del varie processos
chirurgic que ha in commun Ie incision o
excision de tessuto. Le elimination del pres-
sion exercite super un nervo contribue al
alleviation del alterationes sensori, motori, o
reflexe, sed iste mesura non affice le dolores
del dorso o del extremitates inferior.

Es presentate casos illustrative que de-
monstra le supra-mentionate conceptos in re
le production de dolores e de alterationes
sensori, motori, € reflexe ¢ le rationes pro
que le intervention chirurgic pote effectuar
un alleviamento del symptomas.
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Management of the Acute Low Back
Syndrome: A Practical Plan

LaszLo ORMANDY, M.D.*

The acute low back syndrome is a rela-
tively common and totally disabling dis-
order that causes great economic loss to
industry as a whole and to laborers and
white-collar workers alike. As a rule, it is
the industrial surgeon or the general prac-
tittoner who is depended upon for diagnosis
and treatment of this ailment. Familiarity
with this syndrome will permit him to relieve
the distress, expedite recovery and, by
diminishing the duration of the disability,
allow the patient to return earlier to gainful
employment.

When a patient with a complaint of an
acute onset of low back pain consults the
physician, often it is impossible to carry out
a complete physical examination and make
an exact diagnosis because of the severity of
the existing pain. He takes a short history
and completes a pertinent physical exami-
nation.

The author offers here a practical plan of
conservative management of patients suffer-
ing from acute low back pain based upon
successful results in a series of 33 patients
who had developed acute low back pain
with or without sciatic scoliosis following
trauma incident to their usual physical ac-
tivities, as 1n hfting objects mproperly,
Lfung or attempting fo hft heavy objects

*# Attending Orthopaedic Surgeon, Howard Uni-
A

accompanied by an awkward twisting of the
trunk upon the pelvis.

Invariably it has been our finding that
there js present in such patients severe
spasm of skeletal muscle overlying the in-
jured site and that relaxation of this spasm
relieves pain promptly. Therefore, we con-
centrate on the treatment that will relieve
the spasm and the accompanying pain,
whether due to sacro-iliac or lumbosacral
strain or sprain, myofascitis, ruptured inter-
vertebral disk, sacro-iliac displacement,
facet-synovial impingement or other causes
whose "exact etiology finally is ascertained.
The relief of the acute pain permits the
completion of the physical examination, in-
cluding diagnostic orthopaedic tests Emd
roentgenograms of the lumbosacral spine.

HISTORY

Usually the patient states that sharp pain
developed during a twisting motion (_)f the
spine while he was leaning over or lifting or
pulling a heavy object. Occasionally he re-
lates that he and a co-worker were hfting an
object jointly when the latter suddenly let
go and the weight of the entire Ioad fell
unexpectedly on him. Often he has heard ot
felt something spap low mn his back and
coincidentally either became totally incapace
itated at that time or found that he was
unable to get out of bed the next morming

versity School of , an, te Ortho-
paedic Surgeon, Emergency Hospital, Washington,
D. C.
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of severe low back pain The pain
of the acute low back syndrome is sharp,
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FiG. 2. Pelvic rocking test.

EXAMINATION OF THE BACK
AND THE LOWER EXTREMITIES

Because of the severe pain aggravated by
the slightest movement of the spine, we
make the first examination brief and limit it
to the back. The patient should be un-
dressed and draped so as to expose the back
and the lower extremities.

The patient is seen to walk with a shuffling
gait, the body flexed slightly forward and to
one side, the entire back being held rigid.
The trunk tends to list away from the pain-

FiG. 1. Sciatic scoliosis. ful side (sciatic scoliosis, Fig. 1); however,

this listing is variable. The ilium on the
severe and constant. It is located across the  painful side is less prominent. All movements
lower back on one side or the other. It is of the trunk upon the pelvis are restricted.
aggravated by the slightest movement, for-
ward flexion, lateral flexion, twisting or ex-
tension of the lumbosacral spine. There may
be radiation to one buttock or the other, or
to both, to the groin on one or both sides or
down the back of the thigh or the leg on
one side or the other. The pain may be
worse on coughing or sneezing. In severity
the pain of the acute low back syndrome
may resemble that of renal colic.

Fic 3. Straight-leg-
raising (SLR) test.
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Straightening up from forward flexion is
particularly painful. Rising from a chair is
done with great difficulty, while lying on the
examining table is almost intolerable. Spasm
of the erector spinae muscle is present, Such
spasm is a protective mechanism to limit
movement and prevent pain,

Palpation of the spine for tender areas
affords important diagnostic information
and, therefore, is a therapeutic guide. Point
tenderness may be elicited by palpating the

!

F1G. 4, Gaenslen’s sign (modified).

spinous processes of the lumbar vertebrae,
the interspinous ligaments between L-4 and
L-5 and between L~5 and S-1, the ilio Jum-
bar ligaments and the posterior sacro-iliac
ligaments. At umes the tenderness is dif-
fused over the entire low back.

Further information may be obtained from
a study of the movements of the spine.
These are limited markedly and associated
with excruciating pain 1 the low back. At
times the patient can flex his spine, but the
movement takes place n the hips, while the
entire vertebral column is held rigid.

Other tests which furnish information are:

The Rocking Test (Fig. 2). Passive
flexion of the pelvis on the lumbar spine by
the examiner, the hips and the knees being
flexed. This movement will be painful and
limited if the pathology is located in the lum-
bosacral joint.

The Straight-LegRaising (SLR) Test
(Fig. 3). Passive flexion of the thigh with
the knee extended will put rotary stress In
the sacro-ilizc joint and will limit pain to
the involved side, regardless of the leg
tested. The same test will stretch the nerve

Fic. 5. Patrick test,
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roots over a ruptured intervertebral dis.k,
thus Jimiting the clevation of the cx.trcmlly
and producing the sciatic type of pain.

Gaenslen's Sign (Fig. 4). The hip and
the knee of the involved side are placed in
a rotary stress that results in pain.

At times the last two signs may be nega-
tive, but the Patrick test usually is positive.

Pawrick Test (Fig. 5). This test will
produce pain in the affected sacro-iliac joint
on forcing the hip of the affected side into
fiexion, nbduction, external rotation and ex-
tension with the knee flexed.

Sensory, reflex and motor power exami-
nations usually are negative.

The patient will have difficuity in crossing
his Jegs, because this movement will put
extra pull on the sacro-iliac joint structures.

AIM OF TREATMENT

Speedy relief of pain is important to the
physical and the emotional well-being of the
patient with acute low back syndrome. The
maintenance of such relief is equally impor-
tant from an economic standpoint.

Our therapeutic agents include:

1. Tubadil* to achieve skeletal muscle
relaxation

2. Nerve blocks of the posterior divisions
of S-1 and S-2 and injection of a lacal
anesthetic into the sacro-iliac and the lumbo-
sacral apophyseal joints

3. Pelvic traction

4. Immobilization of the lumbosacral
spine with a fitted orthopaedic corset.

5. Postural exercises

This therapeutic regimen is carried out
as conveniently in the office as in the hos-
pital.

THERAPEUTIC AGENTS
AND PROCEDURES

Tusapw.

The vial of Tubadil is held under hot
running water of in a warm-water bath for

* Grateful acknowledgment for generous supplies
of Tnpadil is made to Dr. Edward A, Barrett, l;\’?edi-
cal Director, Endo Laboratories Inc,

a few minutes in order to liquely the sus-
pending menstruum and then is shaken
vigorously to distribute the alkaloid evenly.
A 2-cc, syringe with a 1%- to 2%-inch
20-gauge needle is used, the length of the
needle being dictated by the thickness of the
averlying gluteal pad of fat. Tubadil is in-
jected deep into the upper outer quadrant
of the glutcal muscle mass.

Rationale. Skeletal muscle spasm occurs
as a protective reflex response incidental to
trauma. Once established, such spasm pro-
duces pain not only at the site of injury but
in contiguous muscles as well, since these
become hypertonic and knotted by second-
ary reflex mechanisms,

Relaxation of such skeletal muscle spasm
is made physiologically possible by the use
of tubocurarine, whose primary point of
action is a peripheral one, that is, at the
neuromuscular junction. By inhibiting the
transmission of impulses along motor-nerve
pathways, tubocurarine relieves the spasm
and its subjective component, pain.

Tubadil relieves muscle spasm within 45
minutes and maintains this relaxation, with
consequent relief of pain usually for about
24 hours, occasionally longer.

Dose. We have overcome the serious dis-
advantages of aqueous tubocurarine by em-
plqying Tubadil, a long-acting curare prepa-
ration containing 25 mg. of highly purified
crystailine tubocurarine in a specially devel-
oped repository menstruum. Because of jts
gradual and nonsporadic release of tubo-
curarine, we have been able to use this
muscle relaxant in low doses: 0.7 cc. (17.5
mg.) tubocurarine for ambulatory patients
and 09 cc, (225 mg.) for hospitalized pa-
tients. With this low dosage we have
achieved relatively speedy relaxation of
spasm and relief of pain in 30 to 45 minutes
following the intragluteal injection. We have
found that relaxation of spasm and relief
of pain may be maintained for as long as
24 hours per injection,

We never have encountered any serious

W‘S_ﬂe:.?ﬁﬁ?!%}eﬂ“m“g artificial respiration or
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the himited antidote neostigmine, Blurring
of the vision or diplopia has occurred occa-
sionally. Patients were advised in advance
regarding this possibility; therefore, if it did
oceur, they were not too concerned about it.

We have found that generally Tubadd
need not be given more than three or four
times to each patient. The usual interval
between the small doses in office patients
is 48 hours, while hospitalized patients re-
ceived daily alternating doses of 0.9 and 0.4
cc. so long as there was spasm with pain.

Our latest experiences with Tubadil have
demonstrated that it helps eliminate the
need for frequent and prolonged individual
diathermy treatments,

NERVE BLock

Satisfactory nerve blocks can be accom-
plished only if topographic anatomy is fol-
lowed. Using Pontocaine (1) we block the
posterior divisions of spinal nerves S-1 and
S-2, (2) 1nject the sacro-liac joints or (3)
infiltrate the lumbosacral apophyseal joints,
depending upon our physical findings.

Rationale. The local anesthetic reduces
the number and the ntensity of peripheral
sensory stimuli and thus reduces pain. The
direct effect of the Pontocaine is explained
by the swelling of the myelin sheath with

Spinous process

FI16, 6. Diagram show-
mg the mode of injection
of §-1 and S-2 nerves
(postertor primary divi-
ston}. The needle is in-
serted one fingerbreadth
lateral to the spinous
process between the first
and the second foram-
ina, Pass the needie in
an anterolateral direc-
tion at an angle of 10°
to the skin and also
point the fevel of the
needle 10° cephalad or
caudad untd bone is
struck.

of 1st sacrof

1st sacral
foromen

compression of the nerve cylinder atself,
resulting in interruption of impulses.

Mode of Administration. The patient
is placed on the examining table face down
and with the pelvis elevated by a pillow. The
low back region is painted with a stainless
tincture Zephiran. Thirty-two cc. of 0.15
per cent Pontocaine is used, 1 ampule of
hyaluronidase and 3 drops of 1:1,000 Adren-
alin being added. A 10-cc. syringe and 2
2Ya-inch 22-gauge needle are required.

To locate the site of injection the follow-
ing landmarks should be vsed as a guide: the
second sacral foramen is located one finger-
breadth medial and an equal distance candad
to the posterosuperior spine of the ilium; the
first sacral foramen is one fingerbreadth (%
inch) cephalad and 3 inch medial to the
postesosuperior spine.

In order to inject the posterior divisions
of §-1 and S-2 and also the sacro-iltac joint
through one needle puncture, insert the
needle about one fingerbreadth (% inch)
lateral to the spinous process between the
first and the second sacral foramma after
anesthetizing the skin; pass the needle in an
anterolateral direction at an angle of 10°
with the skin and also point the bevel l‘{f
the needle 10° cephalad or caudad until
bone is struck; withdraw the needle ¥ inch
and inject 4 cc. of the anesthetic fluid into
each area (Figs. 6 & 7). Next inject the
sacro-iliac joint by partially withdrawing the
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needle, tilt it 45° medially, so that the bevel
of the needle will aim at the sacro-iliac joint,
and reinsert it. At this angle the needle will
pass between the sacrum and the postero-
superior iliac spine through the fibers of the
sacro-iliac ligament to the posterior margin
of the sacro-iliac joint (Fig. 8).

To infiltrate the lumbosacral apophyseal
joint, the joint is localized by the following
method:

the second sacral spinous process is at
the level of the posterosuperior spine and,
by palpating cephalad, the spinous process
of L-5 may be felt. Or palpate the highest
point on each iliac crest and draw a line
between them; this line will bisect the spi-
nous process of the fourth lumbar vertebra,
thus locating spinous process of L-5. About
1 inch laterally from the tip of L-5 spinous
process, the lumbosacral apophyseal joint is
located. Insert the needle perpendicular to
this area until the necedle strikes bone and,
after aspirating for blood, inject 4 cc. of the

Spinous
process of
1st sacral

FiG. 7. Cross section of sacral region,

anesthetic fluid. If the necedle does not strike
bone after being inserted to a depth of 2%
inches, the needle must have entered lateral
to the joint.

This local infiltration should be done bi-
laterally if unilateral tenderness cannot be
localized.

Multiple resinsertion of the needle or en-
tering into the sacral foramen should be
avoided to prevent puncturing blood vessels.
Improper infiltration will produce hema-
tomas that create more muscle spasm and
more pain.

If the symptoms do not disappear com-
pletely following the first block, infiltration
with the anesthetic should be repeated in
about 3 days. .

Tt is interesting to note that 83 per cent
of the ambulatory and 52 per cent of the
hospitalized patients received only one anes-
thetic injection. Of office patients, 8 per
cent required three anesthetic injections, and
among the hospitalized patients, 15 per cent.

Sacral
foramen

. Pass the needle in an anterolateral

direction at an angle of 10° to the skin,
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PELvIC TRACTION

First described for acute low back by
Dickson in 1936 and recently by Varco,
pelvic traction may be carried out either in
the office or in the hospital. Often it pro-
duces immediate and striking results.

Rationale. Pelvic traction produces grad-
val but painless manipulation. It reduces
sacro-iliac subluxation, relieves facet-syno-
vial impingement, lessens erector spinae
muscle spasm and renmoves nerve-root pres-
sure symptoms caused by ruptured inter-
vertebral disk.

Method. The foot of the treatment table
or hospital bed is raised 4 inches with shock
blocks for countertraction. A simple pulley
device, with means for holding weights, is
clamped on the end of the table. A pillow
is placed under the knees of the patient in
order to relax the hamstrings and to decrease
lumbar lordosis. The patient lies in a canvas

Spinous
process of &
st sacral

belt 8 inches wide and lined with felt ¥ inch
thick. The belt should extend from the iliac
crest above to below the greater trochanters
(Fig. 9).

In the office, from 40 to 50 lIbs. weight
is applied for 30 minutes and repeated at
subsequent visits for from 30 to 60 minutes.
For hospital patients, the traction should be
kept on constantly, from 40 to 50 Ibs. weight
being used. Three times a day for 1 hour ~
each the weights should be increased to 60
Ibs. if the patient can tolerate this. It is
permissible to remove the belt for from 15 to
30 minutes for rest periods and nursing care.
The pelvic traction can de discontinued
within 2 to 5 days.

IMMOBILIZATION OF LUMBOSACRAL SPINE
WITH CORSET

Rationale. A properly fitted orthopaedic
corset furnishes protection of injured tissues.

Socro-ilioc
joint

Fic 8 Cross section of sacro-iliac joints Withdraw the previously inserted
needle partially, displace the skin toward the spinous process with one hand
in order to be able to remsert the needle at a 45° angle. At this angle the needle
will pass between the sacrum and the posterosuperior ﬂufc spine through the
sacro-thac ligament 1o the posterior margin of the sacro-iliac jomnt,



Fic. 9. Pelvic traction. Place a pillow under the knees

or put the patient in the Fowler position.

The ambulatory patients should be fitted
with a lumbosacral corset as soon as the
nerve block is completed. Hospital patients
are fitted with a corset immediately before
their bed confinement is discontinued. The
corset then should be worn for 2 or 3 months
constantly when the patient is up and about,
An orthopaedic corset has the following re-
quirements: it should be long enough in
front to support and lift the abdomen, and
long enough in the back to encircle the but-
tocks and not reach the inferior tip of the
scapulae. The average length of the corset
in the back is 15 inches. Side lacing is
preferable (Fig. 10). Two rigid steel stays
should be used in the back and should be
bent according to the contour of the lumbo-
sacral spine.

POSTURAL EXERCISES

Rationale. Three or 4 weeks following
the acute attack, physiotherapy should be

Fia. 10. Lumbosacral corset,
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instituted to re-educate the patient’s own
corset muscles, that is, his abdominals and
glutei, and to stretch the erector spinac
muscles.

It is advisable to show the patient only
3 or 4 simple postural exercises and have
him do these regularly.

A fracture board between the mattress
and the spring gives firmness and support to
traumatized muscles.

We have found the following postural ex-
ercises to be beneficial in reducing the lum-
bar curve and increasing the strength of the
muscles of the anterior abdominal wall:

Fic. 11. Lie on the floor with pillow under knees and arms

folded across chest. Pull chin in, flatten back against floor. Hold
position, raise shoulders about 8 inches and head. Let head and

shoulders down slowly. Relax,

FiG 12. Seated on floor with pillow under knees, touch

toes with fingertips Start from sitting posttion

Fi6. 13, With head touching wall, stand with heels about 3 inches
from wall, pull chin in, flatten back against wall. Squeeze buttocks
together. Draw abdomen up and in without taking a deep breath
While holding abdomen up and 1n, count from 1 to 5 aloud. Relax.
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1. Lie on the floor with pillow under
knees and arms folded across chest. Pull
chin in, flatten back against floor. Hold
position, raise shoulders about 8 inches and
head. Let head and shoulders down slowly.
Relax. (Fig. 11)

2. Seated on floor with pillow under
knees, touch toes with fingertips. Start from
sitting position. (Fig. 12) .

3, With head touching wall, stand with
heels about 3 inches from wall, pull chin in,
flatten back against wall. Squeeze buttocks
together. Draw abdomen up and in without
taking a deep breath, While holding abdo-
men up and in, count from 1 to 5 aloud.
Relax. (Fig. 13)

Each of these exercises should be repeated
5 or 10 times, once or twice a day, for 1
year.

CASE REPORTS

Case 1. Mr. 1. K., aged 40, laborer, was
brought to the hospital by ambul with

tion Insurance, resumed his work 22 days after
the accident.

Case 2. Mrs. R, T, aged 36, housewife, was
referred to the author’s office with the following
history: i

Four days previously she Jifted an object and
suddenly developed an acute sharp pain in the
Jower back. The pain was localized over the
lumbosacral joint and was aggravated when she
rose from a horizontal position. Stooping over
and coughing made the pain worse. There was
no radiation of pain into the thighs or the legs.
However, she complained of a drawing pain on
the lateral aspect of the right thigh. A year pre-
viously she had had a similar attack, for which
she received osteopathic treatments for 3
months. The physical examinati led
pain associated with moderate limitation of
movements of the lumbosacral joints. Reflexes
and sensory examination were normal.

Diagnosis. Acute low back syndrome.

Therapy. The office treatments consisted of
3 Tubadil injections (0.7 cc. per dose every other
day) and a diathermy treatment on the second
and the fifth days. The patient was fitted with a

severe, excruciating pain in his lJow back. He
stated that while lifting an object he strained
his back and was unable to straighten up He
had no radiating pain, The physical examina-
tion could not be completed because the slight-
est motion on the stretcher caused excruciating
pain in the low back. Marked bilateral erector
spinae muscle spasm was present. There was
generalized tenderness over 1.-4 to L-5 and L-5
to S-1 spinous processes and in the Jumbosacral
apophyseal joints bilaterally. The racking test
produced severe exacerbation of the pain in the
low back. Gaenslen’s sign was positive bilater-
ally; reflexes and sensory examination were
normal
Roentgenograms. Negative.
Diagnosis. Acute low back syndrome, severe,
Therapy. Soon after admission to hospital, a
block was done according to the described pro-
cedure, pelvic traction was applied by 45-1b,
weight, and Tubadil, 0.9 cc., was injected intra-
gluteally. The patient stated that almost all the
back pain disappeared right after the Tubadil
injection and the nerve block. Six days follow-
ing the first injection another block was done.
The patient also received daily Tubadil injec-
tions. He was fitted with a lumbosacral corset
and discharged from the hospital without any
plaint 7 days following hospital admissi
The patient, covered by Workmen’s Compensa-

al corset. Completely relieved, she
was discharged 5 days following the first visit.
The patient resumed her full schedule of house-
work 3 days after her first treatment.

CLINICAL DATA

Thirty-five patients treated for acute low
back pain are subdivided into two groups for
the purpose of this report:

1. Ambulatory (office) patients

2. Hospitalized patients

GROUP 1 —AMBULATORY PATIENTS

There were 17 ambulatory patients, of
whom 12 were males and 5 females. The
age range was between 15 and 40 years, the
average being 32 years. There were 16
white-collar workers and 1 laborer. Dura-
tion of symptoms varied from 2 to 30 days,
the average being 9 days. The number of
office visits varied from 1 to 12: average, 3.9.

Therapeutic Procedures

_Tubadil. A total of 22 injections were
given these 17 patients,

Blocks. Ten patients received 1 block;
1 patient, 2 blocks; 1, 3 blocks.



108

Management of the Acute Low Back Syndrome: A Practical Plan

Corset. Sixteen patients were fitted with
a lumbosacral corset.

Postural Exercises. All patients contin-
ued postural exercises at home, having ob-
tained complete relief at the time of discharge.

Dinthermy. Eight patients received an
average of 3.5 diathermy treatments during
follow-up.

Loss of Time. Fifteen patients lost no
time from employment; a housewifc and a
contractor lost only 3 days each,

Group 2—HosPITAL PATIENTS

There were 18 hospitalized patients, of
whom 12 were males and 6 females. The
age range was between 27 and 40 years; the
average, 36, There were 13 white-collar
workers, 4 laborers and 1 liability case.

The duration of symptoms varied from 1
to 30 days; average, 10 days. The number
of hospital days varied from 1 to 15; aver-
age, 5.9. Until recently it took 10 days to
get a custom-made corset, which increased
the hospital stay considerably. The number
of follow-up office visits varied from none
to 11.

Therapeutic Procedures

Tubadil. A total of 48 injections was
administered to these 18 patients.

Blocks. Ten patients received 1 block;
6 pauents, 2 blocks; 3 patients, 3 blocks.

Pelvic Traction. Thirteen patients had
pelvic traction.

Corset. Seventeen patients were fitted
with a lumbosacral corset.

Diathermy. Six patients had diathermy
treatments,

Postural Exercises. All patients were
instructed to perform postural exercises at
home,

Loss of Working Time Following
Hospital Discharge
There were 4 Workmen’s Compensation
patients with time lost varying from 15 to
24 days; average, 19 days, Among 13 white-
collar workers, time loss varied from none to

30 days; average, 6 days; while 1 liability
patient returned to work in 7 days following
hospital discharge.

DIAGNOSIS

The diagnosis of all 35 patients in both
groups was acute low back syndrome. These
were subclassified according to the anatomic
Iocation, such as lumbosacral involvement,
sacro-iliac, combined sacro-iliac and Jumbo-
sacral involvement, myofascitis of the erec-
tor spinae muscles and herniated interver-
tebral disks.

RESULTS

On discharge 34 patients had complete
relief of the acute low back pain and re-
sumed their original work. One patient with
a ruptured disk, removed subsequently, ex-
perienced moderate relief from pain under
our conservative therapeutic regimen.

DISCUSSION

The acute low back syndrome is a condi-
tion that commonly affects both white-collar
workers and those engaged in heavy manual
labor. Because of the commonness of this
syndrome, the severity of the pain and the
protracted disability, a rational mode of
therapy that relieves pain quickly, prevents
prolonged disability and permits an earlier
return to gainful employment is desirable. In
our hands, such a mode of therapy is based
upon the use of Tubadil, a skeletal muscle
relaxant with extended duration of effect, pe-
ripheral sensory nerve block with Pontocaine
hydrochloride, pelvic traction, immo}ulx.za-
tion with orthopaedie corset and continuing
postural exercises.

Our method applies equally well to office
and hospitalized patients, and is based upon
the use of Tubadil to provide early and
prompt and prolonged relief fro‘m muscle
spasm and thus relief from its painful com-
ponent; Pontocaine to relieve pain by inter-
ruption of nerve impulses; pelvic traction to
promote further relaxation of ixtvolve.d mus-
cles and produce gentle manipulation by
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distraction; orthopacdic corset 10 provide
support to traumatized tissues; and postural
exercises to assist in re-education of injured
muscles.

Qur 35 patients exhibiting the character-
istic syndrome of the acute low baclf com-
prised 17 officc patients, ranging in age
from 15 to 40 years and including 5 females
and 12 males, and 18 hospitalized patients,
ranging in age from 27 to 40 years and
including 6 females and 12 males. All
manifested pain associated with a marked
degree of skeletal muscle spasm involving
lumbosacral and sacro-liac regions when
first examined.

The résumé of roentgenographic findings
included asymmetry of lumbosacral articu-
lation, hypertrophic arthritis, diminished
lumbosacral space, increased Ilumbosacral
angle, transitional fifth lumbar vertebra and
structural scoliosis.

Under our regimen we achieved complete
relief from pain and early return to com-
pensable employment in 99.1 per cent of
our patients. The total number of Tubadil
injections was 70. We encountered no side
effects requiring antidotal measures in either
group. Occasional diplopia was com-
plained of, but it presented no great pmb—
lem. Ambulation was permitted these
tubadilized patients. As regards those treated
in the office, the average number of visits
was 3.9; as for thase hospitalized, the aver-
age duration of stay was 6 days. Our 0.9
per cent result was considered to be “fair,”
even though pain relief was considerable,
consideting that this one patient could not
return to work until operated upon for re-
moval of a ruptured intervertebral disk.
Patients were followed for as long as 20
months; the average, 11 months,

The preponderance of white-collar work-
ers and housewives over those engaged in
manual labor 1s noteworthy: 16 office and
14 hospitalized patients were in the former
category, while there were 1 office and 4
hospitalized patients in the heavy-labor
group.

SUMMARY

A rational method for the treatment of
acute low back syndrome based upon ob-
taining prompt and prolonged relief from
skeletal muscle spasm and pain js presented.

The technic of administration of Tubadil,
skeletal muscle relaxant, the establishment
of nerve block with Pontocaine and the use
of pelvic traction are described for use both
as office and hospital procedures to effect
restoration of body mechanics by relieving
muscle spasm and pain. The need for or-
thopaedic corset and postural exercises to
maintain the restored properly functioning
mechanical state is stressed. No special skill
is required to initiate and carry out this
regimen, which permits shorter convales-
cence and earlier return to work.

Each one of these five agents is an inte-
gral part of the over-all scheme of manage-
ment. We have followed this course of treat-
ment in 35 patients—17 office and 18 hos-
pitalized—and, as already stated, have
achieved satisfactory improvement in 99.1
per cent of them.

ADDENDUM

Since completing the foregoing report we
have used the same five-step integrated treat-
ment on an additional 20 patients suffering
from acute lIow backache. Our results are
entirely in keeping with our findings in the
original series of 35 patients.
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Le Tractamento de Acute Dolores Infero-Dorsal

Summario in Interlingua

Iis presentate un reporto del tractamento
e nente dofores infero-dorsal super I base
del experientias in un seric total de cin-
quanta-cinque  patientes,  Le methodo o5
gl plicabile a j de visita
¢ n patientes bospitalisate, Bs discutite e
mesuras diagnestie ¢ le principios e le tech-
nica del ndministration de agentes therapeu-
tic, Le mesuras therapeutic include le uso
e Tubadil que effectin un prompte ¢ dura-
tive allevismento el dolorose spasmos mus-
eulur; blocage de nervo pro le interruption

de impulsos dolorose; traction pelvic que
promove un relaxation additional del mus-
culos afficite; corset orthopedic pro le sup-
porto de tessuto traumatisate; e exercitios
postural pro mantener Je restaurate stato del
correcte function mechanic,

Como resultato de iste integrate tracta-
mento de acute dolores infero-dorsal, le pa-
tientes ha plus curte periodos de reconvales-
centia e retorna plus promptemente a remu-
nerabile formas de Jabor.
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The Iliac Apophysis: An Invaluable Sign
in the Management of Scoliosis

JoserH C. RISSER, M.D.*

Growth and completion of growth of the
body is best shown by development of the
bone growth centers, epiphyses and apophy-
ses. The ossification of the carpal bones have
long been used to indicate the bone age of a
child. In infancy the time of femoral head
ossification is also used to determine age. A
delay in development usually is associated
with a delay in metabolism.

The last ossification centers to appear and
develop are the iliac crest apophysis and,
finally, the apophysis of the ischial tuberos-
ity. The latter is smaller, more difficult to
visualize in roentgenogram and thus is of
little significance, whereas the iliac apophysis
is plainly visible and has a rather long time
element in its development.

An apophysis is a growing center which,
as its name indicates, grows (physis) upon

(apo) the mother bone. It differs from the
epiphysis in that with the development of the
ossification center all growth is completed

Coincident with the development of the
excursion of ossification of the iliac apophy-
sis across the iliac crest, the vertebral growth
plates are completed, and spinal growth is
finished. Tt is difficult to visualize the verte-
bral body growth plates and determine
growth completion. Because of an almost
simultaneous  development of the iliac

* Pasadena, Calif,

apophysis and the vertebral growth plates,
vertebral growth completion can be deter-
mined by observation of the development of
the iliac apophysis.

In the anteroposterior roentgenographic
view of the pelvis, the iliac apophysis ap-
pears laterally and anteriorly on the crest of
the jlium as an ossification center. This is
termed capping (Fig. 1). With continued
growth it develops posteriorly in its excur-
sion of ossification across the iliac crest to
dip down to contact the ilium medially at its
junction near the sacrum. This is considered
to be attached or completed (Fig. 2). When
this completed ossification occurs, vertebral
growth can be considered to be complete.
Closure of the line between the apophysis
and the ilium has no vertebral growth sig-
nificance. Two or 3 years may be required
for its closure.

The average time for completion of the
iliac apophysis to its medial and posterior
attachment is about 1 year. The shortest
time was 7 months; the longest, 3 years.
(Fig. 3)

The iliac apophysis may develop in frag-
ments. After the usual capping or the ap-
pearance of ossification anteriorly and later-
ally on the iliac crest, further development
may occur posteriorly, leaving a space, or
gap, to be filled in later,

Variations in development of the iliac



112 The lliac Apophysis

FiG. 1 (Left). Shows the appearance of
the ossification of the iliac apophysis called
capping. It can be scen over the right side X R
of the pelvis anteriorly, -

s

FiG. 2 (Right). Shows the posterior Vad y"~ 7:’
capping of the iliac apophysis. (See arrows
over the pelvis.) This boy also had a con-
genital anomaly at 13. He was an un-
treated case, followed over a pertod of 10
years, during which period his curve in-
creased over 20° until completion of the
iliac apophysis.

'

/
- L N ) '
Fic 3. (Lefr) Shows a girl of 16 with an untreated curve of 30°. Her apophysis has
attached with a shight interruption of the excursion across the left pelvis (See ar{ow.)
(Right) Shows the girl over 15 years later. She is now a young adult. Although it has
been 15 years since her last roentg am was taken, sh acurve of 30 and an
attached 1liac apophysss, her curve remained unchanged at 30°. The ilac apophysis
has solidified and 1s now a part of the ilium. (See arrows )
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apophysis may occur. Earlier development
usually takes place on the iliac crest of the
high side of a pelvis scen with leg-length
difference. Posterior ossification of the
apophysis has been scen in the ?ccasior.ml
congenital spinal deformity and in the in-
fantile pelvis of some polios.

The excursion of ossification of the
apophysis may be short and appear to attach
to the ilium at a distance onc haif to three
quarters across the iliac crest. In these cases
the initial ossification center is thicker than
usual. These are termed short excursions
(Fig. 4). Vertebral growth usually is com-
pleted with the short excursion of the
apophysis.

The average chronologic age when the

iliac apophysis is completed is 14 years in
girls and 16 years in boys. It may occur as
early as 10 or 11 years in girls and 13 or 14 in
boys, and as late as 17 or 18 years in girls or
20 years in boys. Delayed development oc-
curs in children in colder climates or in those
whose metabolism is low. Early development
of the apophysis occurs in warmer climates.
These observations on the development of
the iliac apophysis were begun in 1936 at
the Los Angeles Orthopaedic Hospital and
continued intensively for 10 years. The object
of this study was to find some physiologic
sign that would indicate the completion of
vertebral growth,
- From a review of 296 untreated scoliotic
cases made at the New York Orthopaedic
Hospital from 1926 to 1936,* it was learned
that scoliotic deformity became static with
completion of vertebral growth (Fig. 5).
This was determined by comparison of ver-
tical heights, standing and sitting, with meas-
urement of the scoliotic deformity.t

In this study it was found that spinal
growth was slow in the period of 5 to 10
years of age; the average increase in scoliotic
deformity was 4° to 5° a year, and the in-

—
. *Risser, I. C, and Ferguson, A. B.: Scoliosis:
Uts prognosis, J. Bone & Joint Surg. 18:667, 1936,

1 Ferguson, A. B.: South. M. J. 23:116, 1930,

FiG. 4. Shows an iliac apophysis which
was attached at about 75 per cent of the
customary excursion, (See arrow over the
left pelvis.) The curve did not increase
after this attachment. This is called a short

excursion of ossification of
apophysis.

the 1liac

crease in sitting height averaged less than ¥
inch a year, whereas in the preadolescent
age, 10 to 15 years, the average scoliotic in-
crease was 10° and the average increase in
sitting height was 1 inch. In cases of marked
nutritional deficiency there may be a rapid
increase in the scoliotic deformity, even in
the slow vertebral growth years (8 to 10
years).

The relationship between vertebral growth
and scoliotic deformity can be explained by
Hueter-Volkmann’s epiphyseal pressure rule.
This states that bone growth is retarded when-
ever pressure is increased, and is accelerated
whenever pressure is diminished. Uneven
pressure is possible when joint surfaces are
not parallel, as seen in the convexity of the
scoliotic spine.

The vertebral growth plates are not easily
visible in a roentgenogram; therefore, they did
ot furnish reliable information of vertebral
growth. The completion of the excursion of
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the ossification of the iliac apophysis gen-
erally was coincident with that of the verte-
bral growth plates. Therefore, the attachment
of the iliac apophysis has proved to be an
excellent physiologic sign to indicate the
completion of vertebral growth.

Two hundred untreated cases examined
at the Los Angeles Orthopaedic Hospital
were studied as to vertical heights standing,
sitting and kneeling, measurement of the
scoliotic deformity and development of the
excursion of ossification of the iliac apophy-
sis across the crest of the ilium, In general,
the correlation was very favorable. The sit-
ting height was not 100 per cent accurate.
Variations were noted with fatigue of the
patient and the addition to sitting height by

FiG. 5. (Top, left)
Girl, 11 years of age,
had polio at the age
of 8, with mild ap-
pearance of the lat-
eral curvature at the
dorsolumbar  junc-
tion. No sliac apoph-
ysis is seen at the
age of 11. (Top,
right) At the age of
14 it is noted that the
iliac  apophysis s
complete, and there
has been a noticeable
increase in the de-
formity.  (Botiom,
left) At the age of
18%% there has been
no further increase in
the deformity since
the completion of the
iliac apophysis. (Bot-
tom, right) This is an
untreated case. Also
at the age of 21 there
has been no appreci-
able increase in the
deformity since the
completion of her
iliac apophysis. (Ris-
ser, J. C.: JAM.A.
164:135)

the development of the ischial apophysis and
increase in buttock size in fat girls.

Ten per cent of the cases showed no in-
crease in scoliotic deformity, even though
iliac apophysis was not complete and at-
tached. This was especially difficult to deter-
mine in those cases with a short excursion of
the iliac apophysis. During the past 20 years
3 cases have been reported which showed
roentgenographic evidence of an increase in
the scoliotic deformity following completion,
and even posteromedial attachment of the
iltac apophysis, This increase in deformity
continued only 3 to 6 months after the devel-
opment of the apophysis and averaged 10°
The coincidental development of the verte-
bral growth plates and the excursion of 0s-
sification of the iliac apophysis is not 100
per cent as seen in these 3 cases. This correla-
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Fic. 6. (Left) Shows a 9-year-old girl with a severe scoliosis caused by a congenita
anomaly at(thg e)ighlh and theyninth dorsal vertebrae. The curve has not yet been trea!.ed.
No iliac apophysis is present. (Right) Roentgenogram after correction and fusion

of her dorsolumbar deformity.

It is noted that there is a pseudarthrosis drectly above -

the apex of the curve. The girl is 11 years old, and the iliac apophysis has not appeared.

(Continued on next page)

tion was found in all cases, irrespective of
etiology.

In the 2 years before the capping of the
ihac apophysis, 75 per cent of the untreated
cases increased from 10° to 35°. The de-
formity increases more slowly during the
time when the iliac apophysis is completing
its excursion. Two thirds of the untreated
cases showed little appreciable increase (less
than 10°) after the capping of the iliac
apophysis. Any severe increase in the de-
formity during the excursion of the iliac
apophysis was considered to be indicative
of a nutritional deficiency.

It was important to use standing spinal

roentgenograms for comparison, As the sco-
liotic grows older, ﬂexibility decreases, even
to ankylosis. Thus, the flexibility seen nor-
mally in the younger patient between stand-
ing and recumbent roentgenograms becomes
less, and the recumbent deformity ap-
proaches the standing deformity. Therefore,
there would be a gradual increase in the
recumbent roentgenogram deformity with
less and less flexibility until ankylosis was
reached. At this time the recumbent de-
formity would have equaled the standing
deformity,

Increase in the scoliotic deformity after
completion of vertebral growth has been
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seen in very few cases. Superimposed pa-
thology, such as marked osteoporosis, degen-
erative arthritis or disk degeneration, may
allow an increase of lateral curvature. Com-
pression fracture of an apical vertebra has
caused an increase in the curvature of the
spine.

Utlization of the development of the iliac
apophysts as a guide to the progress of
spinal growth and of the lateral curvature is
of the greatest importance. In the manage-

et

F16. 6 (Continued). (Top, left) The cast
has been off 4% years. The iliac apophysis
has just attached. The pseudarthroses noted
before have not been repaired. Thus, the
curve has increased from 55° to 78° since the
last support was removed The curve now is
greater even than it was before correction
and fusion. (Original figure was 65°.) (Top,
right} The iliac apophysis has been attached
1 year. The curve has not increased above
the last figure of 78°, even though the pseud-
arthroses at D11-12 and D8-9 never were
repaired. Hence, the pseudarthrosis will not
causc further loss after the iliac apophysis
has attached. (Bottom) Roentgenogram of
the same girl, now 27 years of age, showing
that there has been no increase 1n the deform-
ity following the completion of her ilac
apophysis at 15 years of age.

ment of scoliosis, no treatment to prevent an
increase in the lateral curve is needed for
the individual whose roentgenograms show
an attached iliac apophysis. Conversely, the
patient who has no visible iliac apophysis
will require cast correction, surgical immo-
bilization, or both, to prevent increasing
deformity.

In a certain number of cases surgically
treated, the fusion may not be solid, or it
may not be long enough to cover the area
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Fia. 7. (Top, lefty A girl, 16 years old, whose iliac apophysis already is attached and
is almost solid. Her lateral curve measures 54°. She has had no treatment. (Top, right)
Her semibent jacket has just been removed, 8 months after surgical fusion had been
accomplished from D4-L2. The maximum correction obtained in the turnbuckle jacket
was from 54° to 22°, Already there has been a small loss of correction of 8° (22°-30°).
A psendarthrosis at D10-11 is noted. (Botfom, left) Lateral view of the spine. In this
view the pseudarthrosis at D-10 and 11 can be seen. (See arrow.) (Bottom, center)
Two years after the cast was removed, showing a deformity of 46°. There was a loss of
correction at the point of the pseudarthrosis immediately after the cast was removed,
but there was no further loss, as indicated by this gram, taken 2 years after
the cast was off. The 1liac apophysis being complet_ed, there was no further growth and,
therefore, no further propensity for increasing deformuty, even through the pseudar-
throsis. (Bottom, right) Two years later without any further loss of correction, because
there has been no further growth.
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FIG. 8. (Top, left) An 11-year-old girl with 25° dorsolumbar curve. No iliac apoph-
ysis showmng. She was corrected with a sermbent antigravity cast, giving 12° of over-
correction. (Top, right) Shows the girl in a semibent jacket with the curve bent agamnst
itself. The curve has been reduced from 25° to 12° to the opposite side. The iliac
apophysts 15 well capped (Bottom, left} Three years after cast. (Bottom, center) Six
years after cast (Bottom, right) Roentgenogram taken 18 years later shows that the
patient 1s maintaining her correcton at 15°, making a total of 10° maintenance of correc-
tion during the past 20 years. The lesson to be gained 1s that the iltac apophysis com-
pletion was a gwide as to when the cast should be removed in those cases in which
correction was mamtained only by the cast and not by fusion. (Risser, J. C.: Am. Acad.
Orthop. Surgeons Instructional Course Lectures 14:91, Ann Arbor, Edwards)
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of deformity (Figs. 6 & 7). In these cases,
if the individual has not completed verte-
bral growth, there will be an increase in the
lateral curve, even beyond its original de-
formity. But if the patient is through grow-
ing, as shown by the attachment of the iliac
apophysis, there will be the initial loss of
part or all of the correction. But this loss
will not cause the deformity to increase be-
yond its original curvature. Thus, during the
growing years, repair of the pseudarthrosis or
additional fusion as indicated is imperative
to prevent an increasing deformity,

In the occasional use of the localizer cast
without surgery to prevent an increase in the
lateral curve, it is important to know when
the cast can be safely discarded (Fig. 8).
The attachment of the iliac apophysis is used
as a criterion. If the growth center has
completed its excursion of ossification, then
it is safe to conclude that the cast treatment,

for growth of the spine and of the lateral
curve, can be stopped. But if the cast is
removed before the iliac apophysis has at-
tached, then we may expect a return of the
deformity and an increase in the deformity
in proportion to the anticipated spinal
growth,

The significance of the iliac apophyses lies
in jts use as a more accurate criterion_for
the completion of vertebral growth and for
the progress of the spinal curvature. More-
over, it is an jnvaluable aid that could be
used widely in determining those patients
whose deformity will remain static and,
therefore, do not need preventative treat-
ment. The patient could be told that the
attachment of the iliac apophysis indicates
the end of increase in his deformity. This
information should save the patient need-
less worry and a considerable expenditure
for unnecessary treatment.

Le Apophyse del Ilio: Un Importantissime Guida
: in le Tractamento de Scoliosis

Summario in Interlingua

Depost plure annos on ha recognoscite
que le deformitate scoliotic deveni static con
le completion del crescentia vertebral, In-
felicemente, il esseva difficile determinar
accuratemente si o non le crescentia verte-
bral habeva cessate.

In le curso del passate decennio, un
grande numero de casos — tanto tractate
€omo etiam non-tractate—esseva examinate
con respecto al relation del sequente tres
factores: (1) Le severitate del deformation.
(2) Le clinic grandor vertical (a) in posi-
tion erecte, (b) in genuflexion, e (c) se-
dente. E (3) le excursion del ossification in
le apophyse del ilio.

Le datos colligite suffice a concluder que,
Quando le apophyse del ilio ha completate su
excursion de ossification ab le cresta in basso

e es attachate al linea postero-central de ille
osso, le crescentia vertebral es complete e
le deformitate scoliotic ha devenite static.
Iste constatation es importantissime pro
plure rationes. (1) Illo permitte un intelli-
gente disposition del casos de scoliosis, viste
que post le completion del crescentia nulle
tractamento es requirite pro prevenir un
augmentation del deformitate. (2) 11 seque
que le tractamento a corset de correction
pote esser terminate sin risco si tosto que le
f:rescentia del scoliotico es complete. E (3)
il deveni clar que un pseudoarthrosis in un
scoliotico qui ha completate su crescentia
pote esser considerate como inactive, durante
que le mesme pseudoarthrosis in un sco-

liotico qui cresce ancora merita esser
reparate.
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An Anatomic Evaluation of Whiplash Injuries’

PETER B. WRIGHT, M.D., anD Louis P. Braby, M.D.

The term whiplash injury covers a multi-
tude of diagnostic sins, as did the term in-
digestion thirty-odd years ago. However,
we believe that whiplash is with us for a
long time, since jt has come to signify some-
thing that the patient thinks he understands
and that lawyers relish, and doctors have
become so accustomed to it that they employ
the term, even though in a broad sense.

The mechanism of these injuries has been
described so adequately that it will not be
reiterated here. It is sufficient to recall that
unexpected, forceful excursions of the neck
result in an abnormal degree of motion in
one or more of the 6 anatomic directions
which, when carried beyond natural limits,
cause structural damage in direct ratio to
the violence.

When, in spite of therapy for all possible
underlying pathology, symptoms persist,
sometimes become more severe and, too
often, change to a completely new pattern,
the doctor is confronted with a perplexing
situation

A real problem exists when sufficient time
for recovery has elapsed after an accident
and the patient’s complaints and disability
persist. In such case, of necessity we must
begin a complete review of the patient, his

attitude, possible extenuating circumstances,
personal stamina, impending litigation, com-
pensation problems, etc,, and the very im-
portant psychological structure of the af-

* Jewett Wright Orthopaedic Clinic, Orlando, Fla.

fected individual as well as his actual physi-
cal disorders.

Injuries to the neck region which are not
severe epough to cause gross damage may,
nevertheless, have caused a mild cerebral
concussion. ‘This, in tucn, could produce
circulatory disturbances sufficient to add to,
if not cause, the so-alled psychological
overlay. The existing worry of litigation or
“compensation doubts® can be aggravating
tactors and further cloud the clinical pic-
ture, The fact that the autonomic nervous
system may also be injured will explain why
some of these patients develop gastro-ntes-
tinal disorders, peptic ulcers, spastic colitis,
chronic constipation, etc. Glandular dis-
turbances can also be reasoned out along
this same line, i.e., post-traumatic diabetes.

Since cases in this category often become
chronic, pitiful and annoying, we must make
an early analysis of the whole situation, pro-
vide an adequate diagnosis and institute
proper treatment. This is most essential i
we expect to avoid secondary complications
which may be physical or psychological, or
both

Of considerable interest was a report by
the neurosurgeons of the University of Ten-
nessee who surveyed 100 patients with pre-
viously diagnosed cervical neck strains fol-
lowng automobile accidents whose litigation
or compensation claims had been settled.
They found that after the legal claims were
settled 88 per cent showed complete recov-
ery; 12 per cent continued to have symp-
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toms; only 6 per cent had a continumign of
medical care. Therefore, it is quite evident
that there is a rather marked psychological
overlay in a good many of these casc.s, and
we should always keep this fact in mind.

Knowing of the approaching court trial,
where much will hinge on the doctor’s tes-
timony, the patient, although not malinger-
ing, will magnify his symptoms in an effort
to strengthen his claim. Psychoneuroses
must be recognized, because surgery in these
cases offers little toward cure and may well
cause exaggeration of the symptoms. It be-
hooves us, therefore, to consider the patient
in a serious light from the very beginning if
we hope to prevent the many possible
sequelae,

The anatomic structures which are ex-
posed to damage in these mishaps may be
listed as follows (the order is purely arbi-
trary on our part, and no definite reference
is made to frequency, vulnerability or sever~
ity):

The skin, being pain sensitive, will cause
symptoms when damaged. Cuts, contusions,
abrasions, abrasive burns, are the usual
injuries.

Subcutaneous fat and the superficial fascia
are practically insensitive to pain and, al-
though injured, usually produce no symp-
toms other than swelling, due to edema or
the extravasation of blood.

