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THE ANATOMICAL BASIS FOR LOW BACK PAIN

Studies on the presence of sensory nerve endings in ligamenlons
capsular and 1ntervertebral disc structures in the human lumbar spine

By

Cari HirscH  Bo ERic INGELMARK and \{ALCOLME MILLER

Clinteal Introduction

In spite of numerous chimical and patho anatomical studies during
the past there are still different opinions econcerming the interpretation
of low back pam The site of the underlsin, pathology has been focused
on two arens the discs and the yvertebral joints Degenerative changes
n the lumbar dises have 1n many centres evidently heen accepted as
the mamn source of low hach pamn as ruptures n the postertor part of
the annulus are often the cause of sciatica

Sensory nerve endings have hitherto not been found elsewhere 1n
dises than in the long back higaments and at the site of junction of the
posterior longitudinal hgament with the annulus fibrosus Hovelaque
1920 Jung & Brunschuwng 1932 Tsukada 193% Roofe 1940 Ehrenhafl
1943 W iberg 1949 Low back pain was therefore explamed as a disorder
where the posterior longitudinal haament was mechaniealls affected

Attempts to measure the amount of deformation at the outer borders
of normal wnd degeneratine mterspaces proved that differences mn de
formation hetween normnl and pathological dises were vers small
Hirsch 1904 1926 When however the mtradiscal pressure was in
creased by injection of normal saline or contrast maternl for radio
graphic purposes low backh pam of chneal wlentity could be repro
duced Lindblom 1948 Hirsch 1948 The intradiscal pressure has heen
studied by Nachemson 1960 Normally the nucleus follow hivdrodvna
mic lans In degenerated discs the pressure distribution varies Mea
surements and mechanical analvzes alustrated that the annulus could
be subjected to considerable stress

1 ACT ORTII Xxxil 1
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W hen degencrated dises were studied histologieally 1t was often
notcd that great numbers of blood vessels had grown between the rup
tured and deteriorated collagenous annulus bundles Hirsch & Scha
Jowrez 1952 The areas where granulation tissue could be found were
thought likels sites of sensory nerve terminations However nere en
cings have not as vet been observed 1n this location

W hile 1t has been easy to find evidence of pathology 1n dises but dif
freult to rllustrate sensors nerve endings to explain the sxmptomatology
the reverse 1s true of the vertebral joints Ghormley 1n 1933 coned 1he
facet sxndrome to which Badgley 1941 concluded The anatomeal
possibilities for the articular facets to play a more or less active part
the production of low back pan are obvious but pathelogical evidence
15 not vet sufficient to make this statement a fact

Pedersen Blunch & Gardner 1906 determined the distribution of the
lumbosacral posterior ram and the sinu vertebral branches of spinal
nerves The posterior ramr 1n addition to their cutaneous and muscular
distribufion give sensors fibers fo fascia hgaments periosteum and
mtervertebral joints Adjacent divssions overlap in their area of supply
Interspinous hgaments are supplied mamls by branches from the next
cramal level Sinu vertebral nerves supply postertor longitudinal higa
ment dura mater periosteum and blood vessels show intersegmental
anastomoses and contan sensory fibers

The pattern of low back pun 1s complex A varnets of symploms pre
sent different tspes of clinical pictures esen 1n the same patient over
a pertod of ime It 1s possible that the disc patholegy mav affect the
function of joints and hgaments 1n mnterfering with a funchional ana
tomical umt or that we have to accept more than one localization of the
pathology It has been suggested that chimieallv a painful stimulus to
anv deep structure in this region s poorls localized and ean give nse
to a common symptom complex Pedersen Blunch & Gardner 1956

It 1s hovewer felt that studies on the pattern of sensory nenve ¢n
<ings and therr modalities 1n the different structual elements mn the
lumbar spine mas offer further neuro anatommcal explamation for
lumbago

The analomy of the lumbar spine

The basic anatomical and funchional unit of the vertebral column s
the arhicular triad consisting of the fibrous intervertebral jomt and
the two ssvnosial vertebral joints This articular triad 1s stabihzed at
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the jonts of the extrcmities by 1 hgamentous apparatus and permts
movements 1n the spine hy the action of 4 complex coordmation of
muscle function and gravity

The details of the fibrous interscrichbral joint have long been well
Lnown and the synovial intervertebral jomts have recently been restu
dicd by Lewen, Moffett & V udih 1961

The fibrous sntersertebral joint 1s formed by two adjacent vertebral bodies and
the intervertebral dise The disc consists of the annulus fibrosus and the nucleus
tulposus The annulus shows a complex system of fibers forming lamellae or
bundles Part of the outer lamellae which run parallel to the long ligaments 1s
conmected by means of a preparatory calcified zone with the marginal bone edge of
the vertebral body Erdherm 1931 The inner and the largest part of the anoulus
Dibers run obliquely 1ato the cartilaginous plate of the vertebral body and become
attached to the subchondral bony layer Ihe nucleus pulposus which consists of a
three dimensional network of collagen fibrils enmeshed 1 a mucoprotem gel 1s
situated 1n a cavits yn the centre of the apnulus fibrosus

In the lumbar synovial vericbral jomnts the superior articular pro
cesses arc 1n contact with the inferior articular processes of the superior
vertebra The superior joint facet 1s faced medially and bachwards and
15 gently concave The inferior one 1s therefore convex and faced late
rally and forwards The joint capsule 1s attached close o the dorsal and
ventral margins of the Jomnt but at the superior and nferior ends therc
arc fatfilled articular recesses Ventrally and dorsall) the capsule 15
reinforced by direct tacts with surr d and tcndons
Where the falfilled recesses communicate with the joint cavity the
adipose fissuc ferminates as a synosial fat pad The adipose tissue of
the superior recess 1s continuous with that around the spinal nerve n
the mtcnvertebral foramen The adipose tissuc deep to the multifidus
muscle extends nto the inferior recess of the joint The mulhifidus
muscle covers the lumbar vertubral synovial joints on all sides execpt
venirally where the jomnts are 1 direct contact with the ligamenta
flaza

The higaments of the vertebral bodies arc the ventral and dorsal
longitudinal ligaments Accordin, to Beadle 1931 and Hirsch & Scha
Jowic. 1992 the ventral igament consists of dense fibrous connectise
tissne 1n close union with the annulus fibrosus while the posterior lia
ment 1s thinner and consists onlv of a series of fanlike hands which
wre not particularhy firmly attached to the dise

The hgaments of the verichral arches arc the mterspinous including
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Fig 1
The ligaments of the Jumbar spine

the supraspinous group the intertransserse and the hgamenta flma
Of these the winterspinous higament 1s a true h.,ament

The flavum ligament has the structure and function of a ligament
but 1t also acls as a fibrous capsule on the ventral surface of the lumbar
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svnovial joint and as an elastic band heeping the spmal nerves free
from compression when passing through the inersertebral foramen
during mosements i the lumbar spine The mtertransserse igaments
appear more as a part of the lumbo dorsal fase1n than as true higa
ments

Besides the mulhifidus muscle which seems to be 1 so called articular
musele for the synovial intervertebral joints the muscles of the lumbar
region are the sacrospinahis muscles Thev are attached to the posterior
surface of the sacrum and the 1liac crest and nsert lateral of the angu
lus of the ribs The multifidus muscle covers the intervertebral jomnts
m its run from the mamillary process to its insertion on a spinous pro
cess on 1 level one to two vertebrae above

The blood sessels of the lumbar spine are branches of the lumbar
arteries which run on the lateral aspect of the vertebral bodies and
pass close to the intervertebral foramina At this level they gne off
branches to the structures of the vertebral canal the vertebral arches
with their jomnts and muscles of erector trunay

The nerve supply 1s to some extent shll unknown The vertebral
arches and the structure posteriorly to them get their nerves from the
dorsal ramus of the spinal nerves This ramus 1s running 1n the groove
formed by the junction between the transverse and superior articular
processes Thus 1t 1s first found on the lateral aspect of the superior
articular process and then on the medeal aspect of the inferior articular
process During this course 1t gives off branches to the intervertebral
Jomnts and the erector muscles

The basic arhcular unit of the vertebril column s as mentioned
above the two synovial vertebral Joints and the associated fibrous mter
vertebral yjoint A movement 12 anvone of these three jomts influences
and 1s influenced by the other two joints in the trind

Durning flexion and cxtension of the spie the lumbar articular pro
cesses exhubit hilateral shding mosements 1n the sagittal plane while
the nucleus pul undergoes displ. cither dorsally or ven
trally The lumbar vertebral jomts appear anatomically designed to
faealitate such movements 1n that their contact surfaces are parallel to
the sagittal pline They allow the mobihty which 1s necessary to accom
modate displicements of the nucleus pulposus and at the same time
lend lateral stability to the spine Lateral bending of the spine occurs
by means of simlar shding movements n the vertebral joints On the
flcxed side each articular process moves nto its articular recess
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If anv rotation occurs at the lumbar synovial joints 1t takes place not
through an articular mechamism but by means of the shght degree of
clasticity which 1s found 1n arhicular tissues

Fig 2
A drawing showing some of the topegraphical relationships 1n the lumbar spine
1 Dcrsal ramus of spinal nene 2 Spinal nerne 3 Ligflavum 4 Intertranssverse
ligament 5 Lumbar arters

Vethods of studying nerve endings

Nerve endings mav be demonstrated histologically by either heavy
metal impregnation of formalin frxed tissue or by intrautal staining
with methvlene blue In anatomical regions such as in hgaments or
Joint capsules or in other deepls located fibrous structures nerve ler
minations are relatinvely scarce as compared with the more richlx
nervated cutaneum The use of methslene blue methods s parficutirls
useful for the studv of deep fibrous structures as large areas of tissue
ma be stained and studied Entire joint capsules or broad expansis
of igaments or tendons miv be stamed esther by perfusion or im
mersion with methvlene blue and the nerve endings can be visualized
and photographed Mcthiiene blue has the added adivantage of starming
verv small fibers and with experience one mav readily differentiate
between nervous and connective tissues

W ith heavy metal technies (staming wath gold or silver impregnation
methods) one 1s imited to 2 study of much smaller areas of tissues 15
scetions must be madc and 1t 1s often very difficult to stmin or marh
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Nerve endings assceiated with two small groups of fat cells in the interspinous
lLigament between two Jumbar vertel rac X 250

the finer fiburs or endings and the problem of connectrve lissue wnd
nenvous tissuc differentiation 1s ilwavs present

In our cxperience we have had verv good results with the use of
both methilene blue perfusion or immersion technies Miller et al
1958 Wdler & hasahara 1909 1 1929 b Ralsfon et al 1960 Vuller et
al 1960

We have been able to demonstrate nerve fibers and endings 1n the
ligamentous and joint capsular structures of the lumbar back by use
of the methylene blue ummersion technie The lumbo-dorsal fascia
the supraspinons and interspinous hguments the liimenta flava the
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Fig 5
Free fiber endings 10 the outermost layers of the annulus fibrosus just helow the
posterior longitudinal ligament in the lumbar area X 50

vertebral dises have been obtamed fresh from surgery and stuned by
methylene blue :ammerston These structures as well as the anterior and
posterior longitudmal I aments and decper portions of the annul
fibrost have heen studied mn relitively fresh cadwer material ( four
hours post mortem) Because lining tissue 1s required when using
the methilene blue technie surgically obtamed tissues are more sths
factory than autopsy material

TECHNICALI DATA

Our immersion stumng technic consists simply m laving 2 freshihv
(usually watlun one hour after removal from the patient) removed
pieee of tissue m 1 0 000 per cent solution of medical grade methylenc
blue (may be Natronal Amiline US P Mediemnal CT 922 British Drugs
Methvlenc Blue BDH Standard or Chroma Methylenblwe med ) m
physiological saline to a hter of which 8 ml of 03 N HCI has been
added Stuning 1s carried out at room temperature for 20 or 30 minutes
dupending on the thichness of the tissue After remoyal from the stu
nings solution the tissuc 1s rinsed gently m saline and then aired for 5 to
10 minutes on moist gauze or filter paper The tissue 15 subsequently
Nixed in chilled (8 C) 8 per cent ammonmum molshdate for 6 to 12
hours After fixation the tissues are thoroughly washed in tap or distil
Ied water ind then dehyvdrated 1n 90 per cent and then absolute aicohol
To facilitate microscops the trssues are fiattened hetween two glss
plates held together by paper clips or clamps during the period of de
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hxdration For relatnely thick pieces of tissue such as the interverte
bral higament washing requires approumatels two hours and dehvdra
tion an equal length of time Following thorough dehvdration the tis
sues are cleared 1n xilene and then benzyl benzoate The tissues are
stored and studied 1n the latfer medium

The sensory nerve endings in human lumbar fissues

As has previous!y deseribed for many areas of human tissues (sce
above citations) three tvpes of sensory neme endings of mell
nated nerve fiber ongin are found in most areas of the human orga
msm These are 1) endings of small (usually less than 3 p1n diameter)
myelinated fibers terminating as single branches 2) complex unencap-
sulated endings which are neme termmations derived from medium
s1ized myehinated fibers (5 to 12 » 1n diameter) and varving greatly in
form from small Golg: tvpe tendon organs or Ruffini hike endings to
verv large and complexlv branched but nevertheless unencapsulated
endings and 3) encapsulated endings which vary 1n form from small
Golg Mazzoni hike bulbs to large Paciman corpuscles

In the fibrous structures associated with the lumbar spine we hase
seen some of the above type nerve endings 1n the following anatomiceal
locations

A) Tumbo dorsal fascia

Finc free fiber and complex uneneapsulated endings
B} Supraspinous ligaments

Fine free fiber and complex unencapsulated endings
C) Interspinous hgaments

Fine free fiber and complex 1. 1

In nlmost all anatomical situations the fine terminals of the complex
unencapsulated endings terminate intimate association with bundles
of collagenous fibers Between collagcnous bundles of the interspinous
ligaments lic occasional small groups of fat cells The terminations of
complex uncnecapsulated nerve endings have been observed disposed
about the walls of the fat cells A sumilar situation has heen described
by Polacek 1954 1n the jomnt capsule of the hip joimnt of the rat In our
opimon the location of nerve terminals on fat cells imphes utihzation
of the small fatty pads 1s 4+ mechameal device to register tissue defor
mation

In addition to the above types of nenve endings derived from myel:
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nated fibers we are able to visualize an unmvyehnated nerve fiber
network associated with blood vessels W hile the great majonty of the
unmvehnated fibers associated with the vasculature are the termina
tions of post ganghome svimpathetic fibers 1t 1s probable that some
unmyehnated fibers are autononue afferent :n function From our ex
perience and according to our mterpretation we do not recognize an
autonomic ground plenus of afferent nemve fibers We have observed
what mas be the ternnnals of unmyehmated fibers in deep hbrous struce
tures unassociated with blood vessels but the exact structual relation
ships and the function of these nersous clements remams undeter
mined

D) Ligamenta flain

We have seen fme free fiber endings on the outermost 1yer of the
dorsal surface of the ligamenta {lnva but never m the deeper substance
of this structure

E) Anteror and posterior longitudmal hgaments

Both these structures are mmnervated by fine free fiber and complex
uncncapsulated endings The postertor longitudinal higament secms
to have a greater number of endings however

F) Annuli fibrost

Onlx on the very outermost lavers of the annul fibros1 directls ad
Jacent the under surface of the postcrior longitudinal igament we have
found free fiber endings It 1s probable that these fihers and their en
dings belong to the same syvstem of nerses supplying the posterior fon
gitudinal igament Other than m the most superficial laver of the
annulus fibrosus we have not found nerve fibers nor their termmn
tions Likewise the nucleus pulposus 1s devoid of nersve terminals

In a fin cases of prolapsed nuclet pulpost we have observed a fen
fine free fiber endings on the outer surface of the prolapse The latter
endings were related to the outermost lavers of the annulus or to the
adherent posterior longitudmal hgament and had no! penetrated the
substance of the nucleus pulposus We have not vet hid the opportumts
of obseruing whether blood vesscls entering 1 degenerating interverte
bral dise provide entry for nerse fibers or nerve endings That such oc
curs 1s probable 1s we observed small myehinated nerve fibers entering
opened cartilage spaces in the articul ir carhilage of arthritic bones In
the latter eases the nenve fibers were seen entering the opened cartilage
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spaces along with small blood vessels from the trabecular sub chon
dral reglon

G) The intervertehral joint capsules

These capsules are mnervated by the full triad of nerve endings  fine
free fibers complex unencapsulated and small encapsulated endings
In this respect these jont capsules differ in no remarhable manner
from anv other joint capsule Ralston ct al 1960 Stdwell 1907

H) Vericbral periosteum

Both fne free fiber and complex uncapsulated endings are found m
this tissue

1) The lumbar vertchrae

W hile so far our techmiques have not permitted us to visualice the
nerves or nerve endings in the trabecular bone of the vertebrae s
highly probablie that these structures are well innervated as we have
been successful in demonstrating both small myvclmated and unmseh
nated fibers (not associated with blood vessels) in the subchondral
bonv trabeculae of the femoral head and condsles m the metatarsal
bones and in the navicular and talus bones of the foot (unpublished)
Further Stilwell 1997 has demenstratcd that nerve bundles enter
the manx vascular foramina in the lumbar vertebrae of monkevs

It1s sigmificant that our findings of the nature and distribution of the
nerve endings 1 the hgamentous structures of the human lumbar
spine are 1n close agreement with the findings of Stilwell 1957 1n the
monkey

In addition to the endings of myehinated fibers described above we
have found unmsechinated fibers and endings assoctated both with blood
vessels and among the connectine tissue fibers (not close to blood
vessels of all the hgamentous structures of the lumbar spine

Cltnecal interpreparation

The presence of many carhil and hg conncctions
between vertebrae iMustrate 1 complex functionnl unit In all these ele
raents sensory nerve endings of various tvpes have been found It 1y
however imperatine to point out that therc 1s no correlation between
struclure and function of these sensor elements We merely assume
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that unmyvelinated frec fiber endings mav be associated with pamn or
thermal perception complcx unencapsulated endings with tissue po
sttion or joint sense and encapsulited endings with pressure perecp
tion Besides the possibihity that some tyvpes of nerve endings may be
spectalized to respond more readily to certamn types of stimul there
15 evidence that sensory perceptions may he the result of different ty pes
of nervc endings and fibers funchioning togethcr and'or certun types
of nerve endings may he concerned 1 the perception of more than one
sensors modahity

In analyzing the chinical picture of Jumbago 1t 1s well recognized that
1t consists of a sariety of svmptoms including changes i posture
These svmptoms miht be expluned v different tspes of sensory
nerve reactions

Since all cartilaginous and Lhigamentous tissues have sensorsy nerse
endmgs theoretically pathology ~ffecting any of these elements might
cause chinteal svmptoms If the obscrvations of differences 1 modahts
are acecpted it would mean that the disc and its longrtudinal hgaments
would respond with pun only while the joint capsules and hgaments
would 1dd loss of joint sense and posture control It is also possible
that disturbances at one place could interfere with the function of sen
sory reictions n other areas resulling in a greater variety of svmp
toms

Sinec on the other side vers Iittle 15 hnown about the function of the
sensory endmngs 1n these structures one ennot 1ccept this theory un
less studies hve been made on how the patient responds when the
disc the jomnts and hgnments are subjected to irritation

This subject was touched upon by Rellgren 1938 1939 and by Lew:s
& hellgren 1939 They mjected 6 per cent saline into interspinous liga
ments 1nd other deep structures and studied the distribution of pun
‘The 1mportance of lesions 1n posterior intemertebral hgaments as 1
cause of low back pain was claimed by Aellgren 1n 1942 Leuns & hell
gren s assumption was doubted by Sinclair et al 1n 1948 Their 1njec
tion of hypertomc salmne 1nto nterspunous higaments did not cause
referred pun

Studres on pain following tnyections of hypertoruc saline wn discs joinls
and higamenis in the low bacl

In order to chech the different ewrtilaginous and ligamentous ele
ments s to the svmptoms they mas cause when subjected to tratation
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hypertonic solution of saline {11 per cent) was injected m the following
way One thin long needle was mtroduced between the spinous proces
ses transdurally 1nto the fourth or fifth or both lumbar dises 1n pa
tients with Jow back pamr Another necdle was placed on one of the
lower mtervertebral joints Positions were cheched by X\ rav in AP and
lateral views The patients were in a prone posttion and were not under
any anaesthesia Tess than 03 ml was injected to the vertebral joint
Pain occurred after a few seconds and was very annoving The patients
could locate the pam to a distinct area It had some similanty with 2
low back attack After a while the pain was distributed along the
sacro iliac and gluteal areas and then spread out to the greater trochan
ter It disappeared after a few minutes 03 ml was then injected tnto
the dise After a few seconds a very severe pain occurred 1dentical to a
real lumbago The patients could not locate the site Thev felt a deep
1iching across the low back Under \ rav control the needle 1n the mid
line was withdrawn to the level of the flavum Ligament & new injection
of the same amount of saline gave a very moderale reachion The pa
tients told us that thev could spot some pain i the mdhine of the back
W hen the same manocuvre was repeated with the needle 1n the inter
spinous and supraspinous hgaments a shghtly more pronounced reac
tion appeared The patients were able to sav where the pain came from
In the dorsnl fascia the reaclion was stronger but was still felt as a
local affarr

These txperiments seem to support the conclusion that the dise 1s the
most sensitne area for low back pain The vertebral jomls may come
wnto consideration Postenor higamentous structures do not give chmeal
evidence of lumbago

SUMMARY

The presence and patlern of sensors nerve endings have been studied
in dises jownts and hgiments 1n the lumbar spine In tissues removed
at surgers and from fresh autopsies sensors nerve termmals hase been
demonstrated by intravital staning with methslene blue

Fine free fibers and complex unencapsulated endings have been
found in the lumho dorsal fascia supra and interspinous ligaments
vertebral periosteum and anterior and posterior longitudinal higaments

The intersertebral joint capsules are like other joints and mnervated
by the full triad of nerve endings fine free fibers complex unencap-
sulated and small encapsulatcd endings
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In hgamenta flava fine free fibers have been scen on the outermost
laver of the dorsal surface but never m the deeper structure

Only 1n the very outermost layers of the annul: fibrost directly adja
cent to the posterior longitudinal higament have we found free fiber
endings The nucleus pulposes is without nerve terminals

Although very hiftle 1s established between structure and function
of these sensory elements 1t 1s assumed that free fiber endings will be
associated with pain  comple< unencapsulated endings with tissue
position and joint sense and encapsulated elements with pressure per
cephion

Hhpertonic saline injection into ligamentous capsular and disc struc
tures n chinical cases have supporied the histological findings of pamn
fibers and even illustrated differences in response A full low back pain
syndrome appeared from the annulus fibrosus some smularity was ob
tained from the mtervertebral jomnts while the posterior Iigamentous
structures only caused very localized pain

The pattern of the sensory nerve suppls of the lumbar spme widens
the basis for analyzing the various components in different types of low
back pain syndromes

RESUME

On 1 etudie Ia presence et la distribution des arborisations termmales
des nerfs sensilifs dans les disques les articulations et les hgaments de
la colonne lombaire Dans des tissues preleves au cours d operations ou
d autopsies fraiches on 2 etabl: la presence d arborisation terminale de
nerfs sensthfs par coloration intrasvitale au bleu de methslenc

Des filets hibres et des arborisations terminales sans gaine ont éte
trouves dans le fascia lombo dorsal les higaments supra et interepineux
le perioste vertebral et les hgaments fongitudinaux anterieur et posté
rieur

Les capsules des arhiculations interveriebrales sont comme celles des
autres articulations elles sont innervees par toute la serie d arborisa
tions terrmnales de fiets libres d extremites sins gaine et enveloppees
de game

On a epalement observe des filets libres dans la couche exterieure do
1a surface dorsalc des ligaments jaunes mais Jamas dans les structures
plus profondes

C est sculement dans les couches superficielles de 1anncau fibreux
directement adjacentes nu hgament longitudinal postericur que nous
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avons trouve des bouts de filets hbres Le novau pulpeux na aucune
arborisation terminale de nerf

Bien que lon nait pas des connassances etendues sur les rapports
entre la structure et la fonction de ccs elements sensiifs on suppose
qu 1l faut associer le bout des filets ibres a la sensation de la douleur
larbonisation termmale sans gamne a la sensation de la position des
membres ct | element enveloppe de gaine 4 Ia sensation de Ia pression

Des injections salines hypertoniques effectuecs en chimque dans les
hgaments les structures capsulaires et diseales ont appuve les trousail
les istologiques de ces fibres douloureuses et elles ont illustre auss:
la difference des reactions Un syndrome prononce de douleur dans la
partie infericure du dos partait de 1 anneau fibreux Quelque chose de
similure a ete observe par rapport aux arhiculations interertebrales
alors que les structures du ligament posterieur ne prosvoquent que
des douleurs fortement localisées

Ln distribution des nerfs sensitifs dans Ia colonne vertebrale elargit
la base de 1 analsse des elements varies que constituent les differents
types de syndromes douloureux dans Ja partie infenieure du dos

ZUSAMMENFASSLANC

Das Vorhandensein und die Verlalung von sensiblen Nerven wn
Zwischenwirbelscheiben Celenken und Ligamentcn in der I endenwir
helsaule wurden untersucht In Geweben die anlissheh chirurgischer
Eingniffe entfernt worden waren und an frischem autoptischen Mate
riale wurden sensible Nervenendigungen muttels intrasitaler Firbung
mit Methvlenblau nachyewiesen

Feme freie Fasern und homplexe nicht eingehapselte T ndungen
wurden 1n der lumbo dorsalen Fascie den hgamenta supra und inter
spinosa dem Wirbelperiost und den hgamento anteriora und posteriora
gefunden

Die intervertebrale Gelenhe werden wie andere Gelenhe durch die
dreifache Art son Nervenendigungen sersorgt namilich son freien Fa
sern homplexen micht esngchapselten und klemnen emngehapselten Ner
wenendigungen

In den ligamenta flava wurden feine freie Fasern in der aussersten
Schichte der dorsalen Oberfliche aber miemals 1n den Qieferen Lagen
geschen

Nur m den aussersten Lagen der annuls Dhross die dem lipamentum
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longitudinale posterius direht anhiegen haben wir frete Fasern gefun
dcn Der nucleus polposus hat heine Nervenendigungen

Obwohl sehr wemg uber den Zusammenhang von Struhtur und
Funktione dieser sensiblen Ilement behannt 1st mummt man doch an
dass freie Faserendigungen mit dem Schmerz homplexe nicht cinge
Kapselte Endigungen nit Gewebspostion und Gelenksgefithi und einge
kapsclte Elumente mit Druchgefuhl in Zusammenh ing stehen

Injcktion von hypertonischer hochsalzlosung in Bander Gelenhshap-
seln und Zwischenscheiben i Khimschen Fillen hnaben die histolog:
schen Befunde von Schmerzfasern unterstutzt und sogar Verschieden
heiten in der Reaktion aufgezeigt Iin solles Lumbagosyndrom wurde
rom annulus DHibrosus ausgelost dhnliche Symptome wurden von den
mtervertebralen Gelenhen erhalten wahrend n den posterioren Band
struhlurcen nur sehr ortbundener Schmerz hemvorgerufen werden honnte

Dic Anordnung der scnsiblen Nervenversorgung der Lendenwirbel
saule erweitert die Basis fur die Analyse der verschiedenen homponen
ten ber unterschiedlichen Typen des Lumbagosyndromes
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FROV THF OQRTHOPARDIC CIINKC (FORMER HFAD CARL HIRSCH WD
PROFESSORY I MVFRSITY HOSHITAL UPPSAIA AND THF SURCICAI CLINIC
(HFAD STIC LINDCREN M D) COLNTY HOSPITAI FALUYN

RESULTS OF EARLY OPERATIVE TREATMENT OF
SCIATICA

By

SvPN DANLCREN

Opinions about the dications for operative treatment of sciatica
h1ve changed in the last tharty 1ears during swhich time this treatment
has been used At the beginning the mdications were very striet 'riberg
& Hirsch described the average preoperatne duration of the discase
as being 41, vears 1n 1 series operated belween the vears 1939 1940
(1946) Since then the indications have been broadened and during the
last ten vears the opinion has been that operation was ndicated 1f the
pitient m spite of 2 3 months conscryatine treatment wath rest and
phnsiotherapy sl had pronounced pain (O Connel 1900 Soderberg
1906 Hirsch 1907-192%) Howaver s ¢arly s 1947 Barr considered
that 1t was possible to operate at an earher stage Farly operation of
prolapsed intervertebral disc was also discussed by Hirsch at the sime
time as he desenibed the primary resulls of 29 cases operated within
two months of the onset of the 1llness (1957 1928)

To find out if the results of early operation of a prolapsed disc arc
as good 15 those achieved nfter 2 longer period of conservatise treat
ment a follow up investigation w1 carried out on 41 eases of prolapsed
disc operated 1in the acute stage The results of this imestigation re
duseribed here

MATLCRIAL

The sertes consists of prolapsed dises operated i Filun betwecn the
vears 1924 1927 nd in Uppsala between 1956 1908 The total numbcr
of prolapsed discs operated durmng each pertod was respectinely 360
cnses 3n Falun and 28% m Uppsala Of these 23 patients an Falun
(64 per cent) and 18 10 Lppsily (6 2 per cent) were operated carh
with 1 hustors of between 1 and 6 weehs sinee the onsct of fhe 1llness
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Fig 2
Age and sex distribution of the series

(Fig 1) Of these 41 patients operated carly 25 were men (61 per
cent) The mean age was 42 years the youngest being 22 and the eldest
66 (Fig 2) The indication for operation had been persistent severe

pamn combined with pronounced neurological «igns n the mnjonts
of cases

Myelography ws earried out in 7 of the Falun patients and all of
the Uppsala patients
PRIVARY RESULTS

In the Uppsala series it was possible to confirm the myelographs
findings at operation 1n il cases In five of the Falun patients who
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underwent myvelography  the roentgen film showed 2 prolipsed dise
ind 1t operation 1t was possible to ramove 1t in four patients In the
other two eses the myddo,rim was negatn but at operation a prolapsed
disc was found 1n both cases Prolapsed discs were found n 23 out of
24 (90 per cent) eases following positine myelography  The ehineal
diagnosts with regard to radiation of pain and ncurological findings
corresponded well with the findings at operation 1 this series

The immediate results of operation were very good There was rapid
rchief of pan in those 39 cases where a prolapsed disc was removed at
opcration One of the two pitients where no prolapsed disc w 1s found
became rapidiy free from svmptoms while the other continued to be
incapacitated for 14 months In the first case myelography was not
purformed but 1n the other case it was carried out and was positne In
this case there was certamlv a prolapsed dise which the surgeon had
missed

The ascrage tume of incapacits before operation was two weeks wnd
the average time 1n hospital 19 davs The average time of ncapacits
after opcration was 3 months Of the patients who had their prolapsed
discs removed o6 per cent were bach at work 25 months after opera
tion 79 per ecnt four months and 97 per cent «1x monihs after oper1
tionn All the patients were able to return to therr former work

FOLLOW UP FXNAMINATION

A follow up exammation was carried out between 15 and 5 vears
after operition One patient had died of another disease Three patients
could not be contacted except by letter The remaunder were mediealls
examinced

The follow up examimmation 1n those cases where the prolapsed disc
w1s removed showed that 22 patients (o8 per cent) were completelv
svmptom free while 14 (37 per cent) had ocenstonal mild symptoms
which however did not interfere with therr working capacity The
symptoms werc localised i part to the leg in eight cases 1f symptoms
of sciatica only are considered 28 patients (74 per cent} were com
pletely free of symptoms while exght (21 per cent) had mild svmpfoms
periodically: One paticnt had ssmptoms 1n the back rather often and
w1s not completedy satisfred with the result while another had had pain
n the other l¢,, requiring hospital treatment

One of the two patients 1n whom a prolapsed disc was not found
at operition onls had mild periodic svmptoms n the leg The other
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patient kad had 1 temporary relapse which was traated conseey ilinely
and now he had only mild ssmploms mn the bk

DISCUSSTION

The results of the follow up examin thion of this scrics of patients
operated early for prolapsed dises with 58 por cont complctcdy symp
tomfree 1o-5 vears after operation s complatdy compirible wilh
earlier follow up studies of opcrited prolapsed dises Warts it follow
up examination of patients operated for prolipscd dise found that 11
per cent were symptom free (1949) while fandgren in Ins follow up
examination found freedem from symploms in 8 per ecnt (1939) nd
O Connell 1n 60 7 per cent (1930) The present series ¢ 1lso be com
pared with previous series as regards the frequency of relapsc Trndgren
deseribes a 7 per cent relapse rate O Conndl v 225 per cant while we
n this sertes had two relapses (5 per cent)

The final results 11 a conscryvativedy treatod scrics of prolapscd discs
docs not differ much from results after opcration execpt for the red ipse
rate which in Soderberg s serics amounted 10 21 per cent The differenee
1s greater for the length of hospilal tretment snd duration of the 8l
ness In Soderhers, s conservativels treated sorses the durstion of trot
ment was 41 days while the dur ihion 1n the present scrics w s 19 days
agreeing with results from elsewhere (Frndgren 19493 The iver spe
total duration of the disease 1n the conservativels treatcd paticnts n
Soderberg s series was 104 months while i this scries 1t was 3
months In another serics the postoperative tine for cony Hoscence fol
lowing operation for prolapsed thae was 3 months Chantason & Wi
berg 1959) and in this senies 1 was three months

It therefore seems as 1f the final results following ¢ arly opcration of
prolapsed disc arc as good as the results of opcration sfier long, enn
senalne treatment Earls operation haediv rcduces the ime of con
valescence the enls gam hang, the reduction in the preoper stive [ hsse
On the other hand 1t 1s well known that conscnvatine treatmenl ¢m
often make operation unnecessary and the gquestion of (arls op pation
must therefore be sers earefulls assessed It scams advisabli fo reacn
earls operation for such eases sn shich the 1 stint as so ¢l thof conser
vative measures do not give reliel If cardy operation s undi r diseuseion

the diagnosis should prefershiy be conlirmed by msclo,rsphy 4 fHirerh
19,7 1929}
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SUMMARY

Forty on¢ patients with seraticn operated within six weeks of the
onsel have becn followed up 10-5 years after operition Fifty eight
per cent of the prtients beeime completely symptom free and 37 per
cent hiad only mild symptoms pertodieally

‘The indications for enrly operation of prolapsed dise arce discusscd
The gun s thal preoperntis e period s shortened the postoperaine con
valeseence time 1s the same regardless of carly surgery It 1s recommen
ded that carlv operation be therefore reserved for eases with servere
pamn where conservatine mensures do not give mprovement

RFSUME

Qurante et un malades souffrant de sciatique opéres dans les six s¢
mames qut ont suni | attique ont ete reexamnes entre 1Y, et 5 ans
wres loperation 58 pour cent des malades mvuent ete entierement hibe
res des ssmptomes et 37 pour cent de lugers symptomes periodiquement

11 est discute d¢ 1 operntion precoce dans les eas de hernic diseale On
A gigne paree que la pertode pre operatomre «st moins longue mais I
durec de In cony Hlescence est [n meme mragre  opération precoce C (st
pourquil 1l est recommande de reserver | operation x cas ou les dou
leurs sont violentes et ou un traitement conservalenr na apporte
aucune amelioration

ZUSAMMINFASSUNC

I inundvierzis, Patientcn mat Ischins dic annerhalb von sechs VW ochen
nach dem Beginn der Symptome operiert worden waren sind 155
Jahre nach der Operation untersucht worden 5% Prozent der Patwnten
wurden homplctt ssmptomfrer und 37 Prozent hatten nur gelegentlich
laichte Symptome

Die Anzeigen fur dic frubzeihige Operation der prolabierten Warh!
zwischen scheibe werden besprochen Die Abkurzung der prroperils
ven Periode 1st ein Gewinn und die Zert der postoperatinen Rehon
valuscens 1st dic glerche bet frubzestigem Lingriff Man empfiehlt daher
die Fruhoperition fur Falle mit schweren Schmerzen zu resersieren
mn denen honsery itne Massnahmen hemne Besserung ergehen
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OSTEOID OSTEOMA OF THE SPINE

ny

Berntagp C Pats and Tan hr Ry

Osleord ostcoma was dingnosed 1n 20 <5 of all tumors of bone ind
m 9 < of 1! berugn tumors of bone in Dallin s (1) 2276 cwes He
slates that 9 2 probahly 1+ a loo low figure

There 1s 1 general agreement that more thin o0 ¢ are Jocalised to the
femur or tih1n The localisation to the spine 1s reported with varung
frequencs

Shermin (11) own cases Toutef30 (el
Sherman (11) Itterature Tloutcf120 (xe 1 11
Jaffe & Lichenstewn (8) Joutof33 (1el 1)
Mustard S Dural (10) 250utef 280 (¢ 1 1)
Freiberger ct al () literature 33outof4% (1¢1 13)
Docherty et al (2) loutof?0 (1e 1 70}
Freiberger et al (1) (wn cases Joutof80 (1c¢ 1 ?7)
Daklin (1) loutof57 (1c1 57)

Sherman mentions that she probabiy has a toe hish proportion be
¢use her higures onginate from a hospital espeeially nterested 1n this
lcsion Dahlin feels that his figure 1s too low It may be correct to s v
that approxamtels 10 < of ostcoud osteomas are localised o the spine

TUsuallv the sttc 15 1n the lamina the facets or the processes but not m
the vertebral hods

The following <nse mav be of intcrest beeause of the mfrequencs of
this location In addition scx and age and histors are typical It s 2
history of pain The other ssmptoms can be explamed by this pun ek
of appetite loss of slecp wnecapacith 1o work weahness and altrophs
of night lower extremity tdue to disuse) Tvpreal 1s 4 scoliosis with
tts consvexits to the hefths side while I have not secen reporfed n
crease of the tumb ir lordosts Vory typicalls all svmptoms s ppeared
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Fig 1
Increased lumbar 1 rdo 1s Lumbar scoliosi with ecovex tv toward the unaffected
left side Selerosis in the bods of fourth lumbar vertebra right hall In the lateral
view there 15 an area of rarefaction in the selerotic arca The discs have normal
her ht The ps as shadow ecan not be deflined

in the course of some weehs after operabion The restitution goes so far
as to the filhng 1n of the defect on \ rav with disappearance of the
selerotic halo

CASF REPORT

The patient wa a ’1 vear 11 man He had pleuris i 1931 At the same time he
bepan to have la h pain whe h graluall git w re When he was first scen June
19 ) the pain had made him unable t« worh f(r several months and he was able
tn be up and ab ut nls part [the dav The pain made slcep difficult and disturbed
his appetite Tt increased with cughing sneczing and defecalion The pain was loca
hised to his righl lumbar region but gra fualls radiated d wh to the right huttoch
anip sters roide ! right thigh and leg

H ¢ mplained  f mercasing weahno f the right I wer extremity }ut had oo
ticel n chance 1n sen dhality
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Fig 2
Tomegraph June 15th 1921 The arca of rarefacticn sn [ 4 1s seen 25 a defeet with
sharp centours In the defect lie apumorphous caleifications

Fig
T mography Octcber 5th 1929 The sharply defined defect and its surrounding
“halo «f suler tic bone 15 en more clearls than before The defect extends from
the bett m Of I 4 bads to the arch Perhaps 1t even involves the Iwer border of the
arch elcse t the hods
The dise L4 § 1s preserscd

3

Gn examinatun we f und that he barely managed to walk with the greatest
cauti n hecping the back Gff The lumbar Icrdosts was marhedls ancreasc | and hu
had a lumbar scclicvis wath the cemventy to the left Forward bending and honding
to the left was almest impo sible while backward bending and bending to the night
s well 8> rotation was nearlv free He Was tender over the lower Iumbar spine and
the back muscles were tight The right lower extremity was shightly weak and atro
phie but showed no disturbance f b rreflexes rate 11 mm

\ rav showed the increased lumbar ko rdosis and the scoliosis In the body of I §
there was a densits 0 the night part with a sharpls defined central defect ln the
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Fig &
Mighly vascularized connective tissue with many cells Trabeculae of osteord and
of osseous tissue D osteord osteyma

Fig 5

T mgraphy February 16lh 1960 ic 4 manths after operation The lordous 1s re

du ed t¢ n rmal The defect in the Lod  of the fourth lumbar vertebra can still e

seen hut is not sc harply defined as before The clerosls has disappeared o cal
cifications can be seen in the defect
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Fig 6
Ircooperative and 7t manths postoperative examunation Note the difference «f Jor
disis The defect has disappeared evcn on tomopraphs (not reproduecd)

middle of the defuct could he seen an irrepular caleification why h was interpreted
as a sequestrum

4 was made of p ble tub and the patient got isomazid 03
gram and PAS 8 gram per day while waiting for admission

Four months later he was admitted His e ndition was unchanged except that his
pamn was still more severt

At operation the badsy of L4 was exjosed through a rightsided krdney pcision
There was Do psoas abscess We had to chisel a v ndow through grssly nsrmal
Inohing hone to get to the defect seen on \ 1ay The defect contained a white dense
elastic tissue rescmbling intervertebral dise We found no pus no caseous material
no granulation tissite and no sequestrum The defect was curetted completely

Histological examination showed the typical picture of osteord osteoma while
culture of the tissuc shewed neo growth of baull

One month aftcr operation the pain had disappeared and he returned to full time
work after 3 months working as a pafnter At six months control the increased lnmbar
lordesis the scoliesis the stiffness of the back the tendernes of the Jumbar smne
and the tightness of the back muscles all had disappeared Sedirentation rate  mm

\ ray four months after operation showed the sclerosis to have disappeared and
the defect 1n 1 4 1o be reduced tn size \ ray 7% months after of eration showed ne
defect any more

At contrel 14 months after operation the § atient was chintealls free of ssmptoms

SUMMARY

The hteriture gives the impression thit approximately 10 € of all
osteord osteom 1 1re located to the spine Usualls the site 1s the lanuna
facels or processcs A case 1s reported which was located to the body of
L4
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REFSUVME

De letude de Ia hiterature il ressort quensiron 10 % de tous les
ostéomes osteordes sont localises dans la colonne vertebrale Ordmnatre-
ment 1ls siegent dans la Jame les facettes ou les apophyses Un cas de
localisation dans le corps de !4 4eme vertebre lombaire est rapporte

ZUSAMMFAFASSUANC

Aus der Litteratur erhidlt man den Emndruch dass ungefahr 10 %

aller osteotden Ostcomata m der Wirbelsaule lokahsiert s;mnd Gewohn
Iich sitzen sie in den Bogen Facelten oder Fortsatzen Uber emen
Fall wird herichtet der emne Lokalisation 1m horper des 4 Lenden
wirhels aufwies
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ELBOW FLEXOR PLASTY IN TENDON TRANSPOSITION

(An analysis of the funclional result 1n 26 palienis)

By

Raart Nynowa

In the vears following the great polio epidemic in Denmark m 1922
an creasing number of patients were referred for orthopaedic recon
struction of their paralvtic extremeties

The two main groups of operations applied were arthrodeses and
tendon muscle transpositions Frequently a combination of procedures
was preferred since efforts were concentrated on achseving the optimal
result wath regard to both strength stabality and coordination

Amongst the aum of reconstructive treatment of upper extrenuty
paralvsis was the restoration of active elbow flevion 1 case of per
manent paralysis of the normal elbow flexors (biceps brachn long and
short head brachiahs and brachioradialis) To fulfill this task Stand
ler s elbow flexor plasty (1) was favoured whereas the pectoral plasty
described by Clare was employed only 1n a fuw sclected cases

In 1918 Stewmndler pubhished the results of his first attempts with his
new techmque Steindler s brithant idea consists of utilising the forcarm
flexor group 1s 4 substitute for the normal elbow flexors by increasing
the musclc group s neghigeabie leser arm on the elbow jomnt and thus
providing the muscles with 1 reciprocal tash 1n addibion te the on
ginal function tn the wrist joint band and fingers

Steindler s operative procedure 1s performed as follows A longitu
dinal 1neiston 1s made along the medial aspect of the clbow joint from
o cms above the joint to the medial epicondyle and from here swinging
radially along the radial edge of the pronator teres to about o cms
distalls of the joint The shin and subcutancous tissue are reflected and
the ulnar nerve 1s 1solated 1nd drawn carcfullv aside The common
head of the flcxors 1s then exposed and released subperiosteally from
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the epicondile In order to obtan sufficient length of the transplant
the muscle group 1s dissected bluntlv as far as this 1s permssible bear
ing 1n mund the motor nerve hranches from the medinn and ulnar
nerves

Fmalls the transplant 1s fixed proximally at the medial rim of the
humerus which 1s exposed by dissection along the medial intermuscu
lar septum between the brachialis and triceps The tendon 1s fixed to
the periosteum or through drill holes in the bone with the elbow n
flexed position and the forearm mm maximal supination

This position 1s mawintuned for 3 weehs n arcular plaster of Paris
After this period the plaster 1s replaced by a dorsal splint furmished
with fleuble joint The degree of flexion 1s gradually diminished and
6 weehs postoperatively exercises 15 commenced after removal of the
splint

A more detailed analysis of the functional result n a larger series
did not emerge until Steindler s own report i 1939 on 29 cases (3)
In the following 20 svears serial publications revealed the groat interest
for this intervention (Carrol & Gartland 1903 t4) Vayer & Green 1904
¢5 6) Schoellstaedl [arsen & Bost 198 (7) and Segal Seddon &
Brooks in 1909 (8))

The above authors all agree with the premises = strong forearm
flexor group and a good hand function Vayer & Green emphasise the
mmportance of strong wrist joint flexors since these require the major
power of the musele group

A hand capable of function 1s a conditio sine qua non since the ope
ration would otherwise lneh all purpose In case of impaired hand func
tion several authors recommend a primary reconstruction of hand
function Stewndler & Carroll however preferred mmverse sequence s
iheyv pomnt out that the hest result of tendon transfer m the hand 1s
achieved 1if the origin of the muscles s transposed 1n advance

2 important drawbachs of Steindler s operation arce some restriction
of su and elbow e In case of pronation contracture
tunotomy of pronatoer teres andor pronntor quadratus mav be 1 good
solution while 4 threatening contracture with restriction of aclive su
mnatien has an sesera] cases heun overcome by tendon transposition
remnforeing the supination

Lor the Iatter purpose Steindler perfers 2 transposition of the flexor
wirp ulnans around the forearm with fixation fo the radius white
Tubby hos deseribed another method 1n which the pronator teres and
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LLBOW FLEXOR PLASTY IN TENDON TRANSP’OSITION

(An analysis of the funclional resull 1n 26 palients)

By

KaaRE NtHoOLM

In the vears following the great polio epidemic in Denmark in 1922
an wncreasing number of patients were referred for orthopaedic recon
struction of their paralytic extremeties

The two mawn groups of operations applhied were arthrodeses and
tendon muscle transpositions Frequently a combination of procedures
was preferred since «fforts were concentrated on achiesing the optimal
result with regard to both strength stability and coordination

Amongst the aim of reconstructive treatment of upper extremity
paralysis was the restoration of active elbow flexion n ease of per
manent paralysis of the normal elbow flexors {biceps brachn long and
short head brachialis and brachioradiahis) To fulfill this tash Stemnd
ler s elbow flexor plasty (1) was favoured whereas the pectoral plasty
described by Clare was employed only 1n a few selected cases

In 1918 Stemdler pubhished the results of his first attempts with his
new technique Stemdier s brilliant idea consisis of utibising the forearm
flexor group as a substitute for the normal elhow flexors by increasing
the muscle group s negligeable lever arm on the clbow joint and thus
providing the muscles with 1 reciprocal tash 1 addition to the on
gnal function n the wrist joint hand and fingers

Steindles s operaline procedure 1s performed as follows A fongitu
dinal mesion 1s made along the medial aspect of the elbow joint from
o c¢ms above the joint to the medial epicondsle and from here swIngIng
radhally along the radial edge of the pronator teres to ibout 5 cms
distalls of the Joint The shin and subcutancous tissue arc reflected and
the ulnar nerve 1s 1solated and drawn carefully aside The common
head of the flexors 1s then exposed and released subperiosteally from
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The following may be mentioned s the most important alternatives
to Steindler s operation

1 Clarcs transposttion of the pectoralis major to the brceps (2)

2 Brook s & Seddon s modification of the above (9)

3 Bunnell s transposition of the sternocleidomastoideus to the
ceps using fasera lata fransplant for lengthening

4 Carroll s transposition of the triceps to the biceps

In nddition varous forms of pectoralis plasty have been utilised
since Schull.e Berge 1 1917 (12) made usc of the muscle for the first
time but 1t was not until Clarc s modification 1 1946 that this form
of elbow actinabion was generallv accepted

A single case 1 which the pectoralis minor has been used was pub
lished by E Sptra from TIsrael (13)

In the present studv we emploved Clare s operation onlv m mdividul
cases

Personal series

26 patients operated for elbow paralvais at The Orthopaedic Hospital
m Copenhagen depts ! I1 and HI in the years 1921-09

22 cases were polioparalvsis 3 trafticlesions of the brachalplenus
and a single case a sequence of an obstetric lesion

Us of the operations were performed on women 3 on men cluding
2 operations on the same patient with lnlateral paresis

The operations were performed 2-6 sears after the first orthopacdic
consultation wath the exception of single cases in which individual
factors 1n the patients nvalid condilion or the treatment became pre
dominant The premises for opiration were generous so fir as the
claim for full strength in the transposed muscles was not absolute
wherens the requirement for adequate hand function was decisne In
cases of insufficient hand function the Sterndler operation was alwass
preceded by hand reconstruction and the resuli of this was determuining,
the elbowplasties

Operative techmque

The technical procedurce followed the principle stated by Standler
Most frequent!s the common caput of the flexors was detached from
the mediual ¢prcondyle by chiseling aw v 4 small shice of hone am
Campell 1nindividual ewses the tonden was freed subperiostaalls
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AGE OF DISEASE PERIOD FROM PERIOD FROM T
DISEASE ro OPERATION TO
OPERATION FOLLOW UP
Toble I Toble 2 Toble 3
Group ! O 9yrs Group ! F2 6yrs Group! 2 3yrs
2 jo 25 7 17 2 46
3 25 40 3 23
/4 %
2
/
2
7,
A
2
7
z,
7
.
vk
2 s
2
6r! 6r2 6r3 Grt Gr2 Gr3 ort gre

Table 1

Table 7

Table 3

Patients with plexus lesion

The age distribution at the onset of disease or fime of leston % of the
patients are previous peho children who caught ther disease duning 0 10
vears of age

The periods up to the time of operation VMore than % of the patients were
opcrated on withi 6 vears after the occurrence of faralvses 3 withm 2
sears

The perscds from operation to follow up examination VMore than % f
the patients were £l wed up from 4 6 vears pcstoperatnely

Fixation was earnied out to the medinl border of the humerus from
2-6 ems proxumally fforts ey made to place the fixation as ligh
1s possible with the clbow flexcd 90 degrees and with the forearm
maximal suptation
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In one single patient the tendon was fixed Iaternlls to the anterior
aspect of the humerus 1 m Mayer & Creen

The tendons were firmly fixed by dril holes in the bone or to the
periosteum and the intermuscular medial septum

After the operation the arm was put into a circular plaster of Pars
with the elbow flexed 90 degrees and the forearm in maximal supina
tion 3 weehs later the plaster was changed to a dorsal splint and active
excersises of cibow flewion and myotensor trcatment were started
After another 3 weehs the sphnt was removed and phssiotheraps com
menced

Avulsion of the transposed tendon from its hed was not obsersed in
any patient

In 2 patients the classic Steindler operation was supplemented by
proximal transposition of muscles from the extensor or radial extensor
group One ease 1s differentiated from the others owing to an isolated
transposition of the radil extensor group as the flexors were found
too weah

RFSU1ITS OF THF FOLIOW UP FNAMINVATION

Steindler plasties
Elbow flexion

All patients but one were able to carry out a slow harmonised flex
10n extension movement of the elbow corresponding to the number of
degrees stated (Fig 1) The strength achieved vaned from 3—4 while
that 1n 4 out of 5 patients with simultaneous function of the biceps
reached at least 4 No one with total paresis of the normal elhow flexors
could hit more than 4 pounds

Fig t

The results of 74 Steindler operations on 23 patients

The middle curves show the elbow flexion—extension in degrees

The arrangement of the curves is determined by an increasing extenston deficieney
centrally Active supmatin and pronatiyn can be discovered from the VMianchet
cunes VMaumum pronation o deprees Maxium sepination 180 degrees

The unbrohen lines repre ent movements in patients with fulls capahle forearm
mu cles The dolled lines are equal movements 1n patients wilh reduced strenglh
1 single ar several forearm muscles (strength below 4)

Bl ow flexi o strenyth s statel ac ording to the fo)l wing grading

3 flexs n to full extent with % pound weight in the hand
34 fleion t full extent with 3 2 pound weight in the hand

4 flexion to full extent with ° 4 pound weight in the han1
flexion t full extent with ncrmal strength

w
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All patients cxcept 2 preferrcd to flex the elhow with pronated fore-
arm and clenclied hand In the 2 exeeptions the forearm w s 1n mayamal
supmation without active pronation

10 were capable of flexin, during unchanged supination or sem
supinition wherens 10 were compelled to pronate during flexion In
4 cases the forearm was 1n fived pronation

Of the first mentioned 10 patients 4 had 4 partially recovered bieeps
2 4 supplementing extensor transposition and 2 a supination contrac
ture 10 the forearm Of the last 2 one had some function of brachior
dralis and the 115t one a preoperative function of hiceps whereas this
funetion could not be demonstrated at the follow up ¢xamination

‘The preferred position of the forcarm and hand 1s a function of the
prim irv action of the now doublv working muscles and demonstrates
the functional basis for the Steindler operation A replacement of the
normal flexion supmating, mechamsm by a flexion pronating mocha
msm which phylogeneticalls 1s probably of an older date

The same phenomenon 1s demonstrated during flexion tests with the
forearm supinated Almost all patients with total paresis of the hiceps
mnd brachioradinhis and without 2 supplementing extensor transpos
tion exhbit such a pronation tendency

A shoulder arthrodesis was perforned i 6 patients Among, the other
18 patients 4 showed furly shght atrophy and mstalality i the
shouldcr wiile 14 had severels paralvsed shoulder girdle with subluxa
tion of the jomt during elbow flexion

A studs of the preoperatine elbow bending eapacity showed that 10
patients at that tiume were able of trich mosements 1 which the elbow
could be flexed utihsing the shoulder girdle to 1 position between 90
and 180 degrces Amongst these 3 who were able to flex the elbow
above nght angle All 3 had inttinl funclion of the biceps The others
had no ctine flexion of the elbow

Degree of Elbow Flexion

The evalu wion of the degree of elhow flexion 1s hardly a refevant cx
pression of functional value and shall only serve for the anilysis of the
sarving results

A norml degree of clbow flesion was achieved 1n but 14 of the pr
tients Al those b patients hid some type of shoulder stabilisation
(arthrodesis (4) ind tcnodesis (23) This indicates that stilulisation
w1s of dircet value for reaching 4 mvamal degree of flexion

Anothcr chareterstic of this group 1s that 1t comprises 5 patients
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with fulls capable forearm muscles and 3 with severe limitation of
extension Both factors undoubtedin contribute directly or mdirectly
to the good flexion result However the other 3 patients in this group
did show normal extension to 180 degrees (onls one of these with func
tion 1n biceps) This shows clearls that a fullv capable transposed
forearm flexor group 1s able to act sufficiently as elbow flexor through
a full range of jont excursion

Elbow Extension

An asscssment of elbow extension does not provide such a pessimistic
mpression as previous authors have assumed

In more than ¥ (13) of the paticnts the extension limitation was less
than 10 degrces In 4 hetween 10 and 29 degrees and in 7 more than
25 degrees In the last group 2 patients stand out with a flexion con
tracture of 70 and 70 degrees

A direct relationship between the sirength of the triceps and the
degree of extension can not be demonstrated althou,h a certain con
nection 15 mdicated

A companson with the preoperatne extension status shows that an
wncreased limitation m consequence of the operation 1 present in 3 of
the patients

Suprnalion

Accordmg with previous studies the patients are characterised by a
himitation of active supination which m a few cases resulted 1n a pro
nation contracture

10 out of 24 patients have an active suptnation equal to or more than
130 degrees ncluding 7 with normal supmation 7 an active supination
at between 135 and 90 degrees and o 2 supination of below 90 degrees

In 2 patients the forearm had a contracture 1n supination These 2
patients are characterised by paresis of hoth pronating and supmating
action with reduced strensth in the radal part of the flexor group of
the forearm (pronator teres and flexor carpr radiahis)

A constant finding 1 all patients was a varving reduction m supina
tion power The pronation power was normal except m » patients i
whom pareses encroached onto the pronating muscles

Amongst the 7 patients with achive supiation to 180 degrees 3 had
function of hiceps nd 2 of these showed improved supiation 1in spite
of the operation: This was owing to the function of biceps
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In 20 patienls the supination remaned unchanged after operation
Onlv i 4 was found tnereqasing pronabion contracture

Refunction of Breeps

A small numbcr of patients with function an thar normal clbow
flexors demand specinl attention since we are confronted here with
simultanecous function of 2 flexion mechanmisms

The group consists of 5 piients (Table 4) including 3 with pre
Aious rumatic plexus lesion and 2 with pohio paresis

TABLT 4
The resulls in 5 patients operated according to Stewndier and with simultancous
function n biceps

5 patl niz with refunction of biceps

o [ parsis | stoutter Tihow | Treeps | Fibow Active
Itiology  larth olesl strength | Srevath | flexion supination
1 Plexus + 4 5 180/70 20gr
(contr )
1 Tol» + 45 3 180725 180 gr
m Plexus - 3 0-1 170190 90 gr
n Poho + 4 4 10275 180 5y
(contr)
\ Plexus - 4 [} 175/80 180 gr

11bow ¢xlenston w1y found to be almost norml with the exception
of a1 smgle patient 1 whom an excessive extenston Irimitation v pro
bablv to be explaned bs 1 too severe tightening of the transplant by
operation combined with insufficient postoperative extension exeer
s1sc The degree of flixion ringes from 90 to 25 degrees probably de
pendent on the strangth achizeved by the biceps In 3 patients thare s
free supination 1n one patient with extensive parcses and nuinerous
tendon transpositions m the hand and the forearm it reaches 90 de
grees while mn the 1ast of the group 1 pronation contracture 1rose pre
operatnely

Pectoralis Plastics am (larc

As an alternative to the activation of clbow flevion mdud by Stand
Icrs operition peclorihis plistics reported by (larc in 1916 was em
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ployed m 3 cases For this operation full strength 1s required n the
lower part of the pectorahs muscle

All 3 patients were presious poho children and achieved a normal
flexion with onlv a shight lmitation of extension The strength of flex
10n were 3—4 The result with regard to the 3 factors stated were con
siderably better than those¢ amongst the patients operated according
to Steindler The degree of supination 1n a single case remained un
changed postoperatnely and must be attributed to the complete lach
of hiceps function Formation of contracture prevented a possible im
provement of the supination after operation \o anatomical explanation
can be given of the obvious and necessary pronation tendency of the
forearm m all 3 patients but it mas possibly be due o a simultaneous
function of the muscles of the forearm where the pronating strength
1s dominant

DISCLSSION

The growing interest of the last decade in tendon transpositions—
their future development and therr hmtations—could not avoid hring
ing n those problems which concern the restoration of lost elbow fiex
won

An adequate discussion of the subject using the present series as a
basis requires a comparison with previously published studies of which
we have especialls chosen Stewndler s from 1939 VMayer & Green s from
1924 and Segal Seddon & Brooks from 1959 since these represent pa
tient series of approximatels the same size

To a large cxtent there has been concordance about the indications
and premises for operation Concerning the absolute requirement of 2
strony, flexor group however our opinion dnerges from that of most
“uthors whose rigorous condrtions are determined by the desire of an
elbow which can serve as weightbearer or ifter This should undoubted
Is be the ideal aim but should not exclude aid to those patients whose
muscle status puts such a result out of reach Amongst our patients
there 1s a relativels large number whose forearm muscles are prima
nilv paretic All of these have achueved an elbow flexion of at least 90
degrees which argues quite convincngly in favour of a more hiberal
athitude when sclecting those suitable for operation

There 1s no dinergent optnion ahout the value of a stable shoulder
In our serws the importance of an arthrodesis in the shoulder 1s pointed
out both for the total functional result and for the degree of flexion
which can aitself be obtained The resulls in cases combimed with artho-
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desis danonstrate the valuc of shoulder stabihisihion hefore the Steind
tur operation

In accordance with earhier survevs we consider 1 reduced extension
a8 bphad with nd s 4 consequence of the Steindicr operation The
nerge defrciency i extension s m Crrroll < series 40 degrees Suddon
& Brook s 60 degrecs and Muver & Greon find corresponding v xlues of
30 desraes In our own nrterad at s found 1o he hodween 15 and 20
degrees

W hile most authors pomnt out the import inee of this Lick of cxtenswon
sthich makes the flexion ¢ffective by vartue of a flexed imitial position
Maser & Greon do not find the results satisfactory and accept 2t the most
1o degrees of inmitation of extension

An evplanation of the deficient stretching 2bnhits has beon sought
the rehittonship betwecn the strength of the mtagomstic muscles
around the «bow jomt In agrcement with our own mvestigations Sed
don & Brooks have demonstrated 1 ccrtun relationship betwecn the
strength an the tricops and the degree of extension and 1t the same time
huve heen able to attribute the most severe Jumtation to those cises
wherc flexor plisties were supplemented by proxamal transposition of
the extensor group

In contrast to this we hase found 6 cases with accompansying extensor
transfer or with refunction of biceps who have aclueved lmost normal
elboss (xtenston These pattents Wl had redatively good triceps strongth
so that they do not form ans decisive arpument agamst the thears
about thc sisnific ince of the antagomistic strenath relitionship

The shight hnuttion in extension amongst our palients 1s rather
surpristng 1n view of the poor triceps status and v arsing function of
the biceps The explmation may perhaps be found in the lumitation of
the transplant strength and the consequentis Iimited effect on the
wt gonistic strength relatronshap

It should be noted hicre that Seddon & Brooks using Carroll s triceps
transplintation observed 4 suvere Irmitation of extension whife the usc
of peetorahs phastics 1n agreement with our resnits rardhy were ol
fowed by v imitation of more than 1% depraes Thes last point argues
that olher frctors hinked with the operative procedure 1tsdlf determine
the depree of extansion fnmitation Her one should point out the fun
dmental differance hetween Standler s wd Chre s operation The for
mer aperales directly on the anferior aspeet of the jomnt while the Iatter
opcrition docs not touch this important regron

The degree of flocion s not the dectsive fretor an the functional e
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sult Stemdler demands nt least 60 degrees Maver & Green require free
flexion to at least 50 degrees while our patients have all been able to
flex to 90 degrees

The most mmportant problem seems to be a flexion to the horizontnl
posttion from which further movement will be accompanied by de
creasmg weight Nevertheless there are numerous of our patwents who
have obtamed a degree of flexion of just below 90 degrees though
further active flexaion 1s impossible W hen considering the shght mita
tion of extension in these patients and the resulls from other scries
with larger extension deficiency and at the same tune a greter degrec
of flexion the problem seems rather to compnse the active span of the
new elbow flexor Can this muscle with correct fixation and sufficient
traiming adjust itself to its new task and carry out a maximal «tbow
{lexion (to 30 degrees) from the normal extension position (180 de
grees)? In our series this was achresed 1n only 3 patients

Like Seddon & Brooks who find no change in passine supmaition
after Stemndlers operation we were able to demonstrate 2 direct re
lationship between the actre supmation hmitation and the loss of the
main supmator the hiceps a further limitation of supination nd 1n
creasing formation of contracture in consequence of the operation onls
occurred 1n a few cases

A small group of patients in our series was gnen special attention
owing to simultaneous function of the hiceps These o patients provide
a warnmg aganst foo early operation while the result of the flexor
plasties demonstrates the 1mportance of the biceps muscle 1In mun
taiming free supmation 1f passive supination 1s preserved until the
biceps function again

Clare s pectoralis plastics was 1 3 enses the iternative to Standier s
operation Like Seddon & Brooks we find the extension innting effect
of this operation to be mumimal Flexien to 1 normal extent with good
strength was obtained

SUMMARY

27 elbow plastics were followed up and the results were analysed and
discussed with special reference to the flexion and cxtension results
of the elhow the stalnlity of the shoulder and the pronation supmation
movement of the forearm The main emphasis was laid on the 24 Steind
ler plastics and 5 of these patients with partial reeovering of the biceps
3 peetorals phisties am Clare were given speeiel attention with refer
¢nce to the mfluence on functional result
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RESUMF

27 cas de coudes en matigre plastique ont eté sunves et les resultats
ont ete analvses en vue d elabhir en particubier Ie degre de flevion et
d extenston du coude la stabihite de 1 epaule et les mouvements de pro-
nahlion et de supmation de 1avant bras 1 interct prineipal s est porté
sur 24 coudes plastiques Steindler alors que 1on a exanune avee une
attention speciale par rapport a la difference des resultats fonctionnels
o de ces malades ou le biceps 1 ele rerms en fonction et 3 avec pecto-
raux plastiques selon 11 methode de Clare

ZUSAMMENFASSUNC

27 Fllbogeaplastithen wurden nachuntersucht und die Frichmisse
wurden unter besonderer Beachtung der Beuge und Strechfshigheat
des Lilhosens der Stabilitet der Schulter und der Pro und Supmation
des Unterirmes analvsiert Das Haupigewicht wurde auf 24 Steindler
Plastiken gelegt wihrend finf dieser Patienten mit W iederherstellung
des Biceps und 3 Pectoralis plastihen nach Clare ene besondere Aufl
merhsamheit hinsichtlich des Unterschiedes des funhtionellen Irgeh-
aisse gewidmet wurde
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THE INTRAOSSEUS ARTERIAL PATTERM
OF THE CARPAL LUNATE BONE AND ITS RELATION
TO AVASCULAR NECROSIS

By

M L H L

In 1910 Atenbock described an nvascular lesion of the carpal lunate
hone that had not previousls been recognised

Avascular changes 1n the lunate mav or may not also follow dis
location of hone Although 1t 1s gencrally accepted that necrosis 1s the
result of damaege to the blood supply of the bone a search of the htera
ture rescals only limited and confhicting evidence about the intraosseus
pattern of the hlood supply  An imvesti,ation has therefore been carned
out to analyse the intraosscus arterial pattern and to correlate this with
the varous chmeal avascular lesions of the lunate

MATERIAL

The arterial supply of 53 normal lunates has heen examined usmg
the technique described by Trueta & Harrtson (1903) These were from
patients between the ages of 11 and 79 vears of both sexes In no
stances were necrosed or deformed lunates found

METHODS

After flushing the major vessels from distal to proxaimal with a warm
saline solution the limb was injected via the subelavian or brachiat
artery with 20 € Micropaque suspension 1t water

After the bone had been stnipped of soft tissue it was fixed 1n 10 €
formahin for 4-0 davs and then decalafied using 10 <2 nitric acid

The decaletfied bones were exarmuned by X rav and then cleared by
the Spalteholz method This made at possible to examune the specimens
both by microradiography and by dircet vision and for details to be
studied under 1 dissecting microscope
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RESUITS

14 (26 <) luntes werd found to be supphed from either the palmar
non trticultr surface 1lone or from the dorsal non articular surface
alone by means of a single major vessel often supplemented by one or
more mnor vessels G hones were supplicd from the dorsal surface alone
and 8 from the palmar surinee ‘The single vissels enter the medial or
tateral horder of the appropriate surface of the hone «nd then traverse
the hone in a dingonal dircction to und near the opposite border of the
other surface of the hone

Figures 1 and 2 are photographs of 2 Spalteholz preparation of the
mjected Iunate from the rght wrist of 2 man of 64 Figure 1 shows the
speesmen from tts distal surface and shows the mun rtery of the hone
entering tow irds the medial border of the palmar surface of the bone
and «nding near the Iitcral border of the dorsal surface Frgure 2 shows
the same hone photographed from the medr! surfiec The major sessel
15 seen to divide inte two mun branches supplving predommantis the
proxam i and distal parts of the bone separately

4 (70) lunates were supphed by dorsal and palmar vessels that
clearly did not nastomose 2 of these were supplied by 2 single palmar
and a single dorsal vessel the other two by 4 single palmar and two
dorsal vessels and a single dorsnl 2and two palmar vessels respectinely
(Figs 3 4 and o) Firoure 3 15 of additionnl intercst as 1t shows pene

ateral

Dorsal

Medial

Fig 1
Male aged €4 Spaltch 1z preparation suwed from distal aspect showing artetial
supr !y fr m palmar aspect only



THE ARTERIAL PATTERN OF THF CARPAL LUNATE BONF 45

Distal

Dorsal

Palmar

Proxymal

Fig 2
Male aged 64 Spalteholz preparation viewed from lateral aspect

Lateral

Palmar

Vedial

Fg 3

Male aged 11 Spalteholz preparation viewed from distal surface showing double

palmar and major single dorsal vessels without anastomosis across the midhine
ate the vascular sprout penetrating the enchondrium

tration of the enchondrium by a vascular sprout prior to the laving

down of hone ndicating the association hetween vasculanty and osteo
genesis deseribed by Trueta (1957)

The remaining 35 (66 » %) lunates were supplied by dorsal and pal
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Fig §
Male aged 11 Radiograjh from distal a pect shawing double dirsal an} single
palmar ve sels which do not anastom: ¢

Distal

Prcximal

Fig 3
Male aged 11 Radiograph from lateral aspect showing double dorsal and <ingle
palmar vessels which do nct anastomose

Laterat
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Aedia)

Fip 6
Male aged 18 Radicgraph from distal a pect sh wing single « rsal and palmar
ve sels anastc moxng,
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Distal

Dorsal Palmar

Protumal

Fig 7

Male aged 18 Spalteholz preparation viewed from lateral aspect showing anastomosis

betwcen single palmar and dorsal vessel with branches to proximal part of lunate
ending 1o a subchondral netw rh

mar essels of varving numbers which anastomosed icross the mdhine
of the bone m various patterns as follows

21 (40 %) bones had 1 main single dorsal and 1« man single palmar
wessel 16 (30 Sc) with a single central anastomotic channel (Figs 6
and 7) and 5 (10 %) with 2 ring anastomosis 1n the centre of the bone
from which branches were given off to the rest of the bone (Fig 8)

14 (26 5 z) bones had varsing numbers of dorsal and palmar vessels
all anastomosing across the mudline {(Fig 9) the commonest pattern
being one dorsal with two palmar vessels which occurred mn o (10)
specimens In one specimen onls i which the supply was by one pal
mar and two dorsal vessels was there a ring anastomosis between the
palmar and dorsal vessels (Fig 10)

When there was a sumple anastomosts between dorsal and palmar
vessels this was usually in the centre of the bone In a few instances 1t
was found to hie disial to the contre of the bone 1t was never found to
lie proximal to the centre of the hone

All 6 (11 %) lunates in which therc was a central ring anastomosis
between palmar and dorsal vessels also showed a charactenstic pattern
of distnbution This vascular anastomotic ring invariably lay obliquely
within the bone so that one half of the ring lav nearer to the distal
surface and one half nearer to the proumal surface of the bone (Fig 8)
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lalual

+ /
"‘i

Aedial

Frg
Mazle aged 11 Radiograph from distal aspect showing double dorsal and single
palmar vessels which do net anastc mose

Distal

Dorsal Palmar

Prouimal

Fig 5
Vale aged 11 Radiograph from lateral aspect showing double dorsal and single
ralmar vessels which do not anast¢ mase

Lateral

I almar Dorsal

\ledial

Fig ¢
Male aged 18 Radiograph from distal a pect showing single dorsal and palmar
vessels ana tem sing
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Lateral

Dorsal

Vedial

kg 10
Male aycd 5o Spalteholz preparation from distal asg ect showys,

'
With tipieal right angle branches from ring any moty =% " ©

4in o

D stal

Dorsal

N

Proumal

Fig 11
Lunate af Figure 8 viewc] from lateral a pect showing b r), ,
vessels with branches lea ing at “right ang,,

From wach half of the nng myor irnsverse br Wehy,
to the appropriale proximal or distal half of the y,
major part of these portions of the bone

1t w 15 found that within the lunate the mamn nr\e,-)
at regular intervals which often left it at a night angl
the surface of the bone (Figs 3 6 7 8 9 10 ang ”

4 actvorTn xxMIN 1
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Fuy 12 Ty 13
Cllag se of the proxsmal part «f the lunate

distwnee from the mun vesse) these brinches divde obliqueds and
contmuc to subdinde until thes end in a fine subchondreal network
(Figs 6nd 7)

REVIFW OF THF LITFRATURYE

In 2 comprchensive study of hienback s disease Stall (1947) dis
cusses the man actiologieal theories and offers considerthle (videnet
in fnvour of the fracture theors This postulates a primary transserse
compression fracture which damages the intraosscus circulation lead
g to 1 weulr ncerosts of the bone Sceondary vertienl fractures mnd
resorption ind transformation processes within the bone produce the
typieal X ray changes

The theory s supported by Persson (1900) who discusses the v ilue
of operitine lengthening of the ulna 1 1 method of trestment behicving
that dispropoertion m tength of the ridws and ulna 1s a f retor which
predisposes to v compression fracture of the lunac

Youat Wil & Harding (1932) also considured that the necroses
was the result of dimage to the vessels in the lunate by 1 fracturg
though Durbins (191) epinion based on three ciscs in which the
lun e showed tolil necrosis s that (very ¢ ise of hacnhiiek s dise e
could not be the result of s compression fricture Yareh (19)7) how
aver sughested that the vesscls antening the pdmar aspeet of the bone
were dam iped before they entered the bone by vl peredtonsion ingun
In 1938 L ogroscino { de March dosenbed an dotal the cxdri-osseus
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origm from the palmar and dorsal arterial complexes of the arteries
supplving the lunate They found tniraosseus anastomoses between
the vessels entermg the dorsal and palmar surfaces of the bone as
described by hostler in 1936 The suppls of the bone by a single palmar
or a single dorsal vessel was suggested by Cordes (1930) and Stdh!
(1947) who found the lunate supplied from the palmar surface alone
n twenty mne out of thirty injectcd specimens

DISCLSSION

This iestigation sndicates that the lunate 1s supphed via the dorsal
and palmar mterosseus surfaces alone and that the mnterosseus vascular
pattern falls snto one of three groups

Group A A single palmar or dorsal vessel erossing the hone obliquels
(26 %)

Group B Palmar and dorsal vessels which do not anastomose
(7o)

Group C Palmar and dorsal vessels which anastomose (66 o %)

From the horizontally running anastomotic channels large hranches
are guven off to the proximal and other surfaces of the bone

Tt 1s usunl in haenbock & disease to find the proximal part of the bone
necrotic and deformed whilst the distal part 1s rarels affected (hten
bock 1910 Stahi 1947) Figs 12 and 13

This investigation shows that at 1s impossible for a dorsal or palmar
capsular lesion with associated extra-osscus damage to the vessels
entering the bone lo lead to proximal necrosis of the lunate Damage
to the dorsal or palmar capsule alone would lead in group A to either
total neerosis of the bone or to no change at 2l depending on whether
or not the vessel supplying the bone lav in the damaged capsule In
group Bt should theoretiealls produce palmar or dorsal necrosis alone
U lesion which does not appear to have been deseribed In group C it
should lead to no necrosis at all eving to the wide anastomosis hetween
dorsal and palmar svessels within the bone

It 15 casy to see how a transsverse compression fracture across {he
proximal parts of the tunates tllustrated wm Figs 2 2 7 8 and 11 will
deprive the proximil part of the bone of ats blood supply leading to the
{3 p1eal proamal necrosis of hienboek s disease This fracture will eross
and interrupt the artunal branches as thes run between the anastomotic
vessels and the proximal surface of the lunate It 1s also perfeetly rea

4
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sonable for this fracture Ime to fcave ntiet the anastomotic vessel oo
prescrvng the blood supply to the distal part of the bone

If the transverse compressson fracture hine 1y 2 hittle more distally
1t would intcrrupt the mun vascalar inastomotic vessel and prodocc
total nucrosis of the lunate Stdhl (1847) found that the comprossion
fracture did indeed cross the hone concentric with the prexuumnl articu
1ir surfice and it varving distances from thes surfact

In traumatie dislocation of the lunate it 1s usitil for the dorsal eap
stlc to rupture nd for the lunate to hinge forward on the intact palmar
capsule (Fggers 1933) Neerosis of the luntc following dislocation s
rire (Russell 1949) This 1s s expeeted when one consuders the blood
supply of the bone s tt en onlv occur n the luntes that fall nto
group A and onlv n those whose single artery of suppls enters the
dorsal interosseus surface

SUMMARY

The intriosseus pattorn of the blood supply of the cirpal lunate bene
his been examined by micrordiogriphy and Spiltcholz prepritions
after injeclion of 1 Micropaque suspension

Thrce moun patterns are deseribed

Group A\ single palmar or 2 single dorsl vessel crossing the bone
obhquely (26 )

Group B Supply by patmar and dorsal vesseds which do not anasto-
mose within the hone (75°%)

Group C Supplv by pumar and dorsal vessdds which nastomose
within the bone (66 »€z)

The nwtomosis hies in the centre or shightiv distal to the eentre of
the bone supplving mjor branches to the various pirts of the hone

heenbock s necrosis of the lunate commonly affects the proxamal part
of the hone done and ean be ¢ msed by 2 proxun i) horizonial compris
ston fricturc erossing the vascular branches to the proximal part of the
bonc A morc dist v plhieed fricture will interrupt the anistomotie
chianndd or the mun vessels within the bone ¢weang neerosts of the
whole lunate

Necrosis of the lunatc rarely follows dislocation of the bone Thisas
apparent when one roalines that only thosc supphicd by the group A
pattirn and whosc sofe vessel of supphy lies an the ruptured dorsal
eapsule will be ffected



THE ARTERIAL PATTERN OF THEF (ARPAL LUNATE BONE 53

RESUVMF

Le dessin intraosseux de Ialimentation sangume de los du carpe
funarre a ele examine par microradiographie et preparations Spalteholz
apres mjechon d une suspension micropague

Trois dessins principaux sont decrits

Groupe A Un seu!l yvusseau palmaire et un seul dorsal eroisant tos
obliquement (26 %)

Groupe B Alimente par vaisseaux palmaires et dorsaux qui ne for
ment pas anastomose dans los (7 2 )

Groupe C Alimente par des vaissenay palmarres et dorsaux quu for
ment anastomose dans los (665 %)

1 anastomose se trouve au cenire ou 1 une legere distance distale du
centre de 1 os alimentant les branches principales des differentes par
ties de 1 os

