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I n  the literature on the paralytic calcanean foot the consensus of 
opinion is that the principal cause of the deformity is paralysis of m. 
triceps, with a consequently reduced muscular pull upon the calcanean 
tubercle. On the other hand, opinions differ as to the mechanism invol- 
ved in the development of the deformity and as to the disturbance of 
the inuscle co-ordination in leg and foot which produces the deformity. 

DLicheRRe, who published the first description of the calcanean 
foot in 1867, considered that the deformity consisted of a change in 
the mutual positions of the bones in the foot. The reduced tone of the 
paralyzed triceps, combined with the traction exerted on the foot by the 
muscles at the front of the leg, caused a lowering of the posterior part 
of the calcaneum, whilst flexor digitorum comm. and the peroneals 
caused the equinus posture of the fore-foot. In Irwin's opinion (1951 ), 
the position of the calcaneum changes as a result of the mechanical 
advantage of the plantar muscles in relation to the paralyzed triceps, 
and the change of position becomes fixed by contracture in the plantar 
fascia. The equinus posture of the fore-foot is the result of the traction 
of the posterior tibial and the peroneals, and if the anterior tibial is 
intact the excavation may be increased still more. 

Contrasting with Duchenne, Nicoladoni (1881), Hoffa (1909) and 
Piirclchauer (1912) considered that the deformity was the result solely 
of a change in the shape of the calcaneum: during the growing period 
the posterior process of the calcaneum in the paralytic foot grows 
plaritarly and anteriorly owing to the preponderance of the plantar 
muscles vis-a-vis the paralyzed triceps. Abrahamsen (1916) also be- 



licvctl tlic c*li:uigcs in the siialw o f  the c:iIc:inviiiii to Iw tlic priiicipal 
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ration o f  tlic position of tlic ca1c:iticiiiii in rc*l:rtioii to the t:ilus, :is the 
joint cavity lwtween tlicsc two boncs c:in bc iii:itlc to open posteriorly. 
Al~rali:i~iiscn then points e& -that this change i n  the position of the 
calcancuiii will he aggravated if the foot is inverted, a s  the anterior 
extremity of the calcaneuiii will then he able to glide up 011 to the 
lateral aspect of the he‘ad of the talus. 

LViftek (1(302), 1ViiZpizis (1910) ,  Tubby ( 1912) mid Steiritller (1921) 
also 1)elievetl in a change in the shape of the calcaneum, hut considered 
that the essential factor lay in an alteration of the attitude of the bone, 
both in relation to the talus and, together with the talus, in relation to 
the leg. 

Presumably the lack of agreement on the nature of this deformity, 
and the absence of clarity as to its pathogenesis, may be ascribed to 
the fact that each of the published communications is based upon a 
relatively small series and that the various authors proceeded accord- 
ing to mutually different principles in their clinical observations and 
in their estimation of the roentgenological findings in the paralyzed 
feet. 

It is not surprising that the so-called calcanean foot may appear 
in varying forms, having regard to the structure of the foot and also 
bearing in mind that a number of factors have an influence on the 
positions of the bones and, in the growing period, on their shape. By 
this is meant the disturbance of the muscular correlation in leg and 
foot, in the blood circulation and in the growth of the bone, as a result 
of the paralysis, depending upon its extent, degree and duration and 
upon the age a t  the onset of the disease, as  well as upon the develop- 
ment of contracture i n  the plantar fascia and in the connective tissue 
around the paralyzed muscles. 

This report is based on a series comprising 134 patients who had 
paralysis of the triceps: bilaterally in 33 and unilaterally in 101 pa- 
tients, which means a total of 167 cases of triceps paralysis. In addition 
to this muscle, the majority of the 134 patients had paralysis of some 
of the other muscles of the leg and foot. For each patient, the clinical 
findings were compared with the changes in the shape and position 
of the calcaneum as demonstrated by X-ray examination under uniform 
conditions in every case. 

The series consists exclusively of patients whose paralytic feet had 
only been given physical therapy prior to examination here: in  other 
words, it does not include patients whose feet had previously been 



o1)cr:itctf 011, for inst;inc.c* hy triitloii tr :~nspl ;~n h t ion ,  ostropl:isiic opc- 
ration or tlic lilcr. Conscvlucntly, thc srrirs should hc suital)lc for illu- 
strating thc nntiirc of thc calranran foot tlcforinity and its griirsis. 

S1511IES A N 1 1  M E T H O D  O F  E S A h l 1 N A T I O N  

The abovc mciitioiied 134 patients comprise alr the c a w s  of triccps 
paralysis which have hcen attended to a t  The Znfantile Prircrlysis lnsf i -  
lute in Copenhagen during the years 1945 to 1952 inclusive. 

TABLE 1 
Distribution o f  patients according to year of onset o f  the dispasc. 

1885-1943 1944 1945 1946 1947 1948 1949 1950 1951 
25 33 4 1 13 22 16 18 2 

Distribution o f  f ee t  according to age at onset of the disease. 

1,6 1 1% 2 3 4 5 6 7 8 9 10 11 12 13 >13xears  
15 32 1 6 1 2 1 8  9 4 3 4 4 2 2 3 1 42 

Disfribution of fee t  according to lapse of t ime between paralysis and 
X-ray examination. 

5 1 1% 2 3 4 5 6 7 8 9 10 11 12 13 >13years 
10 14 6 24 20 9 10 22 14  8 5 5 2 1 3 14 

Most of the patients had poliomyelitis in 1944 and the following 
years, but there are cases in which the disease began in 1885 (Table 1 ) .  

The series is somewhat heterogeneous as regards age at onset and 
duration of the paralysis (Table 1)  , a description which may also be 
applied to treatment; 90 of the feet came under immediate treatment, 
39 received attention some time after the onset and 28 were not treated 
at all. 

It has been impossible to get information as to when the patient 
first stood erect after the paralysis set in, or of the nature and duration 
of any bracing therapy. 

The result of every clinical examination is recorded in a scheme 
for each case, as shown in Table 2. 

The indication of the degree of paralysis involves some uncertainty, 
being dependent to some extent upon a subjective estimate. 