The deep fascia (Fig. 1) is sensitive to
pain, It is penetrated by motor, sensory and
autonomic nerves, and is innervated by the
sensory ones. Damage to this structure can
produce many and varied symptoms and
symptom complexes. Not only is this due
to the sensory inpervation but also to the
expanse of this structure. The deep cervical
fascia surrounds muscles, blood vessels and
nerves, forming sheaths for each, and con-
nects these structures one to the other in
such a way as to render the deep fascia ex-
tremely important, not only from the stand-
point of surgery but also because its many
transitions may well suffer injury when the
deep fascia is torn or overstretched.

rooTTTT

Fic. 1. A diagrammatic sketch showing
the continuity of the deep cervical fascia
with the cranial, pectoral, deltoid and
posterior fasclae; also, the manner in
which the nerves penetrate the fascia and
how the fascia receives its innervation.
This demonstrates further why tearing,
stretching or scarring of the deep fascia
will produce pain and symptoms.

Above, the deep cervical fascia is so con-
tinuous with that of the head that the two
should be considered as one. The investing
layer of the two sides blend together across
the mid-line. It splits to form the sheaths,
as that of the sternocleidomastoid muscle in
front and ‘the trapezius muscle posteriorly.
Also anteriorly it forms the pectoral fascia,
which in turn blends with the fascial covering
of the rectus abdominus.

. Laterally, the deep cervical fascia (Fig. 2)
is continuous with the deltojd fascia, the
inferior portion of which becomes the axil-
lary fascia and the axillary sheath which
envelops the large vessels and nerves of the
upper extremity, Not only is the deep cervi-
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FiG. 2. Cross section through lower
portion of the neck. The deep cervical
fascia envelops muscles, nerves, blood ves-
sels and visceral structures, forming
sheaths, but it is so continuous that con-
tracture and fibrosis of one area may be
transmitted to others,

cal fascia continuous from above downward,
but it forms circumferential coverings for all
structures as seen on cross section. (Fig. 3)

It is to be noted that the deep fascia blends
(Fig. 4) to help form the fascia nuchae,
which in turn is intimately related to the
cervical interspinous ligaments that exist
from the occiput to the lumbodorsal fascia.
In turn, it is a well-recognized anatomic fact
that the ihotibial band is, to all intents and
purposes, a continuation from the lumbo-
dorsal fascia.

From this anatomic fact it is not beyond
the realms of possibility to have a low back
fascial injury from a primary hyperexcursion
of the cervical region. True enough, a pa-
tient with a primary cervical injury often, a
few days later, will begin to complain of pain
in the low back, with sensitive trigger points
in the fascial region as demonstrated by light
palpation,

In the neck, injury to any one portion of
the deep cervical fascia may also affect any
of its ramifications.

Skeletal muscle has no sensation of

F16. 3. Sagittal section showing how the
pectoral fascia and the axillary fascia are

continuous and encircle the brachial
plexus and the axillary artery before ex-
tending farther laterally to join the axiliary
sheath, which envelops the large vessels
and nerves of the upper extremity.

pain by direct trauma. However, ischemia,
stretching and contact with hypertonic solu-
tions cause pain. Therefore, concentration
of lactic acid in fatigued muscles causes
pain, as will lack of blood supply or con-
stant overstretching. Spasticity of muscles
over long periods of time results in con-
tractures and loss of normal muscle balance.
Secondary to muscle contracture are joint
immobility and disuse arthritis, Stretching
contracted muscles causes pain, as does
stretching flexed and fibrosed joints.
Hemorrhage into muscle may produce
radiating pain; for example, hemorrhage into
the sternocleidomastoid muscle will result in
neuralgic pains within the distribution of the
lesser occipital and the greater auricular
nerves. Contusion, overstretching or tearng
of muscle, fascia or ligaments, will produce
congestion and edema with resulting pain
Should a contracted and fibrosed scalenus
anterior muscle (Fig. 5) be divided together
with jts sheath, the subclavian artery is re-
lieved of its compression; lIikewise, if the
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Fic. 4. The fascia nuchae blends into
the ligamentum nuchae and the interspinal
ligaments, all of which are continuous and
become intimately related to the lumbo-
dorsal fascia.

fascia is further divided, the brachial plexus
is freed of the pull that is placed upon jt by
tension on the fascia. However, this division
may result in a muscle imbalance and an in-
creased downward pull of the coracoid
process by the pectoralis minor muscle and
lifting of the medial angle of the scapula by
the levator scapulae, causing further tension
of the deep fascia. Therefore, it may be
necessary in these cases either to resect a
portion of the first rib or to divide the pec-
toralis minor in order to restore balance.
Tendons and the tendon sheath are sub-
ject to injury, and there may be resulting
pamnful tenosynovitis, the degree of which
depends on the character and the violence
of the trauma and the aratomic location of
the tendon. Tendons may be avulsed from

Lavator Scapuloa

Sootemus  Antacsdr,
Bracmal Plexus

 Suvclonce Artery

i .
\Pactoralls  Minor

Fic. 5. Diagrammatic drawing demon-
strating the relation of the brachial plexus
and the subclavian artery to the scalenus
anterior muscle; also the anatomic ar-
rangement of the anterior scalene, the
pectoralis minor and the levator scapulae
muscles. Inset depicts the ligamentous con-
nection of the first b and clavicle.

their insertions or at the musculotendinous
junction, resulting in fibrosis at the site of
the injury.

The periosteum is pain sensitive. Sub-
periosteal hemorrhage is quite painful. If
the periosteum is torn, myositis ossificans is
likely to result. Exostoses due to trauma also
may result and be the cause of pressure on
certain structures,

Cortical bone is not pain sensitive, neither
is the marzow, but cancellous bone is quite
vascular and well innervated. The vertebral
bodies are good examples.

The articular cartilage of the normal joint
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is not sensitive to pain. The joint, as a
whole, may be painful due to the sensitive-
ness of the ligaments, the capsule and the
synovial membrane, Traumatized joints are

Fi6. 7. Relations of odontord process
and atlas seen on sagital section The
[RRTSRNGIORPIS S

S, onliman
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winds round the superior articular process
of the atlas, This allows more mobility
without damage to the artery.

Fic. 6. Showing
relation of the odon-
toid process and atfas,
the transverse liga-
ment of the atlas and
the synovial mem-
brane.

prone to develop hypertrophic changes, such
as hypertrophic arthritis with spurring.

Torsion, pressure and needling of blood
vessels will produce pain; therefore, it may
be considered that blood vessels are pain
sensitive. Blood vessels may be contused by
trauma, with a resulting thrombosis, which,
in turn, causes ischemia of the supplied area
and symptoms of ischemic pain,

Nerve trunks are subject to pressure,
edema, stretching and torsion, as well as
direct trauma. Pain may be transmitted from
the nerve endings or originate in the trunk
at the site of pressure or trauma and then be
radiated along the path of the nerve.

The cervical disk syndrome, in our ex-
perience, is quite uncommon, but it has been
estimated that approximately 10 per cent of
all disk lesions occur in the cervical region,
However, it is interesting to note that these
lesions rarely are seen under the age of 40
and usually in persons from 40 to 60 years
of age. The clinical picture generally is suf-
ficient for diagnosis and localization of the
Iesion, but when there is doubt a myelogram
may be performed, as in the cervical region
this is quite accurate. The protrusion may
be lateral and give root symptoms, but it
may be central and give cord symptoms.

Individuals in the fourth decade of life
and older almost invariably have some
hypertrophic arthritic changes, and it must
be stressed that the hypertrophic process
may be exaggerated by the trauma. Spurs
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subluxation, while tearing of the anterior
ligaments permits posterior excursion. These
subluxations may be unilateral or bilateral
(Fig. 9). The peripheral and the autonomic
nerves have to penetrate the postetior liga-
ments to gain exit and are subject to damage
when these ligaments are injured (Fig. 10).

Nerve injury may vary from avulsion from
the cord to tearing of the plexus, to over-
stretching of the nerve trunk, to compression
by soft tissues or bone. The nerves involved
as they pass through the intervertebral fora-
mina may be motor, sensory or autonomic.

The early or immediate symptoms fol-
lowing an accident are rather characteristic.
Usually, the patient is either dazed or ren-
dered momentarily unconscious, complains
of vertigo, blurred vision, pain and stiffness
in the neck region, headache (usually occipi-
tal), pain or tingling in one or sometimes
both upper extremities, nausea and often
apprehension.

The late and later symptoms are bizarre
and multifarious, changing in style and pat-
tern, and often there is a concomitant feeling
of anxiety on the part of the patient. Not
too infrequently, we see patients with these
manifestations who give no history of a
specific injury. Repeated mild traumata ex-
perienced in certain occupations can be
causative factors.

One should be slow to adjudge a patient
neuroti¢ or psychoneurotic; there must be
a firm foundation for such a verdict,

The anxiety may be due to central nerv-
ous system or autonomic nervous system
damage, to individual peculiarity, to persua-
sive influences, to aping other patients or to
malingering. Each anatomic structure which
may have received some of the injury should
be given due consideration, and not until
then can one incriminate or eliminate that
structure as a source of symptoms.

The treatment of the immediate or early
symptoms is directed toward grving relief of

pain and making the patient comfortable. At
this time, to reassure the patient will be of

great value in gaining his confidence and
co-operation. Every effort should be made
to prevent the patient from re-enacting the
accident,

Muscle spasm can best be treated by mild
heat, gentle massage and very gentle trac-
tion,

When traction js utilized, we must be as
nearly certain as possible which structures
have been injured. Traction with hyperex-
tension is contraindicated when the preverte-
bral or the visceral fascise have been torn
and the retropharyngeal fascial cleft is dis-
tended with blood from hemorrhage (Fig
11). Patients with such an injury will com-
plain of difficulty in swallowing. A swelling
behind the posterior pharyngeal wall either
can be seen or palpated. Traction with
hyperextension is also contraindicated when
there is injury to the posterior vertebral ele-
ments with resulting narrowing of the inter-
vertebral foramina. Traction with hyper-
extension is contraindicated when there is
tightness from extravasation of blood into
the fleshy portion of the scalene or the
sternocleidomastoid muscles, or when in-
creased tension exists within the fascial
sheath from hyperemia or edema. Traction
with the neck straight, or slightly fiexed, is
safe and usually gives relief. Spastic muscles
relax with continuous traction. This trac-
tion should exert only enough pull not only
to ensure relaxation but also to prevent
muscle contractures and furnish adequate
immobilization.

Traction is also important in ligamentous
injuries, as it prevents shortening of these
structures and may well obviate surgery at
a later date. Pain, due to a hypertrophic
arthritic cervical spine, frequently can be
relieved with traction. .

Treatment of residual symptoms reguires
considerable diagnostic study to pinpoint the
underlying pathology. I surgery is per-
formed and the symptoms persist postopera-
twely, the psychological overlay will be
markedly exaggerated. Surgery should be
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delayed until all reasonable conservative
treatment has failed and then undertaken
only upon a well-founded diagnosis.

The following case histories will exhibit a
variety of the chronic problems which we
have encountered and treated:

Mrs. P. B, L., aged 44 years. This housewife
and seamstress began having pain, without an-
tecedent trauma, in the right upper extremity
that gradually increased in severity until it in-
volved the entire right upper extremity and was
aggravated by any activity. She was seen by a
series of doctors and at one time or another was
diagnosed as having bursitis, neuritis, myositis
and arthritis, and was given various forms of
medication, including injections of hydrocorti-
sone acetate into the jomnts, diathermy, ultra
sound, etc. All roentgenograms were essentially
negative,

On examination we found her to be exqui-
sitely tender 1n the posterior triangle of the neck
on the nght side; pressure here reproduced her
pamn with radiation into the right upper extrem-
ity. Sensation was normal, and the reflexes were
nlormal However, the hand was extremely weak.
Bending her head to the right would relieve the
Ppain somewhat; in the opposite direction the pain
was increased.,

After a short period of conservative treatment,
a scalenotomy and fasciectomy of the mvolved
portion of the deep fascia were carnied out on
the right side. The patient had some immediate
relief from her pain, however, it was approxi-
mately 2 weeks before she became essentially

asymptomatic and began regaining the strength
I her hand. On her last visit 4 months postop-
eratively, she stated that the pain was practically

gone. She had returned to work and was quite
pleased with the result.

Mrs, C. C., aged 53. This widow, who was
working as a cleanup woman at a local drive-in,
complained of pain and aches in her left shoulder
and neck 2 months prior to her original exami-
nation. She did not recall any specific injury.
The pain had increased gradually in severity,
and, at the time of the examination, to turn the
head would radiate pain into the suboccipital
region and behind her ear, as well as into the
left shoulder and the left upper extremity,

Examination revealed a well-developed, well-
nourished white female complaming of pain in
the left side of her neck, shoulder and arm with
radiation of pain into the mastoid region and
the occipital region. She was extremely sensitive
at the base of the neck in the posterior triangle.
There was some radiation of pan into the left
upper extremuty, which was colder and some-
what cyanotic. There was a 20-mm. difference in
systolic pressure in the two extremities, the left
being lower than the right. Pressure over the
subclavian artery duplicated her symptoms ex-
actly. After 1 month of conservative treatment
in the form of traction, diathermy and massage,
she was adntted to the hosprtal, and the sub-
clavian and the carotid arteries were stripped
of dense fascia.

Considerable adhesions were found about the
carotid artery. On first exposing the fascia cover-
ing this vessel, no pulsation whatsoever was visi-
ble. However, after the sheath had been stripped,
a definite pulsation immediately became appar-
ent. The scalenus anterior muscle, which was
tight, was divided; this released the subclavian
artery, which also was quite constricted.

Postoperatively she had complete relief of
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Fic. 12. Diagrammatic drawing of the
exit of the second cervical nerve. The
great occipital nerve loops round the
articular facets and rests on the vertebral
arches of the axis. It is in a vulnerable
position and 1s not protected by an inter-
vertebral foramen.

symptoms, and the postoperative course was
smooth. At the time of her last visit, which was
approximately 4 months postoperatively, she
was essentially asymptomatic and doing well.

Mr. C. M. D., aged 26. This white recreation
director for the city gave a history of having had
e T IR e e

view of his occupation. He was given the usual
form of conservative treatment, which tempo-
rarily was helpful. On first being seen by us in
1952, approximately 1 year after his symptoms
began, he responded to conservative treatment
in the form of local nerve blocks.

He was seen again 4 years later, this ttme with
a history of having had surgery 1 year previously
because of a continuation of the pain. Appar-
ently a scalenotomy had been carried out on the
right This had not relteved the symptoms what-
soever He was given conservative treatment by
us for several weeks, however, because of his
continued complaints and lack of improvement
a posterior cervical fasciectomy was carried out
with removal of the igamentum nuchae and the
upper 4 dorsal interspinous higaments.

Postoperatively the patient was completely re-
lieved of the symptoms in the back of his neck
and shoulders; however, he continued o com-
plain of pain in the posterior triangle on the
right with radiation down the right upper ex-
tremity. He was again admitted to the hospital
2 months from the time of his first surgery, and
the brachial plexus was explored. Considerable
dense, fibrous adhesions were found overlying
the deep cervical fascia; these were resected, and
the brachial plexus was thoroughly explored and
freed. No other pathology was found, The
scalenus anticus had been drvided.

It is now a month since the patient underwent
surgery, and he is completely asymptomatic
Since this is the first relief that he has had in 6
years, we feel that a good end-result can be ex-
pected.

J- 8., aged 25, This unemployed white woman
was referred to us by a chiropractor because of
pain in the mid-dorsal and the left scapular re-
gion of some 6 years® duration with no other his-
tory of injury. She had many complaints refer-
able to this area as well as difficulty in swallow-
ing, but primarily her pain was in the left side of
the neck anteriorly and posteriorly, as well as
the left shoulder.

On examination it was noted that the color of
the 2 hands was different. The left looked fairly
blanched. She was found to be exquisitely tender
over the posterior triangle of the neck on the
left, and compression of the subclavian artery
reproduced a good deal of her pain. She was also
tender over the greater occipital nerve on the
left. Traction at the time of the examination
seemed to relieve some of her pain; pressure over
the occiput did not increase it. After 1 month’s
trial of conservative treatment, which brought
no relief, she was admitted to the hospttal and a
fasciectomy and scalenotomy were carried out
on the left. The pulsation in the subclavian artery
was noted to be normal following this, and the
brachial plexus was explored and freed of adhe-
s1ons.

Immediately following surgery the subclavian
pulsation was noted to be better. The color of
the extrenuty also had improved The postapera-
tive course was smooth, and clinically she was
much better.

It is now 3 months since operation, and the
patient has approximately 90 per cent relief of
pain, which we feel will dtminish gradually with
physiotherapy and symptomatic care.

Mr. J. S. D., aged 47 (Fig. 12). This white
male was injured when he fell froma 7-10_0{}71:11'
form. He fell on his side and sustained injuries
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to the entire left side of his body, including his
neck, He was not seen by us until 3 weeks after
injury. Then he complained of limitation of mo-
tion of the entire cervical spine and pain over all
the paravertebral muscles and in the ligamentum
nuchac. Neurologic examination was negative,
and roentgenograms showed no evidence of any
bone or joint abnormalitics.
The patient was treated conservatively for 9
months, during which time he received nearly
every form of physiotherapy, neck immobiliza-
tion, muscle relaxants, etc., including Bz and
multiple vitamins~—all to no avail. He continued
to complain of severe pain, primarily over the
greater occipital nerve on the right, and would
get approximately 2 to 3 days’ complete relief
of pain from a local infiltration of this area with
along-acting anesthetic agent. Nine months after
injury he was admitted to a local hospital, and
the greater occipital nerve was resected for ap-
proximately 1% inches. Postoperatively the pa-
tient was relieved completely of all pain. He had
an uneventful recovery and was about ready for
discharge when he was involved in another acci-
dent, this time in his automobile. Shortly after-
ward the symptomatology in his neck returned,
this time on the left, and after a prolonged period
of conservative treatment, again with no relief of
symptoms, he was readmitted to the hospital and
the great occipital nerve on the left was resected
in the same manner as on the right.
Postoperatively he was completely asympto-
matic, The large area of sensory loss secondary
to this surgery has not proved to be disagreeable
to the patient, and there have been no sequelae

of significance secondary to this area of anes-
thesia

SUMMARY

Although many different structures may
receive damage, the intricacies of the deep
fasc_ia must be remembered. From our ex-
pen.ence, we have come to feel that the deep
fascia is the structure injured most frequently
and one that can cause the greater variety
of symptoms.

. We should like to emphasize the fact that
similar symptoms and effects have been
fOUflq in patients who can give no history of
2N injury. In our practice the repeated mild
fraumata of certain occupations have pro-
duced the same clinical picture as well as
the same surgical findings.

It is difficult to pinpoint the location of
the injury, but usually this can be done with
perseverance. The majority of those who can-
not be accurately diagnosed clinically will
be found to be involved in litigation, having
compensation difficulties, or to be malin-
gering,

In our opinion, conservative treatment
should be given over a reasonable period of
time before surgery is decided upon. The
only exceptions should be those in which
diagnosis can readily be made and the dam-
age can be corrected only by surgery.
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Un Evalutation Anatomic de “Vulneres a Colpo de Flagello”

Summario in Interlingua

Le termino whiplash injury (i.e., vulnere
a colpo de flagello), que ha trovate accepta-
tion general in le usage anglese como desig-
nation de vulneres resultante de inexpectate
¢ violente excursiones del collo, non repre-
senta un entitate definite. In isto illo es
comparabile al termino indigestion que etiam
coperi un vaste campo de significationes.

Le vulneres structural que resulta de un
subite e violente excursion del collo depende
in lor grado de serietate directemente ab le
fortia del excursion

Un ver problema se presenta quando de-
post Ie accidente un sufficiente intervatlo de
tempore ha passate pro le effectuation del
restablimento del patiente sin que iste se ha
emancipate ab persistente gravamines e in-
validitate In tal casos il es imperative facer
un complete examune de omne Je pertinente
datos physic e psychic, con attention prestate
al facto que le existentia de lesiones del sys-
tema nervose central o autonome es eham
un possibilitate,

Un prompte e definite diagnose sequite
per le appropriate tractamento es del prime
urgentia, proque multes de iste casos deveni
chronic e disveloppa complicationes psycho-
logic. 1l existe le forte tendentia del parte
del patiente de exaggerar su symptomas, ben
que isto non significa que le patiente es un
simulator, Interventiones chirurgic a iste
tempore es clarmente contraindicate. Litiga-
tion es un factor de multe influentia, e 2
vices 1} es impossibile pronunciar le patiente
curate ante le resolution del processo juridic.

Es discutite le structuras que es exponite
a vulneration in iste casos. Le fascia pro-
funde es vulnerabile. Viste que illo es pene-
trate per nervos motori, sensori, € autonome,
su vulneration resulta in multple symptomas
e varie complexos de symptomas. Grande
attention es prestate in le presente reporto al
strucfura anatomic e al ramificationes del
fascia profunde. .

Es etiam describite lestones muscular in-
simul con le complicationes que es le pius
probabile.
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Lesiones de osso, periostea, ¢ cartilagine
articular es frequente ¢ s¢ manifesta in varie
sympmm:\s.

Vulneres de vasos ¢ nervos es describite.
Le complicationes possibile es enumerate.

Le syndrome del disco cervical es deseri-
bite, insimul con le fracturas, subluxationes,
¢ luxationes que pote occurrer in association

con illo. Le syndrome del facictta es descri-
bite, e complicationes possibile de illo es
mentionate.

Es dclineate le diagnose ¢ le tractamento
de casos vidite in Jor prime stadjos.

Es presentate cinque casos chronic e ob-
stinate que esseva tractate per intervention
chirurgic,
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The Role of the Orthopaedic Surgeon
in the Management of Cerebral Palsy

S. RaLpH TERHUNE, M.D., PAuL W. SHANNON, M.D.,
FRED H, DEVANE, M.D., AND J, CARTER DENTON, M.D.*

Some time ago a healthy infant in our
hospital had 6 beautiful and good-function-
ing fingers on each hand and could play in
a remarkable manner an §8-oz. nursing bottle
from base to tip with either or both hands.
However, the child’s parents wanted these
hands to look like all other hands; therefore,
we performed a surgical limitation proce-
dure. Now the hands function no better
than anyone else’s, but they conform to the
general pattern of hands.

Twenty-five years ago little spastic Tony
could walk unaided with a scissors gait. His
father brought him to the clinic “to get his
legs fixed.” In due time following adductor
tenotomies and nerve sections, Tony was
free of the scissors gait and his legs looked
so much better and straighter. But Tony
was not able to take a single step without
crutches after the operation.

Nine-year-old Joe walked with a rigid
spastic equinus foot. The foot was fixed,
and it Jooked well, but Joe started having
convulsive seizures on the first night after
operation, and he was stll having them 3
and 4 times a day when we last saw him,

17 months after operation.

Eddie, 2 16-year-old spastic paraplegic,
could sit erect 1n his chair with rigid flexion

* Alf of Birmingham, Ala,
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contractures at hips and knees. His legs
were straightened with traction and surgical
section of the hip and the knee flexors. In
due time he could lie comfortably in bed
with straight, good-looking lower extremt-
ties. Now he is transformed; he is bedridden
and cannot sit jn a chair any more.

John is a spastic moron. In his 10th year
he fell from a tree limb and Janded on his
head, injuring his brain, When he was 16,
one of his equinovarus feet was straightened
by means of a soft-tissue release operation
and the application of a cast and, later, a
shoe and brace. At 17, the brace was dis-
continued because he was acquiring pressure
ulceration on the lateral side of his ankle
as the foot again turned into equinovarus
position. Sometimes now he sits with both
bare feet perfectly straight, but he still has
to be tied in his chair because he never has
walked or stood or even sat erect without
restraint,

Meyer walked without crutch, cane or
other support in a sloppy “whirling dervish”
type of athetotic gait at 8 years of age.
When he was 12, a contracture release op-
eration was carried out on his left leg io get
his heel down. Now he acts like a lazy dog
who leans against the wall to bark, and fre-
quently he falls as his left heel again con-
stantly retreats from the floor in a superjor
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direction. It is hoped that in a year or two
of intensive training, Mcyer will be able to
walk as well as he did before the operation
was performed.

Mary is an intelligent 14-year-old spastic
child afflicted with progressive dystonia mus-
culorum deformans. She can Jie in bed only
on her left side with knees and hips in such
acute flexion and adduction that proper peri-
neal care is impossible. During the past
year, traction, spica casts, hamstring sce-
tionings and Soutter ostcotomies were em-
ployed in an attempt to straighten her legs.
Violent involuntary extremity twitchings
continued unabated, and now she is as badly
deformed as ever. In desperation, a chemo-
pallidectomy is being considered. If this
procedure proves to be successful, it will
be the answer to the problem of this child
as well as other such children,

In view of the foregoing, we are beginning
to worry about imposing a surgical proce-
dure on any individual afllicted with cerebral
palsy; we question whether or not mutation
for better function can be expected, or
whether or not a shift to a different more
serious disability will occur.

Are there any good operations for spas-
tics? Tn some, wrist fusions are good? A
16-year-old boy confined to a wheel chair
with quadriplegic athetotic movements and
habitual flexion at hips and knees was made
very happy when wrist arthrodeses allowed
such improved finger function that he could
hold a book and turn the pages. We did not
straighten his legs, because it seemed that it
would be wasting the time of this above-
average intelhgent individual to encourage
him to devote hours of every day for months

and maybe years in an attempt to learn the
act of walking in the sloppy manner that it
would be even if he were to succeed. We
felt that hus time would be better occupied
gzveglzmg 10 school in his wheel chair to

P his mind since our surgery had re-
moved the handicap of useless hands. Re-
cently a girl became the motivating factor in
this boy’s life, The result is that he has be-

gun to learn to walk grasping parallel bars
for support.

Orthopacedic surgeons can blame them-
selves, at least in part, for the tendency
during the past few years to depreciate the
value of their services in the management
of cercbral palsy.® Some continue to be
“rugged isolationists” in so far as co-opera-
tion with management teams is concerned.
Individualists of this type often grasp the
spastic foot at first sight and Jengthen the
tendo achillis, not taking time to consider
the individual's “will to do” or develop-
mental pattern. They seem to forget—if
they ever knew—that operations do not
teach the victims of cerebral palsy how to
do anything when they did not know how
before the surgery was performed.?

Usually, spastics should not be regarded
as patients but as students with handicaps
that impede educational progress. Influenc-
ing emotional factors are present, and each
individual requires and deserves careful
analysis in this regard.!?

Very often the spastic’s environment has
to be scaled down before progress in learning
is accomplished. To face the matter realis-
tically, he has to compete with his physi-
cally unimpaired peers; therefore, we should
warn him against setting his sights too high
and help him to set an attainable objective.1
This may stimulate s ambition without
raising false hopes.?

We advocate the management of those
with cerebral palsy by a team that includes
a pediatrician, a psychiatrist, a physiatrist,
a speech therapist, specially trained school-
teachers, a social worker, the child’s par-
ents, when possible, and the orthopaedist.‘
Many of the other medical and surgical
specialists become necessary in individual
instances.™®

The orthopaedist’s role should include the
prevention of deformities and the develop-
ment of useful function of the upper extremi-
ties and independent ambulation,?

To keep education in useful function as
the rightful primary aim, operations must
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be considered for their effects on dynamics
rather than on producing only a static im-
provement in appearance.!®

Orthopaedic surgery seldom deserves the
center of the stage, and in the majority of
instances operations should be preceded by
muscle training and other aspects of treat-
ment to observe, stimulate and sustain the
individual's “will to do.” If proper motiva-
tion is not present and does not develop
during this period, surgical results usually
will be failures in so far as appreciable im-
provement in prehensile function is con-
cerned.!”

Most operations should not be undertaken
until an insurmountable barrier arises to
further progress in muscle training in a well-
motivated spastic who understands and
desires the surgery.

The orthopaedist should hesitate to advise
an operation until the other team members
concur that the impediment persists and that
surgery is the only remaining method with a
chance of eliminating the obstacle to physical
and mental progress.

In contrast with its frequent occurrence
in poliomyelitis, scoliosis rarely is seen in
those with cerebral palsy. We do see non-
fixed scoliosis occasionally in athetoids, and,
although the legs prove to be equal in length,
often a lift on one shoe will result in a shift
to a straight back.

Usually it is better to treat foot equinus
by daily tendo achillis stretchings and en-
couragement of active dorsiflexion, with
brace wearing, than by ordinary tendon
lengthening operations.

Tenotomy continues to be popular; 13.2
per cent of the chuldren in one cerebral palsy
center have had this operation performed
on one or both feet, and they are still “toe
walking ”

Surgical scars often have resulted in the
worsening of subsequent treatment problems
because of the additional psychic trauma that
they have produced. We agree that tendo

achillis lengthenings usually have no perma-

nent value and that postoperative recur-
rence of “tiptoe™ is appallingly frequent.

Attention to muscle evaluation will show
the futility of this procedure in most in-
stances. If central control of muscles is
absent, opposing muscles cannot be expected
to maintain a foot in neutral position after
such an operation for architectural jmprove-
ment. In fact, frequently toe-flexor activity
follows tendo achillis lengthening in an athe-
toid, and this may cause more disabling
deformity than the original equinus. We
consider it to be more logical to attempt to
train the dorsiflexors to function, and, if
their opponent power increases to a stand-
still point only short of being satisfactorily
adequate, then tendo achillis lengthening
may be worth while.!

Many children with cerebral palsy who
have flat long arches with valgus heels and
severe ankle pronation are fitted with heavy
shoes, longitudinal arch supports and medial
border heel wedges. Operative consideration
is deferred until the mid or the late teens
unless persistent foot pain on weight-bearing
develops. Triple arthrodesis and occasion-
ally additional ankle fusion then may be in
order, i

Athetoids appear to be happier than spas-
tics. Also, they may be more intelligent. But
surgical results are poorer for them, as their
involuntacy movements tend to shift from
the restrained to the unrestrained muscle
groups.®® A surgically corrected foot may
be followed by disorganization of the hip
rotators, therefore, we brace athetoid de-
formties from 6 months to a year before
considering stabilization operations to pro-
vide a period in which we can study deform-
ity shifts. If poorer over-all function results,
the surgical idea is discarded. .

We feel also that surgical procedures 1t
athetoids are more questionable because ade-
quate individual muscle evaluation in t}‘m{:
frequently is impossible. The “pure spastics
remain better candidates for surgery, and
athetoids should continue to be treated by
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teres muscle release operations have failed
permanently to increase forearm rotation
ranges.

If extension of a flexed thumb and fingers
becomes possible after prolonged persistent
exercises, then wrist arthrodesis at the age
of 12 or 13 years will help to ensure perma-
nence and further improve digit function.

We are unable to formulate rules indicat-
ing or contraindicating surgical interference
in cerebral palsy. Deformity is only one
aspect of the handicap; the emotional and
the mental make-up of each individual
always influences the degree of success or
failure of an architectural improvement
procedure,

We cannot appraise an operation by its
aid in overcoming a local deformity alone,
for it should contribute also to the indi-
vidual’s over-all habilitation.?®

Desire never has been and never will be
fulfilled by surgery. Functional independ-
ence results from the development of co-
ordinated voluntary biophysical efforts, and
if the individual does not have a “will to do”
the door to successful achievement cannot
be unlocked.s

If the orthopaedic surgeon wishes to give
tis best to the handling of the problem of
cerebral palsy, he must be broadminded,
tolerant and content to serve as a vital, and
not a superimportant, part of the manage-
ment team.

When a cerebral palsy student reaches
maximum improvement in physical func-

tion, no time should be wasted in continuing
physical therapy or orthopaedic treatment.
By doing so the purpose of helping the pa-
tient to become socially competent and
acceptable may be forgotten. The goal
should always be to help these handicapped
individuals to take their place in saciety both
to theit own satisfaction and that of those
with whom they come in contact.

SUMMARY

The authors discuss some <
gical procedures advocated of

sur-

deformities accompanying cerebral palsy and
point out that these operations are not an
important over-all part of the habilitation of
those afflicted with cerebral palsy. Teams
of medical specialists are considered to be
necessary for the improved management of
these patients,
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Morquio's Disease

MEINHARD ROBINOW, M.D.*

HISTORY

In 1929, Morquio, of Montevideo, Uru-
guay, reported a family in which 4 out of
5 children were afflicted with an unusual
skeletal disorder which he called “a form
of familial osseous dystrophy.”* In his first
report, Morquio described the morphologic
and the radiographic features of two of the
children, as well as the results of some labo-
ratory studies. The other two children were
examined several years later and formed the
subject of a supplementary report.2* Both
publications are well documented with
photographs and roentgenograms. They ate
models of medical writing, The descriptions
are vivid; the style is lucid and concise. So
thorough was the examination that little of
importance has been added since. Morquio
clearly recognized and stated that his cases
were not variants of some more common
disorder but that they represented a new and
distinct familial disease. Morquio also de-
serves credit for stressing the role of parental
consanguinity at a time when few clmnicians
were familiar with the basic facts of human
genetics. Meanwhile Brailsford, in England,
who had studied an isolated case of the same
type, independently recognized it as a new

* The Yellow Springs Clinic, Yellow Springs,
Ohio.

The author 15 indebted to Dr. S. M Garn, of the
S. Fels Institute for Child Bevelopment, Yellow
Springs, Ohio, for the constructive eriticism and the
many helpful suggesuons offered by m.
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disease and published it a few months after
Morquio under the name of chondro-osteo-
dystrophy.® A search of the Iiterature by
Brailsford and later by others revealed that
similar cases had aroused medical interest
earlier. Some cases which now would be
called Morquio’s disease had been described
under various other labels as varieties of
dwarfism, atypical achondroplasia, et 121948
Some additional cases reported in the older
literature may have been Morquio’s disease,
but many of these reports were not well
enough illustrated to permit of reliable retro-
spective classification.

A closely related familial disease, gom-
monly called gargoylism, was first described
by Hunter in 1917%% and Haurler in 1919,
but it seems to have been forgotten soon
afterward. It was not rediscovered un.lﬂ
some time after the first reports of Morquio
and Brailsford bad appeared. .

Recent reviews covering most of the perti-
nent literature are those of Whiteside and
Cholmeley (Morquio’s disease),*” Jervis
(gargoylism),®” Cocchi® and McKuSle
(both diseases and various associated dis-
orders).*®

CLASSIFICATION AND
NOMENCLATURE

There is much overlapping between these
two diseases or syndromes, and their mutual
relationship has remained a matter of con-



troversy. A procedurc commonly followed
in classification is to select a group of cases
which closely resemble those deseribed by
Morquio and Brailsford and call these “typi-
cal” Morquio’s discase. Similarly, one can
define “typical” gargoylism. All remaining
cases then are termed atypical, intermediate
or incomplete forms. Such a course will be
followed in the subscquent description of
Morquio’s disease, though it will be shown
later that this type of classification is of
doubtful merit and is sanctioned mainly by
historical reasons.

There is a multiplicity of terms that re-
flects the conflicting nosologic concepts and
classifications. In the American literature
the disorder is best known as Morquio’s
disease, and that term will be used through-
out this article. Synonyms common in the
Anglo-American literature are chondro-
osteodystrophy? and osteochondrodystrophia
deformans,*® to which Brailsford’s and/or
Morquio’s names usually are added for bet-
ter identification. A milder form of Mor-
quio’s disease, to be discussed further below,
is sometimes referred to as Silverskiold's
disease. Many German writers use the com-
prehensive term  hereditary polytopic en-
chondral dysostosis, which includes Mor-
quio’s disease, gargoylism and various “atyp-
ical” groups. Several other names have been
offered, but since none of them has found
wide acceptance they need not be enumer-
ated here.

The term gargoylism now is used more
commonly than its synonyms Hunter-
Hurler's "or Pfaundler-Hurler’s syndrome,
d%’lsostosis multiplex and Lipochondrodystro-
phy.

DEFINITION

Morquio’s disease may be defined as a
characteristic growth disorder of cartilage
and cartilage-derived bone, presumably due
Wa heredl!ary metabolic disorder. Involve-

ment of other tissues and organs is minimal
or absent.
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Fic. 1, Short stature of patients with
Morquio’sdisease. Measurements gathered
from the literature, Open circles represent
pattents with the milder form, the so-called
Sulfverskisld's disease. Lines connect con-
secutive measurements on the same pa-
tient. The norms used here are combined
figures for both sexes. Note that all
Morquio cases fall below the lower 5 per
cent of the normal range.

ONSET

‘While, undoubtedly, the underlying meta-
bolic disorder is congenital, nearly all chil-
dren have been described as normal at birth.
A notable exception is the family described
by Whiteside and Cholmeley,** in which at
least two children showed spinal deformities
at birth. Congenital clubfeet were recorded
in several other cases. Generally, this is not
considered to be a symptom of Morquio’s
disease, but the incidence is too high to be
fortwitous, It would be interesting to know
whether or not a careful physical and roent-
genographic examination soon after birth
would reveal early signs of Morquio’s dis-
ease more often. Several of the children who
developed Morquio’s disease were born in
hospitals and received the routine newborn
examinations, but apparently none of them
were roentgenographed soon after birth or
were examined with the special purpose of
determining the presence of a skeletal dis-
order. In gargoylism, on the other hand, ex-
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tensive skeletal changes have recently been
demonstrated soon after birth.®

GROWTH AND EARLY
DEVELOPMENT

Growth and motor functions may be ob-
viously retarded from birth, but more often
early development appears to be quite nor-
mal. The first signs of the disorder rarely
are noticed before the end of the first year,
but they may not make their appearance
until the fifth year.® As the skeletal deform-
ities develop, growth slows down and often
virtually comes to a halt in early childhood.
Growth failure and progressive spinal de-
formities combined may actually bring about
a shortening of stature. Thus, the growth
pattern in Morquio’s disease is quite different
from that in achondroplasia. In the latter
disorder the abnormal proportions already
are obvious at birth, and growth follows this
faulty pattern from fetal life to maturity. The
growth abnormality is continuous but not
progressive, as in Morquio's disease or gar-
golyism,

GENERAL APPEARANCE

In the milder forms and in the early stages
of the typical cases, the general appearance
does not differ greatly from that in some
other disorders or even from the norm; but
in the well-developed cases the deformities
are so striking that Morquio’s disease (or
one of its variants) can be diagnosed at sight

FI6. 2. Three siblings with a variant of Morquio’s disease.
The ages, from above downward, are 13 years and 6 months,
11 years and 6 months, and 8 years and 10 months. .There isa
striking resemblance between Morquio's onginal patients?3 ar}d
these children This sibship sllustrates some of the problems in
classification  The children were under observation for many
years and were considered to be typical examples of Morquio’s
disease until the gradual development of corneal clouding threw
doubt on the correctness of the original diagnosis. All'3 chil-
dren, now young adults, have normal intelhgence and ncu_her
hepatosplenomegaly nor cardiac disease. (Personal communica-

1; husetts General Hosp

in the same way as achondroplasia or mon-
golism,

Stature is always reduced, even in the
milder cases (Fig. 1). In the more severe
cases, the patients are dwarfed to an extent
rarely equaled in other diseases. The re-
duced height is caused mainly by the short-
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tion from Dr M P. Mold.

Boston) These children were described previously by Garn &
Hurme!® an | Cohen & Garn.? (Forsyth Dental Infirmary for

Children, Bo ton)
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portions of proximal and distal parts are
essentially normal; in others, they are
strongly suggestive of achondroplasia. The
hands may nearly reach the knees, or, less
commonly, they may barely extend below
the level of the hip joints. The joints may
show striking excess mobility!%333% or
marked restriction of movements.®® Some-
times excess mobility is found in some parts
and rigidity in others. In Morquio’s cases
and some others, the dorsum of the hands
could be folded back against the forearms.
On the other hand, shoulder abduction usu-
ally is limited, and often ¢lbows, hips and
knees cannot be fully extended. The joints
look unduly prominent, as in rickets, and
most of the early cases were first so diag-
nosed and treated. The usually scant sub-
cutaneous tissue and the atrophic muscula-
ture tend to exaggerate the bony defects.
The wrists are deviated to the ulnar side.
The hands usually are large in proportion
to the arms. The hands may be normal in
shape, or they may be short, trident shaped
and somewhat rigid, as in achondroplasia,

"The hip joints always are involved, usu-
ally severely. There is limitation of abduc-
tion, rotation and extension. Subluxation
or dislocation commonly develops during the
course of the illness. The habitual posture
is quite characteristic: the patient stands
with hips and knees in semiflexion (Fig. 2).
Some children habitually support the trunks
by placing their palms on the thighs.#47

Knock knees usually are present, often to
an extent found in no other condition. The
combination of excessive hip-joint adduction
with severe knock knees can produce a very
bizarre stance in which the knees are crossed
while the feet are far apart. Most patients
have severe flatfeet, though in a few “atypi-
cal” cases congenital clubfeet have been
reported.**.2

ROENTGENOLOGIC FINDINGS

X-ray examination shows a severe gener-
alized disturbance of cartilage-derived bone.
The outstanding changes are seen in the

growth zones. They consist of delay in ossi-
fication, marked irregularities of the line of
ossification, bizarre deformities of the epiph-
yses and, commonly, osteoporosis. The
transformation of cartilage into bone is
faulty, The new-formed material is mechan-
ically inadequate and is deformed by the
stresses of muscular pull and weight-bearing
Growth disturbances and structural inade-
quacies from other causes—as, for instance,
juvenile osteochondritis or hypothyroidism
—may produce a similar roentgenologic ap-
pearance. Therefore, x-ray examination of a
single joint never is diagnostic, and even a
skeletal survey may leave some doublts,

The appearance of ossification centers al-
most always is delayed. This applies to the
epiphyses of the tubular bones as well as to
the carpals and the tarsals. When finally the
centers appear, usually they are abnormally
shaped, sometimes multicentric or frag-
mented. Some of the carpal centers may not
form at all. Occasionally, fusion of certain
epiphyses with the shaft is delayed.

The metaphyses of the long bones, espe-
cially of wrists, knees and ankles, are ex-
panded and flaring, showing some resem-
blance to rickets and to certain forms of
achondroplasia. While diaphyseal bone gen-
erally is normal, a few children have had an
undue number of fractures.?®

The skull presents only minor changes
(Fig. 3). The sella may be unusually small.®
Large posterior clinoid processes are men-
tioned by several authors.#7 Premature
synostosis already has been mentioned {(p-
141). The deciduous and the permanent
teeth in at least one family!® have shown
an unusual type of enamel defect Here is
an ectodermal component of a disorder
otherwise limited to cartilage and bone.

The vertebrae show striking abnormali-
ties (Fig. 4). The vertebral bodies alwz.:ys
are flattened, while the intervertebral disk
spaces usually are of normal size and, there-
fore, seem large by comparison. The flatten-
1ng of the vertebrae is such a striking fe?lure
that several of the early cases were published
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as “generalized platyspondylia.” The con-
tours of the vertebrac may be quite bizarre,
especially in lateral views of the lumbar
region. The anterior borders of the vertebral
bodics arc irregular and may show peculiar
beak-shaped protrusions. L~I and L-2 often
are distocated posteriorly and form the apex
of the above-mentioned gibbuslike kyphosis.
The Pelvis. As a rule, in achondroplasia
the female pelvis is so deformed that spon-
taneous delivery is impossible. Changes af-
fecting the pelvic diameters have not been
reported in Morquio’s discasc. In several of
the milder cases, pregnancy and normal de-
livery took place.**! Only one pregnancy in
a severely affected woman has been re-
ported.** In this case the pregnancy was ter-
minated prematurely by caesarcan scction,
The Extremities. The extent to which
these are involved varies considerably from
family to family (Figs. 5 & 6), and in each
case it varies with age. Epiphyseal changes
generally are rather mild in the shoulders
and the elbows, while abnormalities in
wiists and hands usually are quite striking.
The distal ulna is shortened considerably;
consequently, the wrist is held in ulnar devia-
tion. The distal ends of radius and ulna are
broad and irregular. The metacarpals and
lffe phalanges may be normally slender or
distinetly shortened and chubby (Fig. 6).
The changes in the lower extremities often
are more pronounced, possibly because of

Fi16. 4. Lateral roentgenogram of dorso-
Iumbar spine, Morquio’s disease. Note the
severe deformities of the bodies of D-8 to
L-1 and the posterior displacement of L-1.
(Patient of Dr. A. DePalma, Philadelphia.
For other roentgenograms and photo-
graphs of this patient see Figs. 5, 7 & 8.}

4,

i_;lc. 5 Roentgenogram of foot, Morquio’s disease. Same patient as in Figures
and 8, Note that only the tarsal navicular seems to be affected. The roent-

%igairsgziz)appearance suggests osteochondritis. (Patient of Dr. A. DePalma,
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Fie. 6 Roentgenograms of the hands in 3 siblings with Morquio’s disease. Same

patients as in Figure 2. The oldest child on the left, the youngest on the right, Note
the marked intrafamilial differences. (Forsyth Dentat Infirmary for Children, Boston)

the effect of weight-bearing, The hip joints
are the structures affected most constantly
and most severely (Fig. 7)., The acetabula are
enlarged (coxa magna) and irregular in out-
line. The capital epiphyses and sometimes
the entire femoral heads become progres-
sively deformed and fragmented, and even-
tually they may disappear completely. There
may be either coxa valga or coxa vara. Coxa
valga is said to be more common in Mor-
quio’s disease; coxa vara, in gargoylism.
Next in severity are the changes in the lower
epiphysis of the femur. Involvement of the
feet is comparable with that of the hands.
Sexual maturation occurs at the usual time,
and in most cases epiphyseal lines close as
expected However, in a few cases delayed
fusion of certain epiphyses persisted well
into adult Ife.

INVOLVEMENT OF OTHER
ORGANS AND TISSUES

The Musculature. In rare instances the
musculature is well developed and remains
so. More often the muscles become pro-
gressively weaker as the deformities develop,
and growth becomes arrested. Eventually,

because of extreme weakness, many patients
become bedridden. In the case of Einhorn
et al.,** muscular atrophy and subsequent
death were due to spinal cord compression
secondary to bony changes in the atlanto-
occipital region, but in most cases the mus-
cular weakness apparently was not associated
with neurologic changes and was more severe
than could be explained by the bone and the
joint defects.

Intelligence sometimes is obviously im-
paired, but more often it is normal or as
nearly normal as might be expected in chil-
dren who are forced to live under highly
restricted conditions. Reports on intelligence
have more often been based on impressions
rather than on intelhgence tests."”

In gargoylism one finds, in addition 'to
the skeletal changes (which may be indis-
tinguishable from those in Morquio’s dis-
ease), certain visceral changes associated
with intracellular deposition of an abnormal
metabolite in various tissues. These changes
include enlargement of liver and spleen, cat-
diac enlargement and failure, corneal clo}xd-
ing, deafness, umbilical and inguinal hernias,
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Fic. 7. Pelvis and
hip joints, Morquio’s
disease. Same patient
asin Figurcs 4, 5 and
8. The involvement is
far more extensive
than in Perthes® dis-
case. (Patient of Dr.
A. DePalma, Phila-
delphia)

mental deficiency and deterioration and
characteristic changes in the leukocytes.
Such changes are absent from Morquio’s
disease by definition. Those diagnosed orig-
inally as Morquio’s disease generally are re-
classified as soon as such visceral changes
are noticed.

LABORATORY FINDINGS

No consistently abnormal laboratory find-
mgs have been reported.” Routine blood-
chemistry values, including those for calcium
and phosphorus, have been normal. Occasion-
ally elevated serum phosphatase has been
found. No disturbance of renal or hepatic
function or of endocrine balance has been
demonstrated. The basal metabolic rate
Sometimes has been unexpectedly high. This
Is possibly due to the fact that no suitable
Standards exist for patients so deformed.