La necrose hienbock de | os lunaire touche en general la partie proxi
male de 1 os et peut etre causee par une fracture de compression hori
zontale proximale croisant les hranches vasculaires de Ia partie prox
male de los Une fracture placee plus distalement coupe le canal ana
stomosique ou les vaissewux principaux 1 linterieur de los causant
une necrose de tout 1os lunaire

Une necrose de L os lunaire suit rarement une dislocation de 1 os Cela
stmble esident lorsqu on realise que cc sont sculement les s-usseaux
d alimentation du dessin du groupe A et dont le seul vaissean d alimen
tahion se trouve dans la eapsule dorsale ou 1l y 1 rupture qui se tromvent
touches

ZUSAMMFNEASSUNC

Drentraossare Anordnung der Blutsersorgung des os lunatum wurde
mittels Mthroradiographic und Spalteholz Priparaten nach Injehtion
cimner Mihropaquesuspension untersucht

Dre1 Hauptandordnungen werden beschrichen

Cruppe A Lin cinzelnes Cefass das den hnochen palmar oder dorsal
iiberquert (26 %)

Gruppc B Nercorgung mut palmarcn und dorsalen Gefassen die in
nerhalh des hnochens micht anastomosieren (75¢%)

Cruppe C Versorgung mut palimaren und dorsalcn Gefassen die in
nerhalb des hnochens anastomosieren (66 5 %)
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Die Anastomose It tm Zentrum oder emn wanig, dist il vom Zentrum
dis hnochens nnd versorgl die verschiedenen Teile des hnochons mat
grosseren Asten

Kaenbichs Nehrose des os tunatum graft am Allgamenen nur den
proximalen Tal des hnochens an und kann durch ane proximale hon
zontale hompressionsfrahtue die die Gefissiste zum proximalen Tel
des hnochens liberhreutz hervorgerufen werden Iin weiter distal
gelegener Bruch wird die Anastomosehantile oder das Hauplgdiss
mnerhalb des hnochens unterbrechen und emc vollstindige Nehkrose
dcs os lunttum verursachen

Iun dumnchrose entsteht sclten als ane Folge der Tuxation des
Knochens Das tst verstindlich wenn man sich vergegenw irtint diss
nur jene hnochen die gemiiss Gruppe A versorgt sind und deren Ver
sorpung tn der gobhorstenen dorsalen hapsel hiegt betroffcn werden
werden
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FROM THE ORTHOI AEDIC HANDCHINIC (OPFNIACEN

TRFATMENT OI UNUNITI D I'RACTURES
OI' THE CARPAL SCAPHOID
BY BENTZON § OPERATION

ny

OLAl AcNIR

According to the recent hilerrture on frrctures of the s rphond hone
most wthors now prefor conseryative treatment of reeent fractures in
plaster east The results are somewhat sarted unten being, obtuned in
from about 70 <z to 1hout 99 ¢ of the ¢ases within 8-12 weehs These
results have been oblaned where the treatment 1s eentrahzed where
interest 15 dovoted to thrs particular fracture and where 2 routine tech
nique of pplyving the phister east s emploved The rosulls must be s
sumed fo be less favourable i departments where fewcr etses are
treated so that sufficient expericnce cannot w v he prosunnd to
have ben guned

Thus 1 certtn number of scaphond fracturcs do not umitc despile
treatment—and to these are added primanly untroated cises either
becwse the patient has not consulted a doctor or hecwse the fraictur
has heen overloohed 1n the course of the examimition A number of
these cases e dingnosed accadentally or when the patient prosents
lumself with persistent pan possibls after a second injury vears ifter
the occurrence of the fricture

\umdcrous methods have been suggested in the treatment of ununited
frictures of the earpal scaphowd 4 study of the extensive hiterature on
the subject 15 not conduerve to peace of mind for the surgeon  thert
are too many alternatines s stated by [ yman South Hunes an 1956
I'shall not try to discuss every single method but shalt merely enume
rite them  exciston of one or both friments exeson of the proumal
cwrpal row nsertion of a prosthess prolonged smmaobilization internal

Read at the mecting f The Britz b Sce nd Hand Club and The Scandinasian Hant
(lud in Copenhagen May 17 19€]
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screw frxation dnlling of fragments ntercarpal or radiocarpal arthro
desss bone prafting radml styloidectomy

To thuis long hst may be ndded yet another mcthod which 15 worth
considering Bentzon s operation It does not prctend to be the final
solution 1n the treatment of ununited fractures of the carpal scaphoid
However as fairly good results have been reported in 3 series followed
up for a lopg time there scems reason to submit the methed for dis
cussion

In the event of nun union of scaphoid fractures Benizon makes a
distinction between 3 types (1) Necrosis of a small usually prouimal
fragment presenting itself on the \ rqy film with distinet sclerosis {(2)
absorptive lesions (traumatic ¢ysts) around the fracture hinc and (3)
actual pseudarthrosis usually dividing the hone into two almost equally
large parts According to Bentzon a small necrotic fragment should be
excised while 1n cases of traumatic cysts 1mmohihization should be
tried An actoal pseudarthrosis 15 the indieation for this operation Ber
telsen prefers exstirpation when dealing with proximal fragments less
than 1/o of the bone but Bentzon s method 1n wider fissures through
the waist

Many patients with pseudarthrosis of the écaphoid hone have no pamn
and hittle hmitation of motion Therefore 1t was Bentzon s 1dea that in
patients with pminful pseudarthros:s the condition might be altered to
a panless ene by an operation nterposing a fat fascia flap between the
fragments

In 1939 he started using this method in long standing cases of pscud
arthrosss at the Aarhus Orthopaedic Hospatal Denmark 1n collabora
tion with Randlov The procedure 1s as follows

OPFRATION

A fairly large curved tncision s made over the anatomical snuff hox
and the adjoiming distal area The ncision should be consex in the
dorsoulnar direction The shin flap 1s retracted and from subcutancous
fatts tissue connective tissue and possibly some tendon sheath a fairls
targe flap ts made its altachment 1s proumal just above the stsiond
process of the radius In this type of scaphoud fracture the fracture ine
 foeated just distal to the tip of the styloid process Atthissite the jomnt
capsule 1s opened and the fracture line exposed If the appearances are
not quite clear a probe s inserted and the site ss X raved After debridc
men! the fracture will gape wide and now the fat-conneetrve tissuc flap
should be interposed and accuratels fixed between the fragments To
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tins «nd 1 nvlon suture as applicd to the tip of the fhyp ind by quite
strught acedles both ends of the snture arc pullcd down through the
gp and througls the skan on the volar wspeet of the earpus At this sate
the suture s tred over a small gauze tampon thereby pulling the flap
right to the bottom of the fracture line In the course of this manocusre
1t 1s of course ymporlant not prcree the mednin nene or the radnl
ey Tvng the sulure on the solir aspect fixes the flap i the frae
ture gip 1nd mahes 1t fit snugly The {f1se11 ind shin are now suturdd
The wrist 1s fixed in 1 plister east an shight dorsal and ulnar flevion
At the and of 2 weeks the plaster and suturds arc semoved nd of course
the suture which has fixed the interposed flap The prtunt s then en
couraged to use and trun his hand mmmadiately

In Bentzon s opinton 1t as rmportant not to put off the opcrition too
long and under no circumstances <o long that osteorthritie chnges
hanve appeared The final theraps has to be decided upon 1f immolnfiza
tion for 8-10 wechs hns farled to yive saisfactors union

Bent.on & Randlop published thar preluninary resufts in 1944 and
194 In 1904 Randiov riported on 1 series of 20 padients troatad by the
iterposition muthod nd followed up for pertods of from 1 fo 1y vears
Sixteen were  completels »ll nght  working in thear usud occupation
to 1 full extent without any complaints In 4 the results was good  1e
they had returned to their former work but suffered paun upon sever
cxerlions None had poor resulls

Perey alson 1934 conducted a follow up study en 15 out of 17 1
tients treated at the Orthopacdie Clinte of the harolinshi Inshitute!
Stochholm during the period 1940-1900 Al had strenuous work The
aver e perind elapsing from the iccadent to the operition was 4 vours
and from the opcrition to follow up 2 9 vewrs averng 3 saars The
results sare 10 completddy all nght 4 Bad shipht pun nd 1 had
“improved Al but one had been able to rcturn to thar former work
ifter the oporation

In the majorits of cases the moliltty i the wrist was reduced but
this did not hother any of the pattents Moremver the strenpth of the
hand was raduced but this was not of practieal importance (xeept 10
3 cases Radioloateal evidencd of mild osteoethritis an the ridiocarp s
Jomnt was foundan 11 ¢ s

At the Orthoprdic Hospital Copenhapen 2y patrents werc troihad
by the Bentzon operation during the vears 1951 1938 inclusine During
the same period 1 total of 240 patients were reforred wath frieturc of
the ¢ wrpal seaphord
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The operatnne mndication was mn all cases painful pseudarthrosis n
most cases accompanicd by restricted mobilits 1n the wrist and reduced
strength Twclve patients were unable to do their Jobs while the others
were working with difficulty

Two patients had radal stxlowdectomy at the same time

Two patients were females 23 males At the time of the operation
thes ranged wn age from 1o to 49 vears average 27 2 jears

Lighteen patients had heavy work the remamng 7 lighter work

Sixteen fractures were left sided 9 right sided

The majorits of the fractures were near the middle of the scaphod
bone 1 n the proximal third and one in the distal third

In 19 instanccs the fracture had not been diagnosed pnmarily Frve
of these patients had heen \ raved immediatels but without the frae
ture being detected In 6 cases the diagnosis was made immediately
but nevertheless one of them was not treated

Twehe had been treated previously by plaster cast from 5 weehks to
9 months This treatment had been mstituted tmmediatels after the
mjury 1n onky 4 cases 1n whom 1t had been continued for 4 months o
months 6 weehs and 8 wechs respectively In the othcr patients the
treatment bas not been started until 4 weeks to 10 vcars after the ac
cident

One vear after the injury 1 patient had been treated because of pain
with a plaster cast for 6 wechs but unsuccessfullv. Two vears after the
injury dntling by the method of Bech was tried and since the fracture
still failed to unite the Bentzon operation was carried out 3 vears after
the rcerdent

For the sake of complcteness it must be mentioned that 2 patients
had been treated by maseage and \ rav therapy

FotLOow P

One patient dicd 6 vears after the operation for pseudarthrosis of the
scaphoid He was last seen in hospital 7 months after the operation
At that tume he had been working fulltime as a labourer for 4 months
Only heavy 1mpaets would cause mild pain at the site of the scaphoid
There was some himutation of the volar less of the dorsal flexion but
the mebilits was far better than prior to the operation

Twenty four patients were re «xamined in the period Noxcmber 1960
to March 1961 after follow up periods of from 2 to 10 vears average
ayears (4 vears 11 months)
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25 patients

23 men 18 heavs worhers
2 women
24 1uts fellowed up
(Ipt died 6 vears after perati n)
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At follow up 17 pabients reported that they werd fudls s dasfied wath
the resaft They could porform any kind of work without pun i the
hind Al ko rcturndd to thar former work

T our had shph!t pun afler prolonged strenuons work The pam was
of brief durtion nd nuver so sevcre 15 to anduee than to antorrupt
their work Al four had saturned to thar former work
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Three still had complaints but stated that the condition was better
than before the operation A boiler maker with pseudarthrosis in the
right carpal scaphoid developed pain 1n the wrist after using the ham
mer for a long ime Now he was working as a chaffeur and had no
complaints A grocer developed brief pain m the wrist when hitmg
heavy weights but unlike the previous oceasion he could wnte without
discomfort The third one was a labourer who had heen triated pre
siousiv by immobihization n plaster but not until one vear after the
accident as the fracturc had not been diagnosed Two years after the
acerdent dnlling of the fragments was tried and not unt:l 3 vears after
the accident did he have a Bentzon operation He has now been working
i his old job for 6 vears He often has to hft heavy weights and this
gunes nise to pmin Duning the past few months the condibion has be
come aggravated At follow up this patient lihe the one just mentioned
was found {o have a lony, styloid process and osteoarthritis i the wrist
One month ago therefore he had radial stvloidectomy

Treatment before operation Immobilisation (plaster cast) 1° cases

primaril 1al (b fractu e not diamos d prim nls)
1pt ptaster cast 5 months 1pt after 5 months plaster cast 6  months
1 pt flaster cast 4 months 1pt after 10 vears plaster cast 13 months
1pt plaster cast 1 : month 1pt after 1 + month plastercast 4 months
afleclz vear plaster 8 months  1pt after1 vear  plaster cast 112 months
1t plaster cast moaths 1pt after? month plastercast?  months

after 1 vear plaster £+ months 1pt after3 sears plaster cast 1'% months
1pt after 1 month pla tercast 4 month
1pt after3  months plastercast month<

massage 2 cases

In most of the cases there was some lmitation of motion m the wrist
Only a few of the records gave accurate data regarding the mobility
prior to the operation but 1n these cases 1t was found to be improved
Radnl flexion was more often r~tricted than ulnar flexion and volar
flexion more often than dorsal On the average the mutation of motion
was 1s follows dorsal 10 volar 15 ulnar M0 radind 1o

Strength was reduced in 8 cascs but thrs was not of practieal impor
tance except 1n one

Al the 24 patients included wn the follow up were \ raved In 13 this
reve tled osteorrthrifie changes involving the radial part of the wrist
wnd only that part
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At follow up 17 pients reported that they w

the result They could porform iy khand of wo

hand Al had returned to thar former work E
Four hul shght pun fter prolongud strenue

of bricf durition xnd never so severe as to ing

their work All four hwd returned to thar form:
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excetlent back in earhier employment ne pains no complants

good back 1n earlier emplovment slizht pains after heavs work

improved pains and stiffness of the wrist when worhing but less than before
operation

bad unaltered or worse than hefore operation

results

excellent 17 patients
good 4 patients
improved 3 patients
bad 0 patients

24 patients

Bentzon s operation 1s a simple procedure requiring only 2 short
treatment period The patsent can soon return to his worh s already
mentioned the results of this operation have now heen reported in 3
series comprising 1 total of 60 cases followed up for several vears after
the operation The subjectine as well as chinseal tesults are gaod Osteo
arthritis was found by \ ravs i about half the cases but most of these
patients had incipient osteoarthritis hefore the operation The incidence
of osteoarthritiy must be a decisive factor n selecting the method of
trcatment From numerous investigations 1t 1s known that ostecarthr:
tis 15 1 common {inding 1n eases with long standmg pseudarthrosis in
the carpal scaphowd (hjeld Andersen & Therhelsen at the Unnersity
Hospital in Copunhagen found 36 < but 50 ¢ among operated cases)

In the hterature we have not becn able to find reports of follow up
studics for osteoarthritis in patients treated by other surgical techmiques
Pending such reports we feel justificd in continuing to usc the Bentzon
operation on the named indications

SUMMARY

At the Orthopaedic Hospital Copcnhagen 20 patients were treated ac
cording to Buntzon s method for pseudarthrosis of the carpal seaphowd
0 the vears 1921-1908 During the same peniod 245 patients were re
fcrred for fractures of the carpal scaphoid The aim of the operation
15 to Aler a punful pscudarthrosis to a punless one by interposing be
tween the fragments a fat faseia flap from the subcutancous tissue of
the 1 domicnl snuffbox The wnist 1s fixed 1 a plaster east for two
weeks alter the operation then the patient ts encouraged lo use and
trun his hand immediately

24 patints werd followed up from 2 10 vears after the operition
tOne pitient had dicd) 17 had exeellent results 4 got shight pun after
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prolonged strenuous work bul never vo sovere w to induce thom ta
mtcrrupt thar work 3 sull had compl unts but <t dad that the conds
tion w s better than hofore the aperatton At follow up alf the 24 patients
were Norovd —n 13 osteorrthnbic chinges were saen but an 11 pre-
operitive N ruvs revetlad osteoarthntie chnges —mn 9 they had pro-
grossed In two only no osteoarthriis was seen prior to the oparaifion
but slight osteowrthntic changes afterwards

RISUNME

A Hopital Orthopedique do Copenlhiigue 1y méthode de Bontzon o dde
ppliquee au tntoment do 20 ¢ s de psendarthroses du seaphode car
pren pendnt les anndes 1901 1 1958 Duraint cctte meme périodc 24)
miludes ont (fé trutés pour des fractures du sciphoide earpren Par
Loperition onsise 1 trinsformer unc psend irthrose doulourcuse en tine
maldie sans douleur en antcrposant catre s fragments un bout de
Fiscrt gris predove dans e bissu sous cutand de la tabatidre an tdomigue
T ¢ poigndt st fixe dans e phitre pendant deux scm uncs apees Lopén
ton ps on recommande e malade d ubihser o) dentruner s1mun
immediitement

24 mal wdes ont cte reox imunes cntre 2 et 10 s apres Foperition (Un
mdade elut deeedey Chez 17 M resultats ctarent cxecllents chexd
A vt en de Iegeres douleurs 1 a suite d un traval pénible prolongé
mass Ies doulcurs p nvaent ecpundant jam us cte asscz fortes pour ks
unener g cesser hour trnal 3 continuent a se plundre tout «n recon
nssant que loar bt est malicur qu want toperitton A lovumen
tous s 28 maldes ont ¢l passes wx rivons C On g constte des mo
difieations osteoarthritiques chez 13 mus chez 11 1 rdiograplue pre
opuratorre wout deg i revdde des modifications ostéosrthnlsques chez
9 maldes elles ay uent progresse Dans deux eas sculement weune
modificition osteorthritique na ic observed avant Loperition mns
1l vt de legercs modific tions apres intenenbion

ZUSAMMENT ASST NG

Am orthopediselnn hrankanhaus in hoponhagen wurdon i den b
ren 1901 1958 2, palwnten nach Banizons Methode zur Behandlung dor
Puscudarthirose des os navacalare dor Hnd eponcrt W ihrend des glocek
n Zatraumes wurdon 245 Pattenten mit Bruchen des hahnbones dor
Hand geschan Man bosbsichigt motteds der Operation ane schmerz
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volle Pseudarthrose mittels Einlegung eines gesticlten Fett Faszien
lappens von dem subkutanen Gewcbe der Tabatiere zwischen die Frag
mente mn eme schmerzlose zu verwandeln Die Hand wird fitr zwer
Wochen nach der Operation 1m Gipsserband ruhiggestellt und nachher
wird der Patient aufgefordert seine Hand ohne weiters zu gebrauchen
und zu iiben

24 Patienten wurden 2 bis 4 Jahre nach der Operation nachunter
sucht (Ein Patient war gestorben) 17 zeiglen emn ausgezeichnetes Er
gebnis 4 hekamen leichte Schmerzen nach langer anstrengender Ar
beit die jedoch usw unterbrechen mussten 3 Patwnten hatten fortge
setzt Schmerzen aber gaben an dass 1hr Zusiand besser als vor der
Operation war Anldsshich der Nachuntersuchung wurden alle Patienten
rontgenuntersucht — ber 13 wurden ostcoarthnitische Yerinderungen
gesehen aber ber 11 von ihnen zeigten die vor der Operation vorgenom
men Rontgeninlder bereits osteoarthnitische Veranderungen - die mn
9 Fillen zugenommen hatten Nu 1n zwer Fallen wurde heine Osteo
arthntis vor der Operation besehen entwichelte sich aber in feichtem
Grade nachher
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O\ THF RFSULTS OF TREATMENT OF NON UNION
OF THE SHAITS OI' THE LONG BONES

By

RisTo RiviLsanso mnd MATH Saarngno

The causts of non union and the methods and results of ats treatment
have continnoush recened great tention from orthopacdists s well
as genert] surgeons The high actuality of the topie 1s 1160 ndicated by
the fact that it 1s still a subject of discusston 1n various congresses ¢ £
at the Congress of the Socicte Internationale de Chirurpie Orthoptdique
et de Traumatologie 10 New York 1960 On this accaston Boyd 1ipin
sht & Wailey presented 2 seris comprising 842 patients deilin, with
the results of treatment of non union of the shfts of the long bones
W ath advances in surgieal technique non union should be less froquent
but rather the opposite 1s true in actual practice Most of I this s
dut o the mcrcased number of serious trffic and working accidents
which result tn open fractures with infection and comminuted fraclures
wilh circutrtary disturbances

In Finland the occurrence and treatment of non unton has been hitlle
treated an the hterature 1nd 1t s therefore difficult to form an overill
peture of the results of treatment i different hosptals Rehinbery
(19501 presented the resulls of treatment rddating to non umon 1w 277
war casudtis and Bistrom (1904) those from the trcitment of non
union i 38§ cases duning peacetimc  Saaniallio s (1960) serues of 332
pitients with kg fracture contamned 24 cascs of non umen For the
abeve mentioned rotsons it 1s thought to bo ippropriate to prosnt the
results of treatment recorded m the Orthopacdic Hospta of the Insahd
Foundation m the vears 1940 1960 In his paper read b a conpress
Nyberg 119201 deall with part of the same senies helonging, to carher
sears This pirt too was included 1n our foflow up mvestigation for
the renson that my of the patsents have visitad our hospitd also in
recent vears for further examination or the nsurined compantcs hase
been able to advise us on therr recent conditton
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The sertes of non umon cases of our hospital presents a higher than
normal degree of severitv on the whole because no fresh fractures at
all are admitted but the patients are sent fo us n the non unon stage
from other hosmtals when their condition has heen considered as
requiring special treatment Thus n a major part of the series one or
~everal operations for the correction of mon unwon had alreads been
made this can he considered 1 having further worsened the cond:
tions for successful recovers

OWN MATERIAL

The series consists of patients treated in the Orthopaedic Hospital of
the Imvalid Foundation 1 the vers 1945 19680 all of them with non
union of one of the long bones of the extremities There are altogether
160 patients 133 of them male and 22 female

TABLE 1
Age on Admussi n for Treatment

Ag group B w2 2w | o»w | oo we O ecth

“umber 1 43 41 38 19 8

The voungest patient was 2% vears the oldest 67 An overwhelmmg
majority of the patients (altogether 122) were men between 20 and »0
vears of age 1 their best working vears and therefore most susceptible
to serious accidents Iach decade of this period 1s represented by
approximately the same numbcr of patients as can be seen from table
1 The cases of non umon due Yo lesions recened in the war pumb red
36 all of them male patients

Thable 2 gives a short review of the patient data prior to admission
o our hosptal In speerfving the pont of fracture the fractures on
the junction between the proximal and middle thirds of {he hone have
been refurred to the group of provimal fractures and thos, on the
Junction between muddle and distal thieds to the fractures with 4 [o-
cation n the middie third Most of the non umons m aur 5 p1es o
curred in the regron of the middie third An exeeplion 1s noged sn the
case of the rdius and ulna the distal thied hwving been mast eommonts
affected 1n the first mentioned and the praximal ghyeg in the latt ©
mstance

Open frictures conshitute about 03 per cent of the o ries The b
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rchitively le st numerous 1n funur frictures onls one out of 18 and
most numerous among, the frictures of ulny ind bumerus War inde
ced fractures have been included among the open frictures but they
have furthermore heen separately grouped by the diffcront bongs

TABLY 2
I resentali)n of the M tterial

Locati noftbe nonuni n

frame Bott bon 10 lws Chia kenar ﬂn;} T-.mi L

rearm |
vitmber af falrents 23 1”7 13 23 18 7 16
sex
Male 21 1 1= 21 1 s 13 B8
Female 2 2 1 2 7 8 hds u

oint of fractute

1 roximal 3rd 4 dnclin 3 M 3 6 1 0
Middle 3rd 10 radsor 5 M 11 41 o 47
Distal 3rd 9 ulna 1710 o s
nitial con hite nis
O en fracture 15 5 718 1 40 B 83
War induce | fracture 7 1 + LI L 1 A
07 en reduction perf srmed 1 9 3 PN LR A T
Frevicw dnfecti m 11 t 3 7 LI PR R 1}
Yperaticns for non unr n prior
to alnussicn ant our b sputal
One «¢jerati n 4 ’ 4 1 f 20 47 0™
Tw  cperaticns 3 1 1 1 LI}
J 3 ormore 2 1 2 5 10 6
Faticnts alt rgether 9 3 5 13 LI B B
trerag anterval betu  n oceur
rence [ fracture and aperation
franunt nan our b sptal
m nthy 1 1 3 9% 18 41 A

Cases vath assoctated infection have been treated as one single group
mdependent of whethor the 1ty 3 wonnd or an operabion performat
prior to admission anto our hospits]l was rosponsible No dhishindlion
s ather been madd botween alrcady (fhiced infeetsons md those shill
present on admission At 2l (vents the mfection fraquenthy dedavad the
non unton operition proper beecause the aperation was not undortihen
until 4 to 6 months fler the disippearance of the infection
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Primary operative measures had been tahen that 1s open reduction
and osteosynthesis by different frang methods had been performed on
47 patients (29 per cent) and actual operation intended for the cor
rection of non umon had been performed on 66 patients ({1 per cent)
prior to their admisston nto our hospital On 19 of the latter pa
tients more thnn one correctine attempt had been made

It would be interesting to study the length of the time 1 which posi
tine non union developed 1n each particular mstance The series does
not furmish any dircet answer to this question because as a rule the
patients have still been under treatment m another hospital at the time
wn question Howeser 1n Table 2 the average trme from mcurrence of
the fracture to the first corrective operation 1n our hospital 1s hsted

HUMFRUS

There were all gether 23 patients with non umon 1n the upper arm but fine of
them refused correctine operations and one insisted an amputation owing to great
pain this was conceded as the patient furtherm re had lesions of the radical and
me lian nerve Altogether 18 correcline operalions were done on 17 patients

TABLF 3
Operations for \on union of the Humerus

\umi ¢, tn m Ca eoff
N thod o i e suee sttt 1 Fatore O oot
Z re ection 15 13 2 1 1
Onlay graft 2 2
¥ hemister type graft 1 1

Reoperated with graft

Resection with fixing either wath Parham band or with two screws
was done 15 times union fmiling to eccur n two of the cases In one
of them incomplete fixation produced resorption at the fragment ends
but rcosteosynthesis wath onlav graft resulted m union The other
patient wath infection responsible for the falure refused nnother
operilien and continued to usc the supporting bandage he had had
previously

The operitions resulted 1n union 1n 16 patients and none of them
retuned a fwlts position The permanent shorteming of the upper arm
due to Z resection was consuderably (10-1a em ) e three patients and
farrly remarkable (-9 ¢m ) in three tn theothersatwasless Stiffness
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of the shoulder join! incrasad from the preoper e condition in three
nd that of the cdbow jomnt n two patients Particularls non unton in
the lower thurd of the humcrus tendad to fe we a porm nent rostriction
of motion n the elbow joint but not one of the paticnts was cusad
sery preal inconvenicnce on ccount of this

BOTH BONIS OF THE FORF ARM

Thore ware 12 patients wath non unton of both boncs of the fore
irm [ or two of them corrective operalion w ts not considered aindie ted
15 the functionsl abihity of thewr hand was ilmost mil ffer ¢ scrious
open fracture ind subsequent infoction In ten patients altogether
twelve correetive operations for non unton wore performed nd union
was chicved in Al eases

TABLE §
Operattns for Non Umion ¢f the Ferearm

Cau ¢ of
uml er nion
Met? od fratients | ueepyrar  Fellare e
7 reseti n 3 2 1 1
Craft 7 ¢ " 1
Medullary Nail € Graft 2 ’

W perated with grafl
t Neoperated with medullary nail and graft

In onc of the thred £ resections unton Nilcd fo oceur owmng to o
sarption of the fragment ends bul union w i achiesed on reoperation
with grafl O the seven graft osteossntheses onc was 1 Fulure duc fo
resarption of the ends of the fragtmants and of the graft In this civt
also reostcosynthests with medullyry nul and grift wis suecessful
Inadequte fixing of the frigments was responsible for the resorpton
n both instanecs On / resechion both osteosynthests ponts bad boon
fixed with only one Parham band while in the other ease the trinaplent
had partly been spht when st was ficed and therdfore fmlod to prosade
sufficient stibehity although four sitallium serews wore used This an
stince of osteossnthesis also diffieed from the normal procedurs i
thit esteosynthosis w s onhy porformed on the ulna ind the proxamal
fragment of the rudius inats entirely was removed a8 the s aime fime as
the non umon was of considerabls proxmn locatien In one further
operation also 4 doprture from the conventiona! method was mody
in the respeel that osteosvathesis was onls performed on the ulna ind
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the non union faces of the radius were resccted deliberately leaving 2
non umon In this case too < functionally good result was achieved
Union took place 1n all operated patients and no detrimental faults
positions remained The shortening of the forearm was considerable
4 cm and 8 em respectivels in two cases About the same mohhits of
elbow joint and wrist as at the ime when the non union operation was
decided upon was restored in all cases For sncreased rotation of the
forearm resection of the distal end of the ulna was performed on one
patient and was to be done on another but the latter did not consent

RADILS

There were 13 patients with non union onls of the radius and a cor
reetine operation was performed on twelve of them For one patient
the operation was considered unnecessars hecause he had become
accustomed for nearly ten vears to the non union which was moreover
panless Altogether 13 correctine operations were performed

TABLF 5
Operat ons for \on Lnion of the Ralias

\umbe L | e

um non 3

Mettot ofp tnt 1 succestul  F WP g oy
| , th graft

Craft 10 9 1 1

Medullary Nail & Graft 1 1

Z resection &

ulnar ostec loms 2 "

Neoperated with medullary nail and graft

An onlav oranlay graft wis emploved ten times st was fixed either
with Parham band or with screws In one of these cases there was no
unton  resorphion took place in the transplant at the point adjacent
to the non unon and 1t brohe obyious!y duc to stress Reoperation with
meduliary nul and graft fixed with serews rcsulted in union also in
this ease Ulnar osteotomy followed by Z resection of both hones of the
forcarm was parformed n two cases This procedure was chosen on
account of 2 verv faulty postion of the forearm which would not
hate been possible to corrcet without ulnar osteoloms Fien so one
of the patients has a resrdual faulty position but this 1s the sole case
with a permanent fwlty position i this group

L
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The motions of dbow joint ind wrist were otherwise restored o
ahout the condition prior to opcration exeept that rotation of the for
arm was almost without exception more or less restricted In order to
improve rotational mohidits ruseetion of the distal end of M ulna was
performed in four cases

TNt

There were altogcther 23 patients but no corrcetine operation was
undortahen in aght eases either for the reason that the non union ¢ w
sad sery Wittle mnconventence, or becuse the patient hamself did not
wish to be operated or hectuse the non umon was so honaly aggrt
vaied as a result of suppurition and bone dedect that operition was
not thought to have any chaned of success 15 patients were subjeeted
to 17 correclive aperations

TARL} 6
Operatisns for Non Unton of the Uina

Careofl Ilure

Numter  Lnlon
M tod ofpati nts uee  tul ¥ T prly o on reau

Craft 14 9 5 2 3

Medullary \ail € Craft 3 ' 2 1 1

Tae case re jperated with medullary nail and graft

In five of the 14 patients operated bs the grafting method union
fatled to occur which s a relatinely high proportion Fhis wis ob
sioushy due to the fict that all eascs seremtially open fraclures mor
over three of them were presious war induced wounds  ind mamifest
nfoction had heen present before in all of them In threc easos resorp-
tion of the graft occurrcd obviouslh not duc Lo incomplete Nixing bul
to the poor osteogenctic exprcits of the frigment ends Two of the cases
tn which union fuldd to occur were reoperatcd with medulian nnl
nd gralt Union was suceessful 1n ene case but the other ratuned per
manent non union 1s did also 4 tord patient imtially operited by s
method

In none of the len e ases wilh successful union was there -y pornn
nent faults position ind mobilits of the elbow joint and wrist w s not
smpatred from the condition prior to operation | or improscd rotthon
resection of the eapitulum radi was performed on altogether six p1
tients cither simullancousty sith the ostcosvnthests of al a Iater shige
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FEMUR

There were 18 patients helonging to this group Three of them were
not operated one owing to poor condition caused by pulmonary tuber
culosts and renal msufficiency two others because they were psichy
callv unfit to be subjected to a major opcration requiring prolonged
immobilization On 1o patients 16 operations for non union were per
formed one of them having non union of hoth femora

TABLF 7
Operations for Non Unton of the Femur

\umbs LS

o R O
£ resection 53 5
Graft 6 6
Medullary Nanl & Craft 4 4

7 resection was carnied out mn the case of a patient with non union
of both femora and the shorteming of the extremities due to the opera
tions caused no mconvenicnce for this reason The same method was
apphied m the case of a patient with congenital dislocation of the oppo
site hip and consequent shortening of the leg so that 7 resechion fur
nished at the same time a means of equahizing the previous difference
n length In the other two cases there should not have been any well
Justified reason 1n our opinion to employ this method tn view of the
fact that the patients retamned the dranwback of a leg shorter by 6 em
wd 5 em  respectivels

For immolihization a hip cast was emploved 1n all cases except 1n
two with medullary naiing and graft in which no plaster at all was
applied Union was successful i afl operations A faulty position
ensued 1n one case with grafting obviously owsng to premature stress
Harmful shifeming of the knee resulted 1in one case and for 1ts correc
tion a quadricepsplasts was performed by which the knee mobility of
180 90 was attmuned

TIBIA

Allogether 71 paltents have been under treatment in our hospatat
for non union of the tina No corrective operation was undertahen
w14 of these cases amputation on account of severe infection was
performed 1n fwo and the other twelve were not operated hecruse
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The motions of elbow joint and wrist were otherwise restored to
about the condition prior to operation except that rotation of the fore
arm was almost without exception more or less restricted In order to
mprosve rotational mobilitx resection of the distal end of the ulna was
performed n four cases

LTLNA

There were altogether 23 patients but no correctine operation was
undertahen 1n eight cases erther for the reason that the non umen cau
sed very little inconvenience or because the patient himself dud not
wish to be operated or hecause the non union was so heavilv aggra
vated as a result of suppuration and bone defect that operation was
not thought to have any chance of success 15 patients were subjected
to 17 correctne operations

TABLF 6
Operations for \on Union of the Ulna

7
Sumber | Unon Caus of fattur
M ihod of pat nly! successtul Fonure ltatects n Oth rexus
Graft 1 9 5 2 3
Medullars N\ail £ Graft 3 1 2 1 1

Two cases recperated with medullary pail and graft

In five of the 14 patients operated bv the grafting method union
failed to occur which 1s a relatnely high proportion This was ob
viously due to the fact that all cases were imtaliv open fractures more
over three of them were previous wir induced wounds and mamfest
infection had been present before 1n all of them In three cases resorp-
tion of the graft occurred obviouslv pot due to incomplete frang but
to the poor osteogenetic capacity of the fragment ends Two of the cases
n which union failed to occur were reoperated with medullars nal
and graft Umon was successful m one case but the other retained per
manent non union s did also a third patient mitralls operated by this
method

In none of the ten cases with suceessful union was there anv perma
nent faults position and mobility of the elbow joint and wnist was not
impatred from the condition prior to operation For improved rotation
resection of the capitulum radn was performed on altogether six pa
tients exther simultancoush with the osteosvnthesis or at a later stage
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enough 1n any nstance to require correctne measures Total arthro-
desis of the ankle was made in three cases on account of ankle pam
and restriction of motion 1n the ankle «nsming from the prolonged
treatment Three furiher patients retained a permanuntiv restrictive
mobility of the hnee to the extent that flexion to a nght angle was im
possible One of the cases with unsuccessful unmion had an infection
of such severityv that amputation in the upper part of the leg had to
he earnied out [ater The ultimnte condition of the other fatlures was
the same as prior to operation

RESULTS AND DISCUSHION

It can be seen from Table 9 that 98 of 126 operated non unions or
78 per cent showed successful umon after the first correctine opera
tion The corresponding figure 1n the <eries of 842 patunts of Boyd el
al (1961) 1s 88 per cent Repeated corrective operations raised the ult
mate result in our series to 110 successfully treated non unions or 87
per cent aginst 94 per cont m Bovd s series It mas also be mentioned
for the sahe of comparison that the percentage of ultimately success
ful untons i the series of 126 patients of d Aubigne (1949) was sim
larlv 94 per cent Quite certunls the ultimate percentage of success
ful union would have been higher 1 our series too if all patients
with an unsuccessful first operation had heen reoperated However
onby 19 of 28 such patients were reoperated nine of them dechning
any further measures

Scrutiny of the 36 cases in which the first correetive operation (in
29 cases) or repeated operition{in 8) faled to produce union reveals
that infechion was responsible 1 11 eases This mav appear 2 high
proportion but it 1s Iirgely duc to the fact that there was an infection
prior to the correctine operation in 31 per cent of the whole series
The infuetion probably continued in 2 Iatent form in most instances
ind beeame inflamed 1 connection with operation in spite of all pre
cautions The relatiels highest meaidence of infection was recorded
for the uina the non unien operations on the tina ranging next

About R0 per cent of the operated persons were given prophilactic
wnhibiotic treatment most frequentls v penieillin angections  In
carlier vears this was nat administared but nowadans 1t 1s eonsidered
perlinent m our hosplal

Fracture of the grift subsequent 1o operation occurred altogether
six times and was obviousts the cause of faslure in the cases th question
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five of them concerning the tibi1 and one the radius In the last men
tioned nstance therc had been a faulty position which had been cor
rected at the operation but there had probably been residual stress
on the graft graduallv leading to its fracture In three of the cases
of fractured tibial graft walking had been commenced without walking,
cast this prohably produced stress fracture of the graft and therefore
farlure of treatment Since 1956 our hospital has applied the rule of
interposing a walking cast stage after umon has taken place 1n the
after treatment of an osteossnthesis 1n the lower extrermuty which
1s continued until osteoporosis has disappeared 1t has not been post
tively clanfied from which agents the fracture in the other unsuc
cessful tihial grafts resulted

The other causes for fulure of the bones to umte have been highly
varsegated and 1t 1s frequent!y 1mpossible to pomnt out the ultimate
cause of failure Usually several unfavourable partial factors together
have contributed to 1 poor end result Among them there mav be men
tioned nsufficient fixation strong sclerosis of the fragments and too
sparing use of spongeous hone

o attempt at mutua!l comparison of the results obtamed by different
oper tting methods has been attempled for the reason that as arule the
principle was to emplosy the tect that was dered most appro
priate 1n cach instance So far the treatment of non union has not heen
solved by any single method of treatment 1t 1s rather a fact that diffe
rent stites and conditions require different measures In order that
the best possible results mayv be achieved not onls complete masters
of the surgical techmque 1s required hut there should also be good
surgical judgment I these conditions exist the results obtamed by dif
ferent techniques will be largels simlar

SUMMARY

In the Orthopaedic Hospatal of the Insalid Noundation 160 patients
were under treatment during the period 1940 1960 for non union of the
shafls of onc of the long bones n the extramities The imtial cause of
non unton was apen fracture 1n 23 per cent of the cases and onc or
suveral operations for correction of non unton had been performed
prior 1o admission 1nto our hospital tn 41 per cent of the cases There
had been infection 1n altopether 31 per cont of the cases

Corrective operation for non unien was porformed on 126 patients
nd suceessful union was achieved 1n 110 (87 per cent) although 12
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pabients required more than one operation The operative method v aried
according to crrcumstances no positive differences between the me
thods can he seen on the strength of this series

RESUMI

A 1 Hopmital Orthopedique de 11 Fondation des Insalides, 160 mala
des ont ete trates durant la periode 1945 1960 pour une non soudure
de 14 diaphyse des os longs des extremites La cause mmtiale de 11 non
sondure etut une fracture ouverte dans 53 pour cent des cas Une ou
plusicurs operations on vue d obtenir 11 soudure avaient eté pratiquées
want 1 admission dns notre hopital dans 41 pour cent des cas Iy
nait cu des infections dans 31 pour ceat des cas

Une operation corrective fut pratiquee chez 126 malades et Ia soudure
a ete obtenue dans 110 cas (67 pour cent) bren qu il it fallu plus d une
operition chez 12 malides La methode operatoire « varie selon les cir
constances I n se basant sur cette serie de cas 1l na pas ete constate
de iffercnces positives entre les methodes

ZLSAMMFNFASSUNG

Im Orthopidischen hrankenhaus der Iny ilidenstiftung sind wihrend
der Zert 1945 1960 160 Patienten wegen Pscudarthose emnes der langen
Rohrenhnochen der Fxtremitaten behandelt wordin Die Ongmal
ursache der Pseudarthrose war offener Bruch n 53 Prozent der Falle
und eme oder mchrere Operitionen zum horngicren der Pseud
arthrose sind tn 41 Prozent vor dem I inhcfern 1in unser kranhkenhaus
ausgefuhrt worden Infehtionen sind 1n msgesamt 31 Prozent vorhanden
gewesen

Operation zur Bchebung der Pseudarthrose wurde ber 126 Patienten
vorgenommen mit Wicderveremm ung der hnochenbruchstuche m
110 Fallen (87 Prozent) obwohl ber 12 Patienten mehr als emne Ope
ration notwendig war Dic Operitionsmethoden saruerten je nach den
Umstanden und ¢s 1st an Hand des vorhiegenden Materals han deut
licher Unterschied zwischen den \erschiedcnen \orgehen zu verzeich
nen
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FROY THE ORTHOPAEDIC HOSPITAL COPFNHAGEN DEAMARK
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THE GRICE OPERATION FOR PARALNTIC FLAT FEET
IN CHILDREN

By

Lts ZACHARIAE

INTRODUCTION

Arthrodests of the ankle jomnt and subastragalar joint 1s 2 procedure
which has been used for a long tume for the purpose of correcting and
stabihzing feel paralszed and deformead by poliomyeliis

As earls as 1879 Alber! of Vienna performed an arthrodesis of the
anhle joint i order to stalnlize a paralszed foot nd 11 1900 Meny did
a subastragalar arthrodesis Since then numerous reports on arthrode
ses of paralitic fect hase been published and a number of different
techniques have been emploved Subastragalar arthodesis as generalls
performed often requires resection of a good deal of bony lissuc espect
allv when perfornted on flat feet In cluldren it has been used only with
some hesitation for fear of disturbing growth

In 1922 however Grice described a procedure for subasiragalar fixa
tion of paralvtic flat fect m children consisting n extra arhiculr fixa
ton mserting a bone graft into the smus tars: In s first paper he re-
ported favourable results but the follow up period did not cxceed 2
vears In 1900 Grice reported his further experience now affer 1-0
vears follow up and the results were still satisfactory

At the Orthopacdic Hospital Copenhagen we have used the Grice
operation for paralitic flat feel 10 a number of cases from the great
polto emdemic w 1952 By now the follow up period s sufficintly
long for assessing the results The present report deals with the follow
up findings and the conclusions which thev seem to w arrant
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MATERIAL

Sixty s1x children with paralvsis of the feet after poliomvelitis were
submitted to a total of 69 Grice eperations at the Orthopaedic Hospital
Copenhagen durning the period 1929-57

TABLF 1
Sex and age distribution of 66 chidren who had the Grice operation for paralytic
flat feet
29
No of children No of feet 69
37

4ge at operation
46 vears 27 feet
7-9 years 8 feet
10-12 vears 19 feet

In all cases the deformity was plano-valgus or calcaneo valgus Table
I giuing the sex and age at operation shows that the age ranged from
4 to 12 vears the majonty being from 4 to 9 vears 29 were girls and
37 bove

All the pitients had been infected with polie 1in 1952 and the opert
tions were carried out from 2 to o xears n most cases about 3 vears
ifter the acute 1llness This gives a follow up period of from 4 to 6
years

All the patients were after examined by the author in early 1961
The cxrmination included subjectnve and objectne clinieal assessment
and \ £y imvestigations

MFTHOD

The procedure was that described by Grice (1922) 1mserting 2 auto-
wenous bone grafts from the tibia into the sinus tarst (Figs T 11 1
ny

After treatment consisted 1n a plaster east for a total of 12 weeks
without weight bearing for 4 weeks and wath weight beaning for 8
weeks Thereupon orthopacdie footwear arch supports or tn a few cases
foot eapsule according to the shape of the foot and paralvses in other
musclcs of the feg were ufilized In several cases tendon transplanta
lions were earried out to stabihze the position lengthening of the hecl
cord was done where 1t scemed necessarsy
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Fig 6 Fig 7
The same foot as Fig 5 21¢ years later The same foot as Fig 5 5 vears Jater
Incipient zhsorptian of the grafts The grafts have heen completcly ab
sarbed

the fixation must be due to fibrous adhesions i the sinus fars) In 2
mstances there w 1s 2 question of incorrect technique the grafts havin,
been inscrted into the wrong plice and having been completels ab
sorbed (Figs Y, VI and VII} In the other cases with deficient healing
of the grafts perusal of the casc records did not 1fford ans explanation
It must be mentioned that m our cases where heahing was deficrent
this was Uways at the astrigalus

TABIE 3
Clinreal and radiologrcal fization at follow up on 69 paralytic flat feet tr ated by
the Crice proredure

Suba tr Al rfxatior atl low up

Chtmseal \ ray
Tixation 64 51
No fixation 5 18
Total No 69 69

In assessing the X ray ppearinces 1t s important to note the rel
tionship of the 1stragalus to the ealeaneus It 1s mpossible to deaide
to what extent the A C anglc s been corrected by the operation since
regrettably no preopertive hilms were available for a large proportion
of the patients However since the operation was earricd out to correet
flat foot the A € angle has presumably been mercased im the great ma
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Fig 8 Fig 9
4 large A C angle in paraly tic flat foot The same fo t approT 5 vears after a

successful Cr1 e operation Now the
A € angle 1s smaller than normal

jorits of cases In those cases where preoperatine \ ravs were asailable
there had been a dishinet diminution of this angle (Figs VII-I\)

Follow up showed a norml A C ingle in 22 cases In 17 cases 3t was
10 =30 1n 20 cases 1t was < 10 and i 6 cases 0 Onk 4 had an
abnormlly wide A C angle

The «xplanitton why so many patients showed chimiealls uncorrected
or increased valgus deformuity At follow up desprle 2 normal or even
reduced A € angle and subastragalar fixation must be that a large pro
portion of them had instalnhits of the ankle joint and Choparts joint
Tven in chnienlly satisfactory eases some patients masy show 2 trace
of mstability of the ankle jomnt

Out of 23 palients with poor results 18 had marked instablity of
the ankle jJomnt and 2 vanvng degree of nstabilidy of Chopart s jont
Qut of the 16 cases with 1 good result 8 had shiht instabihiy of the
whle joint which mw he foirad to progress in the vears to come Thus
out of the tatal serwes of 39 feet 26—or 38 <6 —had more or less ten
deney to instability of the ankle joint and often also of Chopart s joint

In 11 patsents mmnly those with poor results 2nd wstabihiv of the
wnkle jomnt follow up revealed tichtumng of the heel cord Fighteen of
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the total scries had lengthening of the heel cord performed erther at
the time of the Grice operation or somew hat later

TENDON TRANSPLANTATIONS

About two thirds of the patients hid tendon transplantations 1n ad
ition 1o the Grice operation for the purpose of correcting the muscular

tmbalance and thereby preventing a recurrence of the deformity Table
IN shows the type of transplantation

TABIF 4

done it with the Crice
operation

Different tgpes of tendon

Results In cases with an { without tendon transplantation
Type of tran pl ntati o

Total ne Cood Bd
Strengtheming of heel cord 7 6 1
Strengtheming of ant and/or post tib 18 1?7 &
Peron long or brev to dorsum ped 15 6 9
Others 4 4 ¢
Total No with tendon transplant 44 28(63 6 ¢) 16
Withowt tendon transplantation kel 16(84 %) 9

1t will be seen that the result of the operation 1s the same i both
groups 1nd therefore gives no mdication of the value of supplementary
tendon transplantition
TABLF 5
Analysis of instability 1 the ankle joint following the Grice operation in r lahion
to tendon transy lantations

‘Tendon tr naplantation in relation to stability of the ankle o nt

Slabl Unstabl T tal
Wah transplant 30 (68 %) 14 4
Without transplant 13 (52 %) 12 )
Total \o 13(62) 26 69

Tendon transplantation must m 2l cases affeet the luteral and me
dial muscles whether the transplantation 1s posterior anterior or cont
tralateral It 1s of importance therefore to ascertmn whether tendon
transplantation s of any significance to secondary mstability of the
anhle jont This 1s shown n Table V which reveals a far lrger number
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of unstable cases without tendon transplantation than with tendon
transplantabion 4 possible explanation 1s thai 1t has been predomu
nantls 1n cases of severe paralssis that tendon transplantation has not
Yeen performed

MUSCLF POWER IN RELATION TO RESULTS

From what has heen stated above 1t will be understood that an mm
portant cause of the poar results was secondars nstabilits 1n the ankle
jomt The following figures set out the relation of this sign to musele
pover assessed at follow up In other words the assessment includes
tendon transplantations 1if performed

Table V1 gives the results in cases of sufficient and msufficient tn
ceps There 1s no difference

TABLE 6
Analyss of resnlts following the Grice operation wn relation fa the strength of the
triceps

Musel pow Ttaont r ult 1A condn loth nt m ton lgraln_intof
Cood Poo Total
Triceps 3 > m re 33 15 18
Tricep below 3 13 3 2
T tal vo 16 2 6

Table VII shows the significance of the lateral and medial muscles
Clearly the strength of these muscles 1s of the utmost importance to
the results there bemng onls one poor result out of 17 where they were
sufficient on hoth sides whle two thirds were poor where these muse
tes were msufficient

TABLF

nalysis of the resulls following the Crice operation in relation fo strength of

peroner and ant an! postlibl alis respectively

Musel pom in 11 tor ults (A onin toth intern M onlgrain itof
Cood Poo Tot 1
Eeroner 3 or m re ant el post tib belcw 3 23 9 32
Ter neibel v Zant ctyot tib 3 or more 1 1 2
B th 3 or more 16 1 17
Bthhing & 1 18

T tal 46 23 69
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DISCUSSICA

From this analssis it 1s cvident that the Grice operatson in our hands
with  follow up period of 5 vears has given good results 1in two thirds
of the cases

When deducting cases in which there were technieal errors at the
operation or deficient healing of the graft for other reasons the mun
causc of the poor results was mstabity of the ankle joint and of Che-
part s joint Furthermore a number of the fect wineh are satisfactory
at prescnt mav be expected to develop mstabihis i the course of the
next few vears

In hus first paper Grice mentioned onlv one case in which the result
was compromised by wmstabilits of the anhie joint The follow up pe
riod was then only 2 vears In his second paper with follow up periods
up to b vears he had 3 cases In his opimon the explanation was highte
ning of the heel cord This accords well with the present author s find
ngs as 11 of the poor results had tightemng of the heel cord at follow
up

Wi estin t1907) 1n a sertes of 31 cases had no unstable ankle joint
However he had 3 with plano valgus deformits and tightening of the
heel cord so that possibls the deformity was in actual fact due to m
stability of the ankle jont

1t1s a common opinion that arthrodests often leads to excessive stran
and consequent instahlity 1nd possibls oscoarthritis i newhbouring
Joints Robins (1929) however found mstalnhty of the ankle jomt in
onh 15 ¢ of cases submutted to subastragalar arthodesis for the seque
11e of poliomselitis m voung persons and Lindholm (1980) reported
mstabilits of the ankle joint m onlv 2 out of 36 adult polio fect after
subastragalar arthrodesis In the present scries howesver the operations
were performed on younger children and this perhaps accounts for the
difierence 1n the results

That muscle power per se 15 of great importance 1s bevond doubt
Where the lateral and medinl muscles were suffictent nearly il the
results were good while with msufficient lateral and medial muscles
practieally ali were poor

Primarily there 15 imbalnce between the postertor and antertor 1t
nalis on the one hand and the peroner on the other as this s what
makes the deformuity develop nd the sufficiency—or more correethy—
the balance has been created by tendon transplantations primanly ¢
tivation of the anterior or posterior tibialis An active posterior tibrahs
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may be obtained by transplanting the peroneus hreus to thus tendon
This procedure however very often 3ields poor rcsults either in the
form of over correction or Inchin, effect while actination of the ante
rior tibialis by all the toe extensors generally gives good results (Zacha
rige 1961) and 15 to be recommended

W hether the Grice operation 1s to be considered 2 final procedure
or has to be folloned by subastragalar arthrodesis or panarthrodesis
about the age of 14 1s difficult to sav at present The latter 15 indicated
by many findings 1nt al wstabibts of Choparts jownt and the ankle
jomt In that case 1t must be seriously considesed whether the same
result rught not have heen obtmined by tendon transplantation alone
and whether in that case the secondary mstablits of the ankle jont
might have been avoided

SUMMARY

4 follow up study on 69 paralvtic flat feet treated by the Grice opera
tion 1s reported All the patients were from the 1952 polio eprdemic
underwent operation 2-5 vears after the acute 1illness and were fol
lowed up 4-6 vears after the operation Good results were found in
two thirds buta large proportion had secondars nstabiits of the anhle
Jont possibly due to tightening of the hecl cord Tendon transplanta
tion had heen carried out 1 two thirds The varnious thpes of this pro
cedure are discussed and transplantation of all toe extensors to the
anterior tilnalis 1s recommended The muscle power n the lateral and
mudial muscles is of great importance to the results and 1t 1s suggested
ihat 1 number of cases the surgery might presumably have been
restricted to tendon transplantation alone

RFESUVMF

Compte rendu de | examen complementaure de 69 cas de pieds plats
parthvtiques traites par L operation Grice Tous ces malades avaient ete
utesnts par | éprdemic de poliomyelite de 1952 L operation fut prat
quee 2 a 5 ans apres le stade ai,u de la maladie et les malades furent
récxumnes 4 1 6 ans aprés Loperation Chez les deux tiers on trousa
des résultats satisfarsants mais avec une large proportion d instabihite
sceondaire de larticulation de 1a cheville peut-etre due a @ epaississe
ment des tendons du talon Une transplantation de tendons a ete pra
tiquee chez les deux ticrs de ees malades

11 est discute dos daffurents tvpes de procédes et 11 transplantation
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de tous les extenseurs des orteils au tibia anterieur est recommandee
La foree musculaire du muscle lateral et medial est d une grande ym
portance pour le resultat et 1] est suggere que 1on aurait pu se limter
a la seule fransplantation des tendons dans un certain nombre de ces
cas

ZUSAMMFNFASSUNG

Uber emne Nach b son 69 Lih plattfiissen die mit
tels der Operation nach Grice hehandelt wurden wird berichtet Alle
Palienten Lamen von der Pohiomsehitisepidemie 1902 wurden 2-2 Jahre
nach Ablauf der akuten Frhranhung operiert und wurden 4-6 Jahre
nach der Operatson hontrolhiert Gute Ergebnisse wurden mn zwer Dt
teln gefunden aber eine grosse Anzahl hatte eine sehunddre Instabilitet
des hndchelgelenkes moghicherweise wegen Anstrammung der Achilles
sehne Sehnenverpflanzung wurde 1n zwet Dritteln vorgenommen Die
verschiedenen Arfen des Vorgehens nerden besprochen und die Ver
pflanzung aller Zehenstrecher zum m tibialis anterior wird anbefohlen
Dire Muskelhraft der lateralen und medialen Musheln 1st von grosser
Wichtighert und man mimmt an dass man sich 1 emer Anzahl von
Fillen mit Sehnenverpfl. allein hatte ) i konnen
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EXPERIMENTAL PROGRESSIVE SCOLIOSIS
IN A PIG

By

Hans GEOrRG OTTANDER

INTRODUCTION

In spite of many years of climical and experimental mnvestigation the
biological cause of Juvemle 1diopathic scohosis 1s still unknown The
early appearance of the syndrome 1dwopathic scoliosis  often during
the first year of hife 1s stated to be a characteristic one With few ex
ceptions 1diopathic scoliosis 1s progressive resultmg i disablements
with compensatory rebnlding of the vertebral column

Seoliosis has been produced experimentally mn animals but the in
duced 1njury was applied to different sites and degrees 1n the vertebrae
and changes corresponding to those 1n juvemle scoliosis 1n man were
not been demonstrated

Knutsson has suggested a theoreticalls sound hy pothesis of 1fs cause
and progress based on a survev of experimental work He pointed out
the dualistic development of the vertebrn during normal growth

By analogy with the bones of the extremities the vertebral hodies
grow during the whole period of development of the individual In man
this growth 1s not complete unhi! the age of 18 to 20 years B+ analogs
sath the cranum the vertebral arch grows ramdly from the ages of 3
to 5 years but alreads by the age of 1 year the two arches are umted
by hone The growth then takes place only 1n the neuro-central junc
tions towards the vertebral bods and 1s complete at the age of 10 years

As 1 result of this the symmetry of the sertebral arch 1s due to equal
growth of the two ncuro-central junchions towards the vertebral body
If this grow th proceeds asvmmetrically during the first decade because
of prcmature closure of the neuro central junction entral displace
ment of the verlebral body on this side does not occur The arch on the
opposite side grows however and hke a train buffer dislocates the part

7 acTaortH x3NIN 2
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Assymetrical growth of
Th 8 from child with a
scoltosis to the right
Fused neuro central
Jupction on the convex
side open on the coniave
side The vertebral hody
rotated towards the
convexity (Taken from
Micoladom s publication)

i

of the vertebral body 1n front which 1s thus rotnted ventre contra
laterally (Schede hnutsson)

This asymmetrs 1n development of the vertebril arches nnd mal
rotation of the vertebral bodies was described in anatonmcal studies of
scoliotic vertebrae from postmortem maierial n nfantile scolioss
(Vicoladom) Four cases 1 6 69, and 7 years of age arc described
The following common changes i the scoliotic vertebrae arc found
(b 1)

1 The dcvelopment of the neuro central Junctions w 1s asvmmetrical
Well developed and complelely open neure central junctions were
found in the concavitics of the scolioses In the comvexilies of the
scohioses the junctions were thinner (1 6 years of 2ge) nd there ap-
peared interruptions in continuity svnostoses (61, 7 years)

2 The arches 1 the coneavity were long and fine whilst those on
the consvexihies were short and irreynlar

3 The vertebral bodies were rotated towards the convexity of the
seohioses with the centre of rolation mn the ossified neuro central june
tion

Thus the vertcbral bodies are forced out of their static relationship
with those abose and below and are rotated laterally The resulfing sco
110815 15 combined with a lordosis because of changes n the toatng
conditions Iater thev are sccondarily distorted in the scolioses {Som
merpille)

Premature closure of one ncuro central junction resulting from n
Jurs mas cxplun the imtial phase of infantile scoliosis The resuiting



EAPERIVMFNT AL SCOLIOSIS IN PIC 93

changes 1n loading would then produce secondary eompensatorsy cur
vatures as 2 normal biological response

OPFRATIVF PROCEDURE AND RESULTS

4s mentioned 1n the introduction njuries to the vertebral arches
processes and bodies have been carried out 1n animals (Haas [ angen
shiold Moser Pacher Roaf) Howeser the neuro central Junctions were
unintentionally involved either partially or completely by these proce
dures

In the following an aceount 1s given of unilateral experimental :n
Jury to the neuro central junction in an 1solated lumbar vertebra of the
pig For technical reasons experiments were carried out 1n the lumbar
region The vertebrae of a pig are well developed 1n this region and
growth 15 rapid duning the first months of ife The vertebral arches
are wide and easy of necess

Using, a rotnting denta! drill wath a diameter of 14 mm a umlateral
neuro central junction was injured in a 28 dav old pig A para vertebral
mncision was made and the dnil was serted to a depth of ¥, em into
the right neuro centril junction n the caudal part of L2 without da

Fiy @

Frontal radiogram Ly 15 from pig 3
months of age 4 shight scoliosis with the
canvexits to the rigth is scen after an
1solated injurs to the right neuro-central
Junction of L
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Figs 3 Fig 5
Iy L from the same pig as 1 Fig L cutin horizontal slices from the same pi§
2 The sertebral bodies rotated o as in Fig 2 3 Fusion of the injured risht
the right i Li-Ls and the right arch  neuro central junction in 1its lateral region
is short and irregular Short 1rregular arch on this side The verte
bral hod rotated to the right
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mage to the L2-L3 disc The drill was then mosed cramally and bored
a canal within the junction It was removed before reaching the L1-L2
disc The L2 vertebra was marked with a small wire suture at the tip
of the spine and the wound was then closed

After three months the animal was hilled the mcrease m weight
during this time bemng 32 kilos (8-40) The lumbar vertebrae were dis
sected out and a fronlal radiogram was taken (Fig 2) On this 1s seen
a shght scohosts convex to the nght imolvng the whole lumbar re
gion but without a centre of rotation The vertebrae L1-Lo were then
dissected free and the architecture was studied roentgenologrcally (¥1g
3} Not only did the operatively njured L2 vertebra show pathological
changes but also L1 L3 and L4 showed common specific changes In
the convexity of the scohosis the arches are irregular and short whilst
the opposite concave ones are fine and longer Except for L2 the neuro
central junctions are completels visible and roentgenologieally equal
For more detailed studies of vertebra L2 1t was necessary to cut hor:
zontal shices 2-3 mm thick which are shown in the radiogram (Fig 4)
Besides the above mentioned changes the neuro-central junction on
the consex side was affected In the most caudal shce a small defect
could be seen corresponding to the site of the drill during the operation
In the next two slices there was a fusion 1n the lateral half of the neuro
central junction and growth had ceased The medial half of the neuro-
cenltral Junction can still be clearly seen

DISCUSSION AND CONCLLSIONS

As described above the scolosis produced surgicilly in the pig corre
sponds closely lo infantile scoliosts m man (Micoladont) The damage
to the ncuro central junction of L2 followed by premature fusion
produced an assmmetnical growth of the arch with a secondars ro
tation of the vertebral body towards the fused side The disturbance 1n
static relations herebs produced reacted hiol, 11y on the surr i}
vertebrae distorting them The results obtained from an 1solated um
lateral unjurs to one neuro central junction reported here encourage
further experimental snvesti,ation eg with apes where the loading
relahionships in the verlebral column correspond to those 1n man If 1t
can be shown that scohiosts stmilar to the above performed experiment
can be produced progress of the scohosis could possibly be stopped by
< new opuration on the other neuro central junction before the neuro
central Junctions are united
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SUMMARY

The neuro central junction on one swde of 2 lumbar vertubrae of a
month old pig was myured by drlimg During the following 3 months
e shipht seoliosis developed in the Iumbar spine A premature fusion
occurred i the mjured junction assoctated with asvmmetrical growth
of the sertebral arch anad rotation of the vertebral bods towards the
fused s1de These findings are similar to the changes which hase been
found 1n jusvenile scoliosis of homo by Nicoladom

RFSUME

Chez un porc age d un mois 1l 1 eté opere par forage unc lesion unt
laterale de la jomnture de 1 are d unc vertebre lombure Au bout de trois
mois on a pu constater une scoitose marquee de la colonne lombaire
Dans fa vertehre on frousa une fusion prématfurec de la jomnture de
lare endommage une croissance asvietrique de | are vertebral et une
rotation du corps de 11 vertebre du coté de la fusion Ces modifications
sont conformes a celles constatees par Nicoladon: dans 11 scoliose Juve
mic humaine

ZUSAMMENFASSUNG

Be1 cinem emnen Monat alten Schweint wurde durch Behrung anf ewner
Seite die hnorpelfuge 1n emem Lendenwirbel beschadigt Nach dret
Monaten trat emne angelentete Sholiose innerhalb der Lendenwirbel
siule auf Ber diesem Wirbel fand man emne vorzeihige \erknocherung
m der eincn beschadigten hnorpelfu,e 1symmetrisches W achstum des
W irbelbogens wi d eme Rotahion des \Wirbelhorpers nach der Yer
knocherungsseitt Die Veranderungen stimmen mut denen ubcran die
bar juveniler Shohiose baun Menschen von Mycoladom beschrieben wot
den sing

/
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A CONTRIBUTION TO THE DISCUSSION OF THE
BIOLOGICAL CAUSE OF IDIOPATHIC SCOLIOSIS

By

FoLRE haursson

Idiopathie scohosis had been thoroughls studied by a number of ch
nical worhers (Harrenslewn, James et al , Nicoladont, Roaf Scott & Vor
gan Lindermann, Rathhe, Jentschura & Wau) lncluded in thus defun
tion are those scolioses which appear during the growing vears and
where no direct cause can be demonstrated The scohiosis can begin
during the first three vears of life or later the eurn atures often increase
to severe deformuties but in some cases there 1s a spontaneous return to
normal The progressise development ts shown in Fig 1 which s derived
from the pubhication of James The curvatures appear most often m the
lower part of the thoracic spine followed by compensators cunatures
but there are also other hinds 1 arious stabilising operations have been
tried to prevent progression but the results have often been unsuccess
ful Since the biologieal cause of 1diopathic scoliosis 1s unknown it has
not been possible to carry out an 1dequate causal treatment

A number of points are presented in the present paper which are
worthy of consideration in attempts 1o find the cause of 1diopathic sco
liosis

The normal growlh of a vertebra

A vertebra both rcally and hologrcalls of two differ
ent parts body and arch

The vertebral body 1s analogous to the bones of the extremnties 11
creasing continuously during the whole period of growth mn length
breadth and depth This growth ends first at 18-20 years of age

The vertebral arch on the other hand 1s analogous to the cramum
It grows at the same rate as the cramum The part of the arch which
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Tdiopathic scoliosis 1n a bov at © and 8 years of age
(Taken from James publicatien)

constitutes the spinal eanal and surrounds the spinal medulla 1s thus
analogous to the craniom which surrounds the brain Apart from the
various processes of the arch which continue their growth during the
development of the indinidual the ring around the spinal canal follows
at quite a different pace As early as 1-2 vears of age Dboth halves of
the arch have become unified tn bone As a result of this the continued
growth feathing fo mercase in breadth of the spinal canal occurs ex

clusnnely 1n the neurocentral junction This growth oceurs rapidls du

ring the first 3-5 years of life and then more slowls untsl 10 vears of
age when 1t 1s complete (Anutsson) Thus the ring of the arch has at

tawned 1ts final size by about 10 vears of age

There 1s a rish of conflict i this double desvelopment of a vertebra

According to the hiterature growth tn the neurocentral junction 1s com

plete betneen 3 and 8 vears of age This wide time hmit mas seem
strange This can however be explamned if completion occurs at differ

ent ages in dufferent parts of the vertebral column \o sustematic ann

tomical study of the time of complchon m different serlebrae has been
carried out and a 1 al 18 ble 1n practice

1 have examined two publications m whichat 1s poss:blc to decrde from
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the fitlms whether the join 1s complete or incomplete These show that
in one child 6% sears of age the join was incomplete mn vertebra Th2
Thi and Th8 bu! ob the other hand complete 1 Thip L1 and L2
{Micoladort) In another child of 3Y. vears the Join was incomplete
vertebrace Th3 and Th7 but complete 1n C4 and L4 (Engelmann) These
few obsenattons are mn favour of completion occurning at different
times m different parts of the vertebral column and furthermore that
1t occurs last an the thoracic spine Thus the harmonious development
of the vertebral column even up to 8 vears of age probabls dcpends on
the paired neuro-central junctions growmng absolutely simlarly and
being complete at the same time On the other hand 1if growth 1s not
umform an asvmmetrs between arch and vertebral bods 1s fo be ex
pected

Growth conflict 1n parred neuro cenlral junctions

After the age of 1-2 years the ssmmetrical shape of the arch 1s com
pletels dependent on growih in the neuro-central junction If this takes
place at a different rate and leads to a premature svnostosis on one side
the vertebral bodv 1s twisted out of s harmonious relationship with
the veriebrac above and below Such a unilateral refardation m gronth
Jeads to the distance hetween the joint processes and bods of the verte
bra being contnualls shorter during the time of growth than on the

pposite side The it required for an normal deselopment of the
vertebral column are that growth in the neuro central junctions occurs
at the same rate on both sides (Fig 2)

This problem has been dealt with by Micoladon: In a series of dead

children with infantile scoliosis aged 1 6 6% and 7 vears he has stu

, died the neuro-central junchion This was without exception completely
,) open on the concave part of the scoliotic curvature and completels
closed on its convex part or more open and more closed respectnely

AV AV,
YL

W,

Fig 2
Diagram of the effect of upequal growth on the nearo-central junctions The
vertebral bodv rotated towards the side where prematore svnostosis occurs and thus
producing scoliolic curvature with the conyvexity tonards this side
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kg 3 Fig 4

g 3 Th8 1o a 6% vears old child wath a scollosis convex to the right The neuro
central junction 15 completely open on the concave side of the curyature but
fuscd wath bone on the conyex side The vertebral bods 1s rotated towards
the convex side (Taken from Nicoladonis pul heation)

Fig 3 Th® n the same child as in Fag 3 situated in the scoli tie eursature conex
towards the left The neuro central junction is comjletely open an the

oncave sid and almost closed on the convex side The verlchral bodsy is
ootated towards the comex side (Taken {rom i oladoni s publication)

Thus growth was more rapid on the concave side causing 2 prolonga
tion of the peduncle which in sts turn produced t rotation of the verle
bril bods towards the convex ide

In one of \tcoladonts cises the 8th thoracie vertebrt which wis at
the apex of the eurvature convex to the nght shawed 1 completely
svnostosed ncuro ewntral Junction on the convex side and one com
pletedy open on the conenve side (Fig 3) The vertebral body 15 rotated
tow 1rds the comvex side This change must be 1seribed to 2 retarted and
pramiture growth n the neuro central Junction on the convex side
The compensatory cursature gher up with Th2 as the apex and with
the convexaty to the left shiows the apposite asymmetry i both neuro-
ventraf Junctions (ki 4} If the change in ThS 1s considered s pn
mary then the change m Th2 1s the oloyical retction by whieh the
underlving curvature 1s compensated for

Schede ¢ame to the conclusion that the charetenstic change in the
scoliotic vertebra ean only be explamed by i injury to the neuro een
tril Junction He b suggested richets as 1 possible cause

With the knowledge of the defimtely completed growth of the arch
1t hout 10 vears of age and the subsequent!y continuous growth m
heaght of the vertebral hody it should be possible to explun the pro
#Tess of the scoltosis tlter the vertebral body has rotated aa a Istorad
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Tisnl h

direction and the t has been ¢ 1 with lordosts and
lateral deviation (Sommerville) the conditions of londing are changed
The pressure becomes greater on the posterior areas of the vertebral
body surfaces than on the anterior areas By this means the vertebral
body grows more rapidiy 1n haght anteriorly than posteriorly and the
cunature increases confinuously

Because of this there is reason to suppose that the premature closure
of the ncuro central junction on one side can mihiate a scoliotic curva
ture and that the adjacent compensators curvatures are the biological
reaction which in their turn produce unequal grow th 1n the other neuro
central junctions

One can ash oneself 1f there 1s any plausible explanation of why the
differing growth in the pured neuro central junctions appears parti
cularly 1n the thoracie region There 15 a reason to think that growth m
the neuro central junction 1n this part of the vertebral column conty
nues Jongest and that closure here can be dclayed until 8 vears of age
This situation may provide a disposing cause

CONCLUSION

Idiopathic scohosis consists of rotation lordosis and lateral deviation
There 1s ev1dence that rotation can be ehieited by sarying rates of growth
m the paired neuro central junctions (Nicoladont) Growth in the
nceuro central junction 1s complete at different times 1 different parts
of the vertebral column between 3 and 8 vears Some observations are
are m favour of 1its continmng longer 1n the thoracic region than mn
other parfs of the sertebral column In discussing the ongmn of 1dio
pathic scoltosis one may ask whether a retarded growth n one of the
paured neuro central junchions can imtiate a scoliosis from the rotation
of the vertebral body out of its harmonic relationship to the other
vertebral bodites Rotation occurs towards the side in which growth
the neuro central junction 1s retarded and the scoliosis 1s comvex on
that side (Necoladone) From thus there exists a theoretical possibility
of mmhibiting an increasing rotation during the period of growth by an
epiphysiodests in the neuro central junction on the concave side of the
cunature In order for such an epiphysiodesis to be effectrve 1t must
be carried out at an early stage before the age of 3-5 years In such a
way 1t 15 theoretically possible to counteract continued rotation and
thus the continucd 1ncrease 1n the curvature which depends on con
tinued growth 1n height of the vertebral bodies 1s inhibited
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Furiher research into this problem 1s required For this purpose an
njury to a neuro central junction could be produced which would lead
to premature synotosis to see if a scohiotic curvature would develop
There 1s no such d lesion published without eous lesions
of growth zones of the vertehral bodies (Pacher)

SUMMARY

In spite of extensty e chinical and experimental research the biological
cause of 1diopathic scoliosis 18 still unknown There 15 evidence for an
unequal growth 1n the pared neuro central junctions which can lead to
rotation of the vertebral body out of its symmetrical relatbionship n the
sertehral column This seems to be one of the ways in which scoliosis
cn anse The progress of the scolosts which follows can probably be
explamed by the continued growth of the vertebral bodies Further ex
perimental research concentrated on 1solated neuro central junctions
15 required to try to produce premature synostosis and to study the
effect

RESUME

Malgre des rechercl 1 et exper les trés poussées la
cause biologique de la scohiose 1diopatinque est toujours mmconnue On
1 constate une croissance inégale des jonctions neuro centrales accoup
iées qui peut conduire a une rotation du corps vert{bral hors de son
rapport svmétnque dans la colonne vertebrale Cela semble etre 1 une
des mamercs dont la scoliose peut se produire Le progres de la scoliose
peut s cxpliquer par la croissance continue des corps vertebraux Il est
necessatre te pourstuvre la recherche expérimentale en la concentrant
sur des jonclions neuro centrales 1snlées pour essaver de pradwire des
s\nostases prematurecs et d en étudier Leffet

ZUSAMMENFASSUNC

Trotz delinter h1 her und exper teller Forschung 1st die
biologische Ursache der idiopathischen Sholiose noch immer unbe-
hwmnt Ls bestehen Anzuchen fur emn ungleiches Y achstum der ge
panrten neuro centralen Verlindungen das zu emner Herausdrehung
des Wirbelkorpers aus semer symetnischen Tage i der Wirbelsiule
fuliren kann Dies schemnt emne der Moghehkeiten zu sein dic emne Sho
hose hervorrufen hann Das folgende Fortsch der Shol hann
wahrscheinlich durch das fortgesetzte W achstum des Wairbelhérpers
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erklirt werden W\ eitere Untersuchung die thre Aufmerhsamhert be
sonders auf die neuro centralen Verbindungen richten und versuchen
sollte vorzettige Svnosiosen hervorzubringen und deren Wirkung zu
studieren 1st ndtig
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FROM THE DFFET OF SURGERY (HFAD BJORN ROHLFR M D) AND THE DLPT
OF DIACNOSTIC ROENTGENGLOGY (HIFAD HERBERT CARLSIND M D)
CENTRALLASARFTTET LDDEVALLA SWEDEN

WILL PLANE FILM EAANMIMATION OF LUMBAR SPINE
BE A RELIABLE METHOD TO EACLUDE OR DISCLOSE
RUPTURED DISCS?

