
the aetiology of congenital deform ities due to

DISPRQPORTIONAL GROWTH DURING DEVELOPMENT 

OF THE FOETUS.

Gavin C. Gordon.

F ir s t  A s s i s t a n t ,  
O rthopaedic D epartm ent, 
S h e f f i e ld  Royal H o s p ita l ,

GAVIN. C. GORDON. F .R .C .S . ( Ed. )

1 s t .  ASSISTANT ORTHOPAEDIC DEFT.

SHEFFIELD ROYAL HOSPITAL.



ProQuest Number: 13850488

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 13850488

Published by ProQuest LLC(2019). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



In  1939 I  was fo r tu n a te  to  be p resen t a t  a p re c ip i ta te  b i r th  when the 
m a lp o s itio n , which I  w il l  d e sc rib e , was a t  once apparent in  the in f a n t .
This s tim u la ted  an a lre ad y  keen in te r e s t  in  co n g en ita l d e fo rm itie s , w hich, 
a lthough in te r ru p te d  by th e  war, has le d  me to  w rite  th i s  th e s i s  to  fu r th e r  
e lu c id a te  a su b jec t which p resen ts  many puzzliAg f e a tu r e s .  I t  has as i t s
b a s is  the  d iscu ss io n  of m a lp o sitio n  of th e  fo e tu s  in  u te ro . 'The e a r l i e s t
reco rd s  of cases of co n g en ita l deform ity , show th a t  m a lp o sitio n  in  u te ro  
from causes unknown was the  th en  accepted e x p la n a tio n . I t s  p o p u la r ity  has 
waxed and waned, and the  l i t e r a t u r e  h as become more confusing due to  th e  f a c t  
th a t  th e re  has been no tru e  b a s is  on which d i f f e r in g  degrees and v a r ie t i e s  can be 
c la s s i f i e d .

L a te r th i s  th eo ry  appeared to  be d e f ic ie n t  in  ex p la in in g  a l l  c a se s , 
f u r th e r  study lead in g  to  the  b e l i e f  th a t  m alp o sitio n  in  u te ro  could not 
ex p la in  a l l  th e  v a r ie t ie s  met w ith , p a r t ic u la r ly  those th a t  re la p se d  a f t e r  
ap p aren tly  e f f i c i e n t  tre a tm en t, and a p e rio d  ensued when a l l  the s t ru c tu re s  
of the leg  were in  tu rn  im p lica ted  in  a ttem pts to  e x p la in  a l l  v a r i e t i e s .

A tte n tio n  has always been m ostly cen tred  011 c lu b -fo o t o r t a l ip e s  equino 
v a ru s , as i t  is  th e  commonest of the fo o t  d e fo rm ities  (77%)j i s  o ften  
g ro ss , c r ip p lin g  and permanent i f  u n tre a te d . In  o th e r words i t  o ffe rs  the 
g re a te s t  f i e l d  fo r  in v e s t ig a tio n , both from an academic and o p e ra tiv e  v iew -p o in t.

hr. L i t t l e ,  in  18395 b e liev ed  th a t  any cause which d is tu rb ed  the  
equilibrium  between a n ta g o n is tic  s e ts  of m uscles, brought about c lu b -fo o t.

In 1851 E schricht described the unfolding of the mammalian embryo during 
development, and the ro ta tio n  of the lim bs, and he claimed th at a l l  lower limb 
deform ities v«re due to an arrest of development, occurring before the ro ta tio n  
of th e lim bs.

Berg, in  1882, put forward a somexvhat sim ilar theory.

In 1852, Adams a fter  thorough study of the bones ofthe fo o t in  cases of 
c lu b -fo o t, gave i t  as h is  opinion that the a lte r a tio n  in  shape of the bones 
was the r e su lt  rather than the cause of the deform ity.

In 1882, and a g a in  in  1887, B arker wrote producing sound evidence th a t  
the  deform ity  of c lu b -fo o t was due to  m alp o sitio n  in  u te ro , but he f a i l e d  to  
e x p la in  the  d i f f e r e n t  v a r ie t i e s  enco u n te red . Diddle ton  in  1934 9 i*1 d esc rib in g
s e v e ra l cases of co n g en ita l defo rm ity , gave i t  a s  h is  opinion th a t they re s u lte d  
from myody^trophia f o e t a l i s ,  occurring  before the  b i r th  o f th e  c h ild  and r e s u l t in g  
in  c o n tra c tu re s . He f a i le d  to  e s ta b l i s h  th e  h is to lo g ic a l  p ic tu re  n ecessary  fo r  
such a th eo ry .

Brockman, favoured a theory which drew a p a r a lle l between congenital
d is lo c a tio n  of the hip and c lu b -fo o t, suggesting that the la t te r  was due to  an 
ap la sia  o f tie  calcaneo navicular sock et. This theory o f ideopathic d is lo c a tio n -  
does not bear scru tin y .

Denis Browne, 1934 and 1936, rev iv es  the thediymof m alposition in  utero but 
f a i l s  to  produce s u f f ic ie n t  evidence to support i t .  However, h is  is  the f i r s t  
rea l attempt to  correla te  the various deform ities of the lower lim bs.



The key to the s itu a tio n  l i e s  in  the fa c t that most o f the 
deform ities of the lower limbs can be caused by at le a s t  two e n tir e ly  
d ifferen t mechanisms, and i f  the lower part of the sp inal cord is  
involved, then a complete var iety  of deform ities a r ise s  which has defied  
e lu c id a tio n  u n t i l  the present time#

I t  has been sa id  (Adams) that the a etio lo g y  of c lu b -foo t i s  of no 
in te r e s t  nowadays as the treatment i s  so w e ll developed# This is  in co rrect. 
The a e tio lo g y  of c lu b -foo t i s  only part of the large subject o f congen ita l 
deform ities in  general and I  b e liev e  that treatment w i l l  be considerably  
a ltered  by thorough knowledge of the factors operating to  bring about 
deform ities.

For the proper accommodation o f the foetu s in  utero three fa c to rs  
must be considered.

1) Growth of the fo e tu s .
2) Rate and volume of u terin e expansion.
3) Amount o f  liq u or amnii.

I f  a woman bears f iv e  ch ildren  at d ifferen t times th e ir  weights 
normally vary considerably, u su a lly  in  an upward d irection  for  each 
consecutive b h ild . T his suggests that the uterus enlarges with more ease  
at eaoh suooeedi&g pregnancy, and means that there i s  an adjustment p o ssib le  
between the s iz e  of the u terus, the s iz e  of the fo e tu s , and the amount of  
liquor am nii.

Again, the f i r s t  bom  may weigh the le a s t ,  but th is  does not a ffe c t  
the subsequent growth of the c h ild , so that the s iz e  of the foetus would 
appear to  be regulated by fa c to r s  other than purely hereditary or n u tr it io n a l. 
In other words, i t  i s  regu lated , at le a s t  to some ex ten t, by the accomodation 
a v a ila b le • A

From th is  i t  would appear that there i s  a mechanism of adjustment 
operating between the three fa c to rs  mentioned above,and on th is  mechanism 
depends the comfort and w ell-b e in g  of the fo e tu s  during growth. Conditions 
which would operate to  modify any one fa c to r  and bring the mechanism of 
adjustment in to  play would be ^

1) H utrition  of the mother.
2) Heredity as exem plified by the growth p o ten tia l of the foetu s •
3) Inherent growth p o ten tia l of the u teru s.

None of these fa c to rs  are f ix e d . A ll are capable of some m odification  
according to  the conditions which e x is t  in  any pregnancy. On the other hand, 
none of them are e a s i ly  or quickly a d ju stab le , and i t  i s  in  th is  connection  
that the liquor amnii plays an important r o le . I t  i s  la b i le  but p lays i t s  
part in  distending the uterus as the foetu s grows, a c tin g  in  a sim ilar  capacity  
to the 0 #S.F.



This mechanism w il l  be s u f f ic ie n t  to  adjust a l l  degrees of
d isproportion w ith in  a cer ta in  range, but i t  appears to  me from the
view -point of gen etics  that there must, on many occasions, be a degree
of disproportion which cannot be adjusted f u l ly .

This may only be of a temporary nature but i f  i t  p e r s is ts , then 
cer ta in  w e ll defined events w i l l  occur.

I f  the adjustment f a i l s  com pletely the foetu s w i l l  d ie , but fa i l in g  
th is  catastrophe, there w i l l  be varying degrees of maladjustment allow ing the 
pregnancy to continue to  term. The degree of adjustment w i l l  f in a l ly  be 
r e f lec te d  in  the amount of liq uor amnii present, as m echanically i t  i s  the 
most fr e e ly  variab le  fa c to r , and, as i t  were, f i l l s  in  the in terv a l between 
the foetu s and the u teru s.

I f  the capacity of the uterus develops more quickly than the fo e tu s ,  
moderate degrees of disproportion w i l l  be of no s ig n ifica n ce , as i t  w il l  
r e su lt  in  nothing more than increased freedom fo r  the foetus with increased  
liq u or amnii, but i f  the foetu s develops quicker than the capacity  of the 
u teru s, then the disproportion w i l l  be follow ed by decrease in  liquor amnii 
and by cer ta in  pressure e f f e c t s ,  brought about by constant pressure o f the 
uterine w all on the most prominent parts of the fo e tu s . The ex isten ce  of such 
a condition  does not preclude the foetu s ro ta tin g  in  the uterine c a v ity .
Movement of the fo e tu s  as a whole would s t i l l  be p o ss ib le , so  that fo e ta l  
movements can s t i l l  be appreciated by the mother. Balottement w i l l  a lso  be 
p o ssib le  in  the e a r lie r  months of pregnancy.

These pressure e f f e c t s ,  i f  taken in  conjunction with cer ta in  other 
fa c to r s , w il l  bring about fix ed  m alposition, leading to ,

1) Deform ities of the lim bs.
2) Malformation of the sp in e .

I  would l ik e  to  emphasise at th is  stage that the amount of liquor  
amnii i s  regulated by the proportional growth between the fo e tu s  and the 
uterus and that i t  i s  not of a predetermined fix ed  quantity . Accurate 
measurement:;: of the amount of liquor amnii a t b ir th  would be u se le ss  as a 
guide to  the condition  of the foetu s during pregnancy, as i t  i s  only of 
s ig n ifica n ce  when taken in  conjunction with the other two fa cto rs  and the 
amount of liq uor amnii which would represent the d ifference between freedom 
and constraint of the foetu s must be very sm all. The condition  I  describe 
occurs in  healthy rep resen tatives of the human sp ecies  and i s  an expression of 
conditions a r is in g  from indiscrim inate breeding.

Many examples of gross d efic ien cy  or abundance of liquor amnii have 
been described (Parker and Middleton, Denis Browne) • The r e su lts  of such 
disproportion are gross deform ities which are mostly of academic in te r e s t .
Between th ese two extremes l i e s  the ae tio lo g y  of a l l  minor and moderate 
deform ities of the lower limb and sp in e .

I t  i s  presumed that disproportion in  the circumstances s e t  forth  
becomes evident f a ir ly  early  in  in tra-u terin e  l i f e ,  but not at any fix ed  time, 
while the foetu s i s  e stab lish in g  i t s e l f .  Once esta b lish ed , constant proportional
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growth w i l l  take place so that the disproportion i s  maintained throughout 
in tra -u ter in e  l i f e .

The m alpositions are dependant on s k e le ta l ,  not so ft  t is su e  development, 
so that the to ta l bulk of the foetu s is  a minor fa c to r .

The fo llow ing i s  a descrip tion  of the m alposition found in  a newly born 
ch ild  in  1939*

The r igh t le g  was fu l ly  flexed  on the th igh , ly in g  c lo se ly  opposed to  
i t ,  the fo o t being in tern a lly  rotated , adducted and in verted , so that the 
outer s id e  of the fo o t was applied to  the pubes, the toes pointing up over the 
abdomen and the so le  ly in g  against the upper inner aspect of the th igh of the 
a ffec ted  le g .

The th igh was flexed  on the abdomen but could be extended through an
angle of ju st over 90 , the movement occurring at h ip  and ankle, and the
movement was free  and p a r a lle l to  the s a g it ta l  plane of the body, that i s ,  
movement was in  one plane only. At f u l l  f le x io n  the fo o t la y  p a r a lle l to the
t ib ia .  Vernix caseosa f i l l e d  the in terva l round the point of impaction of
the outer sid e of the foot on the pubes, showing that the m alpositon had 
ex isted  fo r  some tim e, and the point o f impaction corresponded to  the dimple 
found over the outer s id e  of the fo o t in  cases of ta lip e s  equino varus.
See F ig s . 1 and 11.

I  r ea lise d  I  was viewing the explanation to  the aetio lo g y  of at le a s t  
one type of ta lip e s  and examined the c h ild  accordingly . Unfortunately I  had
no camera.

The m alposition was very sta b le  and showed no s ig n  of spontaneously reducing 
i t s e l f ,  even when roughly handled. The ch ild  could be ro lled  over and picked 
up without e ffe c t in g  the m alposition in  any way. I ts  plane and range of 
movement remained constant. When attempts to adduct or abduct the th igh were 
made, e la s t ic  but d e f in ite  res is ta n ce  showed that the m alposition was 
maintained by reason of the impaction of the fo o t on the bubes. Movement of 
the th igh produced no rea ction  in  the ch ild  which was in other resp ects , a 
normal, h ealth y, fu ll-te rm  female c h ild .