Fi6 8. The patent whose roentgeno-
grams are shown in Figures 4, 5 and 7.
N € Teason for this patient’s wearing a

€aring aid 15 not known to the author.
me;f{ness 1s common 1n gargoylism but not
b 0Tquio’s disease (Patient of Dr A.
ePalma, Philadelphia)
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PATHOLOGY

Pathologic information is disappointingly
scarce. Only one autopsy'* and very few
bone biopsies!-#* have been reported in the
literature. A specimen of diaphyseal bone
revealed nothing of importance.! A biopsy
of the epiphyseal growth zone'? showed a
severely disorganized pattern. The zone of
proliferating cartilage was narrowed, the
columnar arrangement of the cartilage cells
was irregular, and some of the cartilage cells
appeared to be distinctly abnormal. Calcifi-
cation and ossification also proceeded in a
disorganized manner. Islands of cartilage
cells were found enclosed among calcified
matrix and bone trabeculae. Shelling*® did
not consider the histologic picture to be
specific, but from his description it is not
clear whether or not the histologic changes
differ from those found in gargoylism. Many
autopsies have been performed on cases
of gargoylism. Characteristic degenerative
changes with intracellular storage of a com-
plex carbohydrate (not a lipoid, as thought
formerly) are found quite consistently in
various internal organs, especially liver,
spleen, heart and brain. Since no such
changes were mentioned 1n the autopsy re-
port of the case of Einhorn et al ,'* one may
confidently assume that they were absent.

PROGNOSIS

In many of the milder cases the disability
remains slight, but in the more severely af-
fected patients it 1s often progressive. Some-
times extreme muscular weakness and wast-
ing develop, and death supervenes in the
second decade. The impaired wital capacity
greatly increases the risk of respiratory infec-
tions Nevertheless, most patients with Mor-
quio’s disease seem to survive childhood
Life expectancy is substantially better than
1 typical gargoylism

TREATMENT

The disease process is not affected by any
therapy tmed so far. Vitamin, mineral and

endocrine treatment is ineffective. Ortho-
paedic therapy is limited to the prevention
and the correction of the secondary mechani-
cal deformities. The results of surgical cor-
rection during the active stages often have
been disappointing.

ETIOLOGY

Morquio’s disease shows a distinct familial
tendency, and there are good reasons to
believe that all cases are due to a genmetc
fault (see below). During the past two dec-
ades, more and more hereditary diseases
have been traced to a single defect in the
chain of intermediary metabolism, presum-
ably the complete absence or the partial de-
ficiency of a single enzyme. The course of
Morquio’s disease suggests that this meta-
bolic disorder involves directly or indirectly
the elaboration of some toxic substance
which has a cumulative effect on cartilage
growth and differentiation, and possibly th.e
metabolism of some other tissues. This
hypothesis would make Morquio’s disease
comparable with some other hereditary dx.s-
orders which are active only during cerfain
growth periods, as, for instance, hereditary
vitamin-resistant rickets or hypophospha-
tasia.

While no metabolic abnormality has been
demonstrated so far, it should be remem-
bered that the biochemistry of bone growth
and development still is very poorly under-
stood

CLASSIFICATION AND
DIFFERENTIAL DIAGNOSIS

The original cases of Morquio and Brails-
ford had a great deal in common and, the.re-
fore, suggested a well-defined disease entity.
These cases and those which closely resem-
bled them form what is generally called “typ~
ical” Morquio’s disease. This rather arbitrary
morphologic definition has proved to be un-
satisfactory, because there are at least as
many “atypical” and “intermediate” cases,
The heterogeneous assortment of “atypical
cases present a challenge to attempts at dif-
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{erentiation, classification and nomenclature.
These problems have been attacked by many
authors but never have been sotved to general
satisfaction.

INTERFAMILY AND INTRAFAMILY
VARIABILITY

The total variability of the disease pic-
ture may be divided into interfamily and
intrafamily variations. In Morquio’s discase
and related skeletal disorders, the interfamily
variations often are marked, Some of the
families show severe vertebral flattening with
only relatively mild involvement of the ex-
tremities; in other families the ext

third decade. Sometimes it cannot be dis-
covered without slit-lamp examination. The
granulations of the leukocytes are com-
mon,*"$! but they are likely to be overlooked
unless they are scarched for*® and, there-
fore, were not discovered until 1941.4° On
the basis of the skeletal changes the differ-
ential diagnosis from Morquio's disease of-
fers similar difficulties.®134% Certain roent-
genologic signs have been described as
typical for gargoylism,%% but these are not
obligatory. Nor can the autopsy findings be
regarded as decisive in the differential diag-
nosis, since the single autopsied case of Mor-
quio’s disease forms no adequate basis for

especially the hip joints, are severely involved
while the spine shows only minor changes.
In some families the affected members arc
inconvenienced only mildly, while in other
families the disorder becomes completely dis-
abling in childhood or adolescence.

On the other hand, the intrafamily differ-
ences rarely are so striking. The four siblings
in Morquio’s family were amazingly alike,
and so were the affected siblings in most
other families. In a few sibships, differences
have been more noticeable. An example of
fntrafamily differences in hand configuration
is shown in Figure 6.

DIFFERENTIATION FROM
GARGOYLISM

This is the most troublesome problem in
differential diagnosis. As in Morquio’s dis-
ease, there are descriptions of “typical” gar-
goylism. But in gargoylism there is much
more justification for a “typical” picture
Stnce the typical case is also the common
f(?rm. It represents the severe form of the
disease in which the disease process itself
'(not the complications) often causes death
in the first or the second decade and autopsy
thOWS characteristic histopathologic changes.
c:; l;ere, too, not all cases are typical or
- p lite. Enlargement of liver and spleen
ren):a e a!asent_, and the intelligence may
be a}:: unimpaired. Corneal clouding may

ent or delayed until the second or the

comparison, especially since it was clinically
unique because of the fatal neurologic com-
plications.™

Whether a case is diagnosed as Morquio’s
disease or gargoylism may depend on the
child’s age. This probably accounts for the
report of Bocker,? who described three fami-
lies in which both Morquio’s disease and
gargoylism appeared in the same sibship.

It is tempting to go one step farther and
ask if Morquio’s disease should be regarded
as a variety of gargoylism*® or if both syn-
dromes are different manifestations of the
same disorder.? These questions will be dis-
cussed further after an analysis of the genetic
aspects.

DIFFERENTIATION FROM
ACHONDROPLASIA AND
OTHER SKELETAL DISEASES

The only other disease which occasionally
can prove to be a real problem in differential
diagnosis is achondroplasia. Typical achon-
droplasia is distinguished easily enough, but
that disorder probably is heterogeneous too,
and cases exist which in many ways seem
transitional to Morquio’s disease.2® Rickets
and related disorders (renal rickets, hypo-
phosphatasia, cystinosis, etc.) are now de-
fined well enough clinically, radiologically
and biochemically so that they should no
longer be confused with Morquio’s disease
in spite of superficial resemblances,
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GENETIC ASPECTS

The genetics of Morquio’s disease have
been studied extensively. According to their
mode of inheritance, the reported cases may
be divided into three groups:

Group 1: Dominant Inheritance. In
some families Morquio’s disease is found in
two or three generations and is passed on
by affected members to some of their off-
spring. Cocchi,® in his review of “polytopic
enchondral dysostoses,” found dominant in-
heritance in 13 families with a total of
43 affected members. Helweg-Larsen and
Mgrch,® as well as Cocchi, have pointed
out that the dominant form of Morquio’s
disease is milder. Stature is shortened only
moderately. The vertebrae are affected less
severely than the extremities. Severe crip-
pling does not occur, The root of the nose
is not depressed, and the intelligence is al-
most always normal. Helweg-Larsen and
Mgrch call this group “Silverskitld’s syn-
drome”; Cocchi refers to it as “type Léri”

Group 2: Sex-Linked Inheritance. In
1939, Jacobsen described a large family in
which a mild form of Morquio’s disease af-
fected 20 males in 5 generations. The trait
was transmitted through females, who them-
selves were unaffected.

Group 3: Autosomal Recessive Inheri-
tance, The remaining group of families con-
sists of normal parents with one or more
affected children. Cocchi collected 125 such
families with 184 affected children. He calls
this group “type Morquio.” Statistic analysis
with the standard technics of human genetics
showed that the ratio of affected to normal
children conformed well to the expected
ratio for autosomal recessive inheritance.
The high rate of parental consanguinity
strongly supported the conclusion. Helweg-
Larsen had reached a similar conclusion be-
fore However, the importance of mathe-
matic ratos in small and biased samples
should not be overrated. The group is not
necessarily uniform. Some of the isolated
cases may well be due to dominant genes

and represent new mutations. The presence
of dominant mutants may be suspected on
the following grounds: nature selects in-
tensely against abnormal dominant genes,
while rare recessive genes are well protected
against selection because most of them occur
in healthy heterozygotes. Abnormal domi-
nant genes would soon die out if their num-
bers were not replenished constantly by new
mutations.

Recently Mgrch analyzed this mechanism
in achondroplasia, which is also inherited as
a dominant trait.** He showed that the
achondroplastic gene was derived in only
10 to 20 per cent of the cases from affected
parents; in the remaining cases it was due
to new mutations. The severe selection
against achondroplasia is explained partly
by the deformed female pelvis, However,
unquestionably there is some natural and
presumably also some sexual selection against
the dominant Morquio gene too. This is also
suggested by the fact that in only two of the
above-mentioned 13 families could the trait
be traced for three generations and in none
beyond three. Cocchi also noted that the
group with recessive inheritance had a sig-
nificant excess of males over females. One
could explain at least part of this excess, a5
others have done, by assuming that Group 3
contains some sibships with sex-linked re-
cessive inheritance. There are simple mathe-
matic tests for verifying this hypothesis (in
a suitably large sample), but apparently they
have not yet been applied to the material.

THE INHERITANCE
OF GARGOYLISM

The genetics of gargoylism are som.ewhat
similar, The data in the great majority qf
fanulies suggest autosomal recessive inheri-
tance. The high rate of parental consan-
guinity (14% 1 Cocchi’s review) supporls
the conclusion. Since gargoylism, like Mor-
quio’s disease, is more common in males,
the occurrence of a sex-linked varfant was
suspected. The existence of such a sex-
linked form with distinct chmical features
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and a somewhat more benign course has
since been well substantiated ' Inheri-
tance through a dominant gene was de-
scribed recently too,! but the conclusion was
based entirely on a single family photograph,
which was not reproduced in the article,

THE SIGNIFICANCE OF
CONSANGUINITY IN
RECESSIVE INHERITANCE

To readers not familiar with human
genetics, the great significance of parental
consanguinity will be illustrated in detail by
the following sample calculation:

Let us say that Morquio’s discase is due
to the abnormal recessive gene x, its counter-
part being the normal gene X, Carriers of
the Morquio gene have the genetic constitu-
tion Xx; affected individuals, xx. Let us now
assume that the Morquio gene occurs in the
general population with the frequency p=
1:1,000. The frequency of xx individuals,
then, would be p*=1:1,000,000 and the fre-
quency of the Xx carriers 2p(1—p)=1:500.

.Let us further assume that we are dealing
with a population of 100 million, The num-
ber of xx individuals in this group would be
100 (actually less, since the xx individuals
bave o higher mortality than the general
Population). Further, we estimate the fre-
quency of first-cousin marriages in this popu-
lat.lon as 0.1 per cent. (For purposes of
this study all degrees of consanguinity can
be expressed as percentage of first-cousin
Marriages.) We know that the chances of
any parent’s being an Xx individual are

1500, If random mating prevails, his
chance of choosing an Xx mate is also

1:500. But first cousins have V& of their

geﬂe§ in common. Thus, if an Xx individual
marries his first cousin, his chances of select-

g an Xx mate increase from 1:500 to 1:8,

1:(-;(1 ?25 time.s the former figure. In our

ceme Population of 100 mullion, 0.1 per

cous’i;’r IOQ,OOO, wotlﬂd be offspring of first-
would marriages. This relatively small group

65 produce 0.1X62.5=6.25 cases, oOr

" Per cent, of all the affected individuals

in the entire population, The general rela-
tionship now is readily apparent; the rarer
the recessive gene and the higher the fre-
quency of consanguineous marriage in the
population, the higher the incidence of pa-
rental consanguinity among those afflicted
with the discase in question.

The figures assumed here are probably
not very far off, perhaps by no more than a
factor of two. A gene frequency of 1:2,000
would yield 25 affected per 100 million and
12.5 per cent derived from consanguineous
matings, perhaps somewhat more likely fig-
ures, Whiteside and Cholmeley*” found 12
per cent of their cases derived from consan-
guineous matings. Cocchi® found consan-
guinity in 8 per cent of the presumably reces-
sive group. The actual frequency of first-
cousin marriages in the general population is
not well known. Neel and Schull®? give a
rate of 0.1 per cent for Caucasians. The
present rate in the United States is probably
lower, but in certain parts of the world
consanguineous marriage is much more
common, and it is interesting to note that
numerous cases of Morquio’s disease re-
cently were reported from the Near East and
Africa,152%4445 regions in which consan-
guineous matings often are preferred by tra-
dition,

RELATIONSHIP OF MODE
OF INHERITANCE
TO CLINICAL SYNDROMES

Different modes of inheritance for appar-
ently identical traits or diseases are not un-
common in man. Dominant, sex-linked
recessive and autosomal recessive inheritance
are known for optic atrophy, retinitis pig-
mentosa, peroneal muscular dystrophy and
some other diseases.’™3” Frequently there is
a relationship among mode of inheritance,
severity of illness and age of onset. As a
rule, the dominant form is the mildest; the
sex-linked, intermediate; and the autosomal
recessive, the most severe or earliest in onset,
The above-mentioned observations on Mor-
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quio’s disease agree quite well with this
general rule.

The dominant and the recessive forms are
due presumably to different genes (and, thus,
to different metabolic defects). It is quite
unlikely that the same gene is dominant in
some and recessive in other families, Since
there are considerable differences between
some of the families in which the disease is
inherited as a dominant trait, it is quite con-
ceivable that there are several dominant
Morquio genes. Such genes may or may not
be alleles.

The family with sex-linked inheritance de-
scribed by Jacobsen®® also showed a rela-
tively mild form of Morquio’s discase. 1t
may be worth while to restudy this family,
as well as some of the Morquio sibships that
contain only males. Such a study will per-
haps be rewarded, as in gargoylism (see pp.
148 & 149), by the discovery of a distinct
clinical syndrome characteristic of the sex-
linked form,

Now to the autosomal recessive form of
Morquio’s disease! Are the interfamily
variations better explained by a set of in-
dependent recessive genes, by a series of
alleles or by some other mechanism? And
what is the best hypothesis for the relation-
ship between Morquio’s disease and gar-
goylism? The answers given here are based
on rather indirect reasoning and are highly
speculative,

If one assumes that the different forms of
Morquio’s disease are accounted for by dif-
ferent recessive genes X, Y, 2, etc., Jocated at
different loci, the trait would be found only
in xx, yy and zz individuals. The gene com-
binations xy, xz and yz probably would be
phenotypically normal, since different genes
control different metabolic processes, and
each abnormal gene is counterbalanced by a
normal one The separate frequencies fr, f;
and f, would have to be smaller than their
sum {the frequency of a single gene account-
ing for all cases). Thercfore, the greater
the number of independent genes, the higher
the expected rate of parental consanguinity.

The available data probably are not precise
enough for statistic treatment based on this
reasoning. However, the following would
seem to be a conservative statement: paren-
tal consanguinity in recessive Morquio’s dis-
ease is about as common as in gargoylism.
Since Morquio's disease seems to be some-
what less comnton than gargolyism, it is un-
likely that it is due to a larger number of
independent genes.

On the other hand, if one assumes that
the different forms are due to alleles, x1,X2,%s,
etc., all involved in the same metabolic proc-
ess, one would expect not only the homo-
Zygotes XXy, XzXe and XzX, to be affected but
also the heterozygous combinations XiXe,
X1z and x.x;. One would expect different
clinical manifestations, different degrees of
severity and different ages of onset to reflect
the various gene combinations. In either
case* one would expect intrafamily varia-
tions to be small compared with interfamily
differences. One might speculate whether or
not “typical” gargoylism represented one of
such a series of allelic genes.

An analogous situation is found in the
inheritance of the abnormal hemoglobins re-
sponsible for sickle-cell anemia and related
disorders.24353¢ In these disorders investi~
gation is easier because the abnormal genes
can be identified in the heterozygote, which,
unfortunately, is not yet possible in Mor-
quio’s disease or gargoylism. Very likely
some of the hemoglobin genes are alleles,
others not.*43% Clinical disease requires two
abnormal genes, identical or allelic, and the
severity of the anemia depends on the gene
combination,

Jackson,®s who credits Gates,!” has pro-
posed an entirely different theory to account
for the great variety and the overlapping of
clinical syndromes in the hereditary epiphys-
eal disorders. He assumes that the genes for
various skeletal disorders are arranged in
close sequence on one of the chromosomes.

* The alternative hypothyses are not mutually

exclusive There could weli be two or more loci
wib alieles at each.
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During cell division, chromosomes may
break and rec in such a m; that
small chromosome fragments containing a
few adjacent loci (gene sites) may become
lost. Under this hypothesis these sheletal
disorders would be duc to the absence of
the normal genes rather than the presence of
mutant genes.

This theory has certain attractive features.
Morcover, recent work on the rh genes?
strongly suggests that closely related genes
may actually be located in close proximity
and that fragments containing a few loci can
occasionally become lost, However, it is
unlikely that this hypothesis accounts for
more than a rare, exceptional situation be-
cause:

L. Abnormalities are due much more
commonly to mutant genes than to chromo-
some defects (at Ieast in animals and plants
where these facts can be ascertained).

2. As a rule, the defects produced by
chromosome abnormalities are dominantly
inherited (at leastin the fruit fly), while most
of the diseases under consideration here are
due to recessive genes.

3. Disease pictures with almost identical
features are reported from widely scparated
Places and in different races. This would
Presuppose that identical chromosome de-
fects would repeat themselves, which scems
tather unlikely,

However, there are multiple defects due
fo more than one gene for which a more
obvious explanation is available: there is
111:21}' to be a fortuitous rccombinnlifm of
ofts Or more abnorma! recessive genes in the

SPring of consanguineous matings (Mor-
S:;" s disease and blindness, Morquio’s dis-

SOC?a:leden}ema] deficiency, et.c.). Such as-
rare manifee:tcts' should not be_mter?retcd as
ations of Morquio's disease.

CONCLUDING THOUGHTS ON
CLASSIFICATION AND
NOMENCLATURE

ansv}}l,“e it is very likely that the dominant
the recessive forms of Morquio’s disease

are distinct discascs, as yet the differentiating
features are not distinct enough to permit
reliable classification of individual cases. In
these circumstances it scems premature to
replace old terms with new labels, such as
“Silverskivld's syndrome.” Since there is
considerable doubt as to whether or not
“Morquio's discase™ is a justifiable disease
cntity, it would seem to be desirable to agree
on a term that covers both Morquio’s dis-
casc and gargoylism. The German term
polytopic enchondral dysostosis serves this
purpose cxcept for its length and the fact
that “polytopic™ implies multiple rather than
general involvement. Osteochondrodystro-
phy is bricfer and would be preferable if
used to include gargoylism; at least until the
identification of the biochemical defects war-
ranted a new classification. There should be
no objection to using “Morquio-type” in
parenthesis for those cases which at the time
of examination showed none of the visceral
signs of gargoylism, so long as it was under-
stood that the secondary term was descrip-
tive rather than differential diagnostic.

During the past decade very few cases of
Morquio's disease have been published in
the American literature. One can only specu-
late on the reasons. It could be due to the
fact that on close examination and careful
follow-up, most of the suspected cases have
turned out to be cases of gargoylism; or it
could be that it has been felt that Morquio’s
disease has been described adequately and
is no longer medical news. It is hoped that
this article will correct the latter impression
and encourage additional case reports. Many
aspects of the problems discussed here could
be resolved with presently available research
tools.

The hereditary metabolic disorders have
aptly been called “experiments of nature.”
They are keys to the understanding of nor-
mal physiology and metabolism; therefore,
their importance is quite out of proportion
to the small number of unfortunate individ-
uals afflicted by them.
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quio’s disease agree quite well with this
general rule,

The dominant and the recessive forms are
due presumably to different genes (and, thus,
to different metabolic defects). It is quite
unlikely that the same gene is dominant in
some and recessive in other families. Since
there are considerable differences between
some of the families in which the disease is
inherited as a dominant trait, it is quite con-
ceivable that therc are several dominant
Morquio genes. Such genes may or may not
be alleles.

The family with sex-linked inheritance de~
scribed by Jacobsen® also showed a rela-
tively mild form of Morquio’s disease. It
may be worth while to restudy this family,
as well as some of the Morquio sibships that
contain only males. Such a study will per-
haps be rewarded, as in gargoylism (see pp.
148 & 149), by the discovery of a distinct
clinical syndrome characteristic of the sex-
linked form.

Now to the autosomal recessive form of
Morquio’s disease! Are the intecfamily
variations better explained by a set of in-
dependent recessive genes, by a series of
alleles or by some other mechanism? And
what is the best hypothesis for the relation-
ship between Morquio’s disease and gar-
goylism? The answers given here are based
on rather indirect reasoning and are highly
speculative.

If one assumes that the different forms of
Morquio’s disease are accounted for by dif-
ferent recessive genes x, Y, z, etc., located at
different loci, the trart would be found only
in xx, yy and zz individuals. The gene com-
binations Xy, xz and yz probably would be
phenotyprcally normal, since different genes
control different metabolic processes, and
each abnormal gene is counterbalanced by a
normal one The separate frequencies fs, I,
and f, would have to be smaller than their
sum (the frequency of a single gene account-
ing for all cases). Therefore, the greater
the number of independent genes, the higher
the expected rate of parental consanguinity.

The available data probably are not precise
enough for statistic treatment based on this
reasoning. However, the following would
seem to be a conservative statement: paren-
tal consanguinity in recessive Morquio’s dis-
ease is about as common as in gargoylism.
Since Morquio’s disease seems to be some-
what less common than gargolyism, it is un-
likely that it is due to a larger number of
independent genes,

On the other hand, if one assumes that
the different forms are due to alleles, Xi,X,Xs,
etc., all involved in the same metabolic proc-
ess, one would expect not only the homo-
2ygotes X1X;, XeX» and x;xz to be affected but
also the heterozygous combinations Xxi¥,
X1Xa and X:x3. One would expect different
chinical manifestations, different degrees of
severity and different ages of onset to reflect
the various gene combinations. In either
case* one would expect intrafamily varia-
tions to be small compared with interfamily
differences. One might speculate whether o
not “typical” gargoylism represented one of
such a series of allelic genes.

An analogous situation is found in the
inheritance of the abnormal hemoglobins re-
sponsible for sickle-cell anemia and rcla‘e.d
disorders.24353¢ In these disorders investi-
gation is easier because the abnormal genes
can be identified in the heterozygote, which,
unfortunately, is not yet possible in Mor-
quio’s disease or gargoylism. Very Tikely
some of the hemoglobin genes are alleles,
others not.243¢ Clinical disease requires two
abnormal genes, identical or allelic, and the
severity of the anemia depends on the gene
combination.

Jackson,” who credits Gates,’? has pro-
posed an entirely different theory to agcoum
for the great variety and the overlapping of
clinical syndromes in the hereditary epiphys-
eal disorders. He assumes that the genes f?r
various skeletal disorders are arranged in
close sequence on one of the chromosomes.

* The alternative hypothyses are not mutually

exclusive. There could well be two or more loci
with multiple alleles at each.
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During ccll division, chromosomes may
break and recombine in such a mannee that
small chromosome fragments containing a
few adjacent loci (gene sites) may become
lost. Under this hypothesis these sheletal
dusorders would be due to the ahsence of
the normal genes rather than the presence of
mutant genes.

This theary has certain attractive features,
Moreover, recent work on the th genes®
strongly suggests that closely related genes
may actually be focated in close proximity
and that fragments containing a few loci can
occasionally become lost, Homever, it is
unlikely that this hypothesis accounts for
more than a rare, exceptional situation be-
cause:

L Abnormalities are due much more
commonly to mutant genes than to chromo-
some defects (at least in animals and plants
where these facts can be ascertained).

2 As a nule, the defects produced by
chromosome ubnormalitics are dominantly
inherited (at least in the fruit fiy), while most
of the diseases under consideration here are
due o recessive genes,

3. Disease pictures with almost jdentical
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are distinct diseascs, as yet the differentiating
features are not distinct enough to permit
scliable classification of individual cases. In
these circumstances it scems premature to
replace old terms with new labels, such as
“Stlverskiéld’s syndrome.” Since there is
considerable doubt as to whether or not
“Morquio’s discase” is a justifiable disease
entity, it would scem to be desirable to agree
on a term that covers both Morquio’s dis-
case and gargoylism. The German term
polytopic enchondral dysostosis serves this
purpose except for its Jength and the fact
that “polytopic” implies multiple rather than
general involvement.  Osteachondrodystro-
phy is bricfer and would be preferable if
vsed to include gargoylism; at least until the
identification of the biochemical defects war~
ranted a new classification. There should be
no objection to using “Morquio-type” in
parenthesis for those cases which at the time
of examination showed none of the visceral
signs of gargoylism, so Jong as it was under-
stood that the secondary term was descrip-
tive rather than differential diagnostic.

During the past decade very few cases of
Morquio’s discase have been published in
the American literature. One can only specu-
fate on the reasons. It could be due to the
fact that on close examination and careful
follow-up, most of the suspected cases have
turned out to be cases of gargoylism, or it
could be that it has been felt that Morquio’s
discase has been described adequately and
is no fonger medical news. It is hoped that
this article will correct the latter impression
and encourage additional case reports. Many
aspects of the problems discussed here could
be resolved with presently available research
tools,

The hereditary metabolic disorders have
aptly been called “experiments of nature.”
They are keys to the understanding of nor-
mal physiology and metabolism; therefore,
their importance is quite out of proportion
to the small number of unfortunate individ-
uals afflicted by them.
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SUMMARY

1. The morphologic, the roentgenologic
and the clinical features of Morquio’s dis-
ease have been reviewed. The great varia-
bility of the disease has been stressed.

2. The difficulties of differentiating Mor-
quio’s disease from gargoylism have been
discussed.

3. The genetics of Morquio’s disease and
gargoylism have been explained in detail.
Various hypotheses have been advanced and
discussed in the hope of throwing some light
on the heterogeneity of the reported cases
and of arriving at a better system of classifi-
cation,

4. Certain suggestions regarding nomen-
clature are offered.

5. The need for further case reports is
emphasized.
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Morbo de Morquio

Summario in Interlingua

Un breve introduction historic a morbo
de Morquio ¢ a gargolismo ¢ un discussion
del nomenclatura es sequite per un descrip-
tion detaliate de morbo de Morquio. Le
autor presenta un revista del apparentia gen-
eral, del constatationes radiologic, del datos
laboratonial, del materiales pathologic, del
curso clinic, e del resultato final. Radio-
graphias e photographias representative ac-
¢ompania le texto.

Es suggerite que morbo de Morquio es
Causate per un heredutari defecto metabolic,
Probabilemente un deficientia in le produc-
tion de un sol enzyma individual.

Le variabilitate del tableau clinic e su
grande similitate a gargolismo es sublineate.
Un differentiation defimtive inter morbo de

Morquio ¢ gargolismo non es possibile in
omne casos.

In le spero de clarificar certes de iste
vexante problemas, le autor examina e dis-
cute in detalio le genetica de morbo de Mor-
quio e de gargolismo. Esseva facite un
effortio a presentar iste material in un forma
que es facile a comprender per non-geneti-
cistats. Varie hypotheses alternative es of-
ferite pro explicar le datos colligite. Le
meritos de iste hypotheses es discutite.

Le paucitate de reportos recente in re
morbo de Morquio es deplorabile. Ben que
le complete clarification de morbo de Mor-
quic debe attender le discoperta del specific
anormalitate biochimic in question, multe
importante problemas in iste campo esserea
sin dubita resolvibile super le base de ben
documentate reportos de cautemente studiate
casos additional.
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Juvenile Osteochondroses—Enchondral
Dysostoses”

Hans Mau, M.D,

For many years the etiology of aseptic
necroses or juvenile osteochondroses has
been the subject of much study. Many
theories have been advanced and discussed
extensively during the years without one
hypothesis being generally accepted. How-
ever, with a better understanding of the
nature of the hereditary cartilage-ossification
disturbances, of the so-called enchondral
dysostoses, it became possible to discern
more clearly the constitutional factor in the
origin of many cases of juvenile osteochon-
droses, The following clinical and roentgeno-
logic observation may serve as a basis for
our studies on this subject.

CASE REPORT

Thomas H., 8Vayears old, born March 24,
1945, Height 115 cm. (10 cm. below the ex-
pected height). A vivacious, co-operative boy
with shghtly bulging forehead and flaring of the
short costal arch, pronounced ncrease of the
lumbar lordosis, relatively short thighs and
coarse-shaped hands, the forearms also both

Ny and roentgenok ly shghtly too
short when compared with the length of the up-
per arms. The right arm is 2.5 cm, the right leg
1.5 cm., longer than the corresponding extrem-
ity. This difference 1n length should be ascribed
posstbly to the exi of a gl i
and venectasia, chiefly on the right side of the
body (Fig. 1).

* From the Orthopaedic Hospital of the Univer-
sity of Heidelberg (Director; Prof. K. Lindemann).
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Figs. 1 to §, same patient. FiG. 1
(Above). At 85 years of age Hemangio-
matosis and venectasias Forearms, hands
and thighs siightly shorter than normal.
Pronounced jordosis.



Case Report

Without apparent cause slight limping with
the right leg occurred for the first time at the age
of 2V4 years; at the age of 32 years a diagnosts
of right-sided Legg-Calvé-Perthes syndrome was
made (October 12, 1948), Roenigenologically
there was patchy rarefaction with increased den-
sity of the right capital cpiphysis. Left femur
head was practically normal (Eig. 2).

e e ' . ©

head had increased distinctly in size, but on the
left side 1t had become smaller, and there was
total mitial sclerosis—in short, developing Legg-
Calvé-Perthes syndrome. October, 1949: left
side florid Legg-Calvé-Perthes syndrome with
circumscribed sclerosis, patchy destruction and
flattening of the femur head, whereas the right
capital epiphysis had continued to grow and be-
came higher. The patient was placed in a plaster
cast in abduction.

September, 1950, Right capital epiphysis had
developed normally and showed only slight resid-
ual flattening. On the left side, however, when
compared with the right, there was progressive
destruction (Fig. 3). A Thomas splint then was
applied to the left side. With this the now quite
flat left capital epiphysis gradually grew in size.
On the right side the capital epiphysis again nar-
rowed shightly. The final result is that both proxi-

F16.3. At 5% years =
of age, Femoral head
on right side com-
pletely restored, left-
sided  Legg-Calvé-
Perthes syndrome,

Fia. 4 At 8»
years of age. Right
femoral head slightly
flattened again, left
Side moderate heal-

Fig, 2. At 3% years of age, Typical Legg-
Calvé-Perthes syndrome, right side.

mal femur ends became increasingly blunt with
broadening of their shape and with foci of de-
struction also in the metaphysis, as shown when
x-rayed in Lauenstein’s position. Gradually the
use of the splint was discontinued.

October, 1953. Relatively small iliac bones,
right capital epiphysis flattened but of normal
structure. On both sides the epiphyseal lines were
still open. On the left side there was marked and
irregular flattening and broadening of the epiph-
ysis; 1ts disorderly structure clearly demon-
strated that the destructive process was not quite
closed, Widening of the metaphysis was more
pronounced on the left side. The left acetabulum
was slightly shallower than the right (Fig. 4).

Hand: coarsely shaped and short; ossification ~

L a2l
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FIG, 5. At 814 years of age. Pronounc-
edly broad, short hand with structural
changes, especially in the distal radis,
wide epiphyseal line in the distal ulna, the
short phalanges of the fingers present a
gross reticular structure.

of the carpal bones delayed There was gross
atrophy of the spaagiosa structure, irregular out-
line of all epiphyseal lines; the distal radius me-
taphysis was particularly deformed and shawed
aa increased deposuion of calcium. The epr-
physeal line of the distal ulna was wide (Fig. 5).

Lateral projection of the spine: indication of
fumbodorsal kyphoss, whereas the Temaining
part was straight Slight concavity of the dorsal
parts of the end plates. Only slight flattening of
the vertebral bodies, The closing of the vertebral
arches was not quite complete mn the lower seg-
ment of the thoracic spine.

Epicrisis
Description of an carly typical Legg-
Calvé-Perthes syndrome involving first one
and then the other side, ultimately resulting
in restoration of the bone in a boy who

doubtless presented general disturbances of
cartilage ossification, especially in the hands
and, therefore, should be diagnosed as 2
form of enchondral dysostosis. At the same
time there was an extensive hemangioma-
tosis, predominantly one sided, ¥ in this case
the initial restoration of the femoral head
were followed by unilateral flattening of the
head, this probably should be explained as
follows: due to bifateral involvement and
in spite of the plaster cast treatment in ab-
duction, continued over many months,
weight-bearing had been allowed too early.
Another old rule was confirmed once more
in this case: restoration of the femoral head
is more successful in the younger patients

Int our opinion, this observation furnished
proof, which until now had always been a
moot point, that even in the case of enchon-
dral dysostosis a bone that was roentgeno-
Togically normal, in this case a femoral head,
may be restared to a large extent when in-
valved in a Legg-Calvé-Perthes syndrome.
The unusual factor in this case, therefore, is
that due to its other skeletal symptoms it
occupies an intermediary position betwees
an ordinacy Legg-Calvé-Perthes syndrome
with its radiologically unchanged femoral
head before the onset of the disease and the
severe enchondral dysostoses with their Pﬁ‘
marily disturbed formation of the femoral
head.

It would seem to be useful to define cer-
tain concepts before proceeding to further
discussion.

JUVENILE OSTEOCHONDROSES

Under this heading we group the develop-
mental disturbances in the cartﬂagizo:]s ep.:
hyseal and apophyseal centers and also 3
Sley independcitpsmall bones. In the first
place there occur during the growsh geno,d
the Legg-Calvé-Perthes syndrome, Kaohler's
disease of the os naviculare pedis, Osgood-
Schiatter disease of the tibial apophysis, the
apophystis calcanei, and also the juvenile

o
kyphoses { mann), o h c S
dissecans, as well as the more rare localiza-




fions like malacia of the tip of the patella
(Sven Johansson-Sinding Larsen) or of the
capitulum humeri (Panner).

The concept of juvenile osteochondroses is
more and more accepted, as opposcd to those
terms formerly in use, such as ascptic ne-
croses, local malacia, chondro-ostconecroses,
avascular necroses and juvenile ostcochon-
dropathies. This is as it should be, since
necrosis is not always part of the picture, as
we were able to demonstrate by means of
personal cascs in which the diagnosis was
confirmed by histologic examination. Ne-
crosis of the growing cpiphysis is only a
phase of a much more extensive pathologic
process (Lindemann).

By the recent inclusion of certain syn-
dromes which were formerly not so classi-
fied, such as Thiemann's disease of the
fingers, or even Madelung’s deformity, osteo-
chondrosis tibiae deformans, etc. (GofT), the
concept of juvenile osteochondrosis has been
essentially enlarged as against that of aseptic
necrosis, but the enlargement is predomi-
nantly in a certain direction, that of the
enchondral dysostoses. Consequently, there
is a certain overlapping, which will be dem-
onstrated later.

ENCHONDRAL DYSOSTOSES

The concept and the nature of enchondral
dysostoses has been sharply outlined only in
recent years. By enchondral dysostosis 1S
meant a disturbance of the cartilage ossifica-
tion on a congenital basis, syndromes which
until now had been described either as atypi-
cal chondrodystrophy, osteochondrodystro-
phy, Morquio’s or Brailsford’s disease, or as
multiple cpiphyseal disturbances, spinal
dwarfism, Ribbing’s disease, etc. In the first
group, growth of both epiphyses and me-
taphyses is disturbed, whereas in the second
group the disturbance is confined chiefly to
the epiphyses. On the basis of more than 50,
at the moment over 75, personal observa-
tions of partly familial cases, it was shown
that the classic chondrodystrophy (achon-
droplasia) and chondrodystrophia calcificans

dral Dysostoses
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Fic. 6. Diagram of the normal enchon-
dral metaphyseal longitudinal and epi-
physeal center growth. The distance be-
tween the transverse lines in the meta-
physeal area (M), the semicircles in the
epiphyseal areas (E), and the arrows in-
dicate the different growth rates and di-
rection in both areas.

congenita should be included as a pecul
type of pathologic ossification variation. T
also holds true for the localized symmet
forms, for the rarer asymmetric forms a
especially for the light forms. This widc
considerably the concept of enchondral d
ostosis, which becomes the prototype of ‘
enchondral ossification disturbances.
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F16.7. Schematic drawing of the various
enchondral dyostoses, This figure iHus-
trates the relations between metaphyseal
and epiphyseal growth disturbances, which
are widely overlapping. 1n the center of
the left circle is shown a case of chondro-
dystrophy (achondroplasia), in that of the
circle on the right a spinal dwarf; in be-
tween these two is the pot very striking fig-
ure of the “third man," welt praportioned
and only slightly dwarfed, representing the
majority. Inner circle: severe form, Mid-
dle circle: mild form. Outer circle: con-
stitutional disposition. Endogenous and
¢eXopenous influences, which can fead to
mixed types, are represented by the upper
and the lower semicircles, {Based on a
schematic drawing by W. Marquardt)

This widening of the group seems to be
efficient, since no sharp differentiation is pos-
sible between the clinical manifestations of
disturbed metaphyseal longitudinal growth
on the one hand and disturbance of growth
in epiphyseal ossification centers on the other
(Fig. 6). On the one hand we have the pa-
tient with chondrodystrophy whose growth
disturbance is to be found mn the metaphyses
and is characterized by a pronounced short-
ening of the long bones—a sitting giant; on
the other, the dwarfed spine with involve-
ment of the epiphyses and the short flat
bones, the patent with joint and spine
dysplasia—a sitting dwarf, Much more nu-
merous than is generally supposed to be the
case are those tronsitory forms where in one

Juvenile Osteochondroses — Enchondral Dysostoses

and the same patient metaphyseal and epi-
physeal growth disturbances “exist side by
side (Fig. 7). Intrafamilial variations either
in the direction of metaphyseal or of epi-
physeal manifestations have been described.
Therefore, it is mare to the point to use the
term dysostotic group with, at its extreme
ends, the chondrodystrophic and the spinal
dwarf.

Most likely chondrodystrophy constitutes
a genetically independent trait, In the much
larger and varied group of the atypical chon-
drodystrophies, there may be partial involve-
ment. In contrast with classic chondrodystro-
phy, we may also find severe cases together
with fight cases in atypical chondrodystro-
phy. According to recent investigations,
chondrodystrophy is inherited almost exclu-
sively as a dominant trait, but for the second
and larger group with cpiphyseal involve-
ment, the pathologic trait frequently is in-
herited as a recessive factor too.

Rocntgenologic investigations have shown
that even in cases with apparently only par-
tial involvement, there is in reality no Jocal-
ized process; sometimes there are structural
disturbances in various other skeletal parts
if roentgen examination is continued over a
longer period of time and each separate bone
is studied closely during its developmental
phases. Also, there probably is a certain rela-
tionship between the nature of t.hc subse-
quent ossification disturbance (e:the.r pre-
dominantly metaphyseal or predominantly
epiphyseal) and the process of slfeletal <.1c-
velopment in such a way that, with carlier
lesions, the metaphyses are mvolved in thglr
developmental phase (sensitive ph.nsc), while
with lesions occurring later the epiphyses are
involved predominantly. The apophyses
rarely are included.

When compared with normn} deyelog-
ment, the dysostotic cartilage ossification in
the epiphyseal regions is .chnmctcnzed by a
late appearance of the epiphyseal .cente{s on
the roentgenograms. Only rarely is ossxf:\ca-
tion accelerated or completely lacking.
Among the bones which present the epi-
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physeal type of assification, we frequently
find involved those which normally would os-
sify last, such as the navicular bone of hand
and foot, the adjacent bones and the patella.
Delayed sheletal maturation on the basis of
a primary anlage disturbance is probably the
most semsitive indicator of a dysostotic
growth disturbance, cspecially if *dissoci-
ated,” i.¢., one bone showing delayed skeletal
maturation, another onc normal maturation.

Further characteristics are relatively small
size of the epiphyseal centers, trough-shaped
defects and dissecting processes. The epiph-
yses are relatively wider and fiatter than
normal; the height/width index is altered in
Javor of the width. Al proportions of the
body have changed in the same direction,
and with a predominantly metaphyseal in-
volvement the individuals are increasingly
shorter in height. Another typical feature is
the formation of accessory bone centers. A
great number of skeletal variations may be
f!bserved, which are to be considered typical
in certain cases of enchondral dysostoses,
such as duplication of centers and multifocal
epiphyseal ossifications.

_Contrary to general opinion, numerous
hlstologic data already are available, even
for the predominantly epiphyseal disturb-
ances. The general syndrome is composed
not only of regressive but also of restorative
processes. In contrast with other morphologic
defects of the skeleton, the dysostotic de-
fmmities possess a natural healing tendency
In the young, dependent on the mechanical
stress and the degree of involvement of the
bxologically inferior bone.

The diseased cartilage often is of an infe-
Tior type; therefore, there is an inherent pre-
disposition to vascular disturbances due fo
;‘llsi:str{’ction of the afferent vessels. These
onl;finances of circulation are demonstrable

dow angﬂcf;l_e cases and usu?lly run a very

same condn;glca“y unob'truswc coE:rse. The

motes 1 prec :cpf the articular cartilage pro-

Was abscrred 4 rllf);{saIz:lritrl:1'0515 deformafx[xs, as

Tembers of g mination of the different
ysostotic families.

An etiologic relationship between enchon-
dral dysostoses and certain cases of entire
groups of orthopaedic diseases may be dis-
covered by considering them as localized
forms and by regarding the greater or the
lesser scverity of the developmental disturb-
ance in part as manifestations of the influence
exerted by the hereditary, constitutional
dysostotic factor. Among those the most im-
portant for the spine are some juvenile
kyphoses, wedge-shaped dorsal vertebrae,
idiopathic scolioses; for the hip joint, coxa
vara congenita and the Legg-Calvé-Perthes
syndrome; for the knee joint, osteochondro~
sis tibiae deformans (tibia vara), osteo-
chondrosis dissecans, tibia recurvata, fissures
in the patella and the congenital and habitual
patellar luxation; for the foor, Kohler's dis-
ease I and hallux rigidus; for the arm, hu-
merus varusidiopathicus, Thiemann’s disease,
Madelung's deformity, the so-called dorsal
subluxation of the ulna and the flat hand.
The diseases mentioned may present the
dysostotic component to a varying degree,
but this is not necessarily so in all cases.

MECHANICAL FACTOR

As we have seen, the dysostotic growth
disturbance may vary by involving predomi-
nantly either the metaphyses or the epiphy-
ses, by being generalized or localized, or by
being mild or severe with ail gradations. The
mildest cases merge into the dysostotic con~
stitution. The factor of hereditary constitu-
tional disposition sometimes becomes ap-
parent only by a kind of trigger mechanism,
most often a mechanical influence. This may
manifest itself chiefly in the epiphyseal area,
This holds true with the exception of the
femoral neck, for here the metaphysis can
be involved also (coxa vara congenita). It
is necessary to familiarize ourselves with the
notion of relative stress. A condition like
that arises from a discordance between the
weight-bearing (demand) and the static ca-
pacity.

It has always been a moot question
whether hereditary or exogenous factors play
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a decisive part in the development of certain
skeletal diseases. These diseases range from
the severe endogenous hereditary malforma-
tions (for example, aplasia) via less severe
congenital dysostotic disturbances (for ex-
ample, Thiemann’s disease} and a constitu-~
tional dysostotic disposition through normal
and beyond that into the field of static me-
chanical traumata (fatigue fractures) and on
to severe single direct fractures. All studies
of the cause of the diseases existing between
these two extremes have shown that there js
no question here of “‘cither/or™ but rather of
“this and that.” There can be differences of
opinion only on the degree and the possible
significance of endogenous and exogenous
forces. Only on this basis can discussion be-
come fruitful,

In the case described above, we consider
the endogenous component to be the deci-
sive one in the development of the femoral
head necrosis. On the other hand, it cannot
be dented that the necrosis, runaing a similar
course, has been seen as a result of a single
trauma during childhood. Here trauma is the
essential cause. It is also known that endo-
crine factors (pituitary, thyroid or gonads)
and vascularization disturbances of the epiph-
yses (air embolus, blood disease, etc.), as
well as nfectious and metabolic disorders,
may be involved in the development of epi-
physeal necroses. The roentgenologic and the
histologic findings in these cases very often
show great similarity, owing to the limited
reactivity of the bone. It may be stated in
general that in juvenile osteochondrosis a
complexity of factors 1s involved. Therefore,
the term syndronte is being used increasingly.

ENDOGENOUS FACTORS

We will consider only the endogenous fac-
tor 1n studying the development of juvenile
osteochondroses. To all who are of the upir}-
ion that general trauma or microtrauma is
the most important etiologic factor, we
should like to put the question, why, then,
do not almost all adolescents develop this
disease, since dunng the first 10 t0 14 years

of life the mechanical stress in children as
opposed to adults is practically the same for
all? There is a further question, why do we
so rarely find a Legg-Calvé-Perthes syn-
drome in Polynesians or in Negroes (Goff)?
Goft even went so far as to state that a
genuine Legg-Calvé-Perthes syndrome rarely
was encountered in Negroes, With this state-
ment he places the constitutional factor en-
tirely in the foreground. While visiting the
United States, especially the southern states,
we looked particularly for this syndrome
among the Negroes and found only 1 case
in New York, and in this case admixture of
white blood might be held responsible insofar
as there was no concomitant sickle-cell ane-
mia. However, it should also be borne in
mind that the Negro population constitutes
only a small fraction of the entire popula-
tion; therefore, a Legg—CalvéPerthes syn-
drome is to be expected only rarely among
this group. Nonetheless, it would be surpris-
ing if this syndrome did not occur among
Negroes, seeing that it may be found even
among cows, pigs and horses, whereas severe
enchondral dysostoses have also been ob-
served in Negroes.

From these examples it becomes clear that
great importance should be attached to the
constitutional factor in the developmen!‘of
certain juvenile osteochondroses. .The'sxg-
nificance of this constitutional disposition
was fully understood by Lehmann in 1922,
when he suggested the hypothesis of t.he
“constitutionally weak epiphyses.” Later its
existence and heredity were sharply defined
by numerous authors. . .