A plane film examinafion of 1030 lumbar inferverlebral discs
18 compared with discographic discovery such as discogram
and verified past hustory pain

by

ULk FERNSTRGM

INTRODULCTION

Previous examinations show that plane film exanunation of the
lumbar spine gives sources of error when excluding or disclosing dise
degenerations These examinations are based upon scchion material
(Eriberg 1947 riberg & Hiesch 1900) cases operated on tor lumbar
hermated disc (Valmros 1942 Norlen 1944 ¥ aris 1948 Rowvig 1949)
and disco,raphed cases Perey 1921 Crassberger & Seyss 1900 Wit
1904 Norlander Salen & Unander Scharin 1928) Despite this plane
film examination of the lumbar spine tends to become one of the most
common examnatiions (f arsson 1908} and it 1s also believead that this
cxamination may serve 1s a guide to determine the ongin of pain (Vara
& Warts 1921 and 1902 Bratsford 1952) On the basis of this T have
found 1t appropniate to study further the reliability of this method for
use 1n lumbar disc degeneration Plane film cxamination will be com
parud with discographic findings such as discograms and verified past
tustors pain This investipation differs from carlier ones 1s much as
st comprises all the lumbar disc lesels

SERIES

The series wcludes 279 cases 147 males (16-66 cars) and 132
females (14-6o vears) with low back pain andor sciaticy In 80 cases
there were no signs of the nerve root being involsed Comparatine exa
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or complete) and which at puncture or contrast medium 1njection
causes pain wdentical wath the past histors pan can be regarded as the
ongin of pan (Lindblom 1948 1920 Cloward & Bu aid 1902 Cloward
1822 1923 1900 1959 and Fernstrom 1960) That type of rupture has
herc been called painprovoking rupture (PPR) W hether or not this
rupture shows nene root compression cannot he determined on the
discogram (Fernstrom 1960) but 1s of no importance to this investiga
tion as nerve root compression 15 unnecessars {Cloward 1908 Fern
strom 1960} for the onset of mmahdating pun

RESULTS

1 Frequency and distribulion to level of degenerated or ruplured discs
verifted by plane fum and discography

183> lumbar dises have been examined The distribution 1s seen 1n
Fig 1 According to the plane Nilm there were i 500 (0269 ) discs
signs of degencration but discography showed a rupture mm 1024
1979 ) dises The discogrim shows the following types normal 31
3%} carly stage 464 (43 9%) late stage 160 (53 1%) partinl rupture
120 (49 7¢) and complete rupture 204 (47 7% ) The disttbution of
level (indicated in % of number of cxamined discs per level) of plane
film—and discographic findings 15 illustrated n Fig 1

2 Duscogram of discs which according to plane film are normal

In 500 dises there were no sins of dises degenerition according to
plane film The distribution of level 15 seen an Fig 2 The discogram
 these dises shows the following types normal 20 (o) early stage
322 464 2% ) late stage 153 (30 2¢2) partial rupture 383 (76 6¢%) and
complete rupture 92 (18 14 ) The distribution of tevel (1ndicated in per
cent of number of exanuned dises per lavel) of discosraphic hindings
seenan by, 2

3 Discogram of dises which according to plane film are degenerated

In 095 dises there were signs of denenerited discs according to plane
fim The distribution of tevel 1s seen 1n Fig 3 The discogram in these
dises shows thy following types normal stage 6 (1 1<) early stage 142
1226%) late stige 407 (73 3¢) partial rupture 137 (211) and
complete rupture 412 (74 82 ) The distribution of levd tndicaled
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late stage (IS) partial rupture (PR)
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Fig 2
Distribution m percentage (€7} of disco
graphice findings in relation to dise level
(DL) 1 lumbar dises which according to
plane film lack « gns of disc degeners
tion total (T) of 500 examined dises
(ED) TR==total no of ruptured dises
verifiud by discography  (+—+-—+)
Types of discoprams ( — - — ) as carlh
stage (FS) late stage (LS) partal rup
ture (PR) and complete rupture ((R}

per cent of exumined dises per level) of discographie findings s given

mn Fig 3

The six dises showing normal discograms only revealed shppng of
the ventral surfice on the plane film 1s a1 «wign of dise deyeneration

4 Frequency and disiribution fo levels of pawn producing ruplures
verified by discography and ils relalion to degenerated discs vers

fted by plane film

In 1024 lumbar discs the discograms resealed ruptures and 392
(38 3%) there were panproducing ruptures (PPR) The distribution of
level (indicated in per cent of exammed dises per level) of dise dege
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Fig 3
Distril ution an pereentage { ) of disco
wraphic finding in relation to disc level
(DL} sn Jumbar dises which according 1o
tlanc film ho  signs of di ¢ degenera
U oo tatal (T} f 555 examined dises
(FD) TRe==total o of ruptared di cs
venficd by dicegraphy (+—+—+)
Type £ cegrams (—— — ) as carly
tare (FS) late tage (LS) rartial rup
ture (PH> and ¢ mjlete rupture (CH)
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Fig 4
Distr bulion 1n percentage (<) of dege
nerated dises (DD) according to plane

film (v—0—o0) and pain pre oking rup

ture (EPR) vemfied by di cograph

(X—x—X)  relation to dis¢ level

(DL} Total (T) of 1072 cxamened disc
(rmy

neration (according to plane film) and pam producing rupture are

tibulated 1n Fig 4

» Pan producing raptures verntfied by discography which according

io plane film show normal discs

OF the H00 normal dises according to plane NHlm 89 (178 7)) have

pun producing ruplures according to discography

These constilute

227¢ of all dumonstrated pain producing ruptures The distribution
of lavd Gndieated 1n por cent of exammined dises per level) of the 9
pawn producing ruptures 1s gren 1t Fig o

In 19 cases all lumbar discs are normal according to the plane film
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Distribution in percentage (€%) of pain

provolung ruptures (PPR) verified by

discography (X—X-—X) in relation ta

1 ¢ level (DL) in lumbar discs which

according to plane film show suns of

dise degeneration total (T) of 555 exa
mimed dises (ED)

In these cases discography revealed 26 paun producing ruplures in total
7 cases of which had multiple ruptures of that hind

6 Pan productng ruplures verified by discography of discs which
according to plane film are degenerated

Of 09y degenerated dises according to plane film 303 (60 <) had
pamn producing ruptures according to discography The distribution of
lexel (ndicated mn per cent of examined discs per Ievel) of pan pro
duemg ruptures 1s gisen m Fig 6

DISCUSSION

Before beginnming the discussion of the results of the mmvestigation it
should be pointed out that my senies regarding the occurrence of disco
graphically verfied disc ruptures (97%) does not differ from other
myestigations (Lindblom 1950 Sicber 1952 Friedman & Goldner
1925) where the figure has been gnen as 79-96 per cent
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My investigation shows that with plane film degeneration of the
disc can only be revealed 1n approxamately o0 per cent of the number
of dises concerned This venfies the fact that plane film 1s not reliable
as a method of examination when disclosing degeneration of the dises
—furthermore this has been proved at sections (Friberg 1947 Friberg
& Iirsch 1930) According to W alk (1903) grave degenerative changes
are usually found at discography 1n mtenvertebral dises which accord
mg to plane film show signs of discs degeneration My examination
shows that there 1s a sumlar course of the curies representmng the
occurrence of dise degeneration verified by plane film and grave de
generative changes (Inte stage and complete rupture) revealed by means
of discography (Fig 1) This points to the necessits of massive changes
in the disc before changes occur which on the plane film are interpreted
as disc degeneration

It 15 not uncommon that the height of the lumbo sacral disc 1s re
duced on the plane ilm (Hamplon & Robinson 1936) and according
to Anutsson (1937) this change 1s of no clinical importance Williams
& Fullenlove (1926) beheve that there can be no dis¢ degeneration 1n
the lumbo sacral disc until ats height 1s reduced to 50 per cent or more
than the above Iving dise Ms mmveshigation (Fig 1) shows that accord
in, o discography there are degencrative changes i all lumbo-sacral
dises but that plane film lached siens of disc degeneration n 14 per
cent (Fig 1) The source of error 1n plane film could no doubt have
been much greater here if 1 had determined the lumbo sacral dise ac
cording to Fullenlove N\ investigation (Fig 4) also shows that 1t 1s
more common wilh grave degenerated changes (late stage and complete
rupture) in the lumbao-sacral disc Consequently it must be expected
that this dise wift have a lowered height more often as compared with
others Inview of this a lowered lumhbo sacral disc on a plane film must
twats be a sign of dise degeneration Perhaps 1t mav be considered
remarhable that mv series does not show one single normal lnmbo
sicrl dise hut other examinations (Friedman & Goldner 1945) show
similar condittons with respect to that level with a normal disc n 4
per cent only

According to Friberg & Hirsch (1940) a normal disc on a plane film
does not exclude grave degeneratine changes This has further been
verified by discography (Grassherger & Seyss 1930 Nordlander Salen
$ Unander Schartn 1923) My investigation shows sumilar conditions
wd that this plienomenon 1s most usual in the two caudal dises
tFig 2
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If there are any signs of disc degeneration on plane film the disco
gram will alwass show a rupture (7 indblom 1901 Grassberger & § yss
1955 Walk, 1903) My miestigation (Fig 3) shows similar condibons
and that there are usually also gruve digeneritive changes (late stage
and complete rupture) This 1s most pronounced n the two caudal dises
My amvestigation furthermore shows that if on the plane film there
15 only shipping ventral surface the discogram may be normal 1n one
or two cases

In series subjected to operation ( Walmros 1942 Wiberg 1943 Wans
1948 Rowg 1949 Bjorhesten 1924 hnulsson & Wiberg 1958) lumbar
herniated dises are usually to be found n the two bottom lumbar dises
Disc ruptures gning symptoms in my sertes are located simularh
{I'ig 4) Imvestigations based upon plane film show that disc degenera
tion need not cause pun (Bistrom 1954 VcRae 1956 Iindholm &
Pingoud, 1907) My mvestigation shows that dise ruptures cansed symp
toms 1n fully /3 also there were 1svmptomntic ruptures n all levels
however most common m dises with the most eranial pesition (Figs
1 and 4)

It 15 not uncommon that a hermated dise giving sy mptoms originales
from a dise which according to plane film 1s normnl (Rovig 1948 Mor
len 1944 and others) and accordmng to Williams & Fullenlove (1956)
this occurs m 33 per cent My series shows symptoms from ruptured
dises 1 fully 1/5 of normal dises as resealed m plane film and as a rule
found n the two bottom dises (40-80%) (Fig 5)

Hrrsch (1951) has pointed out that 1 degenerated disc demonstrated
on plane film does not need to be the cause of pain My series shows thit
there are disc ruptures causmng svmptoms 1 23 of the dises which ac
cording to plane film show signs of degeneration There 1s ¢ certain 12

 riation with respeet to levd and the discs in 1 caudal loeation more
often have disc ruptures gnang symptoms as compared to other levels
(Fig 6)

The 1 estigation shows that plane film 1s a method of exanunation
which no doubt has sources of error when at 1s a matter of revealng
or excludmg lumbar disc degeneration and consequently ruptures
grnang symptoms This 1s also the reason why correlition cannot he
demonstrated between pamn and dise degeneration 1 cases examined
with plane film Papers have also been published (Yara & Warts 1952
Bradsford 1905) where plane film ex2mination series as a hasis for
conclusions regarding dise degeneration and existing pamn In view of
mny results these nvestigations must lack scientific importance
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As the sourees of error in plane film are known with respect to dise
degeneration and further that the film causes rather large doses of
srradintion to the genes ([ arsson 192%) there 15 reason to restrict the
usc of this exammation This 1s especially 1mportant as the exammnation
tends to hecome one of the frequentls used roentgenologic exammations
{Iarsson 1958) Of course plane film exanunation must be carried out
1f 1n connection with existing pain spondshitis or a tumour cannot be
excluded (Jelsma 1944 Burns & Young 1947 Tomey Poppen & Hus
tey 1950 Vara & Warts 1952 Odell & hey 1850 and Fernsirom 1926)
But cven 1 these diseases plane film examination 15 an unrelinble
method of examination (fachman & Whelan 1936 Spoquust 1942
Fiselberg 1952 Bokstrom 1953 Fellander 1953)

SLMMARY

Plane hiim and discography have been emploved to examune 1025
lumbar discs 1n cases of low bach pan and.or setntica The examination
shows that plane film examination does not exclude sources of error
s regards disclosure and cxclusion of degencrated dises and as a
sequel ruptures giung svmptoms It s then found that necording to
plane DHIm normal disc does not exclude grave degcnerative changes
with ruptures gning ssmptoms that according to plance film dege
nerated dises does not need to be the cause of pamn and that a lowered
lumbo sacril disc alwavs implies degencration Due to the results of the
examination and beeause of the plane film examnation causing rather
severe wrradintion damage to the genes 1t 1s necessary to be careful not
to usc this examinahon for cases with lon hach pamn andor sciatica
unlcss spondihtis or a tumour 1s suspected

RFSUME

Ie film plan et 12 discographie ont ete utilise pour examner 1o,
disques lombarres dans des eas de douleurs lombaires et ou de seratiques
I (nquite prouve que lexamen au film plan n exclut pas les sources
d crreur en ce qui conccrne In decounerte et I oxelusion de disques dé
géneres et on tant que scquelles fes ruptures donnant des «y mptomes
11 u ete constate 1w moven du Hilm plan qu un disque normal n exclut
pas de graves alteralions degeneritines avec rupturts donnant des
symptomes que des disques dégenéres ne causent pas forcément des
douteurs et quun disque fombosacre assombn tndique toujours une
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degeneration Ltant donne les resultnts de cette enquete et du fut quo
lexamen 2u film plan peut presenter un grave danger dirradiation
pomrant influer sur les genes 1l convient d etre tres prudent et de ne
pas lutthser dans les cas de douleurs lombaires et/on de scratiques 4
moins de soupgonner la presence d une spondylite ou d une tumenr

ZUSAMMENEASSUNC

Planigraphie und Disl ographie wurden angowendet um 1000 Ien
denwirhelzwischenscheihen i Fallen von Lumbago und Ischias zu
untersuchen Die Untersuchung zei,t dass die Plamigraphie Fehler
queilen hinsichthich der Entdechung und Ausschlicssung son degenc
rierten Zwischcnwirbelscheiben und folgenden symptomgebendin
Scheibenbruchen nicht ausschhiesst \fan fandt dther das cine gemass
der Plamigraphie normale Zwischennirbelscheibe schwere degeneratine
\ eranderungen mt sy mpton erursichendem Bruch micht qusschliesst
dass ferner eme gemass der Plani,raphie s degenertert zu bezewch
nende Bandscheibe mcht Sehmerzen hervorzarufen braucht und dass
emne verschmalerte Zwischenschesbe mnmer eine Degeneration bedeutet
Wegen der Lrgchbmsse dieser Untersuchung und di die PlLimgraphie
ziermhich sehwere Bestrahlungsschden der heimdrusen verursacht er
scheint es notwendig vorsichtig mit diescr Art der Untersuchung ber
Lumbago und oder Ischias zu sein vorausgesetzt daiss micht der Ver
dacht anf Spondyitis oder Tumor hesteht
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FROM THE ORTHOPAEDIC CLINIC ST GORANS HOSPITAL STOCRHOLM
(HEAD MAC FFLLANDER M D)

TUBERCULOUS OSTEITIS FOLLOWING BCG
VACCINATION

By

AMac FeLt WNDER

Complications of BCG vaccination have becn described by many
Scandmavian authors Most complications appear at the site of vaccmna
tion and consist of specific reactions locally 1n the skin or regionally
the Ismph nodes Four fatal cases of generaiized spread of the tuber
culous process hasve been published however (1 4 8 11} In all these
4 cases the mam feature was gencrahzed Iymphademibis In 1 of the
cases multiple foct 1n the sheleton were found (Thrap-Veyer 1904
W aaler & Qeding 19a4)

A further 5 cases with gencralized spread have heen reported and m
3 of them bone lesions were found A short account of these cases 1s of
mterest 1 connection with the present obseryvations

One child who was vaccinated 4 weehs after birth deseloped 6 months later a
Tupus like lesion at the sile of moculation with regional adenitis Examnation ®
cars after vaccination showed multiple bone lesions in the metatarsus the ulna
and the vertebral column (Imerslunl & Jensen 1951) The pattent was m poor
general condition but survned the discase after surgical treatment and chemo
therapy

In a 7 month old child osteitis with sinus formation developed in the ulna §
months after BCC svaccination The jrocess healed aftcr operation and chemo
theraps (Morkbak 1924)

A ® 4 vear old child who was vacemnated at the age «f 3 davs and again becausc
«f a negatine tuberculin test 4 months later develiped a fistulating fubereulous
lesion 1n the talus which healed after operation and chemc theraps (Haralisson
1929)

Horwl:z & Meyer (1907) have published q survev of the complica
tions of BC G vacanation 1 which they mcntion all cases published
up to the present In all of them the diagnosis was verified by rdenteft
cation of bactenal tvpe



TUBENCULOLS O5TE ITIS FOLLOWING BC( VACCINATION 17

Thus Thave found 4 published cases of tuberculous osteitts in which
baclls of the BCG ftype were demonstrated In 2 of them the patient
had a solitary lesion and n 2 multiple lesions

PRESFNT INVFSTICATION

Tuberculous nfection 1 children has declined sirhngh m Sweden
during the st few decndes As from 1901 data on the age distnbution
for newly discorered tubereulosts cases can be found i the annual
report of the Central Tubcreulosts Dispensaries and it will be seen
from Table 1 that there has been 2 marhed deere ise for children under
o vears of age in the 10 vear period 1921-1960 as well At the Ortho
pacdic Chimie St Gorans Hospital which 1s a special department for
hone and Joint tuberculovis on 4n average 1 chuld per vear has over the
«ne period of lime been treated for newls discovered tuberculosis The
causes of this stniking decrease in the ineidence of tuberculosis in child
ren are of course many and once of them 1s probably the BC G vacal
nation scheme which to nearly 100 ¢ covers all infants m the first few
wedks of hife

TAME 1
Cises f newly dise ter 1 tubercubisis in chd lren unler o gears of ajye
ol 19 1953 19 4 195 1950 1% 1958 199 1960
Number «f regt tered
tubercul s1s case
1 Sweden N30 6 4 3 » LIS F R
Number f cases f
t ncaniy mt
tub reulc 1
St ¢ ran Nu patal 1 1 1 1

Lvan before the fiest ¢ ases of sertous B C G complic itions were pub
lished we had hegpun to connider the question whether the few cases
of bone tuberculosis in cluldren could be crused by BC G In the 10 vear
period 1991 1960 we had seen 10 such cases 1in children under o xears
of it Al had been BCG vacenated tn the first few weeks of Nife
without oy foc 1l complications In none of them did \ ras of the chest
show any pathological chinges Al of the 7 children that were tuber
culin tested were found positine Further data on these 10 cases are sut
out n chronologicil order 1n Table 2 Ineases o 6 and 9 in which the
Tusion was locailized to the sternum and the radius the ssmptoms ap



MAC FEILANDFR

1s

- awedau ouipud  spomasonuy ou MW B o Y G S ole & 01
- ED TR ATH ujedon BRI 224 W s Jo aud (R % r 1
siepyr ERVTABTH rvdou EXCIU URYETINS ou auog prognd juEL & THr 1 b
paadeny
dunpey
SRaRg  avpesen - spsupmaagny TS G W Jo pud prpaa I § 1L
- ayp nhviHu SISO [+1Y (QMudPsqns) wWotans jo 1nd s & Ty ¢ ]
3y
anyavay
MUOM ] AT 4R spsunasdgny 31 su[pes o JO pud sy 9 T
LIV WA - RITTLARTY LICTHRIRERICUTS S LG YI] JO Pud [RUIAOL | & Mo ¥
Mwour g ayptin i sromatgy A 113 J0 pud st
MPUEWE AN nEbU spsognadagny I 1YY JU pud [uapxes |
SN oaElor  dapmhu spopnoragqny ou U g Jo pud gt § [
swop ¢ MpeEm - *[hena gy oy VI 101 IV pud A0 4 F4¥1Y
- 24pju RS IRa R s[sopnatygn) v vty WE Jo pud el 4 il 1
:,__~____ﬂw_;_.~._.r"__.. glewmy | oo g ,__e_L__b.m“:".s_ vunep g vy Y P vy

0IGI=1t 6] Pordad ) Buranp by fo sivll © pan Wadppys UY waIse SHOIIL IR J0 33407

Torunt

™~



TUBFRCULOLS OSTFITIS FOILOWINCG BCC VACCINATION 119

pearcd at 3 to 4 vears of age In the other 7 children the discase ran a
fairly sumilar course The onset occurred about 1 year after vaccination
and 1n one of the cases the bone lesion was lochzed o the cuboid bone
but in the others 1t was scated around the eptphiseal line i the long
bones

In 5 of the cascs one or several traumata were smd to have been the
factor that brought the symptoms into notice but these statements
must of course be viewcd with great caution In 2 cases however the
traumn was so severe that a fracture was suspected at the hosptal to
which the child was first taken

All the children were treated by operation and chemotherapy The
course was bemign  all the lesions healed and so far no disturbances
1n adjacent zones of growth have been noted At operation specimens
were tahen for histologieal examination cultinabion of the tubercle
hacillus and guinea pi, tests In all the cases the diagnosis could be
serified by histological examination Guinea pig tests were made m 9
cases and all were negative Th cultures were made in 8 cases 1nd were
nepatine 10 all except for the last case in which the examination w1s
posilne and n stramn with all the properties charactersstic of the BCG
type was identified A detailed deseription of the case will be gisen here

CASE REPORT

A girl horp on April 17 1919 to health parents was B C.C vaccnated on the left
thigh  day« after birth The vaccine did not differ 1n strengt or otherwise from the
gen rally used Swedish BC.C vacaine Nor have ans complicalions heen reportcd
1n < ther ¢hildren who were vaceinated at the same time

The girl levelsped no locel reacts ns at the site of vaccination She was breast fed
for 3 months an 1 was in god health during the first year of hfe There is no known
heredits or exposure to tuberculosis

When she was 14 mcnths old diffu ¢ s mptams referable to the right knee Joint

appeare! vith increasing swellimg in the nevt few months At the age of 19 m nths
he way admitted to 2 childrens clinic Her temper ture was normal FSR was
n rmal and \ ray of the chest sho cd po abnormalitics A tulerculin test was
10 itise \ rav of the night hnee joint showed a destruction in the distal end of the
femur A proof punclure at the Ievel of the destruction was male and vieldel a
small amount of thick yellow pus ordinary culture of the pus produced no bacterial
£r wih

On the su prejon of tuberculasis she was transferred to this cimic on Nov 12
1960 On admission she had a norm § temperature F SR by the micr¢ method was
63 mm 10 an hour an! her general condition was good On the Jeft thigh there was
2 mall mark after 3 Calmette vaccinalion withnut any reactive phenomena Aroun !
the 1 wer rart of the right thigh a diffuse swelling was seen and the range of
movement in the knec j int wa roircted b jain \ rav showe! n large cauity in




Fig fa

Fig 1b

Fig te

Fig 1d
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Radiograph before operation 4 large hone lesion centrally in the distal
end of the femur
The healths knee joint

4 weeks after cvacuation of the cavits Ossification of the medial condsle
of the femur has begun thrs indicates that 1t was not destr ved 1stially
as possibly suggested by Fiz 12 but onlv poorly developed because of the
ad)acent inflammatory process

16 months after operation Bone structure 15 een within the arca of the old
lesian which has decreased in size The medial condvle of the femur hs
now devcloped normalis The epiphsseal hine and the condsles seem to be
develyping normall
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the cod of the femur exlending across the epiphvseal line into the epiphvsis and
in the centre of scquester like formation was seen (Figs 1 a and b)

Operation was performed on Nov 24 19680 when the child was 19% months old
without previous chemotherapy On the medial aspect of the knee a large para
articular abscess was found which through a vers narrow fistula at the level of
the epiphyseal line communicated waith the large bone cavit  The posterior e¢ rtical
wall of the cavity was very thin and there a hole was chiselled through which the
cavity could be emptied of its content of pus and granulation tissue After local
application of streptomycin the v\ound was closed by primary suture The material
chtaned at was and bacteriol

The histological evamination showed epithelioid cell granvlomas with central
areas of cascous necrosis and numerous grant—cells of Langhans tyie At the pers
phery of the granulomas there were numerous plasma cells and a small amount of
Ismphoc tes Acid fast rods were seen 1o the shdes

At the bacteriological examination ordinary culture produced no growlh Culture
on Lowenstein medium vielded 2cid fast rods A guinea pig test Was pegatne
Identification of type was done at the Bactertolog: al Laboratory 1n Gothenburg
and the following answer was obtained ‘The mycobacteria 1solated from the patient
are not virulent for guinea pi1gs (3 animals imoculated) The do not grow at 20 C
or 45 C and afe sensitine to PAS streptom)cin and jsontazid 1n contrast to tubercle
bacilli of the human type but similarly to bovine tubercle bacilli the bacteria are
wholly sensitive jn pentacyelic carbonic acid hvdrazide Since the 1solated mico
)actersa are avirulent for gumea pigs and are of the bovine type they eannmot be
distingwished from BCC bacteria (4rnre Lind)

The postoperatise ¢ourse was uncomplicated The operative wound healed by first
intensin She was imm bilized an plaster for 2 months and trealed with chemo
therapeutic agents (streptomycin and 1somiazid) over 11 months She was In hospital
f r 415 months The subsequent clinical course was also uncomplicated The range
«f movement 1n the hitee joint became normal soon after the removal of the phsur
and she has remained symptom free thecavity has graduall:
and hony structure s s1sible (Figs 1e and d) It will also be seen sn the radsegraph
that the medial condyle of the femur the ossification of shich has been dela ed 1s
devele ping normalls and up to the present there have been no signs indicating
growth inhibiti n desiits the fact that part of the epiphy eal Line has pritably
teen destroved

DISCUSSION

Out of the 10 children under a vears of age who n the past 10 vear
period were treated for hone and joint tuberculosis o had bone Lusions
localized to the epiphyseal line of the hnee joint (cases 2 3 4 7 and
10) In these children as well 4s 1n 1 with n lesion 1 the distal end of
the fibula (case 1) andan 1 with a lesion in the cubord bone (case 8)
te 7 ehldren s all the discase ran a sumilar course with onset at
bout 1 vear after BC G vacemation In 1 of these 7 crses BC G bacilh
were demonstrated In 3 the onset of the disease did not occur until 3
to 4 vears after vicanation 2 of these (eases o and 9) in which the
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Fig 1a Radiograph before operation A large bene lesion contrally in the distal
end of the fcmur
Fig 1 The healthy knte joint

Fig fe 4 weeks after cvacuation of the cavity Ossification of the medial condile
of the femur has begun this indicates that it was not destroved imually
as fossibly suggcsted by Fig 1a but ondy ponrl developed because of be
adjacent i1nflammators process

Fig 1d 16 months aftcr operation Bome structure 1s seen within the arca of Ihe old
lesion which has decreased 1n size The medial conthle of the femur has
now developed normalls The epiphyseal line and the condsles seem o be
developing normall
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the end of the femur extending across the epiphyseal line into the epiphisis and
12 the centre of sequester like formaticn was seen (Figs 12 and b)

Operation was performed on Nov 2§ 1960 when the ehild was 19%+ mcnths old
without previous chemotherapy On the medial aspect of the hnee a large para
arhienlar abscess was fiund which through a very narrow fistula at the Ievel f
the epiphyseal line communicated with the large bone cavity The posterior cortical
wall of the cavits was vers thmn and there a hole was chiselled through which the
cavity coull be emplied of its content of pus and granulation tissue \fter local
application of streptomycin the wound was closed by primary suture The material
chtained at was and

The showed helioid cell with central
areas of caseous necrosis and numerous giant cells of Langhans type At the pert
phers of the granulomas there were numerous plasma cells and a small amount of
himphocvtes Acid fast rods were seen in the slides

At the bacteriological exammation ordinary culture produced no growth Culture
on Lowenstein medium vielded acid fast rods A gumnea pig test was negahine
Identification of tyvpe was done at the Bacteriological Labaratersy in Gothenburg
and the following answer was obtained The mycobacteria 1solated from the patient
are not virelent for guinea pigs (3 animals inocnlated) Thev do not grow at 20 C
or 45 Cand are sensitive to PAS streptomyain and 1sonrazid In contrast to tubercle
bacilli of the human type ut similarhy to bovioe tubercle bac)ils the bacteria are
wholly sensitive 1 pentacyche carbonse acid hyvdrazide Since the 1solated myco
bactersa are avirulent for guinea pigs and are of the bovine tvpe they crannot be
distinguished from BCG bacteria (4rne Lind)

The course was The tive wound healed by farst
intension She was immobilized in plaster for 2 months and treated with chemo
therapeutic agents (streptomycin and jsonptazid) over 11 months She was in haspital
for 4 » months The subsequent clinical course was also uncomplicated The range

f movement 1n the knee Joint hecame normal soon after the removal »f the plaster
and she has i tom free logically thecavits has gradually decreased
and bony structure 15 visible (Fips 1c and d) It wall also be seen mn the radiograph
that the medial condyle of the femur the ossification of which has been delaved 15
feveloping normalls and up to the present there have been ne sign ndicating
krowth Inhubition despits the fact that part of the ep phiseal hine has probalhy
teen destroyel

DISCLSSION

Out of the 10 children under 5 vears of age who n the past 10 vear
berod were treated for bone nd jomt tuberculosts o had hone lesions
localized to the epaphyscal line of the hnee jownt tcases 2 3 4 7 and
10) In these childrcn as well as in 1 with a lesion 1n the distal end of
the fibula (case 1) and in 1 with a lesion 1n the cuboid bone (case 8}
te 7 children in all the disease ran a simular course with onset at
thout 1 vear after BC G vaccination In 1 of these 7 cases BC G baaillt
“ere demonstrated In 3 the onsct of the disease did not occur untit 3
fo 4 vears after vaceintion 2 of these (eases o and 9) in which the
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seat of the lesion was the distal end of the radius and the centre of the
sternum respectively did not differ essentially wn any other respect
from the rest one child (case 6) however had a substernal abseess
which it operation was nterpreted as osteifis secondary to soft tissue
affection possibly m a lymph node

The development of tuberculous bone lesions 1s a result of haemato
genous spread That such a spread of BC G can occur has been shown
by Gormsen (1956) i an nteresting study comprising histological
exammations 1n connection with autopsics of BC G vaccinated human
bemgs He was able to demonstrate the prescnce of epitheliond cell gra
nulomas locally at the site of vaccination and in the regional {ymph
nodes as well as 1 several internal organs but not in bone marrow
He does not state to what extent bone was examned however These
granulomns did not show the prcture typieal of tuberculosts with for
mation of tubercle nodules but had a strong resemblance to the hsto
logical picture that was found in the fatal cases after B C G vaccination
Gormsen draws the conclusion that at least 2 to 3 years after vaceina
tion signs of generalized haematogenous spread ean be found although
there has been no manifest disease

Ustvedt (1906) after an analysis of the 4 fatal cnses discusses the
question of immumty and summanizes that fhe laboratory procedures
could not throw any hight on the question why gencralized fatal disease
should devclop He also pomnts out that it 15 difficult to explan the
atypreal histological picture which to some extent resembles the find
ngs n non reactnve generahized tuberculosis (sepsts tuberculosis act
tisstma)

In all my cases described here we are coneerned with bengn tuber
culosts with n one case mulliple and 1 the others solitary bone
festons all of which healed after operatne treatment combined with
chemotherapy The histological picture in the case 1n which BC G was
demonstrated was characterized by the presence of numerous plasma
cells diffusely without any very marhed accumulation around the
berculous foer In view of this finding which to some cxtent differs
from what 1s usually obseried 1 human tuberculosis the histological
findings 1n the other cases reported here were carefully examined This
analysis revealed 1n some cases a sumilar diffuse plasma cell mfiltra
tion, 1 others a more or less marked accumulation around cascous
lestons and epithehowd cell tubcreles t

1 The histological examination was carried out by Ake € H Lindgren
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1 cannot find any satisfactory explanation of the causation of the
lesions There were no local reactions at the site of vacemation The
information about traumata 1n o cases and in some of them distinct
mjurses 1s remarhable howeser Trauma and tuberculosis are an wnter
esting constellation The relationship 1s repudiated by several expert
mental workers but some clinical observations are such that the 1m
portance of the trauma in the manifestation of a tuberculous lesion
cannot be wholly denied (honshegg Rtch) It s of course difficult to
judge the significance of the trauma when the patients are infants as
1n the cases under discussion but since the symptoms appeared n
close association with severe traumata we can hardly exclude the pos
sibility that the trauma actnnated a latent lesion which according to
Gormsen s vestigations 18 always present

It 1s of course of the greatest interest that these B CG infections
should be established Unfortunately wlentification of the type 1s made
difficult by the fact that B C G 1s a bovine strain of low virulence and
1s not easily differentiated from other bovine strains In 6 of my cases
the palients had been 1n some other hospital where chemotherapy had
been gven on the basis of the histological diagnosis before the cultures
had been made (Table 2) It 1s possible that this 1s the reason why we
obtamned so many negatrie cultures The chemotherapy had in some
cases lasted for a short time only but mav nevcrtheless have been suf
ficient to enable the concentration in the specimens to inhubit bacterial
growth Our own routine 15 to avord 1f possible chemotherapy before
operations 1n order to established a confident bacteriological diagnosis
The mam object 1s to be able to distinguish between septic and tuber
culous mfections before adequate therapy ts mstituted If a BCG n
fection which 1s much more difficult to diagnose bacteriologically 15
suspeceted 1t 1s still more necessars to follow this routine

This report 18 intended as a contribution to the current discussion
on the safety of BC G vaccination and the question whether mass vac
cination 1s still justified (W allgren 1906) In most of these 10 cases of
tuberculous osteitis the process can be suspected to be of the B C G type
even though B C G was demonstrated 1n only 1 case In all the eases the
course was benign The locahization close to and the partial destruction
of the growth zones of the long bones 1n these infants may under un
favourable conditions lead to able growth disturbances For

tunately no such disturbances h e so far occured 1n the cases reported
here

9 AaCTL ORTM YXY1IT 7
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SUMMARY

Tuberculous ostextis in the lower end of the femur developed in a 14
month old child whe had been BC G vaccinated 2 days after birth
Tubercle bacilh identical with the BC G stramm were recovered

Oser the 10 jear period 1951-1960 a further 9 children under 5 years
of age were treated for tuberculous ostertis which was verified histolo
gically In most of these cases the course of the disease was farly sum
lar to that i the first named case All were BCG vaccinated 1n the
first few weehs of hife and 1n 6 of the children the sympioms appeared
approximately 1 year after the vaccination Idenhification of bacteral
type could not be made since the cultures were negatne

In all the cases the course was benign and the process healed after
operation combined with chemotherapy One of the patients had mul
tiple the others solitary bone lesions Because of 1ts localization to the
proximuty of the growth zones of the long bones the disease must be
regarded as serious despite 1ts otherwise benign course So far however
no disturbances of the growth have occurred in the cases reported here

The 1mportance of trauma in the manifestation of the bone lestons
15 discussed

RESUME

Une osteite tuberculeuse de la partie inferteure du femur s est deve
loppee chez un enfant age de 14 mois qui avait eté vacemné par le BC G
deux jours apres la naissance Des bacilles tuberculeu< identiques &
la hignee du BC G ont eté recucilhs

Dans la periode decennale 1951-1960 9 autres enfints de moms de
5 ans ont eté soignes pour une ostéite tuberculeuse assez sumulaire au
premier cas mentionne Tous avaent eté vaccines par le BCG dans les
premtercs semames de la vie et chez 6 de ces enfants les symptomes s¢
sont manifestes environ un an apres la vaccination L xdentification du
type bacterien n a pu ctre faite les cultures ayant et nepatnes

Dans tous ces cns e cours de la maladie fut benin et Ia guerison inter
sint apres unc operation combnee de chemotherapie Un des malades
mait de multiples lesions osscuses Ics autres une léston sohture Par
sutte de sa localss ition 1 proximite de Ia zone de croissance des oS longs
Iz maladie dott etre considerec comme etant grave malgré son cours
bemin Jusqu i1 aucun trouble de In croissance ne s est cependant mant
festé dans les cas rapportes 1c1

1 est discuté de 1importance que peut présenter un traumi dans 1a
mamfestation de lesions osseuses
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ZUSAMMENFASSUNG

Tuberhulbse Osteitss entwichelte sich 1m unteren Ende des Femurs
ber cinem 14 Monate alten hind das 2 Tage nach der Geburt BCG
sakziniert worden war Tuberhelbazillen die 1dentisch mt denen der
BCG Vakzine waren wurden nachgewiesen

W ahrend der 10 Jahrsperiode 1921-1960 wurden weiterhin 9 bander
unter o Jahren wegen tubcrhuldser Osteiis die derjenigen des erster
wihnten Falles ziehmlich Ghnlich war behandelt Alle waren wahrend
der crsten I ebenswochen B C G vakziniert worden und bex 6 der hinder
traten Symptome ungefihr ein Jahr nach der Vahzimerung anf Die
Bahterientvpe honnte micht festgestellt werden da die hulturen negates
waren

In allen Fillen war der Verlaul gutartiy, und der Prozess heilte nach
Operation hombimert mit Chemotherapie aus Finer der Patenten
hatte vielfache die anderen nur emnen einzigen hnochenherd W egen
des Sitzes 1n der \ahe der W achstumszonen der langen Rohrenhnochen
muss die I rhranhung trotz 1hres im iibrigen gutarligen Verlaufes als
crasthaft angesehen werden Vorlidufig sind jedoch hesne Wachstum
storungen in den hier berichteten Fallen aufgetreten

Die Bedeutung des Traumas in der T ohalisation der hnochenherde
wird besprochen
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FROM THE ROFNTGENDIAGVOSTIC DEPARTMENT (HEAD PROF SULVE WELIN)
ALLMANN A SIUKHUSET MALMS AND THE PAEDIATRIC CLINIC
CENTRAL HOSPITAL FALKOPING (HFAD DR KLRT PALMEN)

SEASONAL VARIATION OF BIRTH DATES OF INFANTS
WITH CONGENITAL DISLOCATION OF THE HIP

By

Lars ANpREN and hURT PALMEN

Some vears ago Vagura (1925) and Pap (1956) reported a consider
able seasonal vanation 1n the time of hirth of mnfants with congenital
distacation of the hip 1n Japan and Hungarv respectively

Of Maguras series 43 per cent of the 1306 newborns with congenital
dislocation of the hip were born 1n December February the correspon
ding figures for Pap s series being 42 per cent of 217 Recently Record
& Edwards (1908) described « series of 186 cases {rom Birmungham in
which 30 per cent of the children were born in December February

In a series from Leipzig corvering the vears 1928-1937 and consisting
of 4345 cases Utbe (1909) found a similar though less marhed seasonal
variation 1n his series 28 per cent were born in December February
but he did not take into deration the normal vanation of
the total hirth rate

Pap reported that this seasonal varition was also found for children
in whom the disease was diagnosed at birth but he did not give the
numhber of newborns on which he based this conclusion and this num
ber can hardls have been large for his entire series consistered of onhy
217 cases In the publications by the other above mentioned authors
nothing 1s sud about the newborns at il

Since statistical data are available on the frequency of congemital
islocation of the hip corering the major part of Sweden (Palmen 1961)
diagnosed paritlv at arth partly later 1t was constdered worthwhile
cheching whether anv seasonal vamation could be demonstrated and
1f so whether there was any difference belween the frequency cune
of those cases diagnosed at birth 1nd those diagnosed later and whether
the shape of the curve varrd with sex
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MATERIAL

The material was divided tnto 3 series Series A consisted of 1313
children (1118 females 19> males) with dislocation of the hip treated
at the departments of orthopaedics tn Sweden durning 194% to 1960
These cases were not dignosed at birth but mastly after 1 vear of 1ge

Series B was made up of 816 cases (661 femnle 150 males) diagnosed
at hirth during the years 1923 to 1960

Series C consistcd of the hovs in both groups (3.0 cases)

+304
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+ 104
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Fig 1

Graphie demanstration of differences between observed and expected values for the
indnidoal months of the year an the three senes
Random deviation calculated as = [ n X /17 X 11/12
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RESULTS

The frequency curve for the patients according to date of birth
thus showed a clear seasonal fluctuation with the crest of the wae
n September November and the trough i March May te about 3
months earhier than 1n the other series referred to above The shape of
the curve for those cases diagnosed at birth was also the same as that
for cases diagnosed later usually after 1 year The curve for the hoys
did not differ from that for the entire material

DISCLSSION

Magura ascribed this seasonal 1armation to differcnces mn the heavt
ness of the clothing n summer the children s clothing 1< hghter than
n winter and therefore affords greater freedom of movement of the
limbs which facilitates spontancous reduction of the dislocation This
view 1s shared by Record & Edwards (1956) who sav  The most kel
explanation 1s that mnfants born 1n winter particularly during cold
weather have to endure heavier clothing and cot coverings This 1s
hikely to cause severe restrniction of hmb movements and prevent the
thighs from assurming the natural posttion of flexion abduction and
cxternal rotation which 1s similar to the position adopted n the con
ventional treatment of the deformty

This explanation 1s however less satisfactory because the fruquency
i those children m whom the discase was discovered at birth te
hefore restriction of limly movements by clothing showed the same sea
sonal variation The difference in the heaviness of the clothing mas
however accentuate the existing scasonal sariation

It has been shown that dislocation of the hip 1s ene of the manifesta
tions of increased mstabihity of the peluis of the same nature as that
1n mothers during pregnancy and similar to that which can be induced
i cxperimental ammals by admumstration of oestrogen or relvun
(Andren 1960) Exidence has also been produced to the effcet that the
breahdown of maternal and placental oestrogens and exopcnous
oestradiol 1s decreised m newborns with congenstal dislocation of the
hip (Andren & Borglin 1961)

These observations mahe 1t Iihely that 1t 15 the scasonal influences
chimatic or alimentary on the hormonal interrelntionship that are r¢
sponsible for the seasonal v aration 1n the birth dates of infants with
congemital dislocation of the hip
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SUMMARY

A seasonal vanation of dates of birth of nfants with congenital
dislocation of the hip was found for 866 cases diagnosed at birth and
1736 cases diagnosed later The vanation was the same for both groups
and for hoth sexes

RESUME

Dans une serte de 866 cas de dislocation congenitale de la hanche
constatec a la naissance et de 1736 cas diagnostiques plus tird on a
ohserve par rapport aux dates de naissances des enfants une vanation
saisonniere qui est Ia meme pour les deux groupes ¢t les deux sexes

ZUSAMMFNFASSLNG

Thne an die Jahreszeit gebundene Vamation der Geburtsdaten von
hindern mit hongemtaler Huftverrenhung wurde ber 866 Fillen dic
zur Zeit der Geburt diagnostiziert wurden und bet 1736 Fallen die
spater erhannt wurden gefunden

Dic Varintion war die gleiche n beiden Gruppen und {ur berde Ge
~chicchter

REFFRINCES

Andrén L Acta radiol 53 173 1960

dndren L & Borglin \ E Acta endocr 37 493 and 477 1961
Nagura S 711 Chur 80 1933 1955

Palmén K Acta Paed 50 Suppl 129 1961

Pap K 7hl Chir 87 238% 19 6

Record R C CElwards J H Bt J Prev So Med 12 8 1928
Uibe P Zb] Chur 8% 237 199
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RFSULTS

The frequencs curve for the patients according to dale of hirth
thus showed a clear seasonal fluctuation with the crest of the wave
mn September November and the trough in March Max te about 3
months carlier than 1n the other series referred to above The shape of
the curve for those cases diagnosed at birth was also the same as that
for eases diagnosed later usually after I year The curve for the hovs
did not differ from that for the entire matersal

DISCLSSION

\agura ascribed this seasonal vanation to differences in the heau
ness of the clothing 10 summer the children s clothing 1s hghter than
in winter and therefore affords greater freedom of mosement of the
Iimbs which facilhitates spontancous reduction of the dislocation This
s1ew 1s shared by Record & Edwards (1958) who sav  The most likels
explanation 1s that infants horn in winfer particularly during cold
weather have to endure heavier clothing and cot covenings This 1s
likels to cause severe restriction of limbh movements and prevent the
thighs from assumng the natural position of flexion ahduchtion and
external rotation which 1s sumilar to the position adopted 1 the con
ventional treatment of the deformity

This explanation 1s however less satisfactors because the frequency
m those children in whom the disease was discovered at birth te
before restriction of mb movements by clothing showed the same sea
sonal vanation The difference n the heaviness of the clothing may
howeser accentuate the existing seasonal vanation

It has been shown that dislocation of the hup 1s one of the mamfesta
tions of increased nstability of the peltts of the same nature as {hat
n mothers during pregnancy and similar to that which ean be induced
n experimental ammals by administration of ocstrogen or relaun
(4ndren 1960) Esvidence has also been produced to the effect that the
breakdown of maternal and placental oestrogens and exogenous
ocstradiol 1s decreased i newborns with congenital dislocation of the
hip (Andren & Borglin 1961)

These observations mahe 1t Iikels that it 1s the scasonal mfluences
chmatic or aimentary on the hormonal interrelationship that are re
sponsible for the seasonal variation 1n the birth dates of infants sith
congemtal dislocation of the Iup
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Fig 1o
Guide and bone screws

Fig 1b
By means of the guide the crews can ) e drinven 1nto the b ne parallel ts and at
a cerlain distance from «ne another

Among its mun disads intages were mentioned soft tissue 1nfection (it
the sue of the pins ning sequestri and osteomyelitis Other drawbachs
were pun and difficultics in obtuining and mantuning reductton and
mndequate immomhzation (Johnson & Stowall {12} 19.0)

The latest additional imnstrumentanum for transfixation was designed
by Raoul Hoffmann (%) In 1938 he desenbed for the first time his
muthod which he hid dovised sunultaneoush with and mdependentis
of Slader and Roger Anderson ind which he ealled Osteotaxis from
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Fig 2a
The instruments are apphied on an cxperimentally fractured autopsy specimen of
the tibia The parallel bone screws n each set are fastened together with a grp

Fig 2b
The same specimen as 1n Fig 22 The fracture has been reduced exactly and fived
firmly by compression achiesed by tighteming the left nut on the coupling har

tzgaw 1 arringe) Since then he his suceesstiely mmproved the mstru
ments 1nd 1n several papers (9 10 11) he has gisen detaied descriptions
of the technique of osteotaxis A brief account of the nstruments and
the techmique will be given here for furthier particulars the reader s
referred to Hoffmann s origimal worhs !

1 A short descriptive survey 1o Foghsh s available from the manufacturer of the
instrumentarium Jaques Fréres Cenesa and from the retailers AB hufa Stockholm
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Transfixation 1s done with specal screws made of steel alloved with
chrommm and nichel 18 § (Fig 1) Through a special piereing model
called guide (Fig 1) 3-o screws are driven mto the bone above and
below the fracture A grip 1s apphed to each set of secrews and the sets
are fastencd together with a coupling bar which has a device for com
pression of the fracture (Fig 2) To avoud elecineal tension the grips
arc covered with a non-conducting matensal (resofil) The Hoffmann
apparatus can be regarded as a perfect instrumentanum for transfixa
tion Osteolawis has come into use notabls 1n the French speaking
countries 1n France Swiizerland and Belgium In Sweden st was imtro-
duced by Orell (17) In the Cnghsh speahing countries it s probably
furly unknown Some case-reports have been published (3 4 2 6 7 14
15 18 21 22) but no survev of a collected clinical matenal ean be
found mn the hiterature According to Hoffmann osteotaus 1s indicated
mainls 10 open [ractures but also m closed fractures where reduction
and fixation are difficult 1n multiple fractures fractures with delaved
umon and pscudarthrosis

OWN MATERIAL

At the Orthopacdie Chime the St Gorans Hospital Stochholm 49
fractures 1n 47 patients were treated by this method over the vears
1902-1960 It should be emphasized here that thes were cases of difficult
fractures 1n which treatment by usual methods had failed or had from
the beginning been rendered difficult by adserse circumstances

The following data will illustrate this pomnt

76 of the fractures were open In 5 there were shin 1njuries which required some
form of plastic operation 10 patients had multrple fractures 4 of them in the same
limb 2 patients had nerve injunies and 1 patient had arterial damage 1n associati n
with the fracture 11 pabients had earlier gone
8 fthem once 2 twice and 1 ten times

2 patients had two different fractures that were treated by osteotaxis one with
an open fracture of the tibia of buth legs one with pscudarthrosis of the femur of
one leg and the tibia of the other feg

far a p arthrost:

Sex and age Of the 47 patients 13 were womun and 33 men Thar
ages ranged from 17 to 78 vears

Tocalt ation of the fractures and pseudarthros:s The distnibution
according to site ts shown n Table 7 1n which fractures and pseud
arthroses are also set out separately Cases of delaved union 1nd eases
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of non unton «re hsted together It mav be difficult to draw the line
between delased unton und non union and 1 have therefore found it
most expedient to group them fogether in the table but in the text 1
have tried to analyze the cases with dddived union separitely

TABIEF 1
Dustribution of fracture and non union according to sile

Local satio: Ao of eates 1 racture “on un un
Humerus i 2 2
Forearm & 1 5
Femur 1 3 8
Tibia 28 9 19
Total 49 15 ki

Of the 15 cases hsted 15 fractures 5 were pnimarily treated by ostco
trvas The other 10 were not treated until after mtervals that vard
hetween 4 and 42 dass with 2 mew of 21 dys other methods of fixt
tion having failed

TABLE 2
Results of osteolaris distributed according to sile of fracture and non umon
Localisation | o afcases J Ueated \ot healed
Humerus 4 33 1
Forearm [ 5 () 1
Fomur 11 8 (1) 3
Tiha K] 24 (13) M
Total 49 10 @) [

Figures in parenthcses Healed with normal function

Among the 34 cascs listed as non union 28 are cases of truc pscud
wrihrosts 10 which the patients were admutied for treafmont 5 months
to 12 years after the weident the mean bong 1 vear and 8 months The
other 6 can be desipnated as cases of delyed umon mostly combined
with malposition of the fracture They were treated 2 to 3 months after
the accident

RFSUITS

All the patients were followed up by chmenl and radiographe
examination after a period of obseriation varying betwien 1 yrar and
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6Y; sears The therapeutic results are given 1n Tables 2 and 3 The
figures 1n parentheses show the number of patients in whom the
fractures healed without grvng ans clinieal sy mptoms and whose Jant

function 1s now normal or so shghtly reduced as to be of no practical
importance Accordinghy healing failed to occur 1n 9 out of 49 cases
nameh for 2 fractures and 7 pseudarthroses Further data on the
results are given in Table 4 1 which fracture and non umion are hsted
scparately Among the forearm pscudarthroses 1 onlv 1s recorded as
healed withoul functional impairment A further 2 patients are very
httle handicapped one despite complete loss of pronatron and supina

tion the other one with pronation and supination to half the normal
range and shight reduction of movement of the wrist as a result of
simultaneous dislocation of the semilunar bone The fracture of the
femur recorded as healed with impaired function has however healed
with much better function than the concurrent fracture of the femur
of the other leg which was treated by open reduction osteosynthesis
and mmmobslization 1 plaster Many patients with lower leg pseud

wthrosis had on admission considerable hnee-shiffness after previous
prolonged immobihization n plaster This explains the great number of
cases of healing with impaired function However it may be mentioned
that 3 of the patients whose fractures healed without impurment of
function had on admission considerable stiffness after previous pro-
longed plaster fixation for 7% months 1Y years and 134 sears rc

spectivels

TABIF 3
Resulls of astectaxis for fracture anl non ant n

N ofea a1 Noth 1a
Fracture 15 13 2
Non umen 34 27 7
T tal 19 40 9

Osteotaxis unthout complementary operation on the pseudarthrosis
10 patients with non union or delaved union were treated by osteotaxay
oniy 5 on the lower leg 4 on the fumur and 1 on the forearm Healing
occurred n all of them after fixation for periods rvarung between 3 and
8 months (Table 5) In 3 of these cascs the result enn be designated as
delyed union the fracture healed after fixalion for 3y o and o
months respectiveds and the course of healing did not differ from that
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of non unton arc hsted together It may be difficult to draw the hine
between delaved umion und non unton and I have therefore found it
most expedient to group them togcther in the table but in the text 1
have tried to anilvze the eases with delayed unon separatedy

TABLE 1
Distribution of fracture and non unien according 1o site

Local atron o ofeay s Fracture Nonunf 1
Humerus 4 2 ”
Forearm 6 1 5
Femur 1 3 8
Tibia 28 9 19
Total 49 15 34

Of ihe 15 cases listed as fractures 3 were primanls treated by osteo
taxis The other 10 were not treated untsl after intervals that vared
between 4 and 42 davs with a mean of 21 dns other methods of fixa
tion having faled

TABLE 2
Resulls of osteotaris distributed according to sile of fraciure and non unt n

Lo shsatlon o ofcases Healed ot heal 4
!
Humerus 4 33 1
Forearm G 5 (2) 1
Femur 1 8 () 3
Tib1a 28 21 (13) <
Total 1 10 (97 9

Figure in garentheses Hcaled with normal functi n

Amony, the 34 cases listed as non umon 28 are cases of true pstud
arthrosis in whick the patients were admulted for treatment 5 months
to 12 vears after the aceident the mean being 1 vear and 8 months The
other 6 can be designated as cases of delnsed union mosthh combned
with matposition of the fracture They werc treated 2 to 3 months after
the tccident

RFSLITS

All the patients were followed up bv chmcal and radiographic
exammation after a period of obseryation varyng belween 1 vear an



TREATMENT OF FRACTURES AND PSEUDARTHROSES 137

61 years The therapeutic results arc given m Tables 2 and 3 The
figures 1n parentheses show the number of palients m whom the
fractures healed without g1ving any chincal symptoms and whose joint

function 1 now normal or sa shightly reduced as to be of no practical
mmportance Accordingly healing failed to occur 1n 9 out of 49 cases
namcly for 2 fractures and 7 pseudarthroses Further data on the
resulls are grven tn Table 4 1n which fracture and non union are listed
separately Among the forearm pseudarthroses 1 only 1s recorded as
healed without funchional ympairment A further 2 pabients are very
Iittle handicapped one despite complete loss of pronation and supma

tion the other one¢ with pronation and supination to half the normal
range and shght reduction of movement of the wrist as a result of
simultaneous dislocation of the semilunar bone The fracture of the
femur recorded as healed with impaired function has however healed
with much better funchion than the concurrent fracture of the femur
of the other leg which was treated by open rcduction osteosynthesis
and immobilization 1n plaster Many patients wath lower leg pseud

arthrosts had on admission considerable knee stiffness after previous
prolonged immobilization 1n plaster This explains the great number of
cases of healing with imparred function However 1t may be mentioned
that 3 of the patients whose fractures healed without impairment of
function had on admssion considerable stiffness after previous pro

longed plaster fixation for 7Y months 1Y years and 134 years re

speetively

TABLF 3
Results cf oste taxis frr fraetire and non um n

| No ofea 3 Hatd Nort teq
Fracture 15 18 »
\ 0 union H i 7
T tal 9 do 9

Osteotarts withoul eomplementary operation on the DPseudarthy,
10 patients with non umon or delaved unon were treated b o
onlv 5 on the lower leg 4 on the femur and 1 on the foren,
occurrid in a1l of them after fixation for periods var ng be
3 months (Table v} In 3 of these cascs the result can he d
delaved union  the fracture healed after fixation for 3 5

months respectivdds and the course of healing did not differ rrﬂr:n;: 5
rat

Y osteolaxis
tm Healing,
tween 3 and
eSignaled 4y
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1 cases of true pseudarthrosis As regards the interval between wnjury
and osteotrus its length vares within the whole of this group from
2y, 1o 131, months (Table 6) In 3 cases of femoral pscudarthrosis
treated 9, 13%; and 19 months respectively after the primany njury
healing occurred with osteotatis only and one of these patients had an
mfected pseudarthrosis Ior the lower lg pscudarthroses the tongest
mtersal betscen myury 1nd treatment was 9 months In 2 patients
who were primanly treated by osteotavs only this procedure was found
to be insufficient and without removing the mstruntents it was com
pleted by operation on the pseudarthrosis These 2 cases are mcludid
n the following account

TABLE 4
Detarls of resuits shotn 11 Tables 2 and 3
No of cases Healed J Notlenle |
Humerus  fracture 2 22 -
nou unron 2 14 1
Forearm fracture 1 () -
non union 5 1D 1
Femur fracture 3 2 1
on uttion 8 6 (3} °
Tibia fracture 9 LR ¢ 1
non union 19 16 (5) 3
Total 49 10 (27) 9
TABLI 5

Resulls and perwd of freation by ostentazis in cases of delayed union and pon untn
with and uithout surgreal interventi>n on the pseudarthrosis

7

surgical inters ntion l No of ases ) Heate ] J ot healed J T e ottt
Without 10 10 - 38
Wath 21 17 7 31 9

In the healed group

Ostealaris with complementary operalton on the pseudarthrosis In
24 cases osteotaxss was combined with some form of operation for non
union two being onls osteotomy of the fibula the rest operation on the
pseudarthrosis itself The distribution of the pseudarthrosis according
to site was as follows 1410 the lower leg 4 i the femur 4 m the fore
arm and 2 1n the humerus In 17 cases healing occurred fter a period
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of fixation varying between 3V and 9 months (Table 5) This group
mncludes 3 cases with delaved union and they healed after fixation for
4V 4, and 81 months respectiely In the whale of this group the
snterval between injury and treatment ranged from 2 months to 12
svears (Table 6)
TABLE 6
Rtesults and interpal between tnjury and ostesfazis in cases of delayed unton
and non union wth and without surgical intervenlion on the pseudarthrosis

Sur cal nl ment n | oo s \ Hatt J Noth 1 d I Sapury oY otasis
Without 10 10 - 2 4-13% n
With 24 17 7 2m 1”sr

TABLE 7
1 etiod of fization by osteotar s

N oof \ Tim  in mont!
Healed fractures 13 22-7  (4%)
Nt healed fractures 2 412-13
Healed non unton 27 39 (5%
¢t healed non uion 7 36 (D)
T tal 19 252-13 (5)

The length of firation with the Hoffmann apparatus 1s shown n
Tible 7 1t varted between 2% and 13 months It should be noted that
the period of fixation in the group with healing 15 not 1dentical with the
tme required for the heing of the fracture For additional securily
the apparatus was rctained longer than necessary The roubine pro
cedure was as follows \fter the climical consolidation had been tested
and \ rav asscssed as showing satisfactory healing, the patient was
allowed to be up and about for 4 short me with the bone serews left
n place but the coupling bars disconnected I after about 2 week the
patient had no pun and the signs of consohidation were good the bone
screws were remosed It happuned that the patients themselves wanted
10 heep the mstruments fixed on longer than necessary for the sake of
safets which suggests that the fixation 1s well tolerated

Complicalions In 28 of the 49 treated fractures the course was un
complicated In 8 cases slight infection arose at the site of onc or several
serews and in a further 8 cases more marked nfection occurred with

10 sCcTVvORTH xxxIn 7
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out gnang rise to mamifcst osteitis Onlv one patint hd fong Histing
suppuration from a few screw trachs granulation hissue was curetted
out but no bone sequestra were found and the fistulas healed very soon
after the revision s 2 rule the small skin defeets at the serew trichs
healed very quicl Iy after the removal of the instruments even when
nfection had been present At the follow up examination none of the
patients compluned of discomfort at the sites of the removed screws
Nor were there any complamts relating to the quitc inconspicuons scars

In b cases the bone screws worl ed loose so that the treatment had
to be discontinued In 1 of these cases, a patient with an ulnnar pseud
arthrosis the osteotrxis procedure was repeated 3%, months after the
screws had come loose and the psendarthrosis healed

Analysis of failures
9 (184} of the 49 treated fractures did not heal

In 1 case of ulnar pseudarthrosis the period of fixation was too shart 21 months
The 1nstruments were remorved after musinterpretation of the radiograph Subscquent
chechings by \ rav 1n oblique views showed clearly that the pseudarthrosis had not
healed It sas later treated successfully by onlay grafting

One patient with an nfected pseudarthrosis in the upper part of the humerus
had marked 2 which vaused 1 of the screws so that the treatment
had to be discontinued

3 out of 11 femoral fractures did not heal In one of these cases the screws hat
ncorrectly been nserted on the front of the thigh through the quadriceps muscle
which probably was the reason why they come loose Healing occurred later on after
operation on the psetdarthrosis and internal fixation with a blade plate In the
second case a femoral the had to be d d after
5 4 months because of infectton 1n the screw tracks The fracture healed after
operation on the pseudarthrosis and medullary nailing, In the third case the patient
had a comminuted fracture of the femur with injury of the sciatic nerve The
fracture was first treated by sheletal traction but owing to malpesition of the
fracture osteataxis was performed but the bone ends could not be broupht nto
contact with one another The treatment was discontinued after 13 m nths of
fixation The fracture healed later after operatson on the pseudarthrosis

Among the cases of tibial fractures treatment failed 1n 4 A four day ald fracture
with unsatrsfactory posttion was treated by osteotaxis which was discontinudd after
4%2 months because of non healing and shight screw track Infection The fracture
healed after operation on the pseudarthrosis In a man with a 17 vear old pseud
arthrosis for which he had previeusly undergone 10 operations healing was not
obtained by ostcotaxis combined with inlav grafting The screws came loose after
3 months largely because the patient who was under the effect of cthylism refused
te stay 1n the hospital and follow the instructions Later on the pseu tarthrosis
necessitated amputation In one case of non union with a large defect and nfection
admutted for trealment 2 vears and 8 months after the snjury healing v as not
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e

a b c d
Fig 3
tase 1 —a Pscudarthrosis of the humerus b The | seudarthrosis has been resected
Fixation by osteotaxis ¢ 5%z months later healing has occurred d 6 vears later

obtaine 1 by fitation for 6 months The screws came loase and later on amputation
was performed One patient wath an infecte! tibial pseudarthrosi was treated by
asteotawis and osteotom  of the fibula but a fracture line remained right through an
excessive callus formation Because of insignificant svmptoms further treatment
W s nnl necessary

From ihis analvsis it s seen that many of the unsuccessful results
occurred 1o difficult cases One falure was due to a techmical error and
another fo misinterpretation of the radiograph taken to chech the
healing

CASF RFPORT

To sllustrate the advantages of the method and to demonstrate the
diffrenit type of the treated fractures some represcntative cases will be
reporled
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Case 2—a and b I seudarthrosis of the radius and wina ¢ Fixaticn by e taxis

d Radisl fracture healed uinar pseudarthe sis persists & Sceond psteotatis on the

ulna combined with tlay grafung 10 months after the primars  ste staxis treatment
fand g ? vears Iater
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Case 3—a DPscudarthrosis of the femus Two sets of hone screws applied at different
lesels b Coupling bar attached fracture reduced in exact position and compression
established ¢ 10% months later

Case { A 49 year old man with a fracture of the humerus primanly treated by
medullary nailing and later twice by operation for pseudarthrosis. Osteotaxis com
bined with resection of the pseudarthrosis 2 years and 9 months after injurs Period
of fixation 5% months Patient resumed work as a foreman 6 weeks after operation
wearing the osteotaxis instruments Healing with normal function of the joint
o symptoms (Fig 3)

Case 2 A 28 year old man nith open fracture of the radius and ulna Primary
treatment by Lane s plate on the radius and medullarv naihing of the ulna Later
on operation for psendarthrosis without effect Osteotaxls 4 years after njury
Period of fixation 52 months MHealing of the radial but not of the ulnar fracture
Second osteotais on the ulna combined with inlay grafting Period of fixation 3
months and 3 weeks MHealing with pronation and supination reduced by 273 of
normal range o symptoms (Fig $)

Case 3 A 35 year old woman with a femoral fracture treated earlier by medullary
nailing and operation for pseudarthrosis withovt effect Osteotaxis combined with
sphitting of the preudarthrosis 16 months after ynjury Period of fixation 6 months
#nd 3 weehs Bed rest for 8 davs onlv Hospital care for 1 month Patient able to

walh about freelv wearing the appliances Healing with normal function of the
Jomt (Fig $)
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Case 4 —a Pseudarthrosis of femur 9 months after primary treatment by medullary

naiing b lLivation b osteotavis without surgical intervention on the psesd

arthrosis ¢ Compression established d 4 months later clinical snd radiographic
healing ¢ 3 jears later

Case 4 A 42 vear old woman with sesere injurtes one leg amputated through
the thigh on the other Teg a femoral fracture and severe skin damage Vedullary
nailing resulted 1 pseudarthrosis with marked malposition Osteotaxss @ months
after the aceident Period of fixation 4 months Treatment carried through despite
the poor condition of the skin with extensie grafts and infection in some screw
tracks Fracture healed with shightly reduced movement in the knce joint function
otherwise normal (Fig 6)

Case 5 A 5> vear old woman with fracture of the femoral nech snd the tiba of
the same Jep. To enable reduction of the femoral neck fracture on the traction table
the Iower leg fracture had to he firmy fixed Osteotaxis on the day after the accident
Simultaneous closed reduction and osteosynthesis of the femoral nech fracture The
lower leg fracture fixed by the instruments for 3% months Healing with normal
jomnt function (Fig 7)

Case 6 A 0 year old man with an open lower leg fracture primarily treated
with Lanes plate Later on optration far pscudarthrosis by enlay graftng in
fection intercurred His leg had been immobilized in plaster for 1% vears and he
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Fig T
Case 5 —Fracture f femoral pech and tibia of the same le After transfixation of
the tibia reduction and osteosvathesis of the femoral nech fracture could be carried

out aand b ior and lateral views of transfixed tibial
fracture ¢ and d Anteroposterior and lateral viens 1 vear after the accident
(fracture healed in 313 months)

had consilerable stiffoess of the hnee and anhle joints Osteotavis 1 vear and 9
months alter the injury Osteitic bone removed and replaced by bone-chips The
course was uncomplicated Period of lixation 3 months Healing with normal joint
function (Fig 8)

DISCUSSION AND CONCLLULSIONS

Hoffmann s method for fixation of fractures enables good reduction
fixation 2nd compression and allows free mosements :n ad)acent joints
These are exactly the most important factors 1n the 1deal healing of
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Fig 8
Case 6 —a Infected pseudarthrosss of the ibia b Fixation by osteotaxis after
remosal of osteitic bone and grafting ¢ 6 weehs after operation the bonegrafts
have becn partly transformed d 6 months after operation the grafts are
completels transformed the fracture has healed

fractures with optumal function Our experiences i thus respect have
becn good The patients can be immobilhized earls Fuven patients with
lower leg fractures are able to be ambulant scon after operation wnd
Ixvourable cases very early weight bearing can he allowed

In the justified eriicism of transfixation methods described earhier
the rish of infection has been emphasized 1n particular The question
whether 1t 1s a true bactenial mfection or a matter of electrolytic irnta
tion has been discussed Hoffmanns instrumentarium reduces the
last named factor because the screws are made of highest quibts
steel and 1solated from one another 1n a fully satisfactory way The rish
of bacterial infection should be taken into consideration but ean be



TREATMENT OF FRACTURFS A\D PSFUDARTHROSFS 147

reduced by an exact technique and meticulous ¢are of the shint In the
series of patients presented here screw trach infection was no great
problem only 1n 1 case did long lasting suppuration occur Apart from
this the screw trachs healed very quichlv after the mstruments had
heen removed In no case did osteitis develop

According to Hoffmann and several of us followers open fractures
are the main indication for osteotaxis W e have no experience with this
application of the methed since very few patients with acuie open
fractures were admitted to this clinic duning the perzod of studv 3s
far as we can judge from our ¢xperiences in other cases however osteo-
taxss should be the 1deal method 1n severe op n commmuted fractures
where other methods of fixation cannot maintain a good position of the
hone ends provided of course that the surrounding skin allows trans
fixation

Our experniences relate to patients with difficult fractures and pseud
arthroses in many cases primanly treated by other methods and
accordingly to a selected matenal of difficult cases This fact must be
considered m the assessment of the results Looking at the pseudar
throsis cases only healing failed to occur in 7 cases out of 34 or in 20°%
For the sake of comparison may be mentioned the large series of pseud
arthrosis cases recently hed from the C bell Chimie at Memph
in the US A (Boyd el al {2]) 1 which the incidence of non healing
after the primary operation on the pseudarthrosis was 129 Qur results
appear particularly favourable if one considers not onlv the healing of
the fractures but also the jont function which 1s much better after
osteotaxis than after prolonged immobilization 1n plaster

As regards the treatment of pseudarthrosis a question of interest 1s
whether or not 1t 1s necessary to combine osteotaxis with surgieal inter
vention In most of our cases we combined osteotaxis with some form
of operation on the psendarthrosis cither primanly or after some time
when we did not notice any tendencs to healing In 10 cases however
the fractures healed with osteotaxis onlv Among these were 3 that
would more properly be designated as delaved union but also some
pseudarthroses even onc that was infected The question whether to
operate or not on the psendarthrosis must be decided from case 1o case
depending upon the appearance of the pseudarthrosis and the mechan
cal possibilities for exact fixation

1 A suitable protective dressing 1 obtained by spraying the skin with Nobecutan ®
Bofors Sweden) which forms a thin protectnne plastic coating and applving a
Telfa bandage (hendall Chicago) whose plastic-coated side adheres t the skin
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On the basis of minc years experience with osteots the followin,
CDnC]USlOnS are drawn

The method 1s not suitable for rontine use espeennlly in a surgicil
deprtment with gre it accumulation of tcutc cases In speetl depart
ments where those 1in charge of the case have time to follow e rcfully
the technienl instructions osteotavis 18 n cxeellent complement to the
usual methods of fracture treatment

Osteotaxis 1s particularly cxpedient for difficult fractures for open
fractures where 1t can be difficult to achiese 1 good position and fixa
tion by other measures for multiple fractures and for pscudarthroses
where 1t 1s desirable to avoid too prolenged immobihization of adjacent
jomts

All the long bones are surtable for osteotaxis perhaps the tibia in
particular on winch the mstruments are easily applied and which s
the commonest site of difficult fractures

The method involves no rishs and 1s strihingly well folerated by the
patients who often spontancously state that they prefer osteotaus to
mmmobilization 1n plaster

SUMMARY

A selected series of pahients with difficult fractures and pseudarthre-
s1s of the lon, bones were treated by Hoffmann s method of osteotaxis

The materinl consists of 49 fractures of which 40 healed The results
are assessed as vers favourable 1n view of the degree of severily of the
cases \ery good Joint function was obtamed because the method 1llows
early mohlization

No serwous complications occurred In no case did osteitis develop 1n
the serew trachs To avoid such inflammation 1t 15 essential tht the
technical wstruction be followed and that meticulous care be taken of
the shan

Osteotaxis 15 not suitable as a4 routine method but 1t 1s recommendid
n difficult cases of fractures and non umon

RESUME
Unc série selechionnee de malades wec fractures compliquécs et
pscudarthrose des os longs ont ete traités par la méthode de | ostéotrus

de Hoffmann
Le materiel d obsersation comprend 49 fractures dont 40 sesoudérent
Les resultats sont considerés comme tres favorables en raison du digre
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de gravite de ces cas Une tres bonne fonction de 1 articulation a ete
obtenue parce que la methode permet une mobilite precoce

Aucune complication serieuse n a ete constatee Dans aucun cas 1l
ne s est developpe d osteite « I endrott de la vis Afin d exater Linflam
mation 1l ¢st essentiel de sunvre strictement les mstructions techmques
et de prendre un soin meticuleux de Ia peau

L osteotawis ne consient pas comme methode de routine mas elle est
recommandee dans les cas de fractures comphquees et de pscudarthrose

ZUSAMMENFASSUANC

1 me ausgew dhite Rethenfolge von Patienten mit schwiengen Bruchen
und Pseudarthrosen der langen Rohrenhnochen wurde muttels Hoff
manns VMethode der Ostcotaxis behandelt

Das Material besteht aus 49 Bruchen von denen 40 heilten Die Er-
gebnisse werden wenn man die Schwere der Falle m Betracht zieht als
schr gunstig angesehen Ausgezeichnete Gelenhsfunktion wurde erzielt
dn die Methode fruhzeibige Mohilisterung gestattet

hewerler ernsthafte homphhationen traten emm In hemnem Falle
entstandt Ostettis 1n den Schraubenbohrungen Fs ist wesentlich dass
man der technischen Anweisung genau Folge lewstet und dass man die
Haut sorgfaltig behandlet um derler Entzundungen zu vermerden

Osteotaus eignet sich meht als eme Durchschnittsmethode hann
aber 1n Fallen von schwienigen Bruchen oder Pscudarthrosen anbefchlt
werden
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FOOT DROP IN LEPROSY AND ITS SURGICAL
CORRECTION

By

Jons G ASNDERSF\

In the management of preventible and correchible deformttes due to
fepra drop foot occuptes an important place The nature of these two
departments have prevented ans hind of survey of the total and relaine
ncidence 1n the vanous types of lepra Hemerychz (1929) reported a
detailed survey from 8 associated climes in $ India He found 1n a
group of 2337 patients 3 cases of hilateral and o9 eases of umlateral
drop fool This i an overall merdence of 25 per cent

The pathology of this deformity has recenned considerable mterest
in these departments The important points i this context will be
briefly mentioned A full discussion of this 15 outside the scope of this
pper As a rule foot drop is due to paralvais of the lateral popliteal
nerve just above the point where 1t winds round the neck of the fibula
Previously 1t was thought that sooner or later all the muscles of the
anterior and lteral compartments would become paralvsed A certain
amount of evidence adnuttedls prelimnary s coming forward to sug
&est that we arc dealing with two distinet palterns of paralysis  com
plete lateral pophteal paralssis  and  ncomplete lateral popliteal
paralvas  In the first type all the muscles of the anterior and lateral
compartments are paralvsed In the second {y3pe onlv the muscles of
the antenor compartment are piralvsed A cerfain number of cases
will present themselves for reconstructive surgers with a “partial
pattern of parilvais with onls some of the muscles n these compart
ments paralvsed We consider that such patlerns mdicate a process
towards one ol the stable patterns of paralvsis or a recoversng paraly
sis Another proup will present more complex patterns of paralssis in
volung somu muscles outside the lateral and anterior compartments as
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well These irregular patterns of paralysis  are considered due o one
of the following factors 1) 2 concomutant post pohio paralysis 2) 2
ological sarnt mamly found n the lepromatous and dimorphous
cases with wadespread nerve mvolvement or 3) a parhicular site of
neural damage with no reference to any pattern as occasionalls found
1n the tubercutod cases

Of paramount mmportance 1s the fact that in the majority of cases
the t1hialis posterior muscle 1s active and suitable for teansfer This 1s
the rationale behind the standardized procedurcs 1t has been possible
to deselop

1t deserves underhning that swhen 1 muscle becomes paralvsed due fo
leprosy and when the pathological process has run its course the m
volved muscle 1s either completely paralvsed or completely normal
This 1s i strict opposition to post polio paralisis

Possible ways of correcting foot drop

Foot drop can be corrected 1n several ways 1) It has been impossible
1o find anv references 1n the nvairlable hterature but 1t can be hewrd
expressed off the record that at least 1n Western women a drop foot
need not be corrected sinee 1t 15 so well surted to a high hecled shoe
This 1s not only too defeatist but distinetly wrong 2) The weanng of
some mechanseal device to mamtun the foot i the destred position
of dorsiflexron peroneus straps spring shoes efc Such devices un
doubtedly have their place i the management of extreme paralyss
They mas also be of value 1n cases of parhial patterns of parilysis
where 1t 1s as yet uncertain what the final pattern of paralysis will be
or where chances of neural recovery are shil present They might be
acceptable s permanent fixtures tn certnn communities but an the
mayonity of the countries where lepra 1s presalent they are defimich
unacceptable for social and cconomic reasons 3} Correctise surgen
of the skeletal structures of the foot manly arthrodests of the Iambrn
nudi type In cases of extreme parilisis this may be the onhy ratonal
therapy but 1t should be considered a last resort for two reasons 1t
1s 2 major procedure fraught with dwmger esp n leprn where tarsal
disorgamisation 1s a fairly frequent and extremely distressing condibion
and the hability of the anterior joint capsule to streich postoper:tinels
will frequently undo am ichies cment of the operation and will indeed
Jeave the foot 1n a worse co lition 4) Transfer of 1 smtable muscle
1o achieve the desired dorsiflixion As pointed out above the tibihs
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postertor muscle 1s actrve and suitable for transfer m the majonts of
cases of paralysis due to lepra Over a number of vears various methods
of tibialis posterior transfer have been used 1n these departments

Thus paper will present an evaluation of some of these methods It
will also attempt a comprehensive presentation of the problems imol
ved 1n foot drop in lepra

Luterature Revtew

The use of the tibiahs postertor muscle as a dorsiflexor of the foot
gocs back to Ober s report on 1933 It 1s now a widels accepted method
In 1926 Hodges rcported on the use of a Lambrinud: type of triple
arthrodess 1n 15 cases of foot drop duc o lepra A 4 months follow up
showed satisfactory results in all cases 2 patients seen 1o months after
surgery showed good results Our reasons for not acceptmg this s a
standard procedure have been staled In 1907 Frilsche & Brand re
ported on the correction of drop foot m lepra using tibialis posterior
transfer with a tendon to hone nsertion either via the nterosseous
or the circumbibial route They recommended high tension on the
transferred muscle wath the foot at right angle position with slach
tendon 1n full dorsiflexion They found the circumtibial route shightly
better than the interosscous Other related techniques were mentroned
A detailed resiew of clawing of the toes was ginen Triple arthrodesis
of Ryerson tvpe was recommended for tarsal neuropathy In 1807 Gunn
& Volesworth reported on 56 cases of foot drop due to leprosy repaired
hy timalis posterior transfer by circumtibial or interosseous route They
demanded as preoperatine conditions 2 complete Iateral popliteal para
Ivsis a reasonable passive dorsiflexion of the ankle and a strong tilna
lis posterior musele Thev obtained 49 cases with satisfactory results
They recomnicnded tendon suture with the foot 1n dorsifiexion In 1909
Selvapandian & Brand gave a prelimmars report on 39 cases of foot
drop due to lepross operated on by tibialis posterior transfer by cir
cumtibial or interosseous route with a tendon to bone wmsertion Their
results corresponded closely with those obtammed by Gunrn & Voles
worth Their findings indicated ¢ defimite superionty of the circum
tibral route The liological hehasviour of tendon grafts and tendon trans
fers and Also of the response to surgical trauma have been dealt with
recenthy by Brand The problems of the neurologieal patterns in leprosy
were dealt with by the author 1 1961
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Fig 2 Iig 3 Fig 3
Normal Broomstick 1 1croneus Y
Fig 2 shews in diagrammatic outline the arrangement of the tendons on the front
of the ankle in the nan operated normal foot
Fig 3 shows the arrangement of the tendons after a broomstick Y  method of
tibialis posterior transfer
Fig 3 shows the arrangement of the lendons after a peroncus Y method of Liblabs
posterior transfer

The following poinls should recewe particular atlention

1)} The pattern of paralssis esp the suitability of the tibihis poste-
rior muscle for transfer and partial patterns of paralysis
2) Duration of paralysis
3) Passive mobility of the ankle joint The drop foot usually assumes
an equino varus posttion In a number of cases contracture of the poste
rior structures supervenes Although the triceps surae musele 1s the
chief culprit all the structures on the posterior aspect of the leg
participate This deformuty 1s better stvled heel cord contracture than
tendo Achillis contracture  Based on climieal experienee the author
has defined heel cord contracture as the condition where passive dorst
flexion of the ankle to 70 or lcss s not possible heeping, the hnee
straight and using no undue foree
4) Sheletal malalignment and tarsal instabnlity A pomnt that 1s exstlv
overloohed 15 the tibial displacement of the subtaloid joint cther as a
true angulating varus position or 1s a parallelaxic displacement with
or without anguliting varus A fived deformuty can render an otherwise
successful operation vilucless An unstable deformity lthewise jeopar
dizes the result of 2 tendon transfer As a rule 1t 15 better to correet
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Fig a

<hows four vantles of the bluninosed tendon tunneller designed by the author
+ sth open Jaws No 11s & curved tunneller designed for tibalis posterior transfer
t tal length 3o cm \o 2 and no 3 are straight tunnellers resp 30 and ?0 cm long
They ate parhicularly useful 1n tendon trausfers round the upper extremity \a 4
1 a slender tendon tunneller 15 em long particularly useful for tendon transfers

round the fingers and the eve
They are being manufacture 1+ the Indian Sterihizer Company Vadras

such defornties before tendon transfer 1s undertahen Heel cord con
tracture and clan tocs can often be corrected simultancousls with
tendon transfir for drop foot

5) Loss of tissue cither due to true absorbtion or to incidental trau
mas should be recorded as should be searring of the foot Both mav
hne an imporiant heirng on the choice of mithod and on the fimal
result

b) Pathological stiffness of joints either fibrous or osseous ankilo
a5 has an important bearing on the final result

7) Previous surgers mas have an important influence on the choice
of method and on the final result

Choiee of method
{ erlan general poinls will here be considered
1) After transfer of the tibialis posterior muscle its tendon must he
fixed either to the sheletal structures on the dorsum of the foot pro
fcrably the middle cuneiform bone or to the tendons on the extensor

1
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side of the foot Both methods can produce good results Chnical ex
perience n these two departments has led us to consider 1 number
of pomts pro et contra Unfortunately the available materia? does not
lend itself to a thorough analy«is of these ponts

In favonr of lendon lo bone tnserlion are the following ponls

1) The absence of any sutures in the course of the ghding tendon
means less chance of ndhesions with reduction 1 active movament

b) Since only one tendon 1s trnsferred 1t as 4 redatinedy quick me
thod

Agmnst tendon to bone wnserlion are the following ponts

a) Interfcrence with bone and periosteunt will in certain eases pro
duce an unsightly and troublesome swelling

b) Accidental infietion even of low virulence mas have a disastrous
cffect on the foot particularly if st penetrates into bone which 15 more
likely to occur 1if the tendon s inserted into an osscous tunnel

c) Interference with the sheletal structures may trigger off neuro-
pathy of the foot even in the absence of gross infechion

d) Insertton of a tendon mnto bone of actually or potentialiy poor
quahty may not produce rehable anchorage

e) The frequently employed pull out wires through the sole of the
foot are a source of trouble when fitting shoes It should be considered
an axiom n surgery on wnnesthetie feet that no mession mav occur on
the weight bearing surface