I  then reduced the deformity w ith my l e f t  hand on the knee and my 
r ig h t hand ready to  manipulate the fo o t . No amount of manipulation of the 
knee had any e f fe c t  on the p o s it io n  of the foo t and eventually  I  gently  applied  
increasing pressure to  the foot in  a downward and inward d ir e c t io n . I  did  
not grasp i t  but merely pushed i t  so  that any movement could be ca re fu lly  noted.

Very d e fin ite  pressure had to  be used to  push the foot from the pubes and 
i t  slipped o f f  r e lu cta n tly  -  i t  was no mere temporary p o s it io n .

As the foot l e f t  the pubes the t ib ia  rotated  outwards or forwarda  on the 
femur w ith a marked sudden slip p in g  movement, showing that the maintenance of the 
m alposition depended bn.inward ro ta tio n a l subluxation of the t ib ia  on the femur 
combined w ith impaction of the outer s id e  o f the fo o t an the pubes.
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Reduced, the fo o t showed the ty p ica l ta lip e s  equino varus deform ity.
The knee and hip showed no observable abnor mality and a l l  movements were 
f r e e . The m alposition could not be reproduced, although I  made severa l 
seriou s attem pts, but i t  became obvious that considerable force would have 
to  be used to  ro ta te  the t ib ia  in to  i t s  former p o sitio n .

Examination of the pubes showed a d is t in c t  ring of vernix caseosa but 
no mark of pressure on the sk in . On the other hand, a w ell marked dimple was 
present on the outer s id e  of the fo o t .

The ch ild  was f ir s t-b o r n , the mother had had a normal pregnancy with  
no adverse symptoms.

Most a u th o r itie s  are agreed that ta lip e s  equino varus i s  merely 
an exaggeration of what i s  a normal movement of the fo o t , and i t  does not 
require a p re -ex istin g  ta lip e s  equino varus to enable the fo o t to  reach  
th is  m alposition. A normal one could be placed in  such a p o s it io n  by 
exaggerated movement, and once fixed  for any length  of tim e, then a 
c la s s ic a l  deform ity would r e s u lt .  The structures on the inner s id e  of the 
fo o t would con tract, those on the outer s id e  would lengthen, and the deformity 
would p e r s is t  when the m alposition was r e lie v e d . Later the osseous elements 
would adapt themselves to  the a ltered  p o s it io n  and the ty p ica l changes would 
be seen .

The follow ing poin ts regarding one type of c la s s ic a l  c lu b -foo t or 
ta lip e s  equino varus e x is t in g  without other detectab le deformity, are fu l ly  
accounted for by the m alposition described.

1) Adduction of the fo r e fo o t.
2) Inversion of the fo o t .
3) P la n ta r is  of the fo o t .
4) Internal ro ta tio n  of the fo o t .
5) Inward ro ta tio n  of the lower end of the t ib ia .
6) Pressure area over outer s id e  of the fo o t . I b e liev e  that

the dimples often  seen in  a sso c ia tio n  with congenital deform ities are merely 
due to  d e fic ie n t laying down of subcutaneous fa t  cj?n|equent on pressure 
between foetu s and u terine w a ll. Subcutaneous/is not la id  down u n t i l  the
8th month of pregnancy and any pressure occurring between foetus and uterine w all 
w il l  prevent i t  being la id  down, leading to  the dimpling e f fe c t .  Gross 
pressure would lead  to  atrophy of the sk in  or in  a le s se r  degree to  a type of 
bursa formation which i s  sometimes described.

7) T ilt in g  of the calcaneus leading to  prominence o f la te r a l  m alleolus.
8) Equinus. This is  an in co n sisten t part of the deformity and i t  

i s  by no means always present. I f  P ig s . 1 and 11 are stud ied , i t  w i l l  be 
seen that when the th igh  i s  in  f u l l  f le x io n  the fo o t i s  in  a calcaneus 
p o s itio n . How does th is  disappear when the m alposition i s  r e liev e d  ? Part 
of the deformity i s  due to  the p itch  and r o l l  o f the calcaneus whereby the 
an terior  part of the calcaneus . comes to  l i e  below the head of the ta lu s .  This 
produces the fu rthest upward s h if t  of the h ee l p o ss ib le . T his, plus the



acu tely  flexed  and fix ed  knee leads to  the development of a short gastrocnemius 
so that when the knee extends the fo o t i s  pu lled  down into a more normal 
p o s it io n . The ankle has been able to  move through a r e s tr ic te d  range and 
shows no contracture.

As the knee i s  fixed  why does i t  show no contracture ]? The ro ta tio n a l 
subluxation of the t ib ia  on the femur causes s u f f ic ie n t  stretch ing  of the capsule 
to  allow  i t  to extend, but there probably e x is t s  a minor degree of contracture 
fo r  the f i r s t  few days. As there are no m uscles, such as would hold  the knee 
f lex ed , the capsule i s  e a s i ly  stretch ed . (The gastrocneumius plantar f le x e s  
the ankle and the ham -strings w il l  not be sh o r t) .

I f  the o r ig in  and in sertio n  o f the hamstrings is  envisaged i t  w i l l  
be appreciated that when the thigh i s  f lex ed  th ese muscles are lengthened and 
v ice  versa , so allow ing extension  of the knee when the th igh i s  extended.

I f  a newly bom  in fant f le x e s  i t s  th igh i t s  knee bends, and i f  i t  
stra igh ten s i t s  knee i t s  thigh extends.

This ro ta tio n a l subluxation a lso  explains why n u tr itio n a l changes are 
minimal, as i t  w i l l  ease the pressure which would otherwise be exerted on the 
p o p lite a l v e s s e ls .

The h ip  jo in t i s  allowed a cer ta in  range of movement and so shows no 
gross contracture.

valgum.
9) Laxity of the ligam ents of the knee jo in t with a tendency to  genu

As can be seen , inward ro ta tio n  of the t ib ia  round an ax is  approximately 
in  the region of the external c o lla te r a l ligament would lead to lengthening of the 
capsule and ligam ents on the inner s id e  of the knee, or i f  the subluxation i s  a 
ro ta tio n  of the t ib ia  round i t s  own a x is ,  the la x ity  w il l  be even more marked.

10) Luecke in  1871 sta ted  th at ch ildren  born with ta lip e s  equino 
varus had a deformity of the whole lim b, and Berg in  1882 sta ted  that the 
deformity fo llow s fa ilu r e  ‘of the th igh  to ro ta te  inwards. I f  the m alposition
i s  studied i t  can be seen  that the th igh  i s  held everted and persisten ce  of such
eversion  is  seen in  the early  days of c la s s ic a l  ta lip e s  equino varus. This a lso  
explains the use of the Denis Browne s p lin t  w ith external ro ta tio n  o f the le g .

x11) The absence of a dimple over the pubes i s  due to  modified nature
of the sk in  in  th is  area.

Changes in  bone structure have freq u ently  been described but only 
a fte r  the ch ild  i s  some years old at l e a s t ,  and the moulding of the bones i s  
to  be expected. I t  would be more a matter for  conment i f  i t  did not occur.

The Chinese bind, or used to  bind th e ir  ch ild ren 's  f e e t ,  so permanently 
moulding them and retarding growth, as can be seen from specimens in  many 
anatomical museums.



Some tr ib e s  bind th e ir  ch ild ren 's  heads and produced permanent deformity,
so that the f in a l  adjustment of ligam ents and bones in  an uncorrected deformity
is  not strange, but must be put in  i t s  proper p lace , that i s ,  not among
the problems of a e tio lo g y , but as an a f te r -e f fe c t  or sequel due to  lack  of correction.

One of the apparent weaknesses of t h is  explanation i s  that i f  the m alposition
occurs at a r e la t iv e ly  early  stage of development, any change in  the proportional
growth of the d ifferen t parts of the le g  would invalidate  the explanation given .

However, proportionate changes in  the limbs a fte r  the embryonic period  
may be given as fo llow s (a f te r  R etzjtius).

rfThe arm reaches i t s  greatest length  r e la t iv e  to  the body during the fourth  
month, the le g  i t s  greatest r e la t iv e  length  during the f i f t h  month. There 
are no changes in  the proportionate length re la t io n s  between upper arm, forearm 
and hand a fter  the th ird  month, and the same may be sa id  of the proportionate 
r e la t io n s  between thigh and le g .  In the case of the fo o t , however, a d e fin ite  M
elongation  when compared w ith the leg  i s  found between the s ix th  and eighth months.

There is  nothing then, to  negative the view that a leg  may adopt the above 
m alposition a cc id en ta lly  when minimal disproportion occurs between foetu s and 
uterus towards fo e ta l  preponderance • This may occur at any time a fter  the th ird  
month, although due to  the fr a g ile  nature of the preosseous elem ents, i t  w i l l  
be most l ik e ly  to  occur from the s ix th  month onwards when the lo g itu d in a l pressure 
necessary to  maintain the m alposition can be borne by the leg  and th igh  without 
d is to r tio n .

The elongation  of the fo o t between the s ix th  and eighth  months w il l  not 
a ffe c t  the p o s it io n . I f  th is  is  accepted, then the next problem is  to  explain  
how such a m alposition  can occur.

Normally, although the foetus l i e s  in  a curled up p o s itio n , a cer ta in  amount 
of involuntary or r e f le x  movement occurs in  the limbs and th is  movement serves  
to  prevent any contractures occurring. I f  th is  small but necessary range of 
movement i s  abolished for any reason, cer ta in  adjustments in  the so f t  t is su e s  
would be expected, and contractures would occur, as they do in  adult limbs 
under sim ilar  circum stances.

Interm ittent pressure does not, as a r u le , g ive  r is e  to  permament e f f e c t s ,  
so that to  bring about such a w ell developed deformity a continuous degree of 
pressure or maintained m alposition  must be described. The degree of constraint 
i s  very important. I f  the fo o t i s  merely r e s tr ic te d  in  i t s  variety  of 
movement, and, while being inverted , i s  s t i l l  able to  carry out a cer ta in  
±ange of movement in  th is  p o s itio n , then the resu ltin g  deformity w i l l  be capable 
of easy correction  as there w i l l  be no gross contracture, or gross change in  
the cartilag in ou s elem ents, so that the deformity w i l l  tend to disappear 
as the ch ild  grows up. This no doubt exp la in s many of the cases described in  
the older text-books which spontaneously cleared up. Nervous, muscular and 
s k e le ta l causes, and arrest o f development have been postulated but no tan gib le  
proof can be advanced to  uphold any of th ese th e o r ie s . Nervous causes have 
some basis in  fa c t  but only as a la te  r e s u lt .



Berg in  1882, working on data from B illr o th , S t. H illa ir e , and Wagner, 
and by the study of various museum specimens, s ta ted  that in  early  fo e ta l  
l i f e  -  6 - 7  weeks -  the so le  of the fo o t i s  turned in  in  the varus
p o s it io n , and that arrest of development at th is  early  stage would perpetuate 
the early  fo e ta l p o s itio n  of the fo o t . "Arrest o f development" i s  an 
unfortunate phrase as i t  suggests a growth d e fec t, but i f  the fo o t was prevented 
from ro ta tin g  outwards, then the persisten ce  of an inverted p o sitio n  of the fo o t ,  
would lead  to a varus deform ity, d iffer in g  in  degree and type according to  certa in  
fa c to r s .

B essel Hagen 1899> and Scudder 1887» on the other hand, s ta te  that the 
p o s itio n  of the lim bs bears no necessary re la tio n sh ip  to the age of the fo e tu s .

The d if f ic u lt y  in  studying such a subject l i e s  in  the fa c t  that most 
of the specimens and data ava ilab le  w i l l  be of a pathological nature but the 
truth  probably is  that the fe e t  in  a normal pregnancy with adequate adjustment 
can assume a variety  of p o s it io n s , but that with the onset of d isproportion , 
which w i l l  occur at an early  stage when the yolk  sac i s  disappearing and the foetus  
f i l l i n g  the uterine c a v ity , pressure by the u terine w all w il l  be exerted on the 
lower lim bs, lim itin g  movement.

Parker and Shattock 1884, o ffer  a somewhat sim ilar explanation.

The probable course of events in  c la s s ic a l  ta lip es  equino varus is  as
fo llo w s•

A minimal or moderate degree of disproportion a r ise s  which, w hile not 
r e s tr ic t in g  the movement of the lower lim bs, tends to  make them s l ip  and 
s l id e  over one another in  the crossed p o s it io n . The foot of the leg  nearest 
or ly in g  c lo se s t  to  the abdomen becomes trapped on the inner s id e  of the 
opposite th igh w hile i t  (the fo o t) i s  in  an inverted p o sition , a fter  which any 
sudden s tr a in  such as l i f t i n g  a weight or stra in in g  at s to o l ,  causing a r is e
in  pressure on the knee of the trapped leg  w i l l  drive i t  down between the
th igh and abdomen. Once trapped, the le g  w il be at a mechanical disadvantage 
and be unable to  free i t s e l f .  In ev itab ly  pressure on the knee w i l l  drive the 
foot down on to the pubes and terminal ro ta tio n a l subluxation a t the knee w i l l  
f ix  i t  th ere. Release w i l l  only be p ossib le  at b ir th , and w il l  occur as the 
ch ild  i s  delivered  to revea l the deformity but not the m alposition.

I f  th is  explanation i s  correct then c la s s ic a l  ta lip e s  equino varus 
becomes understandable as the r e su lt  of an accid en ta l m alposition in  u tero .

This explanation i s  only app licab le to  cases of the accid en ta l v a r ie ty , 
and is  always u n ila te r a l. B ila te r a l cases and u n ila tera l cases of a second 
type cannot be explained in  th is  way, and f a l l  in to  a group which w i l l  be 
described la te r .