Among those greatly interested in l.he e;ﬁ-
physeal type of enchondral dysostosis, Silf-
verskiold, Ribbng, W. Muiller and others
have stressed the close relationship betwec:
these cases and those of “aseptic necros'e;,
though without confirmmg the absok‘xtevh EE
ness of both disease groups m the majof“)’h‘?
cases. Only with certamn localizations has dt is
been done. W. Muller, for instance, me‘ to
include many of the osteochondrtis .dlsSC'
cans cases in his group of “muluple epiphys-
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cal disturbances.” Ribbing saw a close con-
neetion between hallux rigidus and *“aseptic
necroses.” But until now no onc has arrived
at the conclusion that t/ie con. ional com-
ponents of nany juvenile ostcachondroses are
10 be considered equal to the constitutional
disposition of the epiphyseal enchondral
dysostoses. If, in the development of juvenile
osteochondrosis, a constitutional factor plays
a role at all—and in our opinion this is
really the case in many localizations—most
probably it is the dysostotic factor. From a
clinical as well as from a roentgenologic
viewpoint, it is impossible to distinguish
clearly between the two groups, There is a
gradual transition from the severest forms of
epiphyseal dysostosis, via the mild forms, to
the initial and fully developed pictures of
juvenile osteochondrosis. The severe dysosto-
ses are merely “more than aseptic necroses.”
In one and the same patient we have re-
peatedly and beyond any doubt noticed
changes, sometimes very severe ones, indi-
cative of enchondral dysostosis, while simul-
taneously in other parts of the skeleton there
were lesions completely characteristic of ju-
venile osteochondrosis. This plainly revealed
that there had been resorptive processes or
that they would shortly develop. We were
able to study all phases of the resorption.
:rhl_s destruction may develop as rapidly as
In juvenile osteochondrosis and cannot be
dls.tmguished from it. Before collapsing, the
€piphyses may give rise to completely normal
roentgenograms (in spite of a slight dysos-
Ebll? structural deformity) and then present an
imttal complete selerosis with complete de-
Stl'l.ICthlon, followed by reparative processes,
1S 1s our personal observation, and it is by
70 means an isolated one. Only years later
:;'la:t ’;z;gﬂirzaeld din our case described above
entire ysostosis was a part of the
syndrome,
m]si:::; Bmdthose e?iphyses su%}jfct Primarily
ways i"eviigsbtlosxs, the condition is not al-
Process run i Ie, although genera.]ly t.he
°5‘e00hondmz's ower course t.han m ]l{vemle
is. In asymmetric cases it may

be presumed that slight differences in the
severity of structural disturbances, together
with mechanical forces, constituted the pro-
verbial straw that broke the camel’s back,
although the “safety coefficient” had been
reduced fairly equally on both sides, The
process runs its course unhindered and un-
affected on the one side, while treatment,
which prevents weight-bearing or brings
about complete immobilization, benefits the
other side. This period of rest is utilized by
the unaffected bone on the opposite side for
sufficient reinforcement during this almost
equally critical period of its growth. This
may prevent a later outbreak of the same
disease on this side. From time to time, how-
ever, the other side becomes affected—al-
though later when treatment of the side orig-
inally affected is completed or when the
process reaches its lowest point. Through
this time difference on both sides it is often
possible to explain a difference in the sever-
ity of deformities on the two sides. The fre-
quent occurrence of unilateral juvenile osteo-
chondrosis often is the expression of the
receding of the endogenous factor as com-
pared with the more severe type of dysosto-
sis.

Multiple disturbances are not so rare.
Many earlier investigators described cases
of aseptic necroses or juvenile osteochondro-
sis affecting several parts of the skeleton in
one and the same individual. For instance,
osteochondrosis dissecans in the knee joint
and the talus (Howald) or generalized osteo-
chondrosis dissecans (W. Miiller, Platzgum-
mer and others) has been reported. Brandes,
Drehmann, Hanson, Harbin-Zollinger, Per-
thes and others observed a Legg-Calvé-
Perthes syndrome together with juvenile os-
teochondrosis 1n other skeletal parts (cited
by Ribbing). Many other similar reports
have come in, mostly stressing one localiza-
tion in particular.

A more thorough examination of a few
selected cases with juvenile osteochondrosis
yielded a few of the less noticeable dysos-
totic signs. With a peculiar early developmen
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of the osteochondrosis in children or with
bilateral localizations, skeletal changes in
other areas are present occasionally. These
cases are characterized simultaneously by
slight retardation of skeletal maturation and
slight dwarfism. The findings in families
apart from those cases described as enchon-
dral dysostosis are also reported in juvenile
osteochondrosis. Here especially jt is most
difficult to make a clear distinction, and espe-
cially for those familial cases we think that
it is permissible to include them in the group
of dysostoses. These familial cases of juvenite
osteochondroses were described (so far as
the Legg-Calvé-Perthes syndrome was con-
cerned) by more than 25 authors. We have
also been able to observe what was doubtless
a familial case. Goff reported on a further
25 personal cases of familial Legg-Calvé-
Perthes syndrome. The lesions considered to
be dysostotic would probably outnumber the
former (Legg-Calvé-Perthes cases) several
times, and some of Goff's cases probably be-
long here.

HISTOLOGY

A study of the histologic picture of juve-
nile osteochondrosis and related conditions
Turnishes few data of help in clearing up the
relations between juvenile osteochondrosis
and an enchondral dysostosis, because the
histologic pictures available are mostly those
of a late phase, where resorption is the prin-
cipal feature. In certain cases of Legg-Calvé-
Perthes syndrome, however, several authors
were able to demonstrate the presence of
columns and strands of cartilage cells in the
center of the femoral head spongiosa that
they considered to be at least partly the sub-
strate of an endogenous cause of the disease.
These heterotopic cartilage and bony islands,
together with intermittent edematous swelling
of the cartilage matnix, were also seen in
other cases of juvenile osteochondrosis, as
well as mn Schmorl’s nodules of the spine, in
hallux rigidus and in coxa vara congenita.
Burckhardt described similar, if not identical,
changes in the Legg-Calvé-Perthes syndrome
and in coXa vara congenita,

Osteochondrosis dissecans occupies an
exceptional position among these diseases.
The juvenile forms are here of very special
interest.

With a view to proving his hypothesis of
constitutionally weak epiphyses in its rela-
tion to osteochondrosis dissecans, Lehmann
reported having found islands of cartilage in-
side the spongiosa reticulum of a joint mouse
in its early stage. Conversely, he also ob-
served completely intact bony islands in the
hyaline cartilaginous portion of the same
joint mouse. The cysts so often found in later
stages are supposed to originate in these is-
lands of cartilage.

Finally, it was Ribbing especially who
stressed the connection between dissecting
processes and aseptic necroses. First he
pointed out those sharp protuberances and
rough areas often noted in children between
3 and 7 years of age, localized in the distal
femoral epiphyses. These were not only on
the sides but also on the articular surface. In
the histologic specimens besides the real epi-
physeal center, small bony islands were noted
in the surrounding cartilage showingarzon’nal
spongiosa. Blood probably was supp.hed by
an end artery. These pertpheral bony islands,
occurring excentrally relatively late in the
growth period, are found more often in fhe
medial condyle than in the lateral zlccordxflg
to Ribbing. He presumes that these bony is-
lands, more or less completely surrounded
by cartilage, persist and constitute a l_ccus
minoris resistentiae; the small bony pieces
are easily stifted and thereby cut off from
their blood supply.

The same agfhgr was able to remove Itrom
the bed of the joint mouse a free body histo-
logically vital with a well-defined cartilage.
This was definitely a developiag free body.
He concludes that the nucleus of bone must
have been present primarily, with necrosis
and demarcation setting 1n at a Iatet date. He
was able to study such a lving aCCeSSQ‘f{
bony center menrgenologically for severa‘
years and so observe its necrosis and ﬁe}?“}t;s
tration. Finally it was incarcerated. With t
the chain of evidence was completcd.
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No such studics have been made for the
clbow joint so far as we know. The fact that
the hnee and the clbow joint are the joints
by far the most frequently involved is due
not only to the peculiar mechanical structure
of the joints but also partly perhaps to indi-
vidual growth, characteristic of the articula-
tion involved, and its blood supply. Although
it has been argued that hereditary vascular
anomalies play a role in the development of
osteochondrosis dissccans, this docs not seem
very likely, because of the simultancous oc-
currence of dissociating and nondissociating
dysostotic processes in onc and the same pa-
tient. However, it cannot be ruled out alto-
gether. At any rate, accessory centers of ossi-
fication are common among the group of
dysostoses.

There is obviously a close histologic rela-
tionship between juvenile osteochondrasts
and related disease entities. These histologic
findings show a certain resemblance to the
histologic picture of milder cases of enchon-
dral dysostoses and various phases of the
discase. These problems still need further
study.

ROENTGENOLOGY

In a recent study of the roentgenologic
aspects of epiphyseal ossification, Liess made
t?le following distinction regarding the asep-
tic necroses versus juvenile osteochondroses.

1. False appearance of aseptic necrosis,
due to accessory bony center formations ap-
Peanng as a mamifestation of abnormal ossi-
fication

%. Development of aseptic necrosis on the
basis of an accessory bony center formation

In this connection, Forsell’s observations
O’f. many years ago deserve our attention: in
Kohler T he described seeing several bony
centers 1 the navicular on the unaffected
Sld;c and supposed this to be a locus minors
Iesistentiae, In similar selected cases, Laurell
:1(50 saw ab‘r‘xormal ossifications. He used the
o L;r;ssmn Status 1.{6hlen,” although there
Simﬂafc‘:al resorption (cited by Ribbing).
X Observations were made by Grashey,

1P and Saver (cited by Liess).

We also saw similar images in the navicu-
lar bone of the foot and in the phalanges.
We were most impressed by the disorderly
structures of the capital epiphyses, which
were slightly flattencd before the malacia set
in, which in our observation occurred several
months later.

These observations furnished significant
proof that bone formation occurring in sev-
eral centers of different size, as is character-
istic of epiphyseal enchondral dysostosis,
predisposes 1o the development of bony
necrosis This is especially true when a few
centers do not coalesce completely but per-
sist and are more or less separated from each
other by bands of cartilage. This disturbed
ossification is not far removed from a begin-
ming ischemic necrosis due to vascular ob-
struction with ordinary use. The transitions
are almost imperceptible, and roentgenologic
differentiation at this stage is sometimes im-
possible.

CLASSIFICATION OF

JUVENILE OSTEOCHONDROSES

Harbin-Zollinger divided the osteochon-
droses into the primary osteochondroses oc-
curring during the first 10 years and the sec-
ondary forms of a later period of life. Hirsch,
adopting Jaffe’s classification, enlarged the
concept by contrasting the localized forms
with generalized osteochondrodystrophies.
The localized forms correspond to ordinary
juvenile osteochondrosis, while the general-
1zed types chiefly resemble epiphyseal en-
chondral dysostosis.

Goft further differentiates the localized
forms, thereby following other American
authors According to him, “true” juvenile
osteochondroses are those in which epiphy-
ses are subject to pressure. He includes the
Legg-Calvé-Perthes syndrome, Kohler’s dis-
ease I and II (Freiberg) and juvenile kypho-
ses. A hereditary factor is held to be chiefly
responsible in this type. A predominantly
tranmatic origin is presumed in those dis-
eases which involve epiphyseal centers ex-
posed to traction, as, for instance, the tibjal
tubercle and the calcaneus apophysis, the
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patellar apex, the trochanters, the olecranon,
etc. These are grouped together with “atavis-
tic epiphyses,” as, for instance, the iliac crest,
as pseudosteochondrosis in contrast with the
“true” osteochondrosis of epiphyseal diseases
due to pressure, Only in cases of “true™ juve-
nile osteochondrosis did he find dwarfism
and delayed maturation of the skeleton at
the same time. This classification, represent-
ing a predominantly mechanical viewpoint, is
a decided step forward. It is based on the
now generally accepted theory that epiphys-
eal and apophyseal centers during their de-
velopmental phase, especially during the first
years of their formation, are particularly sen-
sitive to mechanical influences.

The study of enchondral dysostoses leads
us to a similar conclusion. It appears that
“atavistic epiphyses,” those apophyseal cen-
ters that are the Jast to ossify, very rarely
present a genuine dysostotic structural dis-
turbance. Chronologically they are placed at
the end of the ossification series; the scale of
possible noxious influences rarely extends so
far down the epiphyseal area. If there is a
severe and more metaphyseal disturbance,
development of the physiologically late-ap-
pearing centers may be entirely impossible
on this “scourged earth.” Between the chron-
ologic extremes of diaphyseal and apophys-
cal development, all fluent transitions are pos-
sible. Gofl’s “traction epiphyses” are situ-
ated between epiphyses and apophyses. In
this group familial distribution has been ob-
served, although rarely However, the cor-
responding growth disturbance is not at all
rare in this group, a fact which is generally
known. In our opinion, these cases often are,
indeed, chiefly exogenous, but not as exclu-
sively so as Goff thinks.

Seiss-Wiesner’s aobservations in 14 cases
of Schlatter-Osgood’s disease, which showed
a general increase of width in the knee epi-
physeal centers with simultaneous decrease of
the longitudinal dimension (tibial and femo-
ral centers and the patella disharmonically,
while the capitulum fibulae 15 not inv_olved),
pointed to the participating dysostotic com-~

ponent. The simultaneous presence of juve-
nile osteochondrosis in other joints often was
described for this group when specially ex-
amined in that direction. The possibility of
hereditary conditioning of these juvenile os-
teochondroses was confirmed still further by
the observation of concordant incidence in
monovular twins. Therefore, it is necessary
to differentiate a little further. It does not
seem to be justified to attach the term pseud-
osteochondrosis 10 those lesions in relatively
late-appearing centers, In view of the etio-
logic evaluation of endogenous and exogen-
ous factors, at least 3 categories should be
distinguished:

1. Juvenile osteochondrosis on the basis
of a predominantly endogenous dysostotic
factor, in which bone necrosis need not nec-
essarily occur in all cases

2. Juvenile osteochondrosis on 2 mixed
dysostotic-mechanical basis (with relatively
late-appearing centers when compared with
Group 1) ’

3. Juvenile osteochondrosis on a predomi-
nantly exogenous mechanical basis with ob-
ligatory bone necrosis

4. Juvenile osteochondrosis on other bases
(hormonal, blood diseases, etc.), which aré
relatively infrequent )

Necrosis of the lateral epicondylus bumert,
for instance, which ossifies only in the twelfth
year of life, should be included in Grovp 3.
Such lesions and those of a similar nature
are really rare, which is in accordance with
our concept of their genesis. The late.-appear-
ing lunatum malacia should also be mcl}lded
in the third group, frequently represeytmg 2
lesion due to work with compressed air. The
juvenile osteochondrosis of the he:a\ds of the
metatarsal bones (Kohler I—Freiberg) of-
ten is due chiefly to a mechanical factor, 8
already indicated by the occasionally simul-
taneous occurrence of fatigue fracture of the
shaft of the second metatarsal bone. H?W—
ever, the famihal, relatively early, multiple
and bilateral cases belong 1o the first grop,
they are often assocrated with si.gns of dysftst;
totic delayed skeletal maturation and wi
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ossification centers that are slightly smaller
and flatter than normal and with a moderate
dwarfism. The proposed classification is flexi-
ble enough to allow of effortless inclusion of
conditions pronouncedly duc to dysostosis as
well as of those conditions which are the re-
sult of unusually marked cxogenous influ-
ences,

Because of the fluent tramsition cxisting
among the three groups, any discussion of
rigid distinctions between them is uscless,
since this classification is based simultane-
ously on the degree of severity of the me-
chanical influences and on the order in which
the bone centers appear. To a certain extent
the time element in the epiphyseal and the
apophyseal development is linked to the
probability that the ordinary juvenile osteo-
chondrosis develops because of the assistance
of an endogenous component. Physiologi-
cally early development heightens the chance

reasons why involvement of a dysostotic
component in the development of each of
the above described syndromes is thought to
be likely. This has been done in a more ex-
tensive review. The purpose of this chapter
is only to point out the significance of en-
chondral dysostosis in regard to the etiology
of juvenile osteochondrosis. While studying
the etiologic problem, enchondral dysostosis
never can be excluded, since in our opinion
it constitutes the most frequent hereditary
disease of the skeletal system in the animal
world as well as in man,

This theoretic discussion also has its prac-
tical value. In diagnostically difficult cases
familial, relatively early and bilateral involve-
ment, accessory epiphyseal ossification cen-
ters and multiple foci of ossification, a slight
dwarfism and a delayed skeletal maturation
which manifests itself by the delayed appear-
ance of the carpal bones in the roentgeno-

of involvement of an endog dy
factor,

We may summarize the preceding chapters
as follows:

In many cases of juvenile osteochondrosis
and its preliminary stages, a dysostotic con-
stitational basis is present. There is not only
the difficulty of determining the extent to
which the dysostotic component is involved
m an individual case but also the necessity
of defining the concept of enchondral dysos-
tosis against that of juvenile osteochondrosis.
In our opinion, the concept of juvenle os-
teochondrosis should be restricted to dis-
turbances in the epiphysis and the apophysis,
and should include only such cases which
present clear-cut evidence of necrosis. Other
sunilar syndromes should be termed enchon-
dral dysostos:s, especially when characterized
by metaphyseal involvement, familial occur-
Tence and absence or near-absence of me-
chanical factors in their development Here
also the transition is fluent.

This is not the place to discuss the various
C.allzanons of juvenile osteochondrosis; nor
1t suitable 1o enumerate here the several

loy
is

grams—all point in the direction of juvenile
osteochondrosis of Group 1. If only one side
is found to be involved when first the diag-
nosis of juvenile osteochondrosis is made,
the other side should be subjected to a very
careful study and treated with the utmost
care. This rule is often disobeyed, as is seen
in daily practice. Recognizing the possible
constitutional dysostotic component of a case
of juvenile osteochondrosis is also important
in evaluating workmen’s compensation cases.

SUMMARY

We have reported a peculiar case of Legg-
Calvé-Perthes disease of the hip joint which
entailed new etiologic problems.

Following an exposition of the nature of
hereditary enchondral dysostosis (atypical
chondrodystrophies,  osteochondrodystro-
phies, multiple epiphyseal dysgenesis, etc.),
the relationship between its mildest form, the
dysostotic constitution, and juvenile osteo-
chondroses (aseptic necroses) is discussed.
In juvenile osteochondrosis, necrosis often
is only a phase of the pathologic process,
and it is not necessarily present in all cases.
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Osteochondroses Juvenil — Dysostoses Enchondral

Summario in Interlingua

Es repartate tn caso de morbo de Legg-
Calvé-Perthes del articulation coxo-femorat
con aspectos que subleva nove problemas
ctiologic,

Le autor characterisa le hereditari dysos-
toses  enchondral — chondrodystrophias
atypie, ostcochondrodystrophias, multiple
disturbationes del genese epiphysee, etCe—c
continua con un discussion de! relation inter
fe plus Jeve grados de ille dysostoses, i.c. Je
constitution dysostotic, ¢ le osteochondroses
juvenil. In le osteochondroses juvenil, ne-
crose es {requentemente non plus que un
phase del processo pathologic, ¢ illo non es
necessasimente presente in omne caso indi-
viduat,

Le oceurrentia det disturbation circulatori
que characterisa Je osteochondroses juvenil
depende in multe casos non solmente del
effecto de factores sed
etiam del presentia de un primari disturba-
tion hereditari in le disveloppamento del
structuras epiphysee. Le importantia relative
del factores endogene ¢ del factores exogene
varia ab un caso al altere. 11 es probabile
que un precoce disveloppamento physiologic
del centros in question (i.e. del epiphyses
Vis-a-vis del apophyses) corresponde a un
Plus forte effecto del factores endogene, sin
reguardo al grado e genere del influentia
mechanic exogene.

Le componente endogene in le eticlogia
de multe osteochondroses juvenil es repre-
sentate per le epiphysee dysostoses enchon-
l{ral, Le rationes que supporta iste concep-
tion estanto genetic como etiam clinic, roent-

genologie, ¢ histologic. Tios es discutite in
detalio. Dysostose es le causa principal in
casos familial, mulliple, bilateral, e relative-
mente precoce. Illos es frequentemente asso-
ciate con leve grados de retardo in le matura~
tion skeletic ¢ con un pauco prominciate
nanismo,

Ab le puncto de vista etiologic, tres
gruppos de ostcochondroses juvenil es dis-
tinguibile:

1. Osteochondroses a base predominante-
mente endogeno-dysostotic, in que le disvel-
oppamento de un total necrose ossee non es
necessari in omne ¢asos.

2. Osteochondroses a base dysostotic-me-
chanic mixte.

3. Osteochondroses a base predominante-
mente exogeno-mechanic con presentia obli-
gatori de necrose ossee.

Iste gruppos es confrontate con le minus
frequente osteochondroses ab altere causas
(per exemplo hormonal, hematopathologic,
etc.). Ab le puncto de vista etiologic, le
ostcochondroses se presenta, per conse-
quente, como resultate de un multiplicitate
de factores. 11 es ben justificate que le ter-
mino syndrome es usate de plus in plus fre-
quentemente etiam in Je presentia de un sol
localisation. Le recognition del presentia pos-
sibile de un componente dysostotic constitu-
tional in osteochondroses juvenil es de sig-
nification practic pro le diagnose, pro le
prevention de un disveloppamento bilateral
del morbo, e pro Ie evalitation del rolo del
morbo in connexion con accidentes.
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Thawing the Frozen Shoulder

Duncan C. MCKEEVER, M.D., F.A.C.8.*

The term frozen shoulder is not a scien~
tific one, yet it is so clearly descriptive of
the condition to which it is applied that
every doctor who has ever seen a case imme-
diately recognizes the symptom complex it
designates. Insidiously, after slight injury,
during convalescence from an illness, such as
a coronary attack, or without any injury or
illness, one or both shoulders begin to lose
their normal range of motion. Over several
weeks or months the limits of motion are
restricted progressively. During this time
there are severe aching in the shoulder at
night, a gradual atcophy of the muscles,
particularly of the shoulder, and very acute
pain if the range of limited motion imposed
by the condition is exceeded forcibly, either
actively or passively.

The condition 15 a serious one for the usu-
ally middle-aged patient, who may lose his
ability to be employed gainfully, to engage
in recreational activity or even to carry on
the normal functions of living such as dress~
ing, undressing, bathing and, in general,
caring for himself. There is a loss of sleep
and rest with resulting nervous tension, ag-
gravated by acute pain on forced or sudden
movement. As the range of shoulder motion
approaches the point of immobility, the pain
may be lessened somewhat, and the patient,
having exhausted various meffectual and
often painful methods of treating what has
been diagnosed as bursitis or neuritis, be-
comes resigned to the condition and at least

partially accepts his disability, which may per-
sist, or he may slowly recover spomaneously.

* Houston, Texas
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For many years this condition has been
treated empirically as a purely local condi-
tion. Such treatment ranges all the way
from complete neglect, through the adminis-
tration of local heat or diathermy, salicylates
or other medicatjons and various local injec-
tions, including Hydrocortone, to the forcible
manipulation and stretching of the shoulder
under anesthesia, followed by wide abduc-
tion and strenuous physiotherapy, which
only the more rugged individuals are able to
tolerate. The latest fad in local treatment
is supersonic therapy.

The broader concept that the frozen
shoulder is a local manifestation of a gen-
eral metabolic state can fead one to a much
more rational concept of tite etiology of the
condition and a more rational treatment. If
this concept is understood thoroughly and
the treatment conceived as a result of it is
carried out meticulously, frozen shoulder
ceases to be a problem, and its therapy,
which formerly required many months, can
be completed and the patient restored 1o
full pain-free functron within a period rang-
ing from a few days in cases of short dura-
tion to from 6 to § weeks in the most severe
and prolonged cases.

ETIOLOGY AND PATHOGENESIS
OF THE CONDITION

The etiologic concept applicable to this
condition is equally applicable to all the
manifestations of degenerative change i the
aging or 11l body. The premises set forth are
apphcable in many other chinical conditions,
and the concept js equally useful the
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understanding and the treatment of these
other conditions, many of which, like frozen
shoulder, have been treated as purely local
conditions. Briefly stated, without elabo-
ration, this concept is as follows:

The so-called frozen shoulder is a local
manifestation of a general metabolic fault.
It is a manifestation of degenerative disease
that can exist only in a person who is in a
state of negative metabolic balance. Nega-
tive metabolic balance implies that the gen-
eral catabolic processes are going on at a
greater rate than the anabolic processes, and,
therefore, all tissues subject to functional
attrition or degenerative change are not
being replaced at the rate at which they are
being destroyed. The degree of deficit varies
in different individuals and under different
conditions of health and stress. If a local
manifestation of this metabolic imbalance is
to be treated successfully and efficiently, the
physiologic state of the patient must be
changed from one of catabolism to one of
anabolism. If this can be accomplished,
frozen shoulder and many related conditions
will heal themselves, and all of them will
respond much more readily to both con-
servative and surgical therapy.

Locally, in the shoulder, the condition
may be nitiated by slight injury, by local
ischemta resulting from enforced immobility
or by reaction to the friction imposed by an
old injury modified by temporary immobility.
It may be associated with excessive collagen
deposition in the joint. The shoulder is the
only jomt in the body that remains almost
100 per cent of the tme at or near one of
s extremes of motion and passes to the
other extreme rarely. In some persons it
seldom reaches the other extreme, if it does
so at all. Local inflammation is followed by
exudation, organization and pannus forma-
tion 1dentical with that seen in the arthri-
tides, to which it is related. The end-result,
if immobility is continued or motion is lim-
ited by pain, is a progressive adhesion of the
jomt and the synovial surfaces within the
confines of the capsule of the joint.

The adherence starts at the periphery.
During this stage of the development of the
condition, forced motion or continued aggra-
vation through excessive use may make the
condition advance more rapidly than it
otherwise would, due to recurrent disruption
of the newly formed adhesions, which then
form more strongly than ever during the
ensuing period of reflex and protective mus-
cle spasm. Such a joint can be mobilized
under local or general anesthesia, but even
with care to produce no additional injury,
such as fracture or muscle avulsion, it will
not retain this mobility unless the patient
exercises vigorously and his general state of
health can be improved materially. Only a
very rugged and stoical individual can toler-
ate the pain associated with such treatment.
If his general state of health can be improved
sufficiently, the forcible manipulation under
anesthesia becomes entirely unnecessary, and
it is probable that in time the condition may
heal itself under these conditions. Recovery
can be hastened materially by physical thes-
apy administered properly.

The therapy to be applied to the condi-
tion known as frozen shoulder should con-
sist, then, of medical treatment to alter the
patient’s physiology from one of catabolism
or negative metabolic balance to one of
anabolism or positive metabolic balance,
and to apply such local treatment to the
shoulder as is necessary to attain a maxi-
mum rate of recavery. This rather simple
statement has many facets. There can be
no halfway measures in carrying out this
treatment. It must be meticulous and com-
plete. In some clinics it may be possible to
obtain adequate co-operation from internists
and rheumatologists to take advantage of
their assistance in carrying out the medical
portion of the treatment, but if this is not
the case it can be carried out by any doctor.
The physical therapy portion of the treat-
mex:xt must be supervised carefully and must
be in .the hands of a thoroughly trained and
experienced physical therapist, one who
knows what to do with his hands and with
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the patient’s muscles rather than one who
relies entirely on various picces of high-
priced and usually ineflectual apparatus
which are expected to conserve the thera-
pist’s energy and substitute for his brain.

THE MEDICAL REGIMEN

Basically, the patient in the state of posi-
tive metabolic balance is ingesting, absorbing
and using properly an adequate balanced
supply of proteins, minerals and vitamins,
and his endocrine status must be such that
anabolic physiology is ensured.

PROTEINS

It should be ascertained that the patient
is ingesting an adequate supply of protein,
mainly from such sources as meat, milk,
eggs and cheese. If necessary, the protein
intake may be augmented by protein lysates
and concentrates by giving gelatin orally. A
minimal protein intake §s 100 Gm. per day.
Excessive protein intake is to be avoided in
the presence of the so-called collagen dis-
eases,

MINERALS

tion or under any condition of physiclogic
stress. This is particularly true of B and C
vitamins, of riboflavin and niacin. The only
way to be sure that the patient is getting an
adequate supply of these essentials is to ad-
minister them in some form of ultiple vita-
min or combined multiple vitamin and min-
eral capsule, many of which are on the
market. It is probable that few, if any, of
them contain an adequate amount of ascor-
bic acid, and usually it is advisable to aug-
ment this factor in the vitamin intake by
giving from 250 to 500 mg. of extra vitamin
C per day.
ABSORPTION

Having ensured an adequate intake of the
above essentials, we must do everything we
can to ensure their absorption. Achlorhydria
and galibladder disease both seem to cause
some interference with calcium absorption
and protein assimilation. The presence of a
normal level of calcium in the blood is of
no significance whatever, as it gives no indi-
cation as to which way the calcium is going
~—whether the patient is losing calcium at
too great a rate or is retaining it in adequate

litative Sulkowitz test of the

An adequate supply of minerals, including
trace minerals, must be ensured. The most
important mineral necessity and the most
frequent deficiency is in calcium. Adequate
intake can be ensurcd by approximately 2
to 3 glasses of whole milk, buttermilk or
skimmed milk per day. If weight gain is to
be avoided, skimmed milk and buttermilk
are preferable, and the butternulk containg
considerable protein as well as a greater
relative amount of mineral. People who for
any teason cannot drink milk or have a
strong dislike for milk should be given oral
calcium in some form and in an adequate
amount. It should be given on an empty
stomach,

VITAMINS

An adequate vitamin intake is essential to
health. An adequate vitamin intake during
health may be entirely inadequate during
any disease condition, incident to any opera-

urine will give a rough idea of the patient's
status in this respect. A patient should have
such a test at the beginning of treatment,
and if the calcium is being excreted at too
great a rate, it should be carried to a negative
state by administration of adequate steroid
hormones, details of which will be given
later. After the Sulkowitz test becomes
negative, the calcium and the vitamin D
intake should be increased until it again be-
comes slightly posstive while the steroids are
continued
Protein Absorption

Many patients who have a more than
adequate intake of protein run a consistently
low level of blood protein. Every effort
should be made to ruse this tevel by giving
protein concentrates, oral hydrochlorif: acid
10 assist digestion if any achlorhydna s sus-
pected or present, and even the administra-
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tion of intravenous protein lysates; or, if the
patient is anemic, one, two or more blood
transfusions,

Vitamin Absorption

Vitamins presumably are absorbed in ade-
quate amounts if they are ingested in
adequate amounts, The only common ex-
ception to this is that patients who are taking
mineral oil do not absorb vitaming propesly
because of the affinity of the mineral oil for
the vitamins which are carried out of the body
with the mineral oil without having a chance
to be absorbed. Therefore, all mineral oil
cathartics, including emulsions, should be
discontinued in patients under this regimen.

UTILIZATION

Given a patient who has an adequate in-
take of munerals, vitamins and proteins and
a normal absorption of these substances,
their utilization is dependent on the presence
of an adequate supply of steroid hormones,
particularly of androgenic and estrogenic
hormones and thyroid. In any postmenoc-
pausal or posthysterectomy female, or in any
male past 50 or 55, and in any individual at
any age who shows manifestations of degen-
erative change (graying hair, Heberden’s
nodes, thickened skin, brittle nails), these
substances can be assumed to be present in
inadequate amounts. If mormal physiology
is to be restored, their administration 1s im-
perative. The generally accepted physio-
logic balance between androgenic and estro-
gemic hormones is considered to be in the
relation of 10 to 20 androgenic units to 1
estrogenic unit, and this ratio is to be used
m the administration of these hormones to
both males and females. The total adminis-
tration of androgeme hormones to females
should not exceed 300 mg. per month.

From a practical standpoint, if a female
begins to get soreness of the breast or begins
to have menstrual bleeding, the ratio of
androgen to estrogen should be increased.
If a man begins to get soreness of the breast,
the ratio of androgen to estrogen should be

increased. If a female begins to show signs
of virilism, such as changes in the voice or
cxcessive growth of hair, the ratio of estro-
gen to androgen should be increased. If a
male shows signs of increased virilism, he
probably will not complain. The patient
should be warned that these conditions may
occur, that they are harmless and that they
are temporary. If the patient is not so
warned, a female who begins to bleed may
rush to a gynecologist who, not realizing that
she is taking estrogens, may rush her to the
hospital and perform 2 diagnostic curette-
ment fearing that she has a malignancy. The
possibility of withdrawal bleeding in females
when this therapy is discontinued, if it is,
must also be conveyed to the patient.

At least one company has on the market
a capsule containing androgens and estro-
gens in the above proportions and also con-
taining all the vitamins, except possibly vita-
min C, in adequate amount and all the
minerals, including trace minerals. The
ascorbic acid deficiency in this preparation
is to be corrected.

THYROID

Almost every patient past 50 will tolerate
the administration of at least 1 grain of
thyroid daily. It can be given empirically,
or, if the physician is so inclined, it can be
administered after radioactive iodine or
protein-bound iodine studies of the thyroid
state. The presence of heart disease is not a
contraindication to its administration,

The more potent steroid hormones may
be useful on a temporary basis, and Meticor-
ten or Sterane, 2, 3 or even 4 or more tablets
daily for the first week of treatment, often
will get the patient started on mobilization
of the shoulder with much less discomfort
and at a much faster rate. It should be used
concurrently with the therapy outlined above
and usually can be discontinued after 5 or
10 days. In my opinion, it should be dis-
continued at that time,

The presence of a gouty diathesis should
be explored in every case. The Ppresence of
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bursal deposits makes the gout diagnosis
more probable. Neither the gout nor the
nongouty deposits alter the treatment, except
that if gout is present, Probenecid in ade-
quate amounts should be added to the treat-
ment, If the treatment outlined is carried
out, operation on the deposit rarely is nec-
essary.

The above brief résumé is not intended to
be a scientific explanation of all the prob-
lems involved. It contains many dogmatic
statements. It is merely an attempt to bring
together a body of information applicable to
a specific condition in such a manner that
the rationale of its use in this condition may
be understood by the physician and readily
explained to the patient, 50 as to ensure his
complete co-operation and his persistence in
treatment until maximum benefit is secured
and to encourage his continuance of part of
the treatment on a prophylactic basis.

Puysicat, THERAPY

The role of the physical therapist in the
treatment of frozen shoulder is of paramount
importance, and attention to the details of
his ministration is essential. In this field, as
in the medical aspect of the condition being
treated, attention must be given to the pa-
tient’s general physiology as well as to the
local condition. The general muscle tone
must be improved by postural type exercises.
Normal posture must be restored insofar as
this is possible. Head carriage and muscle
balance in the neck should be given particu-
lar attention, as this muscle balance always
is disturbed. There are spasm and weakness
of the anterior muscles and extreme fatigue
of the posterior muscles in the neck. The
following are considered to be the minimal
exercises in this and other conditions:

1. Position. Lie on the back with the
knees bent up so that the feet are approxi-
mately 18 inches from the buttocks. Action.
Raise the head so that the chin is on the
chest, then raise the shoulders slowly as far
as possible, sitting up if able.

2. Position. Lie on one side. Action.

Raise the head so that the ear goes directly
toward the shoulder without rotation of the
neck. Repeat on the other side.

3. Position. Lie prone, face to one side.
Action. Bring the shoulder blades together,
tighten the abdominal muscles so as to fix
the pelvis and prevent overextension of the
lumbar spine, raise head and shoulders, turn
the head to the opposite side, lower the head,
relax,

These general exercises should be carried
out at least twice daily, starting with 10
times on each exercise and gradually in-
creasing to 25 times on each exercise. They
should be continued for at least 2 months.
Following this, they should be done at least
once daily for 2 months or Jonger.

Physiotherapy applied directly to the
shoulder should consist of assisted and un-
assisted voluntary abduction, adduction and
rotation movements, A minimal amount of
completely passive forcing should be car-
ried out. The patient may measure his prog-
ress by keeping a record of how high he can
reach on the wall, but the greatest amount
of attention should be directed toward mus-
cular development. For the rotators of the
shoulder and in the deltoid, the biceps and
the triceps a 10-1b. sash weight offers excel-
tent resistance for plishing this
small bucket of sand on the end of a 10Pe,
which is run over a pulley in the ceiling and
used to assist in raising the arm, is helpful.
A wheel placed on the wall, so that the pa-
tient may grasp the spokes or a handie on
the rim and rotate the wheel, may be umxzcld
as treatment progresses ‘The patient 15
given arm-swinging and abduction exercises
and rotation exercises to carry out at hor{xe
several times daily, The physiotherapist
should treat the patient not oftener than
three times, probably only twice, 3 week.
Violent manipulation which wo.uld excite
reflex muscle spasm is to be avglded at a.ll
costs. If manipulation is carried out, it
should be confined to assistance of vuluntzfry
motions and should not involve passive
motion against patent resistance.
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If this regimen is adhered to carefully, a
patient with moderate restriction of motion
and a duration of symptoms of from 1 to 3
months can usually be restored to a full
range of pain-frec motion within 10 days to
3 weeks. The most prolonged and resistant
cases can be restored to a normal range of
pain-free motion in approximately 3 montbs,
and they will have been 80 per cent to 90
per cent relieved within 3 to 6 weeks. It is
the author’s opinion that treatment should be
continued until a full range of motion is
restored. In the last 5 years, using the treat-
ment outlined above, the author has treated
successfully 56 cases of so-called frozen
shoulder, and no operation has been neces-

sary. It is conceivable that operation may
be necessary in a case in which very dense
adhesions have formed in the bicipital
groove. If a patient continues to have symp-
toms localized in this area after having been
restored to positive metabolic balance and
having had an adequate course of physio-
therapy, the author would not hesitate to
operate and transplant the long head of the
biceps to the coracoid. This operation also
might be justifiable if the condition had a
tendency to recur. However, if the patient
is maintained in a condition of positive meta-
bolic balance, recurrence is not to be antici-
pated, and the author feels that operative in-
terference rarely would be necessary.

Disgelar le Spatula Congelate

Summario in Interlingua

Le termino spatula congelate non es scien-
tific, sed illo es clarmente descriptive. Le
condition assi designate se disveloppa lente-
mente post leve formas de trauma, durante
le reconvalescentia ab morbos como attacco
coronari, o etiam sin morbo e sin trauma.
Hlo pote esser unilateral o bilateral. Le pa-
tientes es usualmente de etate medie. Le
impedimento resultante pote esser si serie
que le patiente perde su capacitate de exercer
un empleo remunerative o mesmo de exercer
le functiones normal del vita quotidian,
como vestir se, disvestir se, etc. Le prime
symptoma es dolor nocturne. Lentemente le
mobilitate del spatula es restringite. Quando
illo approacha un stato de immobilitate com-~
plete, 11 occurre que le grado del dolor
recede un pauco. Alora le patiente—qui ha
exhaurite vanie inefficace e dolorose metho-
dos de tractamento—se resigna e accepta su
stato de invahditate que pote persister sed
que etiam pote subsider lente- e spontanee-
mente,

Durante multe annos on ha tractate le
spatula congelate como un condition local,
Le formas de tractamento essayate include

le extremos de neglection complete e del
administration de calor, medicationes, injec-
tiones, manipulation forciate, ¢ therapia
supersonic.

Le minus restringite concepto que le spa-
tula congelate es un manifestation local de
un stato metabolic general pote ducer nos a
un conception plus rational del etiologia e
ergo del therapia. Le entitate clinic que es
communmente designate como spatula con-
gelate cessa alora esser un problema, ¢ su
tractamento es simplificate e accelerate.

Le condition es un manifestation de altera-
tiones, ¢ le mesme tractamento es applicabile
o morbide. Il existe altere tal manifesta-
tiones, e le mesmo tractamento es applicabile
al majoritate de illos. Le condition pote oc-
currer solmente in subjectos qui se trova in
un stato de balancia metabolic negative, i.e.
in subjectos in qui le processos catabolic o
destructive procede plus rapidemente que le
processos anabolic o reconstructive. Le ob-
jectivo del tractamento debe esser le rever-
sion de iste stato physiologic.

Le spatula es le sol articulation del cor-
pore que remane quasi permanentemente in
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o proxime a un del positiones extreme de su
mobilitate. In le evolution del spatula con-
gelate, inflammation local es sequite per ex-
sudation, organisation, ¢ formation de panno
identic a lo que es observate in le arthritides
(con que illo es apparentate). 11 occurre un
adhesion progressive del articulation e del
superficies synovial intra le confinios del
capsula. Si le spatula es mobilisate per
fortia, le condition deveni pejor a minus que
le stato de sanitate general del patiente es
meliorate, e si le stato de sanitate general es
meliorate, le mobilisation forciate del arti-
culation deveni superflue. Le sestablimento
pote esser accelerate per le administration
de formas appropriate de physiotherapia.
Le therapia deberea consister de un re-
gime medical destinate a alterar Ie physio-
logia del patiente ab su stato de catabolismo
o de balancia metabolic negative a un stato
de catabolismo o de balancia metabolic posi-
tive e del application al spatula del tracta-
mento requirite pro effectuar le plus rapide
restablimento possibile. Nulle mesuras in-
decise es tolerabile in le execution de iste
tractamento. Le physiotherapia debe esser
in le manos de un cautemente controlate e
ben trainate e experientiate physiotherapeuta,
ie. un homine qui sape usar su manos e
cognosce le potentialitates del musculos del

in caso de carentia de un del enzymas diges-
tive. Le absorption de calcium non func-
tiona jn le absentia de libere acido chlot-
hydric in le stomacho o in patientes con
morbo del vesica biliari. Si o non le nivello
sanguinee de calcium es normal non im-
porta, proque illo non reflecte le balancia de
calcjium, Le qualitative test de Sulkowitz in
le urina forai un idea general del stato del
patiente in jste respecto. Transfusiones de

guine e proteinas suppl tari es a vices
necessari. Le absorption de vitaminas non
debe esser obstruite per le ingestion de ca-
tharticos de oleo mineral.

Solmente patientes qui ha un adequate e
balanciate provision de hormones steroide es
capace a ben utilisar le ingerite mineraks,
vitaminas, e proteinas in le reconstruction
del usate e ledite tessuto. Secundo le gene-
ralmente acceptate vista, le batancia physio-
logic inter le hormones androgenic € estro-
genic require 10 a 20 unitates androge'mc
pro 1 unitate estrogenic. Iste proportion
monstra variationes in certe individuos, sed
in general illo es applicabile a masculos e
femininas. Le administration total de hor-
mones androgenic a femininas non deberea
exceder 300 mg per mense. Le symptomas
de dosages excessive de estrogenos €s sensi-
bilitate del pectores in homines e in faminas

patiente in loco de fider se compl

a varie pecias de costose e usualmente in-
efficace appartura destinate a sparniar le
energia del therapeuta ¢ a reimplaciar su
cerebro.

Le Regime Medical

In principio, un patiente se trova in stato
de balancia metabolic positive si ille ingere,

e guination menstrual in feminas_. Le
symptomas de virilismo o doses excessive de
androgenos es mutationes del voce 0 f:rescefl-
tia excessive de ca pillos con eruptiones i
le facies de feminas. Homines con symp-
tomas de virilismo augmentate non s¢ plange.
Le patientes debe esser informate que iste
conditiones pote occurrer, que illos es 5nnocu§
e temporari. Alteremente, un femina qui
e ia haber ion menstrual pote

absorbe, e utilisa cc te un
adequate e balanciate provision de pro-
teinas, minerales, e vitaminas e st, i plus, st
stato endocrin es capace a assecurar umn
physiologia anabolic. In patientes con spa~
tula congelate, le ingestion de proteina,
minerales, e vitaminas debe esser supple-
mentate. Le absorption de iste substantias
debe esser assecurate. Isto non es possibile

opinar que illa suffre del disYe!oppamentq de
un tumor maligne, ¢ iste opinion pote etiam
esser le conclusion de su medico o gyne-
cologo. Non requirite hospitalisation con
intervention chirurgic pote esset e res.uhato.
Le possibilitate de sanguination de dxsaccg-
stumation al fin del therapia in feminas debe
etiam esser explicate al patiente.
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Quasi omne patiente de plus que 50 annos
de etate tolera le administration de al minus
1 g de thyroide per die. 1o pote esser ad-
ministrate empiricamente o post le execution
del appropriate tests. Morbo cardiac non es
un indication contra su uso.

Le plus potentc hormones steroide es utile
in certe casos, quando usate temporarimente
pro lancear I patientc in le cammino del
restablimento con un minimo de disconforto.
Illos non deberea esser continuate in ultra de
cinque a dece dies.

Le possibilitate de diathese guttose debe-
rea esser investigate in omne caso. Si gutta
es diagnosticate, le tractamento non es cam-
biate, excepte que probenecido in quantitates
adequate es addite. Interventiones chirurgic
a causa de depositos spatular es rarmente
necessari.

Iste breve summario non pretende a esser
un explication scientific de omne le proble-
mas implicate. Iilo contine numerose for-
mulationes dogmatic. Su function es colliger
un fundo de informationes applicabile a un
condition specific ¢ isto in un forma que le
principios del uso de ille informationes in le
condition in question pote esser comprendite
per le medico, pote esser facilemente expli-
cate al patiente, e es utilisabile con bon pros-
pectos de successo. On debe incoragiar le
patiente a continuar un parte del tracta-
mento como mesura prophylactic.

Le tono muscular general e le balancia
postural del musculos debe esser meliorate
per 'exercitios. Melioration del portation del
Capite e del balancia muscular in fe collo va
Tesultar 1n consequentia. Le conditjon spatu-
lar es frequentemente complicate per affec~
tiones secundari in le area mentionate. Le
Segz{ente exercitios es considerate como
minimal sed adequate:

1. Position. Jacer super le dorso, le
geaus flectite de maniera que le pedes dista
¢irca 45 cm ab le gluteos. Action. Levar le
€apite usque le mento tocca Ie thorace;
Postea levar le spatulas lentemente, si pos-
sibile usque al posytion sedente.

2. Position, Jacer super un latere. Action,

Levar le capite con le aure orientate directe-
mente verso le spatula sin rotation det collo.
Repeter al altere latere,

3. Position. Decubito ventral, facie al
latere. Action. Facer approchar le scapulas.
Tensionar le musculos abdominal de maniera
a fixar le pelve e prevenir hyperextension
del lumbar columna vertebral. Levar le
capite e le spatulas. Tornar le capite al
altere latere. Abassar le capite, Relaxar.

Iste exercitios general deberea esser exe-
cutate al minus duo vices per die, omne
exercitio repetite 10 vices al initio e augmen-
tate usque a 25 vices. Continuar al minus
duo menses. Postea un vice per die durante
duo menses additional.

Le physiotherapia applicate directemente
al spatula deberea consister de assistite ab-
duction, adduction, e rotation voluntari.
Grados 1 de compl passive
fortiation es permissibile. Le patiente pote
mestrar su progresso per registrar le altor a
un muro que ille pote attinger con su mano.
Un polea con contrapeso (per exemplo un
situla con arena) pote esser usate PO assister
Ie elevation del bracio. Un rota a exercitios
spatular—montate al muro de maniera que
le patiente pote sasir le radios 0 un manico
al circumferentia del rota pro tornar lo—es
etiam utilisabile. Le physiotherapenta debe-
rea tractar le patiente non plus que duo vices
per septimana. Formas violente de manipu-
lation que excitarea spasmos de musculos
reflexe debe esser evitate a omne costo,

Si iste regime es observate, un patiente
con moderate restriction de mobilitate e un
duration del symptomas de un a tres menses
pote esser restaurate al complete e nondolo-
rose amplitude de motion intra dece dies a
tres septimanas. Le plus prolongate e resis-
tente casos pote esser restaurate al normal
amplitude de nondolorose motion jn circa
tres menses. In tal casos, un alleviamento de
80 a 90 pro cento es attingite intra tres a sex
septimanas. Le tractamento debe esser con-
tinuale usque le complete amplitude de mo-
tion es restaurate,

In le curso del passate cinque annos, le
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autor ha usate le supra-describite regime con
bon successo in le tractamento de 56 casos
del si-appellate spatula congelate, sin inter-
vention chirurgic ¢ sin manipulation sub
anesthesia. 11 non es impossibile que un

operation deveni necessari in un caso in que
un adhesion multo dense se ha formate in le
suleo bicipite. Alora le capite longe del
bicipite debe esser transplantate al processo
coracoide.
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High Femoral Neck Fractures Treated
by Multiple-Nail Fixation

A Survey of 100 Cases

James T. GReEN, M.D., AnD Francis H. Gay, M.D.*

The problem of the fractured hip, which
usually occurs in the aged, still confronts the
surgeon. Nonunion and avaseular necrosis
continue to baffle him. Most of the reporting
surgeons used the flanged nail; relatively few
reports were made on multiple-nail fixation.
This survey of a group of patients on whom
the multiple-nail method was used for fixa-
tion will help to establish that problems com-
mon to the fracture of the high femoral neck
are the same, regardless of the type of fixa-
tion employed at present.

During the past 10%% years we have nailed
243 fractured hips, 100 of which have been
Iigh femoral neck fractures. Fixation in this
group of 100 has been accomplished by us-
g 4 or more adjustable stainfess-steel nails
of the Austin Moore type (Fig. 1). In 1940,
one of us (J. T. G.) was co-author of a
Paper 1eporting 50 femoral neck fractures

treated by multiple nails, in 90 per cent of
which there was primary bone healing and in
10 per cent aseptic necross of the head The
present series does not show such fine results.