In favour of tendon lo lendon tnsertion are the following poinls

a) Less than perfect balancing of the foot with enly one guy rope
as in trinsfer of the tibialis posterior tendon to the dorsum of the foot
will tend to produce a progresstve rotatory dorsiflexion with disastrous
result to the gut A tendon to tendon insertion with one puy rope to
either side of the foot will he more Interally stable unless the halancing
1s so defectnne that waght bearing forces the foot off halance In such
case 1t 1s either 1 gross error of preoperative assessment or equally
gross technical error

b) Tendon to tendon inscrtion to the nitural poimnls of nserion
might be expected to produee 2 more physiologieal function

c) In the methods of tendon to tendon insertion where one guy rope
1s mserted proxtm il to and the other distal to the trnstarsal jomnt this
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BROOMSTICh Y
TIBIALIS POSTERIOR TRANSFER—CIRCUMTIBIAL ROUTE

Postoperatit ¢ 4ssessment

it st
e high Nepping Nom 1 \
0
70~ 80
80- 90 1
90-100 1 8
100 110 2 ”
110-120
120-
Total 3 11 [$F))
etrwe Dorsiflexion
i
70- 80 5
80- 90 2 3
90-100 1 3
100 110
110-170
120-
Total 3 u (15
Range
o- 10 1
1020 3 1
- 30 1
30 2
Total 3 11 14y
I stop rative Deformities Oterall Results
Tar al def rmity 1 Fxcellent 4
Chaw toes 2 Ccad 7
Dr ploes 1 Fair 3
Poor [}

Total no of cases 1§
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PERONFLS 1"
TIBIALIS POSTERIOR TRANSFTR—CIRCUMTIBIAT ROUTI

Postoperalst ¢ Assessment

Fo iti Wit
otrest. higt steppl . Sormat
70
70~ 80
80- 90 5
90-100 3
100 110 2
110-1°0
120~
Total ” 8 an
{ctit e Dorsiflexton
70 1
70- 80 [
80- 90 1 1
90-100 1
100-110
110-120
120-
Total 2 5 10y
Range
0- 10
10- 20 1 1
20- 30 1 3
30- 1
Total 2 8 an)
Lost perattte Deformuties Ot erall Results
Tarsal deformity Frcellent ”
Claw Toes 2 Cood 6
Drop Toes 1 Fair °
Py

Total no if c1ses 10
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TF\DON TO BONF
TIBIALLS POSTERIOR TRANSFER—INTEROSSEQOL 5 ROLTF

Postoperative issessment

itk aMd
e # hueppin, high'stepp 2 N mat
k]
70 30
80- 30
90 100 3 »
100-110 3 10 6
110-170 i
190~
Tetal 3 15 18 (36)
1ctr e Dorsiflexion
70 1
(- 80 1 [
80 90 1 8 6
90 100 1 4 1
100 110 1 - 1
110 120
120
Tetal 3 15 18 (36)
Range
LR
10- 70 2 [ 1
20 30 7 13
an 1 2 1
Thtal 3 15 18 (36)
Lostop ratiee D formaties Grerall Resutts
Tarsal def rmits 9 Freellent 1
Clar tnes 1 Cond 18
Dr ptocs H Fair 10
Poor 1

Taltal na of cases 35
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TENDON TO RON
TIBIALIS [ OSTERIOR TRANSFER—CINCUMTIBIAL ROUTE

Postoperaitr ¢ 4ssessment

f opliion 1igh srepping m“hf,',‘:‘,’,p,,,z Normal
70
70- 80
80- 90 5
80-100 6 17
100-110 1 8 G
110-120 1 3
1720- 1
Total 2 18 73 (48)
detive Dorsiflexion
70
70~ 80 8
80- 90 7 19
90-100 1 9 1
160-110 2
110-170 1
1790~
Total 2 18 78 (48}
Range
0- 10
10~ 20 2 3 1
20- 30 13
30~ 2 8
Total 2 18 23 48
Postoperative Deformities Ot eratl Results
Tarsal deformits 18 Fxcellent 12
(law toes 7 Good 12
Drop toes 9 Fair 15
Poor H
Total ny [ cases §%
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Joint might be expeeted to remmun more stable than where the msertions
are all proumal to the joint (This apphes mamnls to the choice be
tween the “peroneus Y and the broomstich ¥ methods )

d) In the methods where the toe extensors are incorporated in the mn
sertion  drop toes can be corrected simultancously

2) The tendon of the tibialis posterior can be brought o the dorsum
of the foot by two routes the interosseous or the circumtibial route
Both are capable of producing good results although the author pre
fers the circumhibinl subcutaneous route partly because 1t 1s techm:
cally easucr particularly when a specially designed bluninosed tendon
tunneller 1s used and partls because more adhesions are lLikels to form
when the tendon passes the tough interosscous membrane In cases
where a narrow 1nterosseous space 1s found the tendon mav be strangu
lated

3) Attempts have been made to pass the transferred tendons circum
tibialls deep to the extensor retinaculum at the ankle mn order to avoid
troublesome bhowstringing In all cases tough adhesions formed Tt
should be recorded that howsinnging at the ankle has rarelv been a
source of trouble n this series

4} The doctrine of the ¥ This expression 1s being mntroduced to
emphasise certain well known but easily forgotten principles of tendon
transfer A transferred tendon that moses 1n 4 straight line or 1n a
smooth mildlv cuned line 1s more hhelv to obtain a good ghding
function than its opposite number moving in angulating irregular cur
ves A transferred tendon moving 1n a single trune from ongin to insert
101 15 superior to 1 branching tendon Branching tendon transfers are
permissible under the following conditions The branching must take
place 1n tissue where the formation of ghding mechamsm 1s casily
obtained The angle hetween the branches must be as acute as possible
fin olher words a tendon V 1s superior to 1 tendon T ) The point of the
V must be proumal since 1t otherwise would prevent the achive con
traction of the molor muscle Conyerselv the angle between the hran
ches may he a factor in the carly davs of reeducation in pretenting
the strong triceps surac from pulltng the weaker and operativels
weakened tihialis posterior into an undesired position of plantar flex
ton The deviation of the branches from the motor tendon must be
wdentical Where two or more tendons are joined together onlyv the
actine motor tendon should he permitted to continue 1its course proxa
mal to the junchon since the excursion of the motor tendon otherwise
will he hampered b the reserve V' This of course only holds true n the
ghding course of a tendon
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3) Tension of the transferred muscle Accurate grading of the witinl
and final strength of any transferred musele 1s = trichy procedure The
paints to consider are =) The required strength to counteract success
fullv the newly acquired antagonmists wlhich may be stronger than the
oniginal ones b) The original range of the transferred muscle compa
red with the ideal range m the new position ¢) The physiologieal loss
of strenght of any muscle when trinsferred as compired with {he
expected hypertrophv after reeducation d) The unavoidable loss of
strength due to alteration of the angle between the contractile musele
fibres and the transmitting tendon fibres

Since the desired function 1s 2 simple one clean dorsiflexion at the
anhle with the deliberale sacrifice of the more complex pronating supt
nating movements the problem can be simphfied to presersation of
the greatest possible amount of inherent strength to act 1n 1 ringe
and with 1 plhicement of the range where the tithialis posterior in coun
terbalance with its newly acquired antagonists the triceps surac and the
toe flexors can he expected to secure adequate stable dersificuon
of the foot to allow = normal gait

The practieal consequence of this 1s that the foot must be plced at
an apgle of dorsiflexion during operation and that the transferred ten
don must be secured there under high tension Because of the pheno-
menon called drop of ringe  the transferred tendon must he sutured
under high tension at an angle of clean dorsiflexion of the ankle joimnt
10 degrees more than the desired postoperative dorsiflexion In order
to allow healing under relaxed conditions the foot 1s immomlised 1n
plaster of Panis under higher dorsifiexion than for the tendon sulure

) In the majonts of cases the footl can be cxpected to rchieve n actine
dorsifiexion to 10 degrees short of the posttion of tenden suture (Prc
opratne passive dorsiflexion with strught knee 60 tendon suture 1t
70 ymmolnhisation at 6o expected active dorsiflexion 80) It 1s not
advitsable to overdo the dorsiflexion of the ankle joint by passive flexion
of the knee The result will he unduc pressure hetween the food and the
plaster cast

W hen the plaster cast 1s removed the foot will assume wn wngle of
dorsifiexion about 10 degrees bclow the angle of imitinl immobilisation
Any movement discernible ot that tame wiil be in the nature of active
plmtar flexton and 2 passive spring back  As the range improves under
phvstotherapy the magor part will desclop from an nerewed pull
of the wtagonists and a pull back mercasingly so v achine musclt
contraction of the transfcrred muscle
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If heel cord contracture 1s present surgical correction 1s usually
resorted to simultancously with the foot drop correcion The routine
method 1s a Z plasts of the tendo Achillis \Measurements during nctual
surgery indicate that the gain 1s one degree of dorsiflexion for evers
mm of lengthemng

Pre and postoperatwe physiolherapy

Selection of the proper method assessment of expected postoperative
results and actual results should be carefulls recorded

Regular preoperatine traming 18 essential 10 order {o obtan the best
result from any method Although this 1s usualls earried out i a relats
vely independent department of physiotherapy the closest possible co
operation with the surgeon 15 recommended

VW hen the decision hns heen taken that a particular foot 1s ready for
surpery 2 short persod of tramng 1s mstituted The essential feature
1s to call the attention of the patient to the active plav of the tibrahs
posterior muscle and tramming 1 ats mdependent voluntary funchion
This 1s done by placing the patient sitting with the paralssed foot over
the oppostte knee with the nsted pawnting up He 1< wstructed to hft
the forefoot Vost patients wall quickly learn this Attention to the shan
wilh o1l massage and wax bath has a definite place

After surgery the patient returns to the ward with the foot 1n a
plaster cast below the hnee ncorporating a toe guard The author
prefurs to leave the toes open for tnspection on the guard After a few
d1vs in bed wih elevated foot 4 roching device 1s incorporated and the
patient 15 1mbulated

Farher this plaster cast was Jeft ntact for 6 weehs Since the intro-
duction of the tendon to tendon tnsertion methods 1t is not considered
necessary to immobihise the foot for more than 4 weehs

At the end of 4 weeks the plaster enst s removed and the posterior
hall of the bivilved east s reapphied 15 1 non weight beanng sphnt
which 1s worn constanthy ontside traming periods for the next 10 to
14 davs The sutures are removed and wnless some fmlvre i umon
w cudent actine phyvsiotherapy 1s mshituted The first phase s actne
use of the transferred muscle with gravity as an assisting force This 1s
done by pleing, the patient on his hells with the hnee flexed at right
angles Tater acline use of the transferred muscle with gravits elimi
nated 15 mstituted with the patient sitting with the operated leg crossed
over the opposite knee SUll hiter active use aganst gravits as encou
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raged with the foot hanging down The final phase 15 weight bearing
exereises first as roching and halancing exercises between bars lateg
as walhing between bars nd finalls as free walk The whole time the
patient 1 carefully instrucled fo use the transferred muscle n 1t
full range even if he could get by with much less effort Actine plan
tar flexion 1s only encouraged in the very lst stages when the patient
15 confident in free walk Three fo four wecks are the usunl period of
postoperative physiotherapy after which the patient 1s discharged wath
mstructions to return later for follow up studies and Binal evaluation
As the patient gans confidence in the dady use of the transferred
muscle the careful delibrate overuse 1s changed into a more normal
gait

Since this work 1s being done 1n close cooperntion with an ulecr
prevention programme no patient 1s pernutied to walk until sutable
light shoes are available This however 1s outside the scope of this
paper

This work was started as a pioncer work with no clear concept of afl
the factors imvolsed The personel and the methods of record heeping
have changed during this period For these reasons the avulable daty
on many of the cases are not complete 1n view of present understand
1ng of the problems

The majonty of the cases hme been operated on by onc of four
methods 1) tendon to hone msertion by the interosscous method 2)
tendon to bone msertion by the circumhinal method %) tendon to ten
don insertion by the circumtihial method ( perencus Y ) and 4) ten
don to tendon mscrtion by the cireumtibinl method ( broomstich Y )
1 follow up studs of these four methods will be presented Other me
thods employed have all becn used m so small numbers thal 1 statistieal
analysis 18 not possible

Irrespectise of the particular method emploved three points should
recenne attentian A perfectls aseptic techmque s imperatine The sur
gical anaesthesia emploved 1s important particularly 1n respect of the
tenston of the transferred muscle For morc than 12 months t he
cocktnl of chlorpromazine and pethidine has been used routinels This
has been very satisfactors The tensions mentioned wn this paper refer
to this method Careful atraumatic bssue techmgque ts extromel im
portant This relates not only to handling of the tendons but also to
Shin meisions that should not oyverride tendon junctions or the ghding
course of the transferred tendons {Brand 196%1)
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Tendon to bone insertion methods

These are well known techmiques The poimnt of insertion 1s selected
to secure a clean dorsiflexion In most cases the nuddle cunetform hone
1s chosen A tunnel 1s prepared into the bone and the tendon 1s inserted
mto this Frequently a pull out wire 1s used through the sole of the
foot

Thangaray from Purulia i 1959 reported the use of nterosseous
transier of the tibiahis posterior to be mserted into the tibiahis anterior
the extensor hallucis and the extensor digitorum longus high mn the leg
He achieved good results although only mn a small range This method
obviously violates the doctrine of the ¥ It also mvites enipphing adhe
«1ons to the tough interosscus membrane Two other tendon to tendon
msertion methods were therefore introduced almost simultaneously

The peroncus Y method

employs a circambibial - subcutaneous transfer of the tibiahs posterior
to the insertion of the tibiahs anterior The tendon of the peroneus
longus 1s divided high in the leg and withdrawn to the foot from where
1t 1s transferred subcutancously across the ankle to be nserted tnto
the tibialis posterior tendon at an acute angle at the point where 1t
winds round the border of the tibiv The foot 15 placed 1n dorsiflevion

and the tendons are securcd under equal and high tension The mamn
advantage of this method 1s 1ts relative simplicity and the use of good

solid tendons Its main disadvantage 1s the lack of tendon insertions
istal to the transtarsal yont W hen this joint 1s stabilised with active
tendons on the flexor side and only tenodests on the extensor side hy

permobiliy and disorgnisation mav occure here

The broomstich ¥ method

was originnlls introduced by Verghese & Andersen It emploved trans
fer of the tibiahs posterior as in the peroneus Y method but instead
of the tendon of the peroneus longus the extensor digitorum longus was
used The extensor hallueis longus tendon was tenodised to the insert
1on of the tibialis anterior Thus has later been changud by the author
to include transfer of both the extensor digitorum longus and the exten
sor hallueis longus to the point of the transferred tendon of the tihialis
posterior where it winds round the border of the ilia The tendons are
secured under equal high tension with the foot m dorsiflexion
Altempts have been made to include the peroneuns tongus tendon in
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the broomstich This has no real advantage On the other hand i
adds onc more tendon to be securcd under high and aceur sle tension
The main whantge of this method ss the msertion of tendons both
distal and proxaum il to the transtarsal joint with more stability of 1hy
Jont It pernuts correclion of concomutant claw tocs On theorctical
prounds 1t would seem that the bettcr leverage in the hroomstick y
method permmts betfer correction of mobile v trus tnverston doformities

Both of these methods employ two guy ropes to stibilise the fool
This calls for meticulos attention to the diversion of the branches from
the motor tendon and to the cquility of the tension It will frequenthy
be found advantiseous to plice the foot in shght valgus eversion du
ring tcndon suture This will compensate for the mevitable lateral shaft
of the tendon junction and consequent slachening of the hiteral gun
rope

Attempts have been made to avoid ncisions on the dorsum of the
foot by a circumtithzal transfer of the tib:ilis posterior across the antc
rior compartment interweaving on 1ts was with the tendons of the titn
alts anterior extensor hallueis longus and extensor digitorum longus
all of whieh are brought forward throush windows n the deep fisea
These attempts have fauled to produce good resulls s 1s fo be expeeted
sinec they violate the doctrine of the V, and 1lso cmploy a moter ten
don transferred i an undulating course through tissue wath 2 poor
tendency to formation of glihing mechanism

Postoperntise presence of drop toes or claw toes although they have
no direct bearing on the opcratin method emploved detracet from the
final result sincc they constitute 1 hazard to the fool

The available material docs not pernut 1 complete oy luation of
tarsal deformuties In ans ease thar prisence postoporainey will d
trict from the fynal result Presence of preoperative freed tarsal difor
mities 15 an mdication for triple arthrodests prior to tendon fransfer
Passnvely reducable but stable tarsal deformuties can be corrceted by
tendon transfer provided due attention 1s pud to correct alignment and
tension Their presence postoperatinely 1s therefore a fulure of the
surgeon to obtun the best possible resull from the emploved method
Preoperitive unstable tarsal deformities ¢ innot be expeeted to be cor
reeted by tendon transfer They consthitute an indication for tnpl ar
throdesis prior to tendon transfer The present matenial does not pertmt
1 thorough evalu ttion of these pownts It 1s hoped tht this will be pos
sible Iater

This materal does not permst ap analysis of the relation hetweest
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preoperative passne dorsiflexson (presence of heel cord contracture)
and the achieved postoperalne actne dorsiflexion It 1s hoped that this
will be possible later

A companison between the two tendon to bone mnsertion methods
sndicates a superionts fasouring the circumtibial route Thisis probably
due to cripphng adhesions 1n the inlerosseous space

1n a few cases the tendon suture was done with the tendon slack with
the foot 1n dorsiflexion The results are reflected 1n the few cases of
postoperatine highsteppin, gait found n the tendon to bone msertion
methods

The author s contention that the tendon suture must be performed
under 10 digrees more dorsifiexion than the expected actine postope
ritne dorsiflexion 15 based on a series of cases that have not been in
cluded in the present studs

The material does not permit a study of the relation between tendon
to bone insertion and tarsal neuropathy It has been found 1n some
casts but no analvsis will be attempted

The position of rest seems to have some influence on the gmt It
should be 90 degrees or less m order 1o secure an easy garl with no high
stepping as the foot 1s carried forward The angle of actne dorsiflexion
seems to have greater influence on the gait It must be less than 90
degrees m order to secure a normal gait In a few cases normal gait has
heen recorded tn the presence of wmsufficient actine dorsiflexion These
cases all belong 1o the early group It 15 reasonable to suggest that the
critera for grading the postoperative results have become stricter over
the vears It s tempting to attempt correctien for this discrepancy It
f1s howewer not been done Since all the aldest cases belong to the
tendon to bone insertion methods this theoretical correction would
tend to emphasise the superiorits of the tendon to tendon nsertion me
thods

The range of active movement from extreme dorsillexion to extreme
phntar flexion will be found expressed in the actne range A high
range docs not scem to have any nfluence on the gut provided the
range has the correct placement

The number of cases on record does not permat any dilinite evalu
mron between the tendon o bone snsertion methods and the tendon to
tendon nsertions methods There appears to be some tendency towards
better resulls from the tendon to tendon inscrtion methods The small
material does suggest a shght supenonts of the broomstich Y method
over the peroneus Y method
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SUVMMARY

The author presents a study of 108 cascs of drop foot 1n leprosy
operated by tibralis posterior transfer Four distinctise s wriattons of this
method are described including two previousty undeseribed methods
of tendon to tendon inserhion A review of the problems relitive to foot
drop in leprosy 1s presented

ZLSAMMENFASSUNC

Der \ erfasser berichlet iiber cine Untersuchung von 108 Fallen von
Lepra Fallfuss die muttels Transplantation des m  tibialis posterior
behandelt wurden \ier unterschiedhiche Varmtionen dieser Methode
emnschliesslich zneter vorher nicht veroffenthichter Methoden der Ver
cimigung von Sehne zu Schne werden beschrathen

RESUMF

L autcur presente 1 etude de 108 cas de « drop fool » ehez des [epreux
operes par transfert du jambier posterieur Quatre variations distinetes
de ceite methode sont déerites s compris deux mehodes dnscrtion de
tendon 1 tendon qu1 n ont pas eté decrites auparavant Ies problémes
relatifs au < drop foot » de I lepre sont passés en revue

ACRNOWLFDCIMENTS

The author wishes to record his sincere gratitude to friends and col
leagues from the Thursday mornming chime particularis Mr P W
Brand FRCS for his inspiring and eritical gurdance Mr VW furness
records and assessment officer whose decp hnowledge of the problems
of reconstructive surgery has been invaluable i this work and Mr D
Ward senior phnstotherapist to whose enthusiastic cooperation much
of the ads ince in physiotheraps owes 1ls onigin

RTFFRINCES

Andersen Johs € “eurological Patterns in | epross Journal «f the Christian Mell
cal Assoctation of India May 1961

Brand P W Deformities fn Leprosy from “Leprosy in Theory and Practice” ¢
by Cochrane 1959

Brand P W Tendon Free Crafts accepted for publications 13 Journal of Hone and
Joint Surgers 1961

d



FOOT DROT I\ LEPROSY 171

Fritschy E P & Brand P W The Place of Reconstructive Surgery in the Prevention
of Foot Uleeration in Leprosy Int J of Lepr, 25 1 1-8 1957

Gunn D R & Molesworth D B The Use of the Tibialis Posterior as a Dorsiflexor
J Bone and Joint Surg 398 674-678 1927

Hemerijehr F Report of the Actirvities of the Leprosy Control Campaign (1%20-58)
of the Belgian Leprosy Centre at Polambakham p 44 1929

Hodges W A The Treatment of Deformities of the Foot in Leprosv East African
Med J 33 302-303 1826

Ober F R Tendon T m the Lower Ext ty New England J Med
209 193-"0> 1933

Ross W F Etiology and Treatment of Plantar Ulcers Journal of the Christian Me
dical Association of India July 1961

Ward B J Prevention of Reuleceration in the Anaesthetic Foot Journal of the
Christian Medical Association of India Julv 1861

Selvapandian & Brand P W Transfer of the Tibjalis Posterior 1n Foot Drop De
formities Ind J of Surg NI 2 151-160 1959

Thangaray R I Personal commumication 1929

12 actaowvu xxxniz 2
sy



FROM THE DFPARTMENT OF PHYSICAL MEDICINF RICSHOSPITALIT
UNIVERSITY HOSPITAL COPFNHACFN CHIFF OVF BOIF MD

ULTRASONC TREATMENT OF EPICONDYLITIS HUMFRI

By

OLe MuNE and hJeLp TrorseTH

Epicondvhiis humen 1s an aseptic inflammation of the tendons of
caput commune extensorum (lat ) or flexorum {med) Occurence of
Iateral localization 1s the most frequent Peniostitis bursitis and sn rare
cases s¥novitts in the elbow joint can be complications connected with
the infl 10n of the tend

The svmploms of the disease are soreness and possible tumour loca
hzed 1in caput commune but no lumtation of movement of the clhow
jomnt Generally the pains do not occur when at rest Contraclion of
muscles for instance clenching of the hand causes distinet pun

Epicondslitis 1s generalls eaused by exeessive use of the muscles of
the forearm and 1s frequentls found 1n housewives However it can also
be caused by tennis and golf the reason for its popular names fenms
and golfer s clbow In some eases truma can be the ehiologieal factor

Eptcondshtis can disappear spontaneously or it can be treated with
immobilization heat (short wave ultrasound) massage mjections with
local anacstheics or sterowds (W ellerfors Huth et al) \ v theripy
and possibly operation (de Goes & Silva)

Ultrasonie treatment of epicondshitis has heen reported by Aldes
(1932) who treated 36 patients Of these 31 were cured after 6 to 10
sesstons Concomitant injections of hydrocortisat tn other patients gave
still better results

The us mlensitics which we hne used are 0% wattem and the
frequenes 870 KHz (Stemens Sonostat 631)

PERSONAL INVFEFSTICATIONS

The purpose of our investigafions has heen to find the «ffect of ultra
<antc treatment of epicondyhitis humen
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TABLE 1

- -

= |- -

T o R

= H [ =

S, EE A

every day 10 86 9 9 1 2 9
evers other day 6 53 9 18 3

16 139 2 6 8 14

The material consisted of 16 pattents with epicondsvhirs humers
treated at the Department of Phusical Medicine and Rehabilitation
Rigshospitalet Copenhagen durng the last two vears

The age of the patients varied from 18 to 67 vears with a mean age
of about 20 vears There were 10 women and 6 men In 3 cases the
disease was caused by trauma and in the rumamming by repeated work
ng stress

In 7 patients the ssmploms were night sided 1n 8 patients lefl sided
and n 1 patient both rizht and left sided In 8 patients the localization
w s lateral in 4 palients medial and 1n 4 patients nlateral The svmp-
toms hd ben present from two wedhs to tnwo vears Us treatment has
been grven daily and evers other das

per centl
100 1
f
50
1
—= patients treated evers dav
‘ " paticnts freated everv
N ther dav
3 10 15 it tavs
Fg 1

The patients wh et us Ireatment everv d v were Feco ered of cured about twice
+ quiek] as the p tient tre ted evers  ther da
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A total of 139 sessions was ginen—t ¢ 9 sessions pur palient A m
mimum of 3 and a maximum of 1.2 sesstons sere gien

The distnbution of patients treated evert dav and every other day
15 seen 10 Table 1

Fig 1 shows that more rapid effect smprovement and recovers are
obtained by dailv treatment than by treatment every other day

The 2 patients whose condition 1s unchanged have recenved 8 and 12
sessions

SIDE FFFECTS

Objectine damage of shin muscles tendons joints and bones was
not cbserved in any of the patients
The patients indicated no subjectise stde effects of any kind

CONCLLSION

Hawing treated some patients dmlv and some evers other dav we
think we have obtamned a ecriam control over the effectineness of the
us treatment. The patients of the two groups were piched ont at ran
dom

Our mveshigations show (Fig 1) that the patients recovered or were
cured about twice as quickly by dailv treatment as by treatment exenn
other dav

\o other therapt was used concortant with us treatment

This seems to prove that u s treatment of epicondihitis 1s an effectne
and painless treatment with no side effects

SLMMARY

16 patients with epicondshtis humen were treated with us Of these
14 patients got belter or were cured aficr 9 sessions on an ascrage
Patients treated dailv recover nearls twice as quicklv as paticnts treated
evers other dax Thus seems to prove the effectiveness of u's treatment

RESLME

16 malades avee eprconds lite humerale ont ete trastes par ultra sons
L etat de 14 ces malades s est trouve ameliore ou guer: apres une mod
enpe de 9 seances Les malades trailes chaque jour se guerissent deux
forc plus rapidement que les malades traifes tous les diux Jours Gl
semble prouser 1 efficacite du traitement par ultra sons
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ZUSAMMENFASSUNG

16 Patienten mut Epicondyhitis humen wurden mit us behandelt
Von diesen wiesen 14 Palienten eine Besserung oder Heilung nach
durchsch lich 9 Behandl auf Patienten dre tighch behandelt
wurden waren beinahe doppelt so rasch wiederhergestellt als Patienten
die nur jeden zweiten Tag behandelt wurden Dieser Umstand scheint
die Wirksamheit der us ~ Behandlung zu bewersen
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A NEW DYNAMOMLETER I'OR MIASURING TIIE
ISOMI TRIC STRINGTH
IN HUMAN FINGER T'LEAORS
By

Bi~T Laskhoy and Firntine Bosot Prrenses

Routinc estunation of strepgth in the finger floxars 18 a elinieal proee
dure the result of which 1s recorded according to Seddon (1953) 1n w1
lues ranging from zero (no strength) to five (Full strength) This gra
ding of coursc 1s somewhat arhitrary and the reproduchimlity even in
the hinds of 2 well truned exammner 1s somewhat dubous The shorl
comings of the method are intensificd 1f the priient as subscquently
tested by different cxaminers

An objectise estimation of strength in the flesor digitorum sublinus
wnd profundus muscles 1s useful or indispensable 4 numbcr of silua
tions viz 1 postparaly i conditions in trunng, aftor nerve and tendon
repar and n cascs where a sublinus tondon s w anted for ronehiy tion
of thumb or hinper function othor than the onigmat enc

In mn attempt to obtun 2 more ohycetine estimition than the ahowe
mentioned the wihors hve desipned a finger floxor dynamomdler o
he deseribed 10 the following

THF APPARATLS

The dvn unomeler rgisters the 1sometnie muscle strongth s 4 torque
by mens of strun giuges plucd to 1 steel spring This s the fundunen
tat penciple v trious recent test methods (Darcus (19a1) ismussen
el al (1979))

The dvnamomcter hre describod 1 desipned for testing the stranglh
of the proximal wnd distal interphdangaal (1P ) gomts of the right
third fingor exelusneds Howeser it can ¢ty be modificd for testing
of these joints on any finger
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Fig 1
The Dynamometer A Irass bar 150 X % X 5 mm F brass bar 50 X 25 X 5 mm
€ ball bearings connecting A with F H U shaped steel spring the left leg of which
13 furnished with ty o stran gavges onc on either side B nuts for screwing the
dvnamomcter to the plate shown in Fig 2

>
e

Fig 2
\ the dynamometer B the handplate € the serm eyhindroid splints for fixing the
fingers not tested D the welges used to obtain heperextension 1a the distal pha
langes

The dynamometer (Fig 1) consists of a 100 X 2> mm brass bar
hingad to 1 60 X 2o mm brass bar with ball bearings The 1us of rota
tion between these bars 1s loeated 11 mm above the bar lavel The free
rolation on the axis 1s prevented by 1 U shaped steel spring upon which
the strun gwges are fastened The dynimometer 1s serewed on a plate



N

178 BENT IBShOV and FIFMMING BOND! PETPRSFA

Fig 3
Hand of perscn to be tested mounted o the apparates The non tested fingers can
1 ¢ seen hyperextended The amplifier is seen to the left

Fig 4
A closer view of the hand scenin li1g 3

to which the sccond fourth and fifth fingers can be immovabls fixed
eventually with the distal IP joints hyperextended (F1p 2) A Phulips
direct reading mesuring bridge PR 9300 (g 3) was used for registe
ring the results The ealibrabion was earrted out with hnown torques
and registered tn hg X em Thus 1t was possible to record & virtaalls
rectibniear ealibration cunve, which was utihzed 1 judging the test
results Maxamnl deflection on loading corresponded to approximatels
19 kg X cm n largest amplificition and in the secend 1wgest am
plifieation to wpproximately 63 kg X em The wnccuracs af the indini
dunl rewding was estim ited to between one and three per cent

TFST MLTHOD

It was our purpose to ohtain an mpression of the sometric streagth
mm flcxor digttorum sublimis and profundus

Flexion of the distal IP-Joint 1s n exclusine profundus musclc effect
whereas flevion of the proxim il IP jownt 1s brought about by profundus
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as well as sublimis action However 1t s usually possibie to eliminate
the profundus action on the proximal IP jomt if the distal IP joints of
the non tested fingers are fixed 1n hyperextension (Apley (1926)) In
festing of the proxamal iP joint of the third finger this phenomenon was
utilized by nterposing wedges under the distal phalanges of the re
mainmng fingers These were immobilized under sem: cyhndrord sphints
(Fig 4) which could he ted on the dy ter During testing
of the distal IP joint the proxum il phalanx was 1mmohlized 1n a similar
manner During the tests the third finger was strapped to the dvnamo-
meter 1 a position where the axis of the Jatter and that of the IP joint
were comncident Thus 18 Was ensured that onls the forces acting upon
the joint were registered

1 ach person tested was urged to exert hts maximal :sometric strength
m three consccutine periods of 2 to 4 seconds duration each

RESULTS

e females (age 19-26) and fHive males {age 23-30) were tested
Table 1 shows the results of the testings on the IP joints of the nght
third finger and the mean values of maximal m the two sexes

TABLE 1
Isometric strength 1s kg X em of the risht third finger during fleston of the proxt
mal anl distal IP jounts The means of the marinac and thew standard error are
indicated for the tuo sexes

v Yroxtm 111 ] ot ¥ MR
SV

) R’oult of3t ¢ | M ! B hoof3t t Max
Bn 19 F 181 181 165 181 57 64 33 614
UL 2 B o153 112 133 113 60 €4 53 64
84 2t F 154 15t 158 58 54 50 54 54
LR 9% F 1864 158 151 164 28 60 64 64
EJ 23 F 101 101 01 101 58 58 60 60

Mean 135 =12 Mean 61%02

FBM 2, M a 290 290 311 98 109 112 112
hA 26 M 95 208 28 96 96 98 96 98
i 2 M 26 %6 193 "6 €9 69 66 69
Fop 30 M 225 "0 8 a8 109 177 w8 127
I 3 M 21 20 199 281 96 96 90 9§

Mean 3011 Mean 10110
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DISCUSSION

As shown sn table T there wos only 2 shght v irabion betweon the
indisiduil measurings which wns considerud to refleet the quahity of
the dyvnamomcter masmuch s 1t did thus fulfal the indispansable con
ditzons of 2 test mcthod namels 1) ohjechials 2) shght i ccurier 3)
reproductinlity and 4) low dispers il on repeatcd readings

1t was nol quite certamn that hyperextension of the distal phatanges
of the second, fourth and fifth fingers alw ivs tohally chiminaed the
profundus action on the proxinil IP joint of the tlurd finger during
the sublimts testing Itere At Ieast it was our impresaion thot considor
able yndnadual vartations did exist it no allempt was mde to
vestigate this problem

An interesting additiomal finding should be mentioncd 1t was found
that dorsifievion from 1 neutral position of the ridio carpil jont
(180 ) did not measurabls augment the strengih of the Bngcor Rovors
This was contrary o the presvalent conception that swithin cert un hmits
the strength of 1 muscle—ceterts parnbus—is augmented during streteh
mg On the other hand the flexor strcngth was deerc wsad duning vohir
flexion of the radio-carpal point from the neutrsl posiion This 15 n
accordance with the 2bove mentioncd obscrvations Jlowever this pro-
blem was not within the scope of the prasent work so no tempt was
made to mnvestiate 1t under systomieally vanad circumstances

SUMMARY

A new finger flexor dvnamometer s desertbed which registers the
1somelric torques developed ibout the mterphilangeal (IP) jomnts The
present specimen was constructed for testing of the IP jomt of the third
finger but the apparatus could ¢als be modified for testing of the
second fourth and fifth Hinuers The torques were registerad by means
of stramn gauges md 1 dircet re wding measuring bridge The inaccurics
of the indinvidual readings was «stunated to 1-3 per cent Fave fumales
(age 19-26) and five miles (age 23-30) were tested The ometne tor
que of the prouimal 1P joint of the third right fingerwas 1y » = 12 hp
X emand 280 = 11 kg X cm for females and mfes respectnels and
the correspondiny, valucs for the distal TP jomnt were 61 = 02 kg ¥
em and 101 = 10 hg X cms respectivels

RESLMF

11 est donnc 1a deserrption d un nouscu dvn imontedre de flevion des
dogts qur enregistre te moment de foree isomedrique autour des arh
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culations interphalangiennes Le present specimen a elé construit pour
controler 1articulation interphalangienne du majeur mais 1appareil
peut facilement etre modifie pour controler 1 mdex 1annulaire ou lan

riculmre Les moments de flexion sont enregistres au moyen de jauges
d effort et d un pont sur lequel on peut releser directement la mesure
Les crreurs mndividuelles de lecture sont evaluees entre 1 et 3 ¢ Cing
femmes (agees de 19 a 26 ans) et cing hommes (ages de 23 a 30 ans)
ont subile test Pour I articulation interphalangienne proximale du ma

Jeurdroit Jeresulataétede1565=12%g X emet de280:11 kg X
cm respectinement chez les femmes et chez les hommes et les valeurs
correspondantes pour 1 articulation wnterphalangtenne distale furent de
61*x02kg X emetde101 =10 kg X cm respechivement

ZUSAMMENFASSUNG

Ein neues Fingerbeuger Dynamometer wird beschrieben das die 1so
metrischen Drehmomente verzerchnet die sich an den interphalangeal
(IP ) Gelenken entwicheln Das vorhegende Fxemplar wurde honstru
1ert um das 1P Gelenk des dnitten Fingers zu priifen aber der Apparat
kann ohne weiteres zur Priiffung des zweiten vierien und fiinften Fin
gers cingerichtet werden Die Drehmomente wurden mittels Belastungs

messungen und einer M briiche mit direhter Ablesungen reg
striert Die Ungennmigheit der esnzelnen Ablesungen wurde auf 1-3 <
geschatzt Finf Frauen im Alter von 19-26 Jahren und fiinf Manner
123-30 alt) wurden gepruft Das isometrische Drehmoment des prox
mnlen IP Gelenk des dntten rechten Fingers war 102 £ 12 hg X em
und 230 = 11 hg X em fur Frauen bezichungsweise fur Manner und
tie entsprechenden W erfe fiir das distafe [P Gelenk waren 61 =02 kg
X emund 101 = 10 kg X ¢cm bezichungsweise
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THE INFLUENCE OF SPINAL MOVEMENTS ON THE
LUMBAR INTRADISCAL PRESSURE AND ON THE
TENSILE STRESSES IN THE ANNULUS FIBROSUS

By

ALE NACHEMSON

In the late 19th century 1t was observed that bending movements 1in
the lumbar spine canse a strong protrusion of the annulus fibrosus on
one side combined with a contraction on the other side {Fick 1904)
‘This observation has Iater been verified by several other anthors ameng
them Brown Hansen & Yorra (1907)

The conclusion to be drawn from this 1s that bending moyements in
the lumbar spine subject different parts of the intervertcbral disc to
varvng mechanical stresses No attempt has been made however to
detcrmine these variations

The facets have usualls heen considercd as important onlv 1n pre
venting shding movements and rotation of the vertebrae (Frch 1904
heyes & Compere 1932 Hagelstam 1949 and others) It s also hnown
that when the arches are separated from the vertebral bodies the eolumn
of arches and facels contract while the column contuning the sertebral
hodies will clongate This 1s smd to be due to the <o called ntrinsic
pressure  of the nucleus pulposus (Peller 1933) and also to the fact
that haaments and capsules around the posterior bonv clements arc
undler some tenston (Hagelstam 1943 Sfeindler 1900)

On vertical loading of the lumbar spine arches and facets have been
sud to carmy no lead at all (Fick 1904 Spuritng 1903) to carry around
to © (Nachemson 1960) or to be 1mportant force bearing structures
tAelly 195%)

The purpose of this study has been v means of direet measurements
to "nalvse the stresses that appear i different parts of the loaded
lumbar dise Ulled in yarious directtons with and without arches facets
wd hig iments

1T arTr OmTIE xexiie T
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Fig 1
Schematic drawing of the ay paratus in use
_— ™ had __D
- e
Fig 2
Schematic drawing of the needle and the attached flastic tubing (P F.90)
used for intradiscal Jre urc mea urement

From a climic il pomt of view there 1re grounds for a closer study of
these stresses as the ssmptoms of low back pan are often discussed in
terms of mechinial forees on the lumbar interscrichral dises

METHODS

By tnserling a soldered I uer Lok ncedle with 2 hole in the side pear
the tip over which an clastic polvethylane tubing s threaded nto the
nucleus pulposus 1t 1s possible to measurc the pressure producad by
toading a Jumbar intervertehrl dise vin a supcnior intervertebral bodv
i a vertic o direction (Vachemson 1960) The procedure i bised on e
followang principle First the prossure sensttine gugc coupled to an
clectromanomcter s calibrated for hnown pressurcs The g iupe 1s then
msested ecntrally nto the dise When 1ts position his hecn cheched
with roentgenograms 1n twe planes the specamens arc loaded serfie il
1 a compression ippacitus worked s compressed arr The lowud 1s
transmulted to the dise by two planoparallel plates the lower o of
which 1s fixed while the upper plate s mov able 1n the vertscal directien
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Fig 3
Roentgenograt hic appearance of the disc (n 4/L7) shown in Fig 5 The pictures
demonslrate a} the 1 sition of the non tilted disc betwecn the jaws of the com
pressi n apparatus (load 1s not a1 hed) &) { rward ilt of 3 ¢) bachward tilt of §

thips 1 wmd 2) (For 1 more detuled deseription of the mcthod see
\Nachemson 1960)

Roadings of the ntradisc 1l pressure were taken at loads of 40 8o
130 172 and in some spectmens 220 hp Followms this a brass plate
spectally constructed withats load baaring surfaces tilted at an angle
of o o each othcr was mounted onto the upper movable part of the
compression apparatus On renewed loading the speeimen was sub
Jeetad to an assmmetrien! stress In all cases the specimens have been
lorded with the angle of the plate dirceted hoth forw ird and backward
wnd 1 sonte tnstanees sideward as well (Fip 3) As a check on con
cluston of {hse tilted lowhing experiments the platc was removed and
the dises reloaded in the veriieal non Ulted direction In no tnstance
his iny difference heen noted n the values reeorded before and after
the tilted tovdings The pressure was ilwavs measured with the opening
of the pressurg sensitive gange pointing upwards as well as sidewass

Tumbar spincs tahen at post mortam 12-36 hours after death have
been used 10 the cxperiments were not carned out the same dnv the
speeimens wore hept I-5 divs i deep-freeze (—23 C) 1n plastic bags
It has beun found that this storage has no 1ppreciable effect on the
restlls (Nachemson 10600 Tho departments of patholo,y wished to
preserve the sacrum  For this reason the lumbar spime was remosed
Iy stctioning, through the lumbo sacral dise thus only four lumbar

13
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INTRADISCAL PRESSURE ko cm?

2 4+ & ¢ w12 0w
toao o/ m?
Fu $
Intradiscal fressure in hpfem  resulting from Incriacing external 1 ad on the disc
shown in fig 5 a) nontilted 5) 5 backward tilt The lasic data are given in
Table 3 p 190

tises were used during the experiments vz the dise just above he
lumbo sacral which his been eallcd T4 the one shove tht I 3 ete In
guneral the dises wore prepared <o that thes were cut out with sliees of
wljacent vertohral bodies 1-1Y em thich

During the experimants 15 was found thit the s alues obluned from
the specamens where the pedicles and joint proeesses were saved could
not be comparad to those from the cxperiments whert thes were cut off
heease of the differenec in the direction of the applied sertie o lod
This f1ct wall be subjeet to furthor inadssis i the discussion

In the first series (series A) the prdiches and jont processes and
wttachad museles werd removed The cut surfaces of the vortohe st bodies
werc made s parllel to ¢ wh other 1s possible ind also parathd to the
cnd plates of the dise The prraliehsm was cheched with 2 water Joved
Beeause of leehnic ) difficullies howerver b w s found that this paral
Ichsm not alwavs was ¢xact The m vamum deviation from prilldsm
his heen ¢stimatcd ot about 2 When not all first four lumbar dises
were used in the cspertments the rojected specimens hid haon dam rged
m some wav This occurred most often it post mortam or when 7t
oving the lumbar vertebre
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Fig 5
Macr copic view of the di ¢ 12 from a female age 34 The roentgenographic appear
ance of this disc was shown m Fig 3 the experimental resulls 1 Table 3

Afler the experiments the dises were cut through horizontally and
thar surface area was measured with a plammeter A graph was drawn
for every disc with the external load in hpiem  on the abscissa and
the corresponding intradiscal pressure i hpfem  on the ordimnata as
n kig 4 The intradiseal pressures corresponding to external loads of
2 4 6 8 10 and 1n some cases 12 kpJem  were read from these curves
It was secn that the intradiscal pressure was approximately propor
tional to and greater than the applied load per umt area This proce-
dure makes 1t possible to compare results for different dises

Since the method described ahove 1s not rehable for pressure measure
ment inside severely degeneraled dises{ Yachemson 1960) this category
his been excluded from the present matcrial All the dises included
here ave either been normal or showed only shght macroscopic changes
in the nucleus pulposus The nueleus was somewhat fibrous but could
be clearly dr hed from the ulus which was ntact It has
carlicr heen proved that dises showing slight macrescopic changes such
15 fibrows of Lhe nucleus pulposus and isolated fissures in the annnlus
fibrosus also show hudrostatic behaviour and wmtradiscal pressures net
differing from less dogonerated dises

\s mentioned earlier the discs have been loaded vertically in a com
prossion apparatus both between two parallel plates and between two
plates tilted forwards bachwards and towards the left or right so as to
form an angle of 5 with each other In the first instanee the loading
conditions were wdenticl with those studied earlicr by the author It
should be pointed out that these conditions do not exactls duplicate the
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stress on a dise m <aifu m g strught back The procedure wlopted for
preparng the specimens as deserihed above 1 which the lond berng,
surfaces of the dises were made parallel after remoyval of arches pedicles
and facets means that thesc surfaces are not paralied in situ owing to
the well known fact that the spine struihicns out somewh it on remon i
of the posterior bony elements This means that i 1 strught “unloaded
bach the discs actually are under a certain amount of pressure (Peller
1933 Hagelstam 1949 Stetndler 1925) In the first series (4} it has
therefore been found expedient to hase the cxperiments on the truly
unloaded disc which means that the tilt 1s defined 1 relition to the
isolated specimen wnd not 1n relation to the disc m situ The terms
forward bt wd  bachward bt <hould consequintls also be nter
preted from this powt of view
In the following series (B} the specimens were prepared so that the
two vertebrae adjomnng the disc and the jomt processes with attiched
ligaments were saved Thus @ posterior conneehion was formed from
the upper to the lower of these vertebral bodis Also the surfices of
the vertebrae were fevelled off by a file and the parallelism w1s cheched
by water level The measurements were performed as described abose
After the expermments 1t was also noted that when the postcrior ele
ments were removed the distance between the postertor parts of the
vertebrac widened somewhat so that the earlier planopirallel lowding
surfices made a forward inclination {o each other at an angle of about 3

RESULLTS
Scries A

1 xperuments were performed on 29 dises from 10 indisaduals ¢ T bl
1) In no single disc has any deflection heen recorded on insertion of
the needle i the non tilted dises which s entirely consistent with
carlier observations Since all specimens included 1n this series Ware
practically normal or non degenerated thetr hvdrostatie behasrour htas
been taken for granted (Vachemson 1960) Neverthefess 15 v cheeh 1
enlculition has been made of the difference hetween the vertical and
the horizontal pressure In no smgle measurement has the bsalute
deviation from the mean exceeded 7 per cent Nether forw ird bick
ward nor sidew wrd tlt has produced any change n the hsdrostatic
hehasviour of the nuclcus pulposus

Twents one dises from 6 mdiadunls (nos 1-6 m Table 1) hnve bun
subjected to cxperimnents with forward nd backw wrd tit The pressurc
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TABIF 1
Specimens stu fred
Series 4
Caeno s fwa et WM 10 cause of death i Mest te}

1 Female 10 Fractura cramn L2 L3
" Male 33 Circhosis hepatss L1 Lo L3 L4
3 ale 3 Fractura crann L1 Lo L3
4 T'emale 34 Intox barbitur L11°L3 L4
5 Male 57 Cirrhoss hepatis L112 L3 L4
6 Vale 33 Nephropathiac uremiz L1 L9 L3 L3
7 Female 3 Touc gravidarum L1112 L4
8 Female 52 Haemorrhagia cerebri L3
9 Female 0 Tumorc 1 cervicalis L1 L3
10 Male 37 Fractura crani L1 L3

All di s showed nh vers small changes 1 the nucleus and v ere cla silied as
normal

TABIF 2
Series 4
A a1 Hues of pressure in nucleus pulposus n kpem = err 1 of the memn
1n the non tille ! p sttion an !l ertical loaling

Le | ! Lt 2 | L3 14
1 athp/m 2 3182016 33 =035 347=017 330 =010
i 60 =060 643> 054 647 £ 021 645 = 033
c 893 %079 940 =072 933 %029 9% =014
9 MBA1® 908097 1187 %057 1S =018
10 140208 MID£115 M6 044 1422 =097
ne=5 n=6 n=——6 n—i

s lues obtaned with leading an the non tilted position 1re set down 1n
Taible 2 together with the mean errors These values agreed entiredy
with erhier obscrvations As an earlier studies 1t has been shown that
crwch particular load tost produces an wlentical reaction 1m lovels Tt
1213wmdld

Table 3 shows the resulls for one particular disc shown in Fig o
This table clearlv demonstrates the inererse in pressure effected by a
» hiltan differcat dircetions

The magmiude of the increase n prossure tesulling from forw ard
wd bichw ird Uit s shown in Table 4 which includes the mean vatues
togcther with the corrcsponding maximum and mmmmum values Th
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TABLF 3
Serzes 4
Prep 6/L2
Intradiscal pressures obtained front the L2 dise f a female age 35 when subjected
to vertical Dading tn the ron Blted forzard and backward tlled position

T tradiseal pr ssure hp em

Loalhpem | Lanlted | Tit5 formerd | Tit5 backw rd

2 32 38 37

1 64 7.3 72

6 95 102 101

8 123 129 130

10 149 155 159
TABLF 4§
Series 4

Increase 1n intradiscal pressure resulling from 5 forward tilt

De [ \lean value hp cm 1 “ﬂ, Joue | Min salye kp em
L1 (n=5) 104 141 062
L2 (n=6) 080 108 032
L3 (n—=6) 063 132 006
Li(n = 068 148 00

Increase n intradiscal pressure resulting from 5 backward it

L1 (nw=3) 078 1922 060
L2(n=6 068 082 054
L3 (n=6) 07 1.34 092
(n=4 040 068 (k]
Average
Increase 0 72 kp/em

relativels large difference between the maxvmum and mmnumum salues
1o probably duc to the difficults of producing entirels planep ralict
surfaces 1n the specimens

A “sign test has shown that a o forward or bachward tlt results
1n an merease 1n pressure which obsemation 1s significant 2t the
01 level The statistical analvsis further shows that thns increase in
pressure appears to be mdependent of the external load 4 ealeulation
of the correlation between external load and correspondmng pressure
varihons for the different dises gnes r = 0 043 (not significant) Mo
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TABLF 5
Serres A
Relatie inerease in intratiseal pressure brousht about by 5 tilt
for different outer loads

Lo dLpem \x:.':',':." ;il:mnd b ﬂr;c;, nereaeb  th
1 33 213
4 644 12
6 9.30 77
8 193 60
10 1460 49

relationship can consequently be demonstrated between external load
and \vanations of 1nerease m pressure

In addition the effect of sideward it has been mvestigated in 8 dises
from 2 indniduais (nos 5 and 6 m Table 1) It was found that a sism
freant mcrense n pressure resulted of the same order of magmitude as
with forward and bachward hit No difference has been noted between
the cffect of right and leftward tilt

As shownin Table 4 the inerease in pressure brought about by tlting
o 1n the different directions 1s on the whole equal for the different
fevels L1-I 4 and reaches a mean value of 0 72 hpJem

In Table o the relatine tncrease in pressure resulting from o hit
for external loads from 2-10 kp/em  has heen caleulated

The rusults reported show that the non tilted 1solated disc specimen
prepared as stated above shows the lowest mtradiscal pressure on ver
tieal loading when compared wath corresponding values in tilted
positons

In order to examune the effect of a forward or backward tilt on a
preparition loaded corresponding to its position n situ experniments
b been carned out on 7 dises from 4 indniduals (enses nos 7-10)
In these tests the load hearing surfaces of the cut vertebral bodics
formed a fornard angle of approximatels 3 with each other following
remoral of the posterior clements

The results are set down 1 Table 6 which shows that the mean
tacrcase ut pressure still rugardiess of the external foad per unit area
s ml for forward Ult while the corresponding v 1lue for bachward tilt
18 1o kpsem  The bachward Gt will 1n these dises be 8 accordsng to
the above mentioncd inehination of the load hearing surfaces
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TARIF 7
Specimens stu fie {
Sertes B
c mo | S x | Aeyen Mnc use fdeath I Disest sted
1" Vale 2t Tumor cercbri 1
1 Male 3 Asthma br nehialae 1113
13 Female 30 Frobolia puln L2 Lt
1 Female 20 Tum s med spinalis 1113
15 Female 56 Aneur sma cerebri L3
18 Male 31 Fractura cranii 1113

All dises showed onby scry small changes 1 the nucleus and were classifie? as
normal

Series B

Ileven lumbar dise specimens from 6 mdimaduals were studied
(Table 7)

W\ hen anserting the pressure sensitive gauge in the unloaded disc
specimen with arches and facets shill attached tntradiscal pressures
Detween 0 0-1 kpi/em  were recorded (mean value 07 kpfem ) As
carlier shown in series A the intradiscal pressure 1n the unloaded
wolated dise speesmen 1s zere Thus this pressure must depend on the
tension an the higyments and capsule surrounding the posterior hony
duments After reading the pressure of the unloaded disc the amphifier
was put 1n zero posihion and measurements were made to record the
mirudisenl pressitres for the mereasing londs as <aid above The in
crease inntridiseal pressure was hinear to the outer apphied load and
no desiition from the buvdrosttic hehaviour was noted Frrst the speer
mens werc loaded without tilt then wath v 5 forward bachward and
sideward tilt Between the series unloading was performed Finally the
tradiseal pressure was measurdad for inereasing vortienl loads without
tiit In no single ¢ ise did the result from the List serres of vertical load
desaate from the first one The experiments in the hilted posttion had
thus not changed the expurimental condibions as was noted alreads
msrnes A

In Table 8 the results from the different discs are presented A
stistical anahvasy of the resalts in this table shows that there s a
sipnificant dilfercnee hetween the ncrease i intradiscal pressure
cwsed v vy forward tilt on the onc hand and a o backward tilt on
the other (1 toest of the differenee pives t = 48 412)
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TABIT 8
Sertes B

Inerease 1n antra hscal pressure resulfing from § Gl different directions in
specimens with atfached laminae end facets

Cave D 1oad 3 Jorwards 5 riphtwards [ 5 backwards | 5% lefiwards
o bp hpem kp em kp em hpem
10 00 +086 +0g +0°
n L2 85 —0t +06 +07 +01
130 —o02 +05 +035 +02
175 —03 +07 +07 oo
m ~015 +06 +07 +01%
10 00 +04 +04 +07
L4 85 —01 +06 +04 +07
130 —03 +08 +06 —03
175 00 +06 +04 —02
mo—01 +06 +04a —00%
0 00 +08 +06 +04
12 Lt 85 00 +10 +05 +06
130 00 +14 +09 +07
175 00 +13 +13 +06
@ 00 +115 +087% +0575
40 00 +02 +0? +02
L3 85 00 +0° +03 +0°
130 —02 00 +02 +0°
00 +07 +06
+01 +092 +03
10 00 +01 +10 +02
13 L2 8+ 00 +0” +12 +01
130 00 +02 +09 0o
175 -0t 00 +13 or
m —00% +0175 +11 +00%
10 +01 +02 +03 +03
L4 85 —01 +04 +0° +01
130 —02 +03 0o oo
175 —03 +02 —01 o
T m 0108 +0775 +01 +0073
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TABLE 8 (ccnt)

Cae n Lo d 3 fore rds 5 m htwands ba Lwseds | 5 | Hwards
N kp kp m Wpom kp m kp m
) 20 +03 +09 +09
1 81
130 —03 +02 +08 +08
175 —o9 00 +08 +06
o 03n +01o +087 +077%
10 00 +06 +12 +01
13 8 +02 +02 +186 +03
130 —01 +03 +11 —01
175 +01 +01 +10 —02
400y +0375 +192 +0022
10 +01 +03 +05 +03
15 L3 8 —01 +03 +05 —01
130 00 +01 +03 00
175 +01 +01 +04 —01
M +002 +02 +047 +00%
10 —o03 [ +10 +06
1% " 8 —04 +04 +13 +09
120 —og +06 +11 +06
172 00 +10 +17 +05
w0315 +050 +1275 +06>
10 +05 +06 +11 +06
13 8> +03 +07 +17 +06
130 +0s +10 +10 +08
17 +05 +10 +10 +09
To+045 +08% +12 +0775
Mean values whole material ~ —0 04 1043 +076 +0.30
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TABIE 9
Series B
Increase in intradiscal | ressure resulling from 5 sideward till and inereasing
vertical loal in specimens yith and withoul altached arches anl ficets
(After the remos al of the posteriar bony clements the earlier planoparallel surfaces
of the cut vertebrac have not been made parallel agarn)
Average increase (hrjem )

, | 5 mghte ult 51 fis tilt

Lase no ise with without with witt out
| L arches and facels arcl es an | facety

14 L1 +02 +07 +07 +046
L3 +04 408 o0 +11
13 L3 +02 +05 noe +07
16 L +05 +11 +07 +16
L3 +08 +15 +07 +05

Mean values
of all obsers ations (n) + 04 (20) +09(22) + 04 (70} +08(7)

The difference between 5 sideward tilt {o the left and to the nght
not sigmificnt (¢ = +1212) A forward Lt of 5 on disc preparations
with mtact arches and facets gives no nise in ntradiscal pressure com
pared with the same vertieal load in the untilted positron A bichward
ultof o gres compared to the untilted case an inerease of 0 76 kpiem

In Table 9 the differences of pressures tn hpjem  are shown which
were obscryved on increasing vertical lo wds in the untilted position and
on 5 sideward tilt hoth 1n the mtact preparations and in the same pre
parations after resection of the postertor elements In the fast mentioned
series however the load bearing surfces were not made planopar ull
Such experiments were performed on 5 dises from 3 mndrdu ils accord
g to Table 9

DISCLSSION

The results i series A show that the intradise 1l pressurc i a lumbr
ntervertebral dise 2t 1 ilt forw irds backwards or sidewards at sertieal
londs of 2-10 hp em 15 higher than the ntradiscal pressury at the
same vertieal load 1 a non ulted dise The explanation of ths pheno
menon 15 probably connccted with the fact that the lateral cxpanston
of the annulus vares nonlmearly with 2 decrease in distinee belween
the surtebral bodies so that the greater the deerease i divtanee the
Tess the mncreise of the later sl expansion per unit of compres 100 (kg
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The compres an of a disc g3 ¢ a lateral bulgin, of the annulus This bulzing how
ever varies n nhinearle with the compression When ¢ mpression increases the
increa ¢ 10 lateral bulging decreases

0) The same property also applies to the changes of areas mside the
fatcrat bulge on a vertical section of the dise as shown in Fig 7

On comparison of a non tlted with a tilted dise loaded wath the same
total force approxzmatels half of the circumlcrence of the annulus will
m the latter bo more and the other half less compressed than in the
non bilted dine

Duc o the carlier mentioned nonhneants there will n the tilted
< 1s¢ he a tendences o somewhat less space left to the nucleus Since the
nucleus has a som low compressibihts (Fick 1904 Joplin 193> Happey
el al 1903) the pressure inside the nuclous will consequent!s be higher
The fact that this tendeney expressed as a percenlage 1s most pro-
nounced with lower external loads (Table 2) 15 immediatefs explained
by the ewrcumstance that the nonlineants 1s most marked for shght
compressions so that the vaniation in the lateral bulging per unit of
compression 1~ greatest for these lower loads

It has heen mentioned before that the procedure adopled for pre
panng the spueimens involves that the dises in semies A when loaddd
“serlicallv™ have beun subjected to a somewhat assmmetrical stress in
the vertical plane in relation to thar posttion in situ However the re
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4 N IS

Fig 7
L tlt of 5 1n a verticalls loaded isalated dise speermen will result 10 a tendeney to
lessening «f the space occupied by the nucleus pulposus and thus to an increase of
the intradescal pressure

Technieal comment
In the Fig 7 the area By as 10§ larger than the area Ay whereas the area B s
30 < smaller than the area A These percentages are st mewhat arbitrarily ¢h sen
hut the trend can be estimated bs the follaving calculation An arca such as 4; 4
B; and B_ 1s ealled A (sce Fig 8) the correspanding distance hetween the vertebral
hodies 1s called 1 and the Jength of the arc (annulus Mibrosus) is called .

One finds 7
A 1 /1 1
Ve l
A
Fig 8
Thus for 1ostance for a disc with 1, = 12 mm 1f A;» corresponds 1) 1 ~= 11 mm

Byt 1=105mm and B tol= 115 mm then By will he about 20 €¢ larger than
Ag whercas B will be about 30, smazller than A

sults also show that non ttted dises as defined in series A assume 15
1t were a position of repose as the intradiseal pressures mn this pesition
n practically all experiments fall below those obianed 1t 2 tilt whether
forwirds bachwards or sidewards

The fact that the non tilted disc as defined above represents @ mint
mum of the miradiscal pressure Jeads to 1 estimation of the relation
between tlt and tnerease of intradiscal pressure as shown mn kg 9
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Fig 9
Relaticn between hit and increase m intradi cal pressure O = non tilted 1solated
disc speetmen A == zero pasition 1n situ B and F = increa e noted by 5 backward
and forwari it € == tncrease noted b abcut 8 bachward ult

Thus 1t can be expeeted that a tilt of moere than o mas lead to nn
appreciably larger increase mn antradiscal pressure a fact which s also
supported by results obtamed with the specimens shown n Table 6
where there has been a bachward it of about 8 The surfaces of the
cut vertebrae in these spteimens were already wn the unloaded position
at + 3 forward angle to each other With the brass plate in the 5
hackward hit position this means a bachward tilt of about 8 1n these
€asLs

According, to these results the incrense following from 8 bachward
ult will be 1 5 kp em  The nerease from o to 8 of bachward tilting
will thus ruse the change in intradiscal pressure more than 100

When tilting o forward from the n situ position (Table 6 For
ward Ul no change m ntradisenl pressure was seen The explanation
for this follows immediatels when looking at Fig 9 In this case the
moyvement starts at the point A and stops 1n the middle between O and F

It has carhier been shown that the vertical stress in the annulus 1s
comparitinidsy small on verticn! loading owing to the relatively high
pressure an the nucleus pulposus The tangential stress however 1s
rather high and 1t has been cateulsted to exceed the total load per umt
of wrea 3-5 tumes 1t least 1n the dorsal part of the annulus (Sachemson
1960)

The mercrse m antradiseal prossure resulting from hit will thus
mcerease this tangential stress even more The relationship between the

14 acT ormit s3I 3
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tangcntial stress i the dorsal part of the annulus and the mtradiseal
pressure 1s given an the following formul

26 (2b+1) 4
It = P >
2 (db+wuta) 2 ‘
Fig 10

where p, means the measured jntradisenl pressure and the other ssm
hols are explamned by Fi, 10

Now for the dise shown 1n Figs 4 and 5 the following values were
found (Table 3)

a =7mm 2b=2omm a =4mm p = 64 kpiem non tilted
resp 72 hpiem ™ at bachward bt for the cxternal Ioad of 4 hpJem
while for the external load of 10 kpJem - p, = M4 9resp 109

With a load of 4 kp/em  backward tilt will produce an increase of
“u from 20 6 to 23 2 hpJem  whereas the corresponding mcerease for a
load of 10 hpsem will be from 481 to 51 3 kpsem - If the backward
Ut had been increased to 1hout 8 there would according, to the resulls
shown tn Table 6 have heen corresponding increases of o, lo 239
KApem and o4 1 Ap em  respectivddy

Tilting will consequently not onls appreciablsy imerease the vertical
stress i the annulus on the side wlich 1+ most compressed but also
wncrease the tangenhial stress i the entire annulas winch i the nar
rower dorsal part 1n some cases mas cause t stress whieh 1s up to 20
per cent higher than that produced bs vertical loading With a back
ward bending mosement the 2nnulus wall here stmultancousls be sub
Jected to 4 vers heavy stress both in the vertical and horizontal dine
tions It can probably be s ud that this mav form the mechanical back
ground for ruptures of the annulus n the lumbir intervertchral dise

A hen discussing the results obtmned 1 series B il must be ehar
that 1t 1s not possible directly to compare the two series s the direchon
of the apphed load v arics between them In series B the specimens when
subjected to untilted loading hase the same or nearly the same posilion
s when 1n situ 1n the vertebral column Len unloadud the mtrdiseal
pressure m such speermens ts between 05 wnd 10 hpaem When the
posterior elements are cut off the cirlier plmoparalldd waght heining
surfaces form 2 forward angle of about 3 with eich other Thus the
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*in situ posttion 1n 1tself means backhward ilt of the disc of 1bout 3
compared to the so-called resting or zero position of the disc

Inthe 1solated specimens of series A it was shown that an increase
from s 108 bachward hilt will ruse the change 1n mntradiseal pressure
more than 100 ¢ from 07 to 15 hp/cm

When a speeimen with arches and facets still attached 1s loaded
verticalls at a tilt of  forwards no sigmficant rise of intradiscal pres
sure was noted compared to the rise 1 intradiscal pressurc in the un
tilted and vcriieally loaded specimen On loading at a 5 backward tilt
the mcrease in ntradiscal pressure that occurs s 1ndcpendent of the
outer apphed load and reaches ahout 08 hpsem  If the pressure of
about 0 7 kpJem  observed from the start 1n these preparations alreadsy
when unlondcd 1s added there will subsequently be an increase of intra
disenl pressurc of about 15 kpJem” From Fig 9 1s scen that a back
ward hilt of 8 in the 1solated dise specimen gives an nerense n the
sntradiscal pressure of about 15 kpsem  In these cases there was no
pressure when the needle was inserted i the unloaded specimens

If those pressures that were noted when tnscrting the needie i the
unloaded speeimens with arches and facets still attached are taken mnto
consideration the increase of intradiscal pressure brough about by a
o bachward it will also be 1 5 kpJem  Thus the posterior clements in
the intnct spectmen which 1s tilted @ backward and at the same trme
loaded verhically do not have any certain unloading function on the
dise Nor have the posterior clements any significant cffect on the rise
1nantradisenl pressure at 4 forward tilt of & W hen the disc 1s loaded
scrticalls resp at a tilt of o forwards as deftned 1n these cases there
will be a sxmmetrical shift around the <o called zero-position of the
Aie (0N kg 9)

An analvsis of the effect of o sideward tilt an the intact specimen
shows that the postcrior elements do not have any significant effect on
the mtradiscal pressure (Table 9) If 1t 1s taken 1nto consideration that
there exssts 2 dilference n pressure of about 07 hp 'em  between the
unloded intict specsmens on the one hand and the 1solated dises on
the other hand nd that this difference 15 due 1o a 3 hackward it
one finds that the absolute pressure at the sideward hit does not sigm
freantly daffer in the two separate loading conditions If 2t the external
rertical load P the resultant intradiseal pressure s Pyoresp P then
n the dines without arches the “total intradiscal pressurc = Py + the
effect of sudeward tilt With arches and facets the pressurc will be =
P+ 07hp om + the effect of sideward Bl

14
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Thus 1t looks as if the ficets ind surrounding ligementous structurcs
do not hve any sigmificant cffect on the pressure in the nudeus pulpo
sus when the speermen s vertically loaded wnd at the s e time hilled
5 forward Dbackwirds and suewards It has earhicr been stated
(Nachamson 1960) that the weight beanng cipacity of the postcrior
bony tlements was about 1) % at loads m the vertical dircetion Thys
observation however was bascd on compirison bhddwecn two scrus
which can not be directly compared It s now cloar that whon arches
and facets are removed ind the weight bearing surfices mide phino
parallel to cach other there 1s not the same loading condition 1s 1n the
ntact specimen The ntrmsic pressure of 07 kpJem ® in the intact
specimen which s ¢xerted by the higaments and capsules wound the
posterior hony clements v 15 not tahen wto account If the postertor
bony clement have anv weiglit bearing eapicits at towds in the verticat
direchibn 1t must certunty be very smait t lewt for tods np i
220 kp

The hum in «pme 15 subjected to redatnels high lords i the verbicdd
dircehion and vet at must have pood hending properties The inveshiga
tions have shown that the vertically applied load to 1 relatively higl
extent 1s taken up by the nucleus pulposus thus releasing the vertical
stress on the annulus fibrosus When the dise 1s tilted the intradiscal
pressure inereases thus relatively releasing the mnulus fibrosus from
higher vertical stress In that wav hiting movements arc made ewier
If the annulus had to carry most of the total vertical load st would b
rather much compressed and tilfing would have been madc more diffy
cult due to the fact that further compression on the tilted side of the
already compressed annulus swould be almost impossible

SUMMARY

Normal and shishtly degencrated lumbar mtervertebril dise spee
mens (L1-L4) taken at autopss from 16 mdniduals between 20 nd
57 vears of age have been studicd to evaluate the effect of farw wed back
ward and sideward tlt on the intridiscal pressure

In a vertically loaded and tilted dise the hvdrostatic properties of the
nucleus pulposus are not feccted

In disc prepirations cont unin, one dise 1nd parts of 1djoining verle
bral bodies st has heen found that compared to the ndrdistal pressurt
1n the non tilted case the pressure in healthy or siiphtly degnerited
specimens shows 1 nercase on tilted loading No dffcrence was oh
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served between L1 12 L3 ind L4 in this respeet The recorded in
crese i prossure 1n absolute measure at a tilt of 0 18 about 0 7 hp /em
mdependently of the apphed load n the terval 2-10 kpoem

The pcreentage increase produced by 2 tilt of o will be for an «x
ternal toad of 2 hp em ™ 229 for 10 kplem 5 € The increase in
pressure and the relatine diminution of this merease with higher loads
15 explamed by the fact that the lateral bulging of the annulus fibrosus
on tilted loading follows a nonlinear pattern so that the nucleus pulpo-
sus has relitineds less volume at ats disposal with vertical loading on
1 tilted than on a non tilted dise W ith increasing loads this effect will
cxpressed 1s a percentage become less and less pronounced

‘The relation between it and increase 1n mtradiscal pressure has
heen estimated and 1t can on the basis of the experimental findings of
this ¢xamin ition be cxpected that a tilt of more than o mav luad to an
appreeiably larger increase in intradiscal pressure The increase of
bichward tilt for example from o to 8 resulted tn 2 more than double
mcerease of pressurc from 7 hpJem  to 15 kpdem  compared with the
pressure in the non tilted dise

It e thus be demaonstrated that a backward it not only will subject
the dorsal part of the wnulus fibrosus i a normal lumbar dise to an
wereased vertienl stress but also to 2 tangential stress which per unit
of rea may be 6 or 7 imes the (xternal [oad This fact may form the
mechanical backuround to the production of dorsal annulus ruplures
n the lumbar mtersertebral dises

In lumbar dise speermens with arches and facels still attached there
exist a small “intrinsic pressure of 07 kp em  probably (xerted by
the capsules and hgments surrounding the posterior hony elements
When these clements are removed no intradiscal pressure can b
recorded in the unloided dises

The changes in intradiseal pressurc cansed by o forward bachw ird
or sidew ard tit in these speeimens when subgected to vertie o loading
up Ul 220 Kp arc not influenced Iy the posterior bony or lizamentous
clements Thus arches ind facets do not have any significant effeet on
the tnstle strawns an the annulus fibrosus resulting from a forward
bichward or sideward nilt of 5

The results that are presented clearls demonstrate the mechanism
by whielt the lumbar dises manage 1o combine their function of with
stindm, 1 heay vertical stress with the abality to Gt 1n varous
dircelions
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RISUME

Des specimens de disques ntersertebraux lombures normaus oy
lepercment depeneres (L 1-1 4) prelevés 1 1autopsie chez 16 mdiidus
iges de 20 a 57 ans ont ete ciudics afin d cvalner 1 effet de | inchin uson
anterseure posteericure et latérale sur It pression antridiscale

Dans un disque charge vertiealement et inchine les propridtes hvdro-
statiques du noyau pulpeux ne sont pas affectecs

Dans les préparations diseales contenint un disque ¢t des parties des
corps vertehraux adjacents on 1 constalé que compirée 1 11 pression
mtradiscnle dans les cas non inchines la pression tendance vd iecroitr
chez les specimens normaux ou legerement degeneres qui subissent une
charge en posttion mchinee Aucune difference na éte observée v ek
égadentrc L1, L2 L3 and L4 L wgmentitron mxunum de Ia pres
sion n chiffre absolu a une mcinuson d¢ 5° ¢st denviron 07 hyem
independamment de la charge apphquee dans Linterslic entre 2 of
10 hg'em

L augmentation proportionnelle 1 une inclinmuison de 5 wst pour une
charge externe de 2 kg/em 22 < pour 10 hgfem 5% I augmentation
de la pression et la diminution rddatnne de celle augmentation o des
charges plus elevees s explique par le fut que le gonfiement Iterf de
1 wneau fibreux sous chirge inchinee ne suit pas unc formule hinéarre
I e volume du novau pulpeux est relativement mowndre lorsqual est
pose avec une charge verticale sur un disque inchnd que sur un disque
non mchine Avec des charges acerues 1effet proportionnel sera de
moins en moins prononce

Le rapport <nire 1 mnchinason et ! nugmentation 7 cte evaluee et sur
Ia base des tromvaulles expérimentles resultani de ces etudes on peut
considerer qu une mchnaison de plus de 5 signifie une augmentation
beaucoup plus forte de 1 pression intradiseale Cest ansi que Tug
mentation de 0 18 de Linelinaison postérieure provoquie urie wimen
tation de pression de plus du double soit de 07 kgenr 1 1) hpem
comparec nee Ia pression sur un tllS([ll(‘ non incline

11 peut donc etre demontre qu une mchnaison posterieure non seult
ment fut subir 1 la partie dorsale de | anneau fibreux d un disque lom
baire normal une tension serticale accrue mars st une tnsion tn
gentrelle qui peut atteindre par umite de surface 6 ou 7 fors 12 chuge
externe Ce fait peut former !arriére phn méeanique des ruptures
dorsales de | wnneau dns les disques mterertibrux lombares

Dans les specimens de disque Jlombatre avee ares et fuettes encot
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attaches 1l exssle une petite pression intrinseque de 07 hgem pro-
hablement exercee par les capsules ct les hgaments entourant les ele
ments osseux posterieurs Iorsque ces elements sont retires aucune
pression intradiscale ne peut etre enregistrec sur ces disques non
charges

Les changements de pression intradiscale causes par une inclinmson
anterteurc posterieure et latérale de © chez ces specimens soumus a
une charge verticale allant jusqu a 220 kg ne sont pas influences par
Tes eléments osseux ou ligamenteux posterteurs Les arcs et les facettes
nont aucun cffct important sur la sensitnlite de 1 anneau fibreux a la
tension resultant d une inclinaison anterteure postericure ou laterale
de

I es resullats qui sont presentés demontrent clurement le mecanisme
par lesquel les disques lombares comnent leur fonction de resistance
1 un lourd effort vertical avec la possibilite dune inehinaison dans
des directions variees

ZLSAMMFNFASSULANC

Normale und leieht degenerierte lumbale discr mtersertebrales (L 1-
1 4) die anlasshich der Autopsic von 16 Persontn im Alter von 20-07
Jahren erhalten worden warten wurden untersucht um die Wirhun,,
der vorwarls ruchwarls und seitwiirts Beugung auf den intradishalen
Druck zu bestimmen

Ba unem verthihal belasteten und genergten Discus werden die hadro
stitischen Tigenschaften des Nucleus pulposus nicht ange,nffin

An Diskuspraparaten die emen Dishus und Teile der anliegenden
Warbelhorper enthielten wurde gefunden dass am Vergleich mut dem
intrdishalen Druck bet dem nicht geneigten Falle der Druck 1n gesun
den oder leicht degenenierten Fxemplaren eine Zunahme bet schriger
Belstung aufwesst heine \erschiedenheit wurde 1n dieser Hinsicht
zwischen T'1 12 T3 und I 4 bemerkt Die aufgczeichnete Druck
zunahme i absoluler Messung her etner Negung von » st ungefahr
87 hpemn unabhingig von der wngewandien Belwstung im Zwischen
raum 2 10 kpem

Dic percentuelle Zun thme welche ber emer Neigung von o erzeugt
wird wird fiir cine Jussere Belastung von 2 kpem 22 € fur 10
kpem ) ¢ semn Die Druchzunahme und die verhaltmsmassige Al
nahmd dieser Zunahme ba grosserer Belastung hann durch die Tat
sache erhlart werden dass die hiterale Herausschwellung, des annulus
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fihrosus bar sehrager Belastung emncm michthne iren Muoster folgt so
dass dcr nucleus pulposus verhiltnrsm'issig wemger Volumen ber ser
tikater Belastung auf einen genagien als auf cinen nicht geneigten
Dishus zur Verfiigung hat \Iit zunchmender Belastung wird dicser
Iffeht ausgedrucht an Percenten immer weniger ausgesprochen
werdin

Dic Bezrchung zwischen Neigung und Zunahme an mtr shishalem
Druck 1st geschatzt worden und es 15t auf Grundlge der exporimentel
len Befunde dieser Untersuchung zu erwarten dass emnce Nerung von
mehr als 5 zu cmner hedeutend grosseren Zunahme des intradiskalen
Druches fithren hann Die Zunahme der Ruchwartsneigung von 5 by
zn 8° ergab zum Beispiel cine mchr als doppelte Druchzun thme von
07 Aplemn bis zu 1§ hplem™ verglichen st dem Druch m dem micht
gcnegten Dishus

Es hann daher gezewt werden dass cine Ruckwirtsneigung den
dorsalen Teill des annulus fibresus in anem normalen lumbalen
Dishus nicht nur einer zunchmenden verfthilen Beanspruchung unter
werfen wird sondern auch emer tangentinlen die per Flichenemhert
6-7 malgrosser sem hann als dic dussere Belastung Diese Tatsache
bildet moghicherwese den mechamschen Hintergrund fur cie Int
stehung vor dorsalen Annulusberstungen der Iendezwischenwichd
scheiben

In lumbalen Dishuspraparaten an denen Bogen und Fazetten noch
rorhanden sind besteht ein hlemer inerer Druch von 07 hpem
der wahrscheinlich von den hapseln und Bindern die die ruchw irtigen
knochenelemente umgeben ausgeubt wird Wenn diese Liemente ent
fernt werden hann man hemen mtradishalen Druck am unbelsteten
Diskus serzeichnen

Die Veranderungen im ntradishalen Druel welche durch 5 Vor
wirts Ruchwarts oder Sertwartsnexgung m diesen Prapreaten her
vorgerufen werden wenn sie einer vertikalen Belastung Ins zn 228 hp
unterworfen werden werden nicht von den ruchw irtigen hnochernen
oder Bandelementen beemnflusst I's haben diher Bogen und Iozelten
hemen bedeutsamen | {feht auf dic Dehnungsbeanspruchungen des
Annulus fibrosus die sich aus emer Vorwarts  Ruchw irts oder Sat
wartsnergung von 5 crgehen

Die lier vorlegten [ rgebmisse zeygen m hlarer Wase den Muchaims
mus durch den die lumbilen Zwischenwichelscheiben es vermogen ihrt
Funhtion des Widerstindes gegen schwere vortihale Benspruchung
mt der Fatughert sich 1 verschiedenen Richtungen zu neigen ZW
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fibrosus ber schriger Belastung emem nichtlne’iren Muster folgt so
dass der nucleus pulposus verhiltmsmissig wemger Volumen het wir
tihaler Belastung auf emen genewlen als wf emen mcht genesgten
Diskus zur Verfiisung hat Mit zunehmender Belastung wird dieser
Effcht ausgedriickt in Percenten immer weniper nusgesprochen
werden

Die Bezichung zwischen Newgung und Zunahme an antradishalem
Druck st geschitzt worden und cs 1st auf Grundla.e der experimentel
len Befunde dieser Untersuchung za «rwirten dass eme Neigung von
mehr als 5 zu emer bedentend grosseren Zunahme des intradishalen
Druches fuhren hann Die Zunshme der Ruchwirtencigung von o s
zut 8° ergab zum Beisprel eine mehr als doppelte Pruchzunahme von
@7 hpem bis zu 1o hpem  serghchen mit dem Druch i dem nicht
geneigten Dishus

