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CHAPTER 1 

DYSPLASIA OF THE HIP 
IN ADOLESCENTS AND 
ADULTS: A REVIEW OF 
THE LITERATURE 



DEVELOPMENTAL DYSPLASIA OF THE HIP 

Dysplasia of the hip is characterised by insufficient acetabular coverage of the femoral 
head and a valgus ante-torsion deformity of the proximal femur. It is developmental in 
origin, which implies that it develops during growth (from intra-uterine upto adulthood). 

DEVELOPMENTAL DYSPLASIA OF THE HIP IN CHILDREN 
Growth of the acetabulum and proximal femur are interdependent, and the normal 

concave shape of the acetabulum develops in response to the presence of a spheric femoral 
head (52). In dysplasia the hip joint is normally formed in the embryonic period, but 
there is capsular laxity in most cases, which allows the hip to be prone to subluxation or 

12 dislocation (44). As a result the femoral head is not well centered in the acetabulum, a 
normal hip joint does not develop, and secondary bony changes occur in femur and 
acetabulum. The cause is multifactorial, such as genetic and familial influences, extreme 
positioning of the hip joint in utero (breech position, oligo-hydramnion), capsular laxity 
(partly due to oestrogen influences) and neuromuscular influences (44). Below the age of 6 
months the changes are reversible and the acetabulum can still be moulded by positioning 
the femoral head in a well reduced position by external bracing. After this age the obstacles 
to reduction are increasingly difficult to overcome, and the outcome becomes less 
predictable (52). The older the child, the more often an operative soft tissue release is 
necessary to obtain reduction, and bony operations are required to maintain reduction 
and to create sufficient coverage of the femoral head (44). 

DEVELOPMENTAL DYSPLASIA OF THE HIP IN ADOLESCENTS AND ADULTS 
Adolescents and adults with dysplasia of the hip are the group of patients of particular 

interest in this study. This condition may be the result of never recognised (and treated) 
dysplasia in childhood, or due to insufficient response to treatment at an earlier age. In 
adolescents and adults there are three main pathological characteristics (Figure 1): 

1. Acetabular dysplasia: the acetabulum is too steep (oblique) and too shallow, 
characteristically with insufficient anterior and supero-lateral coverage of the femoral 
head. The result is a small weight bearing area which is obliquely oriented to the 
horizontal. 

2. Femoral dysplasia: the proximal femur is characterised by a valgus and antetorsion 
deformity resulting in a forward and superior orientation of the femoral head, 
exactly towards that area where the acetabular coverage is often insufficient. 

3. Pelvic dysplasia: often the pelvis is narrow with steep and sometimes undersized iliac 
wings. 



NATURAL H I S T O R Y O F DYSPLASIA O F T H E H I P 

In dysplasia of the hip the weight bearing area in axial loading is reduced and is obliquely 
oriented due to the acetabular insufficiency. The total joint reactive force is increased due to 
the valgus deformity of the proximal femur (5,24). Both the reduced weight bearing area and 
the increased joint reactive force can lead to increased load per unit area (joint contact 
pressure), and the obliquity of the weight bearing surface leads to increased shearing forces 
(5). In such mechanically compromised joints, the increased joint contact pressure has been 
reported to be directly related to the onset of degeneration of the cartilage (13). Furthermore, 
the response to such an increase in pressure is sclerosis and stiffening of the subchondral 
bone (35). The combination of increased joint contact pressure, subchondral sclerosis and 
shear forces associated with persistent subluxation (19) is thought to lead to progressive 
degenerative changes of the cartilage and to degenerative arthritis. 13 

The reported incidence of degenerative arthritis secondary to dysplasia of the hip varies 

from 25% (54) to 58% (53). Murphy et al (32) showed that it is dependent on the degree 

Figure ІА: Antero-posterior radiograph of a female patient with bilateral dysplasia of the hip. 

The acetabuli are too shallow, the weight bearing areas are obliquely oriented, 

and there are os acetabuli (shear fracture of the acetabular rim). There is a 

proximal femoral valgus ante-torsion deformity and the iliac wings are somewhat 

undersized for a female pelvis. 

Figure ІВ: Post-operative antero-posterior radiograph. Bilateral triple pelvic osteotomies and 

femoral varus derotation osteotomies have been performed. Acetabular coverage 

of the femoral head has been improved, the weight bearing area is more 

horizontally oriented, and the femoral valgus ante-torsion has been corrected. 

F H ; U R E 1 



of dysplasia: all hips with a center-edge angle of less than 20 degrees developed 
degenerative arthritis by the age of 65 years, whilst some but not all hips with a center-
edge angle of 20 to 28 degrees developed degenerative changes. 