We propose to present the results of treat-
ment by multiple nails in a series of 100 high
femoral neck fractures, to discuss the neces-
Sity of secondary operations and the occur-
;;nce of avascular changes in the femoral

ad follmvmg bone healing (Fig. 2), and to

* Columbia, S, C.
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state our ideas on changing the operative
procedure in an attempt to obtain more rigid
fixation and more rapid union.

METHOD OF TREATMENT

The conservative treatment of all high
femoral neck fractures, both impacted and
displaced, is that of early nailing. If in satis-
factory position, the impacted fractures are
nailed as such. If unsatisfactory, attempts
are made to roll the head into better position
without displacing the fragments. In the dis-
placed fractures, manipulation is carried out
by several different maneuvers. In some,
traction and internal rotation are sufficient
for reduction; i others, traction is applied
to the flexed up in external rotation and fol-
lowed by internal rotation and extension.
Traction has been applied in adduction fol-
lowed by internal rotation and abduction. It
has been difficult to obtain perfect reduction,
and the result has been regarded as satisfac-
tory when the fragments were only 1 or 2
mm. off. On 4 occasions, satisfactory closed
reduction was impossible; open reduction
was necessary; and even on opening the frac-
ture there was difficulty in getting perfect
pasition.

After what appears to be satisfactory
clinical reduction, a roentgenogram in the
anteroposterior view is taken. Two small
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Fic. 1. White female, aged 65. (Left) Displaced high femoral neck fracture, (Right)
Same fracture 2% years after nailing with multiple nails, Hip is asymptomatic, and

there is essentially full function.

holes are drilled with a reamer in the lateral
cortex of the femur inmmediately below the
greater trochanter. Two nails are inserted,
followed by a roentgenogram in the antero-
posterior and lateral frog position. At times
x-ray facilities have not functioned properly,
then tension mounts and frustration is not
unknown, Use of the polaroid technic has re-
duced the operating time considerably and

(Top, right) Six months following nailing,
left) Nineteen months following fracture.
years following fracture, Nails

Fic. 2 White female, aged 70. (Top, left) Displaceq hi
one nail protruding nto
Nails have been changed. {Bottom, r
have been removed. There are no symptoms in

lessened the tension. If the first 2 nails are
satisfactory, additional nails are inserted in
an effort to effect a parallelogram with nails
fixing the fracture in a manner of reinforcing
concrete, the nails being placed as far as
possible toward the periphery of the neck.
The nails are inserted by hand chuck and
are felt to engage the head firmly. If not,
they are redirected, even at the Toss of the

igh femoral neck fracture.
acetabulum. (Bottom,
right} SiX
regard

to hip. There 15 slight Limitation of hip motion.



attempted parallelogram, It is difficult to
obtain the parallclogram because of the
frequency with which a nail may strike the
cortex and be deflected. Light impaction is
carried out, the nuts of the nail being driven
firmly against the cortex, The excess of the
nail is cut off, The threads are crimped dis-
tal to the nut of the nail, and the ends of
the nails are bound together with a loop of
stainless-steel wire. No gadget or mechani-
cal aid js used, a frechand cffort has been
made to get the parallclogram of nails in as
nearly vertical a position as possible. Stain-
less-steel nails, 74, inch in diameter, were
used at first, but Jater 3{-inch nails were
preferred.

Of this group treated by us, 83 per cent
were private patients. Racial difference was
rather marked, 88 per cent being white. This
may be of some significance in an area in
which the normal Negro population is 39
per cent. Sixty-two per cent of the fractures
were in the left hip. The average age of the
group was 68 years. Seventy-two per cent
were females. There were 7 fractures due
to violent trauma and 93 due to simple falls.
On several occasions, particularly in the
older group, patients volunteered that they
broke their hip and then fell. Most of the
patients were admitted to the hospital on
day of injury. Hip nailing was carried out
s soon as practicable: 7 per cent were op-
erated upon on the day of fracture; 44 per
cent, the day after; 35 per cent, the second
day after injury; 10 per cent, between the
thied and the 20th days; and 4 per cent,
more than 20 days later.

There were many preoperative compli-
cating diseases. In addition to the usual
cardiovascular changes of the aged, 12 per
cent had multiple fractures, 9 per cent had
Psychosis, 8 per cent were hemiplegics and
6 per cent were diabetics,

e operation was done under spinal
anesthesia in 95 per cent of the cases, effort
ing made to obtain one-legged anesthesia.
BI_Ood transfusions were given in the oper-
ating room in 65 per cent without untoward

Results 179
TabLE 1. IMPACTED FRACTURES
Impacted fractures ........o.0.s 23
Death 1
Lost to folfow-up . 2
Bone healing ..., .. 20
Avascularnecrosis . oo vynnn.. ve. 3(15%2)

reaction. There were 4 deaths in the hospi-
tal within 26 days. There were 2 serious
postoperative wound infections, one in a
diabetic and the other in a senile psychotic,
both of whom died within 2 months. One
patient had phlebothrombosis with pulmo-
nary embolism and survived.

Following the operation attempts were
made to get the patient out of bed as quickly
as possible. Seventy-seven per cent were
ambulatory in the first week after operation.
Crutch walking was allowed only by those
thought to be capable of it, and only 47 per
cent were allowed this activity during the
healing of the fracture,

RESULTS

Impacted Fractures. The impacted frac-
tures (Table 1) do not present a serious
problem in fracture healing in later com-
plications. There were 23 impacted fractures:
15 were nailed as they were; 1 died of a
coronary thrombosis on the 14th day follow-
ing nailing; 2 were lost to follow-up; and the
remaining 12 proceeded to bony unjon in an
average of 6.3 months. Eight impacted frac-
tures were manipulated, and all proceded to
solid union jn an average of 6 months. Of
the 20 impacted fractures followed, all be~
came solid. Three later developed avascular
necrosis, 1 in the manipulated group and 2 in
the nonmanipulated group. Only 1 of these
avascular necroses became symptomatic,

Displaced Fractures. This group (Table
2) gave the greatest difficulty in the treat-
ment of high femoral neck fractures. There
were 77 displaced fractures. Satisfactory re-
duction was obtained in all but 4 cases,
These 4 cases were openly reduced, 2 pro~
ceeded to union and 2 to nonunion, Three
patients died in the hospital within 26 days,
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Fio, I, White female, aged 65. (Left) Displaced high femoral neck fracture. (Right)

Same fracture 2V; years after mailing with multiple nails. Hip is asymptomatic, and

there is cssentially full function,

holes are drilled with a reamer in the lateral
cortex of the femur inmmediately below the
greater trochanter, Two nails are inserted,
followed by a roentgenogram in the antero-
posterior and lateral frog position. At times
x-ray facilities have not functioned properly,
then tension mounts and frustration is not
unknown. Use of the polaroid technic has re-
duced the operating time considerably and

Fia, 2 White female, aged 70. (Top,

. -

Jefty Displaced high f

lessened the tension. If the first 2 nails are
satisfactory, additional nails are inserted in
an effort o effect a parallelogram with nails
fixing the fracture in a manner of reinforcing
concrete, the nails being placed as far as
possible toward the periphery of the neck.
The nails are inserted by hand chuck and
are felt to engage the head firmly. If not,
they are redirected, even at the loss of the

emoral neck fracture.

acetabulum, (Bottoin,

(Top, right) Six months following narling, one nail protruding nto 3 (Bottom, right) Six

left) Nineteen months following fracture.

years followmg fracture. Nails have been re
There 1s slight lumitation of hip motion.

to hip.

Nails have been change A
moved. There are no symptoms in regar
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attempted paraliclogram. 1t is difficult to

TasLe 1. IMPACTED FRACTURES

obtain the parallelogram b of the
frequency with which a nail may strike the
cortex and be deflected, Light impaction is
carried out, the nuts of the nail being driven
firmly against the cortex, The excess of the
mail is cut off, The threads arc crimped dis-
tal to the nut of the nail, and the ends of
the nails are bound together with a loop of
stainless-steel wire. No gadget or mechani-
cal aid is used, a frechand effort has been
made to get the parallelogram of nails in as
nearly vertical a position as possible. Stain-
less-steel nails, %, inch in diameter, were
used at first, but later 3L-inch nails were
preferred.

Of this group treated by us, 83 per cent
were private patients. Racial difference was
rather marked, 88 per cent being white. This
may be of some significance in an area in
which the normal Negro population is 39
per cent. Sixty-two per cent of the fractures
were in the left hip. The average age of the
group was 68 years, Seventy-two per cent
were females. There were 7 fractures due
to violent trauma and 93 due to simple falls.
On several occasions, particularly in the
oider group, patients volunteered that they
broke their hip and then fell. Most of the
patients were admitted to the hospital on
day of injury. Hip nailing was carried out
23 soon as practicable: 7 per cent were op-
erated upon on the day of fracture; 44 per
cent, the day after; 35 per cent, the second
day after injury; 10 per cent, between the
third and the 20th days; and 4 per cent,
more than 20 days later.

There were many preoperative compli-
Cating diseases. In addition to the usual
Cardigvaseular changes of the aged, 12 per
Cent had multiple fractures, 9 per cent had
Psychosis, 8 per cent were hemiplegics and

6 per cent were diabetics.

The operation was done under spinal
an.csthesia in 95 per cent of the cases, effort

g made to obtain one-legged anesthesia.
Blood transfusions were given in the oper-

ting room in 65 per cent without untoward

Impacted fractures .
Death......onie,
Lost to follow-up
Bance healin,

reaction, There were 4 deaths in the hospi-
tal within 26 days. There were 2 serious
postoperative wound infections, one in a
diabetic and the other in a senile psychotic,
both of whom died within 2 months. One
patient had phlebothrombosis with pulmo-
nary embolism and survived.

Following the operation attempts were
made to get the patient out of bed as quickly
as possible. Seventy-seven per cent were
ambulatory in the first week after operation.
Crutch walking was allowed only by those
thought to be capable of it, and only 47 per
cent were allowed this activity during the
healing of the fracture,

RESULTS

Impacted Fractures, The impacted frac-
tures (Table 1) do not present a serious
problem in fracture healing in later com-
plications. There were 23 impacted fractures:
15 were nailed as they were; 1 died of a
coronary thrombosis on the 14th day follow-
ing nailing; 2 were Jost to follow-up; and the
remaining 12 proceeded to bony union jn an
average of 6.3 months. Eight impacted frac-
tures were manipulated, and all proceded to
solid union in an average of 6 months. Of
the 20 impacted fractures followed, alf be-
came solid. Three later developed avascular
necrosis, | in the manipulated group and 2 in
the nonmanipulated group. Only 1 of these
avascular necroses became symptomatic,

Displaced Fractures. This group (Table
2) gave the greatest difficulty in the treat-
ment of high femoral neck fractures. There
were 77 displaced fractures, Satisfactory re-
duction was obtained in all but 4 cases.
These 4 cases were openly reduced, 2 pro-
ceeded to union and 2 to nonunion. Three
patients died in the hospital within 26 days,
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- R
Fic. 1, White female, aged 65, (Lefr) Displaced high femoral neck fracture. (Right)
Same fracture 2% years after mailing with multiple nails, Hip is asymptomatic, and
there is essentially full function.

holes are drilled with a reamer in the lateral lessened the tension. If the first 2 nails are
cortex of the femur inmmediately below the satisfactory, additional nails are inserted in
greater trochanter. Two nails are inserted, an effort to effect a parallelogram with nails
followed by a roentgenogram in the antero-  fixing the fracture in a manner of reinforcing
posterior and lateral frog position. At times concrete, the mails being placed as far as
x-ray facilities have not functioned properly, possible toward the periphery of the neck.
then tension mounts and frustration is not The nails are inserted by hand chuck and
unknown, Use of the polaroid technic has re-  are felt to engage the head firmly. I not,
duced the operating time considerably and they are redirected, even at the loss of the

Fio. 2. White female, aged 70. (Top,
(Top, right) Six months following natling,
left) Nincteen months following fracture
years following fracture Nails have Peen remove
to hip. There s slight imitation of hip motion.

moral neck fracture.
cetabulum. (Bottom,
right) Six
gard

left) Dusplaced high fe
one nail protruding into a
Nails have been changed (Bottom, i
d. There are no symptoms in Ie



attempted  parallclogram. 1t is difficult to
obtain the parallelogram because of the
frequency with which a nail may strike the
cortex and be deflected, Light impaction is
carried out, the nuts of the naif being driven
firrnly against the cortex. The excess of the
nail is cut off, The threads are crimped dis-
tal to the nut of the nail, and the ends of
the nails are bound together with a foop of
stainless-steel wire, No gadget or mechani-
cal aid is used, a frechand effort has been
made to get the paralfelogram of nails in as
nearly vertical a position as possible. Stain-
less-steel nails, 744 inch in diameter, were
used at first, but later 34-inch nails were
preferred,

Of this group treated by us, 83 per cent
were private patients. Racial difference was
rather marked, 88 per cent being white. This
may be of some significance in an area in
which the normal Negro population is 39
per cent. Sixty-two per cent of the fractures
were in the left hip. The average age of the
group was 68 years. Seventy-two per cent
were females. There were 7 fractures due
to violent trauma and 93 due to simple falls.
On several occasions, particularly in the
older group, patients volunteered that they
broke their hip and then fell. Most of the
patients were admitted to the hospital on
day of injury. Hip nailing was carried out
as soon as practicable: 7 per cent were op-
erated upon on the day of fracture; 44 per
cent, the day after; 35 per cent, the second
day after injury; 10 per cent, between the
third and the 20th days; and 4 per cent,
more than 20 days later.

There were many preoperative compli-
tating discases. In addition fo the usual
cardiovascular changes of the aged, 12 per
cent had multiple fractures, 9 per cent had
psychosis, 8 per cent were hemiplegics and
6 per cent were diabetics.

The operation was done under spinal
anFS(hesia in 95 per cent of the cases, effort

Ing made to obtain one-legged anesthesia,
Bl.ood transfusions were given in the oper-

aling room in 65 per cent without untoward
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TanLL 1. IMPACTED FRACTURES
Impacted fractures ............. 23
eath........... .o )
Lost to {ollow-up ... 2
Bone healing 20
Avascular necrosis 3(159%)

reaction, There were 4 deaths in the hospi-
tal within 26 days. There were 2 serious
postoperative wound infections, one in a
diabetic and the other in a senile psychotic,
both of whom died within 2 months, One
patient had phlebothrombosis with pulmo-
nary embolism and survived.

Following the operation attempts were
made to get the patient out of bed as quickly
as possible. Seventy-seven per cent were
ambulatory in the first week after operation.
Crutch walking was allowed only by those
thought to be capable of it, and only 47 per
cent were allowed this activity during the
healing of the fracture,

RESULTS

Impacted Fractures. The impacted frac-
tures (Table 1) do not present a serious
problem in fracture healing in later com-
plications. There were 23 impacted fractures:
1S were nailed as they were; 1 died of a
coronary thrombosis on the 14th day follow-
ing nailing; 2 were lost to follow-up; and the
remaining 12 proceeded to bony union in an
average of 6.3 months. Eight impacted frac-
tures were manipulated, and all proceded to
solid union in an average of 6 months. Of
the 20 impacted fractures followed, all be-
came solid. Three later developed avascular
necrosis, 1 1n the manipulated group and 2 in
the nonmanipulated group. Only 1 of these
avascular necroses became symptomatic,

Displaced Fractures. This group (Table
2) gave the greatest difficulty in the treat-
ment of high femoral neck fractures. There
were 77 displaced fractures, Satisfactory re-
duction was obtained in all but 4 cases.
These 4 cases were openly reduced, 2 pro-
ceeded to union and 2 to nonunion. Three
patients died in the hospital within 26 days,

v
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Dusplaced fractures . .

Deaths ..... PSRN
Lost to follow-up .., ., .. | 6
Invalidism before and after

operatton . ... .. . . 3
Too recent to evaluate .., .. ... 1
Bone healng . ., . 38 (66.6%)
Nomunton .~.. ... . . .~ . 19(33.3%)

4 died within 4 months at home, and 3 died
between 4 and 12 months. Three patients
were bedndden at the time of fracture, re-
mamed so postoperatively, and the x-ray
follow-up was inadequate. Six were lost to
fo]low-uP, and 1 is too recent to evaluate,
This leaves 57 cases which have been fol-
lowed. Of these, 38, or 66.6 per cent, be-
came solid by roentgenogram in an average
of 8.6 months. Minimum healing time was
6 months, and maximum healing was 12
months. Of the group which became solid,
50 per cent had absorption of the neck dur-
ing the healing period, and 53 per cent had

Fic. 3. White female, aged 69. (Top, left
Displaced high femoral nock fracture naile
with Smith-Petersen nail, at which time th
head rolled. Hip remanipulated, and multipl
mils were inserted 6 weeks following th
original nailing. Head remained angulated
Above roentgenograms made 5 months after
nailing with multiple narls, (Top, nght)
Fibular graft inserted. (Bottom) Roentgeno-
gram made 8 years following fracture and
7% years after fibular graft Excellent hip
function,

movement of the nails so that the nai
either backed out or penetrated through th
head. Nineteen, or 33.3 per cent, proceede
to nonunion, All these cases had absorptiol
of the neck, and in only 1 did fixation re
main in its original position.

SECONDARY OPERATIONS (Table 3)

It is our policy to watch the progress of
healing by x-ray at intervals of 6 weeks, and
all patients are encouraged to return to the
office for this examination. If there is a
change in the position of the head or the
nails, the patient 1s advised to hav? a sec-
ondary operation to adjust the nails in crd.cr
to improve fixation In the group of dis-
placed fractures, 19 secondary procedures

TABLE 3. SECONDARY PROCEDURES
FOR NONUNION

Fibular graft

Ihac graft ....... .. ..
Subtroch 1C geometrt y
Prosthesis

RN Y
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Figs, 4 and 5. Negro, aged 35, with
displaced high femoral neck fracture.
Fig. 4 (Above). (Left) Two months and
(right) 5 months after fracture. The nails
have backed out, there is shortening and
nonunion.

were done to adjust nails. In the impacted
fractures, 1 nail adjustment was nccessary
after the patient had fallen, further impact-
ing the fracture and driving 1 nail into the
acetabulum. Nails were removed in 11
cases, all of which were in the displaced
fracture group.

During the early years of this series, fibu-
lar grafts (Fig. 3) through the neck into
the head were used in an attempt to salvage
those which appeared to be developing non-
union. Eight such fibular grafts were done,
5 of which proceeded to union in an average
of 10%2 months, Two appeared to be solid
in 5 and § months but later dissolved and
resulted in nonunion. One died before an
end-result was obtained. Two iliac grafts
placed in a window in the neck resulted in
union in an average of 12 months.

Subtrochanteric  geometric  osteotomy
(Figs. 4 & 5) was done in 3 cases, two of
which proceeded to union in an average of
6% months with excellent functional results.
One is 100 recent to evaluate.

Prosthetic femoral heads of the stem type
Were used in 3 cases with only fair results.

TWO- TO NINE-YEAR FOLLOW-UP

Sixty-five cases have been studied from
2109 years, Including those which have had

Fic, 5. Subtrochanteric geometric ostes
otomy performed 6 months after fracture.
Healing complete 8 months after oste-
olomy.

secondary operations for nonunion, 55 cases
have proceeded to bone healing and 10 have
resulted in nonunion, This represents after
salvage procedures 84.6 per cent union.
Considering only those with displaced frac-
tures, the long-term follow-up represents 79
per cent union.

AVASCULAR NECROSIS

Avascular necrosis (Table 4) occurred
usually between the first and the second
years after fracture, although it has been
observed after 2 years. The clinical picture
of avascular mecrosis varies from no disa-
bility to marked disability. The x-ray find-
ings vary from marked irregularity and
sequestration of portions of the head to
increased density and vacuolization in a
normal shaped head. Thirty-four per cent
of those with united fractures followed from
2 to 9 years had avascular necrosis. In the

TaBLE 4, AvaSCULAR NECROsIS

2 to 9 years healed
fractures ............
Avascular necrosis ...... 19 cases—(34.5% )
Impacted fractures . 3 of 17 cases—(17%)
Dusplaced fractures . 16 of 38 cases—(42¢% )
Symptomatic ...... 11 of 19 cases—(58%)

55 cases
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FiG. 6, White female, aged 71, (Lefr) Showing healed displaced high femoral neck
fracture 20 months after nailing. (Heah‘ng complete at § months.} (Right) Four years
after mailing, showing avascular necrosis of the head, Hip is painful and motion firmted,

Fic 9. The authors' present method of
naihing high femoral neck Fractures.

FIGs. 7 and 8. Whute female, aged 65.
Impacted fracture of the neck of the
femur, Fig. 7 (Above). (Left) Six months
after fracture and (right) 19 months after
fracture. displaced fracture group, 42 per cent of

those which became solid and were followed
for a period of 2 to 9 years had avascular
necrosis (Fig. 6). In the impacted fractures
(Figs. 7 & 8), there were only 17 per cent
with avascular necrosis. Fifty-eight per cent
of those with avascular changes had symp-
toms, the remainder were symptom free at
time of the latest examination.

DISCUSSION

The multiple-nail fixation of ligh femo'ral
neck fractures was thought to be superior
Fla. 8 (Le'j-; Four years and (right) § to the single-nail fixation be?tauszsitawl?esttz:r’
years ‘after fracture showing avascular ne- easier 'FCthﬂl .proc?dure, ;d vlvess st
crosis. Hip is painful and motion lirmted. mechanical fixation, it caus
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ance to the vascular supply to the head, and
adjustment of fixation was relatively casy
without disturbing the fracture site. How-
ever, the results after carcful study do not
warrant any claim of superiority for this
type of fixation. It is now felt that this type
of fixation is not sufficiently rigid to over-
come fractional itritation at the fracture site
and aflow bony healing to proceed in an
orderly manner. The nails, when placed in
the osteoporotic hip, have insufficient fixa-
tion {n the cottex and insufficient fixation in
the area of Ward's triangle, so that minimal
motion at the fracture site is possible. Work
is being done to add shaft fixation to the
muitiple nails, but at this time it appears to
be too cumbersome to be practical. The
shaft fixation attached to the Smith-Petersen
nail appears to be more practical and is
being used by our group at the present time
(Fig. 9).

It has been necessary to watch the frac-
ture healing very carefully. Those who re-
turned for checkup at regular intervals fared
n.luch better. Frequently secondary opera-
Yons were refused by those who were asymp-
tomatic in spite of early changes that were
taking place. As a result, salvage operations
were not done as soon as they should have
been.

Subtrochanteric geometric osteotomy ap-
pears to be an excellent procedure during
the early phase when union is not progressing
formaily. In addition to the 3 cases done in
this series, § athers referred for nonunion
have been treated by this method with ex-
cellent results,

. The use of the prosthesis appears to be
indicated when nothing else is available. In
addition to the 3 prostheses used in this
series, 17 other femoral neck fractores have
been treated by prosthesis—7 for acute
fractures in the aged and 10 for nonunion
Or aseptic necrosis. Most of these with pros-
theses have developed what is assumed to

be a painful synovitis. The results have been
disappointing and, in our experience, the
prosthesis is a poor substitute for a normal
femoral head.

CONCLUSIONS

1, The multiple-nail fixation for displaced
high femoral neck fractures appears to be
inadequate to maintain reduction and rigid
fixation for early union,

2. The impacted femoral neck fracture
when nailed presents relatively little prob-
lem in healing or in later complications,

3. The displaced high femoral neck frac-
ture resuits in a high percentage of nonunijon,

4. The jong-term follow-up in healed dis-
placed femoral neck fractures shows a higher
incidence of avascular necrosis than we had
suspected.

5. Salvage procedures frequently are nec-
essary 1o preserve a funciional head of the
femur and should be carried out as soon as
there is evidence that healing is not pro-
gressing satisfactorily.

6. Hip fractures appear to occur less fre-
quently in Negroes than in whites.

7. The prosthetic replacement is a poor
substitute for a normal femoral head.

8. Present opinion is that shaft fixation
is 2 necessary addition to the usual neck
fixation in high femoral neck fractures,
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Fracturas Alto-Transcervical del Femore,
Tractate per Fixation a Clavos Multiple

Summario in Interlingua

Es presentate un revista de 100 casos de
fracturas alto-transcervical del femore le
quales esseva tractate per fixation a clavos
multiple. In le casos de fracturas non-displa:
ciate, re-adhesion ossee non representava
un problema, ben que necrose avascular oc-
curreva in un micre procentage de illos. In
le casos de displaciate fracturas alto-trans-
cervical del femore, le union se cffectuava

lentemente, e sccundari manovras chirurgic
esseva frequentemente necessari pro obtener
coxas functionante, Necrose avascular es un
complication frequente de fracturas displa-
ciate. Inter le manos del autor, fixation a
clavos multiple non ha succedite in casos de
fracturas alto-transcervical del femore a
effectuar un fixation rigide que sufficeva a
resultar in le prompte adhesion del ossos.
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Postspinal Anesthesia Osteomyelitis
of the Lumbar Spine

P.L.Day, M.D., anD J. J. HINCHEY, M.D.*

INTRODUCTION

Generally, spinal puncture is regarded as a
rather innocuous procedure. Considering the
great number done by individuals of varying
experience and skill, it is surprising that so
few complications are reported.? Even after
successful, easy puncture, many patients
complain of pain in the lower back. Intro-
duction of the needle beyond the neural
canal is regarded as the most common cause
of persistence of symptoms.!* The major
difficulties following this procedure result
from trauma, changes in the cerebrospinal
fiuid and infection.* Dripps® reported only
1 instance of incapacitating neurologic dis-
ease in a long-term follow-up series of
10,098 spinal anesthetics. This one was
shown later to be a meningioma of the spinal
cord. He concluded that neurologic sequelae
of spinal anesthesia were minor and gener-
ally temporary, and that attention to details
of technic would result in a much lower
incidence of complications.

ANATOMY
The fundamental characteristic of the
normal intervertebral disk is its elastic
turgidity by which it maintains separation of
the vertebral bodies while permitting a cer-
tain amount of flexibility.l® Collapse of the

* San Antonio, Texas.
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disk is prevented only by the containing cap-
sule, the annulus fibrosis, which, when under
increased tension, tends to bulge circumfer-
entially throughout its entire surface. Al-
though generally believed to be avascular,
blood vessels within the disk have been
found up to the age of 25 years. Nutritive
canals have been described which communi-
cate directly with blood vessels of the spon-
giosa of the vertebral bodies.®

In the adult vertebral body there is a bony
rim which stands from 1.5 to 2 mm. in
height above the surface of the vertebra,
partly enclosing the disk anteriorly and later-
ally but not posteriorly.!* The nucleus pul-
posus is situated more posteriorly than cen-
trally. Thus there is a point of weakness
posteriorly, due not only to the lack of re-
straint from the bony rim but also to the
fewer folds of fibrous tissue.

In children and young adults, disk injury
by lumbar puncture is more likely than in
older adults, in whom the structure is
smaller, narrower, of less fluid consistency
and completely avascular, 1.2t

ETIOLOGY

The importance of injury to the nucleus
pulposus was first described by Schmorl in
1927.1% Others have reported lesions of the

intervertebral disks specifically related to
lumbar puncture 5891215
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Fia. 1. Case 1. Initial
roentgenograms  of the
carly massive destruction
of both the disk space and
vertebral  bodies. Later
roentgenograms  showing
gradual diminution of the
Joint space between the
third and the fourth lum-
bar bodies and develop-
ment of fusion over a
period of 4 months.

In performance of a lumbar puncture it is
sometimes difficult to determmne when the
point of the needle is actually in the neural
canal. It is also difficult to know if the inter-
vertebral disk is penetrated. This may be
due to the fact that the annulus js thinner
posteriorly and the posterior Jongitudinal
ligament is thinner than the anterior one-
Undoubtedly, the flexed position of the spine
for lumbar puncture is conducive to perfora-
tion of the annulus, which bulges into the

neural canal. This position also causes an
increase 1n the intradisk tension in the
weaker (posterior) portion. It is possible
durng lumbar puncture for the needie 10
carry organisms into the intervertebral disk,
or even directly into the vertebra.

SYMPTOMATOLOGY

In a review of the Iiterature in 1949,
Bromley and associates found 44 reported
cases of injury to the intervertebral disk by
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lumbar puncture proved by clinical symp-
toms and roentgenologic examinations.® It
is significant that the majority were children,
The clinical picture in all was remarkably
constant. There was an onset of localized
back pain soon after puncture, paravertebral
muscle spasm and limited back motion. This

Fic. 2

vertebral bodies of L4 and L5 pre
bilization but not solid fusion § it eage ponths follo

Case 2. Roent

n this case was the fina

was followed by gradual diminution of the
intervertebral space and sclerosis of the
opposing vertebral bodies.

In our experience, when neurologic symp-
toms oceur, they consist of muscle weakness
in the lower extremities, radiating pain into
the legs and an abnormal gait.

.
genograms showing the t

ypical erosive lesions of the subjacent

wing the lumbar punctury -
1 result. P - S
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FiG. 3. Case 3.
Early negative roent-
genograms and later
ones showing pro-
ductive bone changes
of the second and
the third lumbar ver-
tebrae. Fusion of
those infected verte-
brae 9 months after
spinal puncture. (Six
months after institu-
tion of conservative
treatment.)

Signs of infection include daily elevation Initial roentgenograms in these cases are

of temperature, well-localized tenderness

negative if taken within a few weeks of the

over the posterior spinous processes of the onset of symptoms. Then th.ere is raglgl,
involved vertebrae!?181® and severe rigidity —progressive thinning of the intervertebr

of the spine, amounting in some instances to
a typical “tripod” position,20.22

disk associated with erosive kissing lesions
of the neighboring borders of the infected
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vertebrae. After a variable period of time,
productive bone changes appear and even-
tually an attempt at fusion occurs.’®

CASE REPORTS

Case 1. A woman, aged 32, had a spinal
anesthetic for a hysterectomy in May, 1952
This was followed within 1 week by persistent
pain at the sitc of the lumbar puncture. The
family physician stated that he had performed
the puncture without gloves and had had con-
siderable difficulty in accomplishing it. He sus-
pected an injury or an infection due to the
puncture. The patient was rehospitalized in July,
1952, with an obvious destructive lesion of the

FiG. 4. Case 4. Roentgenographic
changes occurring at the intervertebral
space of L4-5 over a period of 1 year.

lumbar spine confirmed by roentgenograms.
Treatment consisted of bedrest, antibiotics and
plaster-cast immobilization. A waistline corset
replaced the cast at the end of 3 months. At
the time of the most recent examination in
January, 1957, fusion had occurred and she
was asymptomatic except for the limited flexi-
bility of the lumbar spine,

Case 2,

A 20-year-old white female had a
spinal heti

for an app y in Au-

gust, 1953. The anesthetic was administered by
a physician who did not use gloves. Pain de-
veloped at the site of the lumbar puncture 1
week later, A Toentgenogram of the lumbar
spine on November 17, 1953, did not show any

abnormality. Back Ppain persisted, and roent-
genograms made on June 7, 1954, showed a
destructive intervertebra] disk lesion between
the fourth and the fifth lumbar vertebrae,
Treatment consisted of complete bedrest, antj-
biotics and immobilization with a back brace.
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L

The patient was asymptomatic at the time of
the most recent examination in February, 1957,
except for hmited motion of the Jumbar spine.

Case 3. A white female, 19 years of age,
was operated upon for a prlomdal cyst in No-
vember, 1954. A spinal anesthetic was given
by a physictan who dtd ot use gloves. The site
of puncturc was prepared with a simple merthi-
olate cleansing. Roentgenograms of the lum-
bar spine made on January 3, 1955, did not

Fig. 5, Case 5. Roent-
genograms showing a grad-
val diminution of the
intervertebral  space  of
L2.3 during the treatment
program. The usual pro-
ductive bone changes and
spontaneous fusion prob-
ably will not occur, since
freatment was instituted
carlier than in other cases.

show evidence of disease The patient pres‘er'n.ed
newrologic symptoms at the tme of her initial
visit to the chnic, and roentgenograms thent
showed a destructve Jesion of the second and the
third lumbar vertebrae, Treatment with bedrest,
antibiotics and brace smmobnlization Tesuited
n plete disappearance of symp and
sold fusion with 2 9-month period.

Case 4. A white male, aged 24, was injured
bil d December, i

m an t in 1953
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During the treatment period he received multi-
ple diagnostic fumbar punctures, He was un-
conscions for 2 months and immediaicly upon
regaining  consciousness complained of back
pain. He was treated by pelvic traction and
antibiotics, with improvement, but symptoms
recusred in July, 1954, Rocntgenograms made
7 months afler injury showed a destructive
lesion of the fourth and the fifth Jumbar ver-
tebrae. Turhel needic biopsy of this lesion re-
vealed only “chronic inflammatory reaction.™
Later roentgenograms showed progressive thin-
ning of the disk space with sclerosis and produc-
tive bone chanpes,

Case 5. A white female, aged 34, had a
fystercctomy perfarmed on October 14, 1955,
She was given a spinal ancsthetic by a physician
who did not wear gloves, and a simple mercuro-
chrome preparation of the area preceded a
tather  difficult and  unsuccessful  puncture.
Fever, back pain and severe paravertebral
muscle spasm were noted on the third post-
operative day, Symptoms persisted, and radio-
graphic studies made on February 17, 19536, re-
vealed narrowing of the L2-3 space, which was
associated with a “tripod” position and marked
tenderness over the posterior spinous processes
of these vertebrae. Bedrest, antibiotics and
bone immobilization resulted in nearly com-
fleie disappearance of symptoms. The patient
stillis under observation.

SUMMARY

five cases have been presented with
‘Eslmrm of the lumbar vertebrae following
spinal puncture. Four patients had spinal
nesthesla for elective surgery, and 1 had
dagnostic lumbar punctures,” In each in-
Stance the diagnosis was delayed by failure
10 recognize the condition. ANl have been
treated successfully by antibiotics, bedrest
and plaster-cast or brace immobilization.
None has required operation for this condi-
ton, a spontancous fusion or stabilizing

efleet having been produced by the conserva-
e management.

CONCLUSIONS
) 1 1t is not our intention here to discour-
€ lumbar puncture for any purpose,
Whether diagnostic or thesapeutic, but rather

to i ibili i
- <alt attention to the possibility of a serious
2jor complication,

2. Infection may follow lumbar puncture
for two reasons: (1) failure to use an asep-
tic and accurate technic and (2) traumatic
praduction of a Jocus minoris resistentiac in
the presence of a gencral body infection with
subsequent Jocalization at the site of injury,

The 5 cases preseated here probably rep-
resent instances of the former, since improper
preparation of the patieat and difficulty with
the procedure prevailed in each casc.

3. It is apparent that this rare condition
is confined chiefly to the younger-age groups,
which is selated to the differences in anat-
amy and physiology present in the disk itsell.

4. A diagnosis of postspinal anesthesia
osteomyelitis should be considered in any
case of persistent pain at the site of a Jumbar
puncture soon after the puncture. It may
be suspected further if Jocal tenderness over
the posterior spinous processes is present
and daily unexplained fever continues. Rap-
idly progressive roentgenographic changes of
the intervertebral space and adjacent verte-
bral bodies tend to confirm the diagnosis.

5. Treatment with antibiotics, bedrest and
plaster-cast or brace immobilization usually
will suffice. Surgical fusion has not been
required in the cases presented here.

REFERENCES

1. Baker, A. H.: Lesion of the intervertebrat
disc caused by lumbar puncture, Brit. J.
Surg. §4:385, 1947,

2. Batson, O. V.: The function of the verte-
bral veins and thewr rele s the spread of
metastases, Ann. Surg. 112:138, 1940,

3. Bromley, L. L., Craig, J. D., and Lipman,
A. W.: Infected intervertebral disc after
lumbar puncture, Brit. M. f. 1:132, 1949,

4. Dripps, R, D, and Vandam, L. D.: Haz-
ards of lumbar puncture, J A.M.A. 147:
1118, 1951

: Long-term follow-up of patients
who received 10,098 spinal anesthetics,
LA M.A. 156:1486, 1954,

6. Everett, A. D.: Lumbar punctere injurics,
Proc. Ray. Soc. Med. 35:208, 1942,

7. Gellman, M.: Injury to mtervertebral dises
during spinal puacture, I. Bone & Inint
Surg. 22:980, 1940.




192

Postspinal Anesthesia Osteomyelitis of the Lumbar Spine

8. Ghormley, R. K., Bickel, W. H., and Dick-
son, D D: A study of acute infectious
lestons of the intervertebral discs, South.
M. J. 33:347, 1940.

9. Guri, J. P.: Pyogenic osteomyelitis of the
spine, J. Bone & Joint Surg, 28:29, 1946.

10. Hoen, T. I, Anderson, R. K., and Clare,

F. B.: Lesion of the intervertebral disc,

S Clin. North America 28:456, 1948,

Joplin, R. J.: Intervertebral disc embry-

ology, physiology, pathology, Surg., Gynec.

& Obst, 61:591, 1935.

12, Kulaski, J.: Pyogenic ostcomyelitis of the

spine, J. Bone & Joint Surg. 18:343, 1936,

McNutt, J. R.: Roentgen diagnosis of

ostcomyelitis of the vertebra, Am. J.

Roentgenol. 39:52, 1938.

14. Pease, C. N.: Injuries to the vertebrae and
intervertebral discs following lumbar punc-
ture, Am J. Dis. Child 49:849, 1935.

15. Redlich, F. C., and Moore, B. E.: Lumbar
puncture reactions, Psychosom. Med. 8:
386, 1946.

16, Uber die an den Wirbelband

0 vork d A fehi
und Zerreissungsvorgiinge und die dadurch

an ihnen und der Wirbel Spongiosa her-
vorgerufenden Veranderungen, Verhandl
deutsch. Path. Gesellsch. 2:250, 1927.

7. Sherman, M., and Schneider, G, T.: Verte-
bral osteomyelitis complicating postabortal
and postpartum infection, South. M. J.
48:333, 1955,

18. Smith, A. D.: A benign form of osteo-
myelitis of the spine, J.AM.A. 101:335,

1933,

19. Steindler, Arthur: Osteomyeltis of the
spine, J. Towa M. Soc. 20:246, 1930.

Schmorl:
Scheil

20. Volkmann: Uber die primire akute und
subakute Osteomyelitis Purulenta der Wir-
bel, Deutsche Ztschr. Chir. 132:445, 1915,
21, Waggoner, G., and Pendergrass, E. P.:

Intrinsic circulation of the vertebral body,
Am. J. Rocntgenol. 27:818, 1932,

22. Wilensky, A. O.: Osteomyelitis of the
vertebrae, Aan, Surg. 89:561, 731, 1529,

Osteomyelitis del Spina Lumbar Post Anesthesia Spinal

Summario in Interlingua

Es presentate cinque casos de lesiones del
spina lumbar post anesthesia spinal. Quatro
del patientes habeva recipite anesthesia spi-
nal pro chirurgia elective. Le quinte habeva
essite subjicite a un punctura lumbar diag-
nostic. In omne le cinque casos le diagnose
esseva retardate pro septimanas o menses jn
consequentia de non-recognition del condi-
tion. Omne le casos esseva tractate a bone
successe con  antibioticos, allectamento, €
immobilisaton per apparatos gypsate ©
orthopedic. Nulle requireva un intervention
chirurgic pro iste condition. Fusion spon-
tanee o un effecto stabilisatori esseva produ-
cite per un tractamento conservatori.

Anatomia

Le charactensstica fundamental del normal
disco ntervertebral es su turgiditate elastic
que rende lo capace a mantener le separa-
fion del corpores vertebral sin probibir un
certe grado de flexibilitate. Le collapso del

disco es prevenite solmente per le capsula in
que illo es continite, i.e., le anulo ﬁbr!:)se.
Quando subjicite a un augmento de tension,
iste anulo tende a protruder circumferenfml«
mente a su integre superficie. Ben que il es
generalmente acceptate que Je discos es avas-
cular, vasos sanguinee intra illos ha essit
incontrate in individuos usque al etate de
vinti-cinque annos, e canales nutritive h.a
essite describite que establiva un communt-
cation directe inter le discos e vasos san-
guinee del spongiosa del corpores vertebral.
Physiologia

In le adulte corpore vertebral on tr
margine ossee que ascende a inter 1,5e¢2
mm supra e superficie del vertebra Illo
include le disco anterior- € lateralmente sed
non posteriormente.® Le nucieo pulpose €8
situate plus posterior- gue cemmlmem.e, ¢
il existe in iste loco un puncto de deb{illute
que resulta non solmente del absentia de

ova un
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supporto per le margine ossce sed etiam del
nusera reducite de plicas de histo fibrose.

in juveniles ¢ juvenc adultos lesiones del
discos in consequentia de punctura Jumbar
es plus probabile que in adultos de ctates
plus avantiate in qui le structura es plus
micre, minus late, de un consistentia plus
fluide, ¢ completemente avascular.?*

Etiologia ¢ Sympromatologia

In le exccution de un punctura lumbar pre
uon importa qual ration, il es diflicile deter-
minar quando fe puncta del agulia es de
facto intra le canal neural, proque le reduc-
tion del resistentia quando le canal cs at-
tingite non cs identic in omne casos. It es
etiam difficile recognoscer si o non le disco
intervertebral ha essite penctrate. Istos es
possibilemente conditionate per le facto que
Yo anula es plus tenue posteriormente durante
que le ligamento longitudinal posterior s
plus tenue que le ligamento anterior. Le
postura flexionate pro punctura lumbar re-
sulta in Je risco de perforation del anulo que
protrude 2 in le canal neural durante que e
lensifm intra le disco es augmentate in su
}fomon fe minus forte, ie., le portion poste-
tior. 11 es possibile in puncturas lumbar que
e agulia porta organismos ab le histos per-
forate 2 in le disco intervertebral o directe-
mente a in le vertebras,
tm];;i:ri;&\;i;ir; del litteratura, Bromley et al.

ICPOHOS de quaranta—quatro

casos de lesiones de un disco intervertebral
in consequentia de punctura lumbas. Omne
istos esseva documentate clinica- e radio-
logicamente. Le majoritate del casos con-
cerneva juveniles.® Le aspecto clinic esseva
remarcabifemente constante. Toste post le
punctura il habeva un declaration de locali-
sate dolores dorsal, spasmo de musculo
paravertebral, e reduction del motion dorsal,
sequite per un diminution gradual def spatio
intervestebral © sclerose del adjacente cor-
pores vertebral.

In nostre experientia, le symptomas neu-
rologic que occurre consiste de debilitate

far in le extc inferior con ra-
diation del dolores a in le gambas ¢ un
ambulatura anormal,

Le signos del presentia de infection in-
clude le elevation diurne del temperatura,
ben localisate sensibilitate supra le processos
spinose del vertebras afficite, e sever rigidi-
tate spinal que amonta in certe casos 3 un
typic position tripodic. In tal casos, Ie
rocntgenogrammas initial es negative si illos
es facite intra alicun septimanas post le
declaration del symptomas. It occutre,
tamen, up rapide e progressive tenuification
del disco intervertebral, associate con fesi-
ones erosive del margines adjacente in Ie
vertebras afficite. Isto es sequite post unm
intervalio de duration variabile per leve
grados de productive alterationes ossee in le
curso tempore per le essayo de effectuar
fusion.
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A New Method of Pelvic Fixation

WILLIAM JoHNSON, M.D.*

The speed age in which we now live is
responsible for situations that in past decades
were encountered only infrequently, Com-
minuted pelvic fractures, in which half the
pelvis is avulsed from the other half and
from the sacrum, show an increasing inci-
dence,

Automobiles today resemble eggs which
on impact spew their contents in all direc-
tions. Often, as a result of a crash, the car
will eject its occupants and then roll over.
1f an occupant is lying on his side as the car
rolls over him, he will be caught in the jaws
of a glant nutcracker,

Four of the injuries on which this report is

F16. 1 Pelvic fracture showing avulston
of the sacro-thac joint, fracture of lium
and both rami, 1schium and pubis.

# 'The Galesburg Clinuc, Galesburg, Il
13
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based occurred in this manner. All the in-
juries to the pelvis followed a rather definite
pattern (Fig. 1). Posteriorly, the sacro-iliac
joint was avulsed, fracturing a portion of
the sacrum or the jlium in that area. Ante-
riorly, both rami of the ischium and the
pubes were fractured on either one or both
sides, so that the entire coxal bone on the
one side was separated from its attachment
to the opposite side.

Dr. J. Grant Bonnin, of the Central Mid-
dlesex Hospital, in England, said that from
the mechanical aspects there are 3 Zones of
weakness in the pelvis: the anterior zone,
including the pubic symphysis; the cential

Fi6 2. Pelvic fixation in place showing
placement of pins, bars and clamps.
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Fic, 3. Control of pelvic fragments from
outside of body possible by means of bats,
tlamps and turnbuckle.

Zone, .with a weak acetabular floor; and the
Pesterior zone, comprised of the sacro-ifiac
ioint, the ala of the itinm and the lfateral
253 of the sacrum,

No reference will be made hese to the
Mumerous injuries to any pelvic structuses
other than the bony pelvis,

ChHang treated several fractuses of this

“5acter by conventional methods with un-
S:‘:S:}fattory results, 1 concluded that a

od of grasping the bony pelvis in some

Dy

Fio. 4. Puas placed in both iliac crests
and subtrochanteric arca or pubic ramus.
When connected with bars and clamps, 2
triangle is formed, preventing pin travel.

rigid, positive manner was necessary to re-
locate these fragments in their anatomic
position (Fig. 2). An idea was worked out
on a pelvic skeleton. I discovered that the
fleum would receive and hold pins up to
%2 inch in size when these pins were di-
rected downward and medially. By placing
a cluster of 3 pins in each ilac crest and
attaching them by means of clamps and bars
to other pins placed in the pubic ramus or
subtrochanteric areas, it was evident that
these fragments could be controfled from
outside the body (Fig. 3). An old device,
the wrnbuckle, then was attached to the fixa-
tion units described above to enable me to
move the fragments into their correct posi-
tion. The pins had to be directed in the proper
plane through the soft tissues so that there
was no pile~-up and resultant necrosis of these
tissues on one side of the pin (Fig. 4).

The pins were so placed that when con-
nected with each other by means of the
clamps and bars, they formed a triangle.
This prevented pin travel (Fig. 5). Move-
ment of the pins in the soft fissue was
eliminated by firm gauze or felt round the
pins.

Subtrochanteric fixation on the welf side
and the resultant locking of the hip joint
pravided a low aachor point for an oblique
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bar or turnbuckle, allowing rotation of the
ilium in the transverse plane (Fig. 6).

Open reduction of fragments that have
strayed too far away may sometimes be
necessary. A modificd Fanenstel type of
incision, Fanenste] superpubic incision, per-
mits exploring the bladder and bringing the
strayed fragments back home. Rigid fixation
lessens shock. Final reduction may be de-
layed for a few days, but, lest one waits too
long, it should be remembered that the mem-
branous bone heals very rapidly.

The following case reports illustrate this
procedure:

Mr. K. 8. On December 27, 1955, a 22-
year-old white male was admitted directly to
the operating room following an automebile ac-
cident in which the car had rolled over onto
him. Injuries sustained were dislocation of the
left hip joint, multiple fractures of the pelvis,
symphysis  widely separated, separation of
sacro-ilac attachments and multiple fractures
of the sacrum. The patient was in extreme
shock and was conscious. Blood pressure 0;
pulse, imperceptible.

Fic 6 Hip joint locked, permitting rotation of thum 10 the ¢

ransverse plane,
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Destran 500 cc. containing 250 mg, corti-
sone was given intravenously immediately, The
patient responded, his color improved, and
blood pressure rose to 40/0.

Because immediate surgery was deemed to
be imperative, Pentothat Sodium anesthetic was
started. During surgery, color remained satis-
factory and blood pressure rose to 50/0. Two
pints of blood was given following dextran
solution, and the patient’s condition at the close
of surgery was classified as fair.