Ts hann diher gezeigt werden dass eme Riichwarlsnagung den
dorsalen Tal des annulus [ihrosus in emem normalen lumbalen
Dishus micht nur einer zunchmenden vertihalen Beanspruchung unter
werfen wird sondern auch emer tangentialen die per Flichenembert
6-7 malgrosser sein hann als die aussere Belastung Diese Tatsach
hildet moglicherwetse den mechanischen Hintergrund fiir die nt
stchung vor dorsalen Annulusherstungen der Tendczwischenwirhel
scheiben

In lumbalen Dishuspraparaten an denen Bigen und Fazutten noch
vorhinden sind besteht ein hlemmer mnerer Druck von §7 hpem
der wahrschemnlich von den hapscln und Bindern die dre ruchw irhigen
hnochenelemente umgeben ausgeuht wird Wenn dicse lemente ent
fernt werden hann man kewen intradishalen Druch 2am unbelasteten
Dishus verzeichnen

Die Verandcrungen un mtradishalen Druch welche durch o Vor
warts Ruchwirts oder Seitw wrtsneigung n diesen Praparalen her
vorgerufin werden wenn sic emer vertthalen Belwstung s zu 220 kp
unterworfen werden werden nicht son den ruchwirhigen knochernin
oder Bandelcmenten beeinflusst I's haben daher Bogen und Fazellen
kemen bedentsamen Effekt auf die Dehnungsbeanspruchungen des
Annulus Dibrosus die sich aus emner Yornirts Rilchw wis oder Seit
wrtsneigung von o cryeben

Die hier sorlegten Ergebnisse zeigen n Karer Wese den Mechams
mus durch den dic lumbalen Znischenwirbclseherben s vermogen it
Funhtion des Widerstandes gegen schwere sertikale BDeanspruchuny,
mit der Filugheit sich 1n verschiedenen Richtungen zu neigen 2t
14 re1nen
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N

Apparatus for 1sometric mea urement of the strength of M abductor dig ¥ A metal

arm C 13 fived to a plate B adjustably amounted on plate A At the end of C s 2

dal D To the other end of C 15 fastened a spring integrallv eonnected with a lever -

The forearm of the sul ject Tests on the support A the haad to be tested 35 placed

against the support F and the kev G 1s 2 justed to abyt upon the ulnar ed e of the

distal interphalangeal jomnt of the small finger Movements of the hev G are trans
mitted v1a the lever £ to the dal D

concenlric evercises were supertor to the isometric under expermmental
conditions simulating theose under which such exercises must as a rule
be performed by patients

MATFRIAL

M abductor digsti 3 of the right hand (left hand if left handed) was
stlected for the tmal This musele 15 a mover and used rather Little 1n
datls hife Its strungth 1s usually small but can be increased consider
ably by both static and 1sotonic concentric exercise (Iiberson ef al
19.8)

Female physreal theraps students aged 18-28 (averaze 21-22) were
sclected for the tnial

The group used for evaluation of 1somelrte traiming consisted of 41
studunts and a control group of 41 other students The design and use
of the apparatus emploved for testing strength 1s guenan Figs 1 and 2

The scrses nsed for esaluation of tsolontc concenlric traming con
sisted of 44 students and 41 other students as controls The apparatus

uscd for trming and measurement of the strength 15 desenibed m Figs
3 and ¢
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Fig 2
Subjcct with hand in apparatus itlustrated in Fig 1

METHOD

Gallagher et al (1949) found 1t necessary for the subjects to get
accustomed to the apparatus for measurement of strength hefore the
rceordings beeame rehable Al the persons tahmg part i the present
msyestigation were therefore gnven about 1 weeh o use the appartus
beforc the investigation proper was started

During this time the method was expluned to the participants who
were 1lso siven mstructions ndisidually They were informed that the
purpose of the trial was to study the efftcacy of the method Sinee
W right (1909) observed considerable variations in grip strongth at
differcnt times of the dyv all exererse (ind measurement) was done it
the sume hour of the dav The subjects truned 5 divs 1 weeh for 8
weehs

Onc group tramed during the 1909-1960 term ihe other dunng 1960
1961 All the director of the trial did was to irrange for the students
to hwe time for the trial at a given ttme every day

This was the only reminder thes were grven of the trial During mea
surcment of the muselc strength howeser both the experimental group
and the confrol group were stimulted to exert their utmost

v
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Fig3 A tus for 1ol nic of strength of M abductor dig ¥ man

On a frame 15 m unted a herizontal piy t B carrying a balanced lever C
4 weight D of 750 1s suspended from one of the deer wmndentations m one
arm of the le er The wdentaticns are 025 em apart Along the other arm
of the lever s a 1late E against which the small finger 1s pressed The hand
33 sujjorted by an adjustable plate F and a suppcrt C Under the elbow is
place 1 & support of such a height that the forearm hand and fingers are in
a straight line Sce Fig & The dorse-vclar axis (f the metacarp> 3 halangeal
Jmnt of the small fnger can be fairls accuratel  determined b palpation
Judging from roentgenographs of the J int in different degrees of abduction
the axis 15 stali nars during the m vement of al luction The atis of the
3 int is placed over the pivct 1 of the lever with the aid of the plumb hine
thr ugh B (the weighted thread H) ~The small finger : placed against and
parallel to the lever When the leser i pressed h nizontal it closes the
crrcuil at T and bghts the lamp h The source of encrgy 1s the batters Lo—
The distance fr m the pivot B tn the point f su pen ton of the weight D is
prop rti nal t the € rce that mu t be applied t  the plate F t maintain
the tever h nizental One centimetre of this di tance B> calle! a umt of
streogth

Fg 4 P ation of hand 1n apparalus shown in Fig 3 A mark 0 the back af the
hand in hicate the dorso yolar aus [ the small finger
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ISOMETRIC EXERCISE

I pws  rotesd dand
st gron, ame ook 108 bend
=T el g peeterva b 8 soercd od

Fig 5 ~
Result of 1sometrie tramntng Abscr sa Percentual increase :n strength during peric !
of exercrse Ordinate Percentnal distribulicn of material

A Isometric training

The apparatus (Figs 1 and 2) for measurement of strength was cah
brated both immediatels before the first and mmmediatels before the
st measuremunts

Durning exercise the students worked 1n purs One fixed the others
right (or left for teft handed subjeets) hand and fingers ag unst 2 hont
zontal stable surface tseat of chair or the ike) For 6 seconds (same
time as that used by 7 therson ef al 1908) maximum &latic excreise wis
performed by the abductor of the small finger of the fixed hind Both
membcrs of each parr performed the exercise on eich occaston

B Isotonic concentric tratning

‘The apparatus shown in Figs 3 and 4 was used for truning and for
measurement of the strength The recommendations of Del orme el al
(1901) were observed Before truntng was started once 1 weckh dunng
the tramnmng period and at the end of the trating 10 RM (Repelition
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Fig 6
Surves of re ults of 1 ot nic exercisc Al scissa Duration of exercise in weehs
Orlinale Vean strength for entire scries (Lmits <1 strength  see legend to Fig 3)

Maximum) was determumned 1¢ the resistance that could he osercome
10 times 1n suceession but not more

At the bepinning and end of the traiming period determinations were
made of § R\ n the experimental group 1e the resistance that could
he overcome once only At the same time measurements were made of
10 RM and 1 R\ 1n the control group

The students worked 1n 2 subgroups of 8-9 selected at random

The daily exeraises consisted of 10 contractions against the resistance
23 of 10 RM and 10 contractions against the resistance 171 10 R\

A Isomelric lratming RESLLTS

The results are summ inzed in Fig o The mean strength of abduc
tion of the small finger of the hand exereived was 1107 g (830 1230 g)
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Figs 78

Result of 1sotonic exercise gnven 1n values £ r 10 KM and 1 RV Abscisse Percentage
erease during 8 weeks etercise Ordmate [ ercentual distribution ¢ f material

before traming After training the strength had mercased by 216 = 47
g corresponding to about 20 % In 2 cases thert was an increase of
40 % and 0 2 eases a decrease of o % and 13 % respecinely The
strength of the unexercised abductor of the small finger before traiming
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wis onan average 11268 (800-105D g ) During traimng the strength
mcreased by 106 = 46 g corresponding lo about 9

In the control groups the initial values for the better hand was on
the average 1117 g (800-1a00 g ) and for the other hand 1048 5 (760~
1620 g) During the experimental pertod the strength increased by
62=33g and 106 = 34¢ respectivels

Statistical analvsis of the data showed that the increase in the strength
of the muscle tramned was sismificant But the increase 1n strength of
ihc abductor of the small finger of the untrmined hand was not sigm
ficant

B Isofonic concenlric exercise

The results are summarized in Fig 6 and in detaif in Figs 7 and 8
(Defuition of umits of strength 1s grnen 0 the legend to Fig 3)

1 10 RV palues for the trained hand increased from 3 60 umts (20-
vo) 10 632 umis (3)-922) te 267 umts and 73 % The difference
was signiftcant (p < 1 %) The corresponding values for the untramned
hand werc 348 units (20-50) to 100 units (220-70) The mncrease
of 102 units corresponded to 29 € and was sigmficant

In the control group the vilues for the betler hand ncreased from
411 (20-75) units 1o 430 (20-80) units corresponding to 4 ¢ The
imncrease was not significant

1L 1 RV values for the truned hand were at the beginning of the
oxperiment on the verige 50 (2 70-7 70) umts and it the end 791
40 110) umits The inerense was 291 units 1e 0% < and was sigm
frcant The corresponding fi,ures for the untrained hand were 447
(20 70} unibs to 9 12 (30-80) umts corresponding to 1 0u units and
235 < This incre 1se was also st,mficant

11 Other obseroalions

1 A clerr incruase in strenpth was noted inoatl o subgroups but one
wroup devialed remarkobly from the remainder The increase of the
10 RM atues was 112 84 77 74 and 30 <

b The following fictors were studied wd were not found to have 210y
mflucnce on the results of truning

1 Teehmeal errors when the subject had become tired (pronation
of the lower wrm and or ulnar abduction of wnist ind or hifting of elbow
from support) Such errors wert observed in 13 of the expertmental
proups
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2 A eertamn degree of absence from trumng “Nane of the cyun
mental persons were thsent 4-8 of the 40 exereists

3 Inabihits to overcome resistance of 10 RM 10 times 1 xaelly half
of the expermental persons could nol ovcrcome this resistanee on 16
occasions 2nd the remunder on 7-16 occasions

¢ The strength recorded w s relaled to the brewdth of the right [
moral condyle (sce Lindegard 1936) The dispersion of the v 1lues found
for the experimental group was very wide This argues strongls for the
assumption that the subjects had not att uncd maximal strength of the
tramned muscle

DISCUSSION

The studcnis from both grotps werce healthy they were of the same
age and sex and all studymng and trammg under umiform conditions
They had alt recurved the same mstructions The traimng was stidar
dized regirding apparitus time of day and the influcnce of the director

It mav therefore be assumed thit both experimental groups ind their
controls were strictly comparable

The f 1ct that members of the 1sometnic series could not for prachieni
reasons use the apparatus for measunng strength during thewr truning
was considered to ve hittle effect on the results

All the persons partaking mn the trial had been granted about 2 weeh
to get accustomed to the apparatus and the posttion of the hnd during
the tral was exactls the same 1s that whech they had been nstructad
to assume during the preparatory period

The remarkably poor increase i strength an one of the 5 sub,roups
of the 1sotonic concentric tnal group supgests that small scrics canginve
musleading informition and that such unmeasurible factors 1 teamn
spirtt of the group can influence the results

The clearly better results noted for the 1solome concentric tral group
compared with the 1ometric group (58-73 % agunst about 20 %)
might be ascribad to the morc favourible reaction of the motor umts
to 1s0tonic concentric exercises or to the persons in the isomedrie proup
not having done the excreises i the proper way The first posstbilty
1s denied by the results of Hetlinger ef al (1903) wnd of [ iberson ol al
(19:28)

In the 1sometrie group the performance of the students wis apprent
13 relatively poor

The protocols of the traming offer no explination for this poor o=
operttion One might however imigine that the abscnce of movement
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during trammng mght mean an absence of valuable activating stimul:
for some of the persons The 10 RV test every weeh m the 1sotonic
concentric group and the use of special equipment dunng trammg pro
hably had a stimulating effect on the 1sometric group
An 1ncrdental obsers ation 1n the 1sotonie concentric group was a clear
cross educalion  1¢ an mncrease in the strength of the \M abductor
dig, V of the untrained hand

CONCLULSION

1f 1t 1s possible to choose between 1sometric muscle exercise according
to Hettinger ef al (1953) and 1sotonic concentric exercise according to
DeLorme (1942) the latter should be gnen preference at least 1f the
following conditions can be satisfied

1 The subjects (patients) and assistants are gnen the opportunity
of getting used to the equipment

The subjects {pahents) perform most of the exercises with the
help of friends (relatnnes)

3 Muscle or musele group 1s a mover

SUMMARY

8o femnle physical therapy students were divided mnto two groups for
mvestigation of the cffect of exercise on the strength of Musculus ab
ductor dig V man In one of the groups the subjects performed maximnal
wsemetrie «xercises for § seconds a day In the other group truning was
done by the prineiples of Del orme (1945) 1solonic concentric exercise
ap unst greal resistance) In both groups the subjects tramed o davs
v weeh for 8 weeks The onlv stimulation was that they were reminded
duls of the lime of the exererse

The 1sotonie conecntne traiming produced an increasc of strength
by about 60 % 1sometnie trmmng by ahout 20 %

The difference betwcen the results ean probably be asenibed to the
wsumption that 1somctric method is liss stimulating than the 1sotonie
concentric procedure

Isotonic concentrie «xercises are evudentls preferable of the patient
18 left to humsdf to trun the muscle

82 physieal therapy students served as controls
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RFSUMF

8o etuchantes en therapic physique ont (le divisces en deux sroupes
afin d ctudier 1 effet de [ exercice sur 11 foree du musele abducteur du
petit doigt Dans 1un de ces groupes les sujets ont pratique des exer
cices 1sometriques maxima pendant 6 sccondes chique jour Dine
[ autre groupe [ entraincment 2 eu lien selon les principes de Dlorme
(1945} {exercice 1sotonique concentrique contre forte resistance) Dins
leun deux groupes les sujets ont participe 1 1 entrunement % jours pir
semaine pendant 8 sematnes La scule emulation 1 cte Ie rappd chaque
Jour de ! heure de [ exercice

T entrunement rsotomque concentrique 1 provoqué unc ugmenta
tion de Ia force d ensviron 65 <% 1 entrainement 1sométrique d (nviron
20 %

L difference entre les resultats doit etre attribuee probablement auv
faut que 1t methode 1sometrique n offre pas Ie earnctre d emulition de
11 methode 1sotomique concentrique

Il comenient evidemment de chowsir ks cxercices 1soloniques con
centriques s 1l est latsse au malade seul le soin de procdder a lentranc
ment du muscle

82 ctudiants de therapie physique ont servi de groupe de control

ZUSAMMTANFASSUNC

85 Studenten physikahischer Behandlung wurden 1n zwer Gruppen
cingeterlt um die Wirkung von Ubung auf die Starke des muse ab
ductor des 5 Fingers zu untersuchen In emner der Gruppen fubrten die
Tetlnehmer maximale sometrische Ubungen fur 6 Sehunden taglheh
aus In der anderen Gruppe warden die Ubungen gemass den Prinzipien
von De Torme (1945) ausgefihrt (Isotoniseh honzentrische Ubungen
gegen grossen \Waderstand) In beiden Gruppen ublen dic Tetlnchmer
3 Tage wochentlich wahrend 8 Wochen Der emzige Antrich war dass
ste tiglich an die Ubungszeit erinnert wurden

Die 1sotomsch honzentrischen Ubungen erzeugten eme Zunthme der
Stirhe um ungefhr 65 < die womdirischen Ubungen um ungefaby
20 %

Die Verschiedenheit zwischen den I rgelmissen hann wahrsehem
heh der Annahme zugoschrichen werden dus die wometrische Mee
thode wemmer stimulierend als das 1sotontsch honzentrische Vorgehen
wirkt
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Tsotontsch honzentrische Ubungen sind augenscheinhich vorzuzichen
wenn der Patient betm Musheltraiming sich selbst uberlassen st
82 Studenten physihalischer Behandlung dienten ais hontrollen
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A UNIQUE HISTOLOGICAL T'EATURE OF VITAMIN D
RESISTANT RICKETS OBSERVED IN FOUR CASES?!

By

H \! Frost utp ™~

INTRODUCTION

In 1938 the writer reported a umque finding 1n 1 single ¢case of so
called vitamin D reststant richets observed in fresh undecaletfied un
dehvdrated bone sections madc from tiaas and fibulis of 1 bov who
required correctnve osteotonmes for the deformities accompanving the
disease (2) Smce that fime three additional eases have been ¢xamined
two by us and one reported cIsewhere by Engfeldl Zellerstrom & Win
berg (1} All four cases reveal the same phenomenon suggesting that
1t 15 2 umique fealure of the disease and worthy of wider attentron

The method of preparing the sections made from the materal <ub
mutted from the Operating Room are reporied in detal elsewhere and
need be discussed onlv brieflv here (3 4) In essence perfectls fresh
hvdrated unfixed unembedded sections are prepared by hand grinding
under water or physiological saline on special carborundum surfaced
sandpaper The cells 1n such sections are still living at the conciusion
of the section making process 1f they were Iiving at the heginmng of i
(3) The matcrial 1s then staned i a basie fuchsin reagant the sur
face stain ground off both sides (thus effectinely  clearing  the sec
tions) the section dehvdrated and mounted 1n one of the standard rc
sws 1s 2 permancnt mount

Sectrons prepared mn this manner reseal cytology poorh Hounever

* Work supported by the following Crants A-3186 Surg National Institutes of
Health Bethesda Md  Orth pacdic Research and Fducation Foundateun 293 flearv
Ford Hospital

~ gssociate Orthopaedic Surgeon Department of Orthopacdic Surgers Henrs e il
Hospital

3 Material from our three cases was generaush submilled courtess «f Dr Joserh
Flenmung
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Fig 1
Undecalified er>s seeth 0 bl 2 vear old \ oman 600 X hasie fuchsin Wratten 5%
The large eircular densily 1n the center of the figure 15 the Hasersian canal scen
Jarallel to its 1 ngitudinal axis The stained contents of the canal plus the filter
use! ta (Bbtain adequate contrast on the negative make the canal appear opaque
The t one around the canal is for the most part Iransparent  ceause it Is unstained
Around the Haversian canal are numerous osteocvie lacunae appearing as small
oval den ities may be een ding from the lacunae The ¢
canaliculae arc 03 microns in diameter and connect the lacunae to the Haversian
canal “ote that the unstoined hone extends right up to the lacunar walls The
apparent liffuse darhening in the neicht urk od of grours of eanaliculae and
Iacunae {s due 1> the pre ence of out-of ficus structures of similar nature above
anilel wthe optical eut which ompri es the illustration —At 10 00 o clock of the
Haversian canal there 1 2 patch of diffusels staining bone which is somewhat
wedge haped and shightl larger than the Haversian canal This is low density
Iooe it 8 mineralization al erration an 1 1s termed feathering (3)

they revea! the structure of the bonsy substance contuming the cells
boautifulls: One of the pecuhiarities of such sections 1 that diffuse
permeation of the minerihizud bony substance occurs onlyv when the
minerthzation 1s about 0 S5 of the maximum observed n a umit volume



A UNIQUE HISTOLOGICAL FEATURE OF VITAMIN D
RESISTANT RICKETS OBSLCRVED IN I'OUR CASES!

By

H M FrostT Mp

INTRODUCTION

In 1948 the wniter reported 2 unique finding m a sinple ¢ise of so-
called sitamin D resistant richets observad in fresh undecaloified un
dehvdrated bone sections made from tibias and fibulas of 4 bov who
required correctine osteotomies for the deformtics accompanving the
discase (2) Since that time three additional eases have been examined
two by us and one reported clsewhere by Engfeldt, Zetlerstrom & Win
berg (1) All four cases resveal the same phenomcenon suggesiing, that
1L 15 a unique feature of the disease and worthy of wider attention

The method of prepaning the sections made from the material sub
mitted from the Operaling Room are reported i detml elseshere and
need be discussed onls briefls here (3 4) In ussence perfectly fresh
hyvdrated unfixed unembedded sections are preparced by hand gnnding
under water or physiological saline on special earborundum surficed
smdpaper The cells 10 such seclions are still Iivang at the conclusion
of the section making process tf they were hising 1t the bepinming of it
(3) The matenal 1s then staned in 2 basie fuchsin reagent the sur
face stain ground off both sides (thus effectinvely  cleanng the see
tions) the section dehvdrated and mounted i one of the standrd re-
sins as 1 permanent mount

Sections prepared n this manner reveal ovtology poorly Howeser

L Work supported by the f llowing Crants 4-4186 Surg National Institutes of
Health Bethesda M1 Orth pacdic Research and Fducation § oundation 793 lenr
Ford Hespatal

2 Assaciate Orthoj sedic Surgeon Department of Orthog acdic Surgers Henry Ferl
Hospital

3 VMatersal from our three cases was generc usls submitted courtesy «f DF E/
Fleming

oseph



VITAMIN D RFSISTANT RICKETS 223

densits bone The few mstances in which peeuliar perilacunar patlerns
of fuchsin demonstrable low density minerahizalion have appeared h e
been reported elsewhere (7) It 1s noteworthy that the pattern atlu
strated here has been observed only in material from cases of sitamn
D resistant richets See Fig 1

The case matenial will now be deseribed briefly

CASE MATERIAL

1) I Ik 2 nne vear old hay with vitanun D resistant rickets which
15 also present an the paternal background There was typical bowing
of tibias fibulis and femurs typieal wideming and arregulinty of the
(piphvsel plates Tyvpical untreated serum calelum 8 0 mg<% serum

Fyg 3
Undecaleitie ectlon fr m the femur of A S referred to in the text Al ut 300 X
Exactl the ame pattern1s cenasin Fig 2 At this higher magoafi ati natism re
atily ajpreer led thal there s a erilacunar halo due to diffu ¢ fuchsin staining
¢ ntrast the appearance { the e hal  with the sharply lefined lacurae i Fig 1
At the right edge € the figure Lics a Haver 1an Canal Lining the wall of this canal
1 an tea1! cam The ecam arfcars in this figure  menhal like a Javer of glass
api Lic | to the Haveesion canal wall —The India wnk bars fn all { the Dgures illu
strale cxemplars fuchsin stained perilacunar mimeralization defects
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Fig

Section from R J referrcd 1o in the fext The similarts «f all three figures ks

stnking In all three cases ouls about 30 of the lacunae exhibit the feature
described the other 70 appearing nermal with the techmiques describe?

phosphate 1 7 mg 52 alkaline phosphatase 16 Bodanshy umis Recused
from 20 000 to 100 000 units of vitamin D per dvv Mo trealment for
) three months prior fo surgers Sce Fig 2

2) A4S an oight vear old girl with a chinical and laboritors preture
the same 1s in Case 1 There was no famuly history of the discase and
all treatment was wathheld for three months prior 1o sursery Troed
with massive doses of yvitamun D in the past Sce ki, 3

3) R J afnevear old boy whose two siblings had the discise Ch
nical deformities serum ealeysum phosphate and alkaling phosphatase
were ssmilar to those 1n Case T and 2 All trealment was withheld for
three months prior to surgery Treated sl massne doses of vtamn
D m the pist and also with supplementary dietary phosphate S
Fig 4

1) The fourth ease 1s one published by Frgfeldt Zetterstrem & Win
berg (1) The mucroradiograph accompinving these authors rlicle
clearly reveals the penilacunar miner thizatien deficat alreads re ferred to
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DISCUSSION

The pecuhisr morphologienl feature of these four cases 15 incomplete
minernhzation 1 the penlacunar bone while mbetween heunae mi
neralization density 1s higher

This pecuhar feature and 1its consistent and unique pattern suggest
to the writer that there 1s some metabolic abnormalhity of the osteoerte
restding 1n an affected lacuna In theors the result of this abnormality
15 that the osteoctte bathes atself i an extracellular flud whose com
position prevents full mineralization of the Icunar wall Note that
the cause of the morphological feature bang discussed were solels the
abnormal serum concentrations of mnorzamic 1ns all parts of the bone
should he equally exposed to thewr effects therefore equally ifucted
and a perilacunar locus would he incomprehensible

In view of the interval of three months hetween list treatment wath
\itamin D and osteotomies 1 our three cases 1t 15 unlihely that the
feature discussed 1s caused by vitamin D

A dozen cases of rickets and osteomnlacia of other types 1 the files
of the laboratory do not reveal the morphological phenomenon illu
strated here indicating that 1t 1s not merely 1 peculianty of the richa
{1c or osteomalacic state 1n gener

It scems reasonable to propose that the histological featury deseribec
1s characturstic only of so called vitamun D reststint rickets and might
concennably be of dingnostic s1gnificance and use

SUMMARY

A pcrilacunar halo  of low density bond has heen observed nrounc
the estcocyte Jacunac in undeeleified sections obtuned from four cases
of vitumin D resistant richets three heing from Honrs Fard Hospatal
Orthopacdic Research T aborators and one previous!s reporied by Fng
feldt Zelterstrom & Wanbery This feature and its pattern ippear to be
charactenistic of and nnique to this discase

RESLVMF

Un halo punilicun-re de basse densite ossense 1 ede obsorve autour
de Losteocyte heun nre dans tne seclion non de caleifice oblenue de
quatre e de richiisme resistant aux vilunines D {ros ven int duo
1 abartatee de rechuechies orthopadiques e 1 Hopitnd Henry 1 ord et un
rapporté antéricurament par Fagfoddt Zellerstrom & Winberg Ce phe
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noméne ct 11 forme sous Inquelle 1l se mantfeste parat clre caracluns
tique de cetle maladic

ZUSAVMMFENT ASSUNC

Linc pertd thundre Aufhellung von hnochen nut herabgesetzer Dichte
wurde um die Osteocrten Lacunt in michienthalkten Schnitten von vier
Tallen von Yitamin D resitentar Rachitis heobachlet Drer wurden am
Henry Ford Hospital orthopidischen Forschungshhoratorium gesehien
und emer wurde vorher von Engfeldt, Zetlerstrom & W ihery veroffent
Iicht Diese T rsehanung und ihre Anordnung schant ch trakterstinel
und cinzigartig fur dicse 1 rhranhung zu san
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FROM THE CLINIC FOR ORTHOPAEDICS AND TRALMATOLOGY UNMYVERSITY
OF HFLSINKI (HFAD PROFFSSOR K F KALLIO)

CUBITAL TUNNEL SYNDROMF IN
CUBITUS RECURVATUS

By

Ernht haLvio

It 1s well hknown that several condittons around the elhow joint can
cause irntation to the ulnar nerve Traumatic ulnar neuntis 1s the term
most often used (VcCowan Brooks ete) [ardy ulnar palss 1s another
common term {(hnight Feindel & Stratford Gay & Love etc) Os
borne 15 1in finvour of compression neurilis of the ulnar nerve  Itas
understandable that seseral terms have been used for this condition
because of the many causes that may be bchund it Faen the symptoms
and signs differ to some extent Osborne Fewndel & Stralford de
senbed cases where nothing pathologieal could be found but 4 normal
i tomy was resy ble for the symptoms The thie arch over
Ising the nerve between the bony attachments to the olecranon and
medial epicondste of the two heads of the flexor earm ulnars muscle
caused compression o the ulnar nerve They comned the term “cubatai
tunndd and an analogy to the carpal tunned svndrome comes to mund
The nerve palsy resulted from gradual compression especially when
flexang the elbow It was not due to traction or friction in the ulnar
groore which has been the common explanation for delaved ulnar
paralssis

Osborne classifics the cuses of ulnar neuritis at the level of the el
bow as follows 1 Arthnitis (osteoarthntis osteochondnitis dissecans
with sccondary arthntis rheumaterd arthntis tuberculous arthritis
neuropathie arthritis secondan to svringomydcha} 2 Old fracture
tmalunion of medial epreondvlar fracture with deformits of groove
supricondrlar fracture with malunion nd late arthritis cubstus valgus
due to old separated cypldiar epiphysis—the classical  Laedy ulnar
Pasy 33 €anghin tansing, from modinl capsule of elbow joint or deep
an fibres of flexor carpr ulnans) 1 Tocal snjurnies to the post condslar




228 FRARI RALTIO

groove (causing scarnng nd constrichion of nerve) o Idwopaliue (Thic
group compriscs more than 10 per cent of eruses of ulnar neuntss ind
15 due to simple compression by the Bibrous bridge of flexor cirp
ulnarts Although the elbow jomt 15 normal on phssic l g radiolngien!
examinibion some swelling of the ulnar nemve i the post condilar
groove s present m most of the eascs)

Apart from causes mentioned above hypermolnhity of the nun
rceurrent ulnar nerse dislocation at the elhow hase also buen shown
to produce sxmptoms ({ uldress Osbornd) Childress roports obsersa
tions and treatment of tharts four prticnis with ulnar neunbs dug
directhy or indirectly to excessne nerve molilhity Only seven of the
palients required surgical transplantition Al these 33 pahienls hd
preapitating injury before they got ulnar ncurttis He also exinuned
2000 supposediy normal elbows with no signs of ulnar neuritis and
found 121 cases with incomplete dislocation nd 41 cases wilh complelc
dislocation of the nerve Not one of these 162 persons wath distoc iting
ulnar nerves hnew that he had such an anomals 1t s staled that the
hy permobile ulnar nene 1s considerabiy more cxposed (o tmjury Pufhht
& Vawuo described 19 cases of compression neuntis of the ulnr
nerse where rheumntord arthritis was responsible for the svmploms
Wasting of the mtrinsic muscles was of no dnignostic v tug n those
cases

The present writer may add to the svndrome i question 1 case of
bitateral tardy ulnar nerve palsy due to compression of the ulnar nefe
m the culntal tunnel where the patient had hypermobile chow jomls
cubitus recury \tus which probibiv contributud to the dovelopment of
symptoms

A mle orderlv twenty five vears old had since hirth had hyper
molule (dhow joints There 1s no hustory of mjury to the upper hmbs
The range of acline movements 1n hoth elbow jomnts was parmal in al
other aspeets than the (hyper ) extension flovion rangc which w s 200
30 degress on the left side 1nd 200-30 dearees on the nght midv (855 1)
There was no valgus or varus posttion and the exrrvng gl was 160
degrees on the right ind 170 degrecs on the It dbow No ibnermality
could be doteeted on radiologieal exanun ttion The patienl complam i
of aciung pamn 0 the left hind for about thrce months durition e
also noted some tcnderness around the ulnar side of ihe It dbow
Thure was cloir bypacstesty i the ulnar dstoibution of 1he 1t hand
Ve akness 1n all the intrinsie muscles of the hand was prosant oot
carpr ulnans worhed well hut flcxor digitorum profundus to e Wt
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Fig 1
Pre operatine appearance of one of the elbows
(Both sides were simlar 10 snspection)

and ring fingcrs showed some weahness The tyvpieal clawed appearanee
was seen in the hittle and ring fingers and to some extent also in the
nuddle finger (Fig 2) Therte were similar symptoms and signs alse
n the right hand but they were much weaker and did not disturb him
when he was first seen

The left ulnar nerve was explored at the elbow It was easy to sce
thit the norve was compressed against 1 band of fibrous tissue brid,ing

Fig *
Tre opcrative elawing € the fingets in the right hant
(The feft hand wa similar)
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groovd (causing searring and constriction of nerve) % Idiopsthie (This
proup comprises mort than 10 per ecnt of causes of uln ir neurihiy 1nd
18 due to sumple compression by the Dibrous bridge of Nexor car
ulnans Althouph the elbow joint 1s normal on physieal ind rudiologieal
exammnation somc swelling of the ulnar nerve 1n the post condslir
groove 1s present in most of the eases)

Apart from causes mentioned above hypermolnlits of the nen
recurrent ulnar nerve dislocition at the elbow have alse becn shown
to produce symptoms (€ luldress, Osborne) CInldress reports obvena
tions and treatment of thirty four paulints with ulnar neunitlis due
dircetly or andwrectly to <xeessive nerve mobilits Onlv seven of fhe
patients requured surgieal transplimtation All these 34 patunts had
precipitating injury hefore thes got ulnar neuriis He also eximned
2000 supposcdls normal ¢lbows with no signs of ulnir neuntis and
found 121 cases with incomplcte dislocrtion and 41 cases with complek
dwslocation of the nerve Not one of these 162 persons with dislocatig
ulnar nerves hnew that he had such wm momads It 1s stalcd that the
hy pcrmolile ulnar nenve 1s consider W more exposed to myury Pulhki
& Vaumo deseribed 18 cases of compression neuntis of the ulnar
nerive where rheumatord arthriis was responsible for the svmptoms
Wasting of the mtrnsic muscles w s of no dignostic v ilue an those
c1ses

The present writer may 1dd to the svndrome 1n question 1 case of
bilateral tards ulnar nerve palsy due o compression of the uinar nens
m the cubital tunnel where the patrent had hypermobile (thow jamnls
culutus recuriatus which probably contributed fo the doselopmant of
ssmploms

A mile orderls twenty fine vears old had since nrth had hyper
mobile (bow jomnts Thire 3s no history of injury to the upper hmbs
The range of 1ctive movements i both dJbow josnts was normal 1n all
other aspeets than the (hiper § extension flexion range which was 20>
30 degress on the left side and 200 30 degrees on the nght side (P 1)
There w1s no vlgus or » arus posstion nd the earmving amkle wis 160
degrees on the night nd 170 degrees on the Ieft elbow o 1hnormality
could be ditected on ridiologicit ex immnation The prtient compl unclt
of aching, pain n the left hnd for about three months durition He
also noted some tenderness around the ulnar side of the left dlbow
There was clear hypaestesit wn the ulnar distnbution of the left i
W cahness 1n 4l the ntrinse museles of the hand was present Ixor
carp ulnars workad well but flexor digiterum profundus to {he hittle
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Fig 3
The r13ht ulnar nerve expl rel at the clbow The fibe us brudge resg onsible { r
compressing the nerve can be seen hetween the two hook

flexor oryamn The immediate postoperative result was good The pa
tient could actively oxtend all the ingers (Fig 4) There was no pun
wnd no sensory disturbince S1x weehs later the patient gradually in
curred pun n the ethow arca and somnc clawing of the fingers secmed
to recur The nerve was re explored and found twisted distalls over
the fibrous edge of flexor earpi ulnarss The fibrous edge was divided
The postoperatine result was satisfaclory for some weeks but then
grudually detertorated agun Wenhness in the ulnar intrmsic muscles
mereased and hypacstesin devdoped i the ulnar sensors distribution

Fgs
toper tive re ult The clawing f linger 1a

imme hate p disay1eared

16 «crrorTit txvu 3
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of the night hand  Another re-explor tion was performed wnd Rrosy
searring of {he muscular bed was seun and 2an amount of fibrosis was
noted an the ulnar nerve trunk Neurolvsis was porformed along, 1 dis
tance of about 8 centimetres  After this oporation the muscles inncr
vated by the right ulnar nerve have gradually dovdoped some more
power and the area of sensorv disturliznee has somowhit diminshed
The patient has not comp! uncd of pamn

This case seems to fit to the cubital tunndl ssndrome desenibed In
Osborne and Feindel & Stratford The hvpcrmobihity an the extension
range probably contributed to the development of symptoms by causmng
secondary hyvpermobilits o the ulnar nenve especially 1n he wy manual
work The mtramuscultr placement operation to the left ulnar nene
which caused more ssmptoms was very successful 1 was intercsting
to note that the ssmptoms even the clawang of fingers disippeared
immediatcs The deep intramuscalar placement operation on the night
stde did nol succeed so well There could have been some techneal
flts Although the nerve beeame free in the first instance 1t had some
scteondars hinking later The question anses whether it would not have
heen better to porform onhy the decompression operation described by
Osborne Considening the anterior transposition of ulnr nerve Osborne
writes “Fxcn with a correet surgical technic howeser the rosulls of
transposition are sometimes unpredictable Residual tendemess and
causalgic patn may occur and gross scarring of the muscular bed mm
cause further dam ige to the nerve The operation s not 1 small proce
dure and n the past surgeons have hesitaled to explore 1nd transpose
the nenve until clhimieal signs were present and 2 dofnite dignosts
possthle  He also states that the results of the minor decompression
procedure 1pperr to be s satisfactory as the results after the morc
claborate operion of antenor transposttion It mighl hne buoen sufh
cient to do just the decompression operation in the present cis oo

There 1re different opintons in the transposttion technie Antght and
1 ange wdvocate a subcutncous placement of the nurve Brooks Chald
ress McGowan and Osbhorne o an fnvour of the dap wtrimusculfar
plicement where the nerve wall ie betwecn the common flexor orpin
and brachiihis musele nest to the medin nerve on the brichnis
Although ( Iuldress and Osborne recommend the decp intramuscular
placement they do not point out that the nerve should b deep to the
common flexar origin In the present ense the successful transposition
was performed to a ntramuscular channel prepared buawun flexor
carpr ulnaris and the other flexors On the other ethow of the preseat
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case the nerve was transferred deep to the common flevor origin with
less success

The question of traumatic ulnar neurihis 15 not a simple one The
Ieston can be duc to compression friction or trachion It can be chused
m the ulnar groove of the medial humeral epicondsle or anterior or
distal to the groove 1f Nexor carm ulnars and flexor digitorum
profundus to the little and ring fingers are not affected or there are
no sensors disturbances it may be difficult to find out where the lesion
15 The pathology can of course be 1n the wrist or hand or even i the
neck region Carcful chinieal examination should 1n most cases show
the site of the lesion

It 1s interesting that even n the absence of anv gross pathology
around the elbow traumatic neuritis of the ulnar nenve can east at that
aren The disappearance of the clawing of the fingers immediately after
the operation was surprising

SUMMARY

The auther desenibes 1 ease of ilateral traumatic ulnar neuntis due
to rcpeated gradual compression to the nerve trunk in the cubital
tunncl Bs the term cubital tunnel 1s meant the structure distal to the
ulnar groove where the nerve emerges to the submuscular channel
formed In {lexor carp uinans aponeurosts and the mediad hgament of
the cibow jJoint Hypermollity of the elbow n the extension flcxion
range 1n ths case probably contributed to the development of symp-
toms The ssmptoms totally disappeared on one side and diminished
on the othcr side afier deep sntramuscular placement of the ulpar
nerse It was surprising that the clawing of fingers disappeared im
mediteds after operation

RESUME

T 1uteur deenit un s de neunte ulnmire traumatique hilaterale due
v une comprossion repelec sur Ie trone du nerf du tunnel cubatal Par
« tunnel cubitals on pense o la structute distale du sillon ulnaire ou
le nerfl emarge pour passer au canal submuseulaire formé par L apone-
vrose du flechisseur carpien ulnaire el le igament medial de | arhicula
tion du coude I hypermobiitc du coudre par rapport a | extension ct
Y 11 flevwion contribue prob iblement dans ces s 1} aceroissement des
svmplomes Tes svmptomes disparasssent entidrement d un cote et
dumnuent de 1 atre apres le pliccment intramusculare profond du

1
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aerf ulnare I 4 cle surprcnant de constater que Ia posifton crochue
des doigts 2 disparn immeditament apres Lopeeation

ZUSAMMINE ASSUNC

Der Verfasser bosehrabt emen Il von doppelsatiser tr inmatiseher
Neurthis des N oulnans dic durch wicderholte allmihhche hompres
sion des Nerven mm I ilbogenh inal hervorg rufen wurde Unter dum
Ausdruch Ilbogenk innl varstcht man die Struktur dist il vom suleus
ulnarss wo der Nenv n den submushuliren hanet antritt dor von dor
Aponcurose dos Flexor curpr ulnaris und dom medualon D, iment des
I Nbogengelenkes gednldel wied Dherheweglichhaat des Y llhogens un
Strech  und Beugungshereich haben 1n dicsem 1 alle wahrschanlich
zur I ntwichlung der Symptome bagctragen Die Symptome sersehwar
den vollstindig, wf aner und veringerien sich wf der anderen Seile
nach tiefcr intrimushulwrer Verlegung des N ulnans s war uber
raschend dass dic hlauenstellung der Finger unmitiellir nach der
Operabion verschw ind
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FROM THE ORTHOPAEDIC HOSPITAL COPENHAGFN

TREATMENT OF NON UNITED NAVICULAR
FRACTURES BY TOTAL EXCISION OF THE BONE AND
THE INSERTION OF ACRYIIC PROSTHESES

By
Orar ACNER

In spite of the appuarance of new methods of treitment 1n the most
reeent decades and the improvement of the diagnostic aids especialls
\ rav diagnosis defective healing of navicular fractures s no rants If
not treated the fracture forms a pscudarthrosis which usually by
degrees becomes painful and results sn reduced strength wn the hand
limitation of momlitv and possibls deformits of the wnst jomnt In
these cases deforming arthritis 1s very often found 1n the radieenrpal
jomnt on \ rav examnabion

In 1920-30 Bohler and Schnek showed that navicular fractures ean
be healed by consers itwve treatment with plaster sphint when the 1
mebilisation 15 ¢ffectine and s mamtamed for a su{ficient time Thas
1s confirmed by numerous authors and there 15 now wide 2 reement
that the treatment of fresh navicular fractures ought 1o he conservatine
The incidence of fracture healing 1s stated ta attain 80-95 7 with an
average treatment period of 8-10 weehs (Bohler 96 <6 Soto Hall 9o €2
Couble 96 % Troyan 964 < Walson Jones 9o © Stewart 98 ¢ [ uct
Y90 ©) Other wthors however found somewhat lower incidenee  Ale
man 74 < Rehben 78 % and Barr discovered that 26 ¢ of the navi
cular fractures were nol heiled in spite of apparentls adequate treat
ment Cetler estunates that “fulure of unon s found in 3040 @ of
all nvicular fracturcs

O1d non umited nancular feaclures present 2 dulfuelt heripeutic
problem In the comprehensive hiterature on the subject considerable
divergencies of optnion cxast 1< to which muthods of treitment from
the most conservaline to the most actinedsy surgic! <hould be chosen
Among thove methods the following may be mentionad

Prolonped immohisation (Boller Schnek Rehbein Duben & Celbhe
Troyan Jahna)
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Beck drthing (Schne?  Obletz & Ralbstewn, Andersen & Therkelsen
Soto Hall)

Internt Iixilion with metil pm (Geassendorfer Giesehing P ind
wall)

Internal fixation with bone grt (ddams & I conard Murray Arm
strong Palmer & Widen Cobey & Wiite)

Trnsplantion of ¢incedlous hone (Walft Russe)

Intcrearpal arthrodests (between the navicultr and lunatum)
(Thornton)

Radiocarpal arthrodesis (Sauth Pelersen)

Radnl stvloidectomy (Barnard & Stubbine I yman Smuih)

Bentzon s mterposttion method (Bent-on Randlop, Perey Berlelsen)

I xeision of proxiim il earpal row (Brittatn Stack, Specd)

Partinl excrsion of the fragments (Aleman Solo Hall Watson Jones
Dawnng)

Total excimon of nwaculse (Hirsch Rutler, Damdson & Horunt
Diwyer)

Insertion of prosthesis vitallium or acrvlic after tofal excision of the
nwulw (Melcalfe 1egge, Waugh & Reultng Picaud Merle d Au
bigne)

It s not the purpose of this study to duternmine wineh mdthod pro-
duces the best result Tor thrs 1arge sertes of cses e requurad dirceils
comparahle but treated according to each mdividual muthod ind m
vestigated after 1long perod of observation This ean hardhy be carned
out on the basis of the bteriture v uhible 2t prosent

At the Octhopicdic Hospital ta Copenhiagen the tec itaent of old 1ad
non united nacular fractures has doveloped sinec 194 s follows

Plaster ¢1st when essts are present indieing rectise processes

Remov al of the proximal fragment in truc pseudarthroses af this i
seleroscd and forms less than B of the hone

Buntrons interposition operition with wide fracture hnes

Radioearpal arthrodests when deformning, trthrosis is present

Howcver fter following up A series of 243 patients with fracture of
the os naveulire we found 4 small group which had heen treated
nsertion of prosthests after total excision of the navicular ¢ method
which hw produced good results aceording to the literture Sinee this
could not be confirmed by our follow up mvestigation Wi thought 1t
wouldl he of mterest to publish this s we hehve our results to be
warning ap uost thes method
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Tol 1l cxcrsion of the nnvtculir w s deddared by Hirseh who gnve
aceount of hus first results 1 1914 9 patients werc oparited on Al wath
wood results Full working capaaats was achioved after in weri gn
nod of 6 wiochs In hiter studics Hirscl states that the long torm resulls
re good  According to Hirsch the operition should be undert thin as
carly as posssble 1f posmble 2s soon as the Irictued is dignosed and
before arthntis anses m the jonls Morcover the unportance of the
following points 15 emphasisad that the whold of the os navieulre 1x
removed that nollung s Ift ind that the opuration as execeuted so s to
noid damaging neighbouring cartal i

Rutler (1929) prefors exeision of the one Iragment when this
dislocated but belicves 1t neees<iny fo ranove both frigmants 1o order
to aclieve good function of the wrist joint when the fricturc “has
«sasted somi {une wathoutl bang recosmised wd consequently no L
tcmpt at reduction has been madc

In 1938 Dawdson & Horundz published 7 cises troated by tolal ox
crsion of the naviculir Pre opuratine ) ravs showdd psendarthroses in
all cases The observalion period following the opcration was from 1
Irsears in o cases the results wore excdllent antonuealls and func
tionally 1 2 eases there was moderatc imitation of molnlits but ne
pain These two were designated as good D & FF think that the
tolal excision oughlt to be chosen an 1) fractures which cnnot be re-
duced even m open reduction 2) saverely communutad friclures espe
ciilly when thev are caused by other injurics an the wrist jon! (g
distocation of the Iunate bone nd 3) nuglectcd ¢ ases with pronouncedd
wnd irreparablc degeneration of the frigments

Dipyer i 1949 prosented the lasgest scries 19 pients werd followed
up In 12 cases the rosult was found to be “good 4 “fur andin 3
cues “had  Dwyer ponts out that the rosults bocome worse when
arthritis ss present and watk subluxation of Ui lunte bone 1o vomn
cases progressine dislocation forward of the os lunatum was found on
late \ rav control Radiil desiation of the hand was not obsnad
Mobthty in the wrnist Joint improved 1in 1y patients . m wamal reenvers
somctimes took 1 vear or more

Many authors have advised g unst the tol sl cxersion of the navienhir
(Bilder Sclnek Stewart Aleman Oblel~ & Halbsten Troyan Duben
& Gelbke) Thev constder that the navicular 18 o inportnt for the
structure of the hnd that s remoy i will alw 138 bring ahout damage
to the wrist Jomnt which will o into ridinl abduction thy function
beeomes steadils worse ¢ven if some improvement ¢ b obfamnad 1m

e
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mediately after operation This experience brought total exeision of the
navicular into diseredit 1n most hospitals —1in recent sears however the
optration has heen adopted agnun by some surgeons who recogmising
the importance of the os naviculare for the stalnlity of the hand re-
placed the navicular by 1 prosthesis

Velcalfe Legge W augh & Reuling have used vitallium as a prosthesis
material Picaud and Verle " Aubigne acrvl

Welcalfe operated on 30 patients all with good results One patient
was observed for 3% vears owing to reflex distrophia but the end
resull was good

Teqge 7 cases all good Waugh & Reuling 3 cases 2 good 1 less
good

Prcaud mscrted acrvlin one case with good results Verle d Aubigne
& Ramaidter had 2 cases wath acrs] the one with good and the other
with poor results

The abosve mentioned authors point out the advantages of the method
to be 1) reluving of the pun m the wrist joint 2) a funclionalls ef
feetive wrist Jornt 3) short perrod of treatment

In the series published however primar results are mvolved Verle
 dubigne gives no information about obsenvation time Preaud « single
patient was able to return to work after 2 weehs Tegges 7 patients
after between 3 weehs to 2 months but 1n none of these authors does
one find information ahout follow up investigntions As alreads stated
Wetcalfe observed one patient for 314 vears but gives no mformation
about a follow up of the remaining 29

Waugh & Reuling followed up their pitients (3) for 7 1o and 16
months respectinels after the operition and conclude “The use of w1
talhumn replica for replacement after exession of the fragments of an
ununited fracturc of the carpil sciphoid 1s m the experimental stage
Whilc the results to date are encouraging sufficicnt length of tume has
not clapsed to determine whether or not the use of these vitalum re
phicr will be of value in solving the problem of the ununited fracture of
the earpal seaphonl

Iven if provisiontl information thout a new operation technique 1s
naturdly of importance one must howeser ruquire a thorough post
operitne mvestigibion tnto Al the ¢ ises operated on and 4 long obser
vation period—10 1o vears presumibiv—in order to determine the
value of such a method Scveral authors have alvo expressed their
secplieism

In 1919 Trevan staled  substitution operations for navicular frac
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tures wre still vers new and onls the future can show how the 1
results will he

The follow up investigstions of Brseh Bing & Harl Hansen in 1918
of Henrichsen Jansen & hrogh Poulsen in 19,2 nd of (ollins 1n 19,
showed that aerslas tolorated to 1 constderiblc dograc by the bisaues
Newman & Seales an 1951 and Scales m 1956 showed thit no hissu
roaction was seen when unplanting ervd into the muscles of numals
if however the substance wis exposed to meeh el forees cspeenlly
weartng forees tissue reaction was scen 1n form of fihrosis

As fir as vitalium s concerned  Speed remtrhs thal cven of -
prosthesis of this material s smooth on the surface this does not hunda
the formation of fibrous tissue around sueh 1 aurf 1ce which wall rudu
alls narrow the natura! gap left by the ramosl of the bone wind thus
posstbly pravent mosement to  nornl oxtent

Yenrables pmnts out that the mech e canditions for 3 aasular
prosthests arc quite different from those for a1 prosthesis an the Iap
joint where alloplsties especinlls hue been ubilised ind th st similar
conclusions cwnnot he deawn In the lup jant the prosthoas s sh
Ilised b s present in order to stabilise tie Jomnt and fakes part ity
functions In contrast to this the naculir prostlicsis 18 apphed o
stabilised aren function occurs tround the prosthesss while at as i
mohile itsclf

We have no experience of nvicul ie prosthicses of setithigm On the
othcr hand ervlie prostheses have been used in 7 ¢ ises on the iminline
of Sven hiaer in Dept 2 of the Orthopcdic Hospital Copenhaen The
aperations were earried oul e the vears 195052

All patients had pain i the wrist joint hmited molalits and raued
strength in the hand o had hard work 2 had hghter work 3 fracturns
were in the kft wrst 1 the night st goint In 1 case the frictures
had existed for 10 <exes 10 2 cases for 2V vears i 3eses 6 7 and
& months respeetingls In 1 ese the patient had suffered anosccident
1 months beford the operition ind swething of the wrist joint On \ a3
cxmmnation however 1 wall davedoped pacud irthross was found with
~elerosts of the fracture ends aad witial arthross i the ridiocarpil
Joint ndicating that the ongimal trauma must be sought acverl vars
bk In 2 exes m ddition to nasicular frictures dislocation of the
tunate bone was found (1 21 1 fracture wis conumnuted with 3 wrres
gulir foypments (4) the others were transverse fractures nawr the
centre of the bonc In 3 ¢ ives arthnitis was found lefore the oper thion
(146)
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Operative technique the operation was carried out in 2 parts 1) The
navicular hone was remoscd through a dorsoradial mneision an impres
s1on of the cavity was taken with a plastic mass and the wound was
closed 2) 1 to 2 dass afterward (in case 2 however 9 davs after) the
wound was epened agun and the prosthesis was inserted A plaster
cast was applud for 3 wechs afterwards the hand was given physio-
therapy

In cases 1—4 there was constant pain 1nd swelling of the wrist jont
—the mobilits was mproved immediately after the operation but
bee 1me gradually sexerely Itrmited None of these patients became fit for
work Case 5 could begin to work 4 months after the operatron he onlv
had shzht pain and for a short period better mobthts than before
1 vcar afterwards the mobility was severdds himited there was in
creasing reduced strength and also swelling of the hand In these o
cases the prosthesis was remosed and arthrodesis was performed In
each case pronounced fibrosts was found around the prosthesis with
thickening of the joint capsule and severc arthntis in the radiocarpal
Jomt

The prosthesis was not removed in only 2 cases Case 6 works as a
seaman He has no pun but set makhes use of 2 wrist jont capsule
Upen the follow up 10¥ ears after the operation the joint was found
to bie slightly deformed the hand was in radial devintion and the pro
sthesis was prominent dorsally The mobhty in the damaged night
wrist Joint 1s half that m the left and the stringth of the hand 1s
reduced The \ rav examnation shows a severely deforming arthntis
both the radiocarpal and 1n the intercarpal joints

In case 7 the result s good He works as a clerk and uses a type
writer without pain Mobslits 1s only shghtly imited the strength of
the hand shightly reduced Therc s no deformits X ravs 10 vears after
operition shew pood distance between the neighbouring bones A4 a1
sign of mitial arthriis there v shight tipering of the radil styvloid
process while otharwise conditions are the same as directly after the
operition

The results of the 7 substitution opuritions have thus praduced
satisfactors results i one case only alter 10 vears obsersation In an
other ease the chinical results was fur  but the X rav showed severels
dcforsming arthritis In » cases arthrodesis had to he performed after
¥ yvears

There v searcely any doubt that the mechameal conditions pointed
out v Venable had 1 deesine importance tn the poor result A nave
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eular prosthesis is an un utiched forcgn bods an e proshpad ¢ vaty and
1s not hike the nwculsr bone fixed by hguments A foragn body
wction must be cxpeeted both when using vitalliem ind aersd and thie
Ieads fo the formation of fibrous Lssite sround the whole prosthesiy
rosuthing in bimated mobilty Morcover with acrvt prosthoses “wanng™
accurs producing meretsed tsstie rowelion ecarding to Scales This is
confirmed by this inveshigation sinec 2 of the 3 patients who went biek
to their work had hard work and sescre ddfornung, changos in the wrisg
Joint rosulted while the 3rd paticnt who hd ¢asy work wvordud these
chmpges

SUMMAKY

A scres of 7 aases of nonundad mavscular fractures was traatad in
cxerston of the fragments and wnscrbion of an wervhic prosthesss The
sertes ws followed up 9-1T1 vears after operation

In il 7 eases primary smprovement of the wrist joint » mobihiy wis
obluned 4 patients remuned howesver unfit for work owing to pun
1 pattent was able to return to work after 4 months but 1 voir after the
opcrtion the mobihity of the wrist Jomnl wis severds lumted  therc
sas pun reduced strength and swelling of the wrist joint In thod
cases the prosthesis was romoved Y-3 sears fter the operstion nd
rachoc rrpal arthrodcsis was performed It was only m 2 cases that the
prostliesss was pot removed —10 vears after opcration one of these has
severch deforming arthntis m the ridioc irpal joint but no pun whilk
the other has t good resull Ridiologically only a shght arthntss ¢ be
found 1n this patient

[hus the resulls of the 7 substitulion operitions were onby vilis
ficlors n one ¢asc

The mechaniel condittons for 1 nwvicular prosthesis hnve an o
portint anfluence on the poor rosult sinec the prosthesis s loos
forewn hody tn 2 proshaped e ity and 2 foreign body rachon must be
cxpeetid an addition although aerd his proved in cxpermmntal £
scarch thit it as tolcrated by the fissucs this substinee prosokes a
powcrful Lissue reaction 1n the form of fibrosis whon at s cxposed to
mechinie 1) forees especinlly weanng forees
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Une serie de 7 cas de fractures du scaphoide trastes par excision
des fragmants et muse en place dune prothese 1erslique ont ete re
cximunes entre 9 et 11 ans apres 1 operation

Chez tous Its 7 on n observe une amelioration primasre de la mobilite
du poignet Toutefors 4 malades nont pas retrouse leur capacite de
travail en ruson de douleurs Un malade avast pu reprendre sen travail
au hout de 4 mo1s mars un an apres } operation la mohlite du poignet
elut fortement redutte 11 v avait des doulcurs une diminution de la
force et une enflure du poignet Dans ces o c1s 1y prothese muant ete
cnlevee entre 6 mois ¢! 3 ans apres 1 operation (t 1on avant pratique
| arthrodese radio-carpienne Dans deux cas sculement In prothese na
pas ete enlevee Lun avait 10 ans apres 1operation une arthrose de
formante prononcee dans larticulation radio carpienne mais pas de
douleur tandis que chez U autre le resultat efait hon A la radiographie
on n a trouve chez ces malades qu une legere arthrose

Anst ¢ est seulamnent dans un cas que les resultats de cette operation
du substitution ont cte satisfasants

1es facteurs qui entrunt en eonsideration par rapport 1ux maus us
resultats ohtenus sont les conditions mécaniques d une prothese du
sc tphoide qui est un corps ctringer introdunt sans fixation dans une
cavite préformée 11 fut s allendre o une reaction au corps etranger
A ccl sajoute que en que les tissus tolerent la resine acrylique
Lusure particuliere de cette matiere lorsqu elle exposee @ des effets

mecaniques  provoque une forte reaction des hissus sous forme de
fibrose

ZUSAMMENFASSUNC

1ine Reihe von 7 | ollen nicht geheitter hahnbanbriiche warde nut
tels I xeston dor Fragmente und Finsetzung einer AhrivIprothese be
handelt und 9-11 Jihre nach der Operation nachuntersucht Ber alien
crrerchie man primar eine Boserung der Bewesghichheat des Handgelen
hes 4 Pattenten wurden jedoch nicht arbeitsf thig wegen Schmerzen
1 Patient honnte seine Arbeit nach 4 Monaten wiederaufnchmen o
Jahr nach dor Operation war jedoch die Beweglichheit 1m Handgelenh
stsrh emgoschrankt | bostanden Schmerzen herabgesetzte Rraft und
Schwellung des Handgelenhes In diesen 5 Fallen wurde die Prothese
¥ 3dahro nich der Operition entfernt und emne ridwo earpal Arthro
dese vorgenommen Nur i zwer Fillen wurde die Prothese nicht ent



248 FRhKI h41LIO

Fig 2
Noticeahle swelling in the dorsum of the Ift foot This case was furst regarded
as a marching fracture

Fig 4
There 15 reactive thickening and densification 1n the shaft of the second metatarsal
The nidus 1s totally overshadowed by bone sclevosts
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Fig §
In the tomograhs one may suspect a nidus at the base { the second metatarsal bone

considerably after walking There was marhed tenderness at the base of the secand
metatarsal and noticeable swelling in the dorsum of the left foot (Fig 2) Weight
bearing especialls standing on toes was panful Aspien relieved the pain and the
paticnt had used 1t considerabls  An ordinary radi graph sh wed onlv pertosteal
new b ne I and the thichened ¢tex overshad the partly ossified
nilus even in tom graphy (kig 3 and Fig 4)

A lentative diagnosis of osteold  tcoma was ma le and the maximal tender part
was explored When the cortex was opened a compact bright red osseous nidus
the size of a small pea was clearly seen delimilel from the neighbouring bone bv
a narrow zone The histcl gical changes were typical t) osteord ostecma The pain
and soreness dy aj peared after Lhis nidus had Icen removed with some amount of
surroun Iing bone The patient has b en svmptom free now for al ut three months

These two cases were osteord osteomis The diagnosis escaped re
cognibion for some time probably because of lach of experience of its
rudiographie foatures The hapertrophied cortex had obscured the pri
mars leston The elmic ] ssmptoms were somewhat overshadowed In
sipns from the wljacent joint Metaearpal and metatarsal bones are

17
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probably rare spots for osteotd ostcoma since relatively few cases hase
been reported in Uterature so far (Carroll Freberger et al Golding
Voberg) Bergstrand had already described one case in 1930 although
1t was not enhitled as osteoid osteoma at that time The diagnosts of an
old marching fracture had been suggestcd 1 one of Goldings cases
Spence & Iloyd Roberls draw attention to a problcm of differential
dhagnosis between tuberculosis of 1 joint nd an osteoid osteoma close
to a jomnt Thesv were the first to mention resional osteoporosis as a
feature tn osteord osteoma

The main lesions which ¢an be confused with osteord osteoma are
sohtary enostosis locilised corticn! hone abscess sclerosing osteitis
svphilis of hone Ewing s tumor n the early states and glomus tumour
(Barnes, Carroll, Jaffe Purcdl el al, and others) The dragnosis of
osteord osteoma should not produce much difficuities 1n most cases 1f
the mamn features of 1t arc hept 1 mind It causes pain often not
distinethy loeahised and disproporhionate to the si1ze of the lesion There
1s marhed local tenderness which 1 a good guide to the central mdus
There might he some swelling and symptoms from adjacent joints It
appenrs usually 1n children or young adults There 15 no fever and the
blood picture 1s normal Asprn relieves the pain The radological
changcs are twofold those of the osteoird ostcoma proper the mdus and
those wncited m the surrounding osseous tissue The reactive corfical
thichening 1nd sclerosis can be very strihing so that st may be difficult
1o disinguish the osteoid osteoma even 1 2 tomograph In posilue
cases the operation should alwavs bring 2 clearly defined nidus mnto
view The histopathology of the conditron should not present difficul
ties to an experienced ¢xaminer The remon il of the mdus cures the
condition If the pam 15 not severe one miv w ut for spontancous clim
cal arrest which 1s hhelv to occur in a few vears

SLMMARY

The writer describes two cases of osteord osteoma one m the mela
carpal and one 1n the metatarsal bones The former eseapud recogmtion
for two years and the laticr for one sear In hoth cascs there was
marked reaction 1 the surrounding osscous tissne whith almost ob
scured the mdus n the radiograph Signs from adjacent joints confused
the condition which was first regarded as tuberculosis 1 the former
and marching fracture in the latter case Surgical exposure res caled
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typical osteord osteoma which was confirmed by histological examina
tion The symptoms were sehieved immediately by exaising the nidus

RESULME

1 auteur decrit denx cas d osteome osteoide 1un dans les melacar
piens 1autre dans les os metatarsiens Le premuer a echappe a 1 atten
tion pendant deux ans !autre pendant un an Dans les deux cas 1l v
avait une reaction marquee dans les tissus osseux environnants qui
avait pour ams1 dire assombri le mad sur la radiographie Des signes
dans les articulations adjacentes ont semé Ia confusion sur ces cas
constderes d abord chez le premicr comme une tuberculose chez le
second comme une fracture de la marche L operation revela un osteome
ostéorde typique confirme par Iexamen histologique Les symptomes
se tromerent immediatement soulages par 1 exesion du nud

ZUSAMMENFASSLNG

Der Verfasser beschreibt zwer Fiille von osteordem Osteom emnes 1m
\fittelhand und das andere wn Mattelfusshnochen Das erstere wurde
erst nach zwer Jahren das Ictztere nach esnem Jahr entdeckt In beiden
Fatllen fand sich ane beachthiche Reahtion tm umgehenden hndchernen
Cuwebe die 1m Ronteenbild fast den Herd verschattete Symptome von
den benachbarten Gelenhen verschleterten den Zustand der im ersteren
Falle zundchst als Tuberhulose und im letzteren als Marschfraktur
angeschen wurde Die Freilcgung durch den Chirurgen zaigte em typm
sches osteordes Osteom was auch durch die histologische Untersuchung
bestabigt wurde Durch die Txzision des Herdes wurden die Svmptome
solort beseiligt

RFFFRFNCFS

Bunes B Ostedt O le ma J H v G1l Surgeon  Fdinturgh 2 144 1956

B rystrant . Ller ene Figenartige wahrschenlich bi her nicht Be chriel ene
O te Hlastische hrankhent in den langen hnochen der Hand and des Fusses
Acta Ra D 1 11 596 1910

Carrall R F O teoid Osteama in the Hand J B ne JU Surg 354 898 1923

Erberger R 1 L itman B'S Help tn M & Thompson T € Oste id Ostenma
Rep rt (80 caes Am I R entgen 1 87 19§ 199

Citing J SR The Natural Hist iy £0 temd O te ma With a Reyorl «f Twenty
€ac J B oncldt Surg 3F B ™18 1954

Jaff I L Osteoid Ostcoma f Bone Radialogy $5 319 1915



2,2 FRRKI KALLIO

Jaffe H L Tumors and Tumorous Conditions of the Bones and Jownts Lea &
Febiger Philadelphia 1958

Jaffe H L & Lichtenstein L Osteard Osteoma Futther Fxperience with this Bemga
Tumor of Bone J Bone Jt Surg 27 645 1940

Lofgren L Osteoid Osteoma Acta Chur Scand 10§ 383 1933

oberg E The Natural Course of Osteord Osteoma J Bcne Jt Surg 33 4 166 1901

Ponset: I & Bartt C K Osteaid Osteoma. J Bone Jt Surg 29 767 1947

Purecll H M Mills S D & Lipscomb P R Osteord Osteoma in Childhood Pedia
trics 9 292 1957

Sherman ¥ § Ostcoid Osteoma Associated with Changes in Adjacent Joint Iteport
of Two Cases J Bowe Jt Surg 29 483 1947

Sherman M S Ostemid Osteoma Review of the Literature and Report of Thity
Cases J Bane Jt Surg 29 918 1947

Spence 1 J & Llogd Roberts G € Regtonal Ostcoporosis mn Osteord Osteoma J
Done Jt Surg 438 501 1961

Y aughan-Jackson 0 J Osteord O teoma 3 1th Unusual Ssmptoms J Bone Jt Surg
328 368 1920



FROM SOPHIFS MINDF 0510 LMVFRSITY ORTHOPAEDIC HOSHITAL
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ARTHRODESIS AND ARTHROPLASTY OF THE HIP JOINT
By

Ivar ALsin

O«tcoarthrilss and severe posttraumatic conditions such as necrosis
of the femoral head and pseudarthrosis of the nech are in most cases so
dwsabling, that surgical nterventton has to be done to reduce pamn and
to restore phisieal fitnes and working abihits The surgieal procedures
are legion ranging from excision of the femoral head (hocher Gurdle
stone) denersation of the jomnt (Tavernter) dilferent types of recon
struction operations (W ntman Colonna) osteotomes (feren. Pau
wels MeVlurrey Briltatn) muscle releasc operation (Voss McFarland)
to wrthrodesis and many different 1vpes of arthroplasties
cup arthroplasty (Smuth Petersen) skin arthroplasts (Aallio) plastic
hed replwement arthroplsty tJudet)  and various types of ntra
mcdulliry replacement arthroplisty (Thompson Voore)

For old and debithtant indivduals sath a very punful lup leston we
constder the Girdlestone opuration to be of great value when arthrodesis
or rthroplasty s contramndicated We do nof have my expernience with
osteotomics for osteoarthritis of the hip and apar! from a few cases
of Cirdlestonc aperation arthrodesis and arthroplasts have been the
man surgieat procedures for ostcoarthritis severe posttriumatie con
ditions and congemtal dislocabion (adults) From 1943 Gl 1960 360 hup
Jomts ware operatud upon in this wav In the first part of this period
the mun procedure was Smith Petersen cup arthroplasty  Iater on
Judel s arthrophtsy and different types of intramedullan arthroplas
ties were used to a certan degree ernating with cup-arthroplasty and

wrthrodesis andan the st part of tis period arthrodesis was the tsual

aopcration If an arthrophisty s sndic sted the type used now s the cup-
wrthroplasty of Stnth Potcrsen ind rather seldom the intrimedullire
replicement operation and af so the Moore prosthesis s proferred

Osteorrthritin has baon the mamn indicwon for surpern (Table 1)

s
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The age distribution shows that some young ndniduals are operated
upon too (Table 2) and the mdication for operatron upon cases under
the age of 14 hs in most of them been coxitis

TABLF 1
The aetrological diagnosis of 360 arthrodests and arthroy lastis of the hep joint
Osteoarthritis %62
Rheymatoid arthritis 4
Coxuatas 1
Post traumatic conthtions 31
Crngenital dislotation { dults) 48
Postpoliom) elitic parald tic hip 4
360
TARIE 2

The age disiribution of 30 arthrodests and arthroplasties of the hip jount

Age at operation Arihode fs | Artbropla tie { sum
Under 10 vears 4 2 6
10-14 scars 6 6 12
15-19 years 4 10 21
20-29 vears 13 28 1
30-39 years 16 29 45
40-19 years 20 8 63
50-59 years 23 56 80
60-69 years 13 57 70
_ 70-79 scars 1 13 I
Sum m 249 360
)
7/

Table 3 shows the result of all the 360 hups helonging to 297 mdnt
duals operated upon The requurements for an cxeellent result classt
ficalion hme been 1 For arthrodesss Consohdation functional good
position full time working ahbits and no pun 2 For irthroplasty
satisfactory mohilify with more than 60 degrees flevion full ime worh
g lits no pun apirt from overexertion and satisfactory stability

Table 4 shows the results for different mcthods m per cent It 1S
evident that in our hands the result after Smith Petcrsen cup plasty 13
Detter than after the other types of wrthroplasty The main obseryation
tyme after Judct s replacement arthroplisty was over 7 years and after
intramedullars replacement arthroplasty 5 § vears
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TABLE 3
The results of 360 operated hips (aduits) operated upon for ostenarthritis
post h and
\ Calegors of operation
T
mir 1 t arthropla t s
Result E}mhm_\ \T renttyp s of pl [ sum
| desiy | smith 1 Judt |Tteam d | Ot |
cup-pl sty [poth  proth ' method
Excellent 9 10 4 3 » 131
Cood 19 53 1" 1a 1 102
lair ) "8 8 ] 2 5
Poor 3 27 1 14 1 56
Dead 0 0 ° 0 0 0
\ot followed up (v
dead later on 2 6 2 3 ° 13
Sum 1 154 39 47 9 360

27 cases with §ad results after arthroplast have been recperated and undergone
arthrodisis wath excellent or good results

TABIF 4
1 ercentaze comparis>n b tiween the results of arthrol sis anl different types of
arthroplasties of the hip yont (For the numbers see Table 1)

T

Category of op ration

noan Dift renttyp sof rhroptast
Artbrod 1 Sm ih P Jutet ntram
| cup-pla t p o thesls pro thesi
Excellent oy 71 08 136¢
Cond 177¢ 3a8e 3780 311
far 3 198 216 ¢ 205
for ~5 182 . 208 s
100 w0« 100 - 100

Table 3 18 2 perecatige comparison belween arthrodusss on the one
sale and all types of arthroplasties togedher on the other According to
the requirements for classification the result 1fer rthrodests s far su
peror The drawbicks of (xen an excellent anchslotic ip must how
air be consadared The inconvenience 1n bang unable to bend the lup
joint the greater vulncrabibts of the corresponding femur and the
long time tendeney to instabilits of the corresponding hnee joint
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The age distribution shows that some young mdividuals are operated
upon too {Takle 2} and the mdication for operation upon crses under
the age of 14 has i most of them been covitis

TABLF 1
The aetiological d of 30 art s and ar 1 of the hip jount

Oster arthritis 262

Rheumatoid arthritis 4

Coxitis 11

Post traumatic conditions 31

Congenital dislocation (Adults) 48

Postpoliomn elitic paralstic hip 1

360

TABLF 2
The age distribution of 300 arthrodesis and arthroplasttes of the hip toint
ARe at of eration Arihrodesis \ throp! stte Sum
Under 10 vears 4 2 8
10-14 vears 6 6 12
15-19 years 14 10 24
20-29 vears 13 2% 41
30-39 yvears 16 29 4+
109 years 20 48 68
50-59 years 23 56 80
60-69 vears 13 57 70
70-79 vears 1 13 14
.
Sum 111 749 360
/I

Table 3 shows the result of all the 360 hups belonging to 297 indnt
duals operated upon The requirements for an cxcellent result class
fication have been 1 For arthrodests Consolidation functional good
positton full time werl g abihtv 4nd no pam 2 For arthroplasty
satisfactors mobility with more than 60 degrees flexion full tume work
mg abihity no pain apart from overexertion nd satisfactory stabiliy

Table 4 shows the results for different methods m per cent Its
evident that m our hnds the result after Smith Petersen cup plasts 1s
better than after the other types of arthroplasty The maun obscruation
time after Judet ¢ replacement arthroplasts was over 7 years and after
mtramedullary replacement arthroplasty 5 o vears
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10 heavs worh 1s rather shight but if the patient 1s young enough he
can be rehabilitated to an easier Job The treatment of choice 1n these
cases 15 an arthrodesis on the one side 1nd an arthroplasty on the other

TABLF &
Worktng ability after untlateral hip for unmlateral hip lestons
Patients over 70 years of age are not inclu led 1n this obsert ation

! €at gory of pperat on

Wo kinvablty Sum
“ Arthrod s Arthropla te |

Full time work 58 [3 123
si1e 607 €, 695

Tant time work ) 11 2
1§, 157 H1e

Lnable to work k) 26 9
13 ot1e 164e

Sum 64 108 177
100 - ¢ 100 © 100 - €%

Two disadvantages of arthrodesis the long lasting, recumbency n 1
big plaster spicn and the tendeney to pscudarthrosis are overcome by
the new method published in another report 1n this 1ssue By means of
2 sohd 1nd reliible fixation this method allows the patient out of bed
a fow davs after operation with 1 short spica and he ean walk around
and st it home dunng the convalesecnt penod

TABLF 7
Working abtlity after uni  r bulateral hip operation  r blateral hip I sion

Cat gty top t tion |

WOkl g Rty _——— — — Sum
A throde Aetlop) by

Tull time w vk 2% 47 5

70 < 399 415¢
Fart time work 3 37 40

ag 71 %3¢
Unable to work 4 39 13

10- 33~ . 272
Sum 40 e 158

100 100 100 - ¢

Only 6 out ¢f 159 vith bilateral hip Ic ion had Filateral hip peration 7 w rh
full time & w rh part tme and 14 are unable t¢ v ork
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Table 6 shows the working alnhity after operative treatment of uni
Interal lestons of the hip jomnt in adults (osteoarthritis post trau
matic conditrons 1nd old congemital dvsplasin)

Table 7 demonstrates the working ability after um or bilateral hip
operation for bilateral Inp leston According to our expurnnce an ar
throplasty on one side for hilatcral hip lesion usually induces greater
discomfort in the non operated side after the operation but n arthro
desis usually reduces the discomfort m the other side Because of that
the working abihity after 2 umlateral arthrodesis for bilateral hip le
sion 1s much better than fter a corrcsponding arthroplasty

SUMMARY

From 1843 till 1960 360 hip joints with ostecarthnitis severe post
traumatic conditions and congenital dislocations (adults) were ope
rated upon the procedure being arthrodesis or some type or other of ar
tiroplasty  Osteoarthritis has been the mamn indieation for surgery
The result aftcr arthrodests 1s far supenor to arthroplasty

The worhing, ahiity of heasy worhers 1s especailly better after an
arthrodesis than after an arthroplasty The treatment of choice of s
vere disabling hlateral hip lksions 1s arthrodesis on the one side and
arthroplasty on the other

Concerning the arthroplasties n our hands the result after Smith
Petersen cup plasts 1s helter than the result after the other fypes of
arthroplasty Persistent low bael pain after hup arthrodesis 1s not com
mon providing the anchylotic lup has v functional good pesition gnmg
the spine a good alignment The functional best positton of the anchy
lotic hip 15 1bout 2o degrees flexion and from 2 to % degrecs adduchion

-"and a few degrees external rotation An osteochondrotie Jumbar spine
1s ne contramndication for p arthrodesis providing 1 good ahgnment
of the spine follows after the fusion

RFSUVMF

De 1943 a 1960 360 articulabions de la hinche vee osteoarthrite Je
sions posttraumatiques graves et dislocations congenitales tadultes)
ont ete operees sclon la procedure de 1arthrodese ou d une espece dar
throplistie L osteoarthrite a ete l1 prncipilc indication de Iinteren
tion chirurgicale Le resultal apres larthrodese est sensiblement s
penteur t celur de larthroplastie
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1a capacité de travail chez ceux avant 1 fournir un travail dur en
particulier est melleure apres unc arthrodese quaprés une arthro
plastie Le trastement de choix dans les cns de grme mepacite provo
quce par des lestons hilaterales de 11 hanche est | arthrodese d un cote
et 1 arthroplastie de 1 autre

1 n ce qui concerne les arthroplasties que nous avons cucs entre nos
mans le resultat obtenu par la methode de Smith Petersen est mesl
leure que celut obtenu par les autres types d arthroplastie Des douleurs
lombarres persistantes apres | wrthrodése de la hanche ne sont pas com
munes a condibion que la hanche ankyvlosee ait une bonne position fone
tionelle donnant un bon alignement a la colonne vertebrale La meil
leure position fonctionelle de 1a hanche ankvlosee est d environ 20 de
gres de {lexion entre 2 et o degres d adduction et quelques degres de
rotation externe Une colonne lombaire osteochondritique n est pas une
contre indication de | arthrodese de 11 hanche 1 condition d un bon alig
nement de la colonne aprés In fusion

ZUSAMMENFASSUANG

Von 1943 bis 1960 wurden 360 Huftgelenhe mit Ostecarthnitis schwe
ren positraumatischen Zustanden und angeborenen Huftverrenkungen
(I'rnachsenc) nuttels Arthrodesis oder emner Svme Tvpe odcr anderen
Form von Arthroplastih operiert Osteoarthritis war die Hauptindika
tion fur den chirurgischen Fingriff Das Frgebniss nach Arthrodesis 1st
dem der Arthroplastih wait uberlegen

Die Arbatsfihigheit des Schwerarbesters st vor allem besser nach
aner Arthrodese s nach emer Gelenhsplastth Die Bchandlung der
W thl von starh mvahdiscrender doppelseiiger Huftorhrankung 1st die
Arthrodesc auf ciner Suite und die Arthroplastih auf der anderen

Hinuichthich der von uns ausgefuhrien Arthroplastihen 1st zu sagen
diss das Frcbms nach Smith Petersens Gelenhsplastih besser st als
nach nderen Mdhoden der Athroplastih Anhaltende hreuzschmerzen
nich Huftversteifung st hane gewohnliche Trschesnung vorausgesetzt
drss die Hilfte an puter funktionedler Stellung versteilt st so dass die
Wirbelsiule gute Anpwsungsmoghichkesten hat Die beste Funktions
stellung, der serstaften Hufte 1ot ungefihr 20 Beujung 2-0  Adduk
tion und weniy Crade Aussenrotation Tine osteochondrotische Ten
donwarbels e st hane hontrundikation gegen Huftarthrodese vor

ausgovetzt diss ane gute Anpassung nach der Vertsteifung, zust inde
hommt
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FROM THF CHILDRFN S HOSPITAL UNIVFRSITY OF BFLSINAI FINLAND