This explanation f i t s  a l l  the fa c ts  and cannot reasonably be repudiated.

This explanation does not f i t  a l l  the other forms of ta lip e s  which occur, 
and other fa c to rs  must be sought.
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I f  there occurs a fa ilu r e  of the mechanism of adjustment which brings 
about disproportion between foetus and uterus to  such a degree that constant 
pressure i s  exerted on the foetu s by the u terin e  w a ll, such pressure w i l l  
bear on cer ta in  p o in ts . On the head, on the length  of the sp ine , on the 
upper limbs at the shoulder, elbow}and hands, and on the lower limbs on the 
sacrum^ knees* and f e e t .

The upper limbs w i l l  be protected from moderate decrees of pressure 
by further f le x io n  o f the head and the e f f e c t s  o f pressure.
due to disproportion w il l  f i r s t  be seen in  the lower lim bs, and vary
according to  the p o sitio n  occupied by the f e e t  when the pressure develops.

Only the commoner forms of m alposition w i l l  be discussed h ere. There 
must be many a ty p ica l and probably unique forms but they do not concern us at 

the moment. For the sake of c la r ity  I  w il l  presume that the normal p o sitio n  
of the foot in  the foetu s i s  plantar surface to the uterine w all and crossed .

I f  Fig* 3 *is studied i t  w il l  be seen that i f  the fe e t  are trapped
in  inversion  w ith le g s  crossed , when pressure becomes operative, the pressure 
w ill  be exerted on the outer to e s , g iv ing  r is e  to  the condition  known as 
minimi d ig i t i  q u in ti varus. This may a lso  e f fe c t  the 4ih  to e . This i s  a 
common condition .

I f  the disproportion i s  greater? then the fo o t w i l l  be further inverted  
and pressure w i l l  be brought to  bear on the dorsum, resu ltin g  in  metatarsus 
varus, a much commoner deformity than i s  u su a lly  recognised.

Further pressure w il l  r e su lt  in  grosser degrees of in version , when the 
fo r e -fo o t  i s  fu l ly  inverted the hind foot w i l l  fo llo w , g iv in g  r is e  to  deform ities  
approximating to?but never qu ite so severe as c la s s ic a l  ta lip e s  equino varus.
In th is  type an equinus deformity w i l l  be the ru le  and the area of pressure, 
which w i l l  only occur w ith the more severe degrees, w i l l  be more d if fu se .

These deform ities \? i l l  be u n ila te r a l or b ila te r a l according to  whether 
one or both fe e t  are trapped in  inversion , and i f  b ila te r a l never qu ite  equal 
due to the crossing of the leg s  resulting* in  a d ifferen t angle of contact 
between the fe e t  and the u terine w a ll. This ineq u ality  of p r a c tic a lly
a l l  b i la te r a l  deform ities of the fe e t  i s  a point very strongly  in  favour of th is  
explanation.

This m alposition i s  the source of cases of so ca lled  b ila te r a l c la s s ic a l  
ta lip e s  equino varus, unequal on each sid e  as explained above, and with a more 
pronounced equinus deform ity. Tenotomy of the tendon A c h ille s , Stromeyer 1831, 
probably had i t s  g rea test successes in  these c a se s . The cases of c lu b -foot 
which a fte r  apparent adequate treatm ent, re la p se , are fu lly  dealt with la te r  on 
in  th is  paper (p . 2 /.).

The f i r s t  two degrees of th is  deformity may a lso  r e s u l t i f  one or both 
f e e t  are trapped in  an inverted p o sitio n  s id e  by s id e , and i f  disproportion  
is  more severe, the t ib ia  may bend and the lower limbs assume a p o s it io n  as 
in  F ig . i f . .



The degrees of pressure resu lt in g  in  the above deform ities in  an 
inverted fo o t w il l  show a corresponding degree of calcaneus: in  the 
normally placed or everted foot which w i l l ,  to  a great ex ten t, correct 
i t s e l f  when r e lie v e d . B ila tera l calcaneo valgus w i l l  tend to  become 
a simple valgus when the knees are extended.

Denis Browne describes these three degrees of deformity but places  
accid en ta l c la s s ic a l  ta lip e s  equino varus a t the top which i s  in co rrect.

Parker describes a case of double ta lip e s  equino varus in  which, 
a fte r  appropriate s ta in in g , no le s io n  of the spinal cord or muscles of the 
leg s  was found.

A fter removing a l l  m uscles, the deformity was s t i l l  unreduced and remained 
so u n t i l  the an ter ior  part cf the in ternal la te r a l  ligament of the ankle 
blended w ith the astragalo-scaphoid ligament and the calcaneo scaphoid  
ligament was d ivided. He describes the extension  of the astragalus troch lear  
surface backwards and lessen in g  of i t  in  fro n t, ind icating  extension  of the 
ankle jo in t .

This case i s  ty p ica l of those which would occur when the legs are 
crossed with the f e e t  in  inversion , pressure occurring a fter  f u l l  sp in a l 
closu re .

The troch lear surface of the ta lu s would be unaltered in  the accid en ta l 
va r iety  of ta l ip e s  equino varus. I t  would a lso  be u n ila te r a l, otherwise the 
changes would be the same.

He a lso  describes a case o f calcaneus in  which the ankle did not admit 
of extension  to  90 u n t i l  the anterior ligament of the ankle was divided.
The so le  of the fo o t was convex towards the plantar surface, i . e .  outwardly.
This case is  typ ica l of the u n ila tera l deformity when the fe e t  are trapped sid e  
by s id e , d orsiflexed  and one fo o t obtains leverage over the other so that i t  
adopts a natural p o s itio n  with the other foot constrained in  extreme calcaneus**/*^

F in a lly  he describes a case showing a sloughing spina b if id a  and extreme 
equino varus of both f e e t .  This i s  a case of crossed inversion  of extreme 
degree w ith disproportion ar isin g  before f u l l  closure of the sp inal canal 
(see Spinal Malformations, p. A O . ) .

Now, i f  the legs are not crossed but are trapped sid e  by s id e , then a 
to t a l ly  d ifferen t s e t  of deform ities a r is e .  In fe e t  with plantar surface to  
uterin e w a ll, the fe e t  w i l l  be forced in to  a calcaneus p o s it io n , and i f  one 
limb gains an advantage over the other, which is  most l ik e ly ,  and so pushes 
i t  la t e r a l ly ,  then one fo o t w i l l  develop norm ally, as in  a crossed le g  
p o s itio n , while the other is  constrained in  a severe calcaneo-valgus p o sitio n  
which w il l  p e r s is t  a fter  b ir th . A severe degree of th is  condition  can only 
be u n ila te r a l. The plantar surface w i l l  show a convex surface from h eel 
to  toes as i t  conforms to the u terine w a ll, w ith the apex of the arch of the 
fo o t the most prominent part. Extension of the limb w i l l  not correct th is  
deformity much, as i t  has been held firm ly in  a calcaneus p o s itio n  with  
no movement allowed so that the capsule of the ankle jo in t w i l l  be gro ssly  
contracted a n ter io r ly , r e s is t in g  correction . The same w il l  apply to  the 
m uscles. Contracture of the anterior group w il l  prevent any convincing degree 
of correction .



The capsule, ligam ents and f in a l  formation of the bones in  the 
v ic in it y  of jo in ts  are the greatest fa c to r  in  maintaining most of the 
deform ities described, the muscles play a secondary r o le . Neglect of 
a deform ity, or on the other hand fo r c ib le  manipulation, leads to  
continuance of the deformity owing to  changes which occur in  the bones 
and ligam ents, not the m uscles. This point i s  discussed further in  
the treatment of these ca ses .

Ihen one fo o t i s  trapped in  a plantar flexed  p o sitio n  s id e  by s id e , 
the normally placed foot with plantar surface to  uterine w all w i l l  be 
capable of greater pressure and w il l  push the other fo o t to  the s id e . In 
th is  m alposition , the limb w il l  conform to  the uterine w a ll, which w il l  
force i t  in to  a gross equinus p o s it io n , when, with the ankle in  f u l l  
plantar f le x io n  the s tr a in  w i l l  be transm itted to the lower th ird  of the 
t ib ia ,  the le g  being acutely flexed  on the th igh and in  the same plane.
This la s t  i s  an important point when considering n u tr it io n a l changes in  
the lim b. This w i l l  r e su lt  in  bending of the t ib ia  in  the lower th ird  
leading to  the condition  known as congenita l angulation of the t ib ia .

Angulation can be b ila te r a l i f  the fe e t  are both plantar flex ed  side  
by s id e .

In cases of u n ila te r a l angulation cf the t ib ia  with legs s id e  by sid e  
and one plantar flex ed  a type of pseudarthrosis may occur i f  the 
m alposition occurs early  in  in tra-u terine l i f e .  Then the angulation may 
go on to the formation of a Greens t ic k  fracture in  the lower th ird  of the 
t ib ia .  Muscular contraction  which begins about the 11th to  12th week 
of in tra -u ter in e  l i f e  w il l  prevent im m obilisation of the fra c tu re , which 
w il l  tend to  progress. Ihen the bone ends become s u f f ic ie n t ly  so ft  the 
fo o t  w i l l  be released  from i t s  p o s itio n  of acute equinus and as th is  part 
of the deformity corrects i t s e l f  to soms ex ten t, or becomes d is to r ted , 
so the evidence of the m alposition  w il l  be m issing at b ir th . At th is  stage  
the pseudarthrosis w i l l  be e sta b lish ed . The dimple over the fracture is  
due to  the pressure of the uterine w all at the apex. N utrition al changes 
w il l  occur in  the muscles causing f ib r o s is ,  or the fib u la  may fracture and 
be p a r t ia l ly  absorbed.

M iddleton's three cases can be explained in  th is  way, the associa ted  
deform ities o f the d ig its  being merely co in ciden ta l in  case 1. C on ^ n ita l 
d is lo ca tio n  of the h ip  may be present and w i l l  depend on the period of 
in tra-u terin e  l i f e  when angulation occurs. Before the angulation becomes 
esta b lish ed , pressure of the uterine w all on the dorsum of the fo o t w i l l  
counteract pressure on the knee, but once angulation or pseudarthrosis lias 
occurred th is  counterbalancing pressure w i l l  be lo s t  and pressure e f fe c t s  
w il l  occur as i s  discussed under congenital d is lo ca tio n  of the h ip . I f  
angulation or pseudarthrosis i s  la te  in  appearing, then congen ita l 
d is lo c a tio n  i s  u n lik e ly  as the acetabulum w i l l  be more developed and in s u f f ic ie n t  
time is  l e f t  to  produce atrophic changes in  the acetabular rim. ^  /£f }  •
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I t  can be argued th a t in  the m alp o sitio n  of c la s s ic a l  ta l ip e s  equino 
v a ru s , a n g u la tio n  does not occur. I t  does. There is  a r o ta t io n a l  
a n g u la tio n , but th e  o th e r l in e s  o f s t r a i n  a re  in  the n a tu ra l  w eigh t- 
bearin g  ax is  of the bone and so no d i s to r t io n  occurs*

I f  Figs* 5)6,and 7 * a re  s tu d ie d , i t  w i l l  be ap p rec ia ted  th a t  i f  
the f e e t  a re  s id e  by s id e  in  p la n ta r  f le x io n  under p re ssu re , once the 
a n g u la tio n  occurs in  the  t i b i a e ,  the h e e ls ,  ly ing  in  the same plane 
as the t ib ia e  and fem ora, a re  brought, by fu r th e r  p re ssu re , in to  
co n tac t w ith  the p o s te r io r  a spec t of the  fem ora, giving r i s e  to  the  
an g u la tio n  seen  in  the specimens which need only be bent to  dem onstrate 
th is  p o in t.

In  conform ity w ith  th ese  view s, p seu d a rth ro s is  cf th e  t i b i a  i s  always 
u n i l a t e r a l ,  c o n g en ita l a n g u la tio n  may be u n i la te r a l  or b i la te r a l*

F u rth e r Evi dence Regarding Pseudarth ro s i s  of t he T ib ia «

This ex p lan a tio n  of p seu d a rth ro sis  of th e  t i b i a  did no t e n t i r e ly  
s a t i s f y  me and in  sea rch in g  fo r  a  f u r th e r  ex p lan a tio n  I  came ac ro ss  
a specimen in  the pathology la b o ra to ry  of the  S h e ff ie ld  Royal H o sp ita l, 
which Dr. J.M . B arrie  k indly  p resen ted  to  me. I t  is  a  fo e tu s  which, 
according  to  the  u su ai s tan d ard s  of e s tim a tio n  i s  10 to  11 weeks o ld , 
and i t  shows a ty p ic a l  p seu d a rth ro sis  of the  r ig h t  t i b i a .

There is  no h is to ry  a v a ila b le  fo r  th i s  specimen. I t  has l a i n  about 
in  the  p a th o lo g ic a l la b o ra to ry  fo r some ten  y e a rs . The sca lp  has been 
la c e ra te d  and tends t o  f a l l  over th e  f a c e , but i t  i s  a complete fo e tu s  in  
a l l  r e s p e c ts .  The i r r e g u la r  appearance of th e  sk in  above th e  deform ity  of 
the l e f t  le g  is  due to  c u ffin g  of th e  sk in , in f l i c t e d  a c c id e n ta l ly  due to  
rep ea ted  h a n d lin g .

