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McMurray ( 1935) advocated his oblique intertrochanteric osteotomy 
with medial displacement of the distal fragment for osteoarthritis of 
the hip. In 1950 Pauwels introduced varus osteotomy without dis- 
placement, an operation which has been used chiefly on young adults 
with painful dysplastic hips. His procedure is based on the principle 
of an increase in weight-transmitting areas of the articular surfaces. 
With his method he demonstrated that osteoarthritic hip joints have a 
remarkable regenerative power, regardless of the stage of the disease 
or the age of the patient. Voss’ temporary hanging hip operation has 
also secured a place in the treatment of degenerative hip disease. It was 
proved that his operation also relieves pain and promotes regeneration 
of the affected joint. It is frequently used in patients too old to tolerate 
such major operations as arthrodesis and osteotomy. Furthermore, in 
cases with medial ostephyte formation. Pauwels tried valgus osteotomy 
combined with release of the muscles about the hip to increase the 
weight-transmitting areas of the articular surfaces. In addition, he 
theoretically demonstrated the following three factors, which improve 
the degenerative changes in the joint. 

1. Reduction of intermittent pressure in the hip during walking. 
2. Reduction of pressure caused by muscle tension. 
3. Increase in the size of the areas of the joint surfaces on which 

these forces act. 

Furthermore, Pauwels demonstrated the mechanism of osteotomies, 
which he compared with a release operation in overcoming vicious 
muscle pull at the hip (Figures 1 and 2 ) .  In his opinion, the varus 
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voss Mc Murray Pouwels  

Figure I. Drawings adopted f r o m  Pauwels illustrate the muscles that are relaxed to 
relieve pressure O R  the hip b y  the VOSS’ original hanging-hip operation, bg the 

McMurrag’s osteotomy, and bu the Pauwels’ varus osteotomg. 

Figure 2. Paumells’ vafgus  osteotomy accompanied bg  the muscle release operaf ion. 

osteotomy inects thrcr demands for improvement of the disease and 
valgus osteotomy combined with release operation meets two demands. 
McMurray’s displacement osteotomy aIso reduces the load acting on 
the joint, like Voss’ hanging hip procedure. 

An incongruity between the articular surfaces is one important 
etiological factor of ostcoarthritis of the hip. It may be due to dysplasia 
of thc fcmoral hcad or  acetahnlum or both, with or  wilhout coexisting 
subluxation of the joint. It may be acquired, for instance, as  a s e q ~ ~ c l a  
of coxa plana, and it may also bc traumatic. Another group is made 
up of scmilc osleonrthritis, whosc pathogcnesis is not ycl propL,rly 
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Figure 3. Roentgenogram showing resection of  the outer 
edge of the acetabulum in a dog. 

understood. Follow-up studies of the clinical process in a large series 
of osteoarthritis of the hip suggest that in Japan the vast majority of 
cases is caused by acetabular dysplasia. We therefore undertook an 
experimental study of the biomechanism responsible for the develop- 
ment of osteoarthritis of the hip in dogs, in  which the superior outer 
edge of the acetabulum was resected. On the basis of the results of 
clinical studies reported by many authors mentioned above and ob- 
servations made in our clinical and experimental studies, we were able 
to lay down basic principles of treatment of osteoarthritis of the hip 
with incongruity. Furthermore, on the basis of these principles, various 
operative procedures were performed in 50 cases of osteoarthritis of the 
hip. The results of our studies are reported below. 

Figure 4. Pathological changes in the femoral head in a dog four months after 
resection of  the outer edge of the acetabulum, The mushroom-shaped femoral head 
is seen in the gross specimen ( A ) ,  roentgenogram ( B )  and histological section (C). 
The histological picture (C), shows slight abrasion o f  the central part o f  the articular 
cartilage and replacement of the red marrow with fa t ty  tissue accompanied b y  

formation of  osteophyte around the head. 
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Figure 5. Pathological changes in the  femoral  head in a dog f i v e  mon ths  a f ter  
resection o f  t h e  outer edge o f  t he  acetabulum. A mushroom-shaped femoral  head is 
seen in the  gross specimen ( A ) ,  roentgenogram ( B )  and histological section ( C ) .  
T h e  histological picture shows almost complete loss o f  the  articular cartilage, 
destruction of t he  bong trabeculae at  the  top  o f  t he  head accompanied b y  thicken- 
ing of t he  remaining trabeculae and format ion  o f  a large osteophgte around the 
head ( C ) .  I n  the  lateral non-pressure part o f  the  head fhere  i s  a region wi th  th in  
trabeculae seen as  a localized radio-translucent area in the  roentgenogram ( B ) .  