Operative procedures were as follows:

A catheter was passed through the urethra
without difficulty and placed in the bladder
(the urine was bloody). The dislocated Ieft hip
was reduced without difficulty by manipulation.
A Fanenstel transverse lower abdominal inci-
sion was made through skin and subcutancous
tissue. A longitudinal mid-line incision was
made through the fascia. The peritoncum was
not opened. The bladder was opened and ex-
plored. No laceration was found. The bladder
then was closed with 2 layers of chromic 4-0
suture The right symphysis was cxplored. A
!mne fragment was found to be displaced 3
inches laterally and posteriorly. It was brought
info position with a hook retractor. The pelvis
was fixed with a 3-pin unit in crest of each
'l“"f‘ and a 2-pin unit on each side of the
pubis. Under direct palpation the fragments
Were maneuvered into place and held by ex-
ternal fixation. A hematoma on the left side of
the pelvis and behind the peritoneum  was
tvacuated. One million units of penicillin was
Instilled 1nto this area, “The incision was closed.

he patient was Put to bed with traction on
both legs.

The patient developed steady, progressive
renal fallur'e. On December 30, 1955, he re-
;Zlvﬁd 1 pint of blood, and a spinal tap was
whﬂe because 9{ evidence of cerebral damage,

ch was verified by the spinal puncture. The
SPinal fluid showed a total protein of 172.0 mg.
Per cent.
bilia[z: ¥ag1ent died on January 8, 1956, due to
acute :hl tmncht)pneumo.nia of the Jower lobe;
edema: caoatlor} of the right heart; pulmonary
newm’:: inntl}l]smn of both kidneys »\f]th focal
Peritoneal e cortical zones',' extensive retro-
the pelyss emorthages, multiple fractures of

1s; mild cerebral edema (Fig 7).

5‘;?:-50]1;[' J- R. On December 11, 1953, a
ospita] fl)1\1'vhn'e female was admitted to the
which th OwIng an automobile accident in

© car had rolled over onto her. She

Fic. 7. Mr. K. S. Fracture of right
symphysis reduced and fixed with pins in
cach crest of the ilium and both sides of
the pubis,

was in shock and in critical condition, Furst aid
was given. She was put to bed and treated for
shock. Bedside roentgenograms, taken the next
day, showed multiple fractures of the pelvic
arch, particularly on the left, where ischium
and pubis were comminuted; on the right the
pubis was partially fractured near the sym-
physis, possibly at the acetabulum. The left
acetabulum was separated at the suture line,
and the left sacro-iliac joint was subluxated
superiorly. Several opaque foreign bodies ap-
peared in the soft tissue of the pelvis

A tear into the vagina was treated, and an
indwelling catheter was used for several days.
Buck’s extension was apphed bilaterally.

Recheck roentgenograms, taken 3 days later,
revealed no essential change in position of any
of the fragments of the anterior pelvis. The left
sacro-iliac still was subluxated with the in-
nominate bone cephalad,

Reduction with external fixation was done on
December 23. A dual ptn unit was placed
the ala of each ilmm, and 2 pins were placed
through the proximal left femoral shaft. Exter-
nal fixation then was applied. Postoperative
roentgenograms revealed that the left pubic ring
fragments were improved in position and that
the subluxation of the left sacro-thac joint was
reduced to almost normal position.” Lateral
view showed the left half of the symphysis to
be normal. On January 3, 1954, a Roger An-
derson unit was used on the fixation bars.
Check roentgenograms showed improved posi-
tion of the left innominate bone, but about 5°
of medial rotation still remained.
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Three days later the patient was sitting vp
in a chair. Interval pain remained in left Jeg
at that time. Two days later she walked 3
steps; from that time on her daily walking
distance increased, and her leg usage improved,

Roentgenograms taken on January 15 and 25
showed no change in relative position of the
fragments of the left pelvis, pins or bars from
the last examination. There was early callus,
appearing along all fracture lines.

Pins and external fixation were removed on
February 1, 5% weeks from date of insertion,
Roentgenograms after pin removal showed no
change in relative position of fracture frag.
ments. The paticnt began daily tub baths and
passive exercise. On February 11, exactly 2
months from date of admission, she was dis-
charged from the hospital. Follow-up care at
the Clinic included daily physiotherapy for a
period of 3%2 months

Roentgenograms on April 19 revealed that
the normal concavity of the pelvis was Jost on
the left. The ischium and the pubic fractures
were healed solidly, the acetabulum was well
healed, and the head of the left femur was
normal as compared with the right. There was
no cvidence of aseptic necrosis, nor was there
any traumatic arthritis of the lefe hip joint.

Patient had normal abduction, normal flexion
of thighs on abdomen, normal internal and ex-
ternal rotation, nght leg 23% inches, left leg
23% inches. Pauent was discharged from
treatment on April 22, 1954,

The patient returned for roentgenograms and
inspection on April 8, 1955. Report on roent-
genograms. anteropostertor and lateral views
taken of the pelvis reveal that the left pelvis
now 1s soldly healed; there is some medial
angulation at the junction of ilm and ischium
and pubis through the acetabulum; the acetab-
ulum 1s smooth, and the head of the femur
1s normal.

Mrs. W. T, On January 15, 1956, a 25-
year-old white female, weighing 245 pounds,
was admitted to the hospital following an auto-
mobile accident 1n which the auto overturned
onto her, injuring her pelvis and back.
Arthrosis of the left knee joint was noted also,
and the pattent was n shock on her arrival at
the hospital. First ard was given, and she was
put o bed Roentgenograms taken 2 days later
read: anteroposterior views of the lumbar spine
and pelvis show a fracture through the supetior
and the infenior pubic ram: on both sides, a
fracture through the left acetabulum and a
separation laterally of the right sacro-jliac joint

nf about 2 cm. The pubic fragments on the
l:lght are somewhat similar to the sacro-iliac
jomnt. The Jumbar vertebrae appear to be intact,

The patient was placed in pelvic traction
with Buck’s extension to the right leg. Because
routine Iaboratory work revealed a mild ane-
mia, 2 pints of blood was given within a 10-
day period.

Roentgenograms taken on January 24 and
again on January 30 showed no improvement
in position of the fragments On February 7,
external fixation was applied in the following
manner: a triple-pin unit was inserted into the
ala of cach ilium, and the dislocation of the
right side of the pelvis was reduced by means
of 2 turnbuckle bars connecting the pin units
and immobulizing the pelvis. The anterior cen-
tral fragments could not be reduced anatomi-
cally because of early callus formation. Re.
peated follow-up roentgenograms showed the
sacro-iliac joints remaining in normal relation-
ship, and the fractures of the left anterior pelvis
were in good apposition and alignment.

On May 5, 1214 weeks after their applica-
tion, the pins and the external bars were Te-
moved  Roentgenograms taken 2 weeks later
showed no change in the relative position of
the fragments of the right anterior pelvis
Early callus was seen for the first time. The
body of the right ilium remained in its same
relationship to the sacrum.

During the patient’s stay in the hospital she
was an an 800-calorie diet and was on thyroid
grains 1 daily. She was discharged on May 24,
18 weeks from day of admission, and had lost
a total of 61 pounds. She continued on thy-
roid grains 1 daily at home. .

The patient was seen at the Clinic on June
2. At that time she was walking {airl,f' well
but was complaimng of moderate pain in the
right hip. She also had swelling of the lower
extremities, a condition that moderated .and

isappeared as she 1 to fose weight.

On June 30 the patient was symptom free.
Roentgenograms taken at that tme and in full
weight-bearing position showed no change in
the position of the sacro-iliac joint on the nght,
nor of the fracture of the ischium and the
pubis on the right.

She was discharged from orthopaedic care .l
month later, 7 months from the date of acéi-
dent (Fig 8).

Mrs. B. W. The patient was 2 weli-deve}
oped, well-nourished white female, aged 24,
the driver of a car that was involved in an ac¢-
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Fio. 8 Hiustrating that this
method of external fixation can be
applied to the very obese patient.

cident on May 23, 1951, when the car over-
turnied onto the patient She was taken to the
hospital 1n severe shock. She had scalp lacera-
tions, numerous bruises and abrasions, and
muluple fractures of the pelvis. First aid was
given, and the patient was put to bed.

Roentgenograms: bedside views of the pelvis
revealed multiple fractures; on the right ante-
riorly, fractures of the superior ramus of the
ischium and the inferior ramus of the pubis;
on the left, a comminuted fracture of the supe-
rior pubic ramus and a hinear fracture of the
nfenor pubic ramus Posteriorly, a fracture of
the night first and second sacral segments, sub-
luxation of the nght sacro-iliac jomnt with su-
pertor displacement, and fracture of the right
fourth and fifth transverse processes

Bladder and bowel were 1ntact,

On May 26, under Penthothal Sodium anes-
thesia, 3 pins were placed tn each innominate
bone and joined to each other with clamps and
bars

A dual half pin unit was placed in the upper

)
Fic. 9. Illustrating this method of ex-

ternal fixation for the patient of moderate
proportions.

femur on the left. The left innominate bone
and the left femur were fixed to each other by
means of 2 external bars, thus locking the left
hup joint.

The loose right half of the pelvis was fixed
to the rigid left half of the pelvis and the upper
femur by means of 2 turnbuckle bars. Adjust-
ments were made afier repeated roentgeno-
grams were studied, and satisfactory reduction
was obtained.

On June 7, the turmbuckles were locked by
means of set screws.

The bladder was kept decompressed for 1
week with a retention catheter; the urine was
negative for blood.

The patient was allowed to walk, using a
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walker, on June 12, 17 days after pinning and
experienced no pain.

On June 23, she developed cystitis, which
was controlled by antibiotics, and on June 28
was flown from Galesburg, Hl, to Omaha, Neb.,
in an Army Hospital plane and admitted to
the Army Air Force Hospital, The flight was
uneventful,

Progress, as described by Captain George
Pester, Chief of Surgical Service, follows:

“Postoperative course was very uneventful.
Pins were removed from the pelvis and the left
femur under morphine sedation. There was no
evidence of inflammation round any of the
pins. Paticnt now is fully ambulatory and walks
fairly well without the use of a walker, Dis-
missed on July 26, To be followed as an out-
patient" (Fig. 9).

Mr, L. O. On August 2, 1956, a 29-year-
old white male was admitted to the hospital
after falling approximately 35 fect from a bar
joist. He was semiconscious, answered ques-
tions slowly and did not remember how the
accident happened. The pupils were equal and
regular with normal light reaction, Obvious
injurics were abrasions of left forehead and
left hand, contusion and laceration of left
elbow. He complained of lower back pain.

Roentgenograms of the pelvis revealed a dis-
location of the left pelvis, a separation through
the symphysis pubis and a separation through
the left sacro-iliac joint. Roentgenograms of the
left arm showed a fracture through the head of
the radius with displacement. The patient under-
went surgery in which the fractures were re-
duced in the following manner:

Three pins were inserted into the ala of each
ilium. These were connected by 2 turnbuckle
bars which were shortened and fixed, thus re-
ducing the pelvic dislocation. A cast was ap-
plied to the left arm from metacarpals to axilla
with arm mn flexion.

Postoperative roentgenograms showed excel-
lent red and bi. ion of the s¢p-
aration of the symphysis pubis and of the dis-
located left sacro-iliac jont, Convalescence was
uneventful. The arm cast was removed about

6 weeks after its application, The pins were
removed from the pelvis on October 18, or
about 2% months from date of insertion. The
patient was dismissed from the hospital on
October 22.

On OQctober 29, the patient returned to the
office for an examination, He stated that he
walked from 10 to 12 blocks twice daily. He
complained of soreness in the lower back and
the back of the thighs. The treatment was sacro-
iliac belt, diathermy and massage.

The patient was seen on December 28, 1956,
for an evaluation examination. He complained
of persistence of soreness in Ieft buttock and to
the left of lower end of sacrum Had the feel-
ing of a “rubbing together” somewhere in the
pelvis when he turned over in bed. Rotation
of trunk on pelvis suddenly caused pain in
pelvis, He also complained of a stabbing sen-
sation sporadically on the lateral aspect of the
left thigh. Occasionally, pain would extend
down to left knee. He could stoop over unti!
the hands were 7 inches from the floor. He
could sit on his haunches completely and nor-
mally. The pelvis appeared to be symmetric,
The lower extremities were equal circumfer-
entially. In the roentgenograms taken on De-
cember 28, 1956, the symphysis pubis appeared
to be normal in appearance The sacro-iliacs,
both right and left, were equal There was no
displacement upward of the wing of the ilium
at the sacro-ilac joint. The patient had 2 20
per cent disability of the pelvis

SUMMARY

A new type of severe pelvic fracture has
appeared as a result of the speed nge——'lhe
nutcracker fracture, A new type of {ixzmon
has been applied to restore anatomic rclz.x-
tionships of through-and-through pelvic
fracture. I have also presented pictures'of
the mechanics involved in this type of in-
jury and the technic of inserting the pins
and applying the external fixation apparatus,
as well as of patients with fixation apparatus
in position.
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Un Nove Methodo de Fixation Pelvic

Summario in Interlingua

Le “epocha de velocitate” in que nos vive
ha generate plure typos de non prcyiemente
cognoscite situationes. Comminutive frac-
turas pelvic, in que un medietate del pelve
es avellite ab Je altere e ab le sacro, es un
phenomeno de crescente incidentia resultante
del velocitate de nostre epocha.

Nostre automobiles es como ovos que—
post impacto—spue lor contento in omne
directiones. Le effecto de un collision es
frequentemente que Je auto ejice su occu-
pantes ex su interior e continua rolar. Si un
del occupantes jace super su latere durante
que Ie auto rola a transverso de ille, su cor-
pore se trova capturate inter le terra e le
peso del vehiculo, inter le maxillas de un
gigante rumpe-nuces,

Omne le vulnerationes hic reportate se-
queva un definite schema. In le vista poste-
rior, le articulation sacro-iliac esseva avellite,
e portiones del sacro e del ilio in ille area
esseva fracturate. In le vista anterior, ambe
ramos del ischio e del pube esseva fracturate
a un o ambe Iateres, de maniera que le in-
tegre osso coxal a un latere esseva separate
ab su attachamento al latere opponite.

Le ilio accepta e retene clavos de usque
al dimension de % pollices si lor direction
es in basso e central. Per placiar un gruppo
de tres clavos in cata cresta iliac e attachar
los per medio de crampas e barras a altere
clavos placiate in le ramo pubic o le area
sub-trochanteral, il esseva evidentemente
possibile regularisar le fragmentos ab foras

del corpore. Un tensor a vites esseva atta-
chate al clavos pro render possibile le remo-
tion del fragmentos verso lor position nor-
mal. Il esseva importante diriger le clavos
appropriatemente a transverso le histo molle
de maniera a evitar un accumulation de iste
histo a un latere del clavos con le risco con-
sequente de necrosis.

Le clavos esseva placiate de maniera que
illos formava un triangulo post lor inter-
connexion per crampas e barras. Isto pre-
veniva omne migration del clavos. Movi-
mentos del clavos in le histo molle esseva
eliminate per paccos de gaza o feltro.

Fixation sub-trochanteral executate de
maniera a effectuar blocage del articulation
coxal provideva un basse puncto de anco-
rage pro un barra oblique o un tensor a vites
con le possibilitate de rotar le ilio in le plano
transverse.

Le reduction aperte de fragmentos a dis-
placiamento troppo grande es possibilemente
inevitabile in certe casos. Un typo modifi-
cate del incision de Pfannenstiel—le incision
super-pubic de Pfannenstiel—permitte ex-
plorar le vesica e retornar le displaciate
fragmentos. Fixation rigide reduce le choc.
Le reduction final pote esser retardate per
alicun dies, sed il es impartante non oblidar
que le osso membranose se regenera rapidis-
simemente,

Es reportate quatro casos pro illustrar iste

methodo de fixation pelvic. Omnes succe-
deva.
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Metastasis to Bone from Carcinoma
of the Breast

PAUL D. ZIMSKIND, M.D., AND JAMES M., SURVER, M.D.

Metastatic ncoplasms in bone are those
malignant tumors which originate outside
the skeleton and spread to it by way of the
blood stream or the Iymphatic channels, or
by direct extension (Stein ef al., 1955).
This chapter attempts to review and add to
the body of literature concerning metastases
to bone from carcinoma of the female breast,
based on a study of patients seen in the
Tumor Clinic of the Jefferson Medical Col-
lege Hospital.

MATERIAL

Ninety-four Tumor Clinic patients with
carcinoma of the breast which had produced
199 metastatic lesions in bone were investi-
gated. In 77 of these (81.9%), diagnosis
of the primary lesion was made by histo-
pathologic examnation; 15 (16.0%) were
diagnosed chmecally; and in 2 cases (2.1%)
the method of diagnosis was not recorded.
Various stages mn the clinical courses of
these patients were noted and subjected to
statistic analysis, the results of which will
be presented and discussed subsequently.

INCIDENCE

According to Willis (1952), the skeleton
represents one of the most frequent sites of
tumor metastasis, surpassed only by the
lungs and the hiver. With regard to the fre-
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quency of osseous metastases arising from
primary lesions in the breast, Bloodgood
(1920) found the breast to predominate
over all other sites. Toumey (1943) ob-
served that metastases to the spine in the
fermale most frequently arise from breast
neoplasms. Salzman (1954) combined scat-
tered data in the literature and Lahey Clinic
material with the incidence of the various
cancers in the population and found carci-
noma of the breast to be responsible most
frequently for skeletal metastases in female
patients. Likewise, Abrams (1950}, in a
projected calculation derived by multiplying
the incidence of breast carcinoma per
100,000 general population by the percent-
age of skeletal metastases resulting from
breast cancer in his autopsy series (84%),
found the breast to be the most common
source of bone metastasis in both the female
and the general population.

The incidence of bone metastasis in breast
cancer has been reported to occur in varying
frequencies.  Geschickter and Copeland
(1949) observed it in 5.2 per cent of 1,194
cases; however, many of these paﬁems ha.d
not reached the 5-year period. willis
(1952), on the other hand, states that osse-
ous metastases occur in about one half of
fatal cases. Bone lesions from breast neo-
plasms were found in 42.6 per cent of 162
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Metastasis to Bone from Carcinoma
of the Breast

PauL D. ZiMskIND, M.D., AND JAMES M. SURVER, M.D.

Mctastahie neoplasms in bone are those
o ihenant tumors which originate outside
e ~heleton and spread to it by way of the
bluod stieam or the lymphatic channels, or
by direct extension (Stein er al., 1955).
This chapter attempts to review and add to
the body of literature concerning metastases
to bone from carcinoma of the female breast,
based on a study of patients seen in the
Tumor Clinic of the Jefferson Medical Col-
lege Hospital.

MATERIAL

Ninety-four Tumor Clinic patients with
carcinoma of the breast which had produced
199 metastatic lesions in bone were investi-
gated. In 77 of these (81.9%), diagnosis
of the primary lesion was made by histo-
pathologic examination; 15 (16.0%) were
diagnosed ch’nically; and in 2 cases (2.1%)
the method of diagnosis was not recorded.
Various stages in the clinical courses of
these patients were noted and subjected to
statistic analysis, the results of which will
be presented and discussed subsequently,

INCIDENCE

According to Wills (1952), the skeleton
represents one of the most frequent sites of
tumor metastasis, surpassed only by the
lungs and the liver, With regard to the fre-
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quency of osseous metastases arising from
primary lesions in the breast, Bloodgood
(1920) found the breast to predominat¢
over all other sites. Toumey (1943) ob-
served that metastases to the spine in the
female most frequently arise fmfn breast
neoplasms. Salzman (1954) combined scatr
tered data in the literature and Lahey C!mlc
material with the incidence of the varios
cancers in the population and fou.nd carcl-
noma of the breast to be xespons!ble mO‘Sl
frequently for skeletal metastases i fel.m:
patients.  Likewise, Abrams (1950), 1"311
projected calculation derived by .mulup yi 5
the incidence of breast carcinoma Pt-
100,000 general population by the pEl'Fe:m
age of skeletal metastases resulting ' )
breast cancer in his autopsy series (84% .
found the breast to be the most commf;
source of bone metastasis in both the fema
and the general population. .
T}:e ingcidencepofpbone metastasis in bm;‘:;
cancer has been reported to occur it var]); "
frequencies.  Geschickter and C‘;Plew y
(1949) observed it in 5.2 per cent © b
cases; however, many of these Pauent:wms
not reached the 5-year period. o
(1952), on the other hand, states that ‘l)f ol
ous metastases occur in about one h:nea.
fatal cases. Bone lesions from bm[ﬂi)fl 5
plasms were found in 42.6 per cen
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cases by Warren and Witham (1933), in 81
of 168 cases (48.2%) by Lenz and Freid
(1931), and in 57.1 per cent of 105 cases
studied by Turner and Jaffe (1940). Willis
(1952) points out that the jncidence of
skeletal metastases cited in fatal cases must
necessarily be too small since it is imprac-
ticable to examine completely the entire
skeleton in routine postmortem work and
many metastatic growths are asymptomatic
and thereby escape discovery.

Age does not seem to play a significant
role in regard to the incidence of bone me-
tastasis from breast carcinoma. The rate of
frequency follows the usual curve of inci-
dence of the primary lesion, with no evident
deviation toward the younger-age groups
(Wulff, 1939; Bouchard, 1945; Rennes,
1952). Wulff found 60 per cent of cases to
fall within the age range of 40 to 60, with
lower and upper limits of 27 and 78 years.
Within this age range Lenz and Fried {(1931)
reported an incidence of 56 per cent of their
cases. Bouchard found the average age of
onset of bone metastasis to be 44.4 years, the
age varying from 24 to 77 years, Geschickter
and Copeland (1949) reported the majority
of bone lesions ag occurring between the
ages of 35 and 55, the extremes in age being
21 and 73. The findings in the present series
are in substaatial agreement with those cited,
and are shown in Table 1. It can be seen
that 58.5 per cent of cases of bone metas-
tasis fell within the age range of 40 to 60
years. The average age of patients was 53.1
years, the ages ranging from 33 to 76 years.

CHARACTERISTICS OF THE
PRIMARY LESION

There appears to be no significant rela-
tionship between the quadrant localization
of the primary tumor in the breast and the
incidence of sub q bone i
(Bouchard, 1945; Staley, 1956).

Staley conducted an analysis of the clinj-
cal characteristics of the primary breast

TABLE 1. Act DISTRIBUTION IN 94 Casts
OF CARCINOMA OF THE BREAST
WITH METASTASIS TO BONE

AcE Range No. PATIENTS PER CENT

1 1.1
17 18.1
23 244
32 341
15 15.9

6 6.4
94 100.0

lesion in patients who developed osseous
metastases and in those who did not. Fixa-
tion of the tumor to the skin was noted in
85 per cent of the former group of patients
and in 76 per cent of the latter group. In 80
per cent of the former group the mass was
greater than 3 em., while 68 per cent exhib-
jted such a mass in the latter. Positive axil-
lary nodes were found in 61 per cent and
45 per cent, respectively.

ROUTES OF METASTASIS

Skeletal metastasis from carcinoma of the
breast occurs by direct extension to adjacent
bone and by lymphatic and blood-stream
dissemination to more distant sites. There is
controversy as to which of the latter two
routes predominates. Handley, in 1922,
hypothesized that the skeletal metastases of
mammary cancer arose from extensions into
the bone from permeation of cancerous cells
through the adjacent deep fascial lymphatic
plexuses. Carnett and Howell (1930) ex-
pressed agreement with this hypothesis,
citing the orderly extension of cancer in
bones which they observed as being incom-
patible with any mode of spread other than
lymphatic permeation. In addition, the usu-
ally mottled appearance of bone which they
noted in the earliest stage of invasion of
bonte anywhere was indicative to them of
multiple foci of cancer developing simul-
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Metastatic neoplasms in bone arc those
malignant tumors which originate outside
the skeleton and spread to it by way of the
blood stream or the lymphatic channels, or
by direct extension (Stein er al, 1955).
This chapter attempts to review and add to
the body of literature concerning metastases
to bone from carcinoma of the female breast,
based on a study of patients seen in the
Tumor Clinic of the Jefferson Medical Col-
lege Hospital.

MATERIAL

Ninety-four Tumor Clinic patients with
carcinoma of the breast which had produced
199 metastatic lesions in bone were investi-
gated. In 77 of these (81.9%), diagnosis
of the primary lesion was made by histo-
pathologic examnation; 15 (16 0% ) were
diagnosed chnically; and in 2 cases (2.1%)
the method of diagnosis was not recorded.
Various stages in the clinical courses of
these patients were noted and subjected to
statistic analysis, the results of which will
be presented and discussed subsequently.

INCIDENCE

According to Willis (1952), the skeleton
represents one of the most frequent sites of
tumor metastasis, surpassed only by the
{ungs and the liver With regard to the fre-

quency of osseous metastases arising from
primary lesions in the breast, Blood.good
(1920) found the breast to predominate
over all other sites. Toumey (1943) ob-
served that metastases to the spine in the
female most frequently arise fro'm breast
neoplasms. Salzman (1954) combined seat-
tered data in the literature and Lahey C{lmc
material with the incidence of the various
cancers in the population and fou.nd carm;
noma of the breast to be l’espons.lblc mo]s
frequently for sheletal metastases It ftf:llJ:
patients.  Likewise, Abrams (]950))', ]l'in“
projected calculation derived by m tiply i
the incidence of breast carcinomd e};“'
100,000 general population by the Pﬂ;mm
age of skeletal metastascs res}:llm?um
breast cancer in his autopsy Seri€s (847 or;
found the breast to be the most cofm:ale
source of bone metastasis in both the fe
and the general popu}alion. .
The incidence of bone metastasts
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frequencies. Gescl}ickter an atof 1194
(1949) observed it in 52 perce Lot 9
cases; however, many of these p:ld wills
not reached the 5-year peric st 055
(1952), on the other hand, stmesne .
ous metastases occur in about ©
fatal cases. Bone lesions from
plasms were found in 42.6 per
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cases by Warren and Witham (1933), in 81
of 168 cases (48.2% ) by Lenz and Freid
(1931), and in 57.1 per cent of 105 cases
studied by Turner and Jaffe (1940). Willis
(1952) points out that the incidence of
skeletal metastases cited in fatal cases must
necessarily be too small since it is imprac-
ticable to examing completely the entire
skeleton in routine postmortem work and
many metastatic growths are asymptomatic
and thereby escape discovery.

Age does not scem to play a significant
role in regard to the incidence of bone me-
tastasis from breast carcinoma. The rate of
frequency follows the usual curve of inci-
dence of the primary lesion, with no evident
deviation toward the younger-age groups
(Wulff, 1939; Bouchard, 1945; Rennes,
1952). Wulf found 60 per cent of cases to
fall within the age range of 40 to 60, with
lower and upper limits of 27 and 78 years.
Within this age range Lenz and Fried (1931)
reported an incidence of 56 per cent of their
cases. Bouchard found the average age of
onset of bone metastasis to be 44.4 years, the
age varying from 24 to 77 years, Geschickter
and Copeland (1949) reported the majority
of bone lesions as occurring between the
ages of 35 and 55, the extremes in age being
21 and 73. The findings in the present series
are in substantial agreement with those cited,
and are shown in Table 1. It can be seen
that 58.5 per cent of cases of bone metas-
tasis fell within the age range of 40 to 60
years. The average age of patients was 53,1
years, the ages ranging from 33 to 76 years.

CHARACTERISTICS OF THE
PRIMARY LESION

There appears to be no significant rela-
tionship between the quadrant localization
of the primary tumor in the breast and the
incidence of subsequent bone metastasis
(Bouchard, 1945; Staley, 1956).

Staley conducted an analysis of the clinj-
cal characteristics of the primary breast

TaBLE 1. Act DISTRIBUTION IN 94 CasEs
OoF CARCINOMA OF THE BREAST
WiTH METASTASIS TO BONL

AcE RaNGE No, PATIENTS  PER CENT

1 L1

17 18.1
23 24.4
32 34.1
15 159

6 6.4
94 100.0

lesion in patients who developed osseous
metastases and in those who did not. Fixa-
tion of the tumor to the skin was noted in
85 per cent of the former group of patients
and in 76 per cent of the latter group. In 80
per cent of the former group the mass was
greater than 3 cm., while 68 per cent exhib-
ited such a mass in the latter. Positive axil-
lary nodes were found in 61 per cent and
45 per cent, respectively.

ROUTES OF METASTASIS

Skeletal metastasis from carcinoma of the
breast occurs by direct extension to adjacent
bone and by lymphatic and blood-stream
dissemination to more distant sites. There is
controversy as to which of the latter two
routes predominates. Handley, in 1922,
hypothesized that the skeletal metastases of
mammary cancer arose from extensions inta
the bone from permeation of cancerous cells
through the adjacent deep fascial lymphatic
plexuses. Carnett and Howell (1930) ex-
pressed agreement with this hypothesis,
citing the orderly extension of cancer in
bones which they observed as being incom-
patible with any mode of spread other than
lymphatic permeation. In addition, the ysu-
ally mottled appearance of bone which they
noted in the earliest stage of invasion of
bone anywhere was indicative to them of
multiple foci of cancer developing simul-
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Metastatic ncoplasms in bonc are those
malignant tumors which originate outside
the skeleton and spread to it by way of the
blood stream or the lymphatic channels, or
by direct extension (Stein et al., 1955).
This chapter attempts to review and add to
the body of literature concerning metastases
to bone from carcinoma of the female breast,
based on a study of patients seen in the
Tumor Clinic of the Jefferson Medical Col-
lege Hospital.

MATERIAL

Ninety-four Tumor Clinic patients with
carcinoma of the breast which had produced
199 metastatic lesions in bone were investi-
gated. In 77 of these (81.9%), diagnosis
of the primary lesion was made by histo-
pathologic examination; 15 (16.0%) werse
diagnosed chnically; and in 2 cases (2.1%)
the method of diagnosts was not recorded.
Various stages in the clinical courses of
these patients were noted and subjected to
statistic analysis, the results of which will
be pr d and di: d subseq ly.

INCIDENCE
According to Willis (1952), the skeleton
represents one of the most frequent sites of
tumor metastasis, surpassed only by the
lungs and the liver. With regard to the fre-
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quency of osseous metastases arising from
primary lesions in the breast, Bloodgood
(1920) found the breast to predominae
over all other sites. Toumey (1943) ob-
served that metastases to the spine in the
female most frequently arise from breast
neoplasms. Salzman (1954) combined scat-
tered data in the literature and Lahey C{lnxc
material with the incidence of the various
cancers in the population and found carci-
noma of the breast to be responsible most
frequently for skeletal metastases in fe{nale
patients. Likewise, Abrams (1950)1 in a
projected calculation derived by multiplying
the incidence of breast carcinoma per
100,000 general population by xhe' percent-
age of skeletal metastases resulting from
breast cancer in his autopsy series (84%)s
found the breast to be the most common
source of bone metastasis in both the female
and the general population.
The incidence of bone metastasis in bn’:ﬂil
cancer has been reported to occur in vnf)"“g
frequencies. Geschickter and Coyela;\4
(1949) observed it in 5.2 per cem'of 11 p
cases; however, many of these patients %12{
not reached the §-year period willis
(1952), on the other hand, states that OSSEE
ous metastases occur it about one half o
fatal cases. Bone lesions from breast n5602—
plasms were found in 42.6 per cent of 1
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cases by Warren and Witham (1933), in 8.1
of 168 cases (48.2% ) by Lenz and Freid
(1931), and in 57.1 per cent of 105 cases
studied by Turner and Jaffe (1940). Willis
(1952) points out that the incidence of
skeletal metastases cited in fatal cases must
necessarily be too small since it is imprac-
ticable to examine completely the entire
skeleton in routine postmortem work and
many metastatic growths are asymptomatic
and thereby escape discovery,

Age does not seem to play a significant
role in regard to the incidence of bone me-
tastasis from breast carcinoma, The rate of
frequency follows the usual curve of inci-
dence of the primary lesion, with no evident
deviation toward the younger-age groups
(Wulff, 1939; Bouchard, 1945; Rennes,
1952). Wulff found 60 per cent of cases to
fall within the age range of 40 to 60, with
lower and upper limits of 27 and 78 years.
Within this age range Lenz and Fried (1931)
reported an incidence of 56 per cent of their
cases. Bouchard found the average age of
onset of bone metastasis to be 44.4 years, the
age varying from 24 to 77 years. Geschickter
and Copeland (1949) reported the majority
of bone lesions as occurring between the
ages of 35 and 55, the extremes in age being
21 and 73. The findings in the Ppresent series
are in substantial agreement with those cited,
and are shown in Table 1. It can be seen
that 58.5 per cent of cases of bone metas-
tasis fell within the age range of 40 to 60
years. The average age of patients was 53.1
Yyears, the ages ranging from 33 to 76 years.

CHARACTERISTICS OF THE
PRIMARY LESION

There appears to be no significant rela-
tionship between the quadrant localization
of the primary tumor in the breast and the
incidence of stbsequent bone metastasis
(Bouchard, 1945; Staley, 1956).

Staley conducted an analysis of the clini-
cal characteristics of the primary breast

TasLE 1. AGE DISTRIBUTION IN 94 CASES
oF CARCINOMA OF THE BREAST
WITH METASTASIS TO BONE

AGE RANGE No. Patients  PER CONT

1 11
17 18.1
23 244
32 34.1
i5 158

6 6.4
94 100.0

lesion in patients who developed osseous
metastases and in those who did not. Fixa-
tion of the tumor to the skin was noted in
85 per cent of the former group of patients
and in 76 per cent of the latter group. In 80
per cent of the former group the mass was
greater than 3 cm., while 68 per cent exhib-
ited such a mass in the latter. Positive axil-
lary nodes were found in 61 per cent and
45 per cent, respectively,

ROUTES OF METASTASIS

Skeletal metastasis from carcinoma of the
breast occurs by direct extension to adjacent
bone and by lymphatic and blood-stream
dissemination to more distant sites. There is
controversy as to which of the latter two
routes predominates. Handley, in 1922,
hypothesized that the skeletal metastases of
mammary cancer arose from extensions into
the bone from permeation of cancerous tells
through the adjacent deep fascial lymphatic
plexuses. Carnett and Howell (1930) ex-
pressed agreement with this hypothesis,
citing the orderly extension of cancer in
bones which they observed as being incom-
patible with any mode of spread other than
lymphatic permeation. In addition, the usu-
ally mottled appearance of bone which they
noted in the earliest stage of invasion of
bone anywhere was indicative to them of
multiple foei of cancer developing simul-
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taneously from lymphatic permeation. They
proposed that invasion of the shoulder girdle
was by way of the axiffa, cancer cells reach-
ing the axilla either by lymphatic permeation
in the breast and along the deep fascia of the
chest wall or by lymphatic embolism to the
lymph nodes, with secondary permeation
beyond them to reach the shoulder girdle.
With regard to spread to the lowermost ribs,
the lumbar spine, the sacrum and the pelvis,
these investigators found malignant deposits
in the lymph nodes along the abdominal
aorta, the common iliac artery, the internal
and the externat iliac arteries and, less fre-
quently, along the femoral arteries into the
saphenous and the inguinal regions. Since
the aortic and the iliac nodes and main chan-
nels were seen to lie in close contact with
the lumbar spine and the sacrum, and col-
lateral channels extended to the lowermost
ribs and the bony pelvis, they felt that per-
meation probably took place down these
channels to give rise to osseous metastases
in these sites. In addition, it was their belief
that permeation along these intra-abdaminal
and intrapelvic lymphatics and thence along
lymphatics to the ligamentum teres resulted
in invasion of the femur. Similarly, Ge-
schickter and Copeland (1949) reported
that in cases in which the pelvic bones were
involved, not infrequently there was an asso-
ciated invasion of the head of the femurs,
and in some advanced cases they were able
to demonstrate direct involvement by means
of the ligamentum teres, suggesting an ex-
tension of tumor from one bone to another
via lymphatics as well as spread from the
primary tumor to the regional bones by this
route. Nevertheless, these investigators feel
that metastasis to bone is primarily via
hematogenous routes, as will be indicated.
They noted the relative paucity of osscous
lesions in the mmmediate vicinity of the
primary tumar it the majority of patients
subjected to radical mastectomy early in the
course of the disease, suggesting destruction
of lymphatics which would have transported
neoplastic cells to neighboring bone. On the

basis of his frequent discovery of lymph-
node involvement in patients who underwent
radical mastectomy, Staley (1956) states
that the vast majority of cases of carcinoma
of the breast which manifest skeletal metas-
tases following radical mastectomy will ex-
hibit pathologic evidence of regional lym-
phatic involvement at the time of surgical
removal of the primary lesion, but he does
not feel that his findings warrant the con-
clusion that skeletal metastases are via
lymphatic pathways.

The view that metastasis fo bone is he-
matogenous in nature dates back to 1891,
when von Recklinghausen described his hy-
pothesis of the origin of osseous metastases
Irom blood-borne tumor emboli arrested in
the sinusoids of the red bone marrow. Sev-
eral observations favor acceptance of this
theory over Handley's lymphatic permeation
hypothesis. First of all, lymphatics have not
be¢n demonstrated in bone marrow (Willis,
1952), where practically all true metastases
are located, Secondly, Warren and Witham
(1933) conducted detailed studies in several
cases of all tissues intervening between the
primary tumor and involved axillary nodes,
and found lymphatic permeation to occur in
only 1 far-advanced case with widespread
metastases.  Geschickter and  Copeland
(1949) and Willis (1952) likewise noted
the absence of invasion in the intervening
structures between the primary lesion and
the metastases 10 long bones, especially when
these metastases were few in number and
presumably early. Furthermore, Wiltis was
able to d ate coexi n
bones and neighboring lymph glands in only
a minority of cases. .

The work of Batson (1940} lent consid-
erable credence to the hemic hypothesis of
bone metastasis, for by injection of breast
venules he was able to demonstrate vertebral
vein pathways to the spine, ribs, shoulder
girdle and skull. Willis (1952) interprets these
fndings as a possible explanation of kx‘:nl
spread but feels that the usual route of dl'S-
semination to more distant bones is via
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arterial conduction from tumor deposits
in the lungs. Warren and Witham (1933)
and Turner and Jaffe (1940) have reported
a high incidence of breast-carcinoma metas-
tases existing both'in bone and in the lungs.
It is reasoned that pulmonary deposits could
find easy and direct access to the general
circulation and thence to bone.

Direct evidence for the hematogenous
route of tumor transport to bone is meager.
Worthy of note is Piney’s (1922) observa-
tion of masses of tumor deposit in bone
marrow with outlying plugs in the blood
channels at the edge, presumably represent-
ing incipient metastases.

DISTRIBUTION OF METASTASES

The great variety of distribution of metas-
tases from various primary sites to bone and
other tissues can be accounted for only on
the basis of a combination of circumstances
(Turner & Jaffe, 1940). Autolysis of a
small or a large percentage of cells may
occur in transport, cells may fail to survive
where they lodge, or cells may remain qui-
escent in their new locations, The transpul-
monary passage of tumor cells undoubtedly
is possible, even when foci of neoplasm can-
not be demonstrated in the lungs. Also, the
filtering power of the lungs, the liver and
the regional lymph nodes affects the eventual
distribution of metastases. Yet another fac-
tor is the predilection of certain primary
tumors for certain remote organs, perhaps
best explained on the basis of an intrinsic
affinity of given neoplastic cells for certain
tissue.

Turner and Jaffe (1940) noted 2 definite
correlation of bone metastases with the
anatomic distribution of red bone marrow,
in that most metastases were found in bones
containing the most red marrow. It is felt
that the necher vascularity of red bone mar-
row as compared with yellow marrow is
responsible at least in part for the much
greater frequency of metastases in the for-
mer, but it may also be the case that red
marrow is a better soil for the establishment

of metastatic deposits (Willis, 1952). Willis
suggests that yellow marrow is perhaps no
more prone to metastasis than is subcutane-
ous of perivisceral adipose tissue.

Regarding the distribution of metastatic
deposits within a given bone, most often
the lesions are multiple (Copeland, 1931
Freid & Goldberg, 1943). Copeland ob-
served single metastases in only one fourth
of cases. In the long bones he found the
metastatic foci to be located well above the
average entrance of the nutrient artery in the
case of the femur, and above or below it in
the humerus. He was unable to discover a
definite relationship between the primary
tomor and the homologous bony structure.
In 16 cases, half showed a primary lesion
with contralateral bone metastases, and the
other half demonstrated ipsilateral osseous
involvement,

The frequency of involvement of individ-
ual bones as reported in the literature is
quite variable, and no doubt is due partly to
differing degrees of thoroughness in the
search for skeletal metastases. Also, studies
based on roentgenographic examination
alone would tend to demonstrate less exten-
sive distribution of bone lesions than would
be seen at autopsy, for deposits in bone may
be present without roentgenographic evi-
dence.

Some reports are available on the earliest
sites of bone invasion visible roentgeno-
graphically. Lenz and Freid (1931) found
the lumbosacral spine to be involved first in
39 per cent of cases; the femur, in 18 per
cent; the pelvis, in 16 per cent; the skull, in
8 per cent; the thoracic spine, in 7 per cent;
the ribs and the scapula, each in 4 per cent;
and the humerus, in 2 per cent. Rennes
(1952) observed the first localization of
bone metastases to be in the form of gen-
eralized spread to the spine and the pelvis
in 35 per cent. The thoracic spine was the
predilection site of the first metastasis in 18
per cent; the pelvis and the sacrum were in-
volved earliest in 14 per cent; the ribs or the
sternum, in 11 per cent; the lumbar spine,
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TABLE 2. DISTRIBUTION of 199 BONE
METASTASES IN 94 CASES OF CARCINOMA

OF THE BREAST

PERCENTAGE
No. oF ToTaL

METASTASES METASTASES
Lumbar vertebrae .. 39 19.6
Ribs .. ceveee. 29 14.6
Pelvis ....ovvnnn.s 28 14.1
Thoracic vertebrae .. 26 13.1
Skull .......c...... 24 12.1
Femur ..... .22 11.0
Humerus 11 5.5
Scapula .. 8 4.0
Clavicle ........... 4 2.0
Cervical vertebrae .. 3 1.5
Sternum . ........, 2 L0
Tibia ....evunns ey 2 L0
Radius ....... 1 0.5
199 1000

in 6 per cent; the cervical spine, in § per
cent; the femur, in 4 per cent; and the
shoulder girdle, in 3 per cent. These findings
are at variance with those of Carnett and
Howell (1930), who reported the order of
frequency of early bone invasion, excluding
instances of direct extension to ribs under-
lying the breast lesion, as being the homo-
lateral shoulder girdle, the third to the sixth
thoracic vertebrae, the upper lumbar verte-
brae, the pelvic bones and the lower cervical
vertebrae, Thus, these investigators dis-
agreed with the commonly expressed state-
ment in the literature that metastases to the
clavicle and the scapula were relatively rare
findings in breast cancer. However, Geschick-
ter and Copeland (1949) ascribe this high
incidence of shoulder-girdle metastasis to the
fact that radical mastectomies were rare in
the cases studied by these workers; there-
fore, adjacent lymphatic drainage was intact.

TABLE 3. SITES OF BONE METASTASES IN PATIENTS WITH CARCINOMA OF THE BREAST

TuMoR
CLINIC STALEY BOUCHARD FRED DRESSER PALETTA GESCHICKTER CARNETT
No.ofcases .. 94 166 24 81 134 48 100 101
% % % % % % % %
Lumbar
vertebrae .. 41.5 530 710 34 50 52 — 43.5
Ribs ....... 308 61.4 71.0 39 31 30 13 346
Pelvis .. 298 59.6 750 62 64 40 29 44.5
Thoracic _ 05
vertebrag 276 39.1 62.5 24 40 -
Skull ... ... 25.5 349 250 35 44 — 13 13.8
Femur ...... 234 46 4 54,0 54 — - 22 31.6
Humeras .... 117 10.9 125 27 — — 6 -
Scapula ..... 8.5 9.6 25.0 16 — — 3 -
Clavicle ..... 4.3 9.0 8.3 14 — —_ 3 -
Ce\l;:;‘t::ll)rae ..oo32 72 330 8 17 — — 101
Sternum 2.1 10.9 8.3 1 — — 4 -—9
Tibia «veves 2.1 — — 3 — — 1 :7
Radius ..... 1.1 — —_ 1 — - 1 .
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Bouchard (1945) states that there seems
10 be o close parallel between the order of
time and the rate of incidence in which the
same bones are involved. This obsetvation
is borne out for the most part by comparing
the early sites of metastases cited above with
reports of the over-all incidence of osscous
lesions from the beeast in the literature and
with the incidence of these lesions encoun-
tered in the present study. Table 2 depicts
the distribution in various bones of the 199
metastatic deposits scen in the 94 patients
in this serics. The cervical, the thoracic and
the lumbar vertebrac considered together
account for 34.2 per cent of the osscous
metastases. Table 3 shows the percentage of
Tumor Clinic patients afflicted with metas-
tases to certain bones and related findings
in other studies. The cumulative percentage
distribution of the more common bone
lesions from breast cancer is found in Table
4. The percentages were arrived at by mul-
tiplying the total number of cases in each
series by the percentage incidence of metas-
tasis for each site in order to determine the
actual number of cases of metastasis to a
given site in the different series. The sum of
these figures then was applied to the sum of
the total number of patients in all the series,
748 in all, in which metastases to the given
sites were included to produce the percent-

age relationships shown. There is consider-
able variation in the order of frequency of

TaBLE 4. CUMULATIVE PERCENTAGE
DISTRIBUTION OF BONE METASTASES
IN PATIENTS WITH CARCINOMA OF
THE BREAST, BASED ON DATA IN
TABLE 3 (748 CAsEs)

PeR CENT
StTe OF Casges
Pelvis e e e e
Lumbar vertebrae . . ZEI)Z
Ribs . . ... . ..., .. 38.1
Femur . e e 372
Thoracic vertebrae . 35.6
Skull . ..., .. 28.8
Humerus 128

affected sites in the different studics, for
reasons mentioned carlier. Most likely the
order shown in Table 4 is closest to the true
incidence,

PATHOLOGIC FEATURES OF
BONE METASTASIS

The inception of metastases from carci-
noma of the breast seems to be in the mar-
row in most cases, as mentioned earlier,

Grossly, the medullary cavity becomes
replaced by grayish tumor tissue, and the
cortex of the bone on each side of the tumor
mass is thinned. The neoplasm is soft and
compressible, and usually js welt demarcated
in the long bones and less well circumscribed
in the pelvis.

Histologically, the microscopic appear-
ance of the tumor cells in bone generally re-
sembles closely that of the primary lesion in
the breast (Willis, 1952). According to
Milch and Changus (1956), the histologic
appearance in the host bone of “osteolytic”
and “osteoblastic” lesions -is qualitatively
identical, the difference being a quantitative
one dependent on the amount of bone de-
struction relative to the amount of bone pro-
liferation present at a given moment.

The mechanism of bone destruction is said
to involve (1) direct mechanical pressure
exerted by the tumor cells and/or (2) a
physiochemical process occurring at the bone
surface which is somehow promoted by the
neoplastic cell in destroying the normal con-
tinuous layer of cells covering the surfaces
of the bone crystals. Sharpe and McDonald
(1942} have consistently observed the ap-
patent destruction of both spongy and corti-
cal bone by direct contact of the tumor cells
with the bone. Noting that tumor cells alone
were very frequently the center of destruc-
tion in bone lesions, they concluded that
these cells acted in the capacity of osteo-
clasts.

Bone production represents an attempt by
the host. bone to repair the injury effected by
carncer 3nvasion .(Milch & Changus, 1956).
There is no evidence to suggest that this
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particular repair phenomenon is caused by
any abnormal substance,

The pathogenetic factors relating to
whether the osteolytic or the osteoblastic
form of metastasis will predominate are
unknown. The process may be a function
of the rate at which the metastasis grows
(Wulff, 1939; Bouchard, 1945). Presum-
ably, when growth is rapid, littie new bone
formation can occur and the lesion will be
predominantly osteolytic. If growth is slow,
the possibilities for defense are increased,
and bone formation will produce a chiefly
asteeblastic type of metastasis, Copeland
(1931) has observed in this regard the
direct transition of bone fibroblasts to osteo-
blasts to bone tissue in the presence of in-
vading metastatic tumor cells. Other expla-
nations attribute the predominant type of
reaction seen to the grade of the lesion and
the phosphatase content of the metastatic
tissue (Staley, 1956).

