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T H E  T R E A T M E N T O F  C O X A V A R A  I N F A N T U M  

Only in the least serious cases can conservative treatment be con- 
sidered. If we find merely an increase of the epiphyseal angle and 
perhaps a rather wide epiphyseal gap, we may he justified in keeping 
the patient under observation and radiological control a t  regular inter- 
vals. This was the case with one of our patients in whom the changes 
in the collum receded spontaneously as mentioned before in my yre- 
vious article (Case 4, Fig. 2, left side). 

Treatment by extension and by relief from stress and strain has 
been attempted by some, but seems now to have been abandoned. 
Howorth, in particular, advises against extension in a position of 
abduction and inward rotation as it is said to entail a risk of inter- 
ference with the blood supply to the caput. Treatment 'by extension 
has not been practised in our material. 

In most cases the treatment of coxa vara infantum is operative, 
with the object of rendering the hip: 

(1) Painless 
(2) Stable 
(3) As mobile and functionally active as possible 
(4) Free from deformity and from present or imminent shortening 

of the limb. 

Pain. 

As a rule the problem of pain has presented no great difficulties 
in the present material. Only in advanced cases and comparatively old 

1 Part I of this article was published in Fasc. IV, vol. XXI: 273-299. 
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patients did the pain problem manifest itself in its full perspective. 
We have tried to solve this particular problem in conformity with the 
special needs of each individual case. 

In comparatively young patients pain is usually due to muscular 
insufficiency resulting from faulty weight-bearing and consequent 
faulty use of muscles. As  a rule pain disappears spontaneously when 
the weight-bearing conditions improve. 

Instn bil i f  y . 
Instability of the hip is a sequel to functional shortening of muscle 

groups and weakening of the ligaments around the joint due to 
defective ossification of the collum metaphysis. The collum itself is 
shortened and occupies a varus position. The caput epiphysis slips 
downwards and the trochanter moves up. The points of origin and 
attachment of the muscles approach each other, and there is a cata- 
strophic fall in their efficiency. In the later stages of the disease in- 
stability of the joint is further increased by the development of a 
pseudarthrosis. 

In attempts to restore the static equilibrium of the collum femoris 
there is no end to the variety of treatments advocated, some of them 
being modifications of trifling importance. The object of the treatment 
given is to correct the varus position or to promote bony union be- 
tween collum and caput or to combine both these aims simultaneously. 

Subtrochanteric osteotomy with various modifications seems to 
be favoured by most (Hoffa, Mesurier, Lunge, Walter  and others). 

I t  is only under exceptional conditions that arthrodesis can be 
considered. 

Smith-Petersen nailing has been attempted with a view to prevent- 
ing slipping of the caput and hastening ossification of the epiphyseal 
line. The results do not seem to have been very satisfactory (Mesurier) .  

Bone grafting, with a tibia graft, has been attempted by Mesurier, 
Lian and others, and pegging by Howorth, with seemingly excellent 
results. In some of the published cases, however, the observation period 
is rather short. 

In our material subtrochanteric osteotomy was employed with a 
view to binding the force which acts as free shearing-stress on the 
weak collum area, so as to expose this threatened area only to the 
force of direct pressure. In this way we have sought to promote ossi- 
fication of the metaphysis and a t  the same time to correct the varus 
position of the collum. 
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Mob il it g . 
Limitation of the range of movements is due in part to functional 

disturbances and in part to mechanical factors, the latter being those 
just referred to. In  advanced or neglected cases we encounter new 
problems,-arthroses and similar conditions, which we have dealt with 
according to their special needs. We must never forget to consider 
the muscle function which is not always equally obvious, and we have 
often been obliged to promote this function by both prc-operative nnd 
post-operative exercises. 

Shortenings miti malposilioiis. 

These conditions present numerous problems in cases of coxa vara 
infantum. Thc adjustments of footwear, certain exercises in the milder 
forms of the disease, shortening of bones, and “stapling” of the epi- 
physeal line on the healthy side in the more serious cases, are among 
the measures to choose between. They have to some extent been em- 
ployed to supplement the treatment given to our patients. 

Operative iechnique. 

Subtrochanteric osteotomy has been undertaken in the form of 
the so-called “peg-osteotomy” as described by Momrnsen, Idnnge, and 
somewhat modified ’by Plafou. Plafou’s method has been employed 
in most cases. It requires minute attention to technique. 

Attempts hare been made to render the osteotomy angle wide 
enough to allow of the required readjustment of the epiphyseal line. 
However, as the fragments were not infrequently displaced in relation 
to each other while the limb was being put in plaster, further attempts 
have h e n  mnde on rare occasions to keep the fragments in place by 
means of :I single inct:il suturc on ihc  lateral aspect o f  the osteotomy 
area. 

I t  has occasionally been necessary to unc1crt:ikc a prc4imin:\ry tcno- 
tomy of the adductor tendon. 

After the oper:ition the limh is iintnohilizetl i n  :~l)durtioii for right 
weeks. 

Eunluatiori of the resulls of lrecrlnieni. 

The clinical evaluation of the functional activity of the hip is 
always very much a matter of  personal opinion. Here it will he neces- 
sary to give a short account of the principles followed in our evaluation 
of the results as presented in Table 111. In these functional-clinical 
results. we have attached importance to the following requirements: 
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1. The hip must be painless, and the patient must himself be 
satisfied with it. 
It may tire somewhat more easily than the healthy hip, but this 
should not be a prominent feature. 

2. The hip must be steady and the leg strong. The Trendelenburg 
test should be negative or only just demonstrable. 

3. The spine should present no faulty position, as a result of the 
hip disease, which cannot be corrected by some compensation 
for a possible shortening of the limb. 

4. The mobility of the hip should be better than it was before the 
operation. We have attached les's importance to this, however, 
than to the three requirements mentioned above. 

With regard to the evaluation of the radiological-anatomical results, 
importance has been attached to the following points: 

1. The caput epiphysis must have a firm support and have achiev- 
ed bony union with the collum, at  any rate, by the end of 
the years of growth. 

2. There must be a good distance between the iliac bone and the 
tip of the trochanter which must not show considerable upward 
displacement. 

3. The caput must be in place in the acetabulum, and both must 
be well-developed. 

4. We have not attached much importance to complicating factors 
such as necrosis of the caput in the form of Legg-CalvC-Perthes' 
disease in our evaluation of the radiological-anatomical results, 
as the course of this disease seems to be independent of the 
subtrochanteric osteotomy. 