The X-ray examination of the patients' feet was made with the 
patient lying on one side (Fig. 1) with the foot pressed firmly against 
a support ( a  wooden block), which was photographed together with the 
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Fig. 1 .  
X-raying the foot i n  profile, with the ankle flexed rectangularly and pressed 

firmly against a wooden hlock.  

TABLE 2 
dge: at onset, at beginning o f  treatment,  at  X-rcly examination. 

Localization o f  purulysis 
Lower extremity: right/left 0: 

gastrocnemius 1: 
soleus 
tib. post. 2: 
tih. ant.  3: 
peron. long. 4: 
peron. brevis 5: 
toe flexors (plantar musclcs) 
toe extensors 

Degree of paralysis 
innervation 
palpable contraction without move- 
ment of foot 
movement, weight of foot eliminated 
movement against weight of foot 
movement against slight resistance 
normal 

~ ~~ ~ 

Deformi ty ,  standing Position o f  foo t  standing Contracture 
excavatus cavils neutral  in planta 
equinus valgus in  triceps 
calcancus varus elsewhere 
planus 

profile of the foot (Fig. 2 ) .  In the radiographs the outline of the wooden 
block is seen as a base line (Fig. 2 ) .  The posifion of f h e  calcaneum in 
the sagittal plane may now he expressed by the size of the angle which a 
plane (the plane of the articular surface) forms--through the superior 
surface of the calcaneum, from the posterior border of the articular 
facet, to the anterior extremity of the caIcaneum,-with the block. 
The angle is given a positive value when the articular plane inclines 
anteriorly (normal foot) and a negative value if the anterior end of 
the calcaneum is elevated so much that the articular plane inclines 
posteriorly. 
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Fig .  2. 
Group 11, So. 7240 (Table 4, page 232). 

Above: normal foot ( le f t ) :  calcanean articular plane angle 6". Dijhler angle 43". 
Calcanean plantar surface angle 33". Talus angle 22'. 

Below: calcanean foot (right) with elevation of anterior end of calcaneum, atrophy 
of calcanean tubercle and antero-plantarly : calcanean articular plane angle 
-3". Bohler angle 70". Calcanean plantar surface angle 5 5 - 9  = 46". Talus 
angle 8". 

Atrophy of the calcanean tubercle is indicated by the size of the 
Bohler angle, one leg of which is the articular plane and the other is 
the plane through the superior border of the calcanean tubercle. 

Changes in the shape of the planfar part of the calcaneum may he 
expressed by changes in the angle formed hy a plane through the plan- 
tar surface of the calcaneum and the block, correction first being made 
for any eleration of the anterior extremity of the calcaneum. 



The angle forined by the longitudinal axis through the middle of 
the calcaneuni with the block is also an expression of the position of 
the calcaneum in the sagittal plane; but as this angle is also dependent 
upon the shape of the calcaneum, the longitudinal axis being steeper 
if there is atrophy of the tubercle, i t  is not so exact an expression of 
the position of the calcaneum as the angle of the calcanean articular 
plane. The position of the talus in the sagittal plane may be expressed 
by the angle formed, by the longitudinal axis through the middle of 
the talus, with the block. 

Figs. 3 and 4 show the individual variation of the calcanean arti- 
cular plane angle, of the Bohler angle and the calcanean plantar sur- 
face angIe for 26 normal males and 37 normal females. The figures 
show that there is no difference in the size of the angles of the two 
sexes and no difference at different ages. 

Repeated X-ray examinations within a period of from 6 months to 
two years of 14 normal feet of children between 31/2 and 10 years of 
age show furthermore that the shape and position of the calcaneum 
are practically unchanged. 

In order to ascertain the mechanism governing the change in the 
position of the calcaneum in this deformity the mutual positions of 
calcaneum to talus were determined by a series of tests in which the 
feet of normal individuals and of polio patients with paralysis in leg 
and foot were examined by X-ray after inversion and eversion and 
after maximal dorsal and plantar flexion of the foot, with the following 
results : 
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Fig .  5.  
Group 11, So. 5491 (Tahle 4, page 232) .  

Above: foot in neutral position calcanean articular plane ansle 1". 
Below: same foot in  valgus position after inversion. Anterior extremity of calca- 

neum has  glided up on the lateral aspect of thc caput tali,  Calcanean articular 
plane angle -6". 

Znversion of the foot (14 tests) revealed a number of cases in 
which the anterior extremity of the calcaneuni glides up  on the lateral 
aspect of the head of the talus with a consequent alteration of the 
calcanean articular plane, varying between 4 and 16" (Fig. 5 ) ,  the  
movement being greatest in feet with the valgus deformity. This dis- 
placement was not found in inversion tests with varus feet and normal 
feet in which the talus and calcaneum were fully developed. No change 
in the width of the talo-calcanean joint cavity posteriorly could he 
observed in these tests. 

Inversion and eversion of the foot showed practically no change in 
the position of the talus in relation to the  leg. 
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Fi{/. 6 .  
Croup 11, S o .  3958 (Table 4, page 232) .  

Left: Valgus foot, maximum dorsal flexion of angle, anterior extremity of calcan- 
cum has glided up on lateral aspect of head of talus, the space hetween the bones 
narrowed posteriorly. 

Right: Same foot, maximum plantar flexion, anterior extremity of calcaneum 
under head of the talus. Calcaneum has glided 2-3 mrn. posteriorly and the 
space 1)etnecn the  hones has \\ idened a little posteriorly. 

With the  m a x i m u m  dorsal f l ex ion  of the ankle (31  tests) there 
was a narrowing anteriorly of the space between calcaneum and talus 
in children up  to the age of 8 (23  cases). In  some cases the anterior 
extremity of the calcaneum glides a short distance up  to the lateral 
aspect of the head of the talus, the movement being greatest in valgus 
feet (Fig. 6 ) .  The space between calcaneum and talus could not be 
induced to widen posteriorly when the foot was flexed dorsally; in 
fact, especially among young inviduals, this space narrowed to the 
extent of 2-3 mm. when the foot was dorsally flexed to the maximum. 

With m a x i m u m  plantar  f l e x i o n  (23  cases) the anterior extremity 
of the calcaneum is displaced plantarly (Fig. 6 )  and the space between 
talus and calcaneum may widen anteriorly. In  some cases there was 
also a displacement posteriorly of the calcaneum in relation to the 
talus, with a widening of the space between calcaneum and talus of 
2-3 mm posteriorly. 