Not just the severity of the dysplasia but also the quality of the cartilage and the 
synovia and the weight of the patient (7) influence the development of degenerative 
arthritis. 

SYMPTOMATOLOGY 

Dominant symptoms of hip dysplasia are frequently pain (in the groin, trochanteric 
14 region and especially in the young sometimes in the knee), and fatigueability. The exact 

cause of the pain is not known, but several possible sources have been reported: muscle 
fatigue (especially the iliocapsularis muscle (9)), synovial cysts formed near the labrum (29) 
and the labrum itself (17,19). In a later stage the symptoms may be caused by (pre)-
arthritic joint pain. 

Other symptoms such as giving way and snapping of the hip should alert to pathology 
of the acetabular rim and labrum often associated with dysplasia of the hip. 

Physical examination of the hip will usually demonstrate a positive Trendelenburg sign 
(sometimes a delayed Trendelenburg sign after 30 to 60 seconds during single leg stance, 
(39)), a full range of motion, and pain on forced flexion and endorotation of the hip. 

RADIOGRAPHIC DIAGNOSIS 

Dysplasia of the hip is a three dimensional deformity, and therefore there is no single 
radiographic measurement to define it. A combination of at least some of the following 
measurements is required to describe a hip joint adequately. 

ANTEROPOSTERIOR RADIOGRAPH: (Figure 2a-e) A conventional antero-posterior 
radiograph of the pelvis is essential in the radiographic analysis of the hip. On the acetabular 
side the Center-edge angle (54)(CE angle, normal > 25-30 degrees), acetabular index of the 
weight bearing zone (47)(normal < 10 degrees), acetabular inclination (40)(Sharp angle, 
normal < 40 degrees), acetabular index of depth to width (15) and acetabulum-head index 
(15) (normal > 70-80 %) are the most frequendy measured. On the femoral side the neck-
shaft angle (normal 115-140 degrees (23)) can be measured to determine the femoral valgus, 



Figure 2\: Center Edge Figure 2В: Acetabular Figure 2C: Acetabulum-head 

Angle (normal > 25-30°) inclination (normal > 40°) index (normal > 70-80%) 

Figure 2D: Acetabular Figure 2E: Acetabular Figure 2E: VCA angle on 

index of depth to width index (normal < 10°) faux profile radiograph 

(normal > 25-30°) 

Measurements (and the normal values) that can be performed 

on conventional radiographs to determine the degree of dysplasia of the hip. 

FIGURE 2A TO 2 E 

but care should be taken in its interpretation, as the femoral antetorsion is of influence on 

the apparent neck-shaft angle as it is projected on the radiograph. 

Despite these many measurements, the antero-posterior radiograph is a two 
dimensional representation of a complex three dimensional situation with severe loss of 
information. It may be insufficient to demonstrate the anterior acetabular deficiency and 
the ante-torsion deformity of the proximal femur. 

STANDING FAUX-PROFILE RADIOGRAPH: (figure 2f) An oblique 65 degree radiograph 

made with the patient standing can be used to determine the anterior acetabular coverage 

of the femoral head. The anterior center-edge angle (Ventral Center edge Angle (VCA)) 

can be measured (26)(normal > 25-30 degrees). 



RlPPSTEIN ANTE-TORSION RADIOGRAPH is made with the hips flexed 90 degrees and 
abducted 20 degrees in a special apparatus. It allows for measurement of the femoral antetorsion 
angle (AT angle, normal 10 to 25 degrees) when combined with the neck-shaft angle. 

CT SCANS can give much more information on the three dimensional structure of the 
hip joint, but there are only a few angles which can be measured of which the normal 
values are known (1,18). Its use is greatest in deformed non-congruent hip joints and in 
planning osteotomies. 

MRI SCANS: in dysplasia of the hip, an MRI and MR arthrography with gadolineum 
are particularly of use for imaging the soft tissues around the hip joint, especially the 
acetabular labrum (25). 

TREATMENT OF ADOLESCENTS AND ADULTS WITH DYSPLASIA 
OF THE HIP 

Treatment has two goals: relief of symptoms and prevention of secondary arthritis. 

CONSERVATIVE TREATMENT 
Conservative treatment is symptomatological treatment. Pain medication or reduction 

of physical activity may reduce the pain. However, the natural history of dysplasia of the 
hip is surely not altered. In addition, active young adults usually find a conservative regime 
unsatisfactory. 

SURGICAL TREATMENT 
Surgical intervention by osteotomy is based on the assumption that corrective 

osteotomies will restore the malalignment towards normal and thus reduce symptoms and 
delay or prevent the imminent onset of osteoarthritis. To do this it must be possible pre-
operatively to define this malalignement accurately and to carry out an operative 
correction to restore alignment (21,31). 