Once metastasis is established in a bone,
further spread takes place along the medul-
lary cavity and the Volkmann and the
haversian canals (Milch & Changus, 1956).

ALTERATIONS IN BLOOD
AND URINE

In most cases of early metastases to bone,
the blood picture is normal With advance-
ment of the neoplastic process a macrocytic
anemia may be encountered, as well as an
increased sedimentation rate (Turner &
Jaffe, 1940; Geschickter & Copeland,
1949). Occasionally a trace of albumin 1s
found in the urine, and in 3 of 100 cases of
metastasis to bone from breast cancer Ge-
schickter and Copeland (1949) isolated
Bence-Jones protein.

The reactions in bone to tumor invasion
described earlier play a role in producing
changes in blood and urine chemistry. If
bone destruction exceeds bone production,
calcium is Jost and the change is reflected n
an increased excretion of calcium in the
urine and the feces. When the osteoblastic

reaction predomi urinary ex-
cretion generally is lower than normal
(Baker, 1956). Laszlo and his colleagues
(1952) describe the metabolic picture of
marked osteolysis as being characterized by
a negative calcium and phosphorus balance,
with the excessive urinary calcium excretion
noted above and hyperphosphaturia. With
the progression of the osteolysis and nega-
tive mineral balance to excessive degrees,
hypercalcemia becomes manifest. These in-
vestigators envision the sequence of events
leading to hypercalcemia as (1) excessive
breakdown of bone; (2) mobilization of
calcium and phosphorus; (3) hypercalciuria
and hyperphosphatoria; and (4) hypercal-
cemia. Prolonged hypercalciuria and hyper-
calcemia then produce (5) renal impairment,
which thus is a secondary phenomenon. In
cases of impending hypercalcemia, Myers
et al. (1956) report that urinary calcium
studies are of value in the early recognition
of the condition.

The difference in calcium balance or in
urinary calcium excretion between a normal
person and a patient with osteolytic involve-
ment is readily measurable. Accordingly,
calcium-excretion studies afford an objective
index of the rate of bone destruction in
patients with metastatic lesions and there{?y
provide a method for evaluating changes in
the rate of tumor growth in many patients
with carcinoma of the breast which has
reached bone.

Fluctuations in the relanve amount of
osteclysis and osteoplasia occurring in pa-
tients with metastatic bone disease have been
observed to produce correspending changes
in the serum alkaline phosphatase level. The
serum Jevel of this enzyme is elevated during
bone repair and exhibits normal or lowered
values when bone destruction is predominant
(Laszlo et al., 1952; Griboff et al., 1954).
The former group has provided evidence
suggesting that a premonitory fail in serum
alkaline phosphatase activity precedes th'e
onset of hypercalcemia. Gribofl and his
co-workers observed that in 92 per cent of
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atients with hypercalcemia secondary to
sseous metastases from breast cancer, a
hange in the scrum-calcium level was re-
ated inversely to a change in alkaline phos-
phatase activity.

Kaufman et al. (1955) have noted the
presence of higher levels of beta-lipoproteins
in the plasma of patients with carcinoma 9[
the breast and skeletal metastases than in
patients with advanced breast cancer and no
osseous involvement. The significance of
this finding is not fully comprehended at the
present time.

CLINICAL ASPECTS OF
BONE METASTASIS

The history elicited from patients with
osseous metastases from carcinoma of the
breast may be quite vague, and diagnosis in
the early stages of spread may be difficult
indeed. Oppenheimer (1922) explains the
difficulty in diagnosis as being due to the
dearth of definite objective symptoms that
obtains so Jong as the metastatic deposit re-
mains confined within the substance of the
bone. Bone lesions of considerable size may
fail to produce pain, as Salzman (1954) has
observed, Geschickter and Copeland (1949)
set the duration of symptoms of bone metas-
fases in general prior to diagnosis as being
in excess of 1 year.

. Pain usually is the first symptom of tumor
invasion of the skeletal system. Freid and
Goldberg (1943) found that in 75 per cent
of 81 cases, attention was focused on the
presence of bone metastases because of the
complaint of localized pain. This pain usu-
ally was at the site of the malignant focus,
a}though occasionally it was located over the
distribution of the adjacent nerve. Pain
seems to appear earliest and to be most se-
vere where the natural weight of the body
and muscular traction are more pronounced

(Lenz & Freid, 1931; Bouchard, 1945).

Thus, Ppain due to metastatic involvement of
fhe lumbar spine or the sacral region usually
1s present early, while metastasis to the skull

docs not commonly produce pain until late,
when it has attained considerable size or is
causing increased intracranial pressure. As
will become evident, the outstanding compli-
cations of bone metastasis are (1) severe
pain, (2) pathologic fracture and (3) com-
pression of important neurologic structures
(Geschickter & Copeland, 1949).

The symptomatology produced by metas-
tases to individual bones will now be con-
sidered. In the case of spread to vertebrae,
symptoms are absent so long as the tumor
deposits remain within the bone; it is when
the process begins to emerge and invade the
extramedullary tissues that symptoms ap-
pear. Also, the tumor may undermine the
bodies of the vertebrae, causing them to
collapse, and the resultant change in con-
tour may then produce symptoms (Oppen-
heimer, 1922). The condition often is com-
pletely unsuspected in the early stages.
Vague back pains and a negative roentgeno-
graphic report may suggest a functional dis-
order. In the late stages of vertebral metas-
tasis, the symptoms usually are definite and
reflect extramedullary impingement upon the
spine or the spinal roots. Pain is an impor-
tant symptom, and may be described as
sharp, boring, tearing and/or lancinating. It
is distributed along the course of a spinal
root or roots. In the case of cervical metas-
tases, there frequently is pain in the back
of the neck, the shoulder or the arm. With
thoracic neoplasms, pain is in the back, the
shoulders, under the scapula, in the kidney
area or beneath the 1ib cage. With lumbar
tumors there is pain in the back or the leg
along the distribution of the sciatic nerve or
along the course of other nerve roots in the
leg (Alpers, 1954). There may also be as-
sociated paresthesias. Motor weakness and
sensory disturbances may occur, usually as
later symptoms.

‘The incidence of various symptoms pro-
duced by metastases to individual sites in
the present series is shown below,
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The findings in the vertebrae were as
follows: of the 3 patients with metastasis to
the cervical vertebrae, all (100%) experi-
enced local pain over the involved bones,
and root pain was present in 1 (33.3%). In
26 cases of thoracic tumors, back pain was
a complaint in 16 (61.5%), and root pain
was evident in 1 case (3.9% ). Lumbar me-
tastases produced low back pain in 25 of
39 patients (64.2%) and sciatica in 9
(23.2%).

In 29 cases of rib involvement, 11 de-
veloped pathologic fractures (37.9%) and
9 experienced local pain (319 ). The sub-
ject of pathologic fractures in bone metas-
tasis will be considered subsequently,

With regard to neoplastic growth in the
pelvis, 28 metastatic lesions produced sci-
atica in 6 (21.4% ), Jocal pain over involved
areas in 3 (10.75%) and pathologic fracture
and low back pain in 1 (3.6% ) each.

Involvement of the skull in 24 instances
resulted in headache in 4 cases (16.7%),
local swelling in 3 (12.5%) and local pain
in 1 (4.2%).

Metastases to the femur in 22 cases led
to pathologic fracture in 11 instances
(50% ) and to local pain in 5 (22.8%).

In 11 cases of metastasis to the humerus,
pathologic fracture occurred in 3 (27.3%);
local pain was present in the same number.

Metastases to the clavicle in 4 cases were
followed by local pain in 1 instance and
by pain in the arm in another (25% each).

Tumor deposition in the sternum mn 2
cases produced local pain in both (100% )
and swelling in 1 (50%).

Local pain was present in 1 of 8 cases of
metastasis to the scapula (12.5%). No
other symptoms were noted.

The principal finding on physical exam-
ination of patients with osseous metastases is
the presence of bone tenderness on direct
pressure or percussion (Freid & Goldberg,

1943; Bouchard, 1945). In addition, Op-
penhelmer (1922) advocates diagnostic Pnl-
pation of the spinous processes for recessions

that occur with the deformation of the spine
in extensive cancer invasion,

ROENTGENOGRAPHIC FINDINGS

The observation cited previously that clin-
ical symptomatology may precede roentgeno-
logic evidence of metastatic lesions in bone
has been widely shared (Oppenhemer,
1922;" Freid & Goldberg, 1943; Bouchard,
1945). Copeland (1931) noted that occa-
sionally pain preceded the roentgenographic
demonstrability of bope metastases from
breast cancer by from 3 to 1§ months
Nevertheless, the merit of the routine skele-
tal survey in detecting skeletal metastases in
patients with carcinoma of the breast re-
mamns, The importance of such surveys is
emphasized by the work of Staley (1956),
who employed an abbreviated survey con-
sisting of roentgenograms of only the lumbar
spine, the pelvis, including the upper femora,
and the chest, showing the ribs, and was able
to demonstrate bone metastases in 90 per
cent of patients with known osseous involve-
ment from carcinoma of the breast Hy-
man and Harvey (1955) have combined
skeletal roentgenologic survey with bone-
marrow asptration in their evaluation of
patients with metastatic carcinqma: They
report that frequently marrow aspiration pro-
vided the only proof of the existence .of
metastasis when other survey methods, in-
cluding roentgenographic examinations, were
negative,

The roentgenographic appearance of met-
astatic lesions from breast cancer is corre
lated with the reactions which are operative.
An increased rate of tumor growth with @
correspondingly ncreased rate of bone de-
struction produces a lesion seen on roen.t-

genogram as “osteolytic.” In imnstances i
which the rate of bone repair is greater than
the rate of destruction, the leston appears
roentgenographically to be “blastc” (Ml""h
& Changus, 1956). There is almost no perti-
osteal reaction (Geschickter & Copeland,

1949).
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Collapse of a vertebral body accasionatly
is the first evidence of a metastatic involve-
ment, although the trabecular pattern of the
narrowed body may be maintained (Bach-
man, 1956).

The incidence of osteolytic, osteoblastic
and mixed lesions seen on roentgenogram
was determined in the present series of 199
bone metastases from breast cancer. Lytic
deposits were found in 176 cases (88.5%),
blastic lesions in 7 (3.5%), and a mixture
was observed in 16 (8.0%). These findings
are in general agreement with previous re-
ports in the literature (Carnett & Howell,
1930; Lenz & Freid, 1931; Sharpe & Mc-
Donald, 1942; Paletta & Lehman, 1944;
Bouchard, 1945; Staley, 1956).

PATHOLOGIC FRACTURES

According to Codman (1922), a patho-
logic fracture implies a trivial force acting
on abnormal bonme. Walking, running,
coughing, rising or sitting down, and even
turning over in bed have been implicated
as secondary causes. Aside from the trivial
cause involved, pathologic fractures differ
from the usual fractures in other respects.
Codman describes them as being more likely
in the form of bendings, bowings, bucklings,
telescopings and impactions. Usually the
ends do not tend to separate widely or slip
by one another. Still, they are not “green-
stick” fractures; “rotten wood” fractures
more properly describes them.

The incidence of pathologic fracture in
patients having bone metastases from carci-
noma of the breast has been reported vari-
ously to range from 15 per cent to 48 per
cent (Copeland, 1931; Lenz & Freid, 1931;
Bouchard, 1945; Staley, 1956). Among the
94 Tumor Chnic patients with metastatic
disease, pathologic fractures were present in
26 (27.6%). The ribs and the femur were
each the site of fracture in 11 of the 26
patients (42.3% each), the humerus was
involved 3 times (11.5%), and the pelvis in

1 case (3.9%). The incidence of pathologic

fractures with respect to the number of me-
tastases at given sites has been presented
above. Although studies in the literature are
small, the femur and the ribs are commonly
noted sites of pathologic fracture in com-
parison with other bones. There is consid-
crable variation in the reported incidence
of pathologic fractures in the humerus
(Copeland, 1931; Lenz & Freid, 1931; Wil-
lis, 1952; Staley, 1956), exactly as there is
variation in the reported frequency of metas-
tases to this site, as mentioned above. Eliason
and Wright (1930) explain the relatively high
incidence of pathologic fractures in the long
bones as compared with flat bones as being
the result of the direct and the indirect
forces, including weight-bearing, torsion and
muscle play, which are exerted upon the
long bones. Flat bones, on the other hand,
seldom are traumatized, except by direct
force. Thus pathologic fractures of the skull
or the ilium seldom are seen.

Perusal of the methods employed in diag-
nosing the 26 pathologic fractures seen in the
present series furnished the interesting ob-
servation that the lesions were diagnosed first
by roentgenographic studies in 7 cases Thus,
in 26.9 per cent of cases skeletal fractures
were present but clinically silent. Clinical
symptoms and signs provided the initial
diagnosis in the remaining 19 cases (73.1%).

TIME RELATIONSHIPS IN
BONE METASTASIS

Time relationships of certain stages of the
disease mn patients with carcinoma of the
breast with bone metastases were studied in
an attempt to contribute to an understanding
of the process.

INTERVAL BETWEEN RECOGNITION OF
PRIMARY TUMOR AND BONE METASTASIS

Before considering the time interval be-
tween the recognition of the breast tumor
and the subsequent development of bone
metaftases, it is necessary to recognize that
certain difficulties are present, First of all,



212

Metastasis to Bone from Carcinoma of the Breast

the actual onset of the tumor cannot be as-
certained; therefore, it is impossible to cal-
culate the duration of its presence. Secondly,
the precise fime at which the neoplasm
reaches bone cannot be judged, for methods
of detection of skeletal metastases are as yet
insensitive to the early foci. The variable
time of appearance of clinical and rocntgen-
ologic manifestations of the same lesion in
bone has been mentioned.

Despite these uncertain factors, reports in
the literature do not differ significantly from
findings in the present study. Bouchard
(1945) found a gross mean interval of 45.3
months between the known onset of the
primary growth and the roentgenographic
evidence of skeletal metastases. By exclud-
ing two cxceptionally long cases (9- & 17-
year intervals) he arrived at a net mean
interval of 34.0 months. The interval varied
from 3 months to 17 years. Geschickter and
Copeland (1949) reported a gross mean in-
terval of 32.5 months in patients subjected
to radical mastectomy and a net value (omit-
ting a few exceptional cases with intervals
as late as from 9 to 20 years) of 30 months.
In the records of 46 of the 94 patients in the
Tumor Clinic series, including cases too far
advanced for attempts at “cure,” it was pos-
sible to ascertain both the time at which the
breast lesion was noted and the onset of
osseous metastases as first indicated either
by clinical or roentgenologic evidence. The
gross mean interval between these occur-
rences was 39.8 months. By excluding 4
cases in which the intervals ranged from 9.3
to 12.5 years, a net average of 32.0 months
was obtamed The shortest intcrval was 3
months; the longest, 12.5 years.

INTERVAL BETWEEN TREATMENT OF THE
PRIMARY LESION AND BONE METASTASIS

The interval between the time of treat-
ment of the primary breast Jesion and the
onset of bone metastases was reported by
Sharpe and McDonald (1942) to average
15 months; by Staley (1956), 19.8 months;

TABLE 5. INTERVAL BETWEEN TREATMENT
OF THE PRIMARY LESION AND
METASTASIS TO BONE

Tumog
CLNIC  PALETTA  STatey
No,
Cases 56 25 55
Interval Cumulative Cumulative Cumulative
{Months) PerCent PerCent PerCent
06....... 20 24
40 44
- 58
60 i
76 80
80 93
88 96
100 100

and by Copeland (1931) and Toumey
(1943), 30 months. In exceptional in-
stances, itnervals as long as 20 years oc-
curred. In most cases jnitial treatment was
in the form of radical mastectomy with of
without radiation therapy. Fifty-six Tumor
Clinic patients were studied, 59 per cent
having been subjected to radical mastectomy
and 41 per cent to radical mastectomy and
roentgenotherapy. The average interval be-
fore the appearance of skeletal metastases,
diagnosed clinically and/or roentg sgeaphi-
cally, was somewhat loager than those cited,
being 40 months in duration. The cumula-
tive percentage of cases developing osscous
metastases within certain time intervals, as
found in this and other studies, is shown in
Table 5.

DURATION OF DisgasE AND NUMBER OF
BoNE METASTASES PER PATIENT

An attempt was made 10 discover whether
or not the length of time that breast .canccr
existed in a patient played a role in the
number of bone metastases that developed.
Accordingly, patients were se]ccl.ed for
whom data were available concerning the
interval between the time of known onset qi
the primary breast fesion and .death, this
interval representing the duration of the
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TabLe 6. NUMBER OF INDIVIDUALS WITH
1, 2 AND 3 OR MoORL BONE METASTASES
FROM CARCINOMA OF THE BREAST AT
VARIOUS DURATIONS OF DISEASE

No. oF BONE MLTASTASES
PER PATIENT

Duration of 3or

Disease (Months) 1 2  more Total
0-36 .... S 6 8 19
37.65 6 6 7 19
664 ... 5 10 s 20
Total ..... 16 22 20 58

disease. These data were available in 58
patients. In this group, those having a given
number of metastases were arranged ac-
cording to the length of time they were
known to have had malignant disease, as
shown in Table 6. To provide as equal a
distribution as possible, the periods of dura-
tion were divided into the 3 groups shown;
likewise, classifying patients according to
the presence of 1, 2 and 3 or more bone
lesions gave a subdivision into thirds. The
chi-square test was used to see whether or
not there was any significant association be-
tween the duration and the number of metas-
tases  Chi-square equaled 5.78, which with
4° of freedom gave a probability greater
than 0.2. Hence, there was no evidence of
any relationship between the duration of
disease and the number of metastases that de-
veloped (Menduke, 1957), The significance
of this finding will be discussed subsequently.

DISCUSSION

The general agreement of findings in this
Study with other reports regarding the age
incidence of bone metastases, distribution,
Proportionate types of bone lesions seen,
incidence of pathologic fractures and the
interval between the onset of the primary
fesion and bone metastasis has been noted.

Certain other features are worthy of am-
Plification. The observation that 26.9 per
cent of the cases of pathologic fracture en-

countered in this series were clinically silent
and were first noted on roentgenographic
examination emphasizes the importance of
periodic skeletal survey in the management
of patients with metastatic disease. Realiza-
tion of the presence of such lesions would
lead to the institution of palliative measures
aimed at preventing or at least diminishing
ill effects from subsequent trauma to the
involved areas,

It will be noted that considerable variation
exists in the average intervals between the
treatment of the primary breast lesions and
the development of subsequent osseous me-
tastases reported in this study and in the
others cited, the intervals being much longer
in the latter. A possible explanation of this
discrepancy is afforded by reference to Table
5, which indicates that the most Ppronounced
differences between the Tumor Clinic find-
ings and the others occurred relatively early
in the course of the discase. Higher per-
centages of metastases were noted here in
the other studies than in the present series.
Tt is suggested that in the reports of Paletta
and Lehman (1944) and Staley (1956),
more bone lesions were present and unrecog-
nized at the time of initial treatment than in
the Tumor Clinic serjes.

The lack of relationship between the dura.
tion of malignant disease and the number of
bone metastases that occur is at first surpris-
ing, since it might be expected that a primary
lesion present for a long period of time
would tend to give rise to more metastases
than one present only briefly, Tt may be
speculated, however, that there are present
in this series 2 distinct groups of patients,
one with a highly malignant type of lesion
which produced metastases relatively rapidly,
as well as early death, and another having a
tumor of less malignant nature, The Iatter
variety would give rise 1o less metastases
carly, but in the longer duration of time the
patien.t could survive with the disease equiva-
lent dissemination could occur, Correlatipn
of these findings with the histopathologic
grading of the lesions was not carjeq out,
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but such a study undoubtedly would con-
tribute to the understanding of the natural
history of carcinoma,

SUMMARY

L. In Tumor Clinic patients with carci-
noma of the breast with metastasis to bone,
58.5 per cent were between 40 and 60 years
of age. The average age was 53.1 years.

2. Reports in the literature concerning
the characteristics of the primary lesion were
cited.

3. Concepts of the routes of metastasis to
bone were considered. The theory of hema-
togenous spread is favored by most at the
present time.

4. The bones affected most frequently in
this series were the lumbar vertebrae, ribs,
pelvis, thoracic vertebrae, skull, femur and
humerus, The order of frequency calculated
from accumulated studies ranked the pelvis,
lumbar vertebrae, ribs, femur, thoracic ver-
tebrae, skull and humerus.

5. Mechanisms of bone reaction to me-
tastases were described. The process appears
to be one of bone destruction followed by
varying degrees of bone repair.

6. Changes occurring in the blood and
urine levels of calcium and phosphorus, as
well as in the serum alkaline phosphatase
and plasma beta-lipoproteins, reflect the
presence and the activity of bone metastases.

7. Clinical features of bone metastases
were classified according to various sites.
Pain was the symptom noticed most com-
monly,

8. Roentgenographic evidence of metas-
tases to bone usually appears later than do
symptoms, according to most reports. In
this study the lesions were osteolytic m 88 5
per cent, osteoblastic in 3.5 per cent, and
mixed in 8 per cent.

9. Pathologic fractures occurred most
commonly in the nbs and the femur; the
humerus and the pelvis were infrequent sttes.
In 26.9 per cent of cases the lesions were
first detected roentgenographically, suggest-

.ing the necessity for periodic skeletal surveys
In patients with metastatic disease,

_ 10. The net mean interval between the
time of known onset of the Pprimary lesion
and the appearance of bone metastases in
cases treated “curatively” as well as cases
treated palliatively was 32 months.

11. The average interval between initial
“curative™ treatment of the breast lesion and
the development of metastases to bone was
40 months,

12. The duration of malignant disease
was not related to the number of bone me-
tastases per patient that appeared. It is
hypothesized that patients with rapidly fatal
metastatic disease develop as many metas-
tases quickly as do patients with less ful-
minating disease over longer periods of time.
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Metastase a Osso ab Carcinoma Mammari

Summario in Interlingua

Novanta-quatro patientes con carcinomas
mammari, que habeva resultate in 199 le-
siones metastatic in osso, esseva studiate al
Clinica pro Tumores affiliate con le Hospital
del Collegio Medical Jefferson. Le etate
medie del patientes esseva 53,1 annos, ¢
58,5 pro cento del patientes habeva inter
40 e 60 annos de ctate. Le ossos afficite
le plus frequentemente esseva le veriebras
lumbar, Ie costas, le pelve, le vertebras tho-
racic, le cranio, le femore, e le humero. Le
analyse del presente investigation ¢ de com-
parabile studios per altere autores permitte
calcular le sequente ordine de frequentia
del varie affectiones: Pelvic, lumbo-verte-
bral, costal, femoral, thoraco-vertebral,
cranial, e humeral, Le plus marcate symp-
toma de metastase ossec esseva dolores, de
natura variabile secundo le sito del lesion.
Manifestationes roentgenographic del metas-
tase al osso appareva usualmente plus tarde
que le symptomas. Secundo le evidentia
roentgenographic, 88,5 pro cento del lesiones
esseva osteolytic, 3,5 pro cento osteoblastic,
e 8§ pro cento miscite. Fracturas pathologic

post metastases ossee occurreva le plus
communmente in le costas e le femore. Le
fracturas esseva primo discoperite per medio
de radios X in 26,9 pro cento del casos. In
iste casos, nulle symptomas habeva essite
notate. Le intervallo medie inter le tempore
del declaration del lesion primari e le tem-
pore del apparition del metastase ossee in
casos tractate como “curabile” e etiam in
casos sub tractamento palliative esseva 32
menses (post excluder alicun casos excep-
tional). Le intervallo medic inter Je initia-
tion de essayos de therapia curative attac-
camte  primari lesiones mammari e le
disvelopp > de ossee esseva
40 menses. Le duration del morbo maligne
non esseva relationate al numerc de metas-
tases ossee que appareva in le patientes
indwidual. Es proponite le formula que pa-
tientes con formas rapidemente mortal del
morbo disveloppa rapidemente le mesme
numero de metastases como patientes con
minus fulminante formas del morba lo face
in le curso de plus longe periodos de tem-

PUI’C.
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Reconstruction of the Extensor Mechanism
of Two Fingers in a Congenital Deformity

A Case Report

Josk Diaz Humara, M.D.,

1

We present an i and

AND Luis JGLEsias, M.D.¢

o
case of a congenital deformity of the finger
caused by an abnormal Jaxity of the lateral
bands or skips of the extensor mechanism of
the finger,

We must ber from the y that
the tendons on the back of the hand are flat-
tened, forming membranous expansions over
the metacaspal heads. These membranous
expansions are known as the dorsal aponeu-
roses of the finger (Fig. 1 A). As is
known, the lateral borders of these dorsal
aponeuroses receive the insertions of the
interosser and the lumbricales. The central
portion of the tendon mserts into the proxi-
mal end of the second, or middle, phalanx
after it crosses the dorsum of the proximal
phalanx. The lateral slips pass round the
sides of the back of the proximal interpha-
langeal joint and reunite over the distal
interphalangeal joint (Fig. 1 B). The
common extensor tendons and the intrinsic
muscles worhing at the same time can flex,
extend or spread the fingers, This 1s due to

* Read at the nnth annual
ciation of Bone & J.
Apnl 4, 1957

* From the Hospital Nactonal de Ia Or,

meeting of the Asso-
omt Surgeans, Havana, Cuba,

the displ of the aponeurosis, which
occurs when the extensor tendon is tense or
relaxed. When the extensor tendon is placed
under tension, the whole finger can be ex-
tended completely due to its Iateral slips,
and at the same time the interossei can real-
ize the abduction or the adduction of the
finger.t®

In our case there was a congenital anom-
aly of the lateral bands or slips, which were
displaced dorsally. The proximal interpha-
langeal joint was in hyperextension and the
patient was unable to extend the distal inter-
phalangeat joint fully (Figs. 1 C & 2, lefr).
The most interesting aspect of this case was
that during the operation under local anes~
thesia and at the very moment of returning
the bands to their normal position, the de-
formity was corrected immediately and dra-
matically (Fig. 1 D).

AL R, a 19-year-old white male, preseated
a congenital anomaly of the dorsa} bands of the
extensor mechanism of the fingers with an ex-
aggerated laxity in them, so that they were dis-
placed dorsally to the axis of the fingers and
the patient was unable to extend the distal
phalanx. The result was the deformity here

Naciona! para la Rehabilitacion de  Invalidos
fON.R ), Havana, Cuba,

described g of a hyperextension of the
proxsmal intetphalangeal joint and the impossi-
bility of total extension of the distal phajanx



A

Fic. 1. (Reading from left) (A) Represents part of the extensor mechanism
of the finger. The interosscous muscles and their insertions into the lateral
bands are shown. Note the membranous expansions hnown as the dorsal
aponcuroses of the finger. (B) The central portion of the tendon is inserted
into the proximal end of the second, or the middle, phalanx. The lateral slips
pass round the sides of the back of the proximal interphalangeal joint, becom-
ing reunited over the distal interphalangeal joint. Observe the insertion of the
interosscous and the Jumbricales into the lateral bands. (C) Represents the
anomaly. The lateral bands are displaced dorsally, being unable to extend
completely the distal phalanx and hyperextending the proximal jomnt, (D) The
dotted lines represent the corrected positron of the bands toward the axis of
the finger When the bands were placed n this position, the deformity was
corrected i diately and dramatically,

a'é

. deformity
Fic. 2. (Left) Appearance of the hand before surgery. Note the

in the irzlde(x ﬁfn;cr. pg‘here 1s a hyperextension of the pmfumal xr];;zrp};;él‘:zlg:ra)l
joint, and total extension of the distal phalanx 1s xmgofssl ¢ (Comr)
Appéarance of the hand 2 months after surgery- The ea;nhycanded
appeared completely. Both the index and the mddle finger a;e,) uTgem o iulf
and there 1s no hyperextension of the proximal jount (Righ

flexton of the fingers 1ato the hand and a normal grip
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Thumb Traction Again

THoMAs F. BRODERICK, Jr., M.D.*

An adaptation of thumb traction has
proved to be very satisfactory in the man-
agement of Colles and forearm fractures
over the past 8 years. A compound hyphen-
ated description might be the Russell-Rose-
Saint Elizabeth’s Slow Drip Method.f

* Orthopaedic Service, Saint Elizabeth’s Hospital,
Boston, Mass,

Briefly, two double-pulley systems are set
up: two of these are fixed to the ceiling, and
the other pair (A) is incorporated in a
frame which is anchored by the patient’s

R s

’ ﬂg.

- . . ur,
Brt. ). Surg. 11:4v1-002, 3924,

) arm 1103 7
Oouble Pulley

—

&

FRAME VIEWED FROM
ABOVE

For explanation see fext.
222
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weight. This simple frame, which is re-
versible for right and left, was devised by
Dr, Edward Mitiguy who, as anesthetist, has
done many brachial blocks through the rig-
ging. A single pulley (B) is attached to the
thumb by a clove hitch of flannel bandage,
and another single pully (D) is fixed to a
spreader which holds a felt sling immedi-
ately proximal to the fracture site. Weight
(C) consists of 5 Ibs. of water in a bucket
with a stopcock outlet. Horizontal traction
is initiated by anchoring the rope at (E).
This is maintained for from 8 to 10 minutes,
after which reduction is effected by first de-

pressing and then elevating the fracture site.
Dorsiflexion and ulnar deviation are main-
tained by snugging up the rope at (E). An-
terior and posterior plaster splints are applied
incorporating the felt sling, and, while these
are sctting, the traction is released gradually
by allowing water to drip out of the stop-
cock. Any desired veering of the vectors can
be obtained by moving the table and its three
pulleys in relation to the other four fixed
points.

This method appears to be complicated,
but actually it makes the setting of a Colles
fracture almost as simple as 1, 2, 3.
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Neuroma of Plantar Digital Nerve

A New Method of Treatment

Lrwis Cozen, M.D.*

Metatarsalgia caused by a neuroma of the
plantar digital nerve is a common ortho-
paedic complaint.*® Usually the diagnosis is
not difficult. The patient gives a history of
sharp, lancinating pain in the forepart of the
foot, radiating into the toes, usually the third
and the fourth. The pain is caused by the
development of a neuroma of the plantar
digital nerve. This neuroma can cause excru-
ciating pain that radiates up into the calf
and, indeed, into the entire leg. A character-
istic detail in the history is that the patient
says that he feels better as soon as he takes
off his shoe.”¢ When the foot is examined,
point tenderness can be elicited in the web
between the toes, usually the third and the
fourth, but sometimes between the fourth
and the fifth or the second and the third.
Another diagnostic aid is the elicttation of a
painful chek as the metatarsal heads are
pressed together. As Mulder* has pointed
out, the click without the pain probably has
no pathologic significance, but, when pain is
elicited, then one can assume that the painful
neuroma js squeezed out between the meta~
tarsal heads.

At umes redistribution of pressure OVer
the metatacsal area helps. This can be done
by means of metatarsal bar attached to the
sole of the shoe behind the metatarsal heads,
by a metatarsal pad mnside the shoe behind

+ Los Angeles, Calif
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the metatarsal heads and by metatarsal exer-
cises.? If these methods fail, the usval course
is to excise the neuroma through either 2
plantar or a dorsal incision.

Before resorting to surgical excision, 1
have found one other method of treatment to
be of valve in some cases. This consists of
the injection of hydrocortisone, 0.5 cc., into
the region of the neuroma between the meta-
tarsal heads. The injection was tried in 17
cases, and acceptable relief of pain was ob-
tained in twelve.

The results were evaluated as being ac-
ceptable relief of pain when the patient said
that his pain was retieved at least 50 per
cent. Each patient acted as his control, in
that he had pain untdl the time of injection,
and in most cases the pan would recur to a
lesser degree after 1 t02 weeks following the
injection When the injection then was ye-
peated, further diminution of pain Was
obtamed n the cases classified as being
The number of injections for
d from one to eight, usually
Hydroconisone, 1 cc.,
space between the

acceptable.
each patient varie
at weekly intervals.
was injected in the web
metatarsal heads, m most cascs between the
third and the fourth metatarsals  For two
patients metatarsal bars were ordered, but
in the remaining cases no auxiliary method
of treatment was used in order to prevent
any additional confusion of the results.



Neuroma of Plantar Digital Nerve 225

RELIEF OBTAINED FROM INJECTION Or HYDROCORTISONE INTO THE REGION OF
TiE NCUROMA BETWEEN Tt METATARSAL HEADS IN 17 CasEs

PATIENT MrpicaTioN REsuLT
M.W. Hydrocortone “Much better”:
6-month follow-up
J.L. Xylocaine and *No improvement at all — injection hurt™:
Hydrocortone 3-month follow-up
A.A. Hydrocortone “Not 1005 — 50% better”:
5 months later
R.A. Hydrocortone “Improved”:
1 year later
A H. Bars, excr. “Much better”:
sugg, surgery 2-year follow-up
Hydrocortone
LT Hydrocortone *Much better, but not all gone™:
1-year follow-up
B.P. Hydrocortone “Improved — pains gone but still
have metatarsal callus”:
18-month follow-up
P.P. Hydrocortone “Improved — relieved™:
2-year follow-up
H.R Hydrocortone “Better -— avoids callus™:
8-month follow-up
E.C. Hydrocortone “No relief”:
1-year follow-up
LF. Hydrocortone “No relief”:
2-month follow-up
RT. Xylocaine and “Better after Hydrocortone”:
Hydrocortone 8-month follow-up
MP Hydrocortone “Improved — first relief in 3 years™:
1-week follow-up
Ds Hydrocortone, TBA “No relief”’:
3-week follow-up
Ls Hydrozortone, TBA “No relief”:
6-month follow-up
Ww.G Hydrocortone, TBA “Excellent relief”:
6-month follow-up
S.G.

Hydrocortone

“75% relief”:
3-month follow-up

o One patient especially acted as a satisfac-
fH‘;z'ncgnlrol. A neuroma had been removed
thore ‘:r ot'her foot 2 years earlier, so that
the din as l}tlle question of the accuracy of
of oat gnosis. She obtained satisfactory relief

pain, although she required 6 injections.

On one occasion, 1 cc. of 2 per cent Xylo-
cane was injected instead of the Hydrocor-
tone This gave her no relief after the local
effect of the Xylocaine wore off, in contra-
distinction to the relief of pain that she
obtained from the Hydrocortone.

¥
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SUMMARY

Seventeen patients with neuroma of the
plantar digital nerve were treated by injec-
tion of Hydrocortone in the region of the
neuroma. Twelve of the patients obtained
acceptable relief from the injections, It
would seem that this method should be
added to the conservative program of treat-
ment before surgery is performed.
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Intramedulfary Fixation of Clavicle and Ferearm Bones

tuce site and drilled the other way until it
comes out through the cortex of the distal
fragment and reaches the skin. An incision
is made through the skin to allow the pin to
come clear through. Next, the pin js taken
out again at the fracture site. Careful meas-
urements are made so that an adeguate
amount of the unthreaded portion of the pin
will be present in cach fragment. The pin
now is cut off to proper length. The cut end
is filed blunt to semove any burrs formed
when it was cut. It is then placed through
the small lateral incision into the distal frag-

ment, throngh the distal fragment across the
fracture site and jnto the proximal fragment.
When the threaded portion reaches the cor-
tex of the distal fragment, it is carefully
engaged and threaded into this cortex, at
Jeast ¥; inch purchase being got on it. Jtis
advanced by means of a hand drill. The
remainder of the threaded portion of the pin
is cut off if Y. In many i it
is not necessary to cut off any excess if the
distal fragment is fong enough, With this
technic, sccure intramedullary fixation is ob-
tained, and the procedure is done with pre-

—;
v
i

Fia. {. Roentgenogram of the special intramedullary pin

in the clavicle.

Fi6. 2. Roentgenogram
ins in the radius and the Ul
and in the ulna 1t 15 the clecranon.

c1al intrameduliary Stemmann

wing the spe X ;
O{n?cgl‘;e::tt\‘:ns‘t‘:e ;agr! of e%try in the radius 15 the styloid,
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cision. The oversized threads prevent mi-
gration of the pin. Both incisions are closed,
and the pin thus is buricd. Removal of the
pin from 4 to 6 months after operation is
optional with the surgeon.

TECHNIC IN THE FOREARM

In employing this technic the fracture
should be opencd. In the ulna, the pin is run
up the medullary canal proximally and
passed out through the point of the olecra-
non. A small incision is made here. The
pin then is removed from the medullary
canal at the fracture site, and the pointed
end is put through the olecranon. Next it is
passed down the shaft of the ulna across
the fracture site. When the threaded por-
tion of the pin contacts the olecranon, it is
carefully drilled and threaded into the bone
at this point to hold the pin securely. A
L-inch threaded portion should be engaged
in the olecranon of the ulna.

In using this technic in the radius, the
fracture site is opened to make sure that
adequate reduction is obtained. The pointed
portion of the pin then is inserted carefully
through the area of the radial styloid. A
small incision is made to do this. The wrist
s placed in strong ulnar deviation. Care is
tal‘ﬂfn fo avoid the wrist joint. In inserting
this pin, usually it is better to insert a
smaller pin first to establish a path. The
final pin is advanced up the shaft of the
Tadws, well across the fracture site. When
:I'I;I;?;C?}de‘d portion engages the area of the
201G, 1t is carefully drilled and threaded
Ln a distance of at least 1 inch. In fractures
;)th of _the ulna and the radius, the length
: f‘he Pin should be measured, cut and filed
elore the pin is inserted. It is desirable to

have at least 3 inches of purchase in the
shorter fragment. An important part of this
technic is not to immobilize the patient in a
cast or other fixation apparatus for more
than 3 weeks after the operation. The pa-
tient should be encouraged to us his hand,
although very vigorous use should not be
permitted.

In using these pins, the standard large
size usually is employed. However, in indi-
viduals with very small medullary canals,
the smaller-sized pin is better. In the author’s
experience, it has been very much better to
leave the pins in from 1 to 2 years if it is at
all possible in order to make absolutely sure
that union is quite solid and that restoration
of the cortex is complete before removing
them. The square end on the pin makes it
relatively easy to remove.
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Certain Observations from Abduction
Studies of the Shoulder

LEE A. HADLEY, M.D.*

A roentgenogram of the normal shoulder
made with the patient lying supine, the hand
in foll supination and the arm lying along-
side the body shows the greater tuberosity
in profile (Fig. 2, center).

The roentgenogram of a normal shoulder
made with the arm raised to the full fimit
of abduction and the hand remaining supi-
nated will show the greater tuberosity to
fave passed beneath the acromivm (Figs. 1,
right, & 2, right). Usually the humerus be-
comes aligned with the spine of the scapula,

In certain cases of painful shoulder from
bursitis, synovitis, tenosynovitis or periarthri-
s, with or without calcific deposits, the
greater tuberosity appears to impinge against
muse, N.Y.

the undersurface of the acromium, These
roentgenograms are made at the full limit of
forced passive abduction with the palm up
{Fig. 1, left). The impingement may be, in
part at least, the result of muscle spasm.

As shown in Figure 1, left, this impinge-
tnent may occur even without abnormal cal-
cification. In a painful shoulder with calci-
fication, the calcification jtself may cause the
impingement (Fig. 2, left). Even a large
dense caleification, however, if pamless, may
cause no impingement whatever. The cal-
cification in that case appears to become
displaced forward or backward ovt of the
way when the arm is raised (Fig. 3, left &
right).

Fic. 1. Female, 54 years of age. (Left) Acute shoulder pam, passive

duction restricted. Greater tuberosity imy
o lete Tecovery S months later. The patient now is

{(Right) Ci

able to dip the greater tuberosity beneath the acromium in & norm
230

pinges against undersurface of

al manner.
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Fig. 2. Female, 50 years of age. (Left) Roentgenogram made at full abduction.
Impingement of the calcification 1n the soft tissue prevents passage of greater tuberosity
beneath acromium, (Center) Spontancous resorption of calcium 6 months later without
specific treatment. (Right) Complete recovery of abduction after resorption of calcium.
The greater tuberosity now dips beneath the acromium normally.

. Fic. 3. Female, 36 years of age. (Left) Large dense calcification in the soft
tissues. Painless shoulder, arm 1n adduction (Right) Arm n abduction, move-
ment not hindered by the large calcification.

Often a dense calcification undergoes Abduction studies are useful in the evalu-
Spontaneous absorption without the use of ation of intrinsic shoulder pain. The method
any specific treatment (Fig. 2, left & also is helpful in recording the progress of
Center), recovery (Figs. 1, right, & 2, right).
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Test for Contracture of the Iliotibial Band
MorTon H. LEoNARD, M.D.

Contracture of the iliotibial band in the neutral position. If a hip fiexion contracture
postpoliomyelitic state is common, The usual  is present when the thigh is perpendicular to
test is Ober's. An casy way to discover this  the level pelvis, and this contracture is re-
tightening is to test for hip fiexion contrac-  lieved as the hip js abducted, there is tight-
ture with the joint in abduction and then in  ening of the iliotibial band (see figure).

|

neutral. Note fiexion contracture.
d. Elexion selieved Iliotbial band tight.

(Lefr) Thomas test with hip
{Righry Thomas test with hip abductes

32
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Refracture of Ununited Medial Malleolus

Eucene R, MinpeLL, M.D., AND WILLIAM J. ROGERS, 3rD, M.D.*

Fractures of the medial malleolus that
result in fibrous union may lead to satisfac-
tory ankle joints. This is particularly true in
sedentary individuals. However, no repost
is found in the literature of the result of
subsequent fracture to an ankle with a pre-
existing fibrous union of the medial mallco-
Ius. Two such cases are reported here.

Case 1. A 59-year-old housewife was first
seen on October 3, 1954, a few hours after she
had injured her right ankle. The hee! of her
shoe caught when she was coming downstairs,

_

* University of Buffalo School of Medicine, De-
pariment of Orthopaedic Surgery.
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and she fell and twisted her ankle. She had
immediate pain and deformuty, and the right
ankle soon swelled. On examination the ankle
was found to be moderately swollen, and the
foot was displaced laterally into a valgus posi-
tion. Roentgenograms of the ankle (Fig. 1)
demonstrated fresh fractures of the medial and
the lateral malleoli, and a fracture of the pos-
terior lip of the tibia. The distal fragments and
the foot were displaced laterally.

Careful examination of the roentgenogram
demonstrated an old ununtted fracture of the
medial malleolus. The recent fracture of the
medial malleolus was proximal to the old frac-
turc. The patient stated that she had fallen from
a stepladder 1n 1921 and suffered 2 fracture of
this ankle. The 1njury then was treated by plas-

Fi16. 1. Roentgeno-
grams of the right an-
kle demonstrate re-
cent fractures super-
imposed on an old
nonunion of the me-
dial malleolus.
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ter immobilization for 6 weeks. She made an
excellent recovery from this injury. Once or
twice a year she would “turn the ankle™ and ex-
perience a little soreness for an hour or two,
She had been able to do housework and had
had no significant disability until the recent
injury.

The ankle fracture was veduced by manipu-
lation, the fracture fragments were restored to
satisfactory position (Fig, 2), and aJong leg
plaster dressing was applied. Immobilizasion
was maintained for a total of 10 weeks.

At the present time the patient walks well
without a limp. She had had only an occa-

FiG. 2. Roentgenograms demonstrate satisfactory reduction of the
fracture fragments in plaster tmmobilization

Fic 3. Roentgenograi
demonstrate that union o o
persistence of the nonunion of the mx
well without pain or imp

jent's recent injury
s made 1% years after patient’s Tec:
n; the recent fractures had ocm'med. Note “l‘::
edtal malleolus, This patient wa
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FiG. 4, Roentgeno-
grams of the left an-
Le demonstrate re-
cent fractures and
the presence of an
old fibrous union of
the medial malleolus.

sional ache in her ankle, and all activitics have
been resumed. On examination very slight
swelling of the ankle is noted. An excellent
range of painless ankle motion and subtalar
motion 15 present, Final roentgenograms (Fig.
3) show the recent fracture to be well united 1n
excellent position, The old fibrous union of the
medial malleolus is unchanged.

Fig, 5. Roentgeno-
Sram  demonstrates
Sahsfactory  reduc-
ton 1n plaster immo-
bilization,

Case 2. A 58-year-old housewife fell when
she turned her left ankle on a curb on October
3, 1951. She described the ankle as being pain-
ful, swollen and obviously displaced. Examina-
tion revealed swelling of the ankle with the
foot displaced laterally and in moderate valgus.
Roentgenograms revealed fresh fractures of the
medial and the lateral malleoli, and a fracture
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of the posterior lip of the tibia. The distal frag-
ments with the foot were displaced laterally.
An old ununtted fracture of the medial maiteo-
lus was also present distal to the recent frac-
ture, and apparently was undisturbed by the
recent injury (Fig. 4). The patient had had a
compound fracture dislocation of this ankle 17
years previously. This was treated by plaster
dressing immobilization for about 7 weeks.
She had recovered completely from this injury
without restdual symptoms, and her ankie ap-
peared to be normal untl the recent injury.
The fracture frag were ipul
into satisfactoty pasition, and a long leg plaster
dressing was applied (Fig. 5), Immobilization
was mamntamed for 14 wecks, the last 5 of
which were in a short leg walking cast. The
patient has been followed for 3% years and has
a very satisfactory ankle. However, it is slightly
target than <" » *° =° R
degrees of .
The pattent . ,° .. .

Fic. 6, Roentgeno-
grams of left ankle
made 3Y5 years after
injury, Recent frac-
tures are healed, but
the old fibrous union
of the medial malleo-
lus persists.

fort, but 1t does not interfere with her normal
activities.

These two cases demonsteate the ade-
quacy of fibrous union of the medial mal-
leolus in middle-aged women, 33 and 17
years, respectively, after ankle fractures. In
each instance subsequent trauma of sufficient
severity occurred to produce fractures of
both malleoki and the posterior lip of the
tibia. The new fracture of the medial mal-
leolus was immediately proximal 1o the old
fibrous union. The pseudarthrosis was un-
disturbed Union of the recent fractures o
curred readily. The old fibrous union of the
medial malleolus d unchanged. Ex-
cellent function was regained and has been
maintained over follow-up periods of 1%
years and 3% years, respectively.
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Skeletal Fixation of the Pelvis in the
Correction of Hip Flexion Contractures”

W. R. Hansa, MLD,, D, W. BurNEY, M.D., AND WARREN J. ROBERTS, M.D.

The anatontic relationship of the pelvis to
the spinc and the femora is dictated by the
forces exerted upon it by muscular attach-
ments and origins, The pelvis drifts with any
predominant force until an cquilibrium s

* From the Unneraity of Nebraska College of
Medicine, Nebraska Orthopedic Hospital, and the
Bishop Clarkson Memorial Hospital.

Fre. 1. Laterat of lumb

a} spine, hips

reached. Normally, this position is a tilt of
45° 10 60°, known as the angle of inclina-
tion, Any disturbance of this balance of
forces, whether paralytic, congenital or trau-
matic, is prone to disturb this position with
a tilt toward this predominant force. This
is particularly true during growth and may
occur with minor imbalance. As Irwin® has

ded to 180°,

before and after corsection.

..y
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Skeletal Fixation of the Pelvis 239

pointed out, a minor disturbance of muscle
balance may produce contractures about the
pelvis, of the hip and, on occasion, of the
knee and the foot.