The explanation of these conditions accompanying movement lies 
in the fact that  with the maximum dorsal and plantar flexions the 
foot is first turned on the transversal axis of the talo-crural joint. 
When the talus reaches its extreme position the movement thereafter 
proceeds only as inversion and eversion in the talo-calcanean joint 
around an axis which inclines from the medial aspect of the collum 



tali to thc 1:itcr:iI ;isl)cc.t o f  tlic! tulwi- c.:ilc;iii(4. IIcrel~g tlic :iiitc.rior end 
of  thc C ; I ~ C : I I I ( Y I I I I  glitlcs i l l )  on tlic l;~lcr;il :islwct o f  the 1ic:id of  thc 
t:ilus ~ 1 1 ~ 1 1  thc foot is 1'1c.srtl tlors:illy, : i n d  untlcr it wlicii  llesctl plnn- 
tarly. RTorin:ilIg thc dis1)l;iccincwt o f  the honits is very little; the iiiovc- 
mrnt  will he grcatrr \\-hen the muscles in the  Irg are ]):iretic. The 11:ir- 

rowing o f  the spec l)ostcriorly I)ctwccn talus and calcancuin when 
the foot is flexed dors:iIly to thc ~nasi inuni  in young inclivitluals. is 
due to the talus i n  this position hcing pressed tlown against the 
posterior articular facet of thr calcaneuni. Finally, tlic increase of the 
saine cavity \\-it11 iiiasimuin plantar flexion must he a result o f  the 
calcaneum being displaced posteriorly in relation to  the talus. 

These tests show that  there is no possibility of any angular move- 
ment in the sagittal plane between talus and calcaneuin and the rear- 
ward movement between the two bones is so slight that  i t  cannot ex- 
plain the change observed in  the attitude of the calcaneuni in the 
paralytic calcanean foot. There is soine\vhat greater motility forward 
between calcaneum and talus in  conjunction with inversion and eyer- 
sion and the mobility increases with inversion i f  there i s  paralysis 
involving valgus deformity of the foot. It is therefore probable that  in 
the paralytic calcanean foot a change in the position of the calcaneum 
may take place in  the manner described without the talus being turned 
with i t  when the foot is simultaneously in valgus. If the attitude of the 
calcaneum undergoes a greater change, the talus must also change and 
it will be flexed dorsally. 

E X A A I I N A T I O N  O F  1 6 7  P A R A L Y T I C  F E E T  

X-ray examination of the 167 feet in the series revealed a change 
in the shape of the calcaneum in  105 cases and a change in the position 
of the calcaneum in the sagittal plane in 52 cases. 

The change of form in every case consisted of atrophy of the cal- 
canean tubercle (Fig. 'i), with a n  increase of the Rohler angle. In some 
cases there was also atrophy of the calcaneum antero-plantarly and, 
i n  a few eases, increased prominence plantarly of the posterior calca- 
nean process (Fig. 7 ) .  Each of these two changes in form may be ex- 
pressed by an increase of the angle made with the block hy the  plantar 
surface of the calcaneum. 

Change of the POSifiOR of fhe calcaneum in the sagittal plane con- 
sists of a turn  of the calcaneum around a transversal axis. In most 
cases (48) the anterior extremity of the calcaneum is elevated (Fig. 2 ) .  
In 4 cases (Table 3, group: plano-valgus feet) the anterior extremity 
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Fig.  7. 
Group I D, No. 825 (l 'ahle 4, page 2303. 

Above: normal foot ( left) ,  136hlcr angle 50". 
Below: Calcanean foot ( r igh t )  wi th  atrophy of calcanean tuherclc, ljohlcr angle 70", 

antero-plantar a t rophy and  p lan tar  prominence of posterior calcanean process 
with increase of ealcanean p lan tar  surface angle. 

TABLE 3 
0 s  calcis in 167 f e e t  w i t h  pnralys i s  in tr iceps and o t h e r  inusclcs of leg and f o o t .  

A 7 neutral  

I Changes of fo rm:  64 feet 
I3 14 valgus 
C 7 plano-valgus 
D 36 varus  

I1 Changes of fo rm 14 neutral  
Elevation of anterior extremity 41 27 v a ~ g u s  

No change of form 
I11 Elevation of an ter ior  extremity 4 

IV NO elevation of anterior extremity 46 > I 3  ,, 
12 <13 years 

58 
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F i g .  8. 
Group I C, So. 9232 (Table 4, page 228). 

Aliove: normal foot (lcft), calcanean articular plane angle 5". Hiihler angle 26". 
'Talus angle 25". 

Beloy:  plano-valgus foot (right), anterior end of calcaneum and head of talus 
turned plantarly ; atrophy of calcanean tubercle. Calcanean articular plane angle 
18". Sijhler angle 52. Talus angle 35". 

of the calcaneuiii is turned plantarly, the median border of the foot is 
flattened and the head of the talus is also turned plantarly (Fig. 8). 

In Table 3 the inaterial is subdivided on the basis of changes in the 
shape and position of the calcaneurn in the sagittal plane. Groups I 
and I1 are broken down to show the number of feet whose lateral ba- 
lance is normal or altered as a consequence of paralysis in the other 
leg muscles. Group I C (plano-valgus feet) includes the four cases 
where the anterior extremity of the calcaneurii is turned plantarly and 
in Group I D (varus feet) three cases in which there is slight elevation 
of the anterior extremity but where the change in the shape of the 
c al c an  eu 111 is the do III i n a t i ng feat 11 re. 



’ I ’ l ic  various tl:it:i for c:ic.h c.:isc in Groups I ,  I1 and 111 arc givcn in 
’1’:iI)li~ 1. Of Group 117,  conil)rising fcct \\.it11 1 1 0  change in  tlic sh:ipc 
:inti 1)ositioii of  the c:iIcancuin, only tlic 12  cases \~I ic rc  tlic tlisc:isc 
oc.currc~tl ~ ) r i o r  to tlic 13111 year arc  inclutlcd, Init not the otlicr 46  c:iscs 

\\hcrc tlic.  onsct cainc aftcr thr 13th ycar. 
In the following I have cntlcn\~ourcd to  cva1u:rte the significancc of 

llic various 1’:ictol-s 11-hicli, as already stated f page 221 1 1i1:iy 1)c 
assuinctl to contril)ute towards the change in  the  sh:ipe and 1)osition 
o f  thc c:dcancuii~ :is demonstrated by X-ray esaniination of thc para- 
lytic foot. 