I t  is  a  w e ll formed fo e tu s  except fo r  th e  l e f t  lower le g  and f o o t .
The legs l i e  n a tu ra l ly  crossed  and a t  the p o in t of c ro ss in g  th e  l e f t  leg  
i s  bent over the  r ig h t  acu te ly  and a p ressu re  a rea  on the  p o s te r io r  
su rface  of the l e f t  leg  f i t s  over the r ig h t  leg  in  i t s  lower t h i r d .  In  
a d d itio n  to  th i s  an g u la tio n  a t  the po in t of c ro s s in g , the fo o t o f the l e f t  
leg  i s  in  very’- acute equ inus, the to e s  pointing' down and to  the r i g h t .  ‘The 
fo re p a r t  of the  fo o t shows adduction  and the to es  be ins g iven  a  ‘’sp ray in g ” 
e f f e c t  to  the r i g h t .

Movement i s  p o ssib le  a t  the point of an g u la tio n  of th e  l e f t  t i b i a ,  
in d ic a tin g  in te r ru p t io n  of the  c a r tila g en o u s  c o n tin u ity  of the  t i b i a .

The r i g h t  leg  shows s l ig h t  a n te r io r  bowing of the t i b i a ,  o therw ise 
i t  is  w e ll formed. The fo o t is  normal and is  a t  r ig h t  ang les to  th e  le g .

Close exam ination rev ea led  no o th e r d e tec tab ley d ef o rm ity , p a r t ic u la r  
a t t e n t io n  being pa id  to  the  sp in e .
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F igs. i^ ^ .an d /O . show that the leg s  f a l l  n atu rally  in to  a crossed  
p o s itio n  w ith one fo o t plantar flex ed , dorsum to  uterine w a ll, and the 
other d orsiflexed  so le  to uterine w a ll. Although th is  foetu s shows a 
very convincing p icture o f pseudarthrosis of the t ib ia ,  the p o s s ib i l i ty  
of post-mortem changes occurring during i t s  ten  years sojourn in  the 
laboratory, could not be completely discounted. How much of the 
deformity was ante-mortem and was any of i t  post-mortem ?

To e lu cid ate  such queries the foetu s had to  be sa cr if ic e d  and a fter  
adequate photography s e r ia l sectionsw ere made of both lower limbs and 
staindd.

Before proceeding further i t  would be as w e ll to  recap itu la te  the 
main fa c ts  regarding the development of the limbs and the e a r lie r  
stages of o s s if ic a t io n  of the sk e leton .

The limbs f i r s t  begin to appear during the fourth week, as mesodermal 
e levation s ventral to  the lin e  o f som ites, and they a r ise  opposite the 
Somites associated  w ith the lim bs. Fourth cerv ica l to  second dorsal for  
the upper limbs and tw elfth  dorsal to fourth sacra l for the lower lim bs.

They are derived partly  from the la te r a l  meso-dermal sheet and p artly  
from the mesoderm of the som ites which migrates in to  the limb buds.

The limbs develop rapidly and a t the end of the second month the 
various parts are c lea r ly  seen . The arras are lorap r than the le g s  and th is  
p e r s is ts  u n t il  the second year a fte r  b ir th .

The embryonic cartilage  formed by the cen tra l condensation of mesoderm 
i s  formed in  the s ix th  week and by the end of the eighth week, conforms 
accurately to  the f in a l  shape of the sk eleton . The muscles form early  and 
may be recognised in  the s ix th  week. Herve elements are recognisable as 
soon as muscle t is su e  appears. The muscles and cartilagenous elements 
of the hand and foot are slower than the r e s t  of the limbs in  becoming 
d efin ed . The limb buds are usually  described as having dorsal and ventral 
surfaces and preaxial and p o st-a x ia l borders. The ventral surface being 
applied to the body w all and the p re-ax ia l border includes the thumb for the
upper limb and the great toe for  the lower lim b.

Further development brings about an inward ro ta tio n  of the lower limb 
through 90 9 by which the extensor surfaces are brought forwards and the flex o r  
surfaces backwards. Outward ro ta tion  through 90 occurs in  the upper lim b, 
so that the flex o r  surface comes to l i e  a n ter io r .

The inward ro ta tio n  of the lower limb occurs at a very ea r ly  stage
and i s  follow ed by crossing o f the le g s , a p o sitio n  which is se e n  about the
seventh to  eighth  week. M iscular.:contractions f i r s t  become p ossib le  about
the eleventh week.
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With regard to  the o s s if ic a t io n  of the skeleton , each long bone 
is  represented- in  early fo e ta l l i f e  by a rod of hyaline ca rtila g e  -which 
a r ise s  prim arily from a cen tra l condensation of mesenchyme.

The primary centre of o s s if ic a t io n  for  the shaft appears in  the 
centre o f the rod of ca rtila g e  and the process of o s s if ic a t io n  proceeds 
towards the ends. Secondary centres appear at one or both ends la te r  and 
form epiphyses. The centres for the long bones of tbe limbs appear about 
the eighth  week of in tra -u ter in e  l i f e .

The cartilagenous model of the bone i s  surrounded by a very  
vascular and th ick  membrane known at the peridnndrium, the outer layer  
of which i s  the fibrous periosteum and the inner layer the o steo b la stic  
la y e r .

When o s s if ic a t io n  begins the ca r tila g e  lacunae in  the middle of the 
shaft become greatly  enlarged and the c a r t ila g e  c e l l s  undergo degenerative 
changes and l i e  in  spaces which are termed primary lacunae. The spaces 
are invaded by osteob lasts  from the deep layer of the perichondrium and 
primary bone i s  deposited. O steoclasts now appear and absorb part of the 
primary bone to form the medullary spaces, which are f i l l e d  by marrow 
co n sistin g  of o steob lasts  and v e sse ls  derived from the osteogenic layer  
of the perichondrium.

Towards the ends the ca rtila g e  c e l l s  undergo d iv is io n  and g ive  r is e  
to p a r a lle l rows of c e l l s .  These c e l l s  continue dividing during the period  
of growth of the bone and are responsib le for  the growth in  len gth .

O steoblasts and o steo c la sts  from the primary centre extend the process 
of o s s if ic a t io n  in  the IcJJgitudinal d irectio n  by invading th ese columns of 
c e l l s ,  removing the trabeculae and laying down new bone. This se r ie s  
of changes proceeds gradually from the true bone a t the centre towards 
the ends of the d iaphysis.

The epiphyseal ca rtila g e  immediately in  fron t of the bony tissu e  
continues to  grow u n t il  the adult length  of bone is  reached.

One or more secondary centres may appear in  the epiphysis but 
throughout the process of growth the epiphysis i s  separated from the 
growing sh aft by the epiphyseal c a r t ila g e .

D escrip tio n of Sections of Lower Limbs of Foetus.

Left  Leg: There is  no evidence of post-mortem d is to r tio n  of the
specimen and the sec tio n s  sta ined  w e ll .  £

The lower end of the t ib ia  shows a uniform curvature of the ca r tila g e  
from the vacuolated area downwards, th is  curve being prolong d by the 
cartilagenous elements of the fo o t which are in  complete equinus, in  the same 
a x is  as the t ib ia .  The foo t could not be further plantar flex ed .
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The vacuolated area in  the centre of the t ib ia  ind icates that the 
process of o s s if ic a t io n  had begun. I t tapers o ff  in to  normal cartilagenous 
areas at e ith er  end.

I f  the upper part of the t ib ia  is  studied there can be seen , f i r s t  the 
vacuolated area, an area of degenerating ca r tila g e  and cutting across t h is ,  
an area -where o s s if ic a t io n  i s  proceeding. O steoblasts are numerous and primary 
bone i s  obvious. This area runs completely across the t ib ia .  There i s  
an in terv a l in  the cortex at a l l  points as shown by se r ia l sec tio n . The 
peiachondrium i s  thickened in  th is  area. This is  a fracture (or at le a s t  a 
l in e  of s tr e s s  which has resu lted  in  premature o s s if ic a t io n ) .  C ■ ***0  .

I f  a l in e  is  taken through th is  fracture and continued out through 
the s.Oft t is su e s  of the le g , i t  can be seen th a t,

1) The perichondrium is  thickened and buckled or folded  on i t s e l f  
in  th is  reg ion .

2) The muscular tissu es shows normal h is to lo g y  and are folded  on 
them selves, in d icatin g  approximation of or ig in  and in sertio n  o f these  
muscles due to bending of the t ib ia .  C • t7 ~ )  .

3 )  The s i t e  of maximum in fo ld in g  of the sk in  i s  d ir e c tly  opposite 
th is  fracture as with a l l  the other so ft  t is s u e s .

4) Above the fracture the ca rtilage  i s  normal in  appearance.

I t  may be argued that th is  fracture area through the upper part of 
the t ib ia  merely represents premature o s s if ic a t io n  due to  the presence of 
a blood v e sse l in  th is  area, developing from the perichondrium and leaving  
an intervening area of c a r t ila g e .

This i s  u n lik e ly , as b lo d  v esse ls  develop from the deep surface of the  
perichondrium and i t  is  u n lik e ly  that one aberrant v e sse l would cause 
o s s if ic a t io n  com pletely across the sh aft of the t ib ia ,  or that a c ircu lar  
ingrowth of v e sse ls  occurred at th is  area.

This in terruption  in  the contin u ity  of the t ib ia  is  complete, as shown 
by a l l  the se c t io n s . Also see the d escrip tion  of the other t ib ia .  B ila te r a l  
abberant v e sse ls  a # 'th is  le v e l i s  not a reasonable assumption.

There is  a d e fin ite  angulation cf the t ib ia  at th is  l e v e l ,  as compared 
with the curvature lower down, so that in  e f f e c t ,  there is  shortening of the 
p osterior length  of the t ib ia ,  and i t  i s  as i f  there is  a wedge removed, 
the deepest part p o ster io r ly .

The r e s t  of the bones of the leg  are normal. Further, the kinking 
of the so ft  t is su e  in d ica tes a pathological process.

This bend of the t ib ia  which is  r e f le c te d  in  the buckling of the  
perichondrium, m uscles, sk in  e t c . ,  i . e .  the s o f t  t is s u e s ,  is . unassociated  
with a redundancy of preosseous t is su e  at the s i t e  of fra ctu re , which i s  
further proof that i t  i s  a fractu re.
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There has been s tr e s s  in  th is  area which has brought about 
premature o s s if ic a t io n  and absorption of the ca rtila g e  under pressure.
The s o f t  t is su e s  are not subject to  the same changes and merely fo ld .

The curvature of the lower t ib ia  and equinus of the fo o t  would
r e su lt  in  shortening the m uscles, but the bend in  the t ib ia  can be seen  
to  be the most potent fa c to r  in  causing in -fo ld in g  of the s o f t  t is s u e s .

Right Leg: In contrasting these appearances w ith the l e f t  le g ,
I  was dismayed to  fin d  an incomplete fracture of the upper end in  the 
righ t t ib ia .  This, at f i r s t  sigh t was a.very puzzling fea tu re , but 
i f  the m alposition which brought about th is  deformity i s  stud ied , the 
reason for  the kinking in  the normally placed le g  can be seen , and 
i t  becomes an in terestin g  contrast study of the s tresse s  and stra in s  
brought about by the m alpositions. The r igh t leg  shows a kink 
p o ster io r ly  on the t ib ia .  £ •

Any kinking of the r igh t leg  would, at f i r s t  s ig h t , n ecessa r ily
appear on the anterior surface of the t ib ia .

However, on c lo ser  study of the innermost le g ,/IB e  p o sitio n  i t  
assumes, i t  can be seen that the pressure of the outermost w i l l  acu tely  
f le x  the knee of the other le g , which w il l  be forced back on to  the th igh .
The foot w i l l  be acu tely  d o rs iflex ed . Increase of pressure w i l l  cause 
s tr a in  on the upper h a lf  of the t ib ia  causing anterior bowing or kinking 
of the posterior surface, as i t  conforms to  the curve of the th igh . This 
can be demonstrated i f  one's ankle i s  grasped, and the le g  fle x e d  on the 
th igh .

It i s ,  in  fa c t ,  further proof of the m alposition.

A ll these changes are ante-mortem and cannot possib ly  be put down 
to  post-mortem trauma to  the fo e tu s . E fforts  of the perichondrium to  
e ffe c t  a repair are il lu s tr a te d  by the thickening of th is  membrane in  the 
v ic in ity  of the fractu re .

There i s  no evidence of a fib u la  in  the sec tio n s examined, and 
i t  would appear that i f  the deformity i s  e stab lish ed  as early  as the 10th
week, absence of the f ib u la  is  p o ss ib le . Certainly the occurrence of a
pseudarthrosis at th is  stage , would mean pseudarthrosis of the f ib u la  a ls o .

The amount of movement of the foetu s would be a fa c to r , also  the exact 
tin e  of the fra ctu re , allowing freedom of movement of the fo o t and lower 
t ib ia , g iv ing  r is e  to  varying degrees of formation of the middle th ird  of 
the t ib ia .

Once the process of o s s if ic a t io n  is  w ell advanced in  the d iap hysis, 
th is  process of bending, followed by fracture higher up in  the t ib ia ,  is  
u n lik e ly , u n less the degree of pressure i s  severe. Angulation w il l  be
more l ik e ly  to  occur in  the lower th ird , but i f  i t  does, evidence of
pressure on the other le g  w il l  be expected.

Or, pseudarthrosis w il l  occur but with a d ifferen t sequence of 
even ts. Once o s s if ic a t io n  has developed w ell towards the ex trem ities  
of the t ib ia ,  pressure developing at th is  stage w i l l  cause angulation  
in  the lower th iix l, followed by fracture in  the lower th ird  leading to
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pseudarthrosis. In these cases the fib u la  m i l  bepresent and may only 
show bending.