Calculation of the Mobility Index of the Hip. 
I t  is convenient to gauge the range of movements in the hip by a single figure, 

the so-called mobility index, This is obtained simply by addition of the range of 
each movement, or we may follow the principles recommended by Perguson & 
Howorth or by  Gade. Gade's proposal shows the greatest differentiation, and it is 
the one we have followed, taking the normal range of movements according to this 
system to give an index of about 100 8 % .  

The calculation is made thus, the sum crf all the movements being regarded 
as the index (Gade):  

Flexion 45 next 45' next 60" 

Abduction 15" next 15" further mobility 

Adduction entire range of mobility 

x 0.6 x 0.4 x 0.2 

x 0.6 x 0.4 x 0.1 

x 0.2 
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External rotation 30" further range of mobility 

Internal rotation 

Hyperex tension 

X 0.3 x 0.1 
entire range of mobility 

x 0.2 
entire range of mobility 

x 0.2 

Calculation of the "epiphyseal angle". 
By this term is meant the angle formed by the epiphyseal line in the eolium 

(or the zone of rarefaction seen in the collum radiologically) with the horizontal 
line. Under normal conditions the epiphyseal angle should be about 0". 

The osfeofomy angle. 
By this term is meant the angle which the trochanter region forms with a 

prolongation of the shaft of the femur, Under normal conditions the trochanter 
region bends outwards somewhat and forms an angle of about 10-20" with the 
shaft of the femur. 

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

Age under 10 gears at  operation. 

In this group there is a total of 22 hips (16 patients-see Table I). 
One patient, 5 years old, died (after bilateral subtrochanteric osteo- 

TABLE I11 
Results o f  subtrochanteric osfeotomy in relation to the age of the patients at time 
of operation and to the operative readjustment of the epiphyseal angle (i .e.  the 

angle formed b g  the epiphyseal line and the horixontal l ine).  

Hips 
oper- 
ated 
on 

Clinical-functional Radiological- 
results anatomical results 

excell- ent 1 good I poor 1 good I fair I poor 

A .  Age of patients at  time 
of  operation 

Group I. 3 - 9 years old ... 15 11 4 a 6 1 
,, 11. 10-15 ,, ,, ... 11 7 2 2 4 4 3 
,, 111. Over 16 ,, ,, ... 4 1 1 2 1 3 

- 

- 

...... 7 Total 30 19 7 4 12 11 

B. After  readjustment of the 
epiphyseal angle 

- To 20-30 degrees ............... 9 7 2 - 7 2 
,, 40-50 ,, ............... 8 6 1 1 4 3 1 
,, 60-70 ,, ............... 7 5 1 1 1 4 2 
,, over 70 ,, ............... 6 1 3 2 2 4 

Total ...... 30 19 7 4 12 11 7 

- 
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tomy in two stages) of shock due to no known cause. Five hips are 
not included as the observation period is too short. The results of 
the treatment of the remaining 16 hips are given in Table 111. 

The results are clinically and functionally excellent with regard 
to 11 hips. Two of these hips were operated on a second time after an 
interval of several years, chiefly 'because a radiological examination 
had shown that the anatomical conditions had again become worse, but 
also because the patients had experienced a growing sense of instability 
of the hip. 

The clinical results are less good in the case of four hips; this 
applies also to the anatomical-radiological results. No single hip shows 
a poor clinical result. 

The results are good from the anatomical-radiological point of view 
in eight hips and six hips show fairly good results. The results are 
poor in one hip (see Fig. 11). 

This patient underwent a new subtrochanteric osteotomy when 23 years old 
to increase the stability of the hip. The clinical results of this operation were 
excellent, both subjectively and objectively. 

Aseptic bone necrosis of the caput nucleus occurred in two cases. 
Both patients (Cases 9 and 10) were very pleased with their hips when 
re-examined. In  one case the lesion was situated both on the operated 
right side, and on the non-operated left side, The caput calotte became 
greatly deformed, pressed flat and cylindrical, with a corresponding 
remodelling and poor depth of the acetabulum on both sides (see 
Fig. 8) .  

As already pointed out in my previous paper, there was a history 
of severe trauma in two cases in which the course of the disease and 
the results of treatment were much the same as in the other cases. 
The results of subtrochanteric osteotomy were excellent (Case 3, Fig. 
10 and Case 6). 

The average post-operative observation period is eight years in 
this group (the shortest, one year, the longest, 20 years). 

Readjustment of the epiphyseal angle. 

In this group there are very great differences in the degree of 
success achieved by the operation, in effecting the desired change in 
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the mechanical factors which exert an influence on the epiphyseal 
line and the poorly calcified part of the collum. 

Before the operation, the epiphyseal line or the zone of rarefaction 
in the collum presents an angle of between 70" and 100" in 16 hips. 
In a total of eight hips there is an angle of 90", and only in one case 
is there an angle of 30". 

After the operation and removal of the plaster of paris, the angle 
formed ranges from 20" to 60". It is 20" in one hip, 30" in six, 50" in 
another six, and 60" in four hips. 

A comparison of the results obtained by the operative readjustment of the 
epiphyseal angle with the final results, as judged hy radiological-anatomical 
standards, gives the following figures: 

In seven hips an epiphyseal angle of 20"-30" has heen achieved. 
The results are good in five of these eases. 
In  the two other eases the results are fairly good. 

P O S T - O P E R A T I V E  R E A D J U S T M E N T  O F  T H E  M A S S  
0 1 2  T H E  T H O C H A N T E N  

The post-operative adaptation of the mass of the trochanter, leading 
to a widening of the osteotoniy angle, is quite considerable in this 
age group. The readjustment varies from 0" to 50" .  It depends to a 
certain extent on the duration of the obscrvation period. The read- 
justment is greatest during the first few years, being less marked 
later on. 

The greatest readjustment amounted to 40' in the course of five years (Case 3). 
Five hips showed a readjustment of 40"-50° during an observation period of 
5 to 20 years. In six hips it was between 20"-30" during an observation period 
of 4 to  16 years, and in six hips it was between 0' and 15a during a n  observation 
period of 0-20 years. 

Mobilif y. 

we lack exact pre-operative records of some of our patients. 

examined both before and after operation. 