Exper imenta l  and  Clinical S tudies  on the  Development of Osteoarthritis 
in t h e  Hip  with a Defect of t he  Outer  Super ior  Acetabular Roof 

When the outer superior edge of the acetabulum was resected in 
adult dogs (Figure 3 ) ,  degenerative arthritic changes developed within 
five to six months after operation. The results of this experiment are 
summarized as follows: 

1. Abrasion of the central localized part of the articular surfaces 
due to abnormal friction was the first pathological change which 
appeared in the course of the experiment (Figures 4-A, &A, and 6-A) .  

2. With time, osteophytes formed around the femoral head, which 
then migrated from the center of the acetabulum (Figures 4 and 5).  

3. On histological examination of the femoral head within one to 
two months after operation, almost all the animals showed destruction 
or loss of the central small localized articular surface and thinning or 
loss of the trabeculae in the upper part accompanied by replacement 
of red marrow with fatty tissue (Figure 4-C). These pathological 
changes were followed by reactive proliferation of the cartilage cells 
in the articular cartilage and reactive thickening of the remaining 
trabeculae and new bone formation around the head (Figure 5-C) .  In 
typical cases, five to six months after operation, marked thinning of 
the trabeculae or the formation of cysts was found in the lateral part 



522 TETSUO ITO, MOT00 YOKOSAKI & MASAKI NAKAMASU 

Figure 6. Pathological changes in the  femoral  head in a dog s ix  mon ths  after 
resection o f  t he  outer edge o f  the  acetabulpm. Formation o f  a large cys t  is f ound  in 

the  lateral part  o f  the  femoral  head which  is subject t o  least pressure. 

Figure 7. Roentgenograms showing rapid upzuard migration of the  femoral  head 
i n  the  dgsptastic h ip  w i th  osteoarthritis. Figure 7-A in November, 1964, Figure 7-R 
Ma!], 1965. The  upward migration o f  the  femoral  head was accompanied b g  an  

erilargeirient of the  medial osteophgle, indicated b g  arrozus. 

of thc hcad which was subjected to least pressure (Figurcs 5-C and 6 4 ) .  
Similar pathological findings arc also often made in human ostco- 
arlhrilis of the hip. Two roentgenograms made a+ an  interval of six 
months in a case of osteoarthritis of the hip with acetabular dysplasia 
are rcproduced in Figurcs 7 A and B. Figurc 7-A shows acetabular 
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Figure 8 .  Dgsplastic h ip  wi th  de- 
generative arthritis. Several cgsts 
are arranged in  the oblique equato- 
rial plane of the femoral head 
where shearing stress is supposed 
to act. 

dysplasia, narrowing of the cartilage space and slight upward migration 
of the femoral head with formation of lateral cysts and a small medial 
osteophyte. The roentgenogram (Figure 7-B) made six months later, 
revealed rapid progress of upward migration of the femoral head 
followed by enlargement of the medial osteophyte. Figure 8 shows a 
moderately advanced case of osteoarthritis of the right hip. In this 
figure, the mushroom-shaped femoral head contains several cysts 
arranged in the oblique equatorial plane. These findings suggest that 
a shearing stress, as indicated by arrows, continuously acts on the 
medial longitudinal weight-bearing trabeculae in the femoral head, 
resulting in their gradual destruction followed by reactive formation 
of osteophytes around the femoral head and upward migration of the 
femoral head. In  all cases with acetabular dysplasia, pressure on the 
femoral head caused by muscle tension is transmitted concentrically 
to  the small localized contact area of the femoral articular surface 
and may cause a continuous shearing stress on the medial longitudinal 
trabeculae of the femoral head, resulting in their destruction. More- 
over, during walking, an instability of the hip joint causes abnormal 
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friction between the two small articular surfaces which may exert 
an extremely strong intermittent shearing stress on the medial Iongi- 
tudinal trabeculae in the femoral head. All these abnormal mechanical 
factors may cooperate in the causation of the complicated degenerative 
changes in the hip joint. 