Exclusive of compression, force and its
ditection can be applied to the pelvis only
through the medium of attached skeletal and
muscular structures. Extension force applied
in the treatment of flexion contractures of
the hip joint also produces undesicable ex-
tension in the lumbosacral region with asso-
ciated increased angle of pelvic inclination.
Following surgical release of hip flexor con-
tractures,H*® hip extension is more efficient
in the degree of correction at the hip joint
but is still associated with the secondary in-
creased lumbosacral lordosis and postopera-
tive abdominal stretch symptoms described
originally by Stewart.® This is the result of
inability to control movement of the pelvis.
Dame Hunt partially solved the problem by
ustng the oppasite lower extremity in full
flexion as a lever to immobilize the pelvis
while extending the contracted hip joint.®
More recently, frwin demonstrated an im-

proved method of pelvic control foliowing
release of contractures of the iliotibial band.
In all these methods force is applied indi-
rectly to the pelvis,

Noting the mediocre result obtained in the
oceasional marked hip flexion contracture
release treated by these methods, attempts
were made to apply postoperative force di-
rectly to the pelvis in 5 patients. Stdinless-
steel wire sutures were inserted into the
region of the anterosuperior iliac spines with
traction directed anteriorly and superiorly.
1t was difficult to anchor these 10 the cast
and cut through bone with minor force. The
insertion of 3%-inch stainless-steel screws
into anterior and posterior iliac spines bilat-
erally with 1'% inches protruding from the
skin was much more efficient; their insertion
posteriorly, however, presented a technical
difficulty or necessitated turning the patient
into the prone position (Fig. 1). More re-
cently a 9-inch stainless-steel pin 545 inch
in diameter has been drilled diagonally
across the ilium after completion of the sur-
gical correction. Tt is inserted inferior and

FiG. 3. Simdar views, using Steinmann pin.
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lateral to the anterosuperior iliac spine, and
passes through the ilium superiorly, medially
and posteriorly to the iliacus side. A perios-
teal elevator lifts the iliacus muscle to allow
pin progression without danger to perito-
neum. The pin emerges a few inches poste-
riorly through the ilium to the gluteus maxi-
mus side, where it penctrates the skin (Fig.
2). Optimal bony fixation is obtained by
drilling the pin’s exit through the ilium im-
mediately below the thicker crest; a more in-
ferior exit may allow the pin to cut through
the thinner ilium when flexion forces are
applied. Mechanically this pin then serves
as a lever attached to the pelvis, which may
now be flexed on the spine by direct force
(Fig. 3). Insertion of a pin into each side
may be advisable in marked contractures.
The details of cast fixation postoperatively
are most important. Both hips are flexed to
the original position while a padded, well-
molded body cast is appled, the desired
position of the pelvis being maintained by
force applied to the screws or the protruding
ends of pins. These are incorporated in the
cast. When the plaster hardens, this relation-
ship of pelvis to spine will be retained. Both
hips now are extended fully, and a double
long leg spica cast completes the procedure.
As the pelvis cannot rotate within the cast,
overcorrection into hip hyperextension is
not necessary. The postoperative course 1s
characterized by much less abdominal dis-
tention due to the absence of stretching of

anterior abdominal wall and of abdominal
viscera. The cast has been removed in 4
weeks. Signs of skin irritation about the
protruding pin necessitated removal of pin
through cast windows after 2 weeks in 1
patient without material loss of position of
the pelvis.

SUMMARY

A method of pelvis fixation in the treat-
ment of marked hip flexion contracture is
described. The anatomic relationship of the
pelvis to the spine is maintained by skeletal
fixation before the hip joints are extended,
thereby preventing anterior tilting of the
pelvis with its exaggerated lumbar lordosis.
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The Orthopaedic Surgeon Looks at

Traffic
Mirton C. COBEY,

The automobile has come to be the fore-
most cause of bone and joint injuries in this
country today, Either directly or indurectly,
a great portion of the work required of the
orthopaedic surgeon now is the resuIE of
automobile accidents. For this reason, in a
preventive way, the orthopaedic surgeon
should interest himself actively in the cause
and the prevention of automobile accidents,
and particularly those which produce bone
and joint damage. Through the President’s
Traffic Safety Commuttee, which now is ac-
tive in the prevention of accidents, work is
being done nationally. Therefore, the ortho-
paedic surgeon should contribute by bend-
ing his energies and applying his knowledge
to the methods of prevention of accidents
and, should they occur, to their early treat-
ment.

The prevention of accidents has been fos-
tered somewhat by the automobile manu-
facturers and very definitely by the state and
the federal governments in the construction
of highways. Automobiles have been im-
proved a great deal, and, while a great deal
of enticism can be leveled at the manufac-
turer on the score of accidents and death, he
certainly has made an effort to make the
automobile safer. He has been aided in his
work of automobile safety by Cornell Uni-
versity’s Automobile Crash Injury Research
Department, which has demonstrated the

* Professor of Orthopaedic Surgery, Georgetown
Unuversity School of Medtcine.
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Safety

M.D., FACS.*

type of injuries produced by different
of crashes. Through their punch-card r
systems, statistics are being collected ra)
These statistics now are of great help i
taining information on all types of inj
The information is supplied by accide:
vestigation forms. These now are mad
in most of the states, and a copy is t
in to the Cornell unit. This method of
lecting and cataloguing information i
best plan for accurate study of the

mobile accident. For example, a cru
injury to the chest with fracture of the
num and the ribs was shown to hawv
curred in a head-on collision. From t
was possible to arrive at a so-called b
away steering wheel. When a certain an
of force is placed upon it, this wheel
give in such a way as to minimize
damage to the chest from either the ri
the wheel or the spoke of the steering
At the moment figures are being com
by this organization as to the value o
safety steering wheel.

Since 1956 many fatal injuries have
prevented as a result of the applianc
safety door latches to all cars. Fats
prior to that time occurred because o
fact that on impact the doors flew open
cupants were thrown free of the car, ai
many instances the injuries that would
been fractures of the extremities or the
were fatal because the patient was struc
an oncoming vehicle. According to the
nell Auto Crash Research Department
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safety door latch has reduced the number of
fatalities and, perhaps, the morbidity, Re-
cently, the author treated a massive injury
of the chest in which all 24 ribs were frac-
tured, as well as the scapula and the spine.
When the car was struck, the driver's door
sprang open and the driver was thrown for-
cibly onto the concrete. Massive injuries like
this can be treated for shock, Pleural and
cardiac effusions may be aspirated. Life may
be saved temporarily. The over-all picture
still is critical, as often these patients suc-
cumb from 3 to 7 days later, Despite the
liberal use of blood to restore a falling hema-
tocrit and the splinting of the back with a
board and a felt mattress, the blood does not
dialyze in the kidney, Eventually the patient
succumbs to an apparent uremia. A real
advance has been made by the artificial kid-
ney. Dr. George Schreiner® has saved sev-
eral lives in this critical period by its use.
The artificial kidney is a dialyzing agent in
which, under sterile technic, the blood is
bathed in fluid which is relatively isotonic,
This will restore the more nearly normal
blood chemistry and often the kidney will
regain function after from 1 to 6 treatments,
Fractures of the cervical spine have been
reduced by the use of the cushion dashboard
and the breakaway windshield, Some auto-
mobile manufacturers install them routinely
now. The individual thrown forward from
the back seat will strike the windshield hori-
zontally. From the front seat, where his
body will bounce, he will strike the wind-
shield at the upper edge of the body frame,
causing either the skull to fracture or the
neck to break. As the body bounces from
the front seat, the heavy rigid frame under
which the upper portion of the windshield
attaches becomes a hazard. Some cars now
carcy the windsheld far enough back so that
the head will strike the windshield rather
than this frame bar across it. The care of
the fracture of the cervical spine is as in all
cervical fractures. However, it should be
borne in mind that often the vpper cervical
vertebra is involved and life is endangered

in moving the patient from the scene of the
accident or caring for him when he is first
admitted to the emergency room unless head
traction is applied immedzately.

The cushion dashboard s of dual impor-
tance, in that the individual may be thrown
directly forward and the knees come in con-
tact with the dashboard.? The femoral frac-
ture occurs when the hips and the weight of
the body slide forward against the dash-
board. Should the legs be in adduction—for
example, when the knees are crossed—forci-
ble thrust against the knee of the dashboard
in rapid deceleration will cause the force to
pass directly up the femur to the acetabulum.
This adducted position of the femur will
cause the hip joint to dislocate. The head
will be thrust forcibly behind the acetabulum;
or a fracture of the neck of the femur will
occur, or a fracture of the poslcrior rim of
the acetabulum with a dislocation of the
femur, If the leg is in abduction—in other
words, if the individual is sitting with the
Tegs wide apart at the time of the accident—
an interpelvic protrusion fracture of the
acetabulum may result. If the legs are
straight ahead, usually there will be a com-
minuted fracture of the femur with fracture
of the patella Therefore, padding of the
dashboard becomes extremely important.

Compression fractures of the lumbar spine
have been attributed both to the use of seat
belts and to the lack of them, Of course,
seat belts do prevent the body’s rising to the
frame of the car and causing fractures of
the cervical spine. The question as to
whether or not seat belts cause a flexion
fracture of the bodes of the vertebra is a
moot point, It 1s true that the jackknife
injury does cause compression fractures of
the spine, but, so far as can be asce.rt'am.ed,
the seat belt does not cause these injuries.
Apparently, the occupant fiexes at t{re pe‘lvis
and the hips rather than at the mid-spine.
The belt prevents the forward thrust of the
body into the windshield or the d f‘ d
protecting the head, the cervical spine and
the femora from fracture, It is true that
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The Traffic Committee of the District of
Columbia Medical Society acts as an ad-
visory agent to the District government
Police Traflic Department. Its job is to eval-
uate emotionally and physically the ability
of drivers to operate a motor vehicle. Once
a driver has had an accident or has run afoul
of the law in some other way and his license
is suspect or has been suspended for medical
reasons, this committee must restore the
license or else revoke it completely for med-
ical causes. Now, through this same com-
mittee efforts are being made to establish
with the National Institute of Health a re-
search program that will study the emotional
stability of the driver so that he will not
become an accident statistic. Emotional
stability of the automobile driver is a very
important factor, for he may be a Doctor
Jekyll until he gets behind the wheel of a
car, when he becomes a veritable Mr. Hyde.

At this time definitive care of the fracture
has progressed to the point at which it is
highly important for the orthopaedic surgeon
to carry out specific technics. Casting ma-
terial has progressed from the early days of
ordinary plaster of Paris to acetic acid plas-
ter of Paris and now to the melamin resin
plasters. These last render casts that are
strong and less likely to break and do not
absorb moisture from the wound. Cast ma-
terial now 1s relatively clean chemically, so
that infections will not develop from the
plaster. Internal fixations such as plates and
screws have been improved; they do not
irritate bone or break as easily as formerly.
Finally, as is well known, intramedullary
fixation is recewing rapidly increasing ac-
claim.

The use of other adjunctive materials
should be remembered. The artificial kidney
has been mentioned. The course of treat-
ment of an indvidual requiring the artificial
kidney is interesting, The Orthopaedic Df:-
partment at the Georgetown University
Hospital has worked closely with the other
departments in the care of injured. When a
pesson is severely njured and can be splinted

only by means of skin or skeletal traction
until his general condition warrants definitive
orthopaedic surgery, the use of supporting
measures by the hematology department as
well as the adjunct surgical services is im-
portant. Those individuals so badly hurt that
they required the artificial kidney to prevent
death have been restored to life. During the
time that they were in this moribund state,
often unconscious for weeks and requiring
as much as eight 8-hour visits to the antificial
kidney until the contused and damaged
kidneys were able of themselves to begin
functioning, fractures showed no evidence
of unjon. One case was followed for a period
of 9-weeks before definite treatment of his
bilateral femora or metatarsal fractures of
his feet could be carried out. Only traction
and temporary plastic cast splinting could
be used. During this period of time no bone
union whatsoever occurred. This probably
was due to reduced kidney function and to
lack of the normal protein being carried to
the fracture sites. However, once the pa-
tient began to have normal kidney function
and was in such a condition as to stand
intramedullary fixation of a fractured fem-
ora, plating of a tibia and reduction of
metatarsal bones in both feet with the ap-
plication of plastic casts, the fractures began
promptly to unite and healed with excelient
results This is 2 new finding and a new re-
port, and bears out the extreme importance
of proper splinting during this period of
extreme shock. It also demonstrates the
value of the artificial kidney.

As an orthopaedic surgeon and a member
of the President’s Traffic Safety Committee,
the Trauma Committee of the American
College of Surgeons and the Medical Ad-
visory Committee to the Traffic Department
of the District of Columbia Police Force,
the author feels that the following recom-
mendations should be made.

1. Careful investigation of the accident
should be pursued as to make of car, body
style and condition of the highw:{y s0 that
the research department record division of
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The Orthopaedic Surgeon Looks at Traffic Safety

The Traffic Committee of the District of
Columbia Medical Society acts as an ad-
visory agent to the District government
Police Traffic Department. Its job is to eval-
uate emotionally and physically the ability
of drivers to operate 2 motor vehicle. Once
a driver has had an accident or has run afoul
of the law in some other way and his license
is suspect or has been suspended for medical
reasons, this committee must restore the
license or else revoke it completely for med-
ical causes, Now, through this same com-
mittee efforts are being made to establish
with the National Institute of Health a re-
search program that will study the emotional
stability of the driver so that he will not
become an accident statistic. Emotional
stability of the automobile driver is a very
important factor, for he may be a Doctor
Jekyll until he gets behind the wheel of a
car, when he becomes a veritable Mr. Hyde.

At this time definitive care of the fracture
has progressed to the point at which it is
highly important for the orthopaedic surgeon
to carry out specific technics. Casting ma-
terial has progressed from the early days of
ordinary plaster of Paris to acetic acid plas-
ter of Paris and now to the melamin resin
plasters. These last render casts that are
strong and less likely to break and do not
absorb moisture from the wound., Cast ma-
terial now is relatively clean chemically, so
that infections will not develop from the
plaster. Internal fixations such as plates and
screws have been improved; they do not
irritate bone or break as easily as formerly.
Finally, as is well known, intramedullary
fixation js receiving rapidly increasing ac-
claim

The use of other adjunctive materials
should be remembered. The artificial kidney
has been mentioned The course of treat-
ment of an individual requiring the artificial
kidney is interesung The Orthopaedic De-
partment at the Georgetown Umwversity
Hospital has worked closely with the other
departments in the care of injured. When 2
person is severely injured and can be splinted

only by means of skin or skeletal traction
until his general condition warrants definitive
orthopaedic surgery, the use of supporting
measures by the hematology department as
well as the adjunct surgical services is im-
portant. Those individuals so badly hurt that
they required the artificial kidney to prevent
death have been restored to life. During the
time that they were in this moribund state,
often unconscious for weeks and requiring
as much as eight 8-hour visits fo the artificial
kidney until the contused and damaged
kidneys were able of themselves to begin
functioning, fractures showed no evidence
of union. One case was followed for a period
of 9-weeks before definite treatment of his
bilateral femora or metatarsal fractures of
his feet could be carried out. Only traction
and temporary plastic cast splinting could
be used. During this period of time no bone
union whatsoever occurred. This probably
was due to reduced kidney function and to
lack of the normal protein being carried to
the fracture sites. However, once the pa-
tient began to have normal kidney function
and was in such a condition as to stand
intramedullary fixation of a fractured fem-
ora, plating of a tibia and reduction of
metatarsal bones in both feet with the ap-
plication of plastic casts, the fractures began
promptly to unite and healed with excellent
results. This is a new finding and a new re-
port, and bears out the extreme importance
of proper splinting during this period of
extreme shock. It also demonstrates the
value of the artificial kidney.

As an orthopaedic surgeon and 2 member
of the President’s Traffic Safety Committee,
the Trauma Committee of the American
College of Surgeons and the Medical Ad-
visory Committee to the Traffic Department
of the District of Columbia Police Force,
the author feels that the following recom-
mendations should be made:

1. Careful investigation of the accident
should be pursued as to make of car, body
style and condition of the highway so that
the research department record division of
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Index

Accidents, automobile, prevention, design of
cars by manufacturers, 241
dashboard and windshicld, 242
safety latches for doors, 241-242
seat belts, 242-243
highway construction by governments,
241,243
1 ons by orthoy
surgeon, 244-245
Achondroplasia, diagnosis, differential, from
Morquio’s diseasc. 147
Age as factor in incidence, fractures, 22
metastatic neoplasms of bone from carcinoma
of breast, 203
Aged, fractures. See Fractures, in aged
See also Geriatric patient
Alcohol, intravenous administration to habitual
user, as adjunct to safc anesthesia, 19
Ambulation, carly, after fracture reduction, ver-
tebral column, in aged, 30
in surgery of geriatric patient, 12
American College of Surgeons, Trauma Com-
mittee, District of Columbia chap-
ter, first aid manual, 243
Tesearch in automobile traffic safety, 243
American Red Cross, first-nid courses, automo-
bile accidents, 243
Amputations, incidence, in geriatric patient, 13
painful stumps, surgery, incidence, 1n geriatnc
patient, 13
Anderson, Roger, method of treatment of
femoral fracture, in aged, 28
Androgen therapy, “frozen™ shoulder, 171
osteoporosis, 23, 30
Anesthesia, fracture reduction, in aged, 23-24
hip, 1n aged, 27
humerus, comminuted, 1n aged, 29
general, geriatric patient, 12, 19
genatric patient, 11-12, 14-20
evaluation, preoperative, 14-15
Mmanagement, 15-18
medication, preoperative, 15
methods, 18
Postoperative care, 18
safety adjuncts, 19
h:jllatmn. fracture reduction 1n aged, 23
?Efldllxral, [?ogliom's, for genatric patient, 12
‘5‘1:3 » Continuous, gerratric patient, 18-19
e effects, in geratric patient, 17

in

Anbkle, fusion, for correction of foot deformitics
in cerebral palsy, 134
malleolus, medial, fractures, ununited, rcfrac-
ture of, 233-236
Anoxia, from anesthesia, prevention, in geriatric
patient, 15-16
Apophysitis calcane, 156
Approach, surgical, Smith-Petersen anterolat-
eral, for slipped capital femoral
epiphysis, 63-65
Arfonad, in control of elevated blood pressure
in anesthesia, geriatric patient, 17
Arm, orthopaedic surgery, incidence, in geriatric
patient, 13
Arrhythmias, cardiac, from anesthesia, geriatric
patient, 15
Arteriosclerosis, cerebral, predisposition to frac-
tures in aged from, 22
Artery, subclavian, anatomrc relations, 123
Arthnitis, hypertrophic changes, from damage
from whiplash injuries to neck,
124-125
Arthrodesis, tniple, for correction of foot de-
formities in cerebral palsy, 134
wrist, in cerebral palsy abnormalittes, 135
Arthroplasty, hip, Vitallium cup, additional
procedures, 44, 45
complications, postoperative, 44-45
follow-up study, method, 45-49
results, classification, 45-49
study of end results, 41-49
surgical technic, 42-44
Arthrosis deformans, incidence, 1n geriatric
patient, 13
Ataxia, Friedreich's, cavus foot from, 85
Athetoss, in cerebral palsy, surgical treatment,
134-135
Atlas, anatomuic relations, 124
Atrophy, Sudeck’s, 22-23
postoperative, in fracture reduction of wrist
in aged, 25, 27
Atropme sulfate, as preoperative medication,
fracture reduction in aged, 23
germatric patient, 12, 15
Austin-Moore prosthesis, femoral head, 27
At bil d See Accid
automobile

Back, examination, tn low back syndrome,
99-101
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Back (Contitued)
ligaments, tears, pain in sciatica from, 96
low, pain. See Low back pain
syndrome, See Low back syndrome
Band, iliotibial, contracture, test for, 232
Bandage, tensor, in patell y in geriatric
patient, 34
Barbiturates, as preoperative medication,
geriatric patient, 12
Bars, in fixation of fracture, pelvis, 194-200
Bellad drugs, contrai fons, regaonal or
spinal anesthesia alone in fracture
reduction in aged, 23
Bellevue Medical School, first Professor of Or-
thopacdic Surgery, Fractures, Dis-
locations and Clinical Surgery, |
Blood, altcrations in metastasis to bone from
carcinoma of breast, 208-209
pressure, observation in anesthesia, geriatric
patient, 17
transfusion, preoperative, geriatric patiént, 16
vessels, damage from whiplash injuries to
neck, 124
Bodies, loose, I’mm injury to patella, 37
Bohl pm‘ dified, intr: duliary fixation
in fracture of clavicle and forearm
bones, 227-229
Bones, age. of child, ossfication, of carpal bones
as indication, 111
of infant, ossificanion, of femoral head as
indicatron, 112
cancellous, of nech, damage from whiplash
injurtes ta neck, 123
cartijage-denved, growth disorders, Morquio's
disease See Morquio's disease
marrow, compressions, incidence, in geriatrc
patient, 13
metastatic neoplasms, from carcinoma of
breast, 202-214
alteratrons in blood and urine, 208-209
clintcal aspects, 209-210
dstribution, 205-207
fractures, pathologie, 211
incidence. 202-203
pathologic features, 207-208
prnimary leston, characteristics, 203
roentgenographic findings, 210-211
routes, 203-205
sites, 206
time relationshps, 211-213
Bone graft, femoral neck, from fibula, 1 80, 18!
from ilium, 181
Bowlegs, incidence in all cases treated (1863- 86)
by The Hospital of the New York
Society for the Relief of the Rup-
tured and Crippled, 5§

Braces, corrective, i athetosis without deform-
ing contractures, 135

Brailsford, J. F., recognition of chondro-
osteodystrophy, 138

Brailsford’s disease. Sec Morquio’s disease

Breast, carcinoma, metastasis to bane. Se¢ Bone,
metastatic neoplasms, from carci-
noma of breast

Bronchopul .V“r'.-r pera-
tive, incidence, in geriatric patient,
13

Calcium, excessive, avoidance in osteoporosis,
23

Carbon dioxide, removal, in anesthesia, geriatric
patient, 16-17
Cardiovascular complications, in surgery of
geriatric patient, 12
Cardiovascular falure, postoperative, incidence,
in geriatric patient, 13
Caruilage, Morquio’s disease. See Morquio’s
discase
Casts, localizer, in prevention of increase in
lateral curve mn scoliosts, 118, 119
material, improvements, 244
plaster, in fracture reduction, hip,
intertrochanteric, 28
humerus, in aged, 29
after patellectomy, geriatric patient, 34
proper length, in fracture reduction of wrist
in aged, 24
Chloroform as anesthetic agent, geriatric patient,
15

hver damage from, n geriatric patient, 15
Chondrodystrophy, atypical, 157
Chondro-osteodystrophy, recognition of, by

Brailsford, 138

See also Morquio's disease
Clamps, m fisation of fracture, pelvis, 194-200
Clavicle, fracture, intramedullary fixation, par-

tially threaded round pins with over-
swzed threads, 227-229
Clubfoot, congenital, in Morquio’s disease, 139
Colles’ fracture, in aged, treatment, 24

wcidence, 10 aged, 2

mnnazemcnl thumb traction, 222-223
C lies, fingers, mecha-

N mism, reconstruction, 219-221
Contracture, Dupuytren’s, of hand, incidence.
in geriatric patient, 13

tliotsbial band, test for, 232

Cornell University's A1+~

C

C



Index 249

Cova, vara (Continucd)
in Morquio's discasc, 144
Curare with anesthesia, geriatric patient, 12
Cyclopropane as anesthetic agent, geriatric
patient, 15

Deafness, in gargoylism, 144

Degenerative changes, progressive, after patel-
lectomy in geriatric paticnt, 35

Demerol, as preoperative medication, fracture
reduction in aged, 23

geriatric patient, 15

Diabetes mellitus, geriatric paticnt, control be-
fore anesthesia and surgery, 17-18

Diathermy, for low back syndrome, 108

Diet therapy, osteoporosis, 23, 30

Diplomyelia, cavus foot from, 85

Disk, cervical, syndrome, from whiplash injuries
to neck, 124

intervertebral, anatomy, 185
lumbar, herniation, wncidence, in geriatric

patient, 13

District of Columbia Medical Society, Traffic
Committee, assistance to drivers in-
volved in automobile accidents, 244

Dogliotti’s peridural anesthesia, geriatric patient,

2

Dupuytren’s contracture of hand, incidence, in
geriatric patient, 13
Dwarfism, in Morquio's disease, 139-141
spinal, 157
Dysostosis(es), enchondral, 154-166
etiologic relationship to other orthopaedic
diseases, 159
y polytopic h
. quio’s disease
multiplex, See Morquio's discase
Dystmphy, neurovascular, postoperative, 1n
fracture reduction of wrist in aged.
25,27

dral. See Mor-

Edema, postoperative, 1n geratric patient, 13

Eicher prosthesis, femoral head, 27

Elbow, orthopaedic surgery, incidence, in
geriatric patient, 13

Electmcardxogmm, continuous, as adjuffct to
sxagfe anesthesia in genatric patient,

Emboal. m, 1 1y
pulr Yy, after P ly mn
getiatric patient, 35
Epinephrine, cori
. in a
1203 nesthesta, geriatric patient,

Estrogen therapy, “frozen” shoulder. 171
Et:steopomsis, 23,30
Ethe§ a5 anesthetic agent, geniatrsc patient, 11
91 chloride as anesthetic agent, geriatric
patient, 15

Ethy! chloride as anesthetic agent (Continued)
tiver damage from, in geriatric patient, 15
Ethylene as anesthetic agent, genatric patient,

15

Evaluation of condition of patient, preoperative,
genatric patient, 11, 14-15
Exercises, after fracture reduction, humerus, in
aged, 28-29
postural, for low back syndrome,
101, 105-108
resistance, after patellectomy, 34-35
Extremities, Jower, examination, in low back
syndrome, 99-101
orthopaedic surgery, incidence, in geriatric
patient, 13
shortening, in Morquio’s disease, 141-144
upper, orthopaedic surgery, incidence, in
geriatric patient, 13
Eye(s), cornea, clouding, in gargoylism, 144
in Morquio’s disease, 141

Face, in gargoylism, 141
n Morquio's disease, 141
Fascia, deep, neck, damage from whiplash
injuries, 121-122
Femur, abnormalitres, in Morquio’s disease, 144
head, dissection at epiphyseal plate, 64-65
cpiphysis, slipped, 63-80
case reports, 66-79
treatment, 63
complications, 65
incistons, 63-65
postoperative, 65-66
Smith-Petersen nail, 65, 66
surgical approach, 63
threaded wires, 65-68, 70-73, 76-79
flattening, 1n Legg-Calvé-Perthes disease,
155

fracture, replacement with metal stem
prosthesis, n aged, 26, 27
necrosss, aseptic, postoperative, 1n shpped
epiphysis, 63
ossification, as indication of bone age of
fant, 111
transection, as complication of surgical
treatment of slippedl epiphysis, 65
neck, fractures, displaced, medullary nailing,
results, 179-180
impacted, medullary nailing, results, 179
meidence, in geriatric patient, 12
necrosis, avascular, 181-182
treatment, medullary nailing, follow-up
(2 to 9 years), 181
multiple, 177-183
results, 179-180
secondary operations, 180-181
technic, 177-179
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Femur, neck (Continued)
traumatic lesions, meidence, in geriatric
atient, 13
Fibrillation, ventricular, from anesthesia, geri-
atric patient, 15
Fingers, congenital deformity, eatensor mecha-
nism, reconstruction, 219-221
exercise, after fracture reduction of wrist in
aged, 25
stiffness, coldness and pain, after fracture re-
duction of wrist in aged, 25, 27
Thiemann’s discase, 157
First aid, courses, American Red Cross, 243
manual, by Trauma Committec of the Amer-
ican College of Surgeons, Disteict
of Columbia chapter, 243
Flatfoot, hecl following forefoot, 86
Fluids administration, high intake, in
ostcoporosis, 23
Foot {feet}, arch supports, for corrcction of de-
formitics in cerebral palsy, 134
cavus, characteristics, 85
correction, fusion of first metatarsocuner-
formnavicular joints, 85-92
results, 88-92
technic, 86-92
fiexible foot, 86-87, 89-90
markedly deformed and nigid foot.
90,92
plaster wedgings, 86, 88-89
etiology, 85
flexible, definition, 85
drop, paralytic, ¢orrection by hemigastro-
soleus transplant, 81-84
aftercare, 82
operative techmic, 81-82
results, 82-84
equinus, treatment, conservative, 134
heel, contraction of cord, recurrence in
spasticity, 135
normal, heel following forefoot at rest and in
weight-bearing, 86
orthopaedic surgery, mcidence, m genatnc
patient, 13
rotation, mternal, in walking, in cerebral
palsy, 135
See also Pes
Forearm, fracture(s), mtrameduilary fixation,
partially threaded round pins with
oversized threads, 228, 229
management, thumb traction, 222-223
orthopaedic surgery, incidence, in geriaine
patient, 13
Forefoot, relations, normal contrasted with pes
planus and cavus, 86
Fracture(s), m aged, 21-31
anesthesia, 23-24

Fracture(s), in aged (Continued)
difference in mechanism and type of trauma
from younger individuals, 21
hip, treatment, 25-28
humerus, treatment, 28-29
incidence, 21
postoperative care, 27
predisposition of susceptibility, factors,
21-22
treatment, consideration of entire physical
condition of patient, 21
carly ambulation, 30
vertebral column, treatment, 29-30
wrist, treatment, 24-25, 27
Colles, manageraent, thumb traction, 222.223
inctdence, in geriatric patient, 12
See also individual bones and jors; also
names of Jractures
Friedreich’s ataxia, cavus foot from, 85

Gaenslen's sign, 1n low back syndrome, 100, 101
Gait, scissors, in cerebral palsy, 135
Gargoyhsm, diagnosis, differential, from Mor-
quio’s discase, 147
first description by Hunter and Hurler, 138
forms, typical and atypical, 139
genetic aspects, 148149
synonyms, 139
See also Morquio's disease
Georgetown University Hosputal, Orthopaedic
Department, use of artificial kidney
as adjunct in treatment of victims of
aytomobile accidents, 244
Geriatric patient(s), anesthesia See Anesthesia,
geriatric patient
orthopaedic surgery,11-13 .
anesthesia. See Anesthesia, gertatric patient
cvaluation of condition preoperatively,
11, 14-15
fractures, incidence, 1213
patellectomy. See Patellectomy, geniatnc
patient
;rremedlcation. 12,15
reduction of operative risk, 11
See also Aged

Hallux valgus, mcdence, in gertatne patient, 13
Hand(s). abnormalities, 1n cerebral palsy, surgi-
cal treatment, 135-136
1n Legg-Calvé-Perthes disease, 155-156

wn Morquio’s disease, 143, 144 .
contracture, Dupuytren's, incidence, m geri-
atric patient, 13
orthopacdic surgery, medence, jn genatne
patrent, 13
Head, in Morquo's disease, 141
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Heart, enlargement, in gargoylism, 144
cvaluation of condition, preoperative, geri-
atric patient, 14-15
falure, in gargoylism, 144
Height (stature), in Morquio™ discase, 139-141
Hemangiomatosis, 154
Hemarthrosis, after patellectomy, in aged, 35
Hemorrhage, intracranial, from hypertension
during surgery, geriatric patient, 17
into muscle, in whiplash injurics to neck, 122
subperiosteal, in whiplash injurics to nech, 123
Hepatomegaly, in gargoylism, 144
Heredity as factor in tncidence, Morquio's
discase, 146, 148-151
Hernia, intervertebral disk, lumbar, incidence,
in geriatric patient, 13
Hip(s) or hip jomnt(s), arthoplasty, Vitallium
cup, 41-49
additional procedures, 44, 45
complications, postoperative, 44-435
follow-up study, method, 45-49
results, classification, 45-49
surgical technic, 42-44
arthrosis deformans, incidence, in geratric
patient, 13
bone, anatomy, 238
contractures, flexion, correction, skeletal fix-
ation of pelvis, 237-240
fracture(s), in aged, complications, postop-
erative, and hospitahzation period,
53-54
preoperative, 52-53
prognosis, 28
relation of preoperative evaluation and
preparation to morbidity and mor-
tality, 51-54
time lapse between inury and surgery,
53

treatment, 25-28
mcidence, in aged, 21
Intertrochanteric, communuted, 1n aged.,
treatment, 26, 28
intracapsular, i aged, treatment, 25
In Morquio's disease, 140, 142, 144, 145
orthopaedic surgery, incidence, 1n geratric
patient, 13
Hormones, steroud, therapy, “frozen” shoulder,
171-172
Osteoporosis, 23, 30
Hosputal of the New York Society for the Relief
of the Ruptured and Crippled, The,
H leadership of James Knight, 1-8
Ospitalization period, postoperative, fractures,
Huet hip, in aged and disabled, 53-54
e er-ankn;a}nn’s epiphyseal pressure rule,

Humerys, fracture(s), in aged, 28-29

Humerus, fracturc(s) (Contintted)
comminuted, in aged, 28
incidence, in aged, 12
head, malacia, 157
nech, fractures, incidence, in aged, 21
Hunter, C,, first description of gargoylism, 138
Hunter-Hurler’s syndrome. See Morquio's
discase
Hurler, G., carly description of gargoylism, 138
Hydrocortisone therapy, neuroma of plantar
digital nerve, 224-225
Hypercalcuuria, prevention, in osteoporosis, 23
Hypertension, during anesthesia, intracranial
hemorrhage from, in geriatric pa-
tient, 17 .
Hypotenston, 1n anesthesia, geriatric patient, 17
fracture reduction, 23
Hypoxia, from anesthetic agents, geriatric
patient, 15

Ilwm, apophysis, capping, 111, 112
ossification, completion, 111-113
excurstons, 113
as sign 1n management of scobosis, 111-119
case studies, 114-119
fracture, 194
Intelhigence, involvement, in Morquio’s disease,
144-145
Intubation, endotracheal, geratric patient, 12
Ischium, fracture, 194

Johansson-Larsen disease of patella, 157
Jont(s}, damage from whiplash injuries to neck,
24
metatarsocuneiformnavicular, first, fusion, for
correction of cavus foot See Foot,
cavus, correction, fusion of meta-
tarsocuneiformnavicular joints
sacro-1liac, anatomy, 104
avulsion, m fractures of pelvis, 194
stiffness, postoperative, in geriatric patient,
13

Kidney(s), artificial, as adjunct in treatment of
vicims of automobile accidents,
244
evaluation of conditionm, preoperative, geri-
atric patient, 15
Knee(s), flexion, disabling, in cerebral palsy,
135

mcidence 1n all cases treated
(1863-86) by The Hosputal of the
New York Soctety for the Relef of
the Ruptured and Crippled, 5

n Morquto’s disease, 142
orthopaedic surgery, incidence, m genatric
patient, 13

knock,
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Knight, James, biographical sketch, 1-8

Knock knees, incidence in all cases treated
(1863-86) by The Hospital of the
New York Society for the Relief of
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Manipulation, slipped ¢apital femoral epiphysis,

Medication, postoperative, fracture reduction tn
aged, 23
preoperative, fracture reduction in aged, 23
geriatric patient, 12, 15
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Metatarsalgia, from neuroma of plantar digital
nerve, 224
Minerals, therapy, “frozen” shoulder, 170, 173
osteoporosis, 23
Morbidity, fractures, hip, in aged and dlsﬂbl.edv
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operative, fracture reduction, hip, in aged,
27,28
geriatric patient, 13
poliomyelitis, 243
Muscle(s), biceps brachii, anatomy, 48
examination, in cerebral palsy, 135
gastrocnemius, transplant, in correction of
paralytic footdrop, 81-84
hemorrhage into, in whiplash injuries to neck,
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imbalance, logal, cavus foot from, 85
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atric patient, 35

Nail, medullary. See Medullary nail
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tional stability of drivers of automo-
biles, 244
Neck, anatomy, 122-124
mjurigs, mild cerebral concussion with, 120
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joints, 124
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Nerve(s) (Contintted)
plantar digital, neuroma, treatment, 224-226
trunks, damage from whiplash injuries to
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Neuromuscular control, imperfect, as factor in
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Nitrous oxide as anesthetic agent, geriatric
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Opiates, as preoperative medication, geriatric
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Osgood-Schlatter disease of tibial apophysis, 156
Osteoarthritis, hip, 41-42
Osteochondrodystrophia deformans. See
Morquio's disease
Osteochondrodystrophy, 157
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mechanical, 159-160
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roentgen examination, 163
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etrology, 185-186
symptomatology, 196-189
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etiology, 22
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predisposition to fractures in aged,
22

Niacin therapy, “frozen™ shoulder, 170, 171

Nitrous oxide as anesthetic agent, geriatric
patient, 11, 15
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pawnful, postoperative, in geriatric patient, 13
postmenopausal, 22 i

predisposition to fractures in aged from, 22



254 Index

Osteoporosis (Contimited)
senile, 22
treatment, 23, 30
Osteotomy, for slipped capital femoral
epiphysis, 63
subtrochanteric, for fraclures, femoral neck,
18§

Palsy, cerebral, management, role of ortho-
paedic surgeon, 132-136
case studies, 132-133
teamwork, 133
Panner’s disease of patells, 157
Patella, fracture, incidence, in geratnic patient,
12

jury, gerlatric patient, diagnosis, 33
malacia, 157
Panner's disease, 157
traumatic lesions, incidence, in genatric
patient, 13
Patellectomy, genatric patient, 33-39
£ase reports, 38-39

ons

perative,
jury or disease, 36-37
early, 35-37
late, 35-37
wdications, 33. 34, 38
postoperative carc, 3+4-35
resufts, 37-38
technic, 33-34
Patrick test, in low bach syndrome, 100, 101
Pectus canmatem in Morquio’s discase, 140, 141
Pelvis, deformuy, in Morquio’s discase, 143,
145
fracture(s), commmuted, fixation, 194-200
case reports, 196-200
madence, i genatric patient, 12
skeletal fixation 1 correction of hip flewon
contractures, 237-240
traction on, for fow back syndrome, 101, 104,
105

Pentobarbital Sodwm. s anesthetse agent, de-

pression of respiratory center, 16

as preoperative medication. genatric patient,
15

Pentothal Sodium as anesthetic agent. depres-
ston of respiratory center by, 16
genatric patient. 11
Periostcum, damage from whiplash injuries o
neck, 123
Pes, cavus, heel Io]lo“mg‘furefoot at rest and
in weight-be= " # .7
heel followng ~
weight-bearif z
See also Fool . . )
praundier-Hutler's syn® - o'
disease

~
planss, rest and in

Phlebothrombosis, postoperative, incidence, in
genatric patient, 13
Phosphorus, excessive, avoidance in
0steaporosis, 23
Physical therapy, “frozen” shoulder, 172-173
Pin, Bohlman, modified, intramedullary fixatian
in fracture of clavicle and forearm
bones, 227-229
in fixation of fracture, pelvis, 194200
Steinmann. See Steinmann pin
Plastic surgery, incidence, in geriatric patient,
13

Plate fixation, materials, improvements, 244
with medullary nailing, fractures, hip, inter-
trochanteric, 26, 28
Plexus, brachial, anatomic relations, 123
Posttion of patient, operative, comfort of ger-
atric patient, 17
effect on respiration, 16
Postoperative care, geriatric palient, 18
Process, odontoid, anatomic relations, 124
Prosthesis, femoral head, in aged, 26,27
1w fractures femoral neck, 181
types, 27
humeral head, in aged, 29
Protein, gh content m diet, as therapy,
osteoporosts, 23, 30
therapy, “frozen™ shoulder, 170-171
Pubis, fracture, 194
Puncture, spinal, pamn in lower back from, 185

Quadriceps muscles, delayed recovery of func-
tion after patellectomy 1n genatric
patient, 35

Race «s factor in ncidence, osteochondroses,
juvensle, 160
Raduws, abnormaliies, 1n Morquio's disease, 143

fracture, i dulfary fixation, Si
in., 228
head, traumatc lesions, eidence, in geriatric
patient, 13
shortening, 1 fracture reduction of wnst i
aged,.25 .
Reflex resp atred, as factor in predis-
“ractures wn aged, 22
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Rrchets, deformities from, trez P N
used by James Knight, 7
diagnosis, differential, from Morquio's
discase, 147
incidence in all cases treated (1863-86) by
The Hospital of the New York So-
cicty for the Relief of the Ruptured
and Crippled, §
Roentgen examination, metastatic neoplasms of
bone from carcinoma of breast,
210211
in Morquio's discase, 142-144
Russell-Rose-Saint Elizabeth’s slow drip method,

Sayre, L. A., first Professor of Orthopacdic Sur-
gery, Fractures, Dislocations and
Clinical Surgery at Bellevue Medi-
cal School, 1
Scheuermann's disease, 156
Sciatica, etiology, 93
Scohtosis, case studies, 114-119
deformity, b static with p!
of vertebral growth, 113, 114
ncrease, average, 113
localizer cast without surgery in prevention of
increase of curve, 118, 119
management, iliac apophysis as sign, 111-119
sciatic, 99
Seopolamine, as preoperative medication, geri-
atric patient, 12
Screws 1n plate fixation, materials, 1mprove-
ments, 244
Sex as factor in incidence, fractures 1n aged, 22
gargoylism, 148
Shggh&)paedic.surgery of geriatric patient, 13
s, correculve, lfgo! deformities 1n cerebral
palsy, 134
Shoulder, attainment of full motion after frac-
dslocati ture reduction of wrist in aged, 25
i ations, xnu‘dcm:c', L] geriatric patient, 12
acture-dxslc.canons‘ incidence, 1n genatric
“ patient, 13
frozen,” 168173
etiology, 168-169
Pathogenesis, 169
lrealmgnt, medical, 169-172
minerals, absorption and utilization,
170, 171
proteins, absorption and utilization,
170-171
thyroid, 171-172
""i‘%?sl,ﬁbsorptim and utilization,
0Phys-cal therapy, 172-173
Paedic Surgery, incidence, n geratric
Patient, 13

on

orth,

Shoulder (C: d)
pain, treatment, abduction, observations from
studies, 230-231
Sign, Gaenslen's, in low back syndrome, 100,
101

Silfverskiold’s disease. See Morquio's disease

Skin, neck, damage from whiplash injuries, 121

Skull, disorders, in Morquio’s disease, 142

Sling-swathe technic after fracture reduction,
humerus, in aged, 28, 29

Smith-Pctersen nail, fracture reduction, femoral
neck, displaced, 179-180

hip, 1n aged, 27
slipped, capital femoral epiphysis, 65, 66
Y i B A

Spasm, muscllc: |;\ whiplash injunes of neck,
treatment, 126

Spasticity, treatment, surgical, wrist fusion, 133

Spina bifida, cavus foot from, 85

Spinal cord, orthopaedic surgery, incidence, in
geriatric patient, 13

Spine See Vertebral column

Splenomegaly, n gargoylism, 144

Spondylolisthesis, cavus foot from, 85

Stature See Height

Steinmann pin, in fracture reduction, hip,
intertrochanteric, 28

modiied, clavicle and forearm bones,
227-229
hip, flexion contractures, correction, skeletal

fixation of pelvis, 237-240

Stomach, emptying, before induction of anes-
thesta 1n emergency surgery of geri-
atric patient, 17

Sudech, atrophy of. See Atrophy, Sudeck’s

Sulkowitz test of urine, m “frozen” shoulder,

Surgery, orthopaedic, as specialty, beginning in
United States, 1

Tendon(s}, Achilles, stretching, for foot equi-
nus, tn cerebral palsy, 134
biceps, brachiy, rupture case report, 56-59
diagnosis, 56, 57
operative technic, 37-59
pathology, 56-57
neck, damage from whiplash mjuries, 123
patellar, new bone formation in, after patel-
lectomy, 35-36
rupture, after patellectomy in genatric pa-
tient, 34, 35
Tenodesis, McMurray, with patellectomy, geri-
atric patient, 35
Tenotomy, for disabling knee flexion in cerebral
palsy, 135 -
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Tentotomy (Continued)
for foot equinus in cerebral palsy, 134
Test, Gaenslen's sign, in low back syndrome,
100, 10}
Ober’s, contracture of iliotibial band, 232
Patrick, in low back syndrome, 100, 101
rocking, in low back syndrome, 99, 100
straight-leg-raising, in low back syndrome,
99-101
Sulkowitz, of urine, in “frozen” shoulder, 170
Thomas, contracture of iliotibial band, 232
Thiemann’s disease of fingers, 157
Thigh, orthopaedic surgery, incidence, in geri-
atric patient, 13
Thiopental sodium, See Pentothal Sodium
Thomas fest for contracture of iliotibial band,
Thompson prosthesis, femoral head, 27
Thorax, 1n Morquio’s disease, 141
Thrombo-embolisms, in surgery of geriatric
patient, 12
phiebitis, after p
atric patient, 35
Thrombosis, coronary, after patellectomy 1
geriatric patient, 35
dunng or after surgery, genatric patient,
17
penipheral veins, during or after surgery, geri-
atric patrent, 17
Thumb, traction, fractures, Colles and forearm,
222-223
Thyroud, therapy, “frozen” shoulder, 171
Tibia, apophysts, Osgood-Schlatter disease, 156
Traction, Russell’s, postoperative, in shpped
capital femoral epiphysis, 65
thumb, fraciures, Coiles and forearm,
222-223
as treatment for fracture, hip, wntertrochan-
tersc, 28
tor whiplash injuries of neck, 126
Traffic safety, viewpomnt of orthopaedic sur-
geon, 241-245
Trendelenburg posttion, for counteraction of
sudden fall 1n blood pressure 1 geri-
atric surgical patient, 17
Trichloroethylene as anesthetic agent, geratric
patent, 15
liver damage from, sn geratric patient, 15
Trilene as anesthettc agent, genatric patient, 11
Tubadil therapy, low back syndrome, 100-101,
107, 108
Tuberculosis, osteoarticular, wncidence, in geri-
atric patrent, 13
Tumors, incidence, in geriatric panent, 13
Turnbuckle, in fivation of fracture, pelvis, 195

Thromt 1 y in geri-

Ulna, distal end, rescction, in cerebral palsy

abnormalities, 135

fracture, intr jullary fixation, S
pin, 228

resection of portion, in fracture reduction of
wrist in aged, 25

shortening, in Morquio's disease, 143

styloid process, fracture, in aged, treatment,
2.

Urine, aiterations in metastasis to bone from
carcinoma of breast, 208-209
concentration, prevention, in osteoporosis, 23

Venectasias, 154
Vertcebrae, abnormalities, in Morquio's disease,
142-143

damage from whiplash injuries to neck, 123
facet syndrome, from whiplash injuries to
neck, 125126 !
fractures, from whiplash injuries to neck,
124-126
growth completion, indtcated by development
of iliac apophysis, 111
Vertebral column, fractures, in aged, 29-30
compression, incidence, in aged, 21
with osis, tn aged,

29.30
lumbar, deformuty, in Morquio’s disease.
41, 143
osteomyelitis, postspinal anesthesia,
185-191
case reports, 189-191
ctiology, 185-186
symptomatalogy, 186-189 i
lumbosacral section, immobilization with cor-
set, for low back syndrome, 101,
104-105, 108
Vitalhum cup arthroplasty, hip, additional pro-
cedures, 44, 45
complications, postoperative, 44-45
follow-up study, method, 45-49
results, classification, 45-49
study of end results, 41-49
surgical technie, 42-44
Vitamin(s), B, therapy, “frozen” shoulder, 170,
171

C, therapy, “frozen” shoulder, 170, 17}
osteoporosts, 23, 30
therapy, osteoporosis, 23

Walking, abnormalities, 1n cerebral palsy, 135

Wedges, heel, for correction of foot deformuties
in cerebral palsy, 134

Wedging, plaster, correction of cavus
8

-8!

foot, 86,
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Vires, threaded, for internal fixation, slipped
capital femoral epiphysis, 65-68,
70-73, 76-79

Vrist(s), abnormalitics, in Morquio's discasc,
143

arthrodesis, in cercbral palsy abnormalities,
135

bones, ossification, as indication of bone age
of child, 111
fractures, in aged, treatment, 24-25, 27
cast, proper length, 25

Wrist(s), fractures, (Continued)
cosmesis as consideration, 24
functional vs. anatomic results, 24
comminuted, in aged, 24
incidence, in geriatric patient, 12
fusion, for spasticity, 133
orthopaedic surgery, incid in geriatric
patient, 13

Xylocaine as ancsthetic agent, geriatric patient,
12