As a rule, mobility increased after the operation, hut unfortunately 

There are, however, 13 hips in this group which were thoroughly 

Six hips showed an increasc of the index amounting from 11 % 

Two hips showed a slight increase of mobility. 
One hip showed no change. 
Four hips showed a slightly reduced mobility index on reexa- 

mination; two of these were suffering from Perthes' disease. 

to 23 %. 
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F i g .  11, Case 12. M. Age: 7 and 25 years. 
Hilateral coxa vara infantum, treated with subtrochanteric osteotomy. I n  spite o f  
unsatisfactory post-operative position good anatomical conditions were achieved 
on the right side. The result on the left side is not good. StilI, a lateral view shows 

a comparatively well-developed caput. 

The following example (Case 12, Fig. 11) shows the relative importance to the 
patient of the mobility of the hip compared with pain and instability: 

The patient underwent subtrochanteric osteotomy on both sides for bilateral 
coxa vara. On the left side two operations were performed with an interval of 
18 years, the last operation being undertaken two years ago. 

According to the patient’s own account, he is able to do ordinary farm work 
quite well, but when it is very hard or he has to lift very heavy weights, his left 
hip aches. He is particularly grateful for the second osteotomy on the left side. 
His left leg is 3 cm. too short, and he suffers from a slight scoliosis with convexity 
to the left. Trendelenburg’s symptom is markedly positive on the left sidc, negative 
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Right side 

on the right. He gets no benefit from a support under his heel intended to com- 
pensate the shortening of his leg. 

The treatment he has received has yielded an almost perfect clinical result 
and a fairly good radiological result on the right side, whereas on the left side 
the radiological result is poor. Before the last osteotomy, the clinical result was 
also poor. After this osteotomy a clinically good result could be claimed. The 
mobility index on both sides before the osteotomy and 20 years after was as 
follows, according to two different methods of calculation : 

Left side 

1 Gade I Ferguson Howorth I Gade 1 FFfxh& 
Before operation ............... 94 % 87 70 94 vo 87 Yo 
On re-examination (Observa- 

tion period 20 years) ...... 85 % 67 70 91 70 86 % 

-9 % -20 7 0  -3 % -1 % 

In this case the index figures show marked difference according to the method 
of calculation chosen, But on the whole, the index figures run a more parallel 
course than in this case. 

It is surprising to find that the hip which is the poorer from the clinical point 
of view shows the greatest mobility and the least post-operative disability which- 
ever method of calculation is employed. However, the other, the right hip, which 
is better off from the clinical and radiological points of view, shows the poorest 
mobility and a considerably greater deterioration of the post-operative mobility 
index as compared with the poorer hip. 

We attribute the reduction of mobility on the side which is clinically best to 
the instability of the poorer, left limb. This ease is a textbook lesson emphasizing 
the wisdom of, and need for, post-operative care for several years. I t  also stresses 
the fact that, in gauging the value of post-operative results, less importance should 
be attached to mobility and range of movement than to pain, instability and any 
secondary malpositions. 

T H E  R E S U L T S  O F  S U B T R O C H A N T E R I C  O S T E O T O M Y .  

G R O U P  I 1  

In this group there are 13 hips operated on (see Table I ) .  
One hip was not re-examined because the patient had gone abroad. 
One hip was operated on quite recently (Case 26). 
Table 111 gives the results of treatment of the remaining 11 hips 

in this group. 
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Seven hips showed very good functional results clinically, two 
showed good results and two poor results. 

Radiological-anatomically the results were good in four hips, in 
four fairly good and in three poor. 

In the three showing poor results, pre-operative slipping of the 
caput was so marked that one could hardly expect any very good 
result radiologically (Case 25 right side Fig. 4, and Case 22 right and 
left sides). In these two patients we find the first pseudarthroses in 
our material in spite of operative treatment (Case 25 right side and 
Case 22 left side). 

In one case aseptic 
and gave rise to Severe 

bone necrosis developed on the operated side 
deformity of the caput (Case 17) .  

The average post-operative observation period was 12 years, the 
shortest being three years, the longest 23 years. 

In two cases post-operative changes of position occurred, and in 
one of these cases (Case 25) bloody reposition was required. In the 
other case (Case 21, right side) wire extension was applied to improve 
the position. 

It will thus be seen that the results of treatment in Group I1 were 
not as good as in Group I. 

O P E R A T I V E  R E A D J U S T M E N T  O F  T H E  
E P I P H Y S E A L  A N G L E  

On four occasions a post-operative epiphyseal angle of 20"-30" 
was achieved, and the results were very good both functionally and 
anatomically in all cases (Case 21, right side, Fig. 5, Case 21, left 
side, Case 23 and Case 1 7 ) .  

Case 21, Fig.  5. 

The patient was 14 years old when operated on, and ossification of the 
physeal line had not yet been completed. The stereoscopic films show that it 
not only the opportunity for ossification which yielded the good results as the 

epi- 
was 
fact 

that collum and caput had found effective support in  the tendon of the ilio-psoas 
muscle which, as  it were, supported the collum and kept it in place. The trochanter 
minor is seen on both sides behind the collum, being well developed, especially 
on the right side. The tendon is covered by the quite concave outline of the 
collum as seen in a frontal exposure. Unfortunately these features are not so 
conspicuous in the radiogram taken of the right side, but the shadow (with convex 
outline facing upwards) of the trochanter minor is seen quite plairlly behind 
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the collum. On the left side the outline of the collum, its concavity facing down- 
wards, is seen clearly. 

A lateral exposure shows an unusually well-formed caput. The deformity 
visualized in thc frontal plane is situated in the collurn and not in the caput 
ralottc. 

In the remaining eight hips the post-opcrative e1)iphyseal angle 
yaried from 50 "-90 O . 

One patient achieved a functionally fairly good result in spite of 
;I post-operative epiphyseal angle of 90" (Case 19, right side). 

Another patient with the same angle also showed a functionally 
fairly good result, but the result was less good anatomically. 

Although eight hips in this age group show radiologically that the 
slipping of the caput calotte apparently has advanced too far for any 
good result to be expected, two of thein show an excellent final result. 

1' 0 S 'r-0 I' J3 It A 'r 1 V 1.: 1i J3 A D J U S T M E N  T 0 I: T H ).: 
'r 11 O (1 H A N T E H I  C M A S S 

The readjustinent in this group was iiiuch inore moderate in 
degree than in the younger age groups, and it ranged froin 0" to 20". 
Only in one case in this group did the final result seem to have become 
worse on account of this process. 