A n  c~stimation of this sort  is made difficult by the circumst:tnce 
th:it i n  most cases the various factors are  present concurrently, hut  in 
differing degrees, the outcome being various combinations of changes 
in tlie shape and position of the  calcaneum. 

As a consequence, owing to the heterogeneity of the material and 
its some\~l ia t  limited size, i t  i s  difficult to decide whether the degree 
of the paralysis in the various muscles or i ts  duration has made the 
greater contribution towards tlie development of the calcanean foot or  
whether early age a t  the  onset of the disease, the occurrence of con- 
tracturc. or the absence of treatment is chiefly resl)onsil~le for  the 
d c f or ni i t y . 

C H . \ N G E S  IS S H . 4 P E  O F  C A L C A N E I - A I  

Atrophy  of calcanean fuberc le  (Fig.  7 ) .  Paralysis of the  triceps 
must  he regarded as the direct cause of atrophy of the calcanean tu- 
hercle on account of the  reduced pull of the muscle on the  hone. de- 

TABLE 4 

For a11 cases in the  Groups I, I1 and 111, and for 12 eases in Group IT’, where the  
disease occurred prior to  t h e  13th year,  t he  position of the  calcaneum is indicated 
hy  the  angle of t h e  ealeanean articular plane, and the  shape  of the  calcaneum is 
expressed hy the  size of t h e  H6hler angle and  the  angle of t he  p lan tar  surface of 
the  hone all in order of size. The  corresponding values for  the  normal foot a re  
given for  comparison after a stroke. The  letter h a f te r  a patient’s numher  signifies 
bilateral  calcancan foot. 

Anterior p lan tar  a t rophy in the  calcaneum is shown in the  tahles hy hefore 
and  ahovc the  value of t h e  angle of the  p lan tar  surface of the  hone;  increased 
p lan tar  prominence of t he  posterior caleanean process hy ’ hehind tha t  value. 

The other columns indicate t h e  occurrence of eliiiical caleanean foot and  of 
contracture;  equinus position is indicated by eq. The position of t h e  foot under 
hody weight is shown and  also the  localization a n d  degree of t h e  paralysis (in 
numerical values hctween 0 and 5 ) ,  then  the  age a t  onset, duration of t he  paralysis, 
whether t h e  foot has  heen treated or not, and  finall>- the  sex of the  patient. 
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pending on the degree of paralysis. This atrophy is least, or is absent, 
in the 26 cases where the paralysis of the triceps is least pronounced, 
i.e. with paralysis values higher than 3 (one case in I A, one in I B, 
seven in I C, five in I D, three in I1 and eight in 117, Table 41, and most 
pronounced among the 21 cases where the triceps paralysis is total or 
almost total (one case in I A, six in I R ,  eleven in I D ,  three in 11, 
Table 4) .  

Antero-planfar atrophy of calcaneum (Fig. 2 )  has its highest fre- 
quency in Group 11, where there is also elevation of the anterior ex- 
tremity of the bone (twenty cases in 11, one in I A,  six in I B, three in 
I D, Table 4). This would suggest that one of the causes of this change 
is less weight on the anterior extremity of the calcaneum owing to the 
changed and more vertical position of the bone. 

Increased plantar prominence of the posterior process of the cdcan- 
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e w n  (Fig. 7 and 9 )  occurs in two cases in I B, seven in I D and eight 
in 11, Table 4. The cause of this change of shape must lie in the reduced 
pull of the triceps on the tubercle, whereby the plantar musculature 
gains a mechanical advantage. 

Patient's age at onset and duration of paralysis. No change in 
the shape of the calcaneum was found except where the onset of the 
disease came before the tenth year, and the series indicates that the 
maximum age a t  which changes in the shape of the calcaneum occur 
is ten years. There arc several examples to show that atrophy of the 
calcanean tubercle cannot be demonstrated until six to twelve months 
after paralysis occurs. Furthermore a number of cases followed up to 
two years with X-ray examinations show that the progression is slow. 

The most pronounced degrees of atrophy of the calcanean tubercle 
were found among the 21 patients with total or almost total paralysis 
of the triceps, where the onset had been early in life and where the 



Ixiralysis had 1)ccn o f  long tlur:rtion. Antcro-1~1:iiitar atrophy and in- 
creased plant:~r ])roniii~rnre o f  tlic posterior process of tlic calcaiieuin 
cannot be clcmonstr:itetl until the paralysis has  lasted scvcral years. 

The slighter rlcgrccs of s1i:ipc inotlification can only hc discovcrcd 
by X-ray examination. In the more pronounced degrees o f  atrophy, 
flattening of the tubercle, 1)erhaps combined with plantar promincncc 
of the posterior process of the calcaneum, will appear clinically as a 
calcanean foot deformity (12 cases in Group I. Table 3), but with 110 

change in the position of the calcaneum in the sagittal plane (Fig. 11 ). 

TABLE 5 
Distribution and degree of pnralgsis in leg and foot muscles, as well as confracture 

and clinical calcanean foot in 36 feet with change in form of the calcaneum and 
41 feet with change in position and in form of the calcaneum. 

I. Changv of form 11, Change of form and 
position 

~ -. .. 

14 neutral ~ 2i valgus feet _ _ _ _  33 varua feet 

Index of paralysis 
.. 

Index of paralysis 

0-3 >3 0-3 >3 0-3 >3 
31 5 triceps 13 1 25 2 
21 15 toe flexors (plantar muscles) 5 9 11 16 
33 3 tih. post. 3 11 26 1 
34 2 tih. ant. 5 9 24 3 
34 2 peroneals 1 13 10 17 
34 2 toe extensors 3 11 16 11 

23 preponderance of toe flexors 
(plantar muscles) 33 

1 ,, ,, peroneals 35 
5 , ,, toe extensors 33 

8 ,, calf 3 
8 ,, tih. post. 