'tfith regard to the case under d iscu ssion , the course of events 
i s  probably as fo llo w s . A minimal degree o f disproportion a r ise s  between 
foetu s and uterus about the 7th to  8th week of in tra-u terin e l i f e .
At th is  time there is  no muscular contraction occurring, so th at i t  
would appear the fe e t  adopt the p osition  of plantar f le x io n  of one and 
d orsiflex ica l of the other, when the legs cross during development.
The disporportion f ix e s  the m alposition. To r e su lt  in  a pseudarthrosis 
i t  must be the foot of the outermost leg that is  trapped in  plantar f le x io n .

Following t h is ,  the le g  in  correct p o s itio n , so le  to  u terin e  w a ll, 
forms a bar across which the outermost leg  is  bent. At f i r s t  th i3 resu lts  
in  curvature of the lower part of the t ib ia  follow ing pressure which is  
not fu l ly  balanced by aciite equinus of the fo o t .

This process o c c u r s p e r i o d  of 3 -  4 weeks and once the foo t  
is  in  f u l l  equinus, and the lower t ib ia  in  su ff ic ie n t  curvature to  correspond 
to  the .curve of th e  uterine w a ll, a pressure point w il l  develop on the posterior  
aspect o f the outermost t ib ia  where i t  crosses the inner t ib ia ,  and at th is  
point the cartilagenous t ib ia  w il l  kink, forming a fractu re, the perichondrium 
remaining in ta c t . Once fractured , the perichondrium in  th is  region  
w ill  attempt to  heal the le s io n , but although the enchondrial bone i s  produced, 
the gap in  the cortex of the bone cannot be bridged over, due to  lack o f such 
reparative powers or to s l ig h t  movement occurring at the s i t e  of fractu re .

When contraction  of muscular tis su e  begins at the 11th and 12th weeks, 
movement at the s i t e  of fracture prevents any adequate repair and a 
pseudarthrosis occurs.

Again due to the muscular contractions, the limb w il l  la te r  escape from 
i t s  confined p o sitio n , but by th is  time the pseudarthrosis i s  estab lish ed  
and healing  cannot take p lace.

The other le g  a lso  su ffers  in  the f i r s t  s ta g es, but the fracture is  
incomplete and never becomes mobile, so that when the leg s  free  them selves, 
i t  i s  able to  heal and develop normally. C ?  ‘ 9  • .

Once the pseudarthrosis is  developed, the muscles, which had been 
developing normally, are l e f t  with no fixed  points on which to  a c t , and are 
subject to  no p h ysio log ica l demands, such as the stretch  r e f le x .  Under 
these circum stances, the muscles w il l  degerate and be replaced by fibrous  
t is su e  which w il l  further accentuate the aeformity when i t  con tra cts .
In congenital angulation of the t ib ia ,  the posterior t ib ia l  group of muscles 
w il l  s t i l l  have fixed  points to  act on and no degenerative changes w il l  
take p lace , although due to  the fix ed  m alposition, contractures w i l l  occur 
and some f ib r o s is  of the muscles w il l  be present.

So that pseudarthrosis of the t ib ia  can be brought by two d ifferen t  
mechanisms, for I believe that a severe u n ila tera l congenital angulation  
of the t ib ia ,  occurring with the fe e t  s id e  by sid e and one plantar flex ed , 
can resu lt in  a pseudarthrosis, just as a severe u n ila te r a l calcaneo-valgus  
r e su lts  i f  the fe e t  are sid e by side and both d orsiflexed .



Gasne in  1907 divided cases of pseudoarthrosis of the t ib ia  in to  
four groups.

1) Those in  which there is  a w ell marked an terior  projection , but
no fracture at b ir th .

2) Same as Group 1, but pseudoarthrosis occurring a fte r  s l ig h t  trauma.

3) Those in  which pseudoarthrosis i s  present at b ir th .

4) Those in  which the patient was normal at b irth  but in  which a
fra c tu re , occurring a fter  s lig h t trauma, develops in to  a pseudarthrosis.

I  suggest that 1) is  a case of severe u n ila tera l angulation which
stops short of pseudarthrosis.

2) is  a s tr e ss  fracture occurring in  an angulated t ib ia .
3) i s  one or other of the types of pseudarthrosis described

by me.
4) i s  e ith er  a condition  quite unrelated to congenital 

pseudarthrosis, with a n u tr itio n a l b a sis  or due to in e f f ic ie n t  im m obilisation  
in  P laster of P a r is , a mode of treatment d i f f ic u l t  i f  not im possible to  
carry out in  an in fant and probably resu ltin g  in  f ix a t io n  of the fo o t ,  but not 
of the knee, and allow ing movement at the s i t e  of fra ctu re .

Obviously, now that the mode of causation o f pseudarthrosis of the 
t ib ia  i s  known, no c la s s if ic a t io n  of th is  condition , or of congenital 
angulation of the t ib ia  w il l  be adequate.

Each case w ill  require to be studied  c lo se ly  and an estim ate made as 
to  the time when disproportion became operative. A complete review of a l l  
cases would be necessary before a new c la s s if ic a t io n  would be p o ss ib le .

I f  both fe e t  are trapped in  plantar f le x io n , the p rob ab ility  is  that 
a type o f angulation of the t ib ia  or a simple b ila te r a l equinus or high  
arch would r e s u lt ,  but there w il l  be no fulerum across which one le g  can bend 
to  cause fracture as the dorsal surface of the innermost fo o t w i l l  s l id e  
on the uterine w a ll.

I f  the foot of the innermost leg  is  in  plantar f le x io n , an equinus 
deformity would r e s u lt .

In conformity with these views pseudarthrosis i s  always u n ila te r a l.

I t  might be argued that a lower sp inal le s io n  should accompany th is  
condition  according to  my reasoning with regard to  sp in a l malformations, but th is  
type of pseudarthrosis i s  due to ore le g  being trapped in  a p articu lar  
p o sitio n  where i t  i s  at a grave mechanical disadvantage and the degree o f  
maladjustment i s  not such as to  bring about pressure on the foetu s resu lt in g  
in  maldevelopment of the sp in e . The condition  is  akin to a ccid en ta l ta lip e s  
equino varus where the m alposition occurs with a minimal amount o f  
maladjustment between foetu s and uterus. S er ia l sec tio n s  of the sp inal card 
did not revea l any le s io n .
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We have already described how pressure may e f fe c t  the ankle and 
knee jo in ts  in  the lower lim b. There remains the hip  jo in t .  ,

This jo in t comes between the sacrum and the knee jo in t and i t  has 
no adequate support p oster iorly  apart from the rim of acetabulum, to  
counteract any pressure on sacrum and knee.

Any pressure on the knee w il l  normally be compensated fo r  by pressure 
of the so le  of the foot on the uterine w all acting  along the a x is  of the t ib ia
and so exerting  an opposite pressure e f fe c t  on the lower end of the femur
at the knee. This balancing of pressure on the hip i s  w ell i l lu s tr a te d
by the m alposition of accidental ta lip e s  equino varus in  which congen ita l d isloca tion
of the hip  does not occur.

I f  th is  f a i l s ,  as i t  w il l  do i f  the foot i s  prevented from rota tin g  
so le  to  w a ll, then pressure on knee and sacrum w il l  be concentrated on 
the postero-superior rim of the acetabulum due to the curve o f the lower 
spine and p e lv is , and depending on the duration and in te n s ity  of the 
pressure, the fo llow ing  degrees of in s ta b i l i ty  of the h ip  jo in t w i l l  occur.

1) A strong tendency to  d islocate  when the ch ild  walks, due to  under
development of the acetabular rim.

2) Various degress of subluxation present at b ir th .

3) Complete d is lo c a tio n  o f the hip present at b ir th .

The in ten sity  of the pressure w i l l  vary in  inverse proportion to  the 
degree of pressure exerted by the uterine w all and w il l  be most apparent 
when the disproportion i s  minimal but constant* The hip w i l l  be weakly 
supported and a l l  pressure on knee and sacrum w i l l  act d ir e c t ly  on the 
acetabular rim. A ll further degrees of pressure w il l  r e su lt  in  c lo ser  
apposition  of the limb to  the body, greater support for the hip and in d irect  
pressure on the foo t acting obliquely upwards alongthe t ib ia ,  tending to 
cancel any pressure on the h ip .

A gross example of the e f fe c t s  of unopposed pressure exerted along the ax is
of the femur on the hip jo in t , is  seen in  cases of arthrogryphosis m ultiplex
congenita, where the legs have developed in  f u l l  extension with flexed  h ip s, 
and pressure is  exerted on the fe e t  and on the sacrum. The hip  jo in ts  are 
inadequately protected and show a strong tendency to  d is lo c a te . As the ch ild  
i s  very la te  in  walking, If ever i t  walks, th is  tendency is  not always apparent.

The e f fe c t s  o f such pressure w il l  tend to  d is lo ca te  the femoral head 
oftener in  the female foetus due to  the more perpendicular w alls of the p e lv is .

A s l ig h t  tendency to inversion  in  the early  days of l i f e  w i l l  be the only
observable abnormality of the fe e t  and i t  w i l l  soon disappear.
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I must emphasise that these pressure e ffe c ts  w il l  occur only 
in  the crossed leg  p o sitio n  apart from legs in  f u l l  f le x io n , congen ita l 
angulation of t ib ia  and pseudarthrosis of t ib ia .

f i t h  the legs side by side in  plantar f le x io n , compensating pressure 
w il l  be exerted through the dorsum of the fo o t in  an oblique d irectio n  
upwards, and the c lo ser  apposition  of the thigh to the abdominal w all 
would a lso  tend to  n eu tra lise  pressure on the knee, u n t il  angulation or 
pseudarthrosis occurs, when pressures on the knee w il l  be transm itted  
d ir e c t ly  to  the acetabular rim without counterbalancing pressure* In 
add ition , the in tern a l ro ta tion  of the thigh in  these cases w il l  render 
the h ip  jo in t le s s  s ta b le .

This i s  w ell exem plified in  Dott*s case as described Middleton, 
where, in  a case of Arthrgryphosis m ultiplex congenita a ffec tin g  upper and 
lower limbs in  a male in fa n t, a congenital d is lo ca tio n  was present in  
one hip and an exaggerated coxa vara in  the other*

The condition can be u n ila tera l or b ila te r a l according to  whether 
one or two fe e t  are inverted , but never quite equal on both s id e s  due 
to  crossing of the legs and hence var ia tio n  in  angle of pressure* The 
outer le g  w i l l  su ffer  most*

On the rare occasions when congenital d is lo ca tio n  of the shoulders occurs, 
i t  w i l l  he due to one arm ly in g  wholly in  front of the other, causing  
prominence of one elbow, hence a backward d is lo ca tio n  by pressure.
Disproportion is  minimal in  these cases.

Spinal J/[alf ormat ions

F ig s . and /  7  .show how acutely  curved the foetu s i s  in  the 
early  stages of development and comparison w ith la te r  fo e ta l forms demonstrates 
the fa c t that the spine straightens as i t  develops. The head, the most acu te ly  
flex ed  part ( i t  i s  in  contact with the um bilical cord at the 6th week, and may 
almost touch the to e s ) ,  i s  extended by the development of the face in  the 
3rd month and the spine fo llow s as the legs develop. The most acute 
f le x io n  of the spine occurs towards the lower end as can be seen. The use  
of the word "unfolding" to describe the extension  of the spine as the foetus  
develops would not be inappropriate.

Eschricht in  1851 described th is  sp inal curvature along with early  
curvature of the limbs and explained a l l  congenital deform ities as being due to  
an em pirical arrest of development leading to  defective  formation of the 
pre—osseous elem ents. He, however, repudiated any mechanioal fa c to r  and 
brought evidence to  show that th is  acute curvature is  a normal feature of the 
early  fo e tu s .

Denis Browne in  1936, on the other hand, s ta te s  that meningocele and 
other sp in a l malformations are due to  excessive  bending of the developing 
spine by mechanical pressure exerted by the uterine w all on the fo e tu s ,
’so bringing about a kinking which is  follow ed by non-union of the two s id e s .



I  b e l i e v e  th e  tr u e  e x p la n a t io n  l i e s  b etw een  th e s e  tw o t h e o r ie s *

There i s  no arrest of development i f  by that is  meant an inherent 
growth d efec t, nor is  the spine excessively  bent, being already  
s u f f ic ie n t ly  curved.

I f  i t  is  prevented from stra igh ten in g , then that would be s u f f ic ie n t  
to  exp la in  non-fusion of cer ta in  laminae. Although ch on d rification  of the 
vertebrae begins in  the 7th week, the laminae do not fuse u n t i l  the 4th  
month.

I f  disproportion between the growth of the fo e tu s  and uterus towards 
fo e ta l  preponderance occurs early in  pregnancy, the r e su lts  w i l l  f i r s t  be 
seen  in  the 3 - 4  months as the foetu s begins to f i l l  the whole u terine  
c a v ity .

Cephalic and caudal extrem ities w il l  take the brunt of any 
disproportion , being in  the long a x is , and as the head i s  already extended 
by the 3rd month, the resu lts  of retra in t w il l  be seen mostly in  the 
lower sp in e . T his, I  maintain, w il l  lead to non-fusion of laminae 
and varying degrees of malformation governed by the extent to  which pressure 
i s  exerted by the uterine w all as the disproportion develops.