The Mobi l i ty  Index. 
This index shows that greater improvement of mobility was achiev- 

ed in Group I1 than in the younger age group. 
Among eight hips given a thorough examination seven showed ii 

rise of 10-37 % of index, and one with an index of 96 % was un- 
changed. 

Seven out of eight hips showed a clinically excellent result, and 
one hip on re-examination showed a clinically good result only, in 
spite of a rise of the index by 33 %. 

A s  special interest attaches to this age group, the mobility index for each of 
the hips is given helow, the figures in brackets referring to  the healthy side 
(Tahlc V) .  

Group I I I .  

The patients in this group can be classed in three categories: 
A. Those for whom an attempt was made to achieve bony union 

between caput and collum (Cases 28-31). 
B. Those for whom some palliative measure was adopted, as no 

bony union could be expected (Cases 32-36). 
C. Those on whom no operation was performed (Cases 37-42). 
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TABLE V 
T h e  ncobif i ly  inclax on rc-circtncintrlioii of Group 11. 

Case 110. 

17 1. 
18 I, 
21  I t  
23 It 
23 I ,  
24 It 
24 I. 

Clii~iciil riwilts 
Excel Ien t 

, 

The disease was unll:ttcr:il i n  : i l l  f o u r  wsc's  i n  A ,  the :tgc o f  tlic 
1)atients heing 16 in three C ~ S C S  and 20 in one. 'I'hc clinical, 1unction:il 
result was excellent in one case (Case 2 8 ) ,  good i n  onc cxsc ( C a s c  31 ) ,  
and poor in two cases (Cases 29 and 30) .  

The anatomical-radiologic'al result was fairly good in o w  c':isc* :ind 
1)oor in three cases, in two of' \vhich :i psc1ict:trthrosis dcvc*lol)ccl i n  
the neck o f  the feiiiur (C:iscs 29 and 30) .  

The ~)ost-olwr:itivc ol)scrv:ttion 1)criotl wis on ;in :ivcr:igc 15 ye;irs. 

'I'erhnical mishaps Iwfell a l l  tlicsc patiimls duriiig or directly a f l er  lhc* olwra- 

lion, lhc osteotomy fragments 1)eroming displaced. Yet two of these paticmls 
achieved, hony union between caput and rollurn (Fig. 7), whilc two palicnls 
clcvelopcvl pseutlarthroscs as already pointed out. 

In  none of these cases was the readjustment o f  lhc cpiphyscal line ;ic.hicvctl lo 

the desired extent, the post-operative angle never heing less than 80". 
In  none of these cases did: the post-operativc readjustment of  the irochaiilcric 

rcgion yield an angle of morf than 20'. 
On re-examination, the mohility index showed a fal l  of 15 25 )6, and only i n  

onc rase (Case 28) did it rise (hy 26 .c/o). 

'1' 11 Is I{ E S U I ,  T S 0 1: T I{ Is A T hl 1.: N 'I' 1 N 1i Is I, A 1' 1 0  N 'I' 0 1' 11 1.: 

E P I P H Y S E A L  A N G L E  A L O N E  

If we survey the cases in Table 111 A, and consider the results ol' 
treatment in relation to the readjustment of the epiphyseal angle 
achieved by the operation, disregarding the patient's age, we arrive at 
the following figures (Table 111 B) : 
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An angle of 20"-30" was achieved on nine occasions, none of the 
results being poor. Seven hips showed excellent results from both 
clinical and radiological points of view. 

An angle of 40"-50" was achieved on eight occasions. Six hips 
showed a very good result clinically, and four hips a good result 
radiologically. One hip showed a poor clinical result, and another 
showed a poor radiological result. 

An angle of 60°-i00 was achieved in seven hips, one of which 
showed a poor clinical result, and two a poor radiological result. 

An angle of more than 70" was achieved on six occasions, the 
clinical results being poor in two cases, and the radiological results 
poor in four cases. 

The table shows that the best and most reliable results were those 
obtained when the post-operative epiphyseal angle was 30" or less. 

When the angle is greater than 50°, not only the radiological but 
also the clinical results are considerably worse. 

Group 111 B.  

This group includes the patients who received palliative treatment 
and who belonged to the oldest age group (Case 32-36). 

Six hips were operated on, and in five cases a pseudarthrosis ex- 
isted before the operation. The measures adopted, therefore, had to 
depend largely on the needs of each case, on the patient's age, the 
already existing anatomical-pathological changes, and the strain to 
which the hip was likely to be exposed post-operatively due to the 
patient's work. The ages of these patients were 21, 23, 28, 29, and 47 
years respectively. 

In  none of these cases was an attempt made to effect bony healing 
of the pseudarthrosis or nearthrosis. I t  is possible that a t  any rate 
in one of these cases (Case 34) bony healing might have been achieved 
if the patient had heen operated on according to  the principles referred 
to under Group 111 A. 

In  two cases the head of the femur was removed, in one of them 
in connexion with a su1)trochanteric osteotomy with a view to giving 
better support to the pelvis (Fig. 6, Cases 36 and 3 2 ) .  

In  two cases a subtrochanteric osteotomy was undertaken with 
a lateral wedge as shown in Fig. 12 (Cases 34 and 33, left side). 

In  one case (Case 35) an arthrodesis of the hip was undertaken, 
and in another (Case 33, right side), subtrochanteric osteotomy, to 
ease the strain. 
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c i g .  12, Case 34 .  hI. Age: 28 and 39 years. 
Coxa vara infantum with a complete pseudarthrosis. Treated with subtrochanteric 
osteotomy, good result. Note the unusual site of the osteotomy and the free post- 

operative range of movement. 

The evaluation of the results achieved in Group I11 B (by palliative 
interventions) must, of course, follow other principles than in the 
previous groups. 

Removal of the caput alone gave the desired effect from the radio- 
logical point of view. Clinically both patients were also very satisfied 
and both were rid of pain. 

The patient who at  the same time underwent a subtrochanteric osteotomy was 
particularly pleased, his  hip had  become steady, and he could balance himself on 
the affected l imb even though the Trendelenburg test was still positive. The 
strengh of his leg was satisfactory, and the mobility index was 85 70, having 
increased by 27 70 after the operation (Case 32) .  