"Treatment of acetabular dysplasia and residual subluxation in older children and young 
adults is a decisional dilemma because such patients are usually moderately symptomatic at 
onset, but the impending onset of secondary osteoarthritis is ever present" (10) 

"For adults with persistent dysplasia who have potential (but not yet established) 
degenerative arthritis, correction of the dysplasia should prevent, or at least delay the 



onset of such arthritis. Under these circumstances innominate (pelvic) osteotomy serves 
as a PROPHYLACTIC measure For young adults with persistent dysplasia who have 
established early (and hence, reversible) degenerative arthritis innominate (pelvic) 
osteotomy serves as a THERAPEUTIC procedure" (39). 

A. Correct ive o s t e o t o m i e s 
Surgery should be aimed at the predominant deformity which is most frequently the 

acetabulum. Sometimes femoral osteotomies or combined pelvic and femoral osteotomies 
are required. 

A. PELVIC OSTEOTOMIES: (figure 3a to 3h and figure 4) 

Pelvic osteotomies aim to improve the acetabular obliquity and the insufficient acetabular 
coverage of the femoral head by shifting the acetabular cartilage from medial and posterior 
towards the superior and anterior areas which are deficient of cartilage. In this manner the 17 
weight bearing area in axial loading is increased in size, and placed more horizontally. This is 
thought to reduce the pressure and shear forces in the joint, thereby reducing hip complaints 
and the chance of degenerative arthritis. The different osteotomies described in the literature 
will be discussed in the following section, with the available clinical results. 

Al. SINGLE INNOMINATE OSTEOTOMY (Salter) (figure 3a) is generally indicated for children 
younger than 6 years, but may be performed in young adults. After the single osteotomy the 
acetabular fragment is rotated outward, anterior and distal about the pubic symphysis as an 
axis (36) There is no freedom to adapt the rotation to different degrees of lateral or anterior 
coverage. Furthermore, in adults the symphysis may be too stiff to allow adequate rotation. 

Results: There is one study (39) with 51 young adults followed for 2 to 21 years: 61 % 
of patients were "painfree" at follow-up. 

A2. DOUBLE OSTEOTOMY (SUTHERLAND AND GREENFIELD,43) (figure 3b) is similar to 
the single osteotomy, but a second cut is made lateral to the pubic symphysis to facilitate 
rotation. Due to the long arms of bone attached to the acetabulum rotation is still very 
much predetermined. 

There are no published medium or long term results. 
A3. TRIPLE OSTEOTOMY 

STEEL OSTEOTOMY (41) (figure 3c): An innominate osteotomy is supplemented by an 
osteotomy of the pubic bone close to the acetabulum and an osteotomy of the ischium at 
the ischial tuberosity. The sacrospinous and sacrotuberous ligaments stay attached to the 
acetabular fragment which may restrict correction. 

Results: There is one heterogeneous series of 175 operated hips including patients with 
neuromuscular disease. The follow-up period is not reported, the result was "satisfactory" 
(a painfree, mobile, stable hip) in 86 % (42) 

TONNIS OSTEOTOMY (45) (figure 3d and 4): The ischial osteotomy is performed closer 
to the acetabulum than described by Steel, above the sacro-spinous ligament, through a 
separate incision. The pubic osteotomy is made through a separate incision over the 
superior pubic ramus, and lies more medial (and so further from the acetabulum) than the 
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Figure ЗА: Single 

innominate osteotomy 

Figure Зв : Double 

osteotomy 

Figure 3C: Triple 

osteotomy (Steel) 

Figure 3 D : Triple 

osteotomy (Tönnis) 

Figure 3 E : Peri-acetabu-

lar osteotomy (Ganz) 

Figure SF: Spherical 

osteotomy 

Figure 3G: Shelf 

arthroplasty 

Figure З н : Chiari 

osteotomy 

F I G U R E З А T O 3 H 

one Steel performs. Finally, again a standard innominate osteotomy is made through an 
inguinal incision, after which correction can be performed. 

Results: In a retrospective study by Tönnis of only 216 of 392 (55%) operated hips 
(48) clinical results were good or very good in 85% at an average follow-up of 7.7 years. In 



A plastic model of a pelvis with a triple osteotomy shown on the left side. 

FIGURE 4 

another paper 47 of 51 hips showed "dramatic relief of pain" at an average of 4 years post
operative (22). 

A4. PERIACETABULAR OSTEOTOMY (Ganz,8) (figure 3e): Four osteotomies are performed 
close around the acetabulum after extensive exposure and muscle release through a Smith-
Peterson approach. Post-operative indomethacin is necessary to prevent heterotopic 