, ,, peroneals 3 8 
9 clinical calcanean foot 11 19 

28 contract. in planta 30 
,, 

P O S I T I O N A L  C H A N G E  O F  C A L C A N E U M  

Elevation of the anteric r extremity of the calcaneum, combined 
with change in the shape of the bone, was found in 41 cases (Group I1 
in Table 3). In 4 cases the positional change was isolated (Group 111, 
Table 3). In these four cases the paralysis had come after the 10th 
year of the patients, after which, as already stated, no change in form 



could he expcclcd in the hone. Furtlicrinore, in Group I I), where 
cli:inge o f  shape of the c;iIc;incIuin tlominntcs, there were 3 cases in 
wliicli the anterior cxtrcinity of the hone was elevated (Table 4, Nos. 
5311,  811 :itid 825). Finally, in Group I C (Ta\)Ie 4,  Nos. 10869, 2311, 
1780 and 9232) there were four c':ises svhcrc the anterior extremity 
w a s  turned ylnntarly. 

The elevation of the anterior extremity of the calcaneurn varies 
between one and a f e y  degrees and a change in the position of the 
bone so considerable that the plane of the articular surface inclines 
posteriorly. In such cases the change of position inay be as much as 
25" compared with the normal foot. 

Among the 41 cases in Group I1 (Table 3) with elevation of the 
anterior extremity of the calcaneum, the lateral balance is good in 14 
and the foot is in the neutral position. In the other 27 cases the foot is 
in the wlgus position. 

For both these sub-groups we find that when the elevation of the 
anterior extremity of the calcaneum is slight, the space anteriorly be- 
tween talus and calcaneuin is narrowed and that the calcaneum alone 
has changed position. In those cases in the d g u s  group where the 
elevation is more pronounced, the anterior extremity is raised up on 
the lateral side of the head of the talus but without change in the po- 
sition of the latter bone (Fig. 13) .  In the still more pronounced changes 
in the calcaneum's position in  both sub-groups the talus has also 
shifted, being turned dorsally as compared with the normal foot (Fig. 
1 2 ) .  These observations agree with the tests already referred to (page 
222), in which the motility of calcaneum and talus was studied in 
conjunction with flexion and inversion of the foot, and in which it 
was shown in particular that the valgus position increases the possi- 
bility of elevation of the anterior extremity of the calcaneum. 

The various causes of the change in the position of the calcaneum 
are illustrated if we compare the clinical findings for the 36 varus feet 
in Group 1 D (Table 3 ) ,  where change of form is the dominant feature, 
with the 41 cases in Group I1 comprising 14 neutral and 27 valgus feet, 
where there are changes in both the shape and the position of the 
c alcaneum. 

In Table 5 the cases in Groups I and I1 are separated according to 
whether the paralysis is pronounced (paralysis value 0-3) or slight 
(paralysis value >3)  in the various muscles. Next, the table shows 
the number of cases where the paralysis in the triceps is more pro- 
nounced than in the plantar musculature, in the peroneals and in the 
toe extensors (this is expressed in the table by the preponderance of the 
muscles named). The occurrence of contracture in the plantar and in 



the \:irious muscle groul)s is :ilso showi, ant1 Sinally tlir nniii1)rr of 
clinically oltsc*r~ctl c:ilc:iiiwn foot deformities in Groul)s I :tilt1 11. 

'I'lw tnltlc shows 11i:it thc 1):ir:ilysis is l)ronounccd in :ill the musrlcs 
of thc leg. hut slight in the pl:\iit:ir niusclcs in 15 rases in Group I. A11 
explanation of the Y ~ J W S  position is that the paralysis is less pron0un- 
ccd in thc triceps and the postcrior tibia1 than in the peroneals, and 
that there is contrnrturc in triceps, posterior tibia1 and nicdially in 
the planta. 

In Group 11 the paralysis is less pronounced in the various muscles, 
and in the 14 feet in the neutral position the lateral halance is prcser- 
ved. The valgus position in the 27 feet is due to preponderance of the 
peroneals over the posterior and anterior tihials in 25 cases, contrac- 
ture in the peroneals in one case, and in one patient the valgus position 
can be explained by preserved contraction in the plantar niusculature 
to the fourth and fifth toes. 

Triceps paralysis and its degree. The reduced traction on the cal- 
canean tubercle accompanying paralysis in the triceps must he the 
precondition of the elevation of the anterior extremity of the calca- 
neum in the patients in Group 11. 

In the majority of cases the triceps paralysis is pronounced (para- 
lysis value 0-3) and only in three cases is i t  slight ( > 3 ) .  Among the 
other 23 cases in the series where the paralysis is slight ( > 3 )  there is 
no elevation of the anterior extremity of the calcaneum, and in fact in 
4 cases it is turned plantarly. It would thus seem that the anterior 
extremity of the bone only becomes elevated when the paralysis in the 
triceps attains to a certain degree (0-3). 

Paralysis in plantar musculature in relation to triceps paralysis. 
Triceps paralysis occurs with the same frequency and degree in 
Groups I and 11. Further, triceps paralysis is more pronounced than 
plantar paralysis (preponderance of the latter) in 23 and 33 cases in 
Groups I and 11; finally, contracture in the planta occurs with the 
same frequency in the two groups (28 and 30 cases). According to 
earlier opinion, this combination of mechanical advantage in the 
plantar muscles and contracture in the planta would explain the 
change of the position of the calcaneum in Group 11, and it might 
furthermore be expected that the positional change would also be 
found in Group I, comprising the varus feet of the series. As it happens, 
in most of the cases in Group I there is no positional change of the 
calcaneum, the explanation of which may be that the varus position 
of the foot hampers the elevation of the anterior extremity of the 
calcaneum, because it has glided in under the head of the talus. In 
these feet, where in most cases there is pronounced paralysis in all 



F i g .  9. 
Group 11, No. 5827 (Table 4, page 232) .  

Above : normal foot (right). 
Below: calcaneo-valgus foot (left). Anterior extremity of calcaneum elevated up 

on lateral aspect of head of talus. Considerable atrophy of calcanean tubercle, 
antero-plantar atrophy and plantar prominence of posterior calcanean process. 