In  the other case, however, the hip was still weak, Trendelenhurg was positive, 
and there was a marked l imp on walking. There was no great increase of the 
abdominal lordosis, however, and the post-operative mobility index was 80 70 
(Case 36). 

The two patients operated on in the manner indicated in Fig. 12, 
were also well pleased. In  one of these cases the mobility index was 
77 % on the operated side and 93 76 on the healthy side (Case 3 4 ) .  

The patient's own opinion of the hip is t ha t  i t  shows complete recovery in 
spite of the Trendelenburg test being markedly positive, 5 cm. measurahle 
shortening of the limb, avd slight scoliosis. 

We have not personally made a follow-up examination of the other patient 
(Case 33 left side). Both patients are  employed on full-time work, and both hips 
are steady. 
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F i g .  1.7, (:use 28. M. Age: 15 and 31 years. 
Coxa vara infanturn with very considerable sliding o f  the  caput. ‘I’rcalment with 
suhtroehanteric osteotomy. In spitr of the unsatisfactory post-operative position 
the functional result was excellent, with a firm bong support for the h i p  and a 

well-dcvelopc~d caput. 

The patient who underwent arthrodesis of the hip is also very 
pleased. She finds it painless, and there is no shortening of the limh, 
which is in good position. Her niohility index was 84 % before the 
operation (Case 3 5 ) .  

The last patient (Case 33, right side), on whom only suhtrochanteric 
osteotomy was performed, a l w  expressed great satisfaction. We have 
not examined hiin personally. 

The post-operative ohservation period in these c:ises r:rnged froin 
5 to 11 years. 

\Ye cannot, of course, he quite sure that none of these patients 
at a later date will develop arthrotic syinptoms calling for  renewed 
intervention. 

None of the eight hips composing this last group was operated on, 
Lhe reason for not operating heing very different. 

Fig. 7 presents the youngest patient (Case Y 7 ) ,  who was 14 years 
old. ’I’he mobility index i n  this case was 84  and 96 % according to 
 hid^, and 65 :ind 87 510 nccording to Feryuson & Howortli. 

There W:IS consider:ilile disnhility of the hip. The patient’s greatest 
discolnfort, howevcr, w:15 duc to the instahility of her ankle caused 
hy faulty einhryonic “:inlage” in the latter. The correction of this 
instability, therefore, had to he attempted fir4t. T ~ t e r  on she will surely 
lienefit froui  a sul)troch;in tcric osteotomy or, perhaps :I “mold” plastic 
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operation. Curiously enough, this patient has no striking inwease of 
her ahdominal lordosis. 

Another patient has suffered from sciatica with protruded nucleus 
~ U I ~ O S U S  due to scoliosis. The mobility index is 7 1 according to G n t l ~ ,  
5 5  according to Ferfjusoii. The discomforts of thc patient, ho\ve\.er, 
are comparatively slight. 

In  the remaining cases oper:iti\.c t re:rtnicnt 1v;is not wnsideretl 
int1ic;itrrl at 1)rcscnt f o r  other reasons. 

D I S C U S S I O N  

Analysis of l h e  Results of l 'wa tn ien t .  

Table I11 shows the results obtained in 30 hips, all of which werc 
examined after a sufficiently long post-operative observation period. 

In  19 c;ises we find an excellent clinical-functional result, while 
in only 12 cases the result is good radiological-anatoniically. I n  thc 
two other groups also there w a s  a striking differencc hetween the 
clinical evaluation on the one hand and the radiological on the other. 

This discrepancy in the e\aluation of the results should be inter- 
preted merely as indicating a departure from what is taken to be the 
normal radiological-anatomical picture. I t  is an illustration of the 
old t ruth,  so easily forgotten by surgeons in particular, that thew arc  
many different ways hy which the same end can he attained. 

Greater importance is attuched to the other difference brought 0 1 1  1 
hy this table: the older the patient a t  the tinic of tre:itnient, the less 
cffecive the results. This shifting of the results which increases with 
the patient's age, is prcscnt both clinically and radiological ly. 

This difference is so constant :ind striking that  it is of intcrcst 
to investigate its rauscu in spite of our- figures h i n g  sni:ill. Our  i t i ; i -  

ter-ial possesses the g rmt  merits, thnt the o1)servation period is w r y  
long, that  all the patients were treated hy the saiiie princi1)lc and on 
the whole by the same operative techniquc. 

A t  the time of follow-ul) cxaniination, the ossification o f  tht. q ) i -  
physeal lines was completed o r  so far advanced that wc could he surc 
o f  solid, bony union hetween colluin and caput developing in 26 hips. 

The results of  treatment may he said to hc very satisfactory a s  

fi ir as  our younger- patients arc  concerned. In the older agc g r o u p .  
howevcr, arc four patients who have dcveIopetl ii pseudarthrosis i.c. 
no hony union between colluiii :ind c-apiit i n  spite of osteotomy (Fig. 4, 
(hses  22, 25, 29 and 30 ) .  
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In all four cases the pre-operative slipping of the caput was so 
advanced that more than half of the caput calotte could be seen in 
the radiogram to have passed the outline of the trochanter minor. 

In none of these cases did an operation succeed in providing a 
firm support for the caput. In three cases the post-operative shift of 
the fragments was such that the epiphyseal angle was 90" when the 
plaster of paris was discarded. 

The operative technique is the usual. Only in one case was another 
technique employed (that of Loren%).  Though in this case the epi- 
physeal angle became 50" no effective support for the caput was 
provided. 

The cause of these four pseudarthroses appears to be the failure 
to create conditions giving due consideration to the basic mechanical 
principles of pseudarthrosis healing. 

Pauwels maintains that when there is an angle of more than 3 0 ° ,  
the shearing-stress affects the bony regenerate. Under unfavourable 
conditions this causes decalcification and conversion of bone tissue to 
connective tissue. Further, according to Pauwels, every step the pat- 
ient takes exerts a strain on the threatened part of the femoral neck 
equivalent to  a weight four times that of the body weight. 

The second part of Table 111 shows how important it is to tackle 
these problems according to mechanical principles. A small post- 
operative epiphyseal angle, i.e. large osteotomy angle, gives much 
better final results than when a too small osteotomy angle gives a 
large post-operative epiphyseal angle. 

It follou7s that comparatively satisfactory results can be achieved 
only when one has paid sufficient attention to these basic, static- 
dynamic principles. 