CONGENITAL ABSENCE OI' THE FIBULA
By

M Suraviaa wnd S Ryorey

Next to absence of the ridius the commonest defect of the long, bones
of the extremitics 1s congemital absence of the fibula It 15 one of those
malformations which have hecome sverv much more froquent dann,
the past vears chieflv as the result of the Thalidomide accident (1%)

W ¢ hwve earhier hscussed the embriological ethiological and patho
anal 1 problems ted with defects of the long hones of the
extremities 1 genernl as well as the general prineiples of treatment
(10) The present paper presents some experience gmmned i the treaf
ment of si1¢< ¢1ses of congenital absence of the Hibula

The classical picture of fibular defect includes complete absence of
the fibula 2 bent tibia which 1s shorter than normal 4 dimple in the
shin on the anteror surface of the leg talipes equinoylgus postion
of the foot absence of one or more Nibuiar ravs of the foot absence or
fusion of one or more tarsal bones and a hypoplastic femur The defect
mav also he parttal bilaeral andlor combined with other defects (3
456 11)

Opmion regardmg treatment 1s draded  Conseryatne measures
(manipulation c1sts) are generally resorted to first The recent trend
scems 1o be tonards surgeal intervention {2 3 4 o 7 8 11) Besudes
the deformits of the foot the shortness of the extremty constitutes a
difficnlt problem Amputation 1s often said to be mevitable Perhws
foliows a conservatise hne carrying out amputation 1t the final stage
of growth (oveniry & Johnson perform palliative operations {soft
tissue correction and osteotoms of the tibia) from the second or third
vear onwards Thompson ef al attribute the foot dcformuts wnd the
bowing of the tibia to the presence of a taut fibrous band replacing the
fibult which thes bilieve should be cut m infancy Accordmg to them
constderable correction of the tibinl bowing and the valgus posibion 1s
achicved m this wiy Thompson (12) 1s of the opinton thit the best
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Case 1 Figures 14 B before treatment Fig 1C at the age of ” vears

result 1s obtamed by combining this treatment with Syme s amputation
carried out at the completion of growth He stresses the fact that below

fnee amputation during the grow th peniod often leads to unsatisfactors
development of the stump during the course of growth Auhen recom

mends amputation during the earhy growth period parhicularly if con
siderable shortening must be expected Farmer & I aurin ikewise erry
out amputitron 1n severe cases at n early age

CASE R¥PORTS

Case 1 (573758) AS Vale Total absence f the night fibula (Figs 1 A-C) He
was braught for treatment at the age of 3 months The right lower extremity was
h 1t rihan the left the shortening ¢ mpriving b th the thigh and the Jeg The knee
wa in pr ncune d flovion © ntracture the £ oot ) eing fixed in the talires equin
v lgus position There was a dimple 1n the shin on the anterior surface of the leg
There were «nlv {5ur 1 es on each fool The left | wer extremits was otherwise
n rmal The radtogram sho ved a short and b wed right femur The tibia was bent
the comvexity Feing anterc medial

At the age { 3 m nths oste tamy of the tibla was carried out the provimal
epij hysis of the left fibula wath als cpiphsyseal cartilage being transferred to the sile

{ the oste tomy In a sh st lime this transplant fused h  ever showing no trace
of the expected growth in length At the age of 133 cars oslentomv was repeated and
achilblen t my earried out since the malp 1tion had increased After this opera
tion the p ition v a5 atisf ctory Recause f contract: u of the hnee jaint a cunel
ferm re ecti n of the femur was performed at the age of 3 years Al the age of 3%

cars the m tilily of the knee j int 1s 140 | 110 degrees The motility of the foot
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Fig 21 Fig 2B Fig 2C

Case 2 Fig 24 before treatment Fig 2B-C at the age of 4 vears

n the ankle jomnt 1s almost normal The extremity 1s 12 cm shorter than the left
lower extremity The patient walks well with the aid of an orthopacdic baot

Case 2 (609,59) V h Male Ttotal absence of the right fibula (Figs 2 A-C) He
was brought for treatment at the age of 6 months The femurs were of equal length
The right tibia was short thick, and comvex in the antero medial plane The foot
was in moderate valgus and shght equinus position The patlent was first treated
with redressement and a brace but without result At the age of 2 years and §
months osteotom) of the tibia and achillotenotomy were carried out with simul
taneous excision of the fibular fibrous bands At the age of 4 vears and 3 months
the right tibia 1s 9 cm shorter than the left and modcrate bowsng remains 1a the
tiia The motility in the hnee joint 1s normal The patient walks well with an
orthopaedic boot

Case 3 (494/59) JJ Male Total absence of the right fibula (Figs 3 A-D) He
was brought for treatment at the age of 3% months The right femur was shightly
shorter than the left The tibia was short and comvex in the antero medial plane
There was moderate flexion contracture 1n the knee and the foot was in extreme
equino valgus position Twao fibular toes and metatarsal bones were missing Osteo
tomy of the tihia was carried out At the same time the third metatarsal bone was
transferred to the site of the fibular malleolus Further achiliotcnotomy and
excision of the taut fibular bands were carried out Beeause of ympairment of the
position osteotom® and achillotenotomy were repeated 13 jears later The position
was then satisfactory Two vears after the last operation the tibia 1 now quite
straight but 1t 1s barelv two thirds the length of the left tibia The pesition of the
foot 1s comparatively good The boy who 1s now almost 4 vears old walks well with
the aid of an orthopaedic boot

Case 5 (4677/59) SH Female Total absence of the left fibula (Figs 4 4 €)
She was brought for treatment at the age of 4 davs The right 1ywer extremity was
entirely missing The upper end of the left femur was dysplastic and 10 proncunced
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Fig 34 Fig 3B Fig 3C Fig 3D
Case 3 Fig 3A B before treatment Fig 3C D at the age of 2 vears

[\

Fig 44 Fig 38 Fig SC
Cacd Mg 44 defore freatment Fig 4B C at the age of 3 vears

¢ xa ara positin The tibia was comvex in the antero medial plave and the foot
va s marhel equino-valgus positi n Three fibular metatarsal banes and toes
were mis ing

At the age of ? wechs oste tom  of the Libia achilloten tom  and excision of taut
Dt ular bands vere carried out Follow up at the age of 3 vears and 3 months showed
&o W functi n of the hij and knee The tibia is straight The foot is in slight equino-

Iy p iti 0 Since the function of the left loner extremits | good the patient
wll probal v be atle t walk with the aid of a pr sthesis

18
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Fig 54 Fig 5B Fig 5C Fig 5D
Case 5 Fig 5A before treatment Fig 5B-D at the age of 3 vears

Fig 64 Fig 68

Case 6 F1y 6 A-B belfore treatment

Case 5 (558%60) J M Male Total absence of the right fibula He was brought
for treatment at the age of 10 months The right fomur was normal Ihe fibia was
short and curved The foot was 1n moderate valgus position The Juft foot lached the
fifth toe and a metatarsal bone

Osteotoms of the tibsa was carried out at the age of 10 months Two m nths latel
the operation was repeated the position bemng corrected Achilloten tomy and
excrsion of a fibrous fibular band were also made At the age of 3 vears there 15
still moderate bowing of the tibia The foot 1s of a shightly roching chair bhape with
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the calcaneus turned 1n the proximal direction The patient walhs vers well with
the aid of an erthopaedic boot

Case 6 (117962) R\ Female Total absence of the right fibula

She was brought for treatment at the age of * vear The right knee was slmost
at the level of the hip 10 rather pronounced flexion contracture with the foot in
marhed valpus position Otherwise the fo)t was almost normal The radiograph
showed onlv the distal part of the femur The tibia wa straight In addition the
patient had a subtotal radius defect on the left side and hrpoplasia of the right
radius There were tw fingers inly on either hand Since treatment was primarity
directed at the femcral defect treatment of the fibula has so far been conseratne

(limical Piclure

Al the cases described above are unilateral total defects of the fibula
1 of the patients were boys and 2 girls With one cxception all defects
were right sided In all but one of our cases the ibia was thicker and
shorter than normal and howed with antero medial comvexats At the
the site of the tihial cunature there was a dimple e the shan on the
anterior surface of the leg, The foot was 1n most cases 1n more or less
marhed equino valgus positton The Achilles tendon the fibular tendons
and the fibrous bands were taut and prevented redressement of the
ankle jont In the fibular portion of the leg and foot there were often
defects of the museles and other soft tissues as well In some cases the
tilus seemed to be missing cither entiredy or partls The Nibular meta
tarsal hones and tocs were mostly absent The hnee was often 1n flexion
contracture which however was shghter and was less resistant than
the contracture of the inkle The femur was normal 1n only two out of
the six cases In two cases i was shorter than normal 1n one there was
murhed coxa vara and in one case there was a subtolal defeet of the
femur

Treaiment

In onc case 1 which the fibular defect was combined with subtotal
defect of the femur in the same extremits  the treatment has so far
been consenative In the remauning five cases operation as shown in
Fig 7 has been earned out The tilnnl surface was exposed subperio
staatly through 1 longitudinal mcision and a cunesform osteotoms of
the b performed  Achsllotenotoms was further carried out in all
cases and 1in four ¢ises the taut hands were severed at the site of the
missing malleolus W e did not um at complete correetion of the equinus
position The tia was fixed 1n posilion with A hirschner nail intro
duced from undcr the foot nto the ilhia Immolihization was achieved
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with a plaster cast extending from the base of the thih to the toes
The nul was removed two weeks after the operation The thinl fusion
was normal in 1l cases In a couple of cases satisfactory correction was
onlv obtained after recoperation

v

Fig 7

RFSULTS OF TRFATMENT

The age of the patients at the time of the operation ranged from
2 weeks to 2 vears and 9 months The postoperative period of observa
tion varies between 115 vears and 3 years and 3 months This period
of observation 1s too short to allow conclusions s to the final results of
treatment but during this period the tibral angulation and the position
of the foot have not changed Four of the five patients treated opera
tively are able to walk well with the aid of an orthopaedic boot In the
fifth patient (Case $) 1t 1s the fact that one extremify 1s entirels missing
that prevents her from walking From the point of view of functiont
the knee joint was good 1n all cases The tibia 1s erther quite straight
or there remains a shight anterior howing

There 15 often a rocking chair ke deformity 1 the foot The short
ness of the tibin necessitates the use of an orthopacdic boot which
compensates the shorteming of the affected leg

DISCUSSION

In addition to the severits of the defect the result of the treatment
largely depends on how early operative measures can be undertahen
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The fibular defect 15 probably the result of a disturbance at the stage
of the formation of the fibular anlage 1n the fifth week of pregnancs
The experiences g uned i the Thalidomid cases in particular mdicate
the truth of this nssumption (10 13) Her ditv has also been established
{6) The disturbance 1s not confined to the sheletal parts alone but
other tissues m the same are+ are also affected The deformation 1n the
uxtremity does not automatically hecome corrceted during the course
of growth as often happens for instance 1n a sound extrermis 1n
children with fractures healed i a poor position Durnng the period of
the foetal development a severe deformity mav often have developed
from secondary causes

By conservatne measures redressement and bandages satisfactonn
results may possibly be achieved in muld cases seen at an carly e If
the tibia 1s badly curved however and if there 1s a taut fibrous band
at the site of the fibula the value of conservatine treatment 1s doubtful

It 1s our omnion that osteotomy of the tibin 1n conjunction with
tenotormies and exaision of the fibular bands 1s the best method of
treatment The operation should preferably be carried out in carly
infanes With the method adopted by us a comparatisely straght tibia
and satisfactors correction of the valgus posttion have been achreved
The marhed shortness of the leg constitutes the most difficult problem
It makes the use of an orthopaedic boot mevitable The degree of the
final shorteming of the leg and the necessity of amputation at a [iter
stage cannot vet be evaluated n these cases In our opinion amputation
during childhood 1s not to be recommended

SUMMARY

On the basis of 1 scries of 6 cases of total congumital absence of the
fibula the climieal prcture and treatment of this deformits 1s discussed
The authors stress the mport ince of enrls operalive treatment Surgical
correchion comprising a cuneiform ostcotomy of the tibia achilloteno-
tomy nd when neecssary excision of 1t fibrous fibular bands was
carried out By this procedure 1t was possible to achicve sabisfacton
strughtoning of the tibin and correction of the valgus position 1n the
majorts of cases The patients were then able to walk with the aid of

mn orthopiedic hoot The authors do not recommend amputation during
childhood
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RESUME

Bases sur 1 etude d une scric comprenant 6 cas d absence totale con

gemtale du perone le cadre chimque et le tratement de cette anomake
sont discutes Ies autcurs soubignent limportance dun tratement
precoce La correction ehirurgieale comprend 1osteotomie (réseetion
n com) du tibia lachiloténotomie et lorsquelles sont presentes
L excision des bandes fibreuses peroneales En uithisant cefte technique

1l
fa

1 ete possible d obtcmr dins majorite des eas un redrossement satis
1sant du tibia ct de corriger 11 posthion en val,us T es malades ont eté

capables de marcher avee 1 ude d une botte orthopcdique Les auteurs
ne sont pas partisans de ! amputation pendant 1enfance

ZUSAMMENFASSUNC

Das klimische Bild und die Behandlung von sechs Fallen totales

Yongemtales Defekt der Fibula wird dyshubiert Die Wichligheit der
fruhzeitigen operativen Behandlung wird betont kel osteotomue der
Tibia Achillotenotomie und Resektion der fibrosen Strangen wurden
ausgefuhrt In mesten Iallen st es moghch gewesen eme genugende
\ erbesserung der Deformitat zu erreichen Die Patienten konnten mit
Hilfe ciner orthopadischen Schuhe gchen Die Amputition im hindes
alter 1st micht zu empfehlen
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INSULIN INDUCED MICROMELIA IN CHICKENS
I Voerphological Study

By
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Since the early davs of medicine congemtal malformations have al
w1ys attracted attention Interest in the studs of these conditions has
howeser grown progressively since the beginnmg of the 20th century
when statistical reports on the occurence of congemtal abnormalities
and the corrclation hetween thewr frequency and various pathelogieal
fcctions of the molher organism duning gestation demonstrated an
unbehievably hagh frequencs of these conditions Furthermore the dove
lopment of the new methods of investigntion duning the last decades
has great!y incrcased the possibilities of studying the problum from dif
ferent aspects

I xperimental teratogeness 1s one of the methods of biological inve
stiyation more frequentiy used for the studv of congenital malforma
tions The pplication of tlus method for more than one century has
added a great deal to our knowledge regarding the morphologieal deve
topment and the influcnce of different environmental factors on the
production of these abnormil condittons Mcchameal \ ray  1noxie
chammeal and other factors apphcd to pregnant amimals or ferbilized
huns eggs have been proved to give a teratogenctic response

In 1 largc series of expertments f andauer (1940) found that insulin
mjected nto the volk sac of ferlihzed hens eggs before or during the
early stages of tneubation had a teratogenetic effect inducing rumpless
ness Inguetion at later stages of icubalion was responsible for defor
mities of the beak the extrumities and the eyes (f andawner 1947)
Dunng the following, seirs Tandauer and s co-workers published
several worhs on the teratogenchie properties of msulin Sevcral other
tnvestigators (Durmswan 1952 Zwidling 1992 Anderson ef al 199
md others) hiler confirmed the observations made by I andauer Other

1% act xTit xvur 4
D
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substances were 1lso proved fo induce similar deselopmental malforma
tions when injccted into eggs An extensie Irst of references to the earls
mveshigations can be found in the work of Duratswam: (19,2)

The evperience guned by these and numerous other works on ex
penimental teratogenesis can be summarized by the statement recently
made by Hanullon (1960) that 2) there 1s a multipherty of agents that
can producc "bnormalities b) the time factor when the particular agent
15 adnumstered 15 of importance 1nd ¢) that carly embryonie tissue 1
suscephible to particular noxious 1. enls

The present inmvestigation has been undertahen to study and compare
the lochiernical composifion of the shelefon during the embryonie deve
lopment of normal and nsulin mnduced micromelic chichs Vorpho-
lozical and histological studies of the matcrial have also heen pur
formed The purpose of this work 1s to look for correlation between the
morphological—histologieal changes and the hiochemical composthion
of the sheleton during normal and terategemc embryonic dexelopment
In this paper the morphological observations are described and dis
cussed

MATFRIALS AND ATTHODS

Insulin was injected info 1094 eggs  physiologieal salme solubion
nto 40 while 741 untreated ferhihzed eggs were mncubatcd and sersed
as controls

The tnjection techmique used was s follows the egg shell was care
fully washed first with an antiseptic solution then with alcohol and it
was opened on the wr chamber with sterile forceps Using good ilin
mmation the embryo and the vessels of the vascular area were esily
seen Using a tuberculin svrmgc 1 very fine hypodermic needle was
driven through the inner lavcr of the shell membrane nto the volk sac
avording ny jury of the embryvo and the vesseds The insubin or sahine
solution was then injected very slowly The necdle was earcfully with
drawn and the egg was coated with 4 sheet of sterile alummwm foit and
placed 1 the incubator 1t 37 C The temperiture was never found to
exeeed the rangeof =05 C

Cryvstalline insulin insubn was emploved ! On the dav of myection n
msulin solution m physiological saline was prepared in conceniration
of 5 mg or 120 I U.ml Swncc crystalline msubn 1s tnsolubk at room

1 The nsulin used was kindly delivered by the ! harmaceutieal ( Vatrum

Stockholm as 7 times crystalhized pure powder ubstance
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temperature at nentral pH the solution was acidified by adding 3
drops 1n 1n HCI per 10 m! volume In this svay a clear solution was ob
tamed with 1 pH between 39 and 41 In a control series of 234 eggs
insubin selution was made n a phosphate buffer with pH of 74 Before
use the solutions were passed through a sterile glass filter (Go)

The dose of insulin injected 1n all the cases was 6 1U 1e 025 mg
ervstalline insulin or 0 0 m! of the solution per exg

All cggs were mnjected 96 hours after incubation and matenal was
collected by opening a certain number of cxgs at 24 hours intenval up
to the time of hatching Fmbrios found dead at opening were dis
earded

From the material collected evers day both tibiae were dissected free
from soft tissue and were stored either by deep freezing at —1a C for
hiochemnical analvsis or 1n 2 10 per cent nentral formaldehyvde solulion
for histologieal sectioming,

Morphological studies of the occurrence of micromeha were based
manlv on measurements of the length of the freshiv prepared tiae
and by weighing cach bone after thawing before the performance of the
chemical malysis As the purpose of the present investigation was to
study insulin induced micromeh1 no svstematic record of other defor
muties in the embryos were made

Histological studies were based on serial sections of the specimens in
3 u thich shices using hiematoxsfin eosin tolurdine bluc and Azan st
nings

RFSLITS

Of the total of 1094 ¢&,.~ 1njected with insulin 215 embrvos sunived
the mjection The average mortalits rate m the various msubn injected
acries was 803 =1 2 per cent In the 40 sahne injected eggs the morta
Ity was 700 =73 per ccnt The mortalily rate bebween cpgs mnjected
with acad ind neutral insubin solution was 774 =15 and 910 =19 per
cent respietivels the difference being highlv sigmiflicant Among the
741 ferliized engs uved as controls the mortalits obsered was 184
=10 per cunt

Vorphological sludies \Macropscopical observations on general defor
mities present both in normal and treated specimens were possible onlsy
after the 7th or Sth dav of incubation Unlil this stage of development
the embryvos arc vers small and transparent so that any anomalies in
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Fig 1

17 dav old chichen embryvos From the left a) normal b) injected with physiclogical

saline ¢) insulin injeeted with marked micromeha but without other apparent

abnormalities and d) insulin 1njected with extreme micromelia and multiple abo r
malities of the chondrodystrophic type

their development are difficult to observe After this period of mcuba
tion anomahes such as anencephals  anophthalmos ectopic viscera
club feet etc can easily be distinguished Such deformities were often
observed in the msulin 1njected material No deformuty was observed in
the 12 survining anumals injeeted with physiologscal saline and opened
the 17th day after incubation As mentioned earlier no records were
made of the frequency of such anomalies Malformed embryos present
among the normal material were discarded Deformed embryos were
included 1n the injected matenal

Compared to the normal controls the msulin mjected embryos dis
plaved two different tyvpes of abnormality In the majorts of the cases
the embrvos were apprectably smaller than normal hut as far as i was
possible to ascertain thev were of the same stage of development and
showed no generalized nbnormahties The second tspe of abnormal
development was found n certain embrvos which had a monstrous
appearance with a very small size distorted extremties head and beak
deformuty joint stiffness reminding arthrogrvphosis and oedematous
soft tissues (Fig 1) The dissection of the tibine 1n this group of de
formed embrivos was especialls difficult as the bones were soft and
fragile and the soft tissues wcre tightls atiached to the hones
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The occutrence of micromelia 1 general was obvious 1n every case
of msulin mnjected embros The tibial length was found to be less than
the nverage of the values for normal bones of the same age of meuba
tion 10 every case after the 8th dax of incubation The ratie of micro
melia to highly deformed embryos was 2 1 as was found from the study
of 91 insulin 1njected tibiae

L gth of This mm
Joct

L ¢ & ® u w 1§ W
Days of nc baton

Fig 2

The course of the average tibial length during the embryonic development 1n normal

(continuous line) and insulin trealc? (brohen line) material The dotted lime 1s

based on the statistical extrapolation of the values ohtamned in the insulin treated
material 10 compariscn 1o the normal

The libal length was recorded between the 7th day of incubation and
hatching i the normal material and between the 7th and 16th davs of
ncubation in the msuhin m)ected embrvos The cunve of tinal length of
wnsulin injecled embrios compared to that of normal material showed
that after the Sth and up to the 16th dav of incubation there was an
olnous disergence 1n the two curves the insulin treated tibiae being
clearls shorter than the normal A nightly statistically significant i
ferenee between the nverage Libial length in normal and insulin treated
maternil appeared first the Sth dav of incubation The wmsulm treated
material w xwansuffieient for obsersations to he made after the 16th day
of incubation The slalistical extrapolation of the cunve however show

ed that tnereasing divergence of the cumves continued up to the time of
hatching The coure of both curves dunng the period of incubation
followed 1 regular inear rise (Fig 2)
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The wel weight of the Libta was studied between the 8th and 20th dasvs
of incubation mn the normal and hitween the 8th and 17th dayvs of
incubation 1n msulin treated material The fibnnl weight of wsulin in
Jected embryos showed no statistical difference from the normal be
tween the 8th and 10th days of mcubation Statistically sigmficant dif
ferences were howeser obtamned from the 11th day of incubation and
thereafter the difference mncreasing progressively up to the 17th day
of wincubation Statistical extrapolation showed that incrcasing diver
gence of the curves continued until the hatchmg The course of the
mean tibal weight values i insulin treated 1nd normal matenial fol
lowed m both the eases regular parabolic curves (Fig 3)

Histological study The observations reported here are bised on see
tioned matersal from ) 4 tibiae obtained from control untreated em
bryos at the 15th and 17th davs of mcubation respectnels 1) 4 hibae
from embryos at the 17th dvy of incubation 1njected with physiological
saline ¢) 2 tibrac at the 9th dav of incubation from msulin injected
embryos d) 4 tibiae at the 17th dav of incubation from mnsuhin mjected
micromelic embryos without other anomalics and e) 4 tinac from m
subn njected embryos with generahized sheletal deformitics as men
tioned above from the 15th and the 17th days of incubation respec
tnely

s

Wetw ght €T
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Fig 3
The course of the average tibial wet weight during the embryonie deselopment
normal (continuous line) and :asulin treated (brohen Ime) material The dotled
line 1s based on the statistical extrapoalation of the salues obtained in the wmsulin
treated material in ccmpartscn to the normal
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The periosteal osstfication of the tibia in the normal chick begins at
\hout the 9th dav of tncubation A thin bony ring appears first at the
mddle of the diaphvsis while the remamder of the diaphysis as well
s both epiphyses are composed of cartilage disposed 1n charactenstic
avers After this the ring elongates at the epiphvses and the characte
ristic bony exlinder of the long hones develops in this way

The 9 dav old tibiae of mmsulin injected embryos were almost exclu-
inelv composed of cartilage and they did not show anv deformits or
shnormalits In some places at the middle of the shaft signs of primitive
hone trabeculae could be tdentified by Azan staming The mmsulin in
jected tinae had much the same structure as normal tibiae at the same
stage of development The metachromalic stamining of the cartilage was
in the insulin treated timae less pronounced than in the controls In
hoth cases 1t was however uniform through all the extent of the
seclions

The 17 day old tibne from phyvsiologic sahine mjected embryos and
the 17th day tibiae from msuhin 1njected embryos which did not show
sheletal abnormalities other than micromelia showed no sigmificant
differences m morphologs metachromatic staming and the grade of
development from normal bones of the same age

The 1o and 17 das old tihae of the insulin injected embrios which
cxcept for an extreme dwarfism showed generalized sheletal deforms
ties too showed severa! structural differences compared to the normal
bones of 15 and 17 davs of tcubation The zone of flattened chondro-
estes of the epiphvseal cartilage cone corresponding to the resting cell
carbilage of the mammals was narrower and in some epiphsses alimost
missing, while the structure of the rest of the carhilage cone was 1rre
gular The hypertrophied carbilage cells were somewhat more numerous
and showed a slight increase n their melachromatic staming The perio-
steal bone of the diaphyvsis was sigmificantly less than normal and the
bony trabeculae were thinner and more trregular The diaphyseal bony
eslinder was apprecrately shorter while the hewght of the cones was
almost the same as in the normal tibiae The bone as a whole was
thicher and the epiphyses were larger than ia the normal A stahang
difference between the insulin injected tibiae of this group and normal
hones was that the former showed a strong bending of the bone loca
hized 1n the lower third of the diaphysis The hending present in alf the
«xamned iblae execeded 1n several cases the 90 angle The diaphyseal
bony trabeculae showed a special arrangement 2t the site of the bend
g There werd no igns of fresh or healed fracture at the site of an
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gulation A marked thickening of the periosteum was present at the
concavaly of the angulation In thus group of specimens the metachro
matic staimng of the nsulin treated maternial was much less pro
nounced than the specimens of the control group

DISCUSSION

The total mortality rate among the msulin mjected embryvos in the
present material was 803 %1 2 per cent and this was consrderably
highcr than 1n other reports In Landauers (1947) series mortahty
rates of 20 7 and 48 8 per cent were reported 2fter mnjechion ot 2 or §
1U 1nsulin respectively at the 96th hour of incubation Anderson and
co workers (1929) found n their series a mortalidy rate of 31 1 per eent
by mjection of 3-6 IU 1nsulin between the 72nd and the 120th hours
of incubation The high mortality rate n the present matcnial was first
attributed to the acid pH of the injectcd solution However s already
pownted out abose 1n comparative experiments usmg acid and neutral
msulin solutions the mortahity rate was found significantly higher in
eggs injected by the neutral solutton The apphed technique of njection
misht to some extent be responsible for the ligh mortalily since other
authors use 2 somewhat different technique of mnjection It can alwo
be assumed that the seasonal qualits of the eggs which has been proved
to influence the mortalits rate of the embryvos as well as the appearance
of spontancous occurring deformities (Hull & Greemwood 1928) wasa
contributing factor to the observed mortaliiy

Considering the averages of the tibinl length micromelia i nsulin
treated material oceurred 1n every case after the 8th day of incubation
Landauer (1947) found single micromeha at a maximum of 873 per
cent when 51U insulin were injected at 120 hours of incubation This
frequency was decrcased 1f nsulin was injected at earlter or later stages
of embryonic development Anderson and co worl ers (1959) tound on
the other hand a frequency of generalized dwarfism i 31 per cent
among the mjected material of thar mvestigation The ratio of micro
meliz to mghly deformed embryos was m the present matena) 2 1

The existence of a congenital abnormahts 1n the chicken rcsembling
the condition known 1n mammals as chondrodystrophia foetalis has
been reported first by I andauer & Dunn m 1925 and later by intt
(1928) and Hutl & Gr d (1928) Land m 1947 was able to
induce such developmental abnormahties 1n chichens by injecting 11t
sulin 1n the volk sac at about the $th dav of incubstion The morpho-
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ogical and histologieal 1ppearances of the spontancously oceurring and
the wnsulin induced anomalies were strikingly similar These results of
[ andauer have been confirmed later by Zwilling (1902) Both these
quthors found in their material a variation of the degree of the mduced
micromeha ranging from a shght shorteming of the extremities to ad
vanced and multiple sheletl deformities which could be classified as
chondrodystrophia

The results reported mn the present communication are on the whole
m agreement with those reported by 7 andauer and Zwnlling The find
ings however showed that there were two distinetly different sheletal
abnormahties induced by the insulin injection 1e 1) a mere shortemng
of the legs of the msulin injected embryvos without other apparent mor
phological or histological divesgences from the normal bone and 2) an
extreme shorteming of the legs with important histolosical changes of
the bone combined with other generalized malformations and man:fest
sheletal deformities Skeletal deformities of both tspes appeared
every case 1n the insulin treated material However statistical evidence
provuided from the estimations of the length and wet werght of the tibia
from control and tnsulin injected material show that micromeha ap-
pears first hetween the 8th and 11th davs of incubation te 4 to 7 davs
after the injection of wnsulin 1n the eggs In the hight of these ohsera
tions not mentioned by earhier authors 1t nught he assumed that 1n
sulin interacts 1n some of the early stages of bone formation It 1s
known (Fell 1925) that periosteal bone 1s 1ud down m the eartilagenous
extremities at about the 9th day of tncubation The cffect of insulin on
osteogenests might result in an irreversible distortion of the course of
the process followed by the development of the sheletal deformitics
described

sLMMARY

Injection of 61U insulin s hen s cggs al the Hh dav of ineubstion
induces sheletal abnormalities of two mun tipcs te single micromelia
without other manifest malformations and extreme dwarfism combined
with other generahzed and skeletal deformities of the chondrodhstro
phuc fype

Estimations of the length and the wel weight of the tibia in control
and msulin injected maternl provided statistical evidence that the of
fect of insulin develops first between the 8th and 11th davs of inenba
tion 1e 4 to 7 divs afler the injection
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RESUVME

Lnjection de 6 u: dinsuline dans des oeufs de poules Ie feme jour
de lincubation provoque des tnomalies squelettiques de deux types
prinerpaux, i savorr mrcrom¢lie stmple sans malformations manifestes
et namisme extreme combine a d nutres deformites generalisees et sque
lettiques du ¢y pe chondrodystrophique

Tes evaluations faites concernant la longueur ¢t le poids humide du
tibia dans le matericl de controle et le materiel d obseryation auquel il 1
ete admimistre de linsuline ont fourni la preuve statistique que 1effet
de 1 mmsuline ne se devcloppe qu entre le 8eme et le 11eme jour de 1in
cubation ¢ est 1 dire entre 4 ct 7 jours apres 1 injection

ZUSAMMPNFASSUNC

Injehtion von 6 IU Insulin m ein Huhnerer am dten Tage der Aus
brutung verursacht Shkelcttabnormatiiten von zwererler Haupttyvpen e
emfache Mikromelie ohne andere mamfeste Missbildungen und extre
men Zwergwuchs kombinicrt mit andercn generahsierten und Shelett
msshildungen der chondrodystrophischen Art

Schatzungen der Lange und des Nassgewichles der Tibia von hontro!
und msulinmjziertem Material ergab statistischen Bewas dafur dass
die Insulinworhung erst zwischen dem 8 und 11 Brutungstag also 4 s
7 Tage nach der Inyektion auftritt
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INSULIN INDUCED MICROMELIA IN CHICKRENS
II Biochemucal Study

By

J A SerasTihocLou MD

The mechamism by which the different teratogeme agents induce
congenital malformations 1s largely unhnown In the ease of msulin
mnduced generalized sheletal deformiuties m chichens siry hitle s
known as to whether there 1s any response of the teratogenic infiuence
on the hiochemical pattern of the sheleton However it may be assumed
that the course of the abnormal embrvonie devclopment s to some
extent reflected in the chemical composttion of the hone Furthermore
a correlation mught exist between the morphological histological and
biochenncal development of the sheleton If such mternal relationship
can be proved a better understanding of the mechamism by which the
congenital malformations are mduced can be expected

Works concerning the brochemical composition of the normal shele
ton of the chichen during the embryonic development are very few

s Similarls  biochemical studies of the sheleton during the cmbryome
development of mnsulin induced micromeha are extremely rare

Determmnation of certain chemical components of the embryoni
chichen tibia has been performed partly in normal partiv mn msulin
mduced micromelic embryos and the results are reported in this paper
Furthermore the resulls obtaned here 1re compared and discussed 1
relation to the morphological and histological obsert ations made on
the same material which have been reported 10 an earlier publication
(Sevastihoglon, 1963 a)

The materral and the methods used for the collection of normal and
msubin induced micromelic bone are the same as wn the presious pubhc
ation The brochemical studies reported here are based on quantitatne
determinations of the alkaline and acid phosphates activitics and the
hydroxyproline content of the whole tibtac For determunition of the
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alkahne and acid phosphatase actinities the methods of htng & Arm
strong (1931) as modified by Sevastihoglou (1928) was used Hydroxy
prolmne determmnations were performed by the method disenibed by
Aewman & T ogan (1850}

RESULLTS

The alkahne phosphalase acfipily of the normal bone was vers low
and constant between the oth and 7th dass of mcubation It rose be
tween the 7th and 9th davs and thereafter almost constant values were
obtamed up to the 12th of wncubation After this time a very steep rise
was observed up to the 16th dasv and this was followed by a fall at the
17th and 18th davs of incubabion The alkahne phosphatase achinits 1n

E1 clo/mgwt w ght

Un njeston

Ffyg !
The alkaline ph phata e activaty of the tibis 1n normal {continuous line) and in
ulin inyected (roken line) embrens during the embr snic deselopment
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The mechamism by which the different teratogemic agents mduce
congcnital malformations 1s largely unknown In the case of msuhn
mduced generalized skeletal deformities 1 chickens very hittle s
known as o whether there 1s any response of the teratogenic influence
on the biochemical pattern of the skeleton However 1t may be assumed
that the course of the abnormal umbryonic development 1s to some
extent reflected m the chemical composition of the bone Furthermore
a correlation might exist between the morphological histological and
brochcmieal development of the sheleton If such internal relationship
can be proved a belter under ding of the mechanism by which the
congenital malformations are ixduced ean be expected

Worhs concerning the biochemical composition of the normal shele

. ton of the chichen during the ¢mbryonic development are verv few
, Smularly hiochemical studies of the sheleton during the embryonic
development of insulin induced mrcromeha are extremely rare

Determination of certain chemical components of the embrionic
chichen tiia has been performed partly 1n normal partly i nsuelin
mduced micromelic embryvos and the results are reported in this paper
Furthermore the results obtained here are compired and discussed
relition to the morphological and histolo,ieal observations made on
the same material which have been reported 1n an earher publication
(Sevastihoglou 1963 a)

The material and the methods used for the collection of normal and
smsulin induecd micromelic bone are the same as mn the preyvious public
ation The biochemmeal studies reported here are based on quantitatine
determinations of the alhaline and acid phesphates actiaties nd the
hvdroxyproline content of the whole tibine For detcrmination of the
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Fig 3
The hvdroxsprolin content of the tibia 1n normal (continuous ! ne) and insulin
injected (broken line) emhrvo during the embrvonic devel pment.

DISCLSSI10N

The nature of the investigation and the difficults 1n obtainmng suffy
cuent values made 3t umpossible 1o analvse the results reported 1n this
part of the work statistically The studs of the alkaline and acid phos
phatase actinaty and the collagen content of the libiac of normal and
sulin injceted matenal during the embrvomic development provide
howevcr evidence that there are differences 1 the hiochemical reac
tions of the bonc in these two groups of material In their work 4nder
son and co workers (1%9) riported that thure were no marked ehanges
n the chemical composition of the cirtilage cell or its matrix n insulin
dwarfism The results of these authors are however based on estima
tions of cerlun substances (ghveonen alhabine phosphatase and phos
phonvlase actisity and chondroitin sulphate) on onls the eartilaginous
parts of the long bones of the lower cxtremities of normal and insulin
treated embirsos 14 davs after the injection of insulin into the ey 1€
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at the 18th day of mecubation Morcover their results are afmost ex
clusnnely bascd on histochemical methods the salue of which for
quantitative estimation 1s questionable

The evolution of the alhahne phosphatasce activity of the normal
tibine during the embryvonic desvclopment showed a grea sumslanlby to
the evolution of the enzymatic actniby 1 the cartilaginous cones of
normal embryos as provioushy obsersed (Sevastiloglon 1928) The
enzymatic activity inereased howciir in the ease of the tibiae earhier
than 1n the cones and at showed a decrcase it the later sta,es of em
brvonic iic The role of this enzvme on the normal osteogenesis 1s not
vet known completely and it has heen suggested that alknahine phos
phatase 15 «ngaged n cell differentiation in general and in the differ
entiation of the osteoblasts especially m the case of osteogenesis (Rabal
& Furth 1941 Voog 1943 and 44 Sevastithoglou 1958 and others)
The divergences 1n the alkaline phosphatase actniaty observed between
normal and insulin tre tted tibiae i this work appeared first after the
10th das of incubation Durnng the normal embrvonic development of
the chich osteoblsts differentiate from the periosteum of the long
bones and Iav down bone at ahout the same time of mcubation The
results obtamed here provide more evidence for the parbicipihion of
this enzyvme m the process of osteoblast differentiation ¥ urthermore
they provide more evidence for the suggestion made ecarlier (Sevasit
loglow 1963 a) that mnsulin affects the process of osteogenesis itself
which starts at about the 9th day of incubation

Acid phosphatase has onlv presviously on verv few occastons heen
studied 1 connection with osteogenesis (Castella, 1922 Tonna 1957
Sevastihoglon 1958) The role plaved by this enzvme in this proeess 18
quitc unknown It has been suggested earhier that « relation might exist
between acid phosphatase actniats and bone matrix formation {Sevast
Loglon 1928) As mn the ¢ 1ve of alkaline phosphatase study of the acid
phosphatasc activaty 1n the present work showed deviations between
normal and msulin treated bone first after about the 10th das of 1
cubation providing more evidence of the role of msulin in the mduction
of the sheletal deformities

A pomt winch has becn the object of specral study was the question
of whether there was ans diffcrence in the alhahine and acid phos
phatase actisity between the two types of mnsulin induced sheletal de
formities described carlier ( Sevastthoglou 1963 2) Special estumations
of the enzymatie activilies in micromelic ibrae without other mansfest
deformities and 1 chondrodsstrophie tibrne at the 15th day of ncuba
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tion showed no sigmficant differences 1n the alkaline phosphatase
actinity However ncid phosphatase achivity was higher in the chondro-
dystrophc than in the micromelic bone Because of the unhnown role
plased by the acid phosphat it s to ¢ on the
ralue of this observation

The hsvdroxyproline content of the tibiae indicated their collagen
content Hydroxyprohine determinations of normat and msulin treated
tibiae showed that there wns a difference 1n the values obtained among
the hones of the two groups especialls marhed between 7th and 9th
and between 12th and 13th davs of incubation These differences might
ndicate that the collagen content of the msulin treated bones showed
a decrease already before micromeha had appeared and after a normal:
sation of the values at the 9th day a new decline appeared between the
10th and 13th davs of incubation The former deviation from the
normal 15 difficult to interpret The latter however mught depend on
the insulin effect of osteogenesis mentioned previous!s

The results of this part of the work indeiate that there 1s a connection
between the morphological changes described earlier (Sevastthoglon
1963 a) and the biochemical response of the sheleton under the terato-
genctic influence of insulin Moreover evidence has been accumulated
hoth from morphol 1l and bioch 1l studies that the abnormnl
reaction of the skeleton appears first fong after the injection of wnsulin
and when the ostcogenctic process itself has begun to develop 1e the
9th day of incubation of thereabout

The wav 1 which snsulin induces congemital abnormalities in the
hen embryo has been the subject of several investigations and extensive
discussion It 1s more hikely that this hormone produces alteration in
metabolism of the embrvo and that different tissues have a speaific
suseeptibihty towards the nowous influence of msulin during a certan
particularls eritical period of their des¢<lopment during embryomc life
Several expenimental worhs have shown that insulin influences the
normal development of the chick by upsetting the carbohvdrate meta
botismn of the embrvo Hanan (1920) Dalton & Han al (1840) Zwnlling
1948 and Dur (1902) by est of the blood sugar in
treated embrvos found that hypoglacaemia oceurs after injection of
msuhn during the early stages of embrionic development Lowered
blood sugar values porsist until the 12th day of embryonic hfe and the
embnyos regmin normal blood sugar levels by the 14th das of incubation
(Zunlling 1948) Zwidling 2lso obsenved that embros with a marked
hypoglveaenua up to the 12th daw of incubation showdd the most ex
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treme sheletal deformities If sugar levels returned to normal hetween
the 8th and 10th davs the embryos desveloped only moderate micro
meha The embryos which showed recovery of the normal blood supar
Ievels by the 8th dav of mncubation exhibited no deformity at all and
were mdistingmshable from normal embryes In an attempt to matigate
nsulin micromelin by adding glucose Zwilling (1922) found that glu
cose seemed to exaggerate the effect of msubin Landaner (1916) and
Zwnlling (1949) found that the morphologienl affect of msulin could
be prevented by sunultaneous administration of micotinamide Accord
g to Zwilling (1952) these data show that disturbanccs of the earbo
hydrate cvele at some pownt are mvolved 1n the production of the
anomalies by msuhn The author states further (1948) that apparentls
some mechamsm of sugar control which becomes effectine some time
between the 12th and 14th davs of incubation overcomes the hspo-
glycaemic effects of msulin This statement according to Duraiswan
(1922) mav be supported by the observations of earlier investigators
(Id.um 1924 and Poririn & Aron 1927) that the embryonic hser of
the chich bedins to store glvcogen in appreciable quantities ahout the
11th dav of incubation and that 1t 1s only later that the carbohydrate
metabolism 1 the chich embrvo 1s controlled by 1nteriction between
the appropniate endocrine glands which also begin to sccrete acine
hormones at about the same time Based on thuse obsenations Durais
wamt (1952) concluded that presumably msulin could mduce the
various abnormalities before this control 1s established in the embryo

Chen (1951) 1n a study of the insulin effect on chick embryonic 8-7
dav old bones grown in tissue culture ohserved structural changes of
the bone explants very similar to these observed 1n vivo under the in
fluence of the hormone and concluded that its action 1s a very complex
one He further stated that it scems unhikely that msubn affects the
production of a smngle substance such as chondroitin sulphate as sug

gested by Duraiswamu
Any of the h by which msuhn affects the de-

velopment of the embryomic sheleton lies heyond the scope of fhe
present imvestigation In the hight of the results obtained 1n the prescnt
myestigation 1t 1s however evident that insulin 1njection 1n fertihzed
hens eggs induces abnormal morphologieal and biochemical reachions
of the sheleton resulting 1n deformities which first appcr at about
the 9th day of incubation At this period of embrvonie development
bone 15 laxd down 1n the cartilaginous extremtties It can therefore be
assumed that msulin by some unknown mechanism intersents directh
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m the process of osteogenests as for instance by upsetting protemn
metabolism as 1t has been suggested by Young (1923} More evidence
1s required before this hypothesis can be accepted

SUMMARY

Apart from the morphological changes deseribed 1 a previous pub
hiaction insulin tnjection mn fertilized hens eggs at the 4th dav of
cubation results 1 abnormal biochem:cal reactions of the sheleton

A correlation between the morphol 1 and bioch al distortions
of the sheleton 1s apparent appearmg first at about the 9th dax of mn
cubation

RESLME

A part certaines alterations morphologiques deerites dans une pubh
cation antericure Iinjection dinsuline dans les oeufs de poules fertt
hsés le Jeme jour de Lmcubation donne des reactions biochimiques
anormales du squelette

La correlation entre ces alterations morpholiques et biochimiques du
squelette est evidente napparaissant que le 9eme jour de 1 1incubation

ZUSAMMFNEASSUNG

AL h tol !

son den mor Merinderungen dre in ciner
vorhergehenden ¥ eroffenthichung beschriehen wurden ‘erursacht die
Insuliminjehtion 1n befruchtete Hithnereter am 4 Tage der Ausbriitung
auch abnorme hiochemische Reaktionen des Shelettes

Eine W echselwirhung zwischen den morphologischen und bioche
mischen \ eranderungen des Sheleltes die erst ungefahr am 9 Tag der
Bebrutung auftreten ist offenbar

The important tech 1 t of Mrs Tundblad Maunsbach 1s
gratefully achnowledged The mmvestigation was supported financially
b the Swecish Medical Counest
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FROM THF ORTHOPAEDIC OLT PATIENT CLINIC (HIFAD POLL LLTEEM M D)
14LBORG DENMARR

OLISTHETIC SCOLIOSIS

By

Henvng Toaner

Our hnowledge of scoliosis 1s tn many respects defictent \erv often
a case has to be classified aetiol 11 as orid hic In our
Clinte we found 1n the course of two weehs three cases of lumbar
torsion scoltosis which we would pnmanlv have been inchned to classifs
as wdiopathic while radiographs of the lumbar spine mn the obhque
projection showed lumbar spondylelvsis We then decided to analyvse
our matertal to ascertamn the frequency of torsion and scobosis m
patients with spondslolvsis and spondilohisthesis

Perusal of the literature soon revealed that the concept olisthetic
scoliosts  1s hnown and previoushs deseribed but fairly unheeded 1n
Seandmanviin Iiterature

As earlv as 1388 \eugebauer obsersed typical torsion scoliosis of the
Tumbar spine which he related to unilateral spondslohsthesis which he
called hemiospondylic  According to Taillard (9) sumilar cases have
later been published by others (4) but the mechamsm of this scoliosis
was not desenbed in detul until 1937 by Gloricux & Roederer (6) (cf
Fig 1) Their hipure was accompanied by the following explanation

W\ hen one spondslols sis—in a spine having bilateral spondvlolvsis—
“gapes the anlcrior verfebral segment shps over the sacral bone
rotating 1t the same time on the narrower spondilolssis This shpping
hns several consequences

1 The rotalion of the vertebral body grnes nise to a lateral shift of
the body s the axis of rotation 1s eccentric The body leaves the mid
Line approaching the sacro ilinc joint closer to the avis of rotation

2 Ths rotation exerts 2 traction on the intervertebral dise especaally
on the side opposite to the axis of rotalion This traction reduces the
height of the dise In consequence the vertebral bodv will “sink on
the side opposite to the point of rotation
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Fug 1
The mechanism of the development of the ohsth tic scoliosis 1 the Iumbo acral
regren (From Clorienx P % Reederer € La Spondilolvse et ses con equences
Masson Paris 1937)

Thas explanation has been aceepted n all essentinls by subscquent
worhers Taillard (9) has summed up the critersn of an obsthelic
scoliosis as follows

Curtvature of the lumbar spine with marked torsion sisthle parti
cularly on the overlving body The olisthctic body 1s frequently asym
mctrieal showmg 1 reduced height on one stde Morcoser it 1s exposed
to marhed torsion hut the vertebril arch 1s not imvolved in thes rotation
rem uning ssvnumetrical in the nteroposterior vicw

This »» of course the loenl consequence of the mechanism n
Glorteuz s sheteh Tadlard adhered strietls 1o these cniterin and there
fore found only 2 few cases of olisthelic scoliosis

Brocher (3) nccepted Glortenr s explinition s far s the rolation
on the spondsistic gp on the contralateri side s coneerned while on
the mechanism of onsct of the scoltosis he states  Tius rothion has w
unfortunate mflucnce upon stitic function 2ffccting one of the ntost
vulnerable sites of the spime vz the luntho sacral junclion

From a sertes of 115 patients with spondylohsthesis Bosworth
Filding et al (2} concluded that a elear relationship scems to exint
between scoliosts 1 the lumbar spine and spondslohsthess In thur
serics 26 out of 110 prtwats or 23 % had some measurc of scoltosts
There wis no rel thonship betwien the degroe of olisthesis md tht
severity of scoliosis It 1« not mentioned whether these eases fulfilled
the eritery of Glorenr

Among 75 patents with spondylolyars nd spondilolisthin andif
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20 vears of age Iaurent & Ewnola (7) found scohosis in 27 1e 36 %
o patient not even those with marhed torsion showed signs of um
laternl spondylolvsis which according to the first publications by
Glorteux w supp 1 to predisy to ths 1

In an American series of 3 000 healthy males aged 18-6o vears sub
mitted to pre employvment radiological examination of the lumbar spine
Allen & I'tndem (1950 (1)) found scohosis in 00 >% The degree of
seoliosis 1s not stated and no mention 1s made of torsion These values
are gnven for comparison with those mentioned above

PRFSFNT SFRIFS

The X ras films of a1l eases diagnosed as spondslolvsis andor spon
dvlolisthesis from the time the OQut patient Chinic was estabhished i
1820 up to the end of 1961 were reviened Sufficient radiegraphs was
available for nearls all the patients and supplementars films were ob
tamned of the remuinder

The films of 261 patients were reviewed From this matenal 24
patients were excluded for the following reasons Some had been
subjected to spondilodesis or hemilaminectoms and all having hemm
sacralization and spondylopseudoltsthests were ruled out 1 order to
obtun a more pure series ind exclude certain hnown causes of
scohosis

Tius lcaves 237 patients distrnibuled as follows

A Lumbar spondilolvsis 62
B Tumbar spondslohsthess 175

In both groups therc arc about twice 2s many males as females and
the average age—at the time when the patient was first seen—was 1
shown in Fig 2

Table 1 corresponds to the usual finding 1« that 1in about four Hifths
of atl cases it 1s the fifth lumbar body which 15 involved

Table 2 shows that the graat majorty of patients had mild forms of
spondilolisthesis If the severits of spondilolisthests did 1ncrease with
whianeing age the nverage age would be expeeted to be highest for the
Styge ¥ and IV patunts In the present series however these stages
were represonted onls in sery voung palients

In analvamng the ¢ases of scaliosis the entorin of Glortenr were onls
pirtialhy ohserved Inorder to attribute the scoliosis to spondslolvsis it
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10 patients
with spendslo
listhesis

10 patients
with spondilo-
Tvsis

1 2 3 4 5 6 7 decade
Fig 2
The patients aterage age at thewr first visit to the chnie
There are two summits 1 the 2 and 1n the 5-6 decade representing the age when
the olisthesis or the torsion appears and the age when the Jow back pain gives more
severe trouble

TABLE 1
Site of spondylalysts

| £1th Jumbar | Fourth lumbar 1 ‘Third lambar , Oth raeriel rae
i

Number of cases 183 60 6 1
Percentage 220 2495 24 04c
TABLE 2
Severtty of spondylolisthests
Mey rhin,s ta es A R

Stage I less than 25 ¢ shpmng 71 42 113 646  #4years

Stage I ?5-50 % slipping 33 20 53 303 43 vears
Stage I 50-75 ¢ shipping 1 2 6 34 28 vears
Stage I\ more than 75 % slipping 2 1 3 17 15 years

was demanded first that it was a true torston scoliosis and secondly that
the torsion had 1ts maxmmum at the Ivtic or ohisthetic vertebra There
fore all cases of scoliosis unaccompanied by forsion and nli cases i
which the torsion had 1 m ramum 1n another stte are listed separitels
Moreover cases having only torsion of the lumbar spine wath a maxi
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Fip 3

4 45 year-old labourer The mildest form of torsion 1acluded 1 the series The

obbique views disclo ed spondylol sis of the fifth lumbar body on both sides of the
arch No spondslolisthesis

mum at the site of the spondviolstic body are gnen separately The
torsion had to be indubitable the mildest cases included being of the
order of magmtude 1llustrated m Fig 3 On the other hand no regard
was paid to whelher the spinous process on the olisthetie bods was 1n
alignment with the other spinous processes Frequentls the spinous
process of the fifth lumbnar body 1s of an abnormal situation owing to
all the transitional varicties to spina bifidq which aceording to several
wthors (2 7 9) 1s of an increased ncrdence 1n patients with spondslo
1+s13 Morcover no regard was paid to whether the olisthetic body had

sunk on the olisthetic side or on the contralateral side—which may
occur too ccording to the present series Brieflv as so called olisthelic
scohiosis I included all forms of torsion scoliosis in the lumbar spine
starting at the site of the ohsthetie or Ivhic vertehra and decreasing up-
wards 1f oo other causes of the scoliosis or torsion were demonstrable
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Py b
A 55 vear old smallholder D tinct torsion scoliosss Other \ rass di closed bilateral
spondilolysts of the fifth lumbar hody and spondy le listhesss of 36 % In this ease
there 15 a question of asymmetrical shpping with simultancous torsion and
subsequent scolinsis

Accordmg to Table 3 the imncidence of torsion scoltosis among pr
tints with spondylolvers and spondslolisthesis s about 30 ¢ It 1»
evident also that among the patients with spondylolysis more than 2
quarter had distinct torsion This torsion 1s so typical that whenestr
we observed 1t on an anteroposterior view we did 2n oblique view of the
tumbar spme As set we are unable to submat the accurate frequency of
spondilolysis 1n these cases but we found 1t very often

In Tawllard s opiyon the majorits of the scohoses which do not fnnh
the named criteria of Glorieux are due to pain It seems to b 1 charae
teristic of pam mduced scoliosts that as 4 rule 1t changes It mas be
menhoned thit 1n 10 cases se possess repeat radiographies aftes an
mtersal of 1-6 vears All 10 patients are over 20 vears of 14¢ wd helong
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Fig >
4 57 vear 1d smaliholder Di tinct tersion coli $i1s starting at the third lumbar
tod In thus case the latcral displacement 1s § ronounced

TABLE 3
Frequency of torsion anl sc los s in
A Fatuntsvath pond 11 sis

Tron | Sotof witl
| with  fmum | utt mjon
Torsi n trin e m
ponfyl hie mumt ~ nin
ke [
Female 5 Ly 2
Male 12 15 1
T tat 17 21 3
be cent 7 o 48 ¢
B Fatient with p ndvl Is thest
1 emale 1 "0 ‘
Male 9 32 %
T tal 10 5 1
Iroem 5 an 3¢
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Fig 6 Fig 7
Eigs 6-7
Fig 6 Oblique view of the patient shown m Fig 5 A companson with Fig 7
revealed that the shipping is asymmetrical 1e a torsion Spondvlolisis is
present
Fig 7 Again the patient from Figs 5 and 6 1n the opposite oblique projection
On this side the forward shipping 1s not vistble

to the group of spondylolisthesis Moreover we have repeat \ rays of
‘J 6 patients having spondslolysis with torsion Neither the scohiosis nor
- the torsion had changed 1n ans of these 16 cases This should be com
pared with the fact that in the present series as in most others 1t was
not possible to demonstrate any definite merease n the degree of
spondslohisthesis after the age of 25 apart from what may he due fo an
asseciated degeneration of the dise (Friberg (5) and others)

CONCLLSION

On the basis of the present series and upon studies of the hteraturet
seems justified to establish that—apart from gning nise to ohisthesis—
Iumbar spondylolysis may cause torston of the lumbar column and that
this torsion when attaining a severc degree or when olisthesis super
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venes mav give rise to scoliosts 1n the lumbar spine Thus this tvpe of
scoljosis may be classified among the osteo.emic structural scolioses
and 1s characterized s follows

1 On the \ ras film 1t presents atself as torsion scoliosis the maxt

mum torsion being at the Ivtic vertebra usualls the lumbo sacral

Jjunchion

As a rule it 1nses at the same hime as the spondvlohisthesis 1e

during the growth peniod

After its onset 1t undergoes practically no changes

4 The incidence i our series was about 30 % n a group of patients
with spondslolvsis and or spondvlolisthesis having low bach pain

*

ce

SUMMARY

Analysis of the \ ras films of 237 patients with spondslohsis andor
spondilolisthesis reveled associated torsion scoliosis i bout 30 %
The literature on this tvpe of scoliosis 1s reviewed and the criteria
summed up \Moreover tyvpical torsion of the lumbar spine was found
m 27 <5 of the pahents with spondslolsis

RFSLVE

L analvse des radiographses de 237 malades souffrant de spondslolvse
ouet de spondilolisthese a revele une scoliose associée dans environ
30 % des cas La Iittérature sur ce tepe de scohiose est passee en revue
ctil est donne un résume des critéres Par ulleurs une torsion iy prque
de 1a colonne lombaire a ete trouved chez 27 € des malades souffrant
de spondilolsse

ZUSAMMENFASSUNCG

Dic Analvse von Renlgenfihmen von 297 Patienten mut Spandslolise
und oder Spondilolisthese zete eine damit verbundene Torsionssho
ltose in ungefahr 30 Die I itteratur uber dicse Sholiosets pe wird durch
gegangen und thre Rhennzachen werdon aufgezahlt Dariiber hinaus
wurde eine typische Torsion der I endenwirbelsiule tn 27 <% der Patien
ten mit Spondlolsse gefunden
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FROM THF ORTHOPAEDIC CLINIC HARNGSAND (HFAD \ILS LINDSTROM ML)

EXPERIENCE IN WRIST JOINT ARTHRODESIS

A Follow up Invesligalion inlo 16 Operated Cases

By

I ars DANELSSON and T ARS UNANDER Scuariy

INTRODLCTION

The most common mdications for wnst joint arthrodesis are post
traumatic—arthritic—and also neurological injuries The arthrodesis
mav be performed in various wavs the radiocarpal approach alone
and also 1in combination with intercarpal and carpometacarpal arthro
dests Various methads are described in the hiterature

Radiocarpal arthrodests Smith Petersen s method with ulnar trans
plant + hone chips Seddon s method (a somewhat modified Smuith
Petersen)

Radtocarpal + intercarpal arthrodesis Abbotts method using an
tleum graft + bone chips Liebolt s method onlsy utilises bone chips
from the leum Brochman Nissen s method ntroduces tapered radus
tnto both rows of carpal bones

Radwcarpal + tntercarpal + carpomelacarpal arthrodests Colonna
wnd Wichstroem introduce nb bone transplant into the radius carpus
and metacarpals I and 111 Bnittain s method utihises tibial transplant
m the radius carpus and metacarpal 11T

in all methods excepting those of Brittamn and Brochman \issen car
tilage resection takes place With the methods of Smuth Petersen and
Seddon primars resection of the distal ulna takes place

In the Orthopaedic Chinic 1n Harnosand 17 patients underwent wrist
Jomnt arthrodeses The series was followed up One patient had died
during the intervening period and one patien! had moved and could
not be contactd Thus 15 patients werc followed up 10 men and 5
women One woman was eperated on hilaterally The series thus com
prises 16 wrist jomt operations Nine patients all night handed under
went operation on the left side The indications for operation can be
seen an Table 1
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Objective wnwestigation

Cliniealls arthrodesis was present i 12 cases Adjusting movemuts
occurred m 3 patients all with graft fracture Two of these dd nut
consider this shight instabibls to b troublesome Total instabiity
existed 1 1 patient who had meurred mfection posfoperatindy

The position of the wrist was on ayerage at 15° dorsat flevion Three
patients bad 15 of radia) deviation one pahient had 15 ol ulnar deva
tion and the remmming wrists were i 4 mud position Pro and supima
tion morements were normal apart from 3 patients (4 wnists) Indof
these cases the distal ulnar fragment was not resected

Finger mobilits was normal n all cases except 3 These latler had
neuroipgiea! drsturbances or rhenmatic changes pre operatnvels sofhat
1t 1s difficult to deerde if the operation was the cause of the Itmitd
mobility

The opponens function was normal m i cases except 1 (2 paben!
with spastic hemmplegr) A reduction in sensibility on the dorsal sk
of the wrist within an area about 5 ems wide around the operation star
was present 1n 5 cases Othernise no neurological disturbantes eansed
by the operition could be abserved Shoulder and elhow mobiliks had
not been affected in any case by the post apesative regumen See Tabl
11 for dvnamometer values

DISCUSSION

There has been much discussion whether 2 suff wrst joint 15 )“5(:‘
fied In our settes pun and deformity were so severe that we com\dere]
that the indications euisted After the operation the strength of the h:{“l(\
was nol sigmficantly reduced and the pro and supmation "‘“b‘:
remamed by and large unchanged and in the majority of ¢15e> norm
The cosmefie result was also good

Brittan s method was somewhat modified 1
f1o0n was carrsed out radiocarpally wd i the nuddle of th
w15 sann out ‘Ihs proved later to be unsurtable ovns
graft fracture A small ip can be sawn out of the graft st
to ud its insertion

If there 1s 4 reduction 1n pro and supmabion mob
1s too long i the redocarpal joint after resechion 1
of the ulna must he resected

hus the earblase Tesee
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Jits orf the Wy
he st {racment



FROM THF ORTHOPAFDIC CLINIC HARVGSAND (HEAD MLSDISLSTI T 4.

EXPERIENCE IN WRIST JOINT ARTHRODESI®

A Follow up Inveshigation o 16 Operaled Cazrs

By

1 ars Danicesson and LaRs UNANDER Scyarrs

INTRODLUCTION

“The most common ndications for wrist jomt arthrodests 2+ ¢ -
traumatic—arthritic—and also neurologieal mjuries The a-t+— 4
may be performed n various ways the tathocarpal approz &3
and also 1 combination with intercarpal and carpometacarpal 2% =1
dests \arous methods are desemibed 1n the Iiterature

Radigcarpal arthrodests Smuth Petersen s method with ulna ¥oi-
plant + bone chips Seddon s method (a somewhal modified & (.
Petersen)

Radwcarpal + ntercarpal arthrodests  Abbotts method we-r o
tleum graft 4+ hone chups Licholts method only ubtilises bane ¢ 3
from the sleum Brockman Nissen s method introduces tapered rz;
nto both rows of carpal bones

Radcarpal + wnlercarpal + carpometacarpal arthrodests Co? -4
and W ichstroem introduce rih hone transplant into the radigs ez
and metacarpals IT and 11T Brittam s method utilises tibial trans,

i the ridius carpus and metacarpal 111

In il methods excepting those of Brittamn and Brockman \ssser P
tilage resection takes place With the methods of Smith Petersen -
Seddon primary resection of the distal ulna takes place

In the Orthopaedie Chime 1 Harndsand 17 patients undernent v
jomnt arthrodeses The series was f{ollowed up One patient hag I'd
duning the intervening peried and one patient had mosed and g'»‘r
not hie contacted Thus 15 patients were folloned up 10 men ans
women One woman was operated on bilateralls The serses thug ;
prises 16 wrist jount operations “ine patients all right handed uyL
went operation on the feft side The dications for operalion ¢z~ .
secn an Table 1 ’ I/
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Fig 1
Malacia of the semilunar bone
a  Before operation
b After operation

Fig o
Rheumatord arthritss
a  Before operation
b After operation

Operaltve techmque 13 wrist joints were operatcd on and titna grafts
were inserted 1n a chiselied groove 1n the radius the carpus and also
metacarpal Il Cartilge resection was performed n these cases radio-
carpllv but not intcrearpalls or carpometacarpalls The method 15
therefore a modified Brittain (Figs 1 and 2) In 3 cases Abbott s method
was cmploved (Fig 3) The distal ulna was resected m 5 wrists

The operation was performed 1n a closed ficld Narcosis was used n
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Fracture of the navicular earber operated on
a  Before arthrodesis
b After arthrodesis

4 of the operations and plexus anesthesitin 12 In the later cases tibial
grafts were taken under local anesthesia In conjunction with the opera
tion a circular plastcr was applied cut primanly and stretching from
the elhow to the interphalangeal joint of the thumb indeed to the
metacarpophalangeal joints of the fingers Re plastering and removal
of sutures took place after 2 weeks The average period of fixation
lasted 17 weehs

Postoperative complications were observed In one case wound
fuetion occurred the transplant sequestrated and had to be removed
3V months after operation A tibia fracture at the site of the graft was
obserived mn one case 2, nionths after the operation in conjunction with
traumn Graft fractures were observed 1n 3 cases (1n one case carpo
metacarpally wnd in 2 cases in the middle of the transplant) Olherwise
no postoperatine compheations were observed

Follow up investigation

12 of the patients stated that they were plensed with the results 3
were dissatisfied 4 of the 12 satislied patients declared that they had
slizht aching after heavn work the other 8 (1 operated hiaterally)
were completels free from trouble even with heavy work The 3 dis
sitisfid patients «tated that they were subject to aching with light
work

Waorking capacily

11 patients had redurned to thar old work Two patients had been
truncd in hghter occupations Two pitients were incapable of working

"1 acT onrn xxxm §
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Objeclive tnvestigalion

Cliucalls arthrodesis was present in 12 eases Adjusting movements
occurred in 3 patients all with graft fracture Two of these did not
consider this shight instability to be troubl Total tability
eusted mn 1 patient who had mcurred mfection postoperatiely

The position of the wrist was on average at 1o dorsal flexion Three
patients had 15 of radial deviation one patient had 15 of ulnar devia
tton and the remaning wnists were 1t a mud position Pro and supina
tion movements were normal apart from 3 patients {4 wrists) In 3 of
these cases the distal ulnar fragment was not resected

Finger mobihity was normal n all cases except 3 These latter had
neurological disturbances or rheumatic changes pre operatively so that
it 1s difficult to decide 1f the operation was the cruse of the hmited
mobility

The opponens function was normal 1 all cases except 1 (a patient
with spastic hemiplegia) A reduction m sensihihits on the dorsal side
of the wnist withint an area about 5 ems wade around the operation sear
was present in 5 cases Othervise no neurological disturbances caused
by the operation could be observed Shoulder and elbow mobilitx had
not been affceted m any case by the post operative regimen See Table
I for dsnamomcter values

DISCUSSION

There has been much discussion shether a stiff wrist joint 15 jush

fied In our series pain and deformits were so severe that we considered
) that the indications existed After the operation the strength of the hand

was not significantly reduced and the pro and supination mobilits
remained by and large unchanged and m the majonty of casts normal
The cosmetic result was also good

Brittain s method was somewhat modified Thus the cirtilane resec
tan was carried out radiocarpalls mnd i the myddle of the grift a notch
was sann out This prosed later to be unsuitable owing to the rish of
graft fracture A small lip can be sawn out of the graft nstead in order
to aid 1its insertion

If there 1s a reduction 1n pro and supination mohiitts or 3f the ulna
1s 100 long 1 the rudiocarpal Joint afler resection the dist it fri ment
of the ulna must be resected
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SULMVMVARY

17 patients with the diagnosis rheumatoid arthritis post traumatie
arthrosis and paresis were operated on 1o patients with 16 opcrated
wrist Joints were followed up 12 patients were pleased and 3 displeased
In 12 wrist joinls osseous anhvlosis and 2 good functional condition
were achieved

RFSLMF

17 malades pour lesquels avaient ete poses les diagnostics arthrite
thumatoide arthrose post traumatique et paresie ont ete operes 1o
malades avec 16 articulations du poignet operees ont ete survis 12
malades etawnt satisfaits et 3 Dans 12 p ts une anhy
lose osseuse tt une bonne condition fonctionnelle avaient ete obtenues

ZUSAMMENFASSUNG

17 Patienten mit reumatischer Artritis post traumatischer Arthrosis
und Paresen wurden openiert 15 Patienten mit operierten Handgelen
hen wurden nachuntersucht 12 Patienten waren zufrieden 3 nicht
beschwerdefrer Ber 12 Handgelenhen wurden knocherne Anhtlose
und emne gute Funktion erreicht
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HEMANGIOMA Or' THE KNEE JOINT
By

STEN RaRLHOLY and Ja\ STJERNSW ARD

hnee jomt hemangioma may be the cause of pamn lasting many years
for which the correct diagnosis cannot be determined—oftin because
the presence of synovial hemangioma 1s not brought into consideration

Exploratory surgery as usually necessary for the dingnosis Among
the relatively few cases n the hterature the correct preoperatne
diagnosts was ouly estabhished i exceptronal cases During the period
1948 to 1961 three cases were {reated at the Norrbacka Institule and
reporfs of these are given below

Case Vo 1

6740 53 A woman aged 72 with an extremel tender site since the age of 17 2
cms medial of the left patella with pronounced palpatory lenderness and hsper
esthesia. She has had intermittent aching and shight swelling of 3 cms in evient
above the area of tenderness The patient took part in physical exercise wn school
without restriction Relief was gnen by applving a lirm elastic bandage ostr the
hnee There was no himitation of movement or painful movement in the knee joint
o locking

Status General condstion ncrmal

Local statzs A small button shaped protrusion cruld be palpated on the medial
side yust zbove the joint of the left knee very tendir on a level with the proximal
edge of the capsule fold The range of mction was normal There was n» dilference
n length of bone

Preaperatively a glomus tumour ¢t menscus ganglion was suspected Hadie graphic
findings were negatine

Operation  Extra articulars nothing was found but a certain swelling of the
capsule This was opened and a hluish black pocket lihe formation the size of a
bean was encountered proceeding from the capsule This formati n with the sur
rounding part of the svnoval membrane was estirpated

Histology 1n sectioning fibrous tissue was seen in which lav a fairly will defined
cavernous hemangiomatons tumour \o glomus clements cculd be ! ened No
hasts for malipmity or specific 1nflammation Cavernous hemangima

Dastoprratu el there were ne complications After 7 vears observat
still no sy mptoms

n there were
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Case Yo 2

189448 A woman aged 34 with intermittent aching localized to the lateral side
of the right patella for the last three vears When bending the hnee or after rising
10 her feet she expertenced pain and she had difficulty chimbing staies She could
not kneel dywn There was no lacking It was not possible to ascertain tranma from
the Physiotherapy  plaster and radiotherap had no
effect

Status General condition normal

Local status  Shght diffuse swelling of the right hnee with contour maintained
No exudate There was mu cle atrophy of the right thigh 1 ¢m 10 extent 1o cms
proumally from the base of the patella Palpable capsule thichemng and intense
tenderness were found abosve the lateral femoral condsle There was no tenderness
above the medial or lateral men: cus and ligaments The patella could be displaced
Taterally somen! at less 1o the right side than to the left

d and knee ar were negatne so that ex
plorators surgery was carned out

Oprration  An 1paision was made lateral to the patella In the fibrous eapsule
immediately adjacent to the patella a limited area of change was found 3-f mms
deep and with a diameter of 1X 1 cm well vascularized and edematous in oval
excision of the whole area was performed but the joint stself was not eatered

Histology Loose connectine tissue wilh rich vasculanization Vemns with obliterated
lumen owing to a pronounced edematous intima Clo e by there were well defined
clusters of cavernous blood filled sessels with thin walls A thin laver of conmectne
tissue formed a cap ule hike Line of demarcati n Spread around these formations
and other parts of the tissue numerous minor ves els were found generall con
tracted with small lumina and parth conditioned by irregular proliferation of
intima Here and there surrounding the vessels there was an abundance of hmpho
cvtes and plasma cells Certam of the vessels were rich mn nucler and the cells had
an epithelinid appearance and were directly joned t  shrunken capillary angio
matous parts surrounded by scants smo th musculature There was no basis for
malignant tumour or specific inflammation There was mainls cavernous hemangio
matous formation

Postoperaticely \o complications No ssmptoms

€as Vo 3

173761 A gurl aged 13 with & 6 vear anamnesis of intermittent aching above the
right knee persisting the whole 74 hours and increasing after exertion The patient
declared that the troutle prahably commenced 10 connection With a severe blow
1o the right knee at the age of 6 “ow ant again she experienced swelling shave the
right hnee and ncticed that there was ometime a click In the hoee She bad never
had anv Dehing The m ther occasionally ob erved a shght limp The patient had
heen examimed b a number of doctors over recent vears Repeated \ rav examina
tions had been negative and the di case remained undiagnosed

Status Ceneral e nditi nn rmal Asthenic build

Local status \o obvious hmp Con iderable quadriceps atrophv existed In the
right leg equal to 45 cms  at a di tance of 17 ems., above the base of the patella.