The part of the spine where th is  res ista n ce  to extension  i s  most f e l t  
w ill  be the lower lumbar region .

This persistance of f le x io n  in  the lower spine w il l  r e su lt  in  the legs  
tending to develop upwards in front of the body.

In other words, the deformity of the lower limbs u su a lly  present with  
certa in  sp in a l deform ities is  not the resu lt of a nervous fa c to r , but is  due to  
d istorted  development resu ltin g  from non-straightening of the sp in e .

I f  cases of arthrogryphosis m ultiplex congenita with or without sp in a l 
malformation are stu d ied , i t  w i l l  be seen that there is  a con tin u ity  between 
th igh , le g  and fo o t , showing that although the jo in ts are present they have never 
been flexed  properly. The legs may develop upwards in  front of the body 
or la te r a lly  round the body, but the knees never f le x  and the fe e t  merely 
assume the p o s itio n  d ictated  by the constrained and abnormal p o s it io n . The 
term club -foot should be discarded in  describing these ca ses . This p o sitio n  
of the lower limbs r esu lts  in  lo s s  of the bracing e f fe c t  to  the lower sp in e , 
further prejudicing any chance the lower spine has of stra igh ten in g  and so 
completing the fu sion  of the laminae. Wuth the legs developing in  extension  
they invade the regions reserved for the upper limbs and produce deformity 
which may assume a v a r iety  of forms. Muscle degeneration w i l l  occur in  
the more severe cases of disproportion and w il l  be n u tr itio n a l in  o r ig in . 
Middleton s ta te s  "the muscular degeneration ar ises  f a ir ly  la te  in  in tra -u ter in e  
l i f e ,  a fte r  the muscle fib res  are fu l ly  d ifferen tia ted , and i t  progresses 
rap id ly  and ceases at b irth", when the pressure i s  r e liev ed  and n u tr itio n  
improves•

In th is  l i e s  the explanation of cases o f ta lip e s  which apparently 
adequately trea ted , relapse a fte r  a period. These cases have been beyond 
explanation up t i l l  now and although the usual explanation i s  that treatment 
was abandoned too soon, th is  has been f e l t  to  be quite inadequate.



They relapse only a fter  some years when i t  appears that cure i s  
complete, the reason being that the disproportion causing the ta lip e s  
occurred early enough to cause a minor sp ina l le s io n  which only comes to  
l ig h t  as the ch ild  grows and traction  is  exerted on the sp in a l cord.
This tra c tio n  resu lts  in  changes in  the plantar ligaments fu l ly  described  
from p .^ 3  .onwards*

As weakness of the leg  muscles develops the foot tends to  adapt the 
inverted  p o sitio n , the foot "heels over" just as people with weak ankles 
complain of "going over", weight is  borne on the outer sid e  of the foot  
more and more and the club foot re lap ses. It is  a gradual, un con tro llab le , 
unconscious and insid ious process. Weakness of the le g  muscles and 
contracture of ligam ents is  overshadowed by the awful progress back to  
c lu b -fo o t. The para lysis i s  never abso lu te, the fe e t  are d isto r ted  and 
the true explanation i s  missed.

So that a nervous factor may w ell e x is t  in  cases o f t a l ip e s ,  
but i t  i s  one which only operates in  the la te  stage and i s  in c o n s is ta n t.

This explanation f i t s  the fa c t s ,  fo r , although the vertebrae are 
deforced, and the sp inal cord in  many ca ses , the elements of the sp in al 
cord are always present.

I t  goes fa r  in  throwing lig h t  on sp inal malformation, such as spina 
b if id a  occulta and membrana reuniens, centreing round non fu sion  of the laminae, 
but i t  does not explain  other malformations such as hemi vertebra, or 
anterior r a c h isc h is is , or complete r a ch isc h is is  c le id o  cran ia l d y so sto sis , „ - ■ 
Sprengel’s shoulder, which are more in  the nature of products of dysphasia. - j-'"

So that i t  may be postulated that the ex isten ce  of sp in a l 
malformation concerned with the p a r tia l or non fu sion  of laminae in d icates  
that disproportion between foetus and uterus towards fo e ta l preponderance 
occurred early  in  pregnancy and is  always associa ted  with, other stigm ata, 
although they may be of a very minor character.

And, deformity of the lower limbs which does not increase in  sev e r ity  
as the sp in a l cord r e la t iv e ly  shortens in  the sp inal canal, in d ica tes  that 
the disproportion only exerted i t s  f u l l  influence a fter  the sp in a l canal 
was fu l ly  c losed , and the components of the sp in a l cord fu l ly  developed.

The development of the lower limbs in  f u l l  extension with flexed  
hips without obvious sp inal malformation, is  a lso  capable o f explanation  
with the above p r in c ip le s , and i f  they develop over instead of under the 
arms, then hyperextension of the knees would be a natural seq u el, a deformity 
further accentuated by extension  of the thighs as the quadriceps would have 
developed in  the sh ortest possib le  len gth .

The deform ities seen a t b irth  in  cases of pes cavus, and the asso c ia ted  
sp in a l malformation are products of the same cause. I t  i s  l ik e ly  that th is  
le s io n  a r ise s  due to  the pressure e f fe c t s  of disproportion becoming- 
operative in  the la te  stages of closu re of the sp inal canal, bringing about 
a fo o t deformity associated  with a minor sp in a l deform ity, the e f fe c t s  
of which are apparent la te r  in  l i f e  when the spinal cord shortens in  the bony 
canal. The sp inal deformity w ill  vary from an obvious spina b if id a  to  a 
condition  where there e x is t s  a membrana reuniens or maldeveloped filum  terminale 
with but a detectable bony d efect.



Beykirch. b e liev es  there  e x is ts  a myclo dysphasia in  50 c/o  of th e se  c a se s , but 
such a s t ip u la t io n  i3 unnecessary , and i f  i t  was p resen t would be obvious much 
e a r l i e r  in  l i f e .

The e f fe c t s  of the sp in a l cord le sio n  are only apparent a fter  7 — 8 years of
l i f e  and there has been no evidence brought forward to  repudiate the b e l ie f  that
there is  in  a l l  cases a membrana reuniens or maldeveloped filum  ten n in a le .

The occurrence of spina b ifid a  of the lumbar region w il l  require only a minimal 
degree of disproportion occurring before closure of the laminae and need not be follow ed  
by deform ity of the lower lim bs. However, i t  i s  probable that in  the great 
m ajority of cases, a certa in  degree of calcaneo valgus leading to  a minor degree o f  
pes valgus a fte r  b irth  is  present, or minimi d ig i t i  q u in ti varus. Close examination 
w il l  no doubt revea l other stigm ata. Parker described some cases of spina b if id a ,  
seven of which showed no deformity of the f e e t ,  but he was obviously looking for
gross evidence of deformity, which w i l l  be unusual, as degrees of d isproportion
which give r is e  to  well-marked c lu b -foot, i f  i t  operates before closure o f the 
laminae, w il l  bring about much .grosser sp in a l malformations than spina b if id a .
Any var ia tion s are p o ss ib le , but minor degrees of disproportion w i l l  tend to  give  
minor deform ities o f spine and lower limbs and major degrees, severe deform ities  
of spine and lower lim bs.

SSS QMM

The f in a l shape of the bones of the foot decide i t s  form, the ligaments m aintain  
th is  form and the muscles render i t  fu n ctio n a l. The function being n a tu ra lly  of 
an in term ittent nature, the e la s t ic  tis su e  present in  the ligam ents i s  ab le to  
reco n stitu te  the form of the foot a fter  a c tive  d is to r tio n , u n less such d is to r tio n  
i s  of a prolonged nature, when the e la s t ic i t y  or r e c o ilin g  power of the ligam ents 
is  exhausted.

The strong ligaments of the fo o t predominate on the plantar aspect and fu rth er , 
the ligam ents on the inner part of the plantar aspect of the fo o t are stronger than 
those on the outer. This fo llow s because the ax is of w eight-bearing f a l l s  to  
the inner side of the calcaneus, as is  shown in  P ig . 569 (Cray’s ) .

The foot should be regarded as a forked appendage, the body of the ta lu s  being 
at the apex of the fork , and th e  h eel and m eta ta rsa l heads forming the p o in ts .
Viewed la te r a l ly ,  the anterior prong is  longer and more oblique than the p o ster io r . 
Viewed an tero -p oster iorly  the posterior prong is  d irected  s l ig h t ly  la te r a l ly  and 
ends on a blunt po in t, i . e .  the under-surface of the calcaneus, w hile the a n ter ior  
prong i s  directed s l ig h t ly  m edially and on a base represented by the head of the f i r s t  
m etatarsal, the other m etatarsals actin g  as an outrigger to steady th is  p o s it io n .
This is  necessary i f  the spreading e f fe c t  of depression of the apex is  to  be minimised 
and the e la s t ic i t y  of the longitud inal arch centred at the apex.

So that when the body is  erect on one or both f e e t ,  the axis o f w eight-bearing l i e s  
to  the inner sid e  o f the calcaneus and the prongs of the fork are the body of the 
ta lu s  and the ca lca leu s p oster iorly  an d ,an teriorly , the neck and head of the ta lu s , the 
n avicu lar, f i r s t  cuneiform and f i r s t  m etatarsal.

In motion, as the body goes forward and the h eel r is e s  from the ground, the ax is  
of w eight-bearing tra v e ls  along the neck of the ta lu s u n t i l  i t  reaches the head o f the  
ta lu s . In other words, the apex of the fork  moves forward along thel& S& rof the ta lu s .



A lso , in  order that the function of walking may take place without 
a sideways lurch^the actual area of weightbearing^ must describe part o f  
a c ir c le  or curve round th is  a x is . As the c •£• i s  thrown forward and to
the sid e  on one fo o t , so must counter pressure be exerted to  maintain i t s  
p ersisten ce in  a stra igh t l in e ,  so that the weight bearing point on the fo o t  
proceeds from the h e& 0 r, along the outer s id e  of the fo o t and then back across  
the heads of the m etatarsals to  a point of neutral balance as opposed to  
activ e  balance, being again in  lin e  with the axis of weightbearing.

The fo o t i s  b ea u tifu lly  fashioned to carry out th is  fu n ction , but as 
the a c tio n  is  of a very complex nature, any discrepancy in  the various parts
of the foot w il l  be shown by disordered action .

One of the t is su e s  of the foot which has been given scant a tten tio n  
up -to-d ate i s  the e la s t ic  tissu e  contained in  the ligam ents.

A great deal of litera tu re  has been w ritten  to e lucidate the nature 
of e la s t ic  t is su e  contained in  the resp iratory  tr a c t , the vascular system, 
and the sk in  e t c . ,  but as far as i t  is  p ossib le  to  a scer ta in , no inform ation  
i s  availab le  regarding the e la s t ic  t is su e  contained in  the ligaments of the fo o t .

E ass, 1939 wrote exhaustively  on the nature and function  of e la s t ic  
t is su e  and several conclusions were drawn which are of considerable in te r e st  
when applied to  the function  of the fo o t .  I t  i s  believed  that p h ysica l 
factors of s tr e s s  and s tra in  were of great importance in  the development of 
connective t is su e  stru ctures.

There is  considerable controversy as to  the exact or ig in  of the e la s t ic  
f ib r e . Does i t  f i r s t  appear as a f i b r i l ,  or is  i t  due to  the fu sio n  o f
granules in  the in ter c e llu la r  substance. Does the fib ro b la st give r is e  to
u n d ifferen tia ted  f ib r i l s  which are transformed to a col/agenous or e la s t ic  
elem ent. Is  the e la s t ic  f i b r i l  foimed by a sp e c if ic  c e l l  ca lled  e la sto b la st  
or is  i t  due to an a lte r a tio n  in  the nature of collagenous f i b r i l s .  A ll
these th eories have considerable support but no conclusive evidence has been
produced.

Hass describes f iv e  functions of e la s t ic  tissu e  in  any v isce r a .
1) I t  is  so placed as to  a id  in  the d issem in a tio n  of s tr e s se s  d irected  

at iso la ted  p o in ts .
2) I t  is  designed for coordination of rhythmic movements of cer ta in  u n its .
3 )  I t  aids in  the conservation of energy through p a r tia l maintenance

of tone during relaxation  of muscular elem ents,

4) I t  serves as a bulwark against the p ossib le  injury of excessive  fo r c es .

5) I t  aids m ateria lly  in  the return of a t is su e  or organ to the natural
form a fter  a deforming force has been removed.

The e f fe c t  of fa tigu e  on the e la s t ic i t y  of connective tis su e  was studied  
by Scfcilde who demonstrated that a s le e p le s s  night diminished the e la s t ic i t y  
of the sk in  by 15 per cen t. fc itzenstein  found that prolonged a c tiv e  and 
passive movement of jo in ts , substan tia lly?in creased  the capacity  of the jo in ts ,  
presumably due to relaxation  of the joint capsule.