Readjustment of the Epipliyseal Angle. 

forces on the collum area can be prevented, viz.; 
There are two different ways in which the effect of misapplied 

by swinging the upper fragment inwards, which should take place 
only in the frontal plane, 

by subtrochanteric osteotomy ad modum Putti ,  the distal fragment 
is shifted on parallel lines so far inwards that it gives direct 
support to the caput epiphysis. 

In the present material there are three main factors which are 
liable to impair our otherwise excellent results : 

a. A too small osteotomy angle. This is the most frequent and 
most obvious fault. 
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b. The upper fragment swings round in the sagittal plane, coming 
into flexion. In the same way as by varus position flexion in- 
creases shearing-stress on the weak and yielding metaphysis. 
It should be noted that flexion and adduction have an un- 
favourable effect to the same extent and in the same way, but 
quite independently of each other when considered from a 
purely mechanical point of view. In practice, however, matters 
are a little more complicated, and it would seem that flexion 
is not quite as unfavourable a position as one would expect 
it to be in theory. 

c. The femoral fragment slips past the median aspect of the 
upper fragment and impinges directly on the weak collum area. 
Such an accident leads in the most unfortunate cases to com- 
plete decalcification of the collum. 

However if one succeeds in leading the femur under the caput so 
as to give it direct support, we usually achieve rapid calcification of 
the epiphyseal line or a deposit of lime in the pseudarthrosis gap. 

In order to succeed in doing this, however, we must perform the 
osteotoiny far enough down the femur. 

As a rule, the distance between the caput and the end of the femur 
will increase later on, partly by secondary adaptation of the osteotomy 
angle due to the constructive readjustment of the trochanteric mass 
which proceeds throughout life-partly by growth in length as long 
:IS this process lasts. Our inaterial shows no example of direct fusion 
of‘ the caput with the end of the femur. 

Fixation of the osteotomy ends.  

With regard to the technical side of the operation, it must be 
admitted that in our material fixation of the osteotomy fragments 
does not always seem to have heen adequate. Particularly in advanced 
cases, with marked slipping of the caput calotte, the difficulties in 
securing full control of the position of the upper fragment, particularly 
to prevent the position of flexion, appear to he very great. 

In future, therefore, our hospital will employ a different technique, 
with more secure fixation, so as to prevent secondary displacement of 
the osteotomy ends (Fig. 14) .  

‘‘Peg’’ osteotomy will he employed in slighter cases in which therc 
seems to be no great risk of secondary displacement of the osteotoniy 
fragments. It seems to hc advisable to avoid leaving large foreign 
bodies of metal a t  the site of an osteotoniy. 
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Bone grnf f ing .  

I t  would he very interesting to find out whether the readjustment 
of the epiphyscal angle alone has been sufficient to prcvent further 
slipping of the caput, resulting in  inore norm:il ossification of thc 
colluiii iiictaphysis. or whether we would h a w  done hctter hy mnlting 
inore extensive u s e  of honc grafting in oiir inaterial. 

Hone grafting \I as not eiiil)loycd. It w a s  fc:ircd that  :ittciiiipts to 
coil\ cr t  frec shearing-strc\s to t l ircct  pressure \ ~ o u l d  1r:id to  coin1)letc 
collapsc of the colluiii n n d  \\auld 1i:ivc ~)rchcec\ t h r  cn1)u t c;ilottc t i o w i i  

on thc iii:ics of thc trochantci.. 
Such n misliol) ~icvcr  occurred :IS the rcsiilt ol' oiir trc:iltiiciil. On 

the contrary :iftcr n siicccssfiil ohteotoiny atid satisl'nctory rcatljust- 
niciit of the cpiphyscnl angle, we wcrc h l c  to scc hy r:tdiologicnl 
cx:iininations how thc liriic contciit of' thc  colliirii incre:iscd froin inontli 
to month, ant1 how the colluni hccoincs constantly inorc noi*iii:~l. 
Moi.eo\cr, tlic whole of llic hit) region, including the :tcctahuluiii : ~ n d  
lhc  trocli an tcr , 1)cn c t i  tctl from th c ch aii get1 \ la  tic aiitl fun ctioii a1 con - 
tlitions. A surprisiiig ant1 : i l m o h t  inst:intnneous rccovcry occurs oT tlic 
~ ) r o e c s s ~ \  ol' gro\\lli which liillirrlo 1i;rtl 1:iggcd hcliintl on llic. :tf'l'cctc.tl 
sitlc (See  Fig. 3 our youngest pnticnt). 

If it is assutncd that the co l lu~n mct:il)liysi.c niay I)c rcg:irtlcd :IS 
pritiiarily hypoi)lastic, one might cxpcct it to  IK incap;lhle of reverting 
hy itself to normal forms of t1cvelol)mcn t when cxposctl to increased 
wcighl-l)e:tring. I n  :I few instances this s e e m  to h:irc been the c:isc 

to a ccrtuiii extent. For cxnniplc, i n  ( h s c  1 Fig. 1, 1) the positioii 
after the first osteotoiny i.; not 1)oor. 'l'hoitgh tlir cpip1iysc:iI angle is 
soincw1i:it inot*r th:w 30". it incrc:tacs lo  ne:irly $ ) ( I "  in  the coii tw oI' 
thrcc ye:irs. 

If :it this sl:ige and on :iccoiint ol' thc :il~o~c-riicntionc.tl ;it.guiiicnts 
w e  hut1 uiidcrtnkcii hone grafting with :I tihial graft, this p r o h ~ h l y  
~ v o u l t l  hnvr led to fusion of thc cpiphyscal line a t  an  early stage. 
\Vc chose to itnc1crt:tkc :I sccond sut)tt.ocli:intcric ostcotoiny \\ itli :I 

good ;rnglc. :tilt1 the  oscif'icntion ol' tlic cl)il)liysc:Il l inc  follojj c t l  this 
ol)cr:ition in norin:iI time. 

On re-exniiiinatioii ciglit yc:irs I:itcr. tlic colliiiii is \hart aiid 1)i i i i i ip.  

the cpiphyse:rl line ossified. If we had employed n tihiul graft instcad 
of osteotoniy alonc, tlic colluin would hardly have lwconic longer, 
pro1)aI)ly still sliortcr duc to tlir prcin:rtiirc closing ol' thc cq)ilihysc;il 
line 1)rovokcd hy thc graft. 