The range of movemenl in the hnee joint was 180-50 degrees Distinet and
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intense palpatory tenderness was present in zn area 2X 2 cms 1n size and 3 ems
proxumal and medial from the base of the patella No hydrops \o instabilis The
right leg was 1 cm shorter than the Jeft measured from the anterior superir filac
spine to the upper margin of the medial mallenlus Heflexes and sensibility were
normal Skin colour was average The hnee \ ray showed a normal picture

Presperatiely a glomus tumour or chondromalacta of the patella with chronic
bursitis was suspected After applving a knee plaster for two wecks there was nc
change and an arthrotom)y was decided

Operation A well defined capsular hemangioma the size of a plum was extirpated
1t proceeded from the protumal synovial membranc upwards against the vastus
medialis muscle

Histology In the section fatty and connective tissue groups of dilated vessels were
seen with very thin fibrous walls The architecture of the vessels was cavernous
There was no basis for The prepal was d to be an angie
matous formation with cavernous structures

Postoperatitely At the check up after 4 months the girl was free from pain
without palpation tenderness and possessed good mobility 150-60 degrees A quadrnt
ceps atrophy of 25 cms was present 15 ems above the base of the patella The
patient who was previously nemvous and complaining s now  according to the
father happy and Iively

DISCLSSION

The 3 related cases all had intermittcnt 2ching and swelling palpa
tory capsular thickening and distinct palpatory tendcrness Quadriceps
atrophy was measured n 2 patients Two of the cases expenienced the
first trouble at the early ages of 6 and 12 vears They all had a long
case histors 3 6 and 10 ycars before the correct diagnosis was made
Rknee radiography showed normal conditions

When studying earlier cases reported i the htcrature the above
details were found to be typieal of 2 hnee jont hemangioma Trouble
was experienced 2t an carly age (3 4 6 8 9 12 16 19 27 36) nd
usualls the patints had suffered for several sears before the correct
dignosis conld be made (1 3 4 9 12 16 17 19 21 27) W caver (1939)
emph 1s1zes that no benign tumour with the execption of the glomus
tumour causes aching as often as hemangioma The quadriceps atrophy
(4 9 17 19 21 31) was scen to be a normal ehimieal finding A palpable
tumour occurred m about half of the cases and then was often diffuselt
palpable 3 markedly palpable tumour diminishes on eleytion of the
leg Bone lenght disturbances were observed by some authors with
mereased growth mn length in two out of nine cases {19) The oceurrenct
of mereised bone length 1 hemangiom 1 1s stressed by W caver e
mely few cases of knee jomnt hemangioma were corrietly dugnosed
preoperatiel Preoperitisely a number of dingnoses were made such
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as chronic bursitis glomus tumour chondromalacia patellae growing
pams loose bodv thc hemarthrosis ge arthnhis lues and meniscus
njury

Radiography did not give any gumde to the diagnosis Puncture of the
tumour with the exchange of blood and diminished swelhing on elevation
may result in some gurdance (11 21 31) Angiography may be avalua
ble measure 1t obtamming a pteoperatinely diagnosts (2 17) but 1s
sometimes negative owing to thrombosis preventing suitable contrast
Dithng {6 15)

The ctiology 1s unknown The majority of authors accept the theory
of a congemital anomaly where the sy mptoms often hegin in connection
with trauma (3 4 6 16 17 21 31)

Therapy dependes on the spread of the hemangioma With stalk
hemangioma the result 1s good when the tumour 1s excised VWith dif
fuscly spread hemangioma Bennef & Cobey recommended \ ray therapy
without anv attempt at excision

SLMMARY

Three cases of hemangioma of the hnee jomnt are reported Inter
mittent pain and palpabel tenderness were the main ssmploms together
with atrophy of the quadriceps muscles and local swelling,

Surgical exploration determined the diagnosis and the excision of
the pedunculated tumour afforded complete rehief

RESUVME

Trows cas d hémangiome de Larticulation du genou sont rappories
1es principaux symplomes chimques étaient des douleurs intermitten
tes lenflure 1atrophie des muscles quadnceps et une sensibilite dou
lourcuse palpablc

I exploration chirurgical établit le diagnostic et lexciston de Ia
tumeur pedonculée assura un complet souligement au malade

ZUSAMMFNFASSUNCG

Dra Fdle von Haemangiome des hmiegelenhes werden henichtet Die
Khmschen Hauptssmptome waren ntermutierende Schmerzen und
Swellung  Atrophie des m quidriceps und Druchempfindlichhest

Die chirurgische Fralegung, gab die Diagnose und dic T nifernung
des gestielten Tumors hrachte vollst indige Herlung,



1o

1

~

-

a

-

3

STEN KARTTHOIN and JAN ST UNSA XD

NELERINCLS

Vbane Rop 7 Smintanmins hotmnnglom b hag tH Dfcrontlal Wagn siiken
AR etrknmakript Byperalgest Nord Med ey a7

Bartlep € X Wichhom 1 Angl geaphy in soft Lissuc bemangloma \ats val] |
A1 (2 T 1O

Benn 0 € 1 R Cobep M€ Nomangloma of Sonts Ar b Surg 280487 193)

frertele € Baiteag sur honntnds dee Hamsnglomc doy hndggelonks 2000 (hie
AN AR Y]

fectedmniatn 1] Zivhumskeipte hascrnose fHimangiome der hnfogatentdo) sel
7l Chir 8§ 710 16027

Readely L1 Sanostal Homangloma of the bice Jotut Bl Woap Jolut sy
17 (1) B8 apr 1066

Horchut 1 Tummcur droctile de bartiondatim i genow Gave Wil de Parle
2) 170 e

Chtard I Hondbudch dee Sporidien Pathologd Jdian Anaband und Saotogi 9
n 77 1wy

Colep WO Momangibma of fointy Arch Surg 46 4% 101

Bt 0 Ober etnen Fall son Anghan doe Rnkoggelonkapael Oreltonal | )
Ahd 1814

Pogpera M Z1rkum slipte havorns o Hameang! e dir hatoodokkegsel 210
Chir 3 1408 17

Tre ! Caeaf angloma of avpesind Mombranc and of musdos Beit Med J
101147 1001

Haas U Ober Gefd stam deen der hnforconkdapsel Dot e 71 dhe Chte 1211
LRIURIP 2

Hamom T 0 Uunangioma of the xynonial membiang of the kiee Hint vl
byomanoncdhmy Arch Surg 370151 1941

Hiertonn T % Seflinger A 2 Va cular abnormolities of the cetremition with
pusl referonce Uy arteris serome shupts o pros

Hitg nbery I € Clr Dimanglome dev € cdenklap o U Bodte hin Chie (21
4h 1

Jneabr 13 % Pee W I Nomanghma of e hna Joknt 1 Mwe 3t Sk
IR L IR

Jolmsandr 1 W Chormtey B A S Dclerin M B Namanghitua of the o
trmities Surg Gynec Obst 102() %11 1136

Tewis R € Coventry M B S Ssale P H Vemunghmn of the s ial mem
hrane 1 Bome It Sure 4f G261 100

Maowmtmteitde 1 Angbme de 1artfeulati o du gon w Ball et mom S d
Chir de Farls 29 100016

Ui uny 4 Cher cinen §afl vou Bifegddenk Bap dangimme 7t €hie (R M
1917

Olereat 3 T Nomangh o of the hnee Joint 1AM €52 008 1023

Ol BRI Angh mn of the Toee ) Int Surg Chle Nartl Awer fr681 194

Palep 7 Un s dangt e aapsulaire de Uartlenlatim du genby bre e AT
4% 12 1%

Papntin I € Cagnt v R Anglowa della (oo lale del winaahls Minens
Orthop 11 27 1080



»
g

o 2
g3

o

e
2

HEMANGIOMA OF THF KNFF JOINT 3n

Ragnott: F Langioma della capsula articolare del ginocchio Arch di Chir
44 189 1937

Ritter I Fehldeutung eines havernosen Hamangiomes der hniegelenk hapsel
als eingeklemmter Innenmeniskus Zbl Chir 77(1) 310 195

Stahr 0 Uber Geschw ZLottenwucherung 1m h lenk. Zbl
Chir 287 1978
Stauber der Bursa pr laris Zbl Char 82(33) 1409 1957

Stout 4 P Tumors of the soft tissue Atlas of Tumor Pathology Section IT
fase 1I Washington 1953

Weater J B Hemangiomata of the lower extremities J Bone Jt Surg 0
731 1938

Venezian E  Irocessi morbosi primitivy della capsula articulare Chir Orls
Movim 15 266 1929



FROM THF CHILDREN S HOSPITAL UNIVERSITY OF HFLSINKI FINLAND

CONGENITAL PSEUDARTHROSIS OI' THE TIBIA
By

M Stravas and P VILhkt

Congenital pseudarthrosis of the tiba 1s a rare echimcal entity resis
tant to all forms of therapy during infancy and early childhood Amght
(1) classifies the cases into three tspes 1 defect of the mid fiwa at
birth 2 fracture associated with a congenital cyst of the tiba and 3
Iracture associated with congenital bowing of the tibia The third group
1s probabls the rarest and forms a curious entity for winch no under
hing cause of the weakness of the hibia can be discovered A minor
trauma or correctine osteotomy for bowing resulls mn pscudarthrosis
1 which union 1s most difficult fo secure—even more difficult than m
the other forms of congenital pseudarthrosss (2) The published data
(1 2 3 4) show that umion 1if obtained 1 this condition s often ac
companted by considerable deforrmts and shortening of the leg Al
though rare the discase ments the attention of clinicians since the
consequences to the child 1if treatment 1s not adequate are most sc
rious amputation of the leg, being by no means infrequently the end
result (2)

The purpose of this paper 1s to desenibe those cases of congenital
pseudarthros:s of the tiha treated in this hospital 1 which the weah
ness of the bone 1s really idiopathre 10 nature and not due to a tumour
or cvst or to a macropscopic defect In all our three cases the tiba was
too weak to allow normal weight bearing from the begimmng and the
pseudarthrosis became mamfest when the patient first began to wath
The history of bowing of the leg was apparent from birth In one cast
the pseudarthrosis was not present when the patient was first seen m
this hospital but resulted from a corrective ostcotomy for severe bowng
of the tihsn

CASE RLPORTS

Case I RS abov with 1 cuned left leg took his first steps al the
age of 14 months A seryv shight trauma resulted m swelling and ten
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AGE2 5 21 31
OPERNo2 ~ 43 4

Fig 1
Case 1 Age of the patient and operations performed are indicated belo  the \ rav
pictures Operation numbers relate to table 1

derness of the leg and the patient was admtted to the local hospatal
There an old fracture of the left ima was diagnosed The bowing at
the site of the fracture was corrected by open reduction and the imb
immohihzed 1n a plaster cast Despite long and effectine immobihization
no union occurred

The boy was first scen at thes hosprtal at the age of two vears \ ray
examination (Fig 1) showed a tvpical picture of pseudarthrosis in the
left tibin hutween the middie and lower thirds of the bone At operation
tOper 2 Table 1) the fibrous pseudarthrosis was removed and the
contralatiral fibula transfixed Like an intramedullary nail across the
defuet Biopsy showed fibrous connectne bissue with sslets of hyvahine
cartilage there being no sign of normal bone formation The first bone
grfting fauled but five grafting operations over the next six vears gra
dualls resulted in bonsy umon (Table 1) The growth of the leg was not
arrested by the disease or by the grafting operations (Table 2) The hoy
1s now walking with the aid of 4 light leather brace
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TABLE 1
o and 13 pe of operat on l )‘)ff, 1 Re ult
Case 1
1 Qpen reduction 1 absorption of hone
Fragmentation pscudarthrosts
2 Resection of pseudarthrosts 2 absorption of graft
Fibular autograft pseudarthros)s
3 Costal dual onlay 2% absorption of grafts
auto and homograft pseudarthrosis
4 Resection of pseudarthrosis 3 bony umon through cailys at
leal crista autograft first later refracture
5 Costal homograft with 4 partial bony unron
wntramedutlary nailing
6 Costal autograft 5lz absorption of graft
reappearance of fracture
7 Loung castal by pass 7 bony union of tibia and grafis
autograft
Case 2
1 Closed reduction 1 pseudarthrosis
Plaster cast
2 Fibular autograft 1% partial hony union reappearance
of fracture at mobiization
3 Resection of pseudoarthrosts 21y callus formatson Jater
/ Fibular autografy fracture through callus
4 Costal homoegraft 4 partial bonv unfon
bowing of tilna
5 Long costal by pass 7 partial boms union of Uina
homograft fracture hine through graft
Case 3
1 Tibial osteotomy dual 1 absorption of grafis
onlay costal homograft psendarthrosis
2 Long costal aute and 1% first incorporation later
homografts  bv pass fracture of grafts
3 Long costal homografts 2 bons union of grafis

by pass defect of tibia
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Case 2 JH aboy aged 14 months Shortly nfter learning fo walk
he fell from a low footstool hurting his left leg He was immediately ad
mtted to this hospital X ray (Fig 2) showed an old fracture of the
left tina with bowing below the site of the fracture Closed reduction

TABLF 2
Length of both tibac tn em

Age years ca 1 Case2 cae3
1 n d sn dx in
1 139 137 139 137 135 142
2 10 135 157 158 174 170
3 173 165 181 182
5 24 5 232 "33
7 M43 749 216 276
difference n
length —01 0 +02
[R—

.,
—_
N\-—

AGET 2 1 3
OPER Nol2 3

Fig
Case 7 Age an! operatinns as indicated in Fig 1
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TABLF 1
o andt pe of operat on ylgf, Resun
Case 1
1 Open reduction 1 absorption of bone
Fragmentation pseudarthrosis
2 Resection of pseudarthrosis 2 absorption of graft
Fibular autograft pseudarthrosis
3 Costal dual onlay 2'% absorption of grafts
auto and homograft psendarthrosis
4 Resection of pseudarthrosis 3 bhony union through callus at
Tleal crista autograft fiest later refracture
5 Costal homograft with 4 partial bony union
ntramedulilary nailing
6 Costal autrgraft 5% absorption of graft
reappearance of fracture
7 Long costal by pass 7 bony union of tilna and graflts
autograft
Case 2
1 Closed reduction 1 pseudarthrosis
Plaster cast
2 Fibular autograft 1%  partial bony unlon Teappearance
of fracture at mohilization
3 Resection of pseudoarthrosis 2% callus formation later
Tihular autograft fracture through callus
4 Costal homograft 4 partial hony union
bowing of tibia
§ Long costal by pass 7 partial bony union of titia
homograft fracture line through graft
Case 3
1 Tibial osteotomy dual 1 absorption of grafts
oulay costal homograft pseudarthrosis
2 Long costal auto and 1% first incorporation later
homografts by pass fracture of grafls
3 Long costal homografts 2 bon¥ union of grafts

b pass

defect of tibia
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biopsy specimen from the second operation small pieces of bone em
bedded 1n scar hike connective tissue were scen To-dav a1 bonv union
of the grafts 1s apparent There 1s however 2 cvstic defect of the tibn
proper and she 1s stil wearing a walking plaster cast

1
\

\ W

Fig §
Phatograph of the legs of case 3 before the first operation

DISCLSSION

‘The three cases of congemital timal pseudarthrosis described required
multiple bone grafting operations before 1 bomy umon was achievcd
In spite of the multiple operations—or perhaps thanks to them—n gross
deformity of the bone was avoided and no arrest of the normal growth
of the leg occurred As bons union was secured at the age of 7 1n two
of the eases and at the age of 2 in the third there will be ample time for
the normal growth of the bone to correct the residual minor deformities
The great tendenes to recurrence of childhood pseudarthrosis 15 well
hnown Therefore a hight brace to protect the leg from external trau
mat11s stll continucd 1n Al cases Despate the brace the children arc
able to undirtahe fairly normal physical activities

In our c1ses the source of the bone used 1 the grafting operations
seems to have been of minor amportance Fibula aleal erista and ribs
from the patients themselves werd used as antografts Frozen il from
the bone hank as well 15 fresh homografts were also used Tong
puss grafts hndgaing far bevond the pseudarthrosis on each syde seem
to be incorporited more rendils than short onlwy grafis or intramedut
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Iary genfts Tong by pass grafts of Mckarland (4) tvpe were preforred
at the latest operations No aftempt was made to remove the fihrous
pseudarthrosis tissue sice this might have jeopardized the ende nour
io mamntun the normal lengih of the bone Although well mecorporated
at the ends the Iy pass grafts also showed 1 great tendenes to frac
ture at the onginal site of the pscudarthrosis The tendenes to fracture
at this magic [level even mn the epposite leg s curtously demonstrated
by the two patients in whom the contralateral fibul w s used as graft
ing material Both of these developed 2 pseudarthrosis at the cxactly
same level of the otherwise normalls regencraling contralateral fibula

Intramedullary pail fixation was used onls once 1n our cists No
other internal flixation devices were employed except sutuning of the
onlay grafts with wire We feel that internal fixation as recommended
by some authors (2 4 5) has hittle value 1n these cases provided that
efficient grafting procedures arc begun carly enough to presen! the
deselapinent of grass deformits

As s 1 nown from the hiterature (1 2) the prognosis of hone grafting
1n congeminl pscudarthrosis becomes better and better with the growth
of the cluld If a morc or less normal leg can be maint uned unil pu
berty a good result 1s the rule Unfortunately serious deformits and
shortening of the le, 15 often <o esident even at preschool ge that 1m
putation has to be resorted to W e feel that our active attitude to regrift
mng s soon s the previous graft shows signs of falure 1s of the utmost
mportance m preventing the deformity and shorlening Also by [re
quent regrafting advantage 1s tahen of the ¢arhiest possible moment for
the bone consolidation as condilions gradually become favourable for
union The age of possible consolidation must vary from pitient fo
patient othcrwise the unpredictable resulls of the same grafting proce
dure at virious ages and i differcnt patients are mcomprehensible

Thest ¢ases of ours like other sertes 1n the hterature show claarly
enongh that a leg with congemitu psendirihrosis cin be restored to
normal function and length by careful surgical manigement The fail
ures oo often encountered mv be largels woided 1if the disease 18
diagnosed early and the trettment phinned with ll the thoroughness
demanded by these very difficult cases

SLMMARY

Three cises of cangenttal preudarthrosts of the hibin i imd with
mulbiple bone grafting operations re described The result of the trent
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ment 1n all three cases 1s a stable leg of normal length None of the cases
has yet reached sheletal maturity

RESUNME

Trois cas de psendarthose congemitale du tima traites par des opera
tions de multiples greffes osseuses sont decrits Dans les trois cas le
resultat du traitement a ete une jambe stable le longueur normale Dans
aucun des cas la matunite squelettique n est encore atteinte

ZLSAMMENFASSUNC

Drer Falle von angchorener Pseudarthrose der Tibia die muttels
wiederholten hnoch ationen behandelt wurden werden
beschneben Das Ergebris der Behandlung st 1n allen dre: Fillen ein
stabiler Unterschenkel von normaler I ange heiner der Fille hat noch
Shelettyoulreife erreicht
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FROM TUF RRONPRINSESSE MARTHAS INSTITUTT 050
(HEAD IS NISHEN LI+ UD)

THE AXIS OF THE ANKLE JOINT AND ITS IMPORTANCE
IN SUBTALAR ARTHRODESIS*

By

Trovas WarLer

The direction of the axis of the ankle josnt 15 described somcwhat
varioush mn the Iiterature but generalis 1t 1s desenbed as almost entirely
transserse i reltion to the sagattal plane of the normal fool

Barnett Mapier & Hicks examined the axs of the ankle jomt
greater dotnl Barnell & Maper exanuned 152 cirtilage covered talus
bones and found that the medial profile of tht trochlea 14 composed of
an anterior arc with 1 small radius and a posterior are wath < lirge
radzs while the lateral profile consists of 2 single are with t medum
sized radius (Fu, 1)

In moving the foot dorsalls to the O posttion (hoth 1n the dorsal and
plaantar direction n this dorsal arca of movemoent} st s the antcnor
part of the trochler with the sharp medial are which 1 in contict with
the tibin From this Barnett & Napier concInded that these mosements
muast occur around an 1xs which 1s hiher medially than lateralis
(F1g 1a) The reverse wn the case with movemcnts phintarto the O posi
tion tboth 10 the plantar and dorsal direction n this plintar area of
movement) now it 1s the poslcrior part of the trochlea wath the slack
medinl are which s 1n contact with the iz Those moyoments must
therefore occur around an s which s lower mednlls thin Dieralls
tFig 1 b)

The oblique pasition of both axes mn relation Lo the honzontal phin
varies amongst mdmaduals

The extent of the s 1r 3t10m 10 breadth s not stitud dircetly in Baraell
& Mapirs work but from graphs it appeirs that the obhiquily of the
axis for the plantir area varied from 0 to 16 nd that the obhguts

1 Reprinted after corrcction frem The Trocecdings of the Nordi b Orthe pzln‘l
£ renings 30th Assemtbs in Osle shere the article contamnel s me ¢ nfu ng ers ¢
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ZYV

Fig 14 Fig 1B
Figs 1 tanin

The medial profile of the tr chlea tali is comi o ed of an anterior curve with a small
radius and a p sterior curve wilh a large ralius The lateral profile consists of 4
single cunve of medium sized radius Movements f the { ot dorsall to the O pos:
tion therefore occur about an axis that is higher medially than lateralls (1 &) and
movements plantar to the O posttion occur ab ut an aus that 1s lower medialls
than laterall (1 B) For clanits the lateral side of (the left) talus 1s g2 en 1o mirror
reflection {Barnett & Vapter 195% Repr lucid from the J urnal of Anatomv with

kind permissicn of the editcr and Hf the authors )

of the auis for the dorsal ares 1 selected groups totalling 83 bhones
varied from 0 to 14

Hicks examined the movements m the anklc joint by means of »
presumably normal preparations The seft tissue of the preparations
was presersed up to 4 cms above the ankle joint The movements were
produced by puthng on the tendons both sith and without weight
hearing by the foot

Ilieks also found 2 axes ond for the dorsal and another for the plantar
arcy of movement The axes had the same direction of inclination re
latine to the horizontal plane as Barnrell & Napter had calculated More
over Hieks found that both axes passed ebliquels an relation to the
frontal plane of the foot s the medial end of both axes pointed some
what ventralls On Hicks illustration (Fig 2) T have measured the
honzontal projection of the divergencs of the axes from the frontal
plane and found 1t to be 14 and 17 (The frontal plane 1s thought to
he at nipht angles to the longitndimal axss of the foot On Fig 2 the

aa
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Fig 2
Axes of ankle joint pa = avis of movements plantar to O josition da == 2xis of
movements dorsal to O position (If1eks 1953 Hedrawn from the Journal of Anatemy
with hind permission of the editors and the authrrs )

horizontal projection of the foot ss shown in shght ahduction so the
oblique posttion of the rnkle axes appears larger still }

As chinteal landmarks Hicks states that the avas of the dors il arc of
moiement passes from 4 point 1Y cms i front of the Up of the medral
malleolus to 2 point ¥, em below the Lip of the Iateral malleolus and
that the axis of the plantar aren passes from 1 point 1Y ems an fronl
of the tip of the medial malleolus and 1 cm helow 1t to ¢ pont ¥/ em
above the tip of the lateral malleolus

The fact that the ankle 1n1s passes obliquely mstead of at right angles
1o the sa,ittal plane of the foot means that the foot moves n the inhie
Jomt bhe a badly mounted whee! M we imagme the sagittal plane of
the foot fo be 4 round dise with the ankle joint n ats centre and the
anhle aus mounted obliquels the disc will wobble from side to side 10
its movements around the auis (Fig 3) If we regard the tip of the foot
we call this swerve ahduction wduction of we regard the heel (repre
sented by 2 eranio caudal Line of dircetion) we eall this swene valgus
varus A model ke that in Fi, 4 wobbles repularly The sw v of the
foot becomes 1rregulir because the ankle axis changes dircction when
the O position s passed
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Fg3i Fig 3B
Figs 3 4and B
The sagittal plane of the foot mav be regarded as a round disc wilh the anhle Joint
In the centre and the aus of the jomt oblique (3 4) On mosement aboul 1ts aus
the dise + Sl wobble Like & poorly mounted wheel (3 B)

Normallv the swenve of the ankle joint 1s compensated as required
I\ opposing movements in the talo-tarsal Jomnts so that the swene s
difficult to detect \When subtalar arthrodesis has been performed
however this i\ 1on h 15 Hed and the swerie
comes to hiht This means that the foot after performance of subtalar
arthrodesis places itself in different digrees of varus or valgus accord
1ng, to the different degrees of height of the shoe s heel

The extent of the swerve normally vanes according to the indivaiduoal
In a pathological series which feet with subtalar arthrodesis certainiy
form the vanalion must be assumed to be larger than normal! This
must alreads be aceepled for the reasen that even if the axis passes
normally 1n redation to the malleolt and the talus then a malposition
of the heel wall produce an abnormal position between the avis and the
arecdean plane of the bee ) with a consequcent ahnormal swerse of the keel

Figs 4-11 show some examples of how 4 ems hft of the heel mn-
fluences the yvalgusvarus position of the hedl when subtalar arthrodesis
has been earried out The indinadual vapation 1s as can be seen con
stderible from no swerve (Fig 8) to considerable swene in the sarus
directton (Fig )) None of the examples show snemve in the valgus
direction nor can I remember seewng such 1 swerse 2t any time in
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Fig 3
Man aged 48 Ieft foot He had had
poliomvelitis as a child and triple
arthrodesys as an adult The shght
varuys position with a support of ¢
ems under the heel made the foot so
unsteady that he could not use this
height of heel which would have been
desirable because of shorteming
of the leg

f
- !i

mgeme .

Fig +
Cirl aged 10 Ilaterat
sdiopathic pes plano
valgu  Dbilateral ar
thredesis am Crice

THOMAS WiLIER

Fig 5
Girl aged 1’ Right frol Policmselitis
arthrodesis am Grice Shortening «f the
leg made a 4 cms heel desirable so that
the arthrodesis may be regarded ay leing
in wdeal rosition desplte considerable
valgus barefooted

Fig £
Corl aged 13 ITeft fot PH
myelitis arthrolesisam Crice
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Fig 9
Woman aged 48 Left foot Calcaneus
fracture triple arthrodesis

Fig 8
Man aged 43 Left foot Car( sarus
triple arthrodesss
No appreciable swerve

Fig 10
Bov aged 11 vears Hight foot Pes valgus after
di ision of tendon of antersor tibial muscle
arthrodests am Grice

Fig 11
B v aged 13 ear  (harc t Marie Tocths di ¢a e hidatcral triple arthe dest
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plantir flexion The swerse seums to be particulirly prominent
ptients who had pelie as chuldren (Figs 4 o, 6)

Now 1t s the cise that the varus position 1s endurcd much Iess casily
than the valgus position not least by polio pattents

The conclusion 1s therefore that m the adjustment of a sublahyr
arthrodesis on the operation table consuderation must be gnen o the
degree of plantar flexion which 1t 1s destrable for the patient to carey
out without the foot assummng 2 varus position In other words con
sideration must be given to the hewght of heel which the patient will
require 1n his footwenr after the operation wath 2 shight addition for
walking down Ills The height of the heel mav be determined ty cos
metie wishes or by shortening of the extremts

Allowance for the height of the heel 1s most sumpls achiesed by undcr
taking the adjustment of the arthrodesis with the ankle jont in the
pointed foot positzon which the desired heel height requires and not at
right angles between le,, and sole of foat

W 1th this procedure one does not need to know hew Inrgc or smail s
the patrent 5 swerve mn the ankle Joint If the swerve 1s large the fool
places itself mn a deformnung valgus position when walhing harcfool
(Fig 5) but this must be sard to be of mmor importance 1 this con
nection It 1s the price the patient must pav to walk comfortablsy and
neatly with shoes on If the swerve 1s small the fact that the subhifar
adjustment 1s undertaken with the anhle in the pointed foot posihon
will not very much nffect the position of the foot when walking bare
foot (Fig 8) It mav he accepted that this procedure 1s more rednble
than with the anhle 2t right angles the haphazard adyustmnt of the
arthrodesis to som¢ degree of valgus position 1n order to compensate
for the unhnown large swerie 1n the varus dircetion eansed by he
shoe heel

SUMMARY

Barnelt, \aprer & Hichs showed that the axs of the ikl Jont
passcs obliquels 1n relation to the sagitial plane of the foot This means
that the foot moves i the ankle Jont hike 4 poorly mounted whed tt
swertes from side to side Normally the swerve 18 compensated Torn
the talotarsal joints but when subtalar arthrodests s boen performed
there s no compens thion The size and s ariabihits of the hiteral swene
of the heel 1n a plantar flexion corresponding to 1 shot had of 4 ems I8
demonstrated In all the eases demonstrated the hicel swenes o the
varus direction on such plantar flexion af it does swerve an
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\arus 1s endured less easily than valgus The conclusion therefore ts
that 1n adjustmg a subtalar arthrodesis on the operatng table con
sideration must be given to the height of the heel the patient 1s to use
(eg owing to shortening of the extremits) This 1s done by adjusting
the subtalar arthrodesis with the anhie joint in the pointed foot position
which the height of the heel requires and not at night angles between
leg and sole of foot

RESUME

Barpett, hapter & Hicks ont montre que 1 axe de I articulation de In
chesille est incline par rapport an plan sagital du pred Cela sigmfie
que le pred sc meut dans 1 arhiculation de la cheville comme une roue
mal montee qui est ¢ projetee» dun cote a lautre Normalement 1
projection est compensee dans les articulations talotarsiennes mais
dans 1 arthrodése sous astragalienne ellc nest pas compensee 11 est
fait In démonstration de ] importance et de la variabilite de 1a projection
de cote du talon lorsque la flexion plantaire correspond a un talon de
chaussure de 4 ¢m de hauteur Dans fous les cas indiques le talon est
projete en direction varus 4 cette flexion plantmire sil est projete

On supporte moins bien la position varus que valgus C est pourquor
on en conclut qu au moment d etablir 1 arthrodese sous astragalienne
sur la table d operation 1l convient de temir compte de la hauteur du
talon que portera le malade (par ex par suite d un raccourcissement
de lcxtremate) On le fait en adaptant | arthrodese sous astragahienne
a Iarhiculation de la cheville dans la position du pred idiquée par la
hauteur du talon de la chaussure et non 1 angle drost entre la jJambe
et Ia plante du ped

ZUSAMMENFASSUNC

Barnell Naprer & Hichs haben nachgewiesen dass die Achse des
Rnochdlgelenhes tm Verhaltmis zur Sagittalebene des Fusscs schrag
verlauft Das bedeutet dass der Fuss sich im hnochelgelenk wie emn
schlecht montiertes Rad bewegt er wirft sich von Seite zu Sate
Normalerwese wird dieses Werfen 1n den Talotarsalgelenken hom
pensiert aber nach einer subtalaren Arthrodcse geht heine hompensa
tion vor sich - D¢ Crosse und Vanation der Fersenablenhung ber emner
Piantsrllexion dic aancr Absatzhohe von 4 em entspricht wird demon
striert In allen den vorgezesgten I'illen wird dit Furse bm ewner solchen
Phintarflexion i der Varusrichtung abgelenkt wenn cmne Ablenkung
ubcrhwpt stattfindet
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1.n¢ Varusstellung wird schlechter vertigen als cine Valgusstellung,
Man schhiesst daher dass man ber der Anpassung uner subialaren
Arthrodese am Operitionstische Riichsicht anf die Absatzhohe netunon
muss dic der Patient spiterhin brauchen soll (z Bsp wegpen Glid
massenyverhurzung) Das geschieht indem man die Subtalarirthrodese
mt dem hnochelgelenk in der Spitzfussstellung zusammenpasst die du
Absatzhohe erfordert und micht im reehten Wanhed zwischen Unter
schenhel und Fusssohle
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PROPHYLACTIC ANTICOAGULANT THERAPY
IN THE TREATMENT OF LOWER LIMB FRACTURES

By

hatno A SoLoNEN

The present paper 1s concerned with a chinieal study of the value of
anticoagulant phophslaxss m patients with fractures The aim was also
to trs to evaluate the effect of the anticoagulant on the healing of the
fractures The tnal was restricted to a group of fracture patients sus
ceptible to tromhoembolic complications Phophylaus must conse
quently be regarded as justified especially as the methods emploved
and the Iaboratory control of treatment are routine hospital work

The 1dea of this study was ginven by my chief who became nterested
in the subject after reading the excellent paper of Semift & Gallagher
(1959) Thewr matenal consisted solelv of patients with fractures of
the femoral neck and the anticoagulan! used was phenindione Thes
established a sharp decrease 1n the il of venous thr and
pulmonary embolism 1n patients given prophylachic treatment but thes
failed to mention the effect of prophylaxis on the healing of the frac
tures The healing of fractures in experimental ammals given anticoa
gulants was studied eg by Stinchfield et al (1926) who found that
both ante- wnd perativels ed ant 1 therapy (He-
pann and Dicumarol) delay the healing of an experimental fracture of
the os ileum (cancellous bone) The same obsersation was made by
Winolla el al (1908) m their study of the effect of heparin and dicu
maro!l on the healing of fractured rabbit radius

Sertlt et al reported pulmonary embolism in ¢ 20 per cent of the
autopstes in the Bir Accrdent Hy 1 and 1t was the cause of
deathan 14 per cent of the otal series and as much as 40-50 per cent of
“elderly patients who died after 2 fractured femur tibia or pelus
Further thrombosis of deep veins of the lower imbs was established in
over 80 per cent of elderly patients who died after a fractured femur
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Pulmonary embolism was reported by Hermann el af (1961) in 0 4 per
cent of operatnnels treated patients Thes ire convinced of the benefit
of anticoagulant prophylaxis In 4 391 autopsies Coon ef al (1959) (sta
blishcd pulmonary cmboli 1n 606 cases (13 8 per cent)  they werd the
cruse of denth i 198 cases Warks el al (1904) estimated thal i a
husy hospital of 500 beds an mverage of 10 fatal pulmonary cmboh will
occur each vear

Sertes

‘The scries consisted of patients aged 40 or over with one of the lower
himb fractures hsted 1 Table 1

TABLF 1
Vaterial
toanu
Diagnosis | cosgut ot Gontral | Tunal

Fracture of the femoral neck 20 » 4
Trochanteric fracture 18 186 P
Fracture of the shaft of the femur 17 15 3
Fracture of the shaft of the tibia (and fibula) 36 a6 7
Total 89 8) HA

The distribution by sex varied in the different groups but the total
)l‘lmau male ratlowas e & 3

I THOD
Collection of the malerial

To achieve the greatest relinbility possible m the comprrison hetwaen
the propinlactic group and the control group the subjeets for tich
sroup were tahen from patients admutted at the same time to the clinie
Tyery other patient aged 40 or oser who was admutted for tre wmont for
the fracturcs mentioned sn Table 1 was included 1a the prophniius
group and every other patint in the control group Howeser some
transfers had to he made from one group to the ather e g in cises with
1 contrundication for the use of an anticonguiant agent A trinsfiss
from one group to the other or omussions from the tolal scrics 1€g
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1oving to another hospital) were offset by a corresponding transfer or
omssion from the other group Otherwise however the series 1s com-
pletely unselected

The collection of the series was commenced m spring 1960 and ended
m autumn 1961

The trial

Phenylindandione (Trombosol Star 0 0atabl) was the anticoagu
lant emploved 1n the present study The imitinl phenvlindandione dose
120-300 mg was selected as indinidually as possible At the beginning
of the tra! the anticoagulant was admmstered from the post traumatic
or post-operatne day but half wav through 1t the phophslats was
changed and was begun only on the 5th post traumatic or post operative
dav The change was not because of complications but stmply 1n an
effort to achieve the grealest possible elimination of detrimental effects

Cont dications to ant lant theraps were sought at the outset
on the basis of prel 3 data and sub mvestigation The ap-
pearance of haemorrhagic and thromt bolic ¢ hications 1n both

groups was established at the earliest possible stage and managed ac
cordingly and independently of the study i question The phenslindan
dione dosage was controlled frequently by the Thrombhotest method
{Owren) The Thrombotest value was hept at 10-2u per cent as far as
possible In the absenee of any 1my the ant 1 therapy
wis continued unhl the patient was mobihised satisfactory or dis
charged

An analvsis of some prognosticalls important charactensties of the
patients shows eg that ¢ 62 per cent were 1n good and ¢ 12 1n poor
condition on admission 18 per cent were complicated by obesity 2 per
cent were incapable of walking before the aceident 18 per cent were in
poor mental 1 (senile aleohol sequela of apoplexy
psichosis ele )} 21 per cent had hyvpertension of sarving degree (svs
tolic blood pressure over 170 mm Hg) another 21 per cent had cardiac
fmlure of varving sevensty 17 per cent had eardiosclerosis 3 per cent
had post apoplectic hemiparesis or hemuplegia 8 per cent had varicose
1ens an the lower limbs

The methods of treatment were the consenvative or operative proce
dures commoniy used at the clime \When operation was decided 1f
anticoagulant prophvlaxis had been imtiated 1t was discontinued and
the patient was given vitamin ha on the day preceding the operation
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and on the dav of the operation ifself Prophylictic phenvlindandione
treatment was started 1gun after the operation according to the sche
dule followed primarily

The results of the tnvestigation

TABLF 2
Climeall, blished thrombosis of the deep vemn of the lower limb

| 1 henylin tandione [ tontrot
| group &roup
Fracture [} "*‘
I Sieot | Throm [ g o | T
(0 group | SR | telroup | L7
Fracture of the femoral nech 20 - 22 4
Trochaateric fracture 16 16 H
Fracture of the shaft of the femur 17 ~ 15 1
Fracture of the shaft of the tibia
(and fibula) 36 3 4
Total 83 - 89 u

The relatinve incrdence of senous thrombosis of the lower imbs of the
phenylindandione group was thus 0 and of the control series 16 pr
cent

TABLF 3
Clmcally I cases ¢f y
(u tth or without diagnosed thromboses)

Clinicalts Ca csof pulmonary nt 1l m
est Li hel —_— -
fnou I U nt T lents
thromt is withs n us witb ut 0
Fracture rom Table 24 thronitn 1+ W re mbos)
Leml It mt Ih
T Tcontrot U dm cortml Uin tonwat
Tone | group dion  grup b Froup
group | Rroup £roup
Fracture of the femoral nech 4 4 1 1
Trochanteric fracture 5 1
Fracture of the shaft
of the femur 1 1
Fracture of the shaft \
of the tibia (and fibula) 4

Total 1 i t s
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The thromboembolic complications established were treated routine-
Is luding the use of ant and independentls of the n
vestigation

TABLE 1
Arterial thromboses of the heart and systemuie circulation

! ro bo of
Co onary Cerebral e entenal
| e mbo \ tneombosis | 1 femoral
! )
= | s |
Fra tur =5
| - =5 -
) xe RIS
= [ ‘ T
i T
Fracture of the
femoral ne h - > _ 2 _ - _ _
Trochanteric fracture - ~ - - - 1 - -
Fracture of the shaft
of the femur - 1 - - - - - 1
Fracture of the shaft
of the tiba (and
fibula) - ~ - - - - - -
Total - 3 - 2 - 1 - 1
TABLE 5
Other complications
ta mo |
D bitu Peum 1 e o'y i embal m
Tractur
-
-5
== -
! P
| o= %
Eracture of the
femoral nech [ S N - 1
Trochanteric fracture N R L T - -
Fracture of the shaft of
the femur 1 - T - - _
Eracture of the shaft of
the titsa (and fitula) - L T -
Total 1 4 3 4 s - 1 - 1

Atinor ramidly heale ! wound anfections s ere distcgarded
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Pulmonary embolism was staled 1 ¢ 1 per cenl of the anticoapulant
prophylaxis group and in ¢ 8 per cent of the controls Only the cases
sath a diagnosis that was censtdered certamn were included 1n the el
culation

The age of these patients was 48-89 vears (veraige 68) The seneral
condilion was qssessed s good n onlby one ease Ondy one of them died
and the diignosis of embolism w 1s confirmed at autopsy

The hiemorrhagic complications were significant i onlv one case
described m more detul 1 connection with Table 6 The haemorrhage
was n andiettion for the discontinuation of wnticongulint theripy 1n
201 3 cases of the phensvhindandione group I urthermore one of the con
trols also developed a furly muld but manifest melacn for reasons
which remaned obseure (Cf Hemley et af 1961)

TABIL 6
Causes of death

1
Matn ausesof death Secon fary cau es 1 idenslint 8 ) Gorint dl

Pulmonary embolism Pneumonia - 3
Bronchopneumonia Pulmonary emholism 1 -
Heart disease - 1
Diabetes - 1
Melaena 1 1
Hjypertension Heart failure ” 1
Mesenterial thrombosis - 1

Carcinoma 1

0ther causes 1

s

Ttal 6 8

An infirm woman of 74 who was yund at autopss to have minor thrombrses
of the pulmenary arters
& waman af 83 who dicd of diahetic coma \o autopsy was gerform |

A woman »f 79 who shoned nesther anamnesticalls n r clinicall ¢ nirs
indications i r the use of anticc agulants Was given onhy 475 mg  f phen¥l
+ Autopsy

indandione altogether 1n 3 davs The Thrombotest vatue fell ty
established 1n addition te bronchopneumenia also definite haem rrhagle
enteritis ¢ hitis and evstitis probably eaused by the anticoagulant
One of these patients a weman of 67 had in additicn purulent h)
and gangrencus (not hacmarrhagic) evslitls

4 woman of 87 who was gradually prostrated Senhle exhaustion N aulopsy

cev stithy

was performed
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Six patients (¢ 7 per cent) of the anticoagulant group and 8 (¢ 9
per cent) of the contrals died duning treatment all with erther trochan
teric fractures or fractures of lhe femoral nech The causes of death
are collected 1n Table 6 unfortunatelv not all of them were autopsied
(see Table 6)

The average age of the dead patients was over 82 Most of them were
aiready 1n poor condition on admission Ten of these 14 patients sus
tatned the fracture in their onn room falling on the floor 1 fell out
of bed 1 a home for the aged 1 fell down n the \ rav department of
the hospital 1 on the stairs at home and 1 on the street

The pattents were follawed up for 13-18 months after discharge The
results of fracture treatment were about the same 1n the two groups
Pseudatrthrosis developed m about 4 per cent of the diaphyseal fractures
of hoth groups Delayed union was established m two cases of the phe
nyhindandione group onv There was nothing 1o indicate that the oss1
fication disturbance occurring 1n fractures among the patients gien
phenylindandione would not have developed af the anticoagulant had
not been administered

The senies 1s lumted 1 size and especially the number of the repre
sentatues of cach sub group small Hence 1t 1s impassible to draw con
clusions concerning the end results of the fractures In particular com
patison of the consolidation times of the two groups requires a large
mafterial which 1s homogeneous ar regards age tvpe of fracture and de
tails of treatment It 1s impossible 1n elimical work to establish the con
sohdation times accuratels and the length of the treatment period 1s
alsa affected by so many even secondary factors that comparison 1s
precluded The answer to many important questions must be left ta
ammal expenments which have been conducted concurrently with this
studs by Rokkanen & Slalis {1963)

DISCUSSION

The of pheny prophelaxis vaned The penod
was governed not by the conditions of the investigation but by the ¢l
nical requirements and the patient s recovers

\ enous thrombosis was successfulis prevented In using phenshndan
dionc—in the prophslas group there was not 1 single chimically many
€<t venous thrombiosis whereas nearls 16 per cent of the controls were
thus affected The latter figure would surels have been considerabls
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ligher had the ecarliest and most complete possible activation excreise
and ambulation not alwass been a rule m the hospital (Aatha 1960)
Pulmonary embolism was established elintealls 1n only ¢ 1 per cent
of the patients recesing anticoagulant therapy but in 8 per cent of the
conirol 1t wis the mun cause of death in 3 per cont of the control
proup s a whole and 1 over 37 per cent of the fatihities of the group

Other arleninl thrombocmbolisms were estibiished 1n another 7 pa
tients 1n the control series alone All these embolisms were very scrious
comphcations In only one a case of mesenterinl thrombosis was the
arterial thromboembolism the dircet cause of death

Of the other complications the haemorrhagic complhication deseries
especial attention The phenvlindandione and control groups did not
differ as rcgards the course of the trauma wnduced wound or frictur
hematom The same s true of operation wounds and even of the cases
i which anticoagulant prophyvlaxis was initinted on the first post-ope
ratne day Three of the phenshadandione patients however had me
Inent or hiematuna This s not chniealls sigmiflicant m 2 cases and
ceased when the anticoagulant was discontinued It was a sccondary
cause of death n I case It 1s obivous that although no recognised con
trundications can be di trated special care must be obsenved m
the administration of phenyhindandione to the wed (Hieber 1961)

No difference was estabhished betwcen the anticonpulnt and the
control proups regarding the mcidence and severity of decubitus ¢ ey
pold et al 1961) wound infections nd other comphications

In the diaphyseal fractures of the phemvhindandione group deinved
unton occurred 1n ¢ 4 per cent and pscudarthrosss m ¢ 4 per cunt
Pseudarthrosis was established also 1n ¢ 4 per cent of the diphyseal
[ractures of the controls

Fractures of the cancellous aren the proumal part of the femur
healed similarls in both groups The fact that there was onfy one petud
arthrosts following fracture of the femoril neck m both groups 1s pro-
bablv duc to the indnidual non schematic selection of thoripenhe me
thods for this fracture

There seemed fo be an unusualls extensive cloud like ¢ llus forma
tion af the sort often scen after mtramedullars nathing n 2 consena
trvely treated eases of femoral fracture in the mticorgul nt group One
of them resulted 1n pseud trihrosis the other in unton This shsersation
1s by no means umque n 1 fracture matenial but in e cises may
have been due to the anticogulant admntstered
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CONCLUSIONS

Anticoagulant prophylaxis with phenylindandione seems to be well
suited for the prevention of venous thrombosis and hence of pulmo
nary emhohsm n middle aged or older patients with lower limb frac
ture

It has also a distinctly preventing effect on artenial thromboses Hence
anticoagulant prophylaxis obviously reduces mortality in patients with
a susceptibility for senous or arterinl thrombosis

The anticoagulant used may 1n some cases delay union of diaphyseal
fracture

Carefully controlled anticoalugant therapy does not seem to increase
the haemorrhagic complications of traumatic and operatisve wounds

Pomnts to be remembered specially in treating elderly persons in poor
physial condition with phenyhndandione are mucosal haemorrhages
or an enhanced susceptibilits to bleeding for unhnown reasons

SUMMARY

Tighty nine patients aged 40 or more who had fractures of the fe
moral neck trochanterie fractures fractures of the femoral diaphysis
or of the tibial (and fibular) diaphysis were treated consersatiels or
operatively In addifron thev were ginven phenyhndandione prophslact
ealls from the 2nd-5th post traumatic or post operatne day until they
were discharged or had become satisfactorily mobile An equal number
of sumiar fracture patients were treated concurrentls by the same me
thods but withoul anticoalugant prophylavs

No chiniealls d rable case of throml of the peripheral deep
vems occurred i the anticongulant prohylaxis group as compared \ulh
16 per cent in the control series Pul Y 1 was d

chinically in 1 per cent of the anticeagulant group and 1n 8 per cent of
the control group 1n the latter it was also the mamn cause of death n
3 per cent of the group as a whole and 37 per cent of the fatalities in
the group In no case was pulmonary embolism the cause of death in the
prophylaxis group

Other trterial throml i were established in the control g roup
onlv (8 percent) One of them was fatal In the phenylindandione series
blood appeared sn the urnine or faeces of 3 old persons in poor health
The bleeding ceqsed 1n 2 after the discontinuance of anticoagulant ad
munistrition: but an the third patient haemorrhages from mucous

”»y



333 RALRO A SO10NTN\

branes were a contributory faclor to death One of the conlrols show ed
a ssmilar haemorrhagic comphication the cause of which was not estab-
lished

No other haemorrhagic complications were found

The incidence of other complications was practicalls the same yn hoth
groups

The end resulls of the fractures were abont the same i the tno
sroups Pscudarthrosis devcloped with equal frequency 1 n about
4 pur cent of the diaphvseal fractures of both groups Delaved union
was scen n iwo cases of the phenyhindandione group onls

‘The impression gamed 1s that anticoagulant prophyIaxis wath phenst
indandione 1s benefteral for elderly fraclure paticnts immobilised for
long periods but caulion 1s neecssary an the {reatment of old people in
poor condilion and carcful control 1s even more important than usuaks

RFSLMF

89 malades ages de plus de 40 ans +ec fracture du col femoral du
trochanter de la diaphyse femorile ou tinale (et fibulure) ent suln un
trmitement conservaleur ou chirurgicnal In plus il a été admimistee aux
malades entre les 2Zemd ot Seme jours qui ont st le traumatisme ou
1 operation de la phenvhindandione a titre prophylachique jusqu au joue
ou le malade 1 quitte | hdpital ou est desenu suffisamment mohile Ln
nombre egal de malades souffrant de fractures similaires ont été traités
stmultanement par les memes méthodes mats sans prophyvlavie anh
coagulante

Aucun cas de thrombose des veines profondes pcriphériques na éte
ohserve climquement dans le groupe trailé par prophyvie anticorgu
lante alors quil + en cut 16 7% dans les séries de controlc 1 embohe
pulmonaire 1 ete diagnostiquee chimquement dans 1 % du groupe mlt
congulant et dans 8 €2 du groupe de controle dans ce dornier groupe
1l 2 éte la principale cause du deces dans 3 % de 1 ensemble du groupe
ot dans 37 < des cas de mortalite du groupe Dans le groupe propht
lacique 1embolic pulmonmre na ct{ dins aucun cas |1 cause du
deces

D autres thromboembolies artérielies ont efc ohservecs mas scule
ment dans le groupe de controle (8 <) I une d¢ntre elles amena fe
dects Chez les malades auxquels de 11 phenshindandionc 3 tte admnt
stree on 1 observe du sang dans furine et Ies sclles do 3 personnes

1gees on mamats etat de sante L hemorragse cessa lorsqu on suspendil
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1 ration de 1an | deux jours de sutfe mais chez le
troisieme malade les hemorrhagies des membranes mugueuses ont ete
un facteur contributaire du deces Chez un mnlade du groupe de con
trole 11 v a2 eu des complications hemorragiques simlaires dont la
cause n a pas ete etabhe

Aucune autre comphecation hemorragique n a ete observee

L d des autres lications a pratiquement ete Ia meme
dans les deux groupes

Le resultat final du traitement de ces fractures a ete a peu pres le
meme dans les deux groupes Une pseudarthrose se developpe avec
une frequence egale dans environ 4 <% des fractures diaphyvsaires des
deux groupes Un retard de soudure a ete constate dans denx cas mars
seulement dans le groupe a la phenvlindandione

L mpression retiree est que 12 prophilaxie anticoagulante a la phe-
nylindandione est bonne pour les malades ages souffrant de fractures
ct qun sont immobihises pendant une longue periode mais quil est
necessaire d etre prudent lorsque le malade age est en mausass etat de
sante et quun controle minuticux est encore plus important que
d ordinaire

ZUSAMMFNEFASSUNG

Achtundneunzig Patienten im Alter von 30 Jahren oder daruber hin
aus die Bruche des Schenkelhalses Troch bruche Bruche der
Femurdiaphyse oder der Tilna (und Fibula) diaphyse hatten wurden
honservatn oder operatny behandelt Ausserdem bekamen sie Phensl
mdandion prophslaktisch vom 2 -5 postoperativen oder posttraumati
schen Tag bis sie entlassen wurden oder zufriedenstellend beweglich
waren Eine gleiche Anzahl von Patienten mit fhnhchen Briichen
wurde ubereinstummend mit gleichen Methoden aber ohne antihoagu
licrender Prophylaxe behandelt

hemn Khimisch nachwersbarer Fall von Thrombose der penpheren
tiefen Venen entstand in der Gruppe mit Antihoagulationsprophs laxe
wahrend 16 <6 1n der honlrolrethe auftraten Lungenembolhie wurde
st m b Te der SmohoagolafitegToppe und n 3 %% der hontrot
gruppe diagnostiziert In der letzteren Gruppe war sie auch die Haupt
ursache des Todes i 3 ¢ der Gesamtgruppe und 1n 37 <% der Todes-
ursachen in der Gruppe In heinem Falle war sie die Todesursache n
der prophyvlaktischen Gruppe

Andere Thrombo-embolismen entstanden nur 1in dor Rontrolgruppe
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(8 %) Funer daven war letl In der Phenshindandiongruppe wurd,
bet 3 alten und schw ichlichen Per<onen Blut am Urin odor don Taees
beobachtet Die Blutung hirte ber zwewn nach der Unlerbreehung der
Antihoagulintserabrachung auf iber ba der dntten Paticnten warep
Schicumbautblutungen ein Fahlor dor zum Tode batrun 1iner der
hontrolpatienten zcigte exnc dhnhehe Blutungshomplihation dcren Ur
sache micht ermuttelt werden honnte

hemerler andere Biutungshomplihationen wurden gelunden

Das Vorhommen anderer homphhationen wr das Gleiche i bedn
Gruppen

Die 1 nderpebmisse hinsichtiich der Bruche waren ungefihr di
gleichen 1n berden Gruppen Pscudarthrosen entsichelten sich nut
glaicher Haufighest dh n ungefihr 4 €% der Diaphsysenbruche bet der
Gruppen \erzogerte Heillung wurde it zwer Fillen der Phensybndan
dion gruppe allemn geschen

Man erhilt den IMindruck dass antihoaguhercnde Propinlaxe mit
Phentlindandion bes alteren Pattenten mut Briichen dee fiir eme Tin
gere Zeit ruluggestellt werden giinstig wirkl Vorsieht ist jedoch nolig
bet der Behandlung von altun Menschen die sich mn schlechtem Zustand
befmden und emne genaue Oberwachung 1st hicr besonder potwendig
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ULTRASONIC TREATMENT OF CICATRICALGIA
By

OLE Mg and hJrLp THORSETH

After operations various hinds of pan frequenthy occur In <ome of
the cases the cause of the pamn 1s for anstance pephic uleer dumpng
sentral herma or lmliary dvshmesia but often the cause ts unhnown
(Dakl Iversen et al 1958} In 1 number of eases the pan can radute
from the cicatrice which fecls sore and infdtrated (cicatricalpia)

In certain cases local anesthelics can be used to tost the Jocalization
of the pamn and repeated injechions have been used as treatment

Short wrve and massage have but shight effect whercas relaxing
exercises and respirators exercises appuar 1o be effective in some eases
(Wanther 1928)

Thoracolumbar sympthectoms has been performed with good pni
mars result 1n some cases (Bisgaard Frant-en 1949)

Till now only few descriptions have been gnen of vltrasonic (us)
treatment of cicatricalgia Pohlman who has used u's for the trealment
of 8 patients suffering from cicatricalgia obtuns complete remession
of pamn 1 1l of them and Aldes (1936-1907) obtamns remssion 1n 21
out of 28 patients Rubin & Awtert (195) find good effect by u's treal
ment of scars and phantom pamns

B electronic microscopy of us treated eicatricial tssue Hrerman
¢1924) has shown changes in 1ts fibnils and interfibnllar substance hut
no pathologieal effects 1n the surrounding tissuc

As regards the us effect and the techmque emplosed reference s
gnen to the prececding article

OWN INVESTICATION

The matenal covers 1 period of three vears compnising patienls re-

ferred from various surgiea! departments of the Rigshospitalet Copen
hager
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The matenal (sce Table 1) comprises 4o patients 27 women and 18
men The aserage age 1s 46 years

The average number of u's sessions per prtient has been 8 Of these
patients 22 showed complete relief of pamn 1o pahcnts shoned mm
provement andn 6 patients the condibion 1 h 3 where
as the pains were intensified 1n 2 patients

If the paticnts arc left out of consideration mn whom no soreness or
changes 1n the consistency were found 1 or round the cicatrice prior to
us treatment and who have been treated ut aliquid fiat the number
of patients s reduced to 38 of whom 3o improved or were cured

The two patients whose symptoms worsened had no soreness in the
ccatrice

Mo side effects have been seen

DISCUSSION AND CONCLUSION

The patients pain may have had different ongins It can have been
profound visceral pains (colics) or pams projected to the shin via axon
reflexes (viscerocutanecous reflexes)

Marcover the pamns can be due to changes 1n and round the cicatrice
manmifesting themselves as soreness and change of the consistenes by
palpation and pam by passive distension of the cicatrice and active con
traction of the surrounding muscles

33 of our 4o patients have had these sore changes of consistency 1n
and round the cieatrice and in 92 per cent of the cases these changes
decrense or disappear after the us treatment

Of 7 patients who only had deep pains and no cieatricial soreness
there was only effict m one

These circumstances seem {o indicate that the us cffect 1s due to
affection of the cieatricial tissue and not of the reflex arch or viscera

Six of the patients had recenved earhier treatment for the cieatricial
puns 1n the form of a series of blochades of local ancstheties Cach fime
the effeet only 1asted a few hours howesver

It 1s important to treat sore cicatrices as the pains appear especialix
by actination of the patients and as thev can thus impede or delay their
rehabilitation Pains in thoracal cicatrices for instance will impair the
respirition and the molilization of columna thoracalis which mas
among other things result in scolioses
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ULTRASONIC TREATMENT OF CICATRICALGIA
By

OLr Mest and Riren TitossrTi

After operations various kinds of pun frequently occur In some of
the cases the cause of the paun s for instance peplic ulcer dumping
ventral hermin or hiliary dyshanesia but olten the cause 1s unhnown
(Dahl Iversen et al 1928) In a number of cases the pun can mdute
from the cieatrice which feels sore tnd innltrated (ctentricafgin}

In certamn e1ses loeal anestheties can be used to test the locihzation
of the pain and repeated njections have been used 1w treatment

Short wmve and massage have but shght effcet whercas relaxing
exercises and respirators exercises apper Lo be effcetive 10 somu eases
{Wanther 1928)

Thoracolumbar svmpthectomy has been performed with good prs
mary result in some cases (Bisgaard Franl.en 1949)

Till now onhv few descriptions have been gnen of uitrasonie (us)
treatment of cicatricalgia Pohlman who has used u s for the treatment
of 8 patients suffering from eicalnicalgr obiuns complete remission
of pain sn all of them and Aldes (1926-1907) obtains remussion o B
out of 28 patients Rubin & Aumlert (1900) find good cffcet by us traat
ment of sears and phantem pamns

By electronie microscopy of us treated cicatricial tissue fherman
(1904) has shown changes 0 1ts fthrils and terfibrill i substance but
no pathological cffects in the surrounding tissue

As regards the us effect and the fechnique emploved refurence 18
given to the preceeding article

OWN INVISTICATION
The material covers a period of three vears comprising patients 1¢
ferred from various surgieal departments of the Regshospitalel Copen
hager
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SUMMARY

40 pafients are treated wilh ultrnsound for crcatrienigin In 18 of the
Patients objective changes were found 1n the cieatrices prior to the
fraxtment and in 3o of these patienls improvement or complcle rems
ston of symptoms was found Of the remmiming 7 patients who had no
soreness or changes of consistency tn the cicatrices only one mdiented
improyement

RESVVUF

45 malades ont éte trautes par ultrison pour algies eicatrictelles Chez
18 des malades on av ut trouve des changements objectifs des excatrices
wvant le tratement et chez 35 de ces matades on obtint une amediora
tion ou It suppression compléte des svmptomes I n co qus concerne s
7 autres mahides chez lesquels 1! ny avait pas de sensibihite on de
changement de I consisiance de Ia cicatrice une amedioration n o (té
constttée que dans un seul e1s

ZUSAYMMEFNFASSUNC

43 Patientcn wurden mut Ultraschall wegen N rbenschmerzen be
handelt Ber 38 der Patienten wurden objehtnne N arhenver inderungen
vor der Bchandlung gefunden und ber 30 von thnen erfielt man eine
Besscrung oder ein volistindiges V erschwinden dor Symptome Von den
ithnigen 7 Pattenten die weder I mplindhichheit noch honsistenzveran
derungen in den Narhen zagten gab nur emner Besserung an
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ULTRASONIC TREATMENT OF SUBCUTANEOUS
INFILTRATIONS AFTER INJECTIONS

By

Ore Mu~E and hJELD THORSETH

Repeated subcutancous injections of different medicaments for in
stance antibiotics msulin and iron preparations often bring about
traumatism of 1he subcutis with changes in the tissue These mfiltrn
tions are painful sore and feel ike granulations of harder consisteney
than that of the surr d subcutis o 11y they can also be
found 1n the muscles

As 1t 15 not gencrally known that ultrasomic (us) treatment s a
very cffechive treatment of these changes and as we have not been able
to find anv descriplion of 1t 1n hterature we fecl justified pubhshing
this material

Ultrasound was mtroduced in mediczne tn 1938 by the physicast
Pohlman

Us waves are mechantical oseitlations produced by making a quartz
sheet coupled to an alternating current supply vibrate The frcquencies
emploved i the therapy now are about 1000 kHz

The wavelengthis 1 2 mm The waves spread in a hine from the quartz
sheet fixed to the soundhead and are quickls braked in the air and by
surftces The mechanrcal energy 1s thus transformed into thermal
energy In adipose tissue the depth of penetration 15 10 em Duning the
particle movements alternating areas of concentration and rarefaction
m1y be produced 1n the substrate (cavatation) Reference 1s gnen to
the followaing publications  Pohiman 1901 Craudal 1907 and f ichf 1928

Own nvestigalions

The axm has been to examine the effcel of us treatment of nfiltra
tions caused In injections
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Techmaque

The ultrasonic apparatus emploved was 1 Sinens Sonostat 691 in
tensities used rnged between 05 to 08 walt'em * and frequences 850
hHz The size of the soundhead 13 and 4 em ” depending on size of
area to be treated Duration of trettment was about 5 nunutes The shin
of the arca to be treated 1s smeared wath a than coating of paraffin ol
and the soundhead applied in a sfow movement over the dise wsed area
The patient feels no pan but possibly a shight sensation of heat duning
the treatment

MATIRIAL

15 patients with subeutancous infiltrations have heen treated durning
the past two vears
The age of patients ranged from 23 ycars to 66 13 women wnd 2 men
In 11 cases the cause of the infutrations wis repetted injections of
Na peueillin i some cases combmned with streptomyein 3 of the pa
tients had had msulin 1 Imferon and 1 pethudin The duralion of the
symptoms was from one month to some vears
In 8 of the patients the mfiltrations were localized to the glufcd re
gons and tn 7 to the femora
The ud s treatment was given 1n series of 6 erther duly or every ather
dn 4 patients had 6 sessions 11 recenved 10 or 12 sessions The pamn
and soreness disappeared in all the patients The obgective changes de
ereased consuderably m 10 patients and disappearcd completeds an the
remamntng 3
In no cases was damage to shin muscle or hone seen and the trat
;(/)mcn! £ ne no hund of discomfort
¥

CONCILSION

Our matertal shows that ts 15 an effcetive and panless freatment of
mhitrations crused by injections

SUMMARY
The matenal covers 1o patients with infeftrations eaused by injec
tons insubeutis treved effectssels wath us The tritment i g unless
and without sade effects
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RFSULME

Le matertel d observation comporte 15 malades souffrant d infiltra
tions causées par des injections sous cutanées traitees efficacement par
ultrason Le traitemcent est sans douleur et sans effets secondaires

ZUSAMMENFASSUNG

Das Material umfasst 15 Patienten mit durch subhutanen Injektionen
herorgerufenen Infiltraten die wirhungsyvoll mit Ultraschall behandelt
wurden Die Behandlung 1st schmerzlos und ohne Bemwirhungen

REFERENCES
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PROCFFDINGS OF
THF NORDISh ORTOPEDISh FORENINGS 31ST ASSEMBLY
AND
THLC BRITISH ORTHOPAIDIC ASSOCIATION S
AUTUMN MEETING IN COPENHAGEN
AUGUST 27-30 1962
The meeting of the 31st Meeting of the ds was

hell under the precidency of A Monberg chief surgeon Depl I Orthopaedic
Hospital Copenhagen

ABSTRACT OF THE PRFSIDENT'S OPENINC ADDRFSS

First 1 want to }id you all cordially weleome to the 31st meeting of the Scand:
navian Orthopaedic Association and thank sou for dawng me the honour of electing
me president of this meeting

This congress is rather different from carlier ones as the British Orthopaedic
Association has ashed us whether the could hold a jownt meeting with us here mn
Copenhagen To us it has been a pleasure to comply with this request which we
consider a great honour

Since 1 shall now seon e Tetinng from ™y orthopaedic Ife and resigming mv
duties in various organizalion and since I have attended most of the meetings held
since our Associatlon wa founded it mav be of intercst not least to the sounger
gencrati n to hear about the men who founded this Association

Erom the beginning of this centurs orthapaedic speciality i Scandinasia was 1n
the hands of a few people who were I might sav autodidacts The authorities af
for fed sers hittle help to crippled and disabled persons and bandages corsets and
splint were d Inered from only a fen makers of surgical appliances with verv little
expert hn wledge Iran supjorts were generally made by the Jocal ! lachsmuth In
fairnc s [ must sav that 1 have seen a number of these apphances which proved
satisfactor  Iut on the whole the development was in a primitive stage

in this country as carl &s 1877 a retieed clergyman Hans Aauds n had faunded
the ncict “which tahc care of eripple 1 snd maimed children™ the later Society
anl il me for Cripples The great idea which in p red him was to build up a close
callatoratien Fclween the surg cal treatment iraiming and education of the un
f rtunale patient who were unable to take part in evervdas hife and unable to earn
their Lining because of congenital or acquired disablement But as it was difficult to
precurc the means needed o carrs out these plans there was a himt to the help
which could ] e rendered

The Societs and Home for Cripples has alwass been and still is a private institu

P4 ACTAORTH XXX &
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tion but with a considerable (cvernment subsids < that the s)lut n of thi
ecn tructive work has now bucome a € ovcrnment o neern

The surgical work was carried cut free by interested surgeons (Harf { Sipfred
Tety Ipeen and Drachntann) untit in 3904 Dr 7 anum became surgeon in chlef In
1913 he was succeeded by Guldal who was up to 1950 the gubting sylrit { the
great deselop ment which U k place during this perlod Cuildal was al ¢ tecturer fn
crthopacdics te the University of Copiabagen where a trofessorship was nt
fcunded until 1957 4 second profe scrship was founded in Aarhus in 1952

In Stechhelm 2 atrik Haglund became profe s r of orth paedies in 1913 There
have been great advances in the deselc pment of orthapacdics and the care «f eryy ples
1n Sweden which new has 4 lomes £ eripples 5 profusserships and §n the central
hospitals throughout the countrs 30 orthoj acdic departments

Tn Ncrwas a home for enpples Scphies Minde  was Faunded fn 1902 This was
an extensfon of the scheol for crif pled children run by the Fletscher sisters in 01
since 1892 It is still owned by a foundation but it is run by the Cevernment 1t Is
a combination of a training sche 2 crthopaedic dej artment and worhsh s

In Finland the credit for tganizing and centralizing the treatment an1 trafning
of eailian and war eripples 1s Fabian Langenshiold s As in the other Scan linasvfan
ccuntrics there were scattercd tralning scheols for the disabled which gralually
werc betny oxtended by the large number of war cnpples resulting fr m the tel
lgerent dealings with the neighbour Howcver it was net until 1940 that the Dis
ablement J hundation was established in order ts centralize the treatment and train
ing of 1mvalids and cripples wherehy this hceame a Covernment ¢ neern

In 1976 an event tock place in Trendhelm which was of the ntmost fmp rtance
At a joint meeting of the various sectins engaged in the care of han Heaj ped per
son —the hlind the insane the deaf and the cripgled—the representatives f the
criy ples segregated and formed a Scandinavian asscelati n which was callel fte
Scandinavian Ass ciatt n for Cripgles (Nerdish Vanforcforening) This (v vel
1ne timable importance as 1t collected the scattered trafning sch s fer crfiples
and attached t« them <rth gacedic departments

But [ri r to this meeting the devel pment had been discussed by intereste ! sur
ge ns the Scandinavian Orth jacdic As  dation bedng founded by Batsu Hansen
o Nerwas L atrih Haglund «f Sweden and Slomann of Denmark

Latmen W trs 1o give s ou an impres §n of the ¢ three lea ling per nalitles fr m
the early vears

BO w Hansen semor urgecn (€S phic Minde O I until 1931 wa the jtimit
but neverthele s realr tic 0 the methed  of treatment which he u 1n rder t
btain the tast p o sible result under the presailing conditions 3 wever difficultie
ab unded am ng thers the 1 ng distances t5 Oslc the limited mean [ ¢ mmuni
caticn and the amp s ity f defraviog the ¢ nsilerable tray thon exjen e
BGIvw Mansen thertf re on tarled using b ne tabilizing peratt n an rder t
avcid the use «f bandage which fien neede | repair and renewal It mas Le men
ticned that in the treatment f ¢ ngenital clubfc t the meth d wa wels foceti 0
cven at avers earh age Il res g was that it wa m timportant ¢ the chult
t be sugiliecd waitha  le 4 walk n a foct which w uld not nce | aft r treatment
and fllow uf Wewh can remember him hall never farget his ge th ul 4 mywh o
he gave his fectures ha v uthful face with the martia | king m u ta h Mews
a charactenistic artistfe yer nabits  f a cheerful disy i n
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The second founder was Patrih Haglund professor of orthopaedics in Stochbolm
from 1913 to 1937 a magnificent figure of a man tahing an :dealistic attitude to the
work which he undertook He has left an number of p —about
300—on subjects within orthopaedics and the care of cripples but also on subgects
such as phisics and astronomy Haglund was a scholar of German orthopaedies Let
me mention his bulky pubhication “Die Prinzipien der Ortopadie (1973) and his
numerous papers on the treatment of the sequelae of poliomyelitis His papers often

and s P were chara d be great

thoroughness and meticulous care Haglund was the founder of Acta Orthopaedica

Sc:mdma\lca and on the + hole embodied the spint of scientific development 1n

1an We ber his peculiar wav of reading a paper He

walked 10 and fro on the platform and f there was a side docr or corfidor he would

£ out tallong and come bach still talking so it was not alnavs equally easy to

fNow im His contrbutions to the discussions were alwavs 1 ell founded usually

marked by strong points of view but suddenly vou might hear his vouthful laughter

which b re witness of his affection for eversthung and evervone 1o whom he felt
attached A great figure within Scand 0a jan ¢ rthopaedics and care of cripples

The third founder was Herman Slomann a vers intelligent man but of a somewhat
depre sne disposition It was tvpical of him that after having started his hospital
carter 1n Vejle Jutland he found that this sort of work seemng patients at all times

»f the dav and night was too much for his temperament He wanted time to mahe
therapeutic plans Owing to this forced nork he went to Ccpenhagen 1n 1901 and
¢ tablished an orthopaedic climic with 20 beds This clinic was highly esteemed not

«nly 10 D k. but L} 1a The fact that four dcctorate theses

were written 1 this clinie bears witness to his mnspiring scientific talents Dail
Nab ration with Slomann was his e and planming

being very thorrugh s £ possible often bore the

marks of Tus rather depressive disposition

1+ ant to mention alse Cuil fal's contnltution to the congresses This handsome
and tately man had Lingwisti ability friendliness charm and a gift for sober
evaluation—evident both m lectures and discusst ns—which made him popular
sverywhere Like the founders of the Assaciation Galdal was made honorary member

Briel mention must | e made also of S Johansson chief surge n to Sahlgrensha
jukhuset Cothenturg St Johansson was the first secretars general of our 4ssocia
U n He achieved great things in the trealment of fracture of the neck of the femur

4nd let me mention also our present Scandinarian honorary members Henning
Watlenstrom and P & h Bent on Wallenstr m succeeded Haglun [ as pr fessar of
rth paedics 1n har linsha Institutet Stockhclm Bent on was sccretars general
elitor of the Acta Orthopaedica Scandinasica and o the whole took such a great
interest 1n the welfare of the Seandinavian Orthopaedic Associaticn

Tiis brings me tc m v n generation or rather the next f which we have such
a distingutshed repre entalion to-dav We arc lonhing forward to hearing 1n the
next few davs vour papers and discu sions which will an doubt afford a sinad
31 ture of pre ent d vs orth pasdie
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TRAITS IV AMPUTATION SLRCERY AMONC CIVILIANS
DURING THE PIRIOD 1930 1960
by Ralf Iindholm (Helsingfrs)

Mainh with a view to detecting changes In compnition of series amputati o
characteristics and philese phy the auther has made a suney «f the case rec Rdscn
nearly one thousand elinfeal amputaticn  The oferatlcns were performed at the
surgical deg artment of the Maria Cits Hesp ital llelsinki Helsingf = a unit dealing
with 3 atients in need of emergeney as well &s flanned surgers The arca sened ty
this hospital is the capital ¢itv with «mewhat under half a milli n Inhabltants by
the end of the yericd suneved

Interest has been focused wpon questions of « perative Smbications age and scx
frequencs and level «f surgers primary «perative risk and evaluation of trenls
revealed in these In the o ur<e of ime

Of all amjutces 2 3rds were men More than 30 por cent were age | Yetween 30
and 80 sears at the time of surger The rate «f amputations in relation to all
surgery donc mahes 6 to 20 per thou and the latter pumi er being indlcative «{ the
figures of later vears The annual frequency «f amputation for peripheral vascular
disease has been ¢ timatcd at ab ut ¢ne amputation ger ten theusan! inhat itants

TABLE 1

Amputations on 986 limbs performed
ot the Maria City Hospital Surg Dpt,
1930-1960, by indications

NUMBER OF AMPUTATIONS
O 100 200 300 400 300 600

CONGENITAL AND T
AQUIRED ! |
DEFORMITY

TUMOURS
INFECTIONS

{
TRAUMATIC
LAESION

PERIPHERAL 1 ]

VASCULAR
DISEASE

Source Hospital records
MINOR AMPUTATIONS [}
MAJOR AMPUTATIONS D
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TABLE 2

Amputations performed ot the Mara City Hospital Surg.
Opt. 1930 960 by indwcatrons.

w CONGENTAL AND AGURED
o DEFORMITI
)
10
“ GrowHS
£ 30
8%
£
3
3.2 INFECTIONS
£
N
S 0
Lo
i TRAMATIC LAESIONS
g 30
2
%
o
3 PENIPHERAL VASCUAR
0
20
w°
o

W3R B34 137 140 W43 148 1945 1932 053 WhA
Source Hospital records

Only 12 per cent of the himbs subjected to amputati o have been upper extremities
while the majority ar 78 per cent hasve been lower extremities. In terms of risk of
death 1n the postoperatsse period of hispital stas the figures appear to ndrcate the
importance of underlving disease as a cause of failuse rather than operative trauma
and stress

A studv of chronologic sequence has revealed a significant rise 10 the mean age
of persons undergmng smputation for vascular disease and infection and an actual
a3 well as relatine inerea e in the number of operations € 1 vascular dis rders and
traumatic lesions

{To be published later 1n more detail 1n the Acta Orthopaedica Scandinavica )

RITON FAST CRFF\ AS A\ AID TO THE DIAGNOSIS OF TRALSIATIC SOFT
TISSUF INJURIES TO THF ARMS AND LFCs
by drae Ki Ngren (€ theaburg Seveden)
Judging the vitalitv of laceration jnjuries and
estremities offers n t e even f r the
™ t experienced urgerms \ariou  meth ds hase been fmtiated to  blan an
Fieetive methd of 1n estigation o fact onlv the sensstnrts test jn furns has
proved of value in clinical practice but 1t 15 beset by fundsmental weaknesses The
m thod pubilt hed by Tempe t in 19 2 of vital ¢ 1 uring with hat n fast green er
di ulfine blue ecms t pro 1de a valuable contributi n € the diagn 1 The e | ur
substance 13 inj cted intraven u Is Vital bissnes Lew those with sufficrent blood

deep sec nd degree turns b the

e
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supp Iy are coliwred intensive green or blue while th ¢ with seri us clveulati o
disturbances arc coliured weakis and unevenls r n t at all The col ur me fium
has n sife effeets Seme 13 ical cases are rep rted

DISCLSSION
Hikan Beattstrém (Lund Sweden)

At the Orth paedic Clnic in Lund we hase tried te use the medium in «rder to
obtain a guide fcr determining the am; utation level [n senile gangrene Our exper!
ence is still small but our impressicn is that the medium the u ¢ of which Is based
on skin circulats n easily gises a fo 1 favouralle picture The deep clreulat n i
werse in these patients than the beautiful green o louring mav ghve the surgern
cause 10 beliese Therclore the examination must be eriticalls evaluate!  that an
amputaticn is not performed too far distally

Arne Ajeltgren

Vital eolouring with hiten fast green was carrled cut jn some cases «f dlabetle
gangrene My prohiminars oo nclusion js that the methad has ot pr vided any
important aid in determining the amputatien level

OSTFOCHONDRITIS DISSFCANS CFN\L
by fars \irtenson and Sten Scheller (Ccthenturg Sweden)

SIDE DIFFERENCE IN SIZT OF OSSIFICATION CENTRES AND N BONE 1ENCTH
IN JUNENHE CONARTHRITIS
by Verete Hratistrom (Jund Sweden)

Ahiut 50 € f Jurenile rheumat 1d arthrtis starts as an 1 ¢latel gnarthntis
After mnths or sears a fregres fen with engagement of sther § inl makes the
dingn sis p sible

By conmenti nal judgement £\ rav pictures «f hnees fr m these fatient rath r
in 1gmificant changes such as Hght osterp ro is and lowerdng of cartilag arcwuallr
found It 1+ eaev 1 underestimate the pathilonical proce < which of it remalny
untreated may have serl us ¢ nsequences v the future functicn [ th kace ther
sislenl ¢ ntracture  ubluxaty n salqity

Here an attempt is made 15 measure the \ ray changes in {2¢x ¢
a mmetrical g narthritis ¢ Hected at the Rheamatic (Nmic Leri (hilren
Department)

The treatment [ the patients was unif rm bed re t steetch anigh
interrupted by 1 ® week gert @ [ plaster till full ¢ rrecti 0 f fevt o pirscture
was c}tained Medicine Salicslics VMean time at b spital was 6 8 m nthy X
contr 1 were made regularly comprising frental an{ side exp sures (kn tr teted
semiflexed re pectiv 131 and 1 ngimeiry by the rth diagrag hic mett

The relatise size { the femrral ¢ ndvle was caleulated Iy measuring pig!
Jreadth and average hight f metical and Fateral ¢ nivle n the fr atal pictare

( unitsteral ¢

1 al training

end
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Age at onset 1y 8m
Obs tme 2y 6m

I Femoral epiphysis mm?
I Tibial

I Patella

Bone length arthritic
side +11 em

Duration of dis n years

kg 1
A tvpical case with 25 vears duration of arthritis Bilateral svmmetry 1s seen at tume
of onset The side difference 1s sigmificant on \ ray picture taken after 4 months
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Fig @
The side diffcrence 1n ossification (< af healthy side) at the end of observation time
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The patella was measured on the side picture maximsl length and breadth at right
angles Bone length was defined as total osseous part of femur and tihia moasured
separately

In this material an evergrowth of femoral epiphysis of 5-10 % and of patella of
more than 40 ¢ was regularly found together with an elongation of the arthntic
leg of 05-25 cm

TWO CASES O! ABNORMAL SKELETAL GROWTH FOLLOWING TRAUMA
by Poul Luthen (Aalhorg Denmark)

Vi ath reference to a report on skeletal growth at the Helsinki meeting 1n 1956 an
example was demonstrated of conversion of skelctal curves having a small radns
to curves having a larger radius pronounced bone growth in the concavits and
absorption from the conves aspeet

\ ray films were presented of a child aged 9 y ears with a history of aseptic osteo
myelitis following traosteal blood transfusion at the age of 6 weeks A large
necrosis appeared proximally n the diaphsseal centre of ossification on the rght
tibia

Although the necrosts myolied the central parts of the growth zore longitudmal
growth as well as growth in thickness continued The films show that ossification
took place from the proximal epiphyseal centre replacing the missing diaphyseal
ossification 1n the destroyed area Thereby the non ossified growth zone acquired

an abnormal situation (ef the sketch)
b

a

(a) Abpormal situation of epiphyseal line i the anterior half of the prouimal
tibial end
(h) “ormal appearance

The bov has been followed up for 9 sears and growth continues The site of the
eptphyseal line was shown on tomographic cuts

A similar replacement of epiphyseal ossification 1n an area which normally osst
fies from the diaphy seal ccntre may be encountered as a normal varsant at the upper
nidge of the neck of the femur described by me at the meeting in Oslo 1n 1960 This
variant 1s popularly known as an  clephant hip

Finally the radiographic appearances of total epiphssiolssis of the distal femoral
epiphysis 1n a 10 vear old boy In the local hospstal he had been treated primanly
by abselute anatomical reduction

Five years later I saw the hoy Owing to total imhabition of growth at the dorsal
edge of the ¢piphysis and continued growth at the antersor aspeet of the femur the
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eptphvais had rotated almost 90 in the direction of fexion. There was onlvy a
negligible extensor defect 10 the knee and a shortening of 2 cm. The therapentic
pr blems were brieflv diussed

(A somewhat extended and modified communication s being prepared for publica
tior 10 Acta Orthopaedica.)