Trabecular Architecture of the Upper End of the Femur 

The results of experimental and clinical studies on the development 
of osteoarthritis of the hip prompted the authors to attempt a study 
on the trabecular architecture of the upper end of the femur. For this 
study, thirty specimens of the normal human femur were sliced 
parallel in the frontal plane. In these specimens, the angle, which the 
medial longitudinal weight-bearing trabecula, passing through the 
center of the femoral head, forms with the longitudinal axis of the shaft, 
was measured roentgenologically (Figure 9) .  It was found to be about 
22". Further, photoelastic experiments were carried out to elucidate the 
function of the transverse trabeculae arising from the lateral cortex 
below the greater trochanter and running to the femoral head (Figures 
10-A and B ) .  The tensile force in the upper part of the femoral neck 
induced by a vertical load on the femoral head, as indicated by the 
arrow in Figure 10-A, is eliminated by a load acting on the greater 
trochanter in the direction of the gluteal muscle, which is less than 
one-half of the load on the femoral head, as shown in Figure 10-B. In 

Figure 9. Roentgenogram showing the trabecu- 
Zar architecture of the upper end of the femur. 
The medial longitudinal trabeeulae which bear 
the body weight f o r m  an angle o f  approximately 
22 degrees wi th  the longitudinal axis o f  the shaf t .  
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Figure 10. Photoelast ic  s tudu on the mechanical s t ress  induced bg loads acting on 
t h e  upper  p a r t  of the  femur .  il tensi le  force  a t  the upper  par t  of the f e m o r a l  neck 
induced b y  a uertiral load acting on the  f e m o r a l  head, as  indicated bu the  arrow in 
Figure 10-A, is e l iminated bU a load acting on the greater  trochanter  in t h e  direct ion 
of the  gluteal  muscles  which is  less  than one-half  of the  load on the f e m o r a l  head,  

as  s h o w n  in Figure 10-B. 

the normal hip, the pressure of more than one-half of the load on the 
femoral head is thought to act on the greater trochanter in the direction 
of the gluteal muscle while standing and walking. It was proved by 
these photoelastic experiments that the transverse trabeculae also bear 
the transverse pressure produced by the abductor muscles, rotator 
muscles, tensor fasciae latae muscle, and also adductor muscles, which 
presses the fcmoral head against the acetabulum. From these facts, it 
is evident that the trabecular architecture of the upper end of the femur 
is also constructed on the basis of the following general principles of 
bone formation. The line of the bony trabeculae corresponds to the line 
of maximal pressure. Further, the trabeculae are thickest and most 
closely packed where the stress is greatest. The medial longitudinal 
trabeculac arc thickest and most numerous and bear the greater part 
of the load on the joint. On the other hand, these long traheculac arc 
thought to offer the least resistance to shearing stress. I t  would thcre- 
fore appear that in the hip with acetabular dysplasia the articular sur- 
faces are worn down by friction and the medial longitudinal trabeculac 
arc broken by shearing stress, resulting in destructive changes combined 
with reactive new bone formation around the femoral head and upward 
migration of the femoral head. 
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Principles of Operative Treatment for Osfeoarthritis of the Hip with 

On theoretical grounds the results of the studies mentioned above 
warrant the following principles of operation for osteoarthritis of the 
hip secondary to acetabular dysplasia (Figures 11-A, B, C, and D ) .  

1. In early osteoarthritis of the hip with marked acetabular dys- 
plasia, in which the articular cartilage is well preserved, the affected 
joint is reconstructed into a mechanically stable condition by a shelf 
operation combined with a muscle release operation around the hip 
(Figures 11-A and B) . In this case, innominate osteotomy may also be 
indicated on the basis of the same principle. 

2. In cases with acetabular dysplasia and deformities of the femoral 
neck or upward migration of the femoral head from the center of the 
acetabulum combined with formation of medial osteophyte, the affected 
joint is reconstructed into the mechanically stable condition by com- 
bination of the shelf operation, varisation or valgisation of the femoral 
neck and medial displacement of the shaft (Figures 11-C and D) .  Parti- 

Incongruity between the Articular Surfaces 

A C D 

Figure 12. Diagrams showing principles of operative procedures f o r  osteoarthritis 
o f  the  h ip  secondary to  acetabular dysplasia. I n  the  hip w i th  acetabular dysplasia, 
a load o n  the  femoral  haed is transmitted through a point medial to  the center o f  
femoral head. T h e  small  localized articular surfaces are subjected to a strong 
friction and the  medial longitudinal trabeculae to a shearing stress ( A ) .  By shelf 
operation, these abnormal mechanical stresses are eliminated and t h e  weight-trans- 
mitting areas of the articular surfaces increase in size. Moreover, the jo in t  is  de- 
compressed bg release o f  the  muscles around the  h i p  ( B ) .  Furthermore, as shown 
in C and D, the jo in t  is  reconstructed in to  the mechanically stable condition b y  
various combinations o f  the shelf  operation, uarisation ( C )  or valgisation ( D )  o f  
the femoral  neck, medial displacement of the  shaf t ,  and release o f  the  muscles about 
the  hip. Particularly, b y  ualgisation o f  t h e  femoral neck, t he  medial longitudinal 