On thc other hand, 1)onc gr:il'tiiig \I oultl pro1~1)ly I ) c  1~cncI'ici:iI I'or 
thosc p t i c n t s  who coii)c for  treatniciit :it :t late st:cgc, i.c. :It the cnti 
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of puberty when the caput calotte is on its way downwards and has 
almost passed by the region of the trochanter minor. Our poorest 
results belong to this category. Even when we bear in mind the many 
technical difficulties which we have encountered in individual cases, 
and which get lost to view during the presentation of such a large 
material as ours, we must yet admit that in this group our results 
were not good. 

Bone grafting can be carried out in many different ways. Howorth's 
method seems convincing, Lian adopted a similar method in the case 
recently recorded in Acta Orthopaedica. Mesurier has also obtained 
good results with his method. 

However, even, advanced cases show a remarkably great tendency 
to ossification provided the parts concerned are protected against every 
form of shearing-stress. 

This tendency to ossification in late puberty may be so marked 
that only a slight modification of the existing strain and stress may be 
enough to assure 'bony union between caput and collum (Fig. 13, 
Case 28). 

It  is, however, a general rule that a steep course of the epiphyseal 
line will inevitably give rise to slipping of the caput. 

Table I11 B suggests that we need not put the limit of the per- 
missible post-operative epiphyseal angle so low as 30", for even with 
an angle approaching 50" we may be fairly sure of a good result. 

As a rule the poor results seem to be the consequence of our 
failure to satisfy the static-mechanical requirements. We may assume 
that in such cases bone grafting is indicated as a supplementary 
measure. 

Iieatljustiiient of t h e  l'roclianieric Mrrss. 

In our material the readjustment of the trochanteric mass has 
been a rather incalculable factor. Not only does it entail a certain limi- 
tation of the range of movement, particularly abduction, because the 
tip of the trochanter impinges against the ilium, but also some loss 
of stability of the hip, because the points of origin and attachment of 
the gluteal muscles have come closer to each other. 

I t  seems that after puberty the tendency of the trochanteric mass 
to readjustment diminishes, and it continues at a considerably slower 
rate than during the years of active growth. 

Fig. 1 (Case 1)  shows one of the most characteristic readjustments of the 
trochanter. It will be seen that the fragments have been fixed by wire laterally 
on the femur by osteotomy, undertaken for the second time at the age of 8 years. 
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The readjustment of the trochanteric mass has become so great in the course of 
a few years that  this metal wire can now be seen medially on the femur. The 
roentgenogram also shows how the tip of the trochanter is drawn inwards towards 
the ilium, and how the caput with the collum has been pressed downwards partly 
owing to static forces, and partly owing to the dynamic forces acting on the upper 
end of the trochanter. 

In spite of the fact that the osteotomy was technically very successful and that 
the post-operative epiphyseal angle was good, the neck of the femur reverted to 
its former faulty position in  the course of a few years. Although all the alrendy- 
mentioned theoretic mechanical factors, calculated to arrest the pathological 
process, were present, this continued almost unabated, and the faulty position 
recurred. Yet the metaphysis and epiphysis finally ossified almost surprisingly 
at the end of puberty. 

Earlier in this study an attempt was made to draw up the guiding 
principles on which to act. The post-operative course of our cases 
shows how obstinately the organism tries to counteract our thera- 
peutic essays, Attention has already been drawn to the curious part 
which the tendon of the psoas muscle seems to play 'by apparently 
providing a support for the metaphysis. 

For this reason we may ask if ,  by changing our technique, we can 
help our youngest patients more than hitherto. It might well be an ad- 
vantage i f  we did not adhere too strictly to static-mechanical principles, 
but rather repeated osteotomy several times while the patient is still 
growing. This is a point of view which is particularly applicable to 
those cases in which we encounter technical difficulties in our attempts 
to achieve a theoretically ideal position. 

On the other hand, we should be stricter in our standards and 
requirements when we have to deal with advanced cases presenting 
pseudarthroses and advanced slipping of the caput. 

In Groups I11 B and C the character of the treatment has varied 
so greatly that no general conclusion with regard to the results of 
treatment can be drawn. Here we encounter several new problems: 
secondary arthroses, nearthroses, pseudarthroses etc. each presenting 
special features. These hips, therefore, must be regarded only as iso- 
lated observations. 

One patient may be well served by the removal of the caput (Fig. 6 ) ,  
another by a subtrochanteric osteotomy below the caput, and a third 
by an osteotomy the apex of which impinges on the centre of the caput 
(Fig. 12). 

A s  a result of our palliative treatment, all our patients feel much 
better subjectively and, after having been practically totally disabled, 
they are all again fully fit for work. 

The mobility in the hips is partly increased, partly reduced. It is 
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more important, however, that possible faulty positions have been 
corrected or prevented from developing, thanks to the intervention. 

Pod-operatiue controf. 

In the great majority of cases the slipping of the caput calotte goes 
on through many years. I t  is therefore justifiable, in the mildest 
forins of the disease, merely to keep the patient under observation. 
Spontaneous recovery may occur, although it is most exceptional as 
we have seen in our material. 

When in doubt we should always operate! As a rule, one osteotoniy 
too many is better than one too few. 

Patients who have been operated on should be kept under syste- 
matic supervision, in some cases for many years, till definite bony 
union between caput and collum has been achieved. 

Clinical or radiological evidence of aggravation is an indication for 
operation ; a single subtrochanteric osteot'omy does the patient no 
harm. The patient should always be examined at the time of puberty, 
and we should always be aware of the possibility that the patient may 
benefit from renewed osteotomy both with a view to the ossification 
of the metaphysis and epiphysis and the maintenance of a proper 
distance between the tip of the trochanter and the ilium. 

As already pointed out, stabilization of the collum region is necess- 
ary, not only for the healing of the local morbid process, but also for 
the normal development of the whole of the hip, and indeed of the 
whole of the lower linih. 

The following coiiclusioiis may bc drawn from our investigations : 

1 .  Coxa vara infantuni 'should be treated by subtrochanteric 
osteotoiny as early as possible. Quite young patients may be 
kept under observation for a time as long as slipping of the 
caput does not occur. 'I'reatinent should be completed before 
school age. 

2. The osteotoiny angle should be inade so wide that the threaten- 
ed part of the colluin is freed from shearing-stress. In other 
words, the angle formed by the radiologically visible gap with 
the horizontal line should not be wider than 50", preferably 
not wider than 30". 