Calcanean articular plane angle -10". Bohler angle 64". Plantar surface angle 64". 

the leg muscles, the preponderance of the plantar musculature over 
the paralyzed triceps is insufficient alone to  induce the elevation of 
the anterior extremity of the calcaneum. Three of the varus feet 
(Group I, Table 1, 5311, 811 and 825) with total paralysis of the po- 
sterior and anterior tibials and of the peroneals form an exception, 
the anterior extremity being slightly elevated in them all. In these 



cases tlic causc  nay ~)crhal)s I)c that thc paralysis had an early onset 
and that cont~-ncture in tlic Idanta causcd thc foot to shrink. 

In Group 11, tlic valgns Imsition will proniote thc clc\T:ition of thc 
calrancum and its antcrior end. Among the 27 valgus fcct arc two 
examples (Group 11, Tahlc 4, 987 and 5827) of Jiow partially intact 
muscular contraction in thc planta, coupled with contracture in the 
plantar fascia and with total paralysis of the crural muscles of long 
duration and without treatment, brought about a distinct change in 
the position of the calcaneum, and in one of them (5827, Fig. 9 )  led 
to the development of a typical calcaneo-valgus foot. 

Paralysis in the peroneals, posterior and anterior tihials and fhe 
foe extensors. In the other 25 cases in the valgus group the peroneals, 
by turning the foot into the valgus position, and by the lifting action of 
the peroneus longus tendon on the anterior extremity of the calcaneum, 
help to elevate the latter. On comparing the degree of paralysis of the 
peroneals and the triceps in Groups I and 11, we find that in the 
peroneals the paralysis is less pronounced than in the triceps in 35 
cases in Group 11, but in only one case in Group I .  These figures illu- 
strate the significance of the peroneals in the elevation of the anterior 
calcaneum extremity in Group 11. 

For the 14 neutral feet in Group 11, where the lateral balance is 
preserved, the positional change of the calcaneum is brought about 
by the plantar muscles in conjunction with the posterior and anterior 
tibials and with the peroneals. Finally, there are eight cases in which 
the elevation of the anterior calcaneum extremity must be due chiefly 
to the posterior and anterior tibials as well as the peroneals and pos- 
sibly the toe extensors, the paralysis in the triceps being less pro- 
nounced than in the plantar musculature in 4 cases and equal in the 
two muscle groups in 4 cases. 

A comparison of the paralysis values for the toe extensors and for 
the triceps shows that it is more pronounced in the triceps than in the 
extensors in 33 cases in Group 11, but only in 5 cases in Group I. This 
would suggest that the toe extensors also could make a contribution to 
the development of the calcanean foot. 

Contracfure in the plantar fascia in 28 cases in Group I, and in 30 
cases in Group 11, can scarcely be the sole explanation in most in- 
stances of the change in the position of the calcaneum (but see Table 
4, No. I D, 5311, 811 and 825).  The primary factor in the elevation of 
the anterior extremity of the bone must be the retained muscular 
contraction in the peroneals and in the posterior and anterior tibials, 
combined with the plantar musculature and perhaps the toe ex- 
tensors. In Group 11 there are 11 examples of the calcaneum having 
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Fig .  10. 
bl. Age 1% 3-ears at onset, duration 6 months, contracture in planta. 

No treatment. 

changed its position although there was no contracture in the planta. 
There is contracture in all these cases in the material where the posi- 
tional change is most pronounced, and it is an important factor in 
the fixation of the altered position by preventing the reposition of the 
bones of the foot when it  is put under weight. 

Contracture medially in the planta, together with contracture in 
the posterior tibia1 and in the calf, contributes to the varus position in 
Group I ,  whereas contracture in the peroneals has a bearing on the 
valgus position in Group 11. 

Contracture in the calf causes the equinus position of the foot in 
6 cases of Group I, and among these six the atrophy of the calcanean 
tubercle is least pronounced. Contracture in the calf is also present in 
Group I C  combined with slight tubercIe atrophy, and among the 12 
cases of Group IV where there is no change in the shape and position 
of the calcaneum. Thus it looks as i f  contracture in the calf may 
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counter:ict :itrophy of the c:ilc:kne:in tubcrclc :inti pcrliaps :ilso clew- 
tion of the anterior extreiiiity of the calc:ineum. 

Pnlierit’s age uf wisef ,  und tltrruiioii of purulysis. The age limit for 
changes in the position of the calc:iiieuiti seems to he the 13th year, 
there being only one case in the series [Table 4, Group 111 no. 1262) 
with elevation of the anterior extremity of the calcaneum where the 
disease occurred after that age- a \voii iah who was 31 ye:irs old :it 
onset. 

There are several examples to show that the change in the position 
of the calcaneurn inay begin during the first four to six months. Fig. 
10 is of such a case. This was a boy of 18 months at  the onset, and 
six months later incipient calcanean foot was found, with elevation of 
the anterior extremity of the calcaneum, but no change in the shape of 
the bone. There is contracture in the planta and the case was not given 
physical treatment. 

Among patients of the same age group, it is found that the change 
in the position of the calcaneum is greatest when the paralysis has 
been present for a long time. On the basis of 24 cases followed up 
with several X-ray examinations over a period of up to two years, it 
would seem that the change develops most within the first two years 
after onset of the disease, and in 16 cases, where there had been para- 
lysis in the leg and foot for more than three years, progression had 
ceased within an observation period of up to two years. 

It is probable that the earlier the paralysis begins, the more pro- 
nounced will the positional change become, but this point cannot be 
elucidated by the material. 

Besides the two groups I and I1 employed in the discussion of the 
possible causes of the changes in the shape and position of the calca- 
neum, the material comprises a number of other cases, where there is 
a change in the shape of the calcaneurn but no elevation of its anterior 
end (Table 4, Groups I A,  B and C ) .  In I A the lateral balance of the 
foot is retained, in I B the foot is in valgus and in I C in plano-valgus, 
these positional changes conforming to the paralysis combinations. 
Finally, Group IV contains 12 cases in which the calcaneum is normal, 
whereas the patients’ ages would have led one to expect a change in the 
shape or the position of the bone. 

In most of these cases the fact that there is merely a change in the 
shape of the calcaneum, or that shape and position are normal, may 
possibly be explained by the disease having occurred late in life, by 
slight paralysis of m. triceps or by total paralysis of all muscles in 
leg and foot, by the absence of contracture in the planta or by contrac- 
ture in the calf. 