trabeculae are made erect, resulting in elimination o f  the  shearing stress 
acting on  them.  
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cularly, as seen in Figure 11-D, when the femoral neck is placed in a 
valgus position by osteotomy, the medial longitudinal trabeculae are 
made erect and, in consequence, they are completely released from the 
shearing stress. This procedure should be followed by a muscle release 
procedure to reduce the excessive pressure on the joint. Bone grafting in 
a large cyst promotes repair. 

Technique of the Shelf Operation and Release of the Muscle about 
the Hip 

The shelf operation should be performed with an exact technique. 
The Smith-Petersen anterior iliofemoral skin incision is usually used. 
The attachments of the gluteus medius and minimus muscle and 
tensor fasciae latae muscle are severed from the iliac crest and the 
gluteal muscles are subperiosteally stripped from the external surface 
of the ilium. The reflected tendon of the rectus femoris muscle is also 
dissected. Then the joint capsule is opened and the site where the shelf 
is to be created is determined under direct vision. Next, two bone plates 
and several small bone chips are taken from the outer table of the ilium. 
A bone plate, concave in shape and of size adequate to cover the portion 
of the femoral head which projects beyond the acetabulum, is inserted 
deeply into the acetabular rim in a semicircular line conforming to the 
natural curve of the acetabulum. Then the second bone plate is bridged 
between the first bone plate and the outer table of the ilium. Several 
bone chips are placed in the triangular space surrounded by the two 
bone plates and the ilium. The abductor muscles and tensor fasciae 
latae muscle are reattached to the ilium in a relaxed state. Subsequently, 
open adductor tenotomy is carried out. No plaster cast is applied. After 
operation, skin traction of the involved leg, up to four kilograms, is 
maintained for four weeks. Thereafter, the patient is encouraged to 
perform exercises of the affected limb and is allowed up on crutches. 

M A T E R I A L S  

Since 1959, 50 osteoarthritic hips of 48 patients (45 females and 3 males), aged 
19 to 57 years (mean 35), have been surgically treated in accordance with the 
principles described in the foregoing. In this series, the shelf operation combined 
with release of the muscles about the hip was performed in 38 hips and various 
combinations of shelf operation, varisation or valgisation of the femoral neck and 
medial displacement of the femoral shaft by intertrochanteric osteotomy and release 
of the muscles about the hip were carried out in 12 hips. 
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Figure i2. Case 1 .  A ,  an earlg stage o f  osteoarthritis of the hip w i th  formation o f  
cgst in the dysplastic acetabular roof .  B, three gears af ter  the shelf operation 

combined w i th  release of the muscles around the hip. 

R E S U L T S  

The patients were followed up for two to seven years (average: three 
and a half years). So far good results have been obtained in all 
cases. In most cases, pain of the affected hip disappeared two to six 
months after operation. However, limp due to weakness of the muscles 
about the hip persisted for more than six months after the operation. 
Roentgenographically, the shelf created was replaced by new bone within 
six months after operation. The degenerative changes in the affected 
joint were gradually repaired in the course of one to two years. In 
advanced cases in which the shelf operation was carried out in com- 
bination with medial displacement of the femoral shaft and varisation 
or valgisation of the femoral neck, numerous thickened vertical lor?gi- 
tudinal trabeculae were formed in the femoral head, and the cartilage 
space also increased in width. The range of motion of the involved 
hip decreased to some degree in some cases, but this was of little con- 
cern as the patients were relieved of pain. 

C A S E  R E P O R T  

1. Shelf operation comhined with release of the muscles about the hip. 
Case 1 :  H.Y.. a woman, 29 years old, with progressive pain of the left hip since 
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Figure 13. Case 2. A ,  osteoarthritis o f  the dysplastic hip w i th  deformi ty  of the 
femoral head and c y s t  in its lateral part .  B, three years a f t e r  the shelf  operation 

combined w i th  release of the muscles around the hip. 

she was the age of 24. There was no limitation of motion. X-ray showed marked 
acetabular dysplasia with formation of a cyst (Figure 12-A), but  the cartilage space 
was well preserved. The shelf operation was performed with release of the 
muscles about the hip followed by skin traction of the affected leg for four 
weeks. Six months after operation the hip was painless and six months later the 
limp also disappeared. Roentgenograms made four years after operation showed that 
the shelf created a t  the proper site was organized, well adapted to, and supported, 
the femoral head (Figure 12-B).  