EXCITATORY AND INHIBITORY REFLEX MOTOR EFFECTS FROM THE PARTI
ALLY RUPTURED MEDIAL COLLATERAL LIGAMENT OF THE RNEE JOINT
by B Stener and § Petersen (Gothenburg, Sweden)

4 large increase m teasion can be brought about 1 the an nyared medral collateral
ligament of the hace joral 1n man wethoat the elicitation of sctnvitv 1 sartenns
semimembranosus or vastas Mediabis, 1e muos¢les capable of activelv sappr rting the
hizament s Iateral stabilization of the jomnt (Pelersen & Stener 1923) With the higa
ment imared qu te different results are obtained the present paper provides an
account of this phenomenon

Thirty patients with partial ruptore of the medial v llateral ligament of the hoee
3010t (stabilits mtact) were studied, using electromvographv to determine the effect
on the musculature of the thigh of an increase 1a the tension 1o the ligament Mainls
this increase 1n tension was brought about by abduction at the joint and by pas ne
ettension bevond what the patient could achieve (the majorits of patients had
impaired actise extension)

In all the patients actinity was evohed 1n s2rtorius 1o resprnse to the increase
the Ligament s tensi n and 10 mo t of them 10 semunembranosus as well On the
other hand activity was only exceptinally esoked 1n vastos medialis instead an
1nhibitery effect on the activit 10 this musele was  bserved if abduct) n was per
formed while the patient voluatarils contracted quadriceps

Pressure at the site of the ruptare led to the same results as an 1ncrea ¢ In len wn
10 the injured ligament Pressure and an imcrease in tension both ev ked pain at the
site of the rupture Sc eral factors discussed in detal) sndicate that the effect

femonstrated was reflexls induced and 1ssued from the ligament itsell ant hence
can he de cribed as a hgamento-muscular reflex This reflex fr m the injured liga
ment prohablr does 0 t rrginate in tension recept rs but in para recept v

As far as therapv 1n a case of partyal rupture of the medial ¢ Nateral figament 1
the hnee joint 1s concerned it has 1 ng been rec gnized hew impe rtant it s that the
paticnt overcomes the impaired extension at the joint by active © e ¢ [ quadri ep
The pre ent stadv ¢ nfirms the need for such traming ¢ quadriceps the ligament
muscular reflex from the injured liggment § n tso rganized that this muscle will
Ye trained sutomaticall

€4 detalled account of this investigati n will he putlnnhel fo Acta Chirurgica
Scandina 1a )

MENTALITY AND DYSTROPHY
Yx IT Fhlrs and L. 7a har @ (Ccpenhagen)
“D trephv"—or b tier “pn ttraumatic dy Ir thy™—is taken t m an the tate
which may anise £ It wing injurics € rsirgery en a liml and whi h s charscle
rzed b oedema fir 1 ani tlffne v a well as vart u « g talive 1§ furf enc o
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It 1s a serjous complication whith may entanl permabnent sequelae but despite nu
merous jnvestigations its exact cause and pathogenesis remain unelucidated and
constant matters of discussion

It nas the oblect of the present study to try to elucidate whether the mental state
does exert influence upon the occurrence of the dsstrophie ssndrome

Preoperatnely all the patients were seen by the psychiatrist who assesed thesr
character and gave a statement containing a presumption regarding the postopera
tive course The surgeon was not cognizant of the contents of this statement and
all the patients were subjected to the same surgical procedure and after treatment
A few months later the postoperative course presumed by the psychiatrist was then
compared with the real course Sa far this studs ineludes 33 male patients operated
for Duptiren s contracture

As already mentiened the material comprises 33 males From the table 1t will be
seen that 30 out of 33 had a postoperative course in confornnty wrth that espected
by the psychratrist

Actual Actual

o ot 1re umed pastopera } pastop ru

1 vehatric ass sment B ecours | tiv ¢ ume

€aes ' postaperatl ¢ course conf 1o | notoconfor
| mable
\ormal 5 Lncomplicated 5
Unstable 14 Uncomplicated I}
Demented and 5 Uncomphicated 5
arteriosclerotic
Aggression snhibited Short lasting
Defeatist attatude 5 difficulties 3 K
Self pitying 1n restitution
Perfectronistic
\on sthenie
Aggression nhibited 1 ong fasting
Martyr type 1 serere 3 1
Self pitving complications
Agressive
Self opinronated
Ambitious
Hysterical Sthemic
Total number 33 30 3

Oa the basis of the present studies 1t may be concluded that an intere ted psvehnd
toist who has famiharized himself with these specral problems can foretell with
great Iikelthond whether postoperatise complications—in the ferm 1 edema fibro-
s1s and shffness—are going to oceur 10 & candadate 3¢ surgery an Dupustr nsei®
tracture This 1s of great 1mportance both mn fiung operatne mdications and 13
fryng to pevetrate the aetiology and pathogencsis of the condition called dystropht
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FRACTURES OF THL UPPFR FAD OF FEMUR I\ A\ URBSN 1OPULATION
Dy P 4 4lffram (Malmo Sweden)

Ow1ng 1o the continming changes in the age dv tribution of the population com
plaints relating to old age have become more and more dominant One of these
complaints 1s the fracture of the upper end of the femur (med:al and trochanteric
collum fractures)

During the years 1949-1961 1635 cases of such fractures were diagnosed amongst
the 710 000 inhibatants of the city of Malmo imongst women who formed 75 ¢ «f
the patients medial fractures were about twice as comm »n as trochantersc fractures
Amongst men «n the other hand both fracture types were almost equally common
The average age of the whole series was 718 ears § years more for women than
men and 21- vears more for tre chanteric than medial fractures

87  of the fomale patients and 52 Gc of the males had 1ncurred their fractures as
a result of moderate force e falls to the ground ete while 3 of the women and
9 ¢ of the men mncurred their fractures through traffic accidents of varying s pes

The fracture 1ncidence on every 5 ear group showed a considerable greater in
crease with imereasing age and a caleulation reveal slainly that about 10 of all
women and 5 ¢ of all men attaining 80 3ears of age have had fractures of the upper
end ¢ f femur

A omparisan ¢f the mcidence af female fracture cases in Malm) and Dundee
Scotland (Stewart 1958) shos cd a significant]y higher incidence in Malmo 4 corre
sponding camparts n between the conditions 1n Malme and  olhenburg (Mdrtensson
1962) showed on the other hand no difference 1n the fracture inct lence

During the investination pert d the number f fracture ca es diagnosed annually
was tripled while the population fncreased by 20 ¢ Statistical analysis shcwed that
during this period a real mncrease fn incidence occurrd t e ond that cxpected owing
tc hange 1n the age and es distribution This incrca e was mainly 13 be attributed
U the trochanteric fractures There wa Ro carresj onding nerease in the incldence
s evere force 7 «f disea es ¢ peenalls favsural le to fractures amongst the patients
(heriplegra policmyelits sath pare ts polvarthritls radiological treatment of the
small pelis ete )

The anvestigaticn shows the fmportant difference + hich exists between the exes
reparding disposition ta ards fracture <f the uppcr end « f femur anl also gives an
indication  f the existence of ge graphical diffcrence 1n the el fence of such frac
ture

Ref rences

M irt stsson Tare Sien ka Lakarli lningen 59 318 1967
Stew et 1A The Me lical Officer 100 100 195%

OFFRYTIVE TRE ATMENT OF R CIDT AT DISIOCATION OF
THE SHOUIDI R JOINT
b Stug Walter (1ink ying S cien)

(T b publi tcl later in the Acla Orthdpae hica Scandina fca ).
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Fig 1

TECHNICAL I ROBLEMS IN LLUBAR FUSIONS
by St ante Rolander (C othenburg Sweden)

Chronic Tow hack pain 1s a disease of vast medical and social 1mp riance and a
central orthopaedic problem Clinical experience shons that 1 a great manv ca esat
15 possible to ehminate the pain by spinal fusions But 1n spite of 50 vears expen!
ence of fusions the opinions of the ndications and results are very much diversent

In this sitnation the author has found 1t an urpent necessity to try to throsw light
on the mechanieal efficiency of lambar fusions by means of experimental work

In fresh antopsy specimens it 1s possible Lo simulate healed fusions of different
Linds by frung the vertebras mn plastic glues the streagth of which exceeds that of
bone In a compression testing machine the specimens are loaded during simulta
neous measurament of the intradiscal pressuse The values are compared with tho ¢
obtained after the fusion s removed 1t 15 obyvious then that the egmental metin s
bot presented and the dise 15 definitely not unloaded by the fusron Onis when the
Joad 15 applied hetween the axis of motion and the fusion mass—viz m a dorsal
fusion with the specimen 10 dorsiflexion— 15 the mtradiscal pre ure apprect bh
decreased This means that even if the fusicn s suffictently strcny the pedicles
specially the intra articalar portions are too flexible to withstand thel ad The same
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thing is easily demonstrated if the disc is exeised Then the anterior borders of the
vertebral bodies are bent together by a load of less than 50 pounds hut 1f the gap
produced by exctsmg the di ¢ is big enough the intra articular portions fracture

If a solid fuston has the abilits to ehminate pain caused by the dise the reason
could n t be a total elimmation of motion It 1s however obvious that the pattern
of m lion 3s defintels changed I+ the fusicn In arder to mestigate this change and
to obtain more exact k ledge of the ph 1 1 and 1 1 pattern of
Jumbar movements the author constructed the deviee the essentials of which are
shown in the figure (Fig 1)

The specimen is fixed jn & compression apparatus where the load can be apphied
at different angles It 3s assumed that the axis of motion passes through the nucleus
Thus the loading force (a) as well as the movements (b) are measured on bth sides
of the aus and 1 1y recorded (a ¢} It s possible to load
the specimen so that the resultant of the applied furces crosses the ats of motion
AU this moment the disc 1s vertically loaded which 1s indicated bv 2 uniform com
pressi n of the disc and by a minmimal 1ntradiscal pressure (e) The compression
bar {(d) permits morvements of the disc in the horizontal plane which are recorded
b the gauge (f) placed against the anterior border of the vertebral bods

CONGFNITAL $YNOSTOSIS IN THE CERVICAL SPINE
by Poul 4 and Lone Giorup (Copenhagen)

The matenial comprises 76 cases and 1t 15 estimated that the svndrome 15 feund
1n 07 per thowsand m the population of Copenhagen The svn stosis Is mwost fre
quently found 1n the upper part of the spine in 13 cases the cervical spine 1s com
plelels svnostosed Other vertelral deformities in the whole spine are found in
about 50 colioss jn 71¢° Sprengel s deformuts n 18 ¢ of the cases

(To be published later 1 a more detailed form mn the icta Orthopaedica Scand:
navica )

EOSINOPHIIIC GRANLLOMA
by Rdre \yhoim (C penhagen)

In order to get an smpression of the course and prognosis of disease the histor
of 14 children has Feen reviewed 6 were diagnosed as solitars 8 as multiple granu
loma The primars admissions werc to different specialized departments as a result
of hillerent complaints from varving localization The diagnosis v as made by histo-
logical examination in all but ane ca e Thus sceurty 1n histopathological dragne sis
s cxilained Iy the carl phase of disease 1n which the hustological features are
m tt pical

The roentgenographic pi ture af the single focus presented a round oy al ¢r fr
regular rarefacti n in | ne surrcunded I+ 2 sharp demarcatscn lme This finling
was mo t prominent in the Calvarium and other flat hones while Incalizati n in
1 mr b ones often re ulted 1n dilatation of cofticals producing § oneeyats «r break
ng thesugh af corticalis foll wed by some selere sis and healing.

The treatment has been surgical intervention with exc xchleati o f the path
L gical tissue ¢\ ra jrradiation of single foci with small dosis (Total d «is 7v 400y
rt 7paticat  tere operated on for oste Whie defect n theca eranil 3 Tihe e defects
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were completels healed and filled with normal bone tissue 1n 3 of the cases nside a
vear The surgical treatment was 1n some of the cases supplemented by postoperatine
\ rav jrradiation In 2 cases the defects were primarily repaired by placing a plastic
plate 1n the diseased bone while the last one obtained a similar prosthesis 9 vears
later because of unchanged defect with periodical headache as complaint

Local \ rav irradiation of 26 single fcer resulted 1n 15 with complete healing in
side a vear while all were healed within a follow up period of 5 vears Although
the wnfluence of wrradiation could be accepted as a cooperating factor i some of the
cases no certain conclusion cculd be drann from the treatment especially not when
8 other foc) shcwed a completed spontaneous heahng inside a year and 1 mside a
period of 3 vears

In we find that hilic gr localized to the
osseons svstem solitary or multiple are a benign disease which run a course of
lhimited time rather mndependent of treatment An early histological examination
can serve the diagnosis while later 1t often confuses the diagnostic considerations
Operatise 1nterference with exenchleation of the pathological tissue or \ rav treat
ment with small dosis can probably adsance healing but the spontaneous rourse
often complicates a certain impression of effect of treatment

VITAMIN D RFSISTANT RICKETS
bv Hans Bohr (Copenhagen)

Four cases of vit D resistant rickets from the Orthopaedic Hospital of e penhagen
are presented The first 1wo cases are bovs born mn 1945 and 1928 respectnels and

Fig 1
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seen at the age of two vears There was n» disposition { ¢ bone discase 1n the fa
milic  As the rachitic symptoms did not respond 1o ardinary doses of vt D., they
were transferred to the pediatric department of Tugshaspitalet and treated with doses
of ataut 100000 units of sit D gradualls reduced 1o 50 000 unrts pr day as main
tenance do e Normal development has oceurred on this treatment an ! the micrc
raly graphic (mrgr) prtore f a b ne hiopsy from the «lder boy 1 1960 gnen

n Fig 1 shows that the hine structure has beec me essentialls pormal

Of the last two cases both women and relatnes the ounger born in 1947 had
correction osteolomies on hoth femora and the right tibia at the age of § The de
fermits was much improved 1 ut recurred at the age «f 13 A th rough imestigation
including mrgr inve tigation of hone hiop 3 gave the diagnosis and treatment
with high do es af vit D was started Fig 2 shans the increased excretion of cal
cium In the urine during treatment In Fel'r 1967 correction oste tomies were per
fcrmed an both tibiae but mrgr examinatien showed th t the rachiti changes
persisted and no uptake of Tetracychine 1n the bone ¢ uld be demonstrated The
cHer woman b rn in 1904 anian aunt to the ene menti ned bef re had orrecti n
asteotomies performe ! u both femora at the age of 19 The deformities recurred an 1
when she s as cen in 1961 she had pain in different joints She was treated with
100000 npits <€ 1it D fais and had ome relief fr m her pains A new biop v 10
manths later h wed on mrgr examinati n that normalization of the bone struc
ture had arcurrcd and corsesp nlingls an uptake of Tetracyclne tould le shown

References

Rohr H & Doleruy F \ ray microse pv and \ fav analvsis Procee ings of the
second internats nal Symposium Stwchh Im 1958 p 184
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THE RANGF OF MOVFMENT OF THF SHOLLDER JOINT AT
VARIOLS AGES
by L Saario (Jwvashvla Finland)

The rescarch material comprises the aciinve range of moivement of the shoulder
Jonts 1 1280 persons The joints included 1n the survey were confirmed as healthv
by chinical and apamnestic examination They did not reveal pathological symptoms
nor did they suffer aceidents

It emerged from the 1ns estigation that the average rance of forward and backward
Lifting of the upper arm was 240 1n the voungest age group 1e below 16 1 hule 1t
was 190 1n the oldest group (ahove 70) During aging the range of mosement there
fore drminshed 50 or approx 21 ¢,

The average abduction range was 166 1n voung people and 116 1n old people
The decrease was therefore 50 or 30 %

The corresponding average figures for the rotation mosvement were 175 and 125
m this instance the range of rotation decreased §0 or 28 <

Ratsing of the upper arm to the tertical position was successful in only % of all
the 16 age groups and after 50 years of age this was onlv successful 1n exceptional
ases

Complete 180 abductzon occirred 1 the youngest age group in about 40 7% After
80 vears of age complete 130 abduction occurred onls 10 a fess persons

4 fundamental factor eausing changes 1o the range of motement in combmation
with aging 1s the changed position of the shoulder blade With increa ing natural
contexity of the pine the shape of the thorax changes and the shoulder Hade leans
forward at the same time as 1ts position 1s altered in a sagittal dsrection Ths lmts
both the ability to rarse the upper arm forward and also the range of cxternal 11
tation

FAMILIAR CLINICAL SY\DROVES I\ LESIONS OF THE SHOULDER
by W D Coltart (London)
Mr W D Coltart (London) referred to the four outstanding and resdnt dentifsed
chimical syndromes associated with the scapulo humeral jomnt which mas be d:sl:
nated (1) The Ruptured Supr (2) Supr tus Calesfication (3) The




PROCFEDINGS 367

Pawnful irc and (§) Frozen Shoulder These svndromes could be referred to 3s
Primary Intrinste Paintul Shoulder hecause ther eould he identified by phvsical
signs 1 the scapulo humeral joint and 1o that wav distingwished from the very
targe pumber of extraneous lesions which mas causc pawn referred to the shoulder —
althsugh such things as cernvical spondslosis angina pectorts and cerebral hemiplezia
mas later on produce ankylosis and pain perhaps duc simply to smmobility The sym
£ s um did not netd to cancern iself with such obyvious causes of Fanful Shoylder
a3 fracture or tuberculous arthritis

These famihar ssndromes were all described b Codman over 30 vears ago were
referred to 1 a British svmposium 10 1943 and were well hiown what was smpor
tant was t relate them eorrectly to Morbid Anatoms These shoulders have been
explored 1y Surgeons and three patholgical entities have been described (1) De
getteratine Jesions of the suprasyinatus part of the musculo tendinous cuff (2) Cal
aifving lesions 1n the tendon and occasionally in the sub deltoid bursa and (3) Com
tlete adherence of the capsule to the head of the humerus

The prohiem of the Frozen Shoulder would be dealt with b Dr Magnusson In the
other three svodvomes treatment was fairhy well standardized The ruplured supra
spinatus could } ¢ identified by the Procaine te t and arthrography as described b
the late § 1 Etles (12 31 hut recent discussion amongst experts 1a the Lmted States
suggested that surgical repair was seld m necessary and that immediate repair had
no af antage over a delav »f 10-14 days In the pamlul arc hyvdrocortisone injec
ticns hai proved of value and acromionectomy was seldom required The surgical
remoral ¢ f the plaque of caleified material i the supraspinatus tendon Was a satis
foing rrocedure and easilv done providd a cotrect ineision was used Acute attachs
of pam from bursting of the caleified material 1nto the sub-geltoid burse nould
usuallv result in & spontancou cute and rest with heavs sedation was as effectise
&« asprrate 11 or deep \ ra  therap during the short acute phase

Speculatiin a to the reason for Wiopathic supraspinatus degeneratt o was intere
sting and wa made more s» by the observations of Inman and his colleagues on
th ¢ mparatne anatamy ¢f the shoulder (19443 The facts sug@ested an ncreased

StEmft ance 10 function of the deltord and exther diminishing or alterin, function
fth supraspimatus

R fer nees
Sumjosinm on the Painfut Shout ter Journal «f Bone € Jomt Surger 3IB N\o 3
1949

Hus 8 0 & Ar un Tulloch Ihid 3B No 1 193
inman tal fbsd oF 4 N\o 1 1944

EFRIARTHRITIS HLMERO SCAPLLARIS
by Ragnar Magnusson (Linkejing Sweden)

During the vears 19 0-61 279 patients were treated in the Orthopa dic Clinie of
the Central §lo pata) ia @ik png 115 men and 157 women with periarthritis hu
™ ¥ capularis In 97 cases the illness vas present n }oth sides The average age
{ r men was somenhat higher than for women « 4 and 27 & respectinels although
the dufference 29 mot statistically proven

25 wer ontn xxxmy 4
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shoulder joint downwards awav from the acrominn 2fter performing n ¢ teotomy
through the neckh of the scapula

Operatite Techmque

With the patient Ining prone and the arm in lateral rctation an w72 n s made
along the spine of the scapula the deltord bein~ detached and retracted | wowarls
together with the infraspinatys so as to expose the bach of the shculi r yunt 48
oblique osteotoms 15 now performed threugh the nech ¢f the scapula < as o s¢
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parate the glenoid from the bods of the bone 4 bene spihe 15 now inserted above
the upper border of the glenoid svhich s then Jerered downwards by counter pres
sure agaiast the spme of the capula while downward traction >3 eterted on the
arm

o fixation ot splinling is necessaln modements hesng encouraged from a few
davs after the operatiod

The operation has proved uniformly successful for those cases where pam 13 due
10 friction betw een the head of the humerus and the aeremion and when movements
of the shoulder Jont are otherwise free

Fall function 1s usually regained within four weehs Pawn s relieved so rapadly
bt this operation that 1t ha heen suggested that in 2ddition to 2ts mechameal effect
the relref of pain ma be analogcus to that following a MeVurray osteotomv 1t has
2lso heen suggested thal it might be helpful when the supraspinatus has been rup
tured or paralysed since the dowpward and medial displacement of the shoulder
affyrds a better leverage for the deltoid

FREE PAPERS

LESIONS OF THE INFRAPATELLAR FAT PAD AND SINOVIAL FRINGES
HOFFA N DISEASE
bv I S Smuthe (Dundec Sc tland)
Internal derapgement of the knee Jmnt related 10 the infrapatellar fat pad evists
wm tan distinet forms
In which the joint 13 otherwnse n rmal ln this variets the fat pad undergoes
enlargement {rom oedema or haem wrhage a5 3 result ol a wngle incident of trauma
(F1g 1) or rej eated minor incidents Where hypertrophs s of idiopathic ongin the

< ndition 1s Irequentl¥ hilateral and affecting v ung females mav e f hormonal
OFIgIn

TANLF 1

Meniseect mies Aterages ages (1950-146%)
Years c numb J Avrs ae
1940-1943 - 200 23
1943194 500-1000 2
194519 1 1000-1200 30
191 19 3 1500-7000 33
19 3 1935 2000-2500 3
1959-1997 *200-3000 35
19 7 1928 30003200 35
12 % 1959 35001000 36
1959 1961 40004500 36
1961 19¢2

42002000 36




372 PROCEFDINGS

Fig t
Lesions of infrapatellar fat pad etiology In this case the direct injurv which
produced the scar over the patella was responsible also for he pertraphy of the fat pad

Fig 2
Iesions of infrapatellar fat pad etiology Diagrams to show effect of degenerative
changes 1n the meniscus (1n the form of horizontal cleavage) together with thinoing
of articular cartilage on the infrapatellar fat jad of the kmec print the space
avatlable 1< reduced rendering the fat pad and particularly the synovial fringes
vulnerable to snjurs

In which the joint 1s the subject of degeneratie changes The pattern of internal
derangements of the knee joint and the age at which they are encountered has
changed 1n material degree 1n the past two decades (Table 1) This rvanety I3
secondary to other pathologs 1n the joint Degencratne changes in the memisc in
the form of horizontal cleavage together with thinmmg of the artrular cartilage
reduce the spacc avalable for the fat pad The fat pad does not decrease in size 85
the space availahle to 1t decreases 1 size (Fig 2) The hability to myury or (o the
trapping of synovial fringes 1s therefore mereased
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Pathologteal anaton y

The patholagy encountered varies within wide Timit The fat yal mav be the
obvious subject of ocedema or of hvpertrophv  r of fibro 1s from a previcus
haemarrhage of traumatic orifin It 1s assumed that fibrisis decriases mot thty and
renders the fat pad liable 1o compresston If it 1 enlarged there are uswall T
Jecttons of svnovial membrane 1nto the joint and the ¢ mav hov evilence of
involyement 1n trapping ncidents

Clinteal features

The h1 tory 1s usualls of long duration The outstanding symptom 1 pamn or ache
in the anterior compartment directls related to phvsical actinity and characteristy
call relieved by rest It takes the form of vagueretro patellar orretro patcllartendon
pain occasionalls of sudden stabbing pain which may cause the hnee t give way
and even of synovaal effusions Swelling from hypertrcph ma  be pre ent u ually
«n both sides of the tend n Forcible extension which exerts pressure on the pad
mas induce pain in the acute phase There ma  be local lenderness to deep pre sur

The differential diagnosis includes the range of conditions affecting the anterior
compartment of the hnee 1n § articular the space occu ying lesicn

Treatment

T quadriceps msufficiencsy  ontrihutes 10 arving degree to the trapping of
sinovial fringes quadriceps redevelor ment is essential in the treatment of every
case In circumstances of acute pain and as a temporary measure raising of the
heel will take pressure from off the fat pad Jt 1s not however a method of treatment
which should be maintained because walking on a knee shich does not and cannot
extend fully is undesirat e

In gencral when the diapno 1s ha heen established bevond reasonal le douts the
treatment to he recommended 1s operation Relief 15 (ffected by excision of the lags
of s\novial membrane or reduction f the size and posity n cf the fat pad as the
occaston demnands

THF PICTURF OF THF [1MORO PATH LAR JOINT IN RECURRINT
DISLOCATION OF THF PATFLLA
b ffdkan Brattstrom (Lund Sweden)

In the femoro patellar ) sint the lateral c nd le : n rmally m re prominent than
the medial one Hecurrent dislocation of the patella i 1y many authors ascribed Lo
a hypoplasia { the lateral ccnd I

In order to make thcse quantities measurable ¢n the \ rav Oilm I have under
standard conditisns examined 100 men and 100 W men with tealthy knees an 1 30
“ men with recurrent disl cali n f the patella The patient its on an \ ray table
With a vertical iron pole | etween the knees and ankles One X ray film is placc 1
\entrally for the antert rylan of the ¢ ndvles of 1 th knc  and sne film de esally
f £ the pystert r plane (Fig 1) On both films & wire indi te the horizental hine

In this may 1 get tno practicalls imultaneous (ilms with the anterior plane of
Tight and left hnee on n film and the | steri r plane n the ther (Fig
schematie)
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On the films I have measured and ealculated the following facts
1 The ratio between the heights of the lateral and medial condyles ahove the
horizontal line through the bottom of the sulcus (Fig 2 1m)

Ratio 1jm (right knee}
Healthy men 19 007
Healthy « omen 198 =008
Sick  women 290 054

1t seems as if the ratto of women with recurrent dislocation 1s a little higher than
that of healthy women as a sign of a bigger predommance of the lateral condsle
but the difference 1s not sigmficant

2 In order to see if rotation or torsion of distal end of femur 1s of any 1mportance
1 have measured the angles between the planes through the anterior resp Posterior
Border of the condy les and the horizontal plane (Fig 2 Cresp C,) and by thys st 15
possible to calculate the angle C (not in Fig 2) between these Iwo planes
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Angle C (right Anee)

Healthy men 286 'f 0 :n
Healthv women 2 13 : 0.22
Sich women 70 =068

There 15 bo significant difference between theve 1wo gemale groups (078 = 073)

3 Y have Toem wred bt wndte tetween a vectical line through the bottom of the
suicus and the hines from the tops of the condyles to the bottom (Fig 2 L resp A
Lcall them condsle sngles They are 1ndependent of the varving phatagraphic
eulargement and give a better \mPres<ion of the shape of the articulatson than talk
\ng about the relative or absolute hei hts of the condsles If the rondsle is Yow the
angle 15 big and vice versa

Condple anles L xesp M {right knee)

L Al L+M
Healthy men 633 D3 735=04 1498 =05
Healthy women [T E-N'2Y 2?3201 1M8=06
Sick” women . 72207 70211 1571 %13

The difference between sick and healthy women s for) 58 = D8 for M 15 x 12
and for L43 103 = 1§ This means that in a sich hnee the lateral angle 15 higger
than oacmal as a sign that the lateral condvle 1s smaller bat at the same time the

medial angle 1s brgger than pormal and the enlargement of the augle 15 of about
the same size as the lateral one

Canclusions

The flattening of the lateral condrle which has been described by mans anhors
1s real not depending on rotation or torsion but 1t is accompanied by a fatteping
of the medial copdrle of abont the same size Instead of talhing about the relatne
or absclute heights of the condvles 1t 15 better to describe the condvle anyles™

RESLLTS OF THE PATELLARPLASTY I\ SOME SFVFRE CASES OF
DEGENERATIVE ARTHRITIS OF THF h\EE JOINT
by Henrik Stdren (Stasern Norwav)

In manv cases of panful degenerative arthrstzs of the hnee jomnt conseralnye
measures are tr1ied without success We all know these short obese indssiduals abos e
50 vears of age so commonly presenting genu varum caused by reduction of the
cartil ge of the median part of the Joint Rather commonly this paraful condition
leads to aluse .f analgetics and for man¥ pateeats arthrodesss s the fimal autjool.

Becau € of its disadvantage I feel 1hat arthrodesis should be the vert Jast treat
wment chosen Fupnaally i older Individuals an already impaired 1 enous circulation

s be further re luced by ereating & stiff knee and thereb reduced actnsty of the
th,
d actinity of th
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Comments on Table .

Ezxcellent denotes ahility to perform normal walling and moyements without pain
Further the ability of 60 derrces or more flexion and nearly complete extension

Good denotes ability to walk without pain on an even floor but not on starrs or
rough ground Flevson 45 degrees or more

Fair denotes any defimite ympravement but where moderate pain is still felt upon
walking and a cane 15 being used

Poor denotes persistence of pain whether mobrlits has been improved or not

Conclusion

The mater1al here presented 1s farls small but I hope 1t will thren some light
upon an operati ¢ procedure which may have a beneficial effect 1 otherwise hope
less cases Fven af the operation 1s of a palliative nature its long lasting effect seems
to indicate that it sometimes is able to breakh a vicious cycle in these patients

QUADMCEPSPLASTY FOR STIFF hNEE FOLLOWING FRACTURES
by E 4 Micoll (Shefficld Fngland)

PALVELS OSTEOTOMY IN COMARTHROSIS
by Sophus ton Rosen (Malino Sweden)

Eredrich Pauwels doctor of medicine and techoolody gave a fuller report on his
conception and esperience of the genesis and the treatment of coxarthrosis i the
report from the {8th Cerman Orthcpaedic Conference held in Berlin during 1960

Paunels states that coxarthrosis is a hiomechanical problem and s due to the
lack of accord between the mechanical demands placed on the huip joint and the
resistance to these mechanical demands present in the cartilage and underly g booe
tissues The brologreal component 1n this lack of accord cannot be safels yudged and
cannot be influenced by our therapeutical measures The other component the
mechanical forces scting on the hup yoint can be corrected by operative procedures
a the form of a causal theraps

The three operative methods discussed by Pauwels are the Voss operstion  the

Mac Murcer displacement asteatams  and the Pauwels varus adduction osteo
my

According to F auwels the effect of both the T oss operation and Wac Vurrey osteo
tomy 1s a decreased pressure on the acetabular surfaces cavsed by a weakening of the
actron of the hip Joint muscles Pauwels thinks that these operations are not
dicated 1 cases where the wesghtbearing surface js Imited through subluxation (1
imcongruence hetween the articular surfaces The sarus adduction osteotomy {s justt
fied 1n cases where preater contact between the articular surfaces is obtained when
the leg 1s abducted

Pauwcls shows the results 1n a number of long term cases showing be;
I would sav fascinating structural improvements in the architecture of the joint

My own evpersence of the Pauwels varus adduction 1s based on 17 patients on
whom e hate performed 20 Pauwels osteotommes since 1926 The sex distsibution
was 16 females and 1 male It was around 30 vears of age that the operation came
wto use as it was at this age that the patients began to be troubled and then agaie

autsful and
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Fig 1
Female born 1m 1901 From 1944 t> 1958 a progressing ostesarthritis developed 18
the left hip Jomt 1944 (a) 1304 (b) 1998 ()

Fig *
Same patient 3 sear after varus adduction osteotomy

later after thc mencpause The two youngest were treated purels prcphslactically
OWINE to a valgus and subluxation po itwa after late r duction of hip roint dis
locali n

With a small m d ficati nneh e f llowed the ¢j erative technique wich Paunels
reccmmended 1n 19 3 Our r ult ha  been up to n w vers encouraging

A hrtreien fone a f1lw

BO 2 bornin 19M Quie ¢ tr uble from the left hip 3 10t 10 1944 Had to
U e ne canc for walhing Csuld Ir ¢ the ane in 1946 after ¢ nlinucus gvmnastic
tramimg Some ¢ r later this rali nt suffered increasing pain vhich was impos
sible 1 endure n 14 % (F1g U h w ng the \ rav changes during this period } 4
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varus adduction osteotomy was performed 1n March 1959 Present copdition The
patient 1s very pleased Mobility 90 flevion 15 abhduction 25 adduction Practi
cally no himp The last \ ray 1s vers satisfactory (Fig 2)

DFLAYED FMERGFNCY TREATMFAT OF OPEN LEFSIONS OF
THE FNTREMITIFS
bs Erin Madsen (Sorg Denmark)

A report 1< made on 84 open lesions (all but 5 were lesions of the hand) treated
with delaved operation as revommended by Iselin Primary treatment was as fullons
surgical washing of skin revision of wound excision of dilacerated shin edges no
suture dressing mosstened with cetaulon chemotherapeutics The dressing s changed
dailv When acute reaction 1s decreasing a few days later the final operation is
done excision of wound repatr of tendons nerves and fractures transplantatidn
of skin suture of the wound dry dressing

The motives for the delaved treatment are generally to operate under the hest
conditions We can safels use an unnersal anesthesia a skilled hand surgeon 1s
available After the nterval of a few davs the himats of the ncerosis are clearhs tn
be seen this means that the excision s safer This method allons us to suture
nerves and tendons nearly primarily on the fingers also the tendons in zo mans
land are repaired with the method of Claude 1erdan  suture blcquee” The con
ditions for skin grafting are favourable [ast but not least until now we have been
able to avend serious infections cven in gravels contaminatcd wounds Vo tendons
bones or jonts have becn wnfected

Skilled experience and close obsersation during the inters al are neuessary to decide
the optimal moment for operation The patient must be consudered a case of urgency
untd the operation s done

Results OF a total of 84 cases 72 healed without infection

25 cases had skin grafts

In 5 cases there was a shight superficial infection but they all healed between 1?
and 20 davs (1 suture on a finger burst without suppuration 1 shin graft had a
shght suppuration along the edoes 2 crushed finger ends had shight nfecticns of
the nail bed 1 big wound on the leg was shghtly nfected a few davs)

Interval 24 were operated after 18-21 hours 38 between 1 and  davs 14 betacen
2 and 3 days 8 between 4 and 7 days

Suture of extensor tendons 14 had very good result 3 had farr results 1 bad
result

Suture of flevor tendons 7 had very god results 3 of them werc sutured m po
mans land with suture bloquée 3 had a fair result 2 of them i no mans land
No bad results

(Fawr Finger z-1 cm from palm or ext defect 10 -50 )

We started this treatment with sceptiism Mow we use 1t with confidence

INDUCTIVE MECHANISMS 1IN BONF TRANSPLANTATION
by R Ceoffrey Burwell (Leeds England)
f
The previous ymmunol greal studies of the writer have shawn that homografts of
fresh marrow free 1hiac bone are onls weahly if at all antigemic
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Fig 1
The meth »d of preparation of a fre h comp ssite hnmograft autograft of cancellous
hone

In sien of this finding an attempt has been made tu pr duce a foreign bone graft
capalle of f rming new bone a readily as an 1liac autograft b the following me
th d (Fig.1) It wa found that bone and marrow together as a fresh composite
homagraflt autograft (CHA) form considerably more new bome than do either of
thec mp nents of the graft transplanted separatels 3nt grafts of red marrow trans
planted al ne to a muscular site Hrmed new b ne 1n 13 of 30 expersments (43 per
cent)

The effect of various phisical ant chemrcal treatments of the homolagous hane
tef re combining 1t with fresh antologous marro s has also been snvestigated Using
& quantifatine meth 4 it was found that there is no statistical difference between
the am unt of new bone formed | fre h CHAs and CHA's prepared from b ne
treated b freezing (—20 € and —196 €) Homeser CHAs prepared from bone
treated b frecze drving frecze-dr 1ng and wradiaty n freeze drong after steriliza
tn with ¥ p reent 8 pr piolactone and twallicati 2 € rm sigmef cantly less new
b ne than d> fresh (HA's Fin 11 the CHA s prepared from bone treated bs boiling
merthialate solution orsami extra t n and & htng sh  an even further impair
ment «f new b ne formation

Thes ob ervatun wereds v d briefly in relation t (a) me hans m of csten
Feneis (b) the t ne b nk (1 1 cture healing and (1) the sigmficance ¢f the
relatin fh neanim e w
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ﬂ
Figs 1 2and 3

Dssplasia epiphvsialis eapitis femoris
Fig 1 111/12 vear old boy 11 months before the first roentgenological and chinical
signs of Dysplasta Ossification of the epiphyvsis retarded at least 1 vear

Fig 2 The same Patient 11 months later The nucleus of ossification appears dys
plastic
Fig 3 The same Patient 5 months later than 2

homogenous group There is a minor group presenting a disease pieture—a svodrome
—which 1s distinct both roentgenographically and chinically from the classie form
of Perthes disease—not least as concerns prognosis

This disease puture is found 1n only about one tenth of all the patients and
mainls 1 children under 4-5 years of age The epiphisial changes are not seen in
normally deseloped epiphtses as n typical cases of Perthes disease put i small
very sirongly retarded ki nacler The r shoas ne stage of
condensation or fragmentation From the very start the small retarded epsphiysis
shows a diffuse more or less coarse grainy bone structure This sram of rice™
structure 1s most pronounced 1n the very earliest stages Then without going through
a stage of fragmentation the structure becomes slowly and gradually more homo
senous The size and bone structure of the epiphy sis become normal in the course cf
three years and following switable non weight bearing treatroent healing ensues
with no epiphvsial flatteming so that the final result 1s a completely normal eps
physts

In contrast to this healing 1n Perthes disease takes ahout 5 7 gears the discase
leaving its trace n the form of a more or less deformed epiphysis—depcnding en the
treatment To distingwish 1t from the classic form of Perthes disea e a suitable
designation for the above disease picture would be Dysplasia epiphysialis capiis
fernoris The fundamental difference between the two syndromes is presumablh that
while the dvsplasia only 1s the expression of a disfurbance wn ossificalion of the
young epiphyvsis Perthes disease 1s the result of a real necrosis of the head of the

femur

The roentgenographic pieture found 1n dysplasia of the head of the femnur closely
resembles the epiphysial changes so often found o congental dislocation of the hip
—before any attempt at reduction None of the present cases of dvsplasia of the head
of the femur howeser showed luxation subluxation or dvsplasia of the acetabu
lum Nevertheless 1t seems likels that a pathogenetsc relationship exists beluten
congenetal dislocatin of the hip and dysplasia of the heail of the femur
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Dysplasta of the head of the femur on the other hand 1s often assoctated with the
classic form of Perthes discase either in the sante patient n the same family or
in the form of transitional cases The dysplasia alsa scems to predispose fo classic
Ierthes disease later

Dvsplasia and Perthes disease are therefore unloubtedly nol two different di
seases but merely an expression of the same cause resulting in different reactions
m early and late chiidhood

1l the common of the two syvnd s of epiphyvsial
circulation—and much tells 1n favour of this—Trueta s studies of vascularization of
the epiphvsis of the head of the femur in various age groups provides a natural ex
planation of the difference in the effect of circulatory disturbances hefore and after
the age of 4-5 vears

DISCLSSION
E G Her og (Sheffield England)

1 was extremels mterested in Dr Me ers paper

Since as we all hnow st 1s so difficult to arn e at a defimte prognosts m Perthes
disease it seems verv likels that we arc in fact dealing with different tvpes of cases
so that when we compare different { rms of treatment our series are not strictlv
comparable N\ow Dr Meyer has tahen a whole group of patients out of this disease
¢ mplex under the name of d splasia epiphysialis and p e umably they hate a
different progncsis and pessibls require different Irealment With a similar idea
mmmd 1have recent] scrutinized more closel several cases which did unexpected
1 badiv with by which on the whole we con
sider the treatiment of choice We frund that in two of them we had to rest e the
diagnosis to onc of osteochondnitis disccans We openel the Joint in one of these
cases and found a fragment which we freshened and pinoed back with two Smillie
pins

TIF MECHANICAL EFFFCT OF THF € ALCANELM [N RELATION TO
DEFORMITIES OF THF FOOT
b F € Duger (Lnerp 1 England)

Having noted the pr gre 1 e impr ement f I wing plantar faser tomv and
© rrection of the varus of the heel i pe ca u al antage ha 1 nt Len of ther
deformities t> tudv the effects nthe f ref 1 falt ring any atn rmalt n size
or inclinati sn 1n size or inclination [ the cal ancum

Altention 1 drawn 1 the | ne of aclion f the Achille tend n (actuated as it s
b the two mo t ponerful mu cles in the calf) 1n the norm 1 Any abo rmalt an
the nclination [ the calcancum will shift the line [ action f the tend n thus
accentuating the d f rmily and affecting the balance and shape ¢f the wh le fo t
Weakness r 1 of pc ern the calf re ults in the calcaneum projectiog di tatly

lheapotr Nilv rolling into valgus rsarus

The prin 111 s und rl 1ng operative correc n all d para
Whc ones  + tasicall the same The ¢ n 1t in orrecting th aln rmal inel na
tenof th | 1 b remo ing or i erting % Ige f b ne an! increasing ¢ de

crex mgth b ght fth heel where nee ¢
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Walking with the heel stable and fally corrected (or 1n some Instances over cor
rected) results m gradual correction of the forefoot deformity to such sn extent
that the follow ing conclusions have been drawn

1 No tendon transplantation should be performed before ohserving the full effect
of altering the shape and inchination of the hecl
2 Vith the exception of paralytic drop feot mid tarsal wedge resections can be

avoided Any equinus or supination of the forefoot which persists 1n spite of
heel correction can be dealt with by removing a wedge at the tarso metatarsal
level leaving the mid tarsal Joint intact

In pes cavus an paralvtic varus deformities and in elub foot after division of the
plantar faseia balance 15 achieved by erther removing a lateral wedge from the cal
capeum when the heel 1s large or wnserting a wedge into its med:al aspect when it
1s small as in club faot (the Achilles tendon being lcngthened at the same time)

In all valgus deformities and particularlv in cerebral palsv the imsertion of &
wedee of bone into the Jateral aspect of the ealcaneum blis s plantar surface mto
varus and prevents it from rolling into valgus The effect of control of the hindfoot
by this means exerts a balancing effect upon the forefoot In cercbral palsy the al
teration 1 proprioceptise mpulses 15 reflected higher up n the reduction of ad
ductor and flexor spasm thus exerting a profound influence on balance and gait

In calcanean deformitres the height of the heel 1s reduced by removing as large 2
wedge as possible from the postero superior aspect of the calcaneum at the same
time correcting any valgus or varus inclination When the calf 1s completely para
Iysed the wedge of hone which has been removed is inserted into the neck of the
talus where 1t acts as a very effectve bone block preventing excessine dorst flexton

PARALYTIC CALCANFO CAVLS DEFORMITY OF THE FOOT
by E W Someruville (Oxford Fngland)

Paralitic calcaneus deformity of the foot can be divided into three types In all
three the gastroenemins and soleus muscles are paralssed the extent of the paralises
of the other muscles detcrmines the degree and type of deformuty that results

Type 1

The gastrocnemius and seleus are the only muscles which are paralysed all the
other muscles are acting strongly As a result the heel assumes the 1ertical pouition
because there 15 no upward pull but the other muscles of the calf pull the forefoot
down producing the exaggerated cavus deformity Whenever this muscle imbalance
exists the deformuty of calcaneo cavus will almavs follow It can be prevented ¢
corrected by a suitable tendon transplant m which all the actrve muscles of the call
and the peroneal mascles are implanted into the end of the tuberosity of the tl}‘,
canens as tightly as possuble and the foot immobilized 1n plaster for one mont! "
Of 13 such operations the result bas been successful in correctng the defarmil am
smprosing function 1n 1% 4 of these patients are able to walk on tip toe
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Fig 1
A calcaneo cavus foot treated b tendon transplant

Type 2

In this tipe all the muscles of the calf are paral sed but the dorsy flexors are
#eling and the tibsalis antersor 1s often over acting With this mu cle imbalance
the caleaneus 1s as 3n Tvpe 1 but the ea us deformity 15 less marked Ho ve er the
disability 1s greater because the forefoot cannot he got down to the ground It 1s
trealed by transplantation of the tihiahs anterior through the interosseus membrane
into the calcaneus again as tightl as possible along With the percncal muscles if
they are acting Thus operation has heen done three times all were successful 1n the
first place but 1n one at the end of one vear the tendon of the til falis anterior
ruptured spontaneousls

Type 3

Where all muscles below the knee are paraly ed The calcaneus is of moderate
extent and the cavus deformits 1s mmimal This fo)t can onlv he impro ed by
stabilization operstions 1n ol ing perhaps arthrode 1s of the ankle ¢ hone hloch

INDICATIONS FOR SURCEFRY I\ SPASTIC PARALYSIS
by W J W Sharrar! (Sheff eld Fngland)

Operatne treatment has an important place in the management af children with
spastic paralysis for the correction of f xed def rmits and the redistribution «f
muscle forees at a joint Reluctance to adyi € an operation often arises from fe r of
mahing a patient s ¢ nditi n wor ¢ or nn better 4n i esligation Ras made among
470 spa tie children to 11 cover a reliabl means  f determining the inficats ns f ¢
and the ¢ rrect applicalinn of operali e treatment

The devel pment of leformity in spite of adequate phest therapy wa f und to
be related b 1 to the pre cace of pa ticts 1n the sh rtened muscle Tut ¢ relatne
Weakness of  luntars acti 1 in the muscles opposing the def rmity Thu equinus
was assocrat d with relalise weahne s of the ankle dor iflexor  infepen lent of the
level of § ticats in the calf mu cle Flevion and adduction defo mils at the hip

lenel pel b m ihe glateal mu cle  ere we b nd flexi 0 at the knee when the
quadrice; was weah A aggeste! mech mi m { ¢ the de clopment of feformit 1
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that the shorlened muscle has failed to grow because of diminished tension excrted
on 3t by ats weaker oppancats
The rationale of surgical treatment should be to ccrrect musele length and sf
posuble to obtasn a better balance of forces at the affected joint Tendcn el ngats n
or ditysion weahens the stronger muscle and frequentls achzeves both aims partal
or tendon lton may zlso be used ta obtamn muscle balance Ta
addition to well hnown procedures three operations new to the surgers of spastic
paralvsis have been found to be useful These are psoas tendon elongation 1 r hip
flexion deformits pesterior illo psoas transpesition for 1nciment dislocaticn of the
hip and alternate anterior and posterior rhizotome for spastic scoliosis

TUBERCULLOSIS OF THE SPINF TREATED WITH ANTITUBFRCULOUS DRUGS
AND RADICAL OUERATION WITHOUT FNIORCED RECL MBFACY
INMOBILIZATION AND LONC HOSPITAL ST4)
by Bernhard Paus (Oslo)

100 patients were gnen this treatment at the South horcan Seandinayvian Hospital
n Seou! horea INH and PAS were used with addition of SM onhy durmng the
Ppatient treatment

The patients were admitled and gperated as soon as the bed capacity permiticd
The operation aimed at as thorough eradication of the lesson as possihle o bone
grafting was used \o tube was left for postoperatne Tocal instillalion of drugs

The patients were permitted to get up as soon and as much as they wanted even
1f this meant the day after operation Altogether 43 patients were ccmpletels up and
ahout within 3 months

Immobilization with plasterbeds jachets and corsets was substituted by active
evercises starting from admission

The m patient treatment averaged 35 davs with a maumum of 30 days m 85 ‘¢
10 davs n 70 <¢ and 60 davs 1o 90 ¢ These figures include pre and posloperatne
treatment possible prolongations because of intercurrent diseases postponing ¢ pera
tion additional operation for tuberculosts of the hip knce sacro shacal Jont juhbic
bone treatment for pulmonary tuberculosss tie

The patients were included without any sefectton The average number of verle
brae affected was 41 Paraplegia was present 1a 21 cases sious n 21 pulmopars
tuberculo 1s 1z 31 etc

80 patients became complctely able to work For adult males this m stl
farm worh or un<hilled Iahour For adult females 1t mostly meant housework The
wnterval from « peration to restmption of work was less than 3 month in 15 case
and less than 6 m nths o 47 cases Roentgenological smprovement was feund it
80 ¢z and bloch 1 60 <2

2 serious et mplications occurred with operatine damage of the eord Th
mortality was 1

The hvphosis amonnted to the same degrees and increased in the sam:
with sther treatments

meant

o < peratne

& war B

(ONCENITAL HIP DISLOCATION { FOLLOW UP STLDY
by Ib Christensen (Aarhus Denmark)
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THF RFCOCNITION AND CURF OF (ONGINITAL FLAT FOOT
13 Dents Warnwright (Newcastle Togland)

The distinguishung \ ray features of a true congenital flat foot arc the vertical
alignment of the Ton~ axis of the talus and the equinus defcrmity of the caleaneus
The forepart of the fcot remains dorsiflexed resulting 1n a subluxation «f the 1alo
navicular yoint

In this comparativels small series ¢f cases diagnosed in infanc 8 in all the
deformity has been corrected by repeated manipulations of the forepart of the fo)t
1n a doy nwards and medial direction to bring it inte hine with the axis of the talus
and when this was accomphished the equinus of the hind foit was corrected by an
elngation of the tendo Achilles and a posterior capsulotomy restoring the Iing
tudinal arch of the foot In some cases this could only be achieved by plaong a
spihe in the os calas and Tevering the heel downwards and mcorporating the apike
in the plaster

Fig 1a shows the X ravs of a chuld with bilateral congenital flat feet at the age
of twehve s ecks They show a completely vertical position of the talus with equinus
deformits of the os calcis and dorsiflexion of the forepart of the feet The antero
posterior view illustrates the medial devration of the talus (Fig 1h)

Fig 235 a lateral X rav of the mght foot showing the cxtreme degree of equinus
of the f refoot necessary to re align 1t with the talus Subsequent lengthening of the
tendo Achilles and posterior capsulotoms correels the cquinuy [ the calcaneus and
Tulls restores the longitudinal arches (Fig 3)

If the diagnosis can he established 1n infancy and presided the conbti n 3 net
as ciated with a sesere degree of generalized arthrogryp)sis or sjina bifida careful

Fiy ta LR

Fgt AL siw hwingsertialt lusantcqunus d fermlty fe0e {4 o

Fu 11 Lateral few how ng the &6 S medial b placement of tha g f,
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Fig ® Fig 3

Fig 2 Lateral view showing the extreme degree of equinus necessars to re align
the forepart of the foat with the talus

Fig 3 Lateral view of both feet showing the full correction of the deformity of both
feet with restoration of the longitudinal arch

and 1piensne treatment on the lines suggested can result 1 a complete core of 1us
rare but troublesome and mtractable deformity

SCOLIOSIS SYMPOSIUM

THF PATHOGF\ESIS OF ENPERIMENTAL PROCRESSIVF SCOLIOSIS
by 4 Langenshiold and J F Michelsson (Helsingfors)

1n order to provohe progressive scoliosis different operations on muscles nerves
and banes 1 the viemitsy of the spine and on the spine iself Were perfcrmed in
voung rabbits and pigs It was found that progressine scoliosis alnays occurs when
the posterior ends of 4-5 ribs are removed on one side After hemilamincctams of
4-5 thoracic or Jumbar vertrebrae of growing rabbits scohiosis of 50180 degrees
developed 10 2/3 of the amimals (Figs 1 and ?) The fact that both these operations
cause severe scoliosis pointed to the existence of a common factor in these two
apparent]s entirels different procedures

It was found that the e>rmon factor 1n the two operations 15 the loss of function
of the posterior costo transverse ligament One third of the animals subectel (o
section of five posterior costo transyerse ligamenls developed progressne scoliosts
In the other two thurds of this group scar formatton presented the deforming
effect of the operaticn The permanent loss of function of postericr costo transier ¢
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Fig 1 Fig 2

ligaments seems 1o be the scoliosis provohing factor after hemilaminectomy and
after rib resection

Ve ! that a m v of the function of the
Posterior costo transverse ligament at several levels of the spine of a growing rabbit
©OF Pig causes progressue scoliosis of the same 1vpe as 15 seen in man This higament
i transmitting the effect of normal muscle tone to the spine is of decisne 1m
portance to 1ts equilibrium and symmetrical grenth Loss of function of the liga
ment on onc side 1s folloned b contracture of the corresponding ligament an the
other side This contracture 15 soan followed by ccntracture in other structures

1t 1s obviow from the anatoms of the posterior costo-transierse higament that a
¢ontracture of it leads to a deformits composed of lateral flexion and rotation of
the spine

Rabhits with a seoliosis of up to 70 degrees could be brought t grov straight in
the coursc of some weehs by mean of section { the costo transyerse ligaments and
Parts of the interco tal muscle on the concave side of the primary cunve

THE ROTATION IN TDIOPATHIC SCOIIOSIS
by Ofor Lin lah! (Stockholm)

12 & study i oflab rati 0 with Racder we have anals ed the Ication of possible
forces that—{r m a purel mechanical pamt of sew—can produce the different
deformuties that characterize 1dt pathic scoliosis (Acta Orth Scand 3% 27 1962)

As a result { this analssi resceti n f the transversal preces es n the erncave
sie of th  rve wasa um d 10 be a methad of of taming regression of the cure

Thisop 11  has been p rformet in 13 ¢ s of idiopathic thoracic scoliasis and
thepati nt ha e heen b med £ rlctsw n 9 and 24 manths [t was concluded that
thisopc 1 ndilntthe friafl (o e the natural cour e f the disease
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However according to this mechanical theory other structures might al o produce
the same deformity and the next most likely structure would be the tharacie wall
espectally the postersor part A umilateral restriction 1n vertical growth of the
thoracic wall might be the cause of thoracie scoliosis

An clongation of this structure on the concase side 15 now being tried as a new
attempt to correct the scoliotic cunve

DISCOGRAPHY I\ EARLY CASES OF IDIOPATHIC SCOLIOSIS
by Olof Perey (Brebro Sweden)

In spite of considerable research the aettology of idiopathic scohosis s as vet
anhnown and hence 1t follows that the treatment 1s ssmptomatic In the more recent
Iiterature many maintain that the scoliosis 1s consequent on changes in the vertebral
development Greatest attention has been focussed on the epiphsseal ring but as
recently described by Stiflwell Jr these changes are secondam Prof James has
demonstrated that no chandes were visible 1n the epiphyseal ring of an eleven
months old child with scohiesis

M+ opiien s that sdiopathic scohiosis has a congenital actiology 1n spite of the
fact that :t sometimes appears quite late 1 life This 1s supported hv the fact that
it appears 1n umosular twins Wurdoch has published one case and I quote another

The complicated deyelopment of the spinal column from several centres which
ultimatels units in the adult spine leads to the frequency of congenital deformis
Deselopmental abnormalities in the vertebrae are appercnt roentgenolocically but
disc deformitses cannot be visualized by normal straight \ rav films

In adiopathie scoliosis there ts no primary deformity of the svertchra and thus the
disc must be examined for the presence of anomaly In voung individuals the moving
centre lies 1n the nucleus pulposus which 1s under pressure and as the nucleus and
annulus deselop from dilferent centres 1t mav he suspected that the nucleus 18
abnormally placed 1 the disc It 1s hnown that the nucleus can displace Taterally
due to changes n mtradiscal pressure and eonsequent vertebral remodelling

In a series of cases of newly dcveloped scoliosis Wwhich have betn sent th me L0
my collcages m the children welfare ser ice three cases were suitable for disco
graphy  The remainder were either thoracal or thoraco lumbar i which it was
technically difficult to perform discography without rish The iovesti ations were
carried out according to the Lindblam method using the so called Antomueedle The
patients were 14 12 and 2 vears old respectivels Discography howed that at the
apcx of the scoliatic cune the nuclens was Jocated assmmetrically In two Jt was
dislocated lateralls to the comvex side and sn the other case to the concare side The
cther dises examined had a centrall placed nucleus

The three ca es examined showed earls scoliosis nol exeeeding 15 and all sub
sequentls decreased —the oldest least and the youngest most In the two vear old
girl a fenestration of the disc and removal of the nucleus was j erformed through
an abdominal 1cision Post— peratnely the scoliosis decreased over the nine months
after the operation

1 feel that 1t 1s necessars to cperate m these ca es as
secondary changes 1n the epiphyseal ring and deformities
pedicles occur Once these deformuties have occurred the balance 1s alread st

carly as possible before

in the vertebral b dv and
anl
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thus epiphvsiodesis or fusion on the same indication as previously must be per
formed with the greatls perrod

TRANTHORACIC APPROACH FOR VFRTEBRAL EPIPHYSEQDESIS
by Lif Vdsonne (Stockholm)
{To be published later 1n the Acta Orthopaedica Scandinavics )

THE LATE RESULTS OF UNILATERAL GROWTH ARREST OF THE SPINE FOR
SCOLIOSIS
bv Robert Roaf (Oswestr England)

Whatever the primary cause of a spinal deformit  there 1s always a continming
or secondary cause—namely the disturbance of growth leading to deformit both
of the  >ues and intervertebral dishs The exact site of growth inhibition determines
the ts1e of curve Fig 1 shows that if the growth mhibitin 15 anterior a hvphost
results af antero lateral a Inpho scoliosis 1 lateral a lateral flexion deformity
without rotation 1f postero lateral a lordo scolio 15 With varving degrees of rota
tien There will be over growth of bone opposite to—that 15 at 180 degrees to the
site of growth mhibition

The logical treatment of growth disorders 1s to perform a gro th arrest operation
at the aj propriate site—that 1s opposite to the site af growth jnhibition

Tt has been found that an antero lateral approach 1s the mo t fleuible 1n enabling
one Lo site the growth arrest either more antertorly or more posteriorly according
to the trpe of curve

So far the results have been very encouraging-—out of 189 patients deterioration

A Gmuth nhibtion here causes
yphoscd Guis  ohould.be treated
\ag qmwth ARFPEST at @
B fl.'xrtnuth mhxb.ttlon hesr}e‘ couses
atel urvature ould
lreate? cbq growth ARREST at E
C Growth ohubition here causes a 1
lordoscolsosis  Should be Fig »
treated by growth ARREST &t C 1 Fr gre sie paral lic cunve

Fit b NIt cars afler growih arre t

-~
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i progressive curve ha been stopped and 1 every case and in approtimatels halt
there has been decrease in the curve with further gronth

In half the patients rc explorations have been performed and in anly one has
there been a pseudarthrosis at the site of the epsphyscodesss Typical examples of
improvemcnt wnith growth are shown

THE MANAGFMENT OF SCOI 10SIS
by J I P James (Edinburgh Scotland)

The only effective treatment of scoliosis 15 spinal fusion By no means all curees
are serious <nough to require this and yet :f we delay too long to sec what happens
the deformits becomes largels uncorrectible particularly the rotation

To resolie this dilemma 1t 15 necessary to hnow the natural course of the vartous
actiologies and tipes of curves In those with a bad prognosis we undertahe fusion
at the earliest stage if the child 1s over ten If under this age and therefore probably
too voung for fusion the VMlilwauhee brace 1s most effective 1n preventing all further
detersoration until the chuld rs ready for fusion

At all ages curves with an expected benign course are soklsy maintained under
ohser ation

In a study of scolioses who were skeletally mature but who had neser had effectine
treatment 1t was possible to analyse the behaviour of mans tvpes of curie

In all aetiologies st was clear that high curves (thoracsc) had a poor prognosis
whereas those lower in the vertebral column particularly the lumbar curves were
rarelv serious The age at which the curve appeared had a Jesser but well marked
mfluence s 1s well hknown paralitic curves and those arising 1 Teurc ibromatosis
haie a geperally more serious outlook than idsopathic curves though almeost all
thoracie curves in this aetiologs were serious The behaviour of congemital curves
was hard to predict many were slight a few produced grotesque deformity

Using bone bank bone the pseudarthrosis rate on exploration of the graft was atout
50% A change to the technique described by Woe had resulted m a fall 10 <¢-15 %
Routine exploration of the fuston frve months after fusion allowed absolute cer
taints of fusion or falure If a pseudarthrosts existed it could then be repatred
without loss of correctron and adding onlv two months to the peryyd of 1mmo
bilization

N
éUH(‘ICiL TREATMENT OF SCOLIOSIS
by fvar g1k (Oslo)

Becanse of the drawbacks of the long lasting smmobihzation 1n a heays plaster

1acket confined to bed for many months and because of the 1ncomvenienie of per
forming the operation through a window 1n the yacket as 15 usualls dope 1 the
ordinary methods of scaliotic fusion we have developed our onn method for funion
of the 1ocreasing scoliobic curve

The main principles i this method are

1 The cune 1s mobilized by means of physiotherapy (Contracture therap) )

2 After having obtamned the hest possible mohilization a plaster yachet 1 applied
in a standing position m a gallown with suspensien and side traction

3 Further correction of the curse by means of ordmary wedging of the fachet
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The corrected plaster jachet 1s carried for several months and is ver often
changed after another seance of mohlization

Before the operation the plaster jacket 15 removed g ing access to the operating
Deld

The fusion 15 performed 1n the socalled hnee—elbow position to facilitate the
operation and to minimize the bleeding The fusion is done i one stage and
the whole curve 1s 1ncluded in the fusion A large amount of bone bank bone 1s
used as ships

After the operation the patient 15 placed back 1n bed without any plasterjachet
and without anve correctrve spine support

The patient is let out of bed in the course of the first three or four davs after
the operation without any spine support

As scon as the patient 15 able to stand in the gallow for at least 20 min (usually
14 davs po) he 1s replaced there and another plaster jachet 1s applied in the
same way as hefore the operation and corrected by wedging

10 Woth this plaster jacket the patient 15 sent home can walk around attend
school and maintarn actuvaty

The plaster jachet 1s worn for 9 months

o

ES

-

@

©

From 1952 till 1960 152 patients were treated at Oslo Lmiersity Orthopaedic
Hospital with fusion of the scaliotic curve and most of them according to the above
described method More or less correction 1s obtamed in about 80 ¢ The average
lnss of correction after removal of the postoperatine plaster Jachet 1s 63 degrees
wncluded § cases (59 ) of pseudarthrosis No death has occurred postoperatisel

CARDIO PULMONARY FUNCTION IN SCOLIOTIC PATIENTS
TREATED WITH SPINAL FLSION
by H Ertkson and Y Foss Hauge (Oslo}

At the Lnnersity Orthopaedic Hospital 1n Oslo rather extensie spinal fusion is
used for the surgical treatment of scoliosis

Since scoliosss deformity usualls myol cs the thoracic cage it was considered of
Interest to studs the cardio pulmonary function b fore and after the performed
fusion

41 patients from 8 (o 17 ear of age were examined at the Uni ersity Institute of
Respirators Physiology in Osla pre-operatively and 9 months after the operation
(a few davs after removal of their plaster of Paris)

Besides the conventional determinations of vital capacity and maximal §reathing
€apacity  a special test for determiming the total cardio pulmonars function in
troduced by Harald Erthson was used B means of a sprrometer constructed b
Lrkson and eolleaues the (O oulput was determined during rest during a
standard excrer e and the recovery phase The time require! {rom the end of the
exercise till the (O -output regains the resting le el 11 called the CO recovery fime
Tt 15 measur 11n minutes and 1s a6 expression »f the cardio pulmenary function

The pre | ratne determinatins of vital capacity and maximal breathing capacity
show that alm t all the patients h d capaciti  bel w the normal mean yvalues and
s me onl al ul 2a per cent of the e (comp rel with mean values for healthy
chillren n a crage height ant weight n Oslo)
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The CO recavers times are prolonged for the majority of paticots ndicatiz 2
deereased cardio pulmonary function Two patients with recovery times of more
than 15 minutes were—according to this test and also according to chnieal evalua
tion—cardio pulmonary cripples

In general the preoperatnve cxaminations showed that the bellons function of
the lungs and the total cardio pulmonary function n these patients varied from
normal to very poor with mean function values approximatels one half of normal

4 comparison of the values ohtuned hefore and after the operation is made
Fig 1 shows the data on vital capacay Which demonstrates only small or no chanies
The same 1s the case for the data on maximal breathing capacity and for the CO
recorery time shown on Fig 2 On the graphs observations showing no change after
operation fall on a hne at an anglc of 45 degrees

In conclusion we have found that surgical correction of scoliosss i the first

wnstance has not led to an improvement 1n cardio pulmonary function as we had
hoped But nesther has 1t Jed to further wmpairment as we fearef
) The wncstigations will be continned and the patients fcllowed for many tars

with the same cardio pulmonary tests—and perhaps this will throv some Jight on
to the mportant clmcal problems concerning pulmenary heart di ease

SCOLIOSIS TRFATFD WITH SPINAL FUSION
by Frik B Risha (Helsink)

The treatment of progressine structural calwsis in the Orthopae hie Hospital f
the Invalid Foundation m Helsinhi was reviemed on the bar of 197 patienis
operated on during the period 194o to 1961 In this series of patients 6 had 10
pathic scoliosis 99 had paralytic scoliosts and 12 were miscellaneous cares

The magority of the patients underwent aperation betw cen the anes of 13 mdL
The turnbuckle cast of Risser was used fram 1947 to 1954 In 47 cases the Wilwavhee
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gression of the deformity was interrupted by the treatment and a net correction of
24 per cent mas achieved In our elinie todas we tr g get the patient under earlsy
treatment We fuse the spine if the deforming cunvature attains an angle of 40 50
and mainlv with additional autlogenous bone

RESULTS OF SPINAL FUSION IN $COLIOSIS
by E Thomasen (Aarhus Denmark)

THE MILWAUKEL BRACE IN \O\ OPERATIVE SCOLIOSIS TREATMFN\T
by Walter P Bloun! (Milwauhee Wisconsin)

The pages of medical history record a great many ways of treating scoliosis
without operation Some have shmm temporary promise onlv to fail later Lotil
recently none has d in and t sigmificant n
a series of cases Braces that allowed ambulation were removed durmg sleep Thes
provided erther lateral pressure or distraction but usually not both If an occasional
seoliosis was improved support was abandoned from the weakened torso too snm
and the correction was lost

From 1247 to 1956 we used the Milwauhee brace occasionally to correct early
paralytic scohoses  Acceptable 1diapathic curves in girls who were near maturity
were improved by wearing the brace with only a smgle pad The curves became
compensated as the major one decreased 1n length and degree while the lower curve
shifted farther across the midline At the same tirae the b hump dumnished in size

For ten vears we discouraged the more general use of the brace n the non
operatine treatment of idiopathic scoliosis Then we could no lomger ignore its
potential 1n correcting these progressive curtes Crooked spines have an inexorable
tendency to become worse with growth

If the forces are reversed during childhood and efficient active correction is
maintamed long enough these spines will grow straight again The grawth zones on
the concave side must be decompressed while those on the comvex side are com
pressed This resersal has been noted 1 our \ rav studies confirming the oniginal
clinical obsers ations of Hueter & ¥ olhmann Stllwell demonstrated these phenomena
experimentally 1n monhevs in June 1962

The effectineness of the brace 1s well demonstrated by a girl with a chronologic
age of 13 years plus 6 months The photographs show well cornpensated curves but
with rotation and a high left shoulder that are not acceptahle In the \ rav the
curves measure 45 and 35 (Fig 1)

She wore the brace for three vears with good correction and then began removing

Figs 1-2
A Female aged thirteen vears six months
B Three and one half vears later She wears the Milwaukee brace only at night

A December 24 1928 Rapidhy progressie adiopathic scoliosts Age thirteen vears

s1x months
B Julv 3 1962 Three and one half yvears later at completion of treatment
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1t once a week for social functions After four years the Improvement was well
marntained and she wore the brace only at mght (Fig 2) VMost of the correction
was mamtained and there was a pleasing cosmetic effect with almost complete
reduction of the rib hump

Ambulators non operative treatment requires

1 An efficaent brace
2 An experienced orthopaedic surgeon
3 The closest cooperation from the patient

The more smportant components are

1 Efficient distraction This means comfortable but inconspicuons inclusion of
the head and an efficient grip on the pelvis The patient can always raise his
chin from the support whil he takes the werght on the occiput

2 Two to four adjustable pressure pads must be porperly placed under \ ray
control The orthopaedic surgeon must chech the progress at intervals of one
1o two months and shift the pads as achive correction progresses

3 Bricf removal of the brace for bathing or swimmung 1s greatly apprecrated m
hot weather Otherwise it 1s worn constantly

4 ‘Vigorous actnity 1s encouraged m the hrace Volley ball tenmis and bivele
riding are common place

5 Specific and posture become ful when done in the
brace

6 Rest persods must alternate with exercise Total recumbency may be advisable
during the first two or three weeks of treatment

7 The brace 1s worn until the cun ature no longer has any tendency to progression

8 W eaning must be gradual after the corrected spine 1s stable The brace 1s worn

at might onlv for the last s1x months or more to maintain the over corvected
position while flexibilits 1s regained

Pressure of the pads is made 1n a cepbalad direction agamnst only the ribs that are
caudad to the apex of the curve This avoids 1nereasing the superior compensatory
curve In overcoming the rib hump the pressure n the anterior direction must not
accentyate an euisting thorauic lordosis The major pad 1» placed lower than one
would think Frequently the strap that controls the pad is passed bchind the posterior
upright mstead of in front of it so as to develop straight lateral pressure The patient
can shift his bodv away from the pad at all trmes Special pads are necessary for the
less common types of scoliosis

Jas do not hecome deformed 1f one avoids the cup shaped chm piece Protrusion
of the 1nc1sors ocenrs in about half of the children This troubles ime complration
1s being well handled by the orthodontists With their appliances 1t 1s now posuble
to correct crooked tecth symultancously with crooked bachs

Progressive structural curves 1n voung children merit a thorough trial of the
Milwaukee brace without operation Ve hnow that the brace will correct these
curves when combined with recumbency after fuston If we keep these 3oungsters
in bed 1n the brace without fuston for a few weeks ther curves develop enough
stability to permit graduvally inercasing ambulation We have successfully weaned
soung children before puberts They have grown stramht as they ance grew moTe
and more crooked
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Earlv paralvtic scolwses can be corrected and hept frum wer eming while the
muscles become stronger and the fascial contractures subside The brace may he
warn while we do release operations and fascial transfers In a significant number
of cases the temporarv use of the brace from one to s1x vears t as heen most renarding

CONFERENCE ON
“BASIC STUDIES IN RELATION TO OSTEOPOROSIS

ACCRFTION RATES I\ OSTEOPFNIA STUDIED WITH Cat AND Sr¢
by I F Dymiing (Malmo Sweden)

Abright & ) lated a effected decrease of hone matrix
anabolism as the cause of osteoporosis However they did not have anmy means to
measure bone formation Their concept has latel heen challenged (2 3 4)

The aceretion rate which can be estimated with hoae seeking 1sotopes (a) 15
directly o the bone formation rate 10 normally bone The
aceretion rale has been estimated 1n 56 indisiduals with este pema ( o little
ealcified hone™) and compated to 24 normals (Fig 1) The results are expressed 1n
ters of plasma which ca he converted to grams of caleium by dividing wath a
factor of ten since these indiniduals are all nomocalcemic (1 gram of calesum in
10 Inters of plasma)

The normal 4 10d v1duals had a mean accretion rate of 16 = 02 liters of plasma
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DURABOLIN TREATMENT OF OSTEQPEN(A
804 gose 25mp WEEKLY

604

ACCRETION RATE | PLASMA CLEAPED/UAV
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Fig 2
The effect of long term treatment with Durabolin ® on accrety»n rales
n osteapenic subjects

cleared per dav In the cases of osteopenia associated with rheumatord discases and
the ydiopathic group the mean aceretion rafes were 37 = ¢35 and 34 = 019 liters
of plasma cleared per das This decrease which approxumates 30 % s significant
In the gastrectomized patients with osteopenia the accretion rate did nnt differ
signsficantly fram the normal group the mean value being 51 % 037

The diagaosts of osteopemia was made on \ rav It 15 established that the I ss af
sheletal mass under these circumstances cxceeds 30 €¢ The accretion rates pur umt
skeletal mass were thus fcund not ta be lowered 1n osteopenra In the gastrociemazel
sattents 1t was even found to be increased

Treatment of ostepema with anabolic steroids 1s based on the 4lbright Reifenst 1n
scncept 1t has becn shown that anabolie sterosds can reduce calerum kes bt it s
10t established that this effect continues during long term treatment 14 palienls
w1th sdiopathic osteopenra were studied hefore and during treatraent with 14 5s¢
twstosterone pheny propronate 2> mg Weehls far 6-21 months 12 imprased sub
Jechinel  ADD the fomales desel ped hirsutism The accretion rates showcd oo chance
(Fig 2) nor did the exchangeable calcium spaces This has been intcrpreted to mean
that thys anabolic sterord does net alter the bone formabtion rate
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TIE LSE OF TETRACYCLINFS AS \[ICROSCOPIC BONF MARKERS I\ THE
QUANTITATIVE STLDY OF BOME FORMATION
b¥ B R Lee (London)

The tetracveline series of antibiotics have the property f forming a flu v cent
¢ mplex on growing surfaces of hope If bone formation ¢ ntituc  the  mplexas
built into the bone and remalns there ats D>ealizati n can be demonstrated by the
M1 19 ccprc exammation of undecalcsfied section 1n ultra 1 let Licht

I single doses arc gnen at known time intennals a erie  f fluorescent
are deposited and ean be used to determine a) the ippositional Growth Rate and
by the Total \ew Bone Format: n Rate

a} The Appositional Gros th Rate usuall  <pressel i m crons per da 1 the
Tate at which b ne 1s laid do v on andividual urface 1t 1 dite mined b mea
urn the limear di tance between the marker u ing a ahbrated ¢ eple e micr
mder seale

B) The T tal New B ne Formation Rate 3 th at at which n w b ne1 aldel
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Fig 2
The effect of long term treatment with Durabalin ® on accretscn rates
m asteopenic subjects

cleared per dav In the cases of with rh d diseases and
the 1diopathic group the mean accretion rates were 37 = 03> and 34 = 019 bters
of plasma ileared per dav Tins decrease which approsimates 30<% s sigmficant
In the gastrectomized patients with osteopemia the accretion rate did nct differ
significantls from the normal group the mean value being 51 % 037

The diagnosss of osteopenmia was made on \ rav It 1s established that the los of
sheletal mass under these circumstances exceeds 30 <z The accretion rates per unit

Leletal mass were thus found not to be lowered in ¢ steopenta. In the gastrecte mized

patients 3t was even found to be increased

Treatment of ostepensa 3ith anabolic sterods s based on the Albright Reifensten
concept It has been shcwn that anabolic steroids can reduce caloum 1 ss but stas
not established that this effect conhinues during long term treatment 14 jatints
with adiopathic ¢steopemia were studied befrre and during treatment with 19 nor
testesterone pheny) propronate % mg weehly for 6-21 months 12 mopro sed sub
Jectivel 311 the females developed hirsutism, The aceretion rates show.cd no charce
(Fig 2V ncr did the exchangeable caletum spaces This has been interpreted to mean
that this anabelic steroid does nct alter the bone formation rate
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CHEMICAL ANALYSIS 4ND MICRORADIOGRAPHIC INVESTIGATIONS FROM
BONE SPECIMEN FROM CASES OF OSTEOPOROSIS AND NORMALS
by E Dollerup acd Hans Bohr {iarhus and Copenhagen)

Bone specimen  frem the rhiac crest an 58 cases of 1diopatic osteoporosis have been
analysed for the content of mirogen calerum and phosphorus and the results com
pared with  similar analvsis of normal bone from different age groups The dia

H normal bene
osteoporatic bone
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gnosis of sdiopatic osteoprrosis was made When X rav photos of the lumbar spine
showed the charactcristic signs of ostcaporosis and other diseases ¢ uld be exclud, 1
at the examination sn the Mumcipal Hospital or the Orthopacdic Ho patal of Aarhus
The normal cases were chosen at post mortem eXaminaticn among cases of fatal
accidents or sudden death when there had not been amy prolonged bed rest or any
known disease wh ch could have infl  the ealeim of the sheleton

The bone specimens divided fnto compact and canecllous hone and by a th rough
rmsing in runming water the marrow was remosed Fat was further extracted by
cther and the bone dried at 100 ¢ to constant weight Determimations of mitrogen
were made by the method of Ajeldahl and detcrminations of ealetum and pho phorus
after ashing at 600 € by the mcthod of Budermann & Schwart enback and the
method of Fisle & Subbarow respectivels

A summary of the results for cancellous hone 1s given n Fig 1 where the amounts
of mitrogen phosphorus calcium and ash are ginven an percentage of dry hone 1t as
seen that wiile the mitrogen content 1s nearls the same 1n ncrmal and oste piotie
bone the amount of phosphe rus and calcrum 1s definitels Iower in osteop srotic bone
Consequently the relation of Ca/N\ and P/\ 1s bel »w normal in ostcop orosts indicating
a lesser degree of mineralization

Microradiographic vestigations have showed a normal b ne structure 1a t1
palic osteoporesis An attempt to evaluate the rate of new building of hine I
calculating the number of less mineralized Havershen systems as ccmpared with the
fully mineralized Havershen svstems failed to show an  deessive differcnce between
normals and cases of idropatic osteoporasis As this study was onlv n a semt
guantitatine scale 1t dees not contradiet the results of the chemical anahscs men
tioned above

OSTEOPOROSIS 43D VA1 ABSORPTION OF € AI CILM—SLCCHE SSFUL TREATYFNT
WITH LARCF DOSES OF VITAMIN D IN A 2411 AR OLD WOMAN WITH
TOO LITTLF CALCIFIED BONF WITHOUT ENCESS OF OSTIOID 1NSUF
by Ole VMunch (Copenhapen)

The patient was a 24 vcar ¢1d woman with ssmploms c [ gencralized bone di ease
during the last six vear X rav showed fractures of the spinc and pren unetd
decrease of the bone densits thrcughout the shlcton Lamina dura of the teeth %3¢
intact and there were no ero e changes of the phalanges The serum concentratt 18
of calktum phosphora and alkaline phosphatasc were normal (aloium aod mitr ket
content 1n bene was n rmal Renal function was normal ( rti r wmetabobites a0d
estropen excrett o weme normal Fecal fat excretion was mermal in feor 4 430
perixds 25 5 75 and 20 g/hours on a daily intake of §0 g fat L hup v irm
the alyad crest 1s shewnoan Fag 1

The left part 1 an rdinars phet  the night part a microradl graph The trahecutae
arc mince there 1s no defe t yn mincraizaticn and there 15 nob an cseessine am unt
of uncalaified o tead 1 suc Thi sum <f obscrsatsn points unequusocally the
diagnosis ¢ steof (Tos1s

Fig 2 sh ws the caluum balance during, 80 4 day period
were analssed for calesum ph phor u and nitregen in each perd The data was
charted accornling to Abrisht < that jesitve balance 15 indicated by v hite aread

F d fe s and unine
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367 mg /24 hrs due to fecal loss An extra supply of 24 g calesum per dav did not
result 1n positise halance (13 periods) Additson of pancreatic enzsmes was also
without significant effect (14 periods) Then 300 000 1u of vitamin D was gien
dails during 12 persods wnterrupted by 9 periods when 20000 §u was gnen dails
ntramuscularls  This treatment resulted 1n a positine caloum halance on average
+572 mg /74 hrs this being a highls signmificant difference (p < 0001) from the
average of —218 mg />4 hrs in all the 3 periods where no vitamm D was gien
During the last 27 perieds the balance remained positine with an average of +574
mgjhrs The total gain of calcium during vitamin D treatment was 110 g \rav
showed an inerease in bone density

This combination of obscrvations has not heen reported previousl) and mav
therefore coutribute to the questions of etiology and treatment of osteoporesis

Thanks are due to Dr M Bokr for 1 erforming the microradiograph and lo Dr
E Dollerup for the chemical analyses of bone

CORTIC AL OSTFOPOROSIS
by Olev Lindahl and Ake 6 H Lindgren {Stockholm)

1t 15 a ccmmon concept that there 1s a reduction of the amount of cortical bone
1 osteoporosis \o svstematic mny estigations seem to have been published recarding
this

Ve have collected one femur and one humerus from each of 64 aulopsy cses ‘
with an equal distribution between the sexes and with ages between 15 and 90 vears
The waght the volume and the average outer diameter of these specimens were
determined From this data the true density and the ayverage cross section area were
calculated We think that the average cross section area gives a good conception of
the amount of cortical bone 1n the body

The aserage outer diameter of the femur was 33 mm 11 men and 30 mm @
women and of the humerus 26 mm 1n men and ?3 mm 1n women The diameter
shoned a slight increase with age

The average density of the femur 1 men and women was 192 and 178 and l\f(
humerus 179 and 171 g/ml respectivels In men there was a shight increase of the
density with age but this was not found 1n women

The mean of the average eross section areas of the femur in men and women Was
437 and 336 and of the humerus 233 and 157 sqem  respectisely There was #
slight decrease of the area with age 1n men but not 1n women

The fcllowing conclusions seem to be mdicated from the collecled data The
amount of hone mineral is higher 1 the fomur then 10 the humervs anid also higher
in men than woemen The density of cortical bone varies as much as 100 per cent
The changes of the arerage cross section areas with age do not correlate with the
changes of the apparent density occurring 1n sjongy bone With age {Lindak! &
Tindgren Acta Orth Scand 17 84 1969)



PROGRAMME DFS JOURNEES ORTHOPEDIQUES
DE L HOPITAL RAYVOND POINCARE (Garches)

Service du Professeur Robert Judet
Le 7-8 et 9 \a 1964

JEUDI 7 MAT 1964
~GF\OU
9h al3h - Interventions

— Fractures articulaires de 1extremite superieure du tibia
— Ostétomies dans les gonarthrosees
~ Arthroplastie du genou

Toh al8h — Erposés et discussions

- Film
~ Presentation de malades

VENDREDI § MAI 1964

ABORD OSSEL\ PAR DECORTICATION OSTEO MUSCLLAIRE
9h a13h - Interventions

- Pseudarthroses

— Pseudarthroses suppurees

- Cal vicieux

— Osteossnthese secondaire precoce des fractures
15h a18h - Exposes et discussions

~ Ltude evpermmentale de la question

SAMEDI 9 MAIL 1964
- POIGNET
9h alih — Int roentians
_ Fractures de | extremite inferseure du radius
- Cals vicreux du poignet
_ Fractures et ps udarthroses du seaphoide
— Arthrodese poignct
15h al8h  — Frpes s et discusstons
- Fims
— Pi entations de malades

18h —€DChTAILDADIFU

L organis n pre mt  des matiné s operat nres de 9 h A 13 h des aprés midi de
d m n tratr o theorique d pre entations de malades et
de projects ns de films de Tah 318 h

La bro | sant les exp sé et les descriptions d s “Journe s de 1961 1962
ot 1963 s le au “Secretariat des Journ es” qui prendra également les
mserphy 1 ¢ huredes Journees 1904” (Mass u Editeur)

o ati n maténelle des Journ® s (n est prié de sin crire
ire lu Service

"‘1‘.::’ p‘a‘:l . 00 ke cra dem ni e p ur les frats de Telesision ot les
¢ ur place
‘ f:rxlf-:t.q, ST 3 urnec * cra g stulte p ur les int roe et les Chefs

Chmgn en { « 111 nde vepas (Hepas 7 Frs)