Further, what investigators have learned of the embryology, anatomic 
d is tr ib u tio n  and in  v itro  cu ltiv a tio n  of e la s t ic  t is s u e , tends to  support 
the hypothesis that mechanical forces may exert an influence on the genesis  
and development of the e la s t ic a , e sp ec ia lly  i f  these fo rces are rhythmic 
and flu ctuatin g* Also i t  appears that future in v estig a tio n  w i l l  be 
concerned with a substance or substances which is  elaborated and deposited  
in  e le c t iv e  s ite s*  I t may be predicted (Hass) that such substances w i l l  
be of such a la b ile  nature as to  be resorbed, redeposited and augmented 
in  response to  certa in  p h ysio log ica l stim u li or as a r esu lt  of c er ta in  
path olog ica l pro ce s s e s •

F in a lly , i f  degeneration of e la s t ic  tissu e  progresses to a measurable 
degree from the morphological viewpoint, there is  a lim ited  capacity o f the 
t is su e  to regain  i t s  structural in tegrity*  Regeneration of the t is su e  does 
occur occasionally  but the replacement i s  meagre and imperfect*

A ll the above fa c ts  have a d irect bearing on the a etio lo g y  of id iopath ic  
pes cavus, for what is  th is  condition but a le s se r  degree of p ara lytic  ta lip e s  
equino varus. I t  merges into  and cannot be d istinguished from th is  
condition  in  i t s  most severe forms.

Pes cavus occurring in  la te  childhood, or superimposed as a relapse  
in the treatment of a foot deformity is  due to  the la te  e f fe c t s  of a lower 
sp in a l le s io n . The exact nature c£ th is  le s io n  remains in  doubt although 
the presence of a membrana reuniens has for long been the accepted explanation.
This le s io n , a fibrous band extending from the skin round the cord, was thought 
to  explain  the absence of sensory s ig n s, the fibrous s lin g  causing pressure 
on the anterior horn c e l l s  a lone.

Lately Beykirch has put forward the b e l ie f  that there is  a myelo dysplasia  
present but i f  th is  were, so , i t s  e f fe c t s  would be evident much earlier^

A ty p ica l case of ideopathic pes cavus shows a minimal para lysis  of the 
le g  and fo o t , plus certa in  n u tr ition a l changes which ind icate  involvement of the 
sensory nerve supply. D iff ic u lty  of m ictu rition  may occur, hyperidrosis of 
the e ffec ted  extrem ity, associated  with coldness and b lueness. C a llo s it ie s  
are common and in tractab le , and hyperkeratosis almost in variab le . Actual 
sensory changes have been described but are uncommon.

These changes are not seen in  the early  stages of the cond ition , but occur 
and are marked la te r .

I b elieve  that the f i r s t  changes which occur in  a case of pes cavus, take 
place in  the structure of the ligaments of the fo o t .  Degrees of motor and 
sensory disturbance brought about by tra ctio n  on the sp inal cord, not enough to  
cause d e fin ite  signs in  them selves, are yet su ff ic ie n t  to  a ffe c t  the e la s t ic  element
of the powerful plantar ligam ents, causing a lo s s  o f e la s t i c i t y  and a 

replacement f ib r o s is  leading to  contracture. The ligam ents of th e  dorsum 
are not designed to  withstand any degree of s tr a in , as are the plantar 
ligam ents, and any n u tr ition a l changes causing imbalance between these two 
se ts  of structures would r esu lt in  considerable increase in  the lon gitu d in al 
arches of the fo o t .



This has been recognised as far as the long and short plantar  
ligaments are concerned but in su ffic ie n t a tten tion  has been paid to  
the la te r a l and plantar calcaneo navicular ligam ents and the widespread 
in sertio n  of the posterior tib ea l muscle.

The in tr in s ic  changes in  the .ligaments have a ttracted  no a tten tio n  

 The s lig h t  motor p a ra ly s is /o f t h e f i r s t  ^m etater^l is  caused by
contracture of the calcaneo navicular ligam ents, one of which i s  the 
powerful spring ligam ent. This r e su lts  in  an approximation of the 
calcaneuis and navicular, the head of the ta lu s  acting as a wedge. The 
calcaneus being fix ed  p oster iorly , the navicular w i l l  be pu lled  round the 
head of the ta lu s , and the head of the f i r s t  m etatarsal w i l l  drop. This 
i s  merely an accentuation of a normal restin g  p o sitio n  and is  not due to  
muscular a c tio n . The head of a normal f i r s t  m etatarsal can be pushed up 
when at r e s t .

I f  the restin g  foot Is studied i t  w i l l  be seen that a l l  the 
metatarso phalangeal jo in ts  are hyperextended and remain so u n t i l  the foot 
i s  placed on the ground, when th is  hyperextension is  lo s t  by ra is in g  of the 
m etatarsal heads, and the toes then come in  contact with the ground.

As contracture of the plantar ligaments occurs, the resu lt in g  
d is to r tio n  of the longitud inal arch e f fe c t s  the anterior component e n tir e ly ,  
so leading to  apparent shortening of the Tendo-Achilies as suggested f ir s t  
by P ercival M ills , 1924. The navicular is  pulled round the head of the 
ta lu s ,la t e r  the cuboid round the anterior a r ticu la tin g  surface of the 
calcaneus so that the lin e  of the tarso-m etatarsal jo in ts  is  a ltered  and the 
m etatarsal heads appear to drop. At f i r s t  th is  deformation i s  reducible  
as the f ib r o s is  does not extend to  the ligaments and capsules of. the tarso 
m etatarsal jo in ts . In other words the raid-tarsal jo in t is  the f i r s t  a ffe c te d . 
Later increasing and spreading f ib r o s is  f ix e s  the deform ity. The apparent 
dropping of the m etatarsal heads, causes the f i r s t  phalanges to  adopt a 
p o sitio n  of increased hyperextension at r e s t ,  and when weight is  borne by 
the fo o t , the times comes when such weightbearing is  in s u f f ic ie n t  to  ra ise  
the m etatarsal heads and allow the toes to  reach the ground. The claw toe 
deformity is  then estab lish ed .

The fle x o r  and extensor tendons are unable to  adjust themselves 
to the changed p o sitio n . Tension of the extensor tendons causes hyperextension  
at the metatarso phalangeal jo in ts  and tension  on the flex o rs  causes f le x io n  
of the interphalangeal jo in ts .

In the early  s ta g es , tenotomy of the extensor tendons w i l l  be 
s u ff ic ie n t  to  correct the hyperextension at the metatarso phalangeal jo in ts  
and allow the toes to  reach the ground when the foot is  weightbearing.

As the replacement f ib r o s is  extends the preponderance of the medial 
plantar ligam ents causes inversion of the foo t and approxim tion of the head 
of the ta lu s to  the medial m alleolus, the f in a l  stages being almost 
in d istin gu ish ab le  from paralytic  ta lip e s  equino varus.



Complete contracture and f ib r o s is  of the plantar ligaments has o ften  
been described, and the role they played in  maintenance of the deformity 
of club-foot has been frequently commented upon, f i r s t  by HcKeever in  1819 
a n d ^ in  by Parker in  1884, who recommended syndesmotomy of a l l  medial 
plantar ligaments as part of the treatment of c lu b -foo t.

The reason for th is  contracture and i t s  exact ro le  in  the aetio lo g y  
of various fo o t deform ities, has n ot, to  my knowledge, been previously  
commented on.

Considerable further study is  necessary but in the d isp o s itio n , 
varia tion  and reaction  to  various pathological and p h ysio log ica l s tim u li, 
of the e la s t ic  t is su e  of the fo o t , l i e s  the answer to  many problems at 
present in so lu b le .

The exact le s io n  of the lower sp inal cord is  s t i l l  in  considerable  
doubt, but I venture to  s ta te , from a study of the development of the lower 
sp ine, that the le s io n  is  probably a fa ilu r e  of f u l l  development of the 
filum  terminale whereby i t  drags on the sp inal cord when the upward s h if t  
takes p lace. This brings about varying but minor degrees of p ara lysis  
of the muscles supplied by the sacra l nerves and minor degrees of sensory  
disturbance in  the area of d istr ib u tion  of the sa cra l nerves most 
noticeable in i t s  e f fe c ts  on the h igh ly  sp ec ia lised  nature and function  
of the e la s t ic  t is su e  of the limb. This explanation a lso  accounts for  
disturbances of m icturition  i f  present.

This would only apply to the b ila te r a l ca ses . U nilateral cases are 
probably explained by the presence of a previous deformity such as a w e ll marked 
degree of metatarsus varus which precludes proper development of e la s t ic  
t is su e  and eventually  r esu lts  in  pes cavus.

Todd describes a case in  which a transverse cut across the lower th ird  
of the le g  damaging the extensor tendons, eventually  produces a pes cavus.
The photograph of th is  patient shows a generalised  atrophy of the leg  from the 
knee down and the condition would appear to have arisen  due to  disuse atrophy 
plus d istorted  weightbearing, the most marked feature of which was 
contracture of the plantar ligaments causing pes cavus.

Deform ities of the Upper Limb which resu lt from disproportional growth, 
w il l  in  most cases follow  and r e su lt  from m alposition of the lower lim bs, 
but an iso la ted  club-hand deformity is  possib le i f  a palmar flexed  hand, 
dorsal surface to chest w a ll, is  propelled by pressure on the elbow in to  
the a x i l la ,  becoming trapped between anterior and posterior w a lls . Further 
pressure on the upper arm w il l  cause further f le x io n  of the hand, resu ltin g  
in  the ty p ica l deformity which w ill  only be released  at b ir th  when abduction 
of the arm becomes possib le • Only a minimal degree of pressure would be 
necessary in  th is  case.

Treatment of Congenital Deform ities due to
Growth between Foetus and Uterus:

The ultim ate cure of congenital deform ities as described above, l i e s  
in the study and practice of eugenics, a science which is  assuming mare 
importance as c iv i l i s a t io n  advances to

"the ultim ate a im iab ility  of a l l  things" Swinburne.



I f  war, d isease , starvation  and overcrowding are to  be abolished  
throughout the world, then the co ro lla r ie s  of such planning must be 
faced and stu d ied . Controlled eugenics is  one of the most important , 
and may not be too far away. M agistrates can already order medical 
examination, in  certa in  cases, prior to  marriage. The seed i s  
bearing fr u it  !

That "The ch ild  i s  father of the man", is  w e ll exem plified in  
congenital deform ities, but so much is  the canker of sp e c ia lisa t io n  
invading the art of medicine that the corre la tion  of cause and e f fe c t  
i s  becoming much more d if f ic u lt .

Denied prophylaxis, on such a wide basis at present, the deform ities  
must be approached ind iv idu ally  and treated  according to  the fa c to rs  
causing them, and the time which has elapsed since b ir th .

The whole approach to  congenital deform ities requires r ev is io n .
Diagnosis and treatment must occur as early  as p o ss ib le , delay can 
only r e su lt  in  confusion and bad r e s u lt s .  bfore carefu l examination a t  
b irth  and in  the early days of infancy is  necessary to  detect minor 
degrees of deform ity, which are e a s ily  corrected a t an early  s ta g e , but 
i f  neglected  for severa l years lead to l i f e - lo n g  crippling e f f e c t s .

Accurate diagnosis of the various deform ities and a thorough 
understanding of the causes which lead to them is  e s s e n t ia l  i f  locomotion 
among the masses is  to  improve.

My own personal experience cf these various deform ities is  as y e t too 
sm all to  ju s t i fy  any d eta iled  statements with regard to  treatm ent, but 
cer ta in  p rin cip les can be enunciated without prejudicing any p articu lar  
form o f treatment which might be adopted.

I t  w il l  be appreciated from the above d iscussion  that apart from 
the cases of obvious deformity, there must be many minor .degrees o f 
d is to r tio n  of the bony elements of the fo o t occurring in  u tero , which w il l  
give r is e  to  foot trouble la ter  in  l i f e .  Minor degrees of valgus w i l l  
r esu lt  in  f la t  foot deformity. Any constraint placed on the fe e t  in  
u tero , w i l l  resu lt in  ssrae m odification in  the farm of the bones, which, la te r ,  
by giving r ise  to  minor disorders of locomotion, w il l  so a lte r  the 
mechanics of the fe e t  as to  prevent or destroy the correct function  of 
e la s t ic  t is su e  and so lead to la te  foot deformity.

Missed cases cf metatarsus varus, which appears sometimes to be 
mistaken for pes cavus, by the persistence of d istorted  weightbearing, 
w ill  prevent the correct functioning of the plantar ligam ents, leading even tually  
to degeneration of the e la s t ic  t is su e  and increased deform ity. This c a l ls  
for a much more carefu l examination of in fa n t's  f e e t  and more frequent 
recogn ition  and diagnosis of minor degrees of deformity, which can be 
treated  and corrected before the ch ild  walks, or at le a s t ,  before the 
deformity i s  f ix e d .



Forcible manipulation is  contrary to a l l  the fa c ts  ava ilab le  
in  r e la t io n  to the function  of ligaments in the v ic in ity  of jo in ts .
This is  becoming recognised with regard to  the treatment of 
congenital d is lo ca tio n  of the h ip , but requires emphasis and explanation  
of the p r in c ip les involved.

I t  is  a w ell recognised fa c t that ligaments can be in term itten tly  
stretched  with no lo ss  of th eir in tr in s ic  e la s t ic i t y ,  but i f  the  
stretch in g  occurs suddenly and fo r c e fu lly , tearing of the • ligament 
occurs and such a tear is  repaired by fibrous t is su e  which lacks 
e la s t ic i t y  and prejudices the chances of the ligament resuming normal 
fu n ction . In the same way, constant stretch ing  of any ligam ent, 
even tually  leads to lengthening combined with lo ss  of e la s t i c i t y .  For 
any ligament to function properly the s tra in  placed on i t  must be 
in term itten t. Under constant strain  i t  becomes overstretched and in  such 
a condition acts at a disadvantage. I t  cannot contract, i t s  fu n ction a l 
use disappears and the ligim ent f ib ro se s .