\I 
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\\'hew I)olioinyrlitis occurs 1)cf'orc thc :igc 01' 1 0 ~  13 :ind cnuscs 
1):ir:ilysis i n  the trice1)s : ind i n  one or morc of the othrr  inusclrs of the 
leg and foot, the sh:i])e or position of thc calcaneum will usually alter. 
I he more pronounced degrecs of these changes apl)enr cliiiicallg in 
the picture of the paralytic calcanean foot. 

I n  the opinion of some authors, this deformity is exclusively a 
result of a change in the position of the calcaneum, \vhile others hold 
that  it is esclusiyely or mainly due to  a change in the shape of that 
bone. 

This sharp division in the interpretation of the nature of the de- 
formity cannot be maintained. I n  a series of adequate dimensions it 
will be found that  change in the shape and position of the calcaneum 
will occur, combined or  separately, according to the localization, de- 
gree and duration of the paralysis and the time of the onset of the 
disease. 

Changes in tlie shape of the calrancuin will hegin to  appear 6 to 
12 months after paralysis has hegun, in the form of atrophy of the 
calcanean tubercle, and this atrophy will be the more pronounced the 
earlier in childhood the disease occurs, the longer the paralysis lasts 
and the more paralytic is the triceps. Later on there may be piantar 
prominence of the posterior process of the calcaneum, and antero-plan- 
tar  atrophy may also set in, especially if the calcaneum has also 
changed in position. 

The isolated morpliological change occurs among cases with pro- 
nounced paralysis in all the muscles of the leg. It is frequently com- 
bined with the varus position of the foot, on account of the paralysis 
in the peroneals, which leads to preponderance of the posterior and 
anterior tibials. In the pronounced degrees the deformity is manifested 
clinically as a calcaneo-uarus foot  (Fig. 11 ) . 

In  most of the cases with this type there is no eleration of the 
anterior extremity of the calcaneum, which might he due to the mus- 
cular pull of the highly paralytic muscles of leg and planta being insuf- 
ficient, even when supported by contracture in the planta, to elevate 
the anterior extremity of the calcaneum because, owing to the varus 
position of the foot, that  extremity is now under the head of the talus, 
which counteracts elevation. 

Change in the position of the calcaneum is manifested by elevation 
of its anterior extremity and may begin to  occur within the first 6 
months after the onset of the disease. The change of position is con- 
ditioned hy fairly pronounced paralysis in the triceps and by the 

, 7  
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F i g .  11. 
Group I D, No. 8883 (Table 1, page 230). 

Above: normal foot (right) : Bohler angle 24". 
Below: Calcaneo-varus foot (left) with pronounced tuhercle atrophy and slight 

plantar prominence of posterior ealcanean process. Rohler angle 69". 

exertion of a lifting action by the other leg muscles on the anterior 
extremity of the calcaneum, and by the traction of the plantar muscles 
on the posterior process of the calcaneum. Contracture in the planta 
is an important contributory factor, because it counteracts reposition 
of the foot bones under body weight. The change of position will be 
the more pronounced the longer the paralysis has lasted, and un- 
doubtedly also the earlier the disease sets in. 

An important factor in the development of this positional change 
is the valgus position of the hind-foot, which will permit the anterior 
part of the calcaneum to glide up on the lateral aspect of the head of 
the talus, with no positional change of the talus itself. 

In pronounced degrees of positional changes, usually combined 
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Fig .  f 2. 
Group 11, So. 7240 (l'ahle 4, pagr 232). 

Ahore: normal foot ( le f t ) ,  calcanean articular plane anglc 6 " .  Rohler' angle 43". 

Below: neutral calrancan foot (right) with 'elevation of anterior extremity of cal- 

Caleanean articular plane angle --3". Rohler angle 70". Talus angle 8" (talus 

Talus angle 22". 

caneum, atrophy of calcanean tuhercle and antero-plantar atrophg. 

flexed dorsally). 

with a change of the shape of the calcaneum, the deformity of the foot 
will be manifested in two types. 

The paralytic,  neufral calcanean foot (Fig. 12)  develops when the 
triceps is paralytic although the other muscles of leg and planta are 
intact or partly so, and when the lateral balance of the foot is good. 

The positional change of the calcaneum is due to the eleyating 
action on the arch caused by the peroneals and hy the posterior and 
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Pig .  13. 
firoup 11, So. 6015 (Table 4, page 232). 

Above: Xormal foot (left). Calcanean articular plane angle 4". 13i)hlc-r angle 40". 
Calcancan plantar  surface angle 30". Talus angle 13". 

Below : Calcaneo-valgus foot (right) ,  anterior extremity o f  calcaneurn elevated up 
on lateral aspect of head of talus. Atrophy of calcanean tuhercle and plantar  
prominence of posterior calcanean process. So change in ta lus  position. 

Calcanean articular plane angle -7'. Hiihler angle 60". Calcanean plantar surface 
angle 49" - 11" = 38". Talus angle 14'. 

anterior tihials conihined with the traction of the plantar muscles on 
the posterior process of the calcaneutn. In severe degrees the talus is 
flexed dorsally. 

In the paralytic calcnneo-oalgus foot (Fig. 1 3 ) ,  which has the 



Iiigli(~st i i i i i i i c*r ic ; i l  1’rcvlucnc.y i n  thc scrics, thc  :interior cslrc~inily of 
Lhc c:ilc:inwiii is clcv:itcd on to  the l : i t c w l  :is])cct o f  tho  ho:it l  o f  the 
L:ilus. : i n d  it is only i i i  t l ic  most :iggix\xted tlcgrccs tli:it t l i c  t:ilus 
cli:ing[cs its 1)osition too. This foim occurs \~ l i rn  tlic tric.q)s :ind t l ir  
~ ~ o s l c ~ r i o i ~  and antcrior tihials a r c  ~)aralyt ic .  Imt the I)rronc:ils :Ind the 
~nusclcs  in  the 1)I:iiita :ire \vholly o r  1):trtly intact. In a fr\v c:iscs i n  thc 
series i t  occurs too ~vlien therc is total paralysis of the criiral niusclcs 
and only tlic plantar muscles to the lateral toes are  intnct  (Fig.  9 ) .  

P rogn os I ics  . ‘I’lie very c I ose connection shown he t w c en t 11 c ~ a r  i 011 s 
comhin:itions of paralysis and the development of tlie diffcrcilt tgljes 
of thc c;ilc:ineaii foot indicates that  the coui-se can he  progno~tic:~led 
early. Other factors of i~iiportance to  prognosis a re  the t ime of thc 
onset of the disease and the development of contractures. es])cci:illy 
in tlie planta. 

Treatment seems to he of iiiiportancc to  the course of the disease, 
as the  most pronounced degrees of the  deformity were found among 
the cases that  had not heen treated, and the lmvest degrees o f  calca- 
neum changes among the treated feet. 

\Vith physical therapy, in which the  foot i s  kept soft and the  mus- 
cle function is exercised, i t  is scarcely possible to avoid atrophy o f  thc 
calcanean tuhercle. It i s  prohahle tha t  change in the position of the 
calcaneum can be counteracted if t he  development of fixating con- 
tractures in the planta is countered immediately a t  the heginning of 
the paralysis, if necessary hy manipulatioil of the foot under narcosis. 
Conversely it would seem that contracture in the calf may counteract 
atrophy of the calcanean tuhercle and perhaps also elevation of the  
anterior extremity of t he  calcaneum. 

In the  brace treatment,  much importance has  earlier been attached 
to  a\-oiding the varus deformity. Rearing the  present series. in mind 
there seenis to he no  douht tha t  the valgus position should also hc 
avoided, and tha t  the correct hracing position must he with the foot in 
the neutral position. 

Early operative treatment is indicated when physical treatment 
and hracing prove to  he insufficient for keeping the foot in the noriiial 
position. In  operative treatment,  transplantation of peroneal tendons 
should he of advantage in order to counteract a change in the  position 
of the calcaneum, i f  the  peroneals a re  intact. 

The author wishes to  express his most sincere thanks to Dr. Svend 
Clemmesen, for his stimulating advice and valuahle help during the 
investigations. 

The present work was supported by the  Danish National hssocita- 
tion for Infantile Paralysis to which my very hest thanks a re  due. 
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S U M M 4 I\ Y 

A s  the result of X - M ~  rxaminations under uniform conditions 
involving 167 feet of patients \villi paralysis of in. triceps and in most 
cases of one or more inuscles of the lower leg and foot, the author 
shows that the deformity in the paralytic calcanean foot is caused by 
a change-either coinbined or separate-in the shape and position of 
the calcaneum. 

The change consists of atrophy of tuber calcanei, the plantar pro- 
minence of proc. post. calcanei and atrophy antero-plantarly of the 
calcaneum. The change of position appears in the form of an elevation 
of the anterior end of the calcaneum, sometinies coinbined with the po- 
sterior part of the foot in the valgus position, and in the pronounced 
cases is accompanied by dorsal flexion of the talus. 

The authors then explains the connection between the change of 
form and position of the calcaneum and the localization of the para- 
lysis in the muscles of the leg and foot, the degree and duration of the 
paralysis, age of the patient a t  the onset of the disease and the occur- 
rence of contractures, and finally the connection between the varus 
and valgus positions and the development of the paralytic calcanean 
foot. 

R E S U M E  

Le rksultat d’un examen aux rayons X pratiquk dans des conditions 
analogues, de 167 pieds de malades sonffrant de paralysie du triceps 
et dans la plupart des cas d’un ou de plusieurs muscles du bas de la 
jambe ou du pied, les auteurs montrent que la dCformit6 dans le pied 
calcanCen paralytique est causCe par une modification - combinCe ou 
associde - de la forme et de la position du calcankum. 

Cette modification consiste en une atrophie de la tubCrositC calca- 
ndenne, la prominence plantaire proc-post calcanei et l’atrophie antkro- 
plantaire du calcanCum. La modification de la position apparait sous 
forme d’une ClCvation de la partie antCrieure du pied dans la position 
valgus, et est accompagnde dans les cas marquCs d’une flexion dorsale 
de l’astragale. 

L’auteur explique le rapport entre le changement de forme et de 
position du calcandum et la localisation de la paralysie dans les rnus- 
sles de la jambe et du pied, le degrC et la durCe de la paralysie, l’iige 
du rnalade au moment oh la maladie se Inanifeste et l’apparition de 
contractures et enfin la relation entre la position varus et valgus et le 
dCveloppenient du pied calcanCen paralytique. 
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Die iinlcr gleiclicn Iktlingiingcn \orgeiiotiiiiicti~. I i i i i i  tg:cnuntcrsucli- 
ung \'on 167 Fiisscn von l'nticnton init Lliliitiiiug tlcbs in. triceps und, 
in  der RIehrznlil t k r  Frillc, :\uch cirics o t l c r  iuclircrcr ItIuslccln tlcs Un- 
tersclieiiltcls und Fusses ergul), tl:iss die Dcl'oruiilct h i  ~):irnlytischcin 
cles calcaneus (lurch cine Ver~ititlerung-cntn.ctlc.1. konihinicrt otler iso- 
liert - in der Form und Stellung cles Ca1c:itieus Iitn.orgerufen wirtl. 

Die Veriinderung hesteht in einer Atropliie tles 'Tuber cnlcanei, tler 
plantaren Prominenz cles Proc. post. c:ilc:inei untl einer :intero-plan- 
taren Atrophie .des Calcaneus. Die Stellungs\eriintlerLiiig inacht sich in 
einer Aufrichtung des vorderen Teiles des Fusses in Valgusstellung 
geltend und ist in ausgesprochenen Fiillen yon Dorsalflexion des T:~LIS 
hegleitet. 

Der Verfasser erklart fernerhin den Zusammenhang zwischen cler 
Veranderung in der Forin und  Stellung des Calcaneus und der Loka- 
lisation, dein Grade und der Dauer der Lahmung in  den Aluskeln des 
Unterschenkels und Fusses, den Alter des Patientens am Beginn der 
Erkrankung uiid dein iluftreten yon Kontrakturen, und schliesslich 
den Zusaininenhang zwischen Valgus und Varusstellung und der En- 
twicklung des Lahniungs-Hakenfusses. 
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