Case 2 :  F.K., a boy, 19 years old, with severe pain i n  the right hip for six months. 
He walked poorly with a stick. Examination revealed no limitation of hip motion. 
Roentgenograms showed a marked acetabular dysplasia and a mushroom-shaped 
deformity of the femoral head with a cyst in  its outer non-weight-bearing portion. 
However, there was no narrowing of the cartilage space (Figure 12-A). The shelf 
operation was performed in  combination with release of the muscles about the hip 
followed by skin traction of the involved leg for four weeks. One year after opera- 
tion, the patient was completely free from pain and weakness of the hip also dis- 
appeared. Roentgenograms made three years after operation revealed that  the shelf 
was incorporated and well adapted to the femoral head. The cyst had almost com- 
pletely disappeared (Figure 13-B).  
2. Combination of shelf operation, osteotomy, and muscle release operation. 

(i) Combination of shelf operation, varisation of the femoral neck, and medial 

Case 3: N.S., a woman, aged 50 years. Progressive pain in the right hip had begun 
displacement of the shaft. 
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two years previously. Mobility of right hip: flexion to 90 degrees, abduction to 10 
degrees, adduction to 20 degrees and rotation zero. Roentgenograms showed a 
markedly dysplastic acetabulum, an outward migration of the femoral head, exten- 
sive cyst formation, and a slight narrowing of the cartilage space (Figure 14).  As 
may be seen in this figure, several cysts are arranged in  the oblique equatorial plane 
in the femoral head, along which a shearing stress is thought to act. The shelf 
operation was carried out in combination with varisation of the femoral neck and 
medial displacement of the shaft by osteotomy. A long hip spica cast was applied 
and was worn for two months. Six months after operation, the patient was relieved 
from pain and, moreover, weakness of the hip had also disappeared. There was no 
limitation of the hip motion. As  seen in  the roentgenogram (Figure 14-B) made 
seven years after operation, the right hip was nicely reconstructed, resulting in  a 
remarkable restoration of the degenerative changes in both the hone and the 
articular cartilage. Numerous thickened vertical longitudinal trabeculae formed in 
the femoral head during these seven years. This suggests that a load on the femoral 
head is vertically transmitted along the longitudinal trabeculae to the shaft. This 
shows that  the trabecular architecture in  the femoral head had been reconstructed 
to adapt itself to the changes in mechanical condition caused by the operations 
mentioned above. 

In this case, the restoration of the degenerative changes might have been ohtained 
by varus osteotomy alone, valgus osteotomy combined with release of the muscles 
alone or  also by oblique displacement osteotomy alone. 

Figure 14. Case 3.  A ,  ostearthritis of the dgsplastic hip wi th  several cgsts arranged 
in the oblique equatorial plane o f  the femoral head. B ,  seven Uears af ter  the re- 

constructive operation and medial displacement of the femoral shaf t .  
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Figure 15.  Case 4. A ,  an osteoarihritic hip with marked  acetabiilar d!lsplasia and  
uarus-anteuersion tieforrnit!l of the femora l  neck. B ,  five Uears after combined opera- 
tions of shelf operation, oalgisatiori anti derotation of the fernoral neck, medial  

tlisplucement of the shaf t  and muscle release operation. 

( i i )  Comhinatioii of the shelf operation, valgisation of the  femoral neck and 
medial displacement of the shaf t  hy  osteotomy and  release of the  muscles 
around the  hip. 

Case 4 :  N.I.. a woman, 20 years old, wi th  dull  pa in  in  the left  hip. There was no 
limitation of the  h ip  motion. Roentgenograms revealed a marked dysplasia of the  
acctahular roof and  an extreme varus-anteversion deformity of the  fernoral neck. 
However, no narrowing of the cartilage space was  found (Figure 15). The shelf 
operation was  carried out  in combination with valgisation and  derotation of the 
femoral neck and medial displacement of t he  shaft  by  intertrochanteric osteotomy. 
'renotomy o f  t he  adductor muscles was  not performed, hecause they were relaxed 
by medial displacement of the  shaft. However, the  abductor muscles were released, 
because they were stretched by valgisation of the  femoral neck. The  l imb was  
immohilized in a long hip spica cast  for  two months. The patient was  relieved from 
pain and weakness of the hip disappeared s ix  months  a f te r  operation. Rocntgeno- 
grams made  five years after operation revealed t h a t  the  affected h ip  was  recon- 
structed in to  the mechanically stable condition (Figure 1 5 ) .  As seen in  this figure, 
t he  longitudinal traheculae in the femoral head a re  thick, compact, and radiated 
proximately from the  ealcar fernorale of t h e  femoral neck in a fan-like fashion. I f  
i t  is  indeed t rue  t h a t  form follows function, th i s  region morphologically suggests tha t  
a load placed superiorly on the  femoral head is transmitted concentrically to  the  
calcar fernorale of the femoral neck. This fact  was  also proved hy  a photoclastic 
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study (Figure 16). Therefore, the longitudinal trabeculae in  the femoral head are 
completely released from the shearing stress. 

Case 5 :  C.T., a woman, 57 years old, had had pain in  the right hip for five years. 
I t  became progressively worse in  degree and duration. Right hip motions were 
flexion to 60 degrees, abduction to 15 degrees, adduction to 15 degrees and rotation 
zero. Roentgenography showed a marked acetahular dysplasia, calcification of the 
joint capsule covering the lateral part of the femoral head, narrow cartilage space, 
and mushroom-shaped deformity of the femoral head with a medial osteophyte and 
a large cyst in the lateral part (Figure 17).  In this case, combined operations com- 
posed of the shelf operation, hone grafting in the cyst, valgisation of the femoral 
neck and medial displacement of the shaft by intertrochanteric osteotomy, and 
release of the abductor muscles were carried out. A long hip spica cast was applied 
and was worn for  two months. She was relieved from pain four months after opera- 
tion. Weakness of the hip also diseappeared five months later. Roentgenograms made 
four years after operation showed a marked restoration of the degenerated areas 
(Figure 17-B. A s  may he seen in  this figure, the shelf created united with the 
calcified joint capsule and adapted itself to the femoral head. The cyst in  the 
femoral head subsided and cartilage space increased in  width. 

Case 6: M.M., a woman, 51 years old, has had increasing pain in  the right hip for 
ten years. She walked poorly with a stick. Right hip: flexion to  85 degrees, abduction 
to 10 degrees, adduction to 20 degrees, and rotation zero. Roentgenography showed 
a mushroom-shaped deformity of the femoral head with its outward migration 
from the center of the acetahulum, accompanied by formation of a large medial 
osteophyte and a large cyst in  the lateral non-pressure portion of the head. There 
was almost complete obliteration of the cartilage space (Figure 18-A) .  In this case, 

Figure 16. Case 4 .  Photoelastic study 
shows that a vertical load acting 
on the femoral head is transmitted 
concentrically to the calcar femorale 
of the femoral neck. 
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Figure 17. Case 5 .  A ,  atlaancetl osteoarthri t ic  h i p  w i t h  acetabular d!jsplasiu,  ealcif ira-  
t ion  o f  t h e  j o i n t  capsule  covering the  lateral par t  o f  the f e m o r a l  head,  nioshroorn- 
shaped f e m o r a l  head harping a large q j s t  and media l  os teophyte ,  ant1 narrowing o f  
t h e  cart i lage spare .  R, four years  a f t e r  combined  operat ions  i.e. shc,lf o p e m t i o n ,  
bone graf t ing  in t h e  ellst,  iialgisation o f  t h e  f e m o r a l  neck,  media l  displacement  of 

the  s h a f t ,  and release o f  t h e  muscles. 

combined operations composed of the shelf operation, hone grafting in the cyst, 
and valgisation of the femoral neck and medial displacement of the shaft  by inter- 
trochanteric osteotomy were carried out (Figures 18-B). Moreover, the abductor 
muscles were released. The l imb was immobilized i n  a long hip spica cast for two 
months. The patient was relieved from pain six months after operation. Stability 
of the hip was also gradually regained in the course of one year thereafter. Roent- 
genograms made five years after operation showed marked restoration of the 
degenerative changes (Figure 19). As may be seen i n  this figure, the shelf created 
a t  the proper site was replaced with new bone and adapted itself t o  the femoral 
head, and the cartilage space increased in  width. In the femoral head, the cyst was 
repaired and the longitudinal trabeculae placed in the vertical position markedly 
increased in  number and thickness while decalcification occurred in  the mcdial 
osteophyte. In this  reconstructed joint, it is suggested tha t  a load on the  femoral 
head is transmitted vertically along the longitudinal traheculae to the shaft  and, 
in  consequence, t he  medial osteophyte is released from mechanical stress. I t  is 
evident that  the improvement of the mechanical condition in  the joint ,  combined 
with reduction of pressure caused by muscle tension, resulted in reconstruction of 
t he  longitudinal trabeculae in the femoral head and decalcification of the rncdial 
osteophyte. 
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B 

Figure 18. Case 6. A ,  osteoarthritic hip with an outward migration of the femoral 
head f r o m  the center of the acetabulum, accompanied by formation o f  a large 
medial osteophgte and a large c g s t  i n  the lateral portion o f  the femoral head, and 
almost complete obliteration of the articular space. B, diagram showing the com- 
bined procedures composed o f  the shelf operation, bone grafting in the cyst, uaIgisa- 
tion o f  the femoral neck, medial displacement o f  the femoral shaf t ,  and muscle 

release operation, 

D I S C U S S I O N  

In this paper the biomechanism responsible for development of osteo- 
arthritis in the dysplastic hip was considered on the basis of the results 
from clinical and experimental studies and also the study of the archi- 
tecture of the trabeculae in the upper end of the femur. From the 
rpsults obtained, the basic principles were defined for operative treat- 
ment for various types of osteoarthritis of the dysplastic hip. 

It is supposed that in cases with acetabular dysplasia not only an 
excessive pressure on the small localized articular surfaces, but also a 
shearing stress acting on the longitudinal trabeculae of the femoral 
head plays an important role in the development of degenerative 
changes in the joint. Pathological changes which are thought to be 
caused by shearing stress on the longitudinal trabeculae are clearly 
seen in Cases 2 (Figure 13-,4), 3 (Figure 14-A) ,  5 (Figure 17-A) ,  and 
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F i g u r e  19. Cast, ti,  f i u e  years  a f t e r  
operat ion.  

6 (Figure 18-A) .  In cases 2, 5 and 6, the cyst is located in  the lateral 
part of the femoral head which is subject to  least pressure. In  Case 3, 
several cysts are arranged in the oblique equatorial plane along which 
a shearing stress is thought to act. 

In  early cases with maked acetabular dysplasia, it was shown that 
the shelf operation, if it is performed with an  exact technique and 
is combined with the muscle release procedure, arrests progress of 
degenerative changes in the joint and promotes its regeneration. In nine 
advanced cases, the joint was reconstructed by a combination of thc 
shelf operation, valgisation with or without derotation of the femoral 
neck, medial displacement of the shaft and the muscle release proce- 
durc. I n  three other advanced cases, the joint was reconstructed hy a 
combination of the shelf operation, varisation of the femoral neck, 
medial displacement of the shaft, and the muscle relcase procedure. In 
all these cases the pathological changes were repaired and numerous 
thickened vertical longitudinal traheculae were reconstructed. 

Hy nieans of the shelf operation, the contact arcas of the articular sur- 
fnws increase in size, resulting in wide dislrihution of the load over 
the femoral head. By valgisalion of the femoral neck, the longitudinal 
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trabeculae are released from shearing stress. By varisation of the 
femoral neck, the contact areas of the articular surfaces increase in 
size and the load on the femoral head is reduced due to relaxation of 
the muscles about the hip. However, the essential procedure for recon- 
struction of the dysplastic hip into the mechanically stable condition 
is the shelf operation combined with medial displacement of the shaft 
and release of the muscles about the hip by which the load on the 
femoral head is reduced, distributed widely over the femoral head, and 
transmit led vertically to the shaft. Under this condition, numerous 
lhickcned vertical longitudinal trabeculae a re  formed in the femoral 
head, cven though the femoral neck is placed in the varus position, as 
shown in Case 3 (Figures 14-A and B ) .  

The gains from cutting thc bone, angulation and displacing the shaft 
arc well documented, but the mechanism of pain and the reversal of the 
degcnerativc process is still obscure. The procedures advocated by 
McMzzrray, Paiiwels, and VOSS,  are in  fact variations of one procedure 
which must bc modified according to the clinical and roentgenological 
findings. It is a mistake to use a stereotype technique for all patients. 
I t  is not rcalistic to expect one operation to be best for all of them. 
Though the greatest usefulness of the \’OSS’ temporary hanging hip 
proccdure is for a palient too old to withstand major surgery or with 
:idvanced arthritis of the hip and a range of hip motion too small to 
justify other procedures, this procedure is used also in combination 
with thc shelf operation and valgisation of the femoral neck, as shown 
in the caws presented here. Though Pauwels’ varus osteotomy gives 
an  excellent rcsult in patients with acetabular dysplasia accompanied 
by coxa valg luxans, the shelf operation combined with the muscle 
release procedure is also useful in patients with acetabular dysplasia too 
excessive to justify varus osteotomy. 

Thc results obtained in our studies revealed that the shelf operation 
combined with the muscle release procedure is applicable to the early 
case with marked acctabular dysplasia and that the shelf operation 
combined with medial displacement of the shaft and muscle release 
procedure is applicable to advanced case. Furthermore, in these latter 
cascs, varisation or valgisation of the femoral neck can be additionally 
donc according to the clinical and roentgenological findings. 

S U BI hl A R Y  

1 .  The principles of treatment for ostcoarthrilis of the hip with in- 
congruity were described. On the basis of the principles, the affected 
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hip was reconstructed into the mechanically stable condition by various 
combinations of the shelf operation, varisation or valgisation of the 
fenioral neck, medial displacement of the shaft, ancl muscle release 
operation in 50 cases. In  all cases good results were obtained. 

2. In 38 early cases with a marked acetabular dysplasia, the shelf 
operation was performed in combination with release of the muscles 
about the hip. 

3. In  12 advanced cases with a marked acetabular dysplasia and 
deformities of the femoral head and neck, the affected hip was rccon- 
structccl into the mechanically stable condition by combination of the 
shelf operation, intertrochantcric osteolomy, and release of the muscles 
about the hip, through which a load on the femoral head is reduced, 
distributed widely over the femoral head, and transmitted vcrtically 
to the shaft. 

R E  S L’ %I E 

1 .  I1 est donne la description tles principes d u  traitement de l’ostko- 
arthritc de la hanche. Sur la base de ces principes, la hanche a k tk  
reconstruite dans 50 cas de maniere B obtenir une condition mCcaniqiic 
stable par  differentes operations comhinkes, butke completant le toit 
du  cotyle, varisation ou valgisation du col femoral, deplacement mkdial 
du corps femoral et reliichcmcnt des muscles. De bons rksultats on1 
P t k  obtenuc dans tous les cas. 

2. Dans 38 cas precoces avcc dysplasic marqukc du cotyle, I’opkra- 
lion de butee du toit a ktC. pratiquee en combinaison avec le reliichement 
des muscles autour de la hanche. 

3. Dans 12 cas avancks avec dysplasie marqnke clu cotyle et defor-  
rnitk dc la tete et du col du fkmur, la hanche atteintc a etC reconstruitc 
de nianikre B obtenir une condition mkcanique stable par une opbration 
combiner de butbe du toit du cotyle, d’ostkotomie intertrochant6riennc 
ct dc reliichement des muscles autour de la hanche, grace A laquelle la 
charge sitr la t&tc femorale est reduite du fait qu’ellc est plus largement 
rkpartie et transmisc vcrticalemcnt au corps du fkmur. 

Z U S A X I  hf E N  F A S S U N G 

1 .  Die Prinzipien der Behandlung der osteoarthritischen, inkongrucnten 
Hiifte werden beschrieben. A u f  Grundlage dieser Prinzipien wurdc die 
crkrankte Hiifte mittcls veschicdener Kombinationen von Pfanncn- 
dachopcrationen, Varus und Valgmeinstellung des Schenkelhalscs, me- 
dialer Schaftverschic,bnng und ~liiskelauslijsunSopcrationcn in 50 Fiil- 
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len in eine mechanisch stabile Verfassung gebracht. In allen Fallen 
wurden gute Resultate erzielt. 

2. In  38 friihzeitigen FHllen mit ausgesprochener Acetabulardyspla- 
sie wurde die Pfannendachplastik im Kombination mit der AuflGsung 
der Muskeln der Hiiftregion ausgefiihrt. 

3. In  12 vorbeschrittenen Fallen mit ausgesprohener Acetabulardys- 
plasie und Deformiteten des Femurkopfes und Halses wurde in  der 
erkrankten Hiifte mittels Pfannendachplastik, intertrochanterer Osteo- 
tomie, Muskelauslosung der Hiiftregion ein mechanisch stabiler Zu- 
stand wiederhergestellt, durch den die Belastung des Femurkopfes 
verringert, weit iiber den Femurkopf verteilt und vertikal auf den 
Schaft uberfiihrt wird. 
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