3. Care must be taken to provide adequate fixation at  the site 
of the osteotomy, special attention being paid to the upper 
fragment so that it does not come into a position of flexion 
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(radiological control on the operation table in two vertical 
planes). 

4. In advanced cases, at puberty or later, with extensive slipping 
of the caput, it is advisable to combine osteotomy with bonc 
grafting at the site of the pseudarthrosis. 

5. Patients should be kept under uninterrupted supervision till 
definite bony union between the collum metaphysis and the 
epiphysis has been achieved. On signs of fresh slipping, or 
when the readjustment of the trochanteric mass has gone too 
far, reoperation is indicatcd. 

S U M M A R Y  

A brief survey is given of the principles guiding the treatment of 
coxa vara infantuni, and of the criteria, clinical-functional and radio- 
logical, by which the results of treatment have been evaluated in this 
investigation. Causal treatment with subtrochanteric “peg” osteotomy 
has ’been employed on 30 hips. Six hips have been subjected to various 
forms of palliative treatment, and for different reasons eight hips 
were not operated on. There was one death froin post-operative shock. 

All the 30 causally treated hips had been kept under postoperative 
observation for several years, in some cases for iiiore than 20 years. 
Excellent clinical-functional results were achieved in 19 cases, and 
in four cases the results were poor. After detailed analysis of the 
causes of the poor and less satisfactory results, the author denion- 
strates that purely mechanical and dynamic factors have a crucial 
influence on the results of treatment. The conclusions drawn have 
been compiled in five points (see p. 121 ) . 

The radiological results are less satisfactory than the clinical 
findings, a difference which, in the author’s opinion, is of no inaterial 
importance. 

The surprisingly good results of palliative measures are discussed. 
It is pointed out that Putfi’s technique for subtrochanteric osteotomy 
seems to be the most rational procedure in such cases. 

The non-operative patients present a series of other problems 
which have not been closely discussed, however, as they are of partly 
coordinate, partly secondary character. 

Z U S A M M E N F A S S U N G  

Der Verfasser giebt eine kurze Obersicht uber die Grundsatze nach 
denen die Behandlung der coxa vara infanturn geleitet ist, sowie der 
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klinisch-funktionellen und rontgenologischen Gesichtspunkte, nach 
welchen die Behandlungsergebnisse in  dieser Untersuchung gewertet 
sind. Causale Behandlung mit subtrochantarer ,,Zapfen“ osteotomie 
wurde in 30 Fallen angewendet. Sechs Hiiften wurden in  verschiede- 
ner Weise palliativ behandelt, und 8 Hiiften wurden aus verschiedenen 
Griinden nicht operiert. Ein Patient starb an  postoperativem Schock. 

Alle 30 causal behandelten Huften sind mehrere Jahre hindurch 
nach der Operation unter Beobachtung gehalten worden. In  einigen 
Fallen betrug die Beohachtungsdauer mehr als 20 Jahre. Ausgezeich- 
nete klinisch-funktionelle Resultate wurden in 19 Fallen erzielt. In  
Yier Fallen war das Resultat schlecht. Nach einer eingehenden Analyse 
dcr Ursachen fiir die schlechten und weniger zufriedenstellenden Er- 
gebnisse, zeigt der Verfasser, dass rein mechanische und dynamische 
Vaktoren einen wesentlichen Einfluss auf die Rehandlungsergebnisse 
lishen. Die erhobenen Schlussfolgcrungen sind 3n fiinf Punkten zu- 
sninmengefasst (S .  121) .  

Die rontgenologischen 13efundc sind wenigcr zufriedenstellend als 
die klinischen, ein Unterschied, deni, nach dcr Meinung des Verfassers, 
lteine wesentliche Bedeutung beizumessen ist. 

Die iiberraschend guten Ergebnisse palliativer Massnahnien werdcii 
1)csprochcn. Es wird hervorgehoben, dass Puttis Methode der subtro- 
chantaren Osteotoniie das giinstigste Vorgehen in solchen Fallen zu 
sein scheint. Die nicht operierten Pntienten stellen eine Reihe anderer 
tcils glcichgeordncter, teils sekundarer Prohleinc dar. 

I{ fi S 1J A1 I: 

Uii comptc rcndu soniiii:iirc cst donn6 tics 1)rincipes qui guideiit le 
traitenicnt d u  coxa wr; i  infanturn ct dcs crit6rcs (cliniques, fonction- 
nels ct radiologiques) d’aprh lesqucls a ktir considitrit le traiteiiient 
dnns In prksentc ciiqrr6tc. Un traitenlent causal BVCC ostiroton~ie << en- 
chevillCe >> subtrochantkriennc a ktit appliquit dans 30 cas. Six hanchcs 
avaieiit ktC soumises h diverscs formes dc traitenlent palliatif, et pour 
tliffbrcntes raisons huit hanches n’avaient pas 6tC opPrPes. 11 s’Ctait 
produit un dPc&s ii la suite d’un choc post-opitratoire. 

I’outes Ics 30 hanches causalenient traitCes ont  Ctk inaintenues c a n  
ohscrvation post-opitratoire pendant plusieurs annites, dans certains 
cas pendant plus de 20 ans. D’excellents rksultats cliniques et fonction- 
riels avaient Ctit obtenus dans 19 cas, mais d a m  4 cas les rksultats 
ktaient mitdiocres. Aprbs une analyse dbtaillCe des causes de ces rC- 
sultats mkdiocres et peu satisfaisants, l’auteur dCmontre que des 
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facteurs purement rnkcaniyues et dynaniiyues ont une influence cru- 
ciale sur les rksultats du traitement. Les conclusions tirkes ont etk 
ktablies en 5 points (voir p. 121) .  

Les r6sultats radiologiques sont moins satisfaisants que les trou- 
vailles cliniques, diff6rence qui, rle l’avis de I’auteur, ne prksente 
aucune importance matkrielle. 

Les r6sultats 6tonnamment bons des mesures palliatives sont dis- 
cut6s. I1 est soulign6 que la technique de Putti pour l’ostkotomie suh- 
trochantkrienne semble &re le prockdk le plus rationnel dans ces cas. 

Les malades qui n’ont pas CtC opCrks prksentent une sCrie d’autres 
problbmes qui ne sont pas discutCs fond, Ctant donnk qu’ils sont 
soit de caractbre coordonn6, soit de caractbre secondaire. 
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