So that any sp lin t  used in  the treatment of deformity should hold  
the limb in  the p o sitio n  attained by gradual manipulat ion, but no^5̂ , 
constant s tretch  should be put on the ligam ents. BSEairt* Splints/^are  
so d i f f ic u l t  to  apply that th is  overstretching is  probably only maintained 
for a short time and no rea l damage is  done. However, the princip le  
remains •

Forcible manipulation in the early  treatment of fo o t deform ities in  
children i s  to  be particu larly  condemned for the above reasons. The 
ligaments must be given time to stretch  without tear in g , and once th is  i s  
accomplished the foot must be held in  the corrected p o sitio n  u n t i l  such 
time as the bones have become remoulded. They, the ligam ents, must be 
regarded as already prejudiced with regard to  the reten tio n  of th e ir  f u l l  
complement of e la s t ic  t is s u e , and no steps must be taken which would 
prevent regeneration or f u l l  development of e la s t ic  t is s u e .

To carry out th is  form of treatment masseurs would require to be 
trained in  the correct manipulation of th ese deform ities, as i t  requires accurate 

knowledge of the anatomy and function  of the fo o t , but would not require  
the constant a tten tio n  of a s p e c ia l is t  a fter  accurate assessment of the le s io n .

With regard to the case of accidental c lub-foot described above,
treatment consisted  of daily  manipulation by ne fo r  a period of three months,
the mother being instructed  in the manipulation and encouraged to  carry i t  
out. Most mothers w i l l  not do i t  but th is one d id . This c o n s ists  of 
io ta  tin g  the fo o t outwards, abducting and d orsiflex in g  i t  at the ta lo 
navicular jo in t .  The ta lu s is  not displaced from i t s  m ortise in  th is  }
deformity so that the fore-fo o t adducted, i s  rotated and inverted round
the head of the ta lu s . ~

The p rin cip le  points where opposite pressure is  exerted in  the 
manipulation are the prominent head of the ta lu s on the outer s id e  of the 
fo o t ,  and the outer border of the fo o t  in front of t h i s .



This was followed by the use of the Denis Browne sp lin t  u n t i l  
I  had to  give the case up. I heard la te r  that at four years of age 
the ch ild  walked normally.

This is  the treatment I recoomend for a l l  cases of c la s s ic a l  ta lip e s  
equino varus, and a lso  for  the cases of third degree crossed inversion  
deformity described. The foot must be made m alleable and lo o se , the 
deformity capable of easy correction . The Denis Browne sp lin t  should be 
used to  maintain the reduction, not to reduce the deformity as i t  i s  
in  many ca ses . A trained masseuse should be used for the preliminary sta g e , 
the emphasis being placed on manipulation of the foot into the correct 
p o s it io n , the sp lin t being a very much secondary consideration . Bo 
s p l in t ,  P laster  of Paris, or strapping w ill  maintain the fo o t in  s u ff ic ie n t  
accurate reduction u n til  i t  (the fo o t) has been rendered s u f f ic ie n t ly  
m alleable by o ft repeated manipulation. D istortion  w il l  occur in  more
severe cases and bad resu lts  are in ev ita b le .

Theseprincipies apply to the correction of a l l  the congenital 
deform ities of the limbs under d iscussion , i f  the condition i s  correctly  
diagnosed and treated from b irth .

In the a typ ica l cases of c lu b -fo o t, such as those associated  with  
arthrogryphosis m ultiplex congenita and w ith sp in al malformations the 
problem is  more complex. Uith no sp in a l involvement, the treatment 
must be gradual correction  4y manipulation. I f  the legs have developed 
in extension  with hips flexed , in te l l ig e n t  manipulation to  s tr e tc h  a l l
the contracted tissu es  must be carried out over a period.

One has on occasion* heard a nurse say, "Every time we undress the c h ild ,  
i t s  legs shoot up over i t s  shoulders". This is  an admission that the 
im plications of the deformity are not appreciated. The structures anterior  
to  the hip jo in t are contracted and require time and manipulations to  stretch  
them. Only harm can come of rough handling.

In these cases the whole limb requires re-moulding and th is  should 
commence from the f i r s t  day of b ir th , be frequent, and not include the 
use of sp lin ts  for some tim e.

I f  the sp inal cord is  involved normal voluntary control of muscles 
does not occur as the ch ild  develops, and th is  ser iou sly  prejudices any 
attempt at correction .

Once the deformity becomes estab lish ed  in  la te r  childhood, various 
operations have been devised for correction . They are admissions of 
fa ilu r e  to  trea t co rrectly .

The treatment of congenital d is lo ca tio n  of the hip has been 
exhaustively  gone into and w i l l  not be dealt w ith here except to  say that 
ea r ly  diagnosis i s  absolutely  e s se n t ia l. Too many cases are s t i l l  missed 
in  the early  s ta g es , which could have been prevented and too many s t i l l  go 
on u n t i l  symptoms of a r th r it is  f in a lly  drive them to  an orthopaedic c l in ic .



X-ray of newly born babies and in  early infancy should be much more 
frequent when any s ig n  whatsoever of lower limb constraint in  utero  
is  displayed. The practice of holding newly born babies up by the h eels
should be abolished. The structures an ter ior  to the hip jo in t are
contracted to some extent at b irth  and require a l i t t l e  time to stre tch  
and rough interference may p recip ita te  a tendency to subluxation which 
woiild otherwise remain la te n t , the period between b irth  and walking being
enough to allow the acetabular rim to  reform.

The treatment of congenital d is lo ca tio n  of the hip w i l l  depend 
to  a great extent on the degree of the condition . I f  complete lu xation  
occurred early in  fo e ta l l i f e ,  open operation w il l  be necessary, as the 
structures surrounding the jo in t w il l  have adapted themselves to  the changed 
conditions and reduction by manipulation w i l l  be inadequate.

I f  the condition is  a subluxation, or a luxation  occurring 
a fter  b irth  and diagnosed early , then rep o sitio n  of the femoral head in  
the acetabulum, combined with recumbency u n t il  the acetabular rim forms 
properly i s  l ik e ly  to  be su ccessfu l.

The two movements which must be prevented are adduction and fle x io n  
of the h ip . An apparatus allowing abduction and extension  would be 
s u ff ic ie n t  to keep the femoral head in  p o s itio n , and at the same time 
allow the limb to develop normally. F ixation  for prolonged periods can 
only lead to  degeneration in  the surrounding structures at such an early  
stage of l i f e .

Open operation for congenital d is lo ca tio n  of the hip should not 
be a matter of opinion but should be the r e su lt  of f u l l  in v estig a tio n  
and the knowledge that manipulation w il l  inev itab ly  f a i l  i f  the luxation  

occurred early  in  in tra-u terine l i f e .

Pes Cavus ;
A much c lo ser  study requires to be made of the treatment of 

congenital pes cavus. There is  always a foot deformity present in  these  
ca se s , u sually  b ila te r a l and unequal, followed la te r  at seven to  e igh t years 
of age by the development of the ty p ica l le s io n s , s ix  degrees of which are 
u su a lly  described. F ifty  per cent show a spina b ifid a  and Beykirch claims 
a myelodysphasia causes the condition in  the other f i f t y  per cen t.

A more forthright approach should be irade to the sp in al le s io n  
in  these cases J

As regards operation on the fo o t . Transplantation of the 
extensor tendons to  the m etatarsal heads as suggested by Mfcrk Jansen and 
described by Todd, w il l  correct the hyperextension at the metacarpo
phalangeal jo in ts , but w i l l  have no e f fe c t  on the deformity of th e m id-tarsal 
jo in t s .



The progress of pes cavus may h alt at any stage from high arch to  
the f in a l equino varus deformity, so that rad ica l forms of treatment 
may never become necessary, but i f  the le s io n  does progress, syndesmotoiqy 
i s  a form of treatment which offers considerable scope, but i t  must be 
ra d ica l.

Steuidler's operation is  inadequate. Parker, and more recen tly  Todd, 
advise svndesmotomy but both stud iously  avoid the calcaneo navicular  
ligam ents. Both describe d iv ision  of the astragalo scaphoid capsule 
and the long and short plantar ligaments : for f u l l  reduction o f the 
deformity of the longitud inal arch, the calcaneo'navicular and calcaneo- 
puboid ligam ents, would require to be divided. This would probably 
r e su lt  in  various degrees of pes p4n*us but a u se fu l foot would be obtained 
and lengthening of the Tendo-Achilles would be unnecessary.

Pseudarthrosis of  the T ib ia:

E lucidation of the aetio logy  of pseudarthrosis and angulation of the 
t ib ia  would appear to o ffer  l i t t l e  assistan ce  in  the treatment o f these  
con d ition s. With regard to  angulation of the t ib ia  gradual manipulation 
from b irth  onwards to correct the equinus deform ity, followed by operation  
to  correct the angulation and so prevent the onset of a s tr e s s  fra ctu re , 
would appear to  o ffer the best lin e  of treatm ent.

Once a s tr e s s  fracture has occurred the contracture of the muscles of 
the le g , by reason of dim inishedm uscle range, associated  w ith angulation  
of the fragments and lessened blood supply w il l  lead to delayed union. I f  
treated  in  p la ster , delayed union w il l  lead to non-union in  most ca ses . 
Internal sp lin tin g  to give firm im m obilisation of the fracture would be 
the correct proceedure, e ith er  by massive dual onlay grafts (Moore 1941)? or 
by v ita llia m  p la tes .

Pseudarthrosis of the t ib ia  occurring^Si in tra-u terin e l i f e  o ffers  
l i t u l e  scope for  sa tis fa c to ry  surgery but khowled^ of the pathology w i l l  
lead  to  proper c la s s if ic a t io n  and concise reasons for  the p articu lar  form of 
treatment carried ou t•

With regard to the further in v estig a tio n  cf the problem of congenital 
d eform ities, the study of in tra-uterine p o s itio n  can be further advanced by 
the development of X-ray technique.

This would require an enormous amount of spade work, but in  my opinion, 
would be the lo g ic a l mode of in v estig a tio n , and i s  in  f a c t ,  the only mode 
of in v estig a tio n  a t present p o ss ib le .

Routine X-ray, preferably stereoscopic could be made at seven  
months in  a l l  pregnancies at certa in  c lin ic s  where the rate o f congen ita l 
deformity i s  known. Over a period the correla tion  o f these with any 
deformity present a t b ir th , suggests a lin e  of enquiry which would probably 
give r e su lts  i f  su ff ic ie n t ly  w ell adhered to . The diagnosis o f fix ed  
m alposition would become p ossib le .

I suggest that the condition now known as c la s s ic a l  ta lip e s  equino 
varus should be ca lled  accidental c lu b -foot. The hereditary s lu r  would 
thereby be banished, and i t  would conform more to the a e tio lo g y  of the



con d ition .

Talipes equino varus should he reserved for the cases of th ird  
degree crossed inversion  deformity where disproportional growth i s  marked.

Congenital deform ities arising  from disproportion between foetus  
and uterus towards fo e ta l preponderance can now be c la s s if ie d  thus : -

A. Disproportion e f fe c ts  accurring a fter  f u l l  formation of the sp in e .

Minimal degrees may lead to
a) Congenital d is lo ca tio n  of the hip unassociated w ith other 

deform ity.
or b) Accidental c lu b -fo o t, always u n ila te r a l,
or c) Congenital d is lo ca tio n  of the shoulder.JJ f koderate to fa ir l.v  

severe decrees mav lead to  ; -

With legs crossed, the outer fo o t in  plantar 
f le x io n .

a) Pseudjsartfrosis of the t ib ia .

With fe e t  trapped so le  to  u terine w all and sid e by s id e .
a) B ila tera l calcaneus.

or b) U n ila tera l severe calcaneo valgus.
With fe e t  trapped sid e  by side and inverted.

a) Minimi d ig i t i  q u in ti varus.
or b) Metatarsus varus.
or c) Various unique deform ities.

With fe e t  trapped side by s id e , one or both in  plantar f le x io n .
One in  plantar flex io n :
a) Hquinus. 

or b) U n ila tera l angulation of the t ib ia ,  
or c) Pseudarthrosis, always u n ila te r a l, w ith severe 

degrees of pressure.
Both in  plantar flex io n :
a) B ila tera l equinus.
b) B ila tera l angulation of the t ib ia .

With trapped £es± in  crossed inversion, 
a) Minimi d ig i t i  q u in ti varus. ) U n ila tera l or 

) B ila te r a l.
)

or b) Metatarsus varus, 
or c ) T alipes equinus varus.

With fe e t  trapped in  crossed eversion  (so le  to  
uterine w a ll) .

a) Moderate degrees of calcaneo valgus. 
U nilateral or b ila te r a l.



B. Disproportion e ffe c ts  occurring shortly  before complete closure  
of the sp ina l canal.

a) Spina b if id a , 
or b) Spina b < J a  opcult^., with^or without membrana

deform ities,lead in g  to
pes cavus,

or c) Development of legs in extension with hips f le x e d ,

0 , Disproportion e ffe c ts  occurring before laminae have fu sed ,

a) Meningocele to  myelocele according to  degree of
pressure, a l l  associated  with deform ities of the lower 
limbs of varying degree.

Conditions such as hare l ip  and c le f t  palate suggest a 
disproportion occurring ea r lier  than in  group C ., with probably seme 
temporary generalised pressure e f f e c t s .

Severe degrees of disproportion may lead to  death of the 
fo e tu s, and the post-mortem changes in  the muscle t is su e  w i l l  further  
complicate the picture presented.

The hereditary factor  in  congenital deform ities can be 
s a t is fa c to r i ly  explained by the above account o f the orig in  of 
c ongenital def ormit ie s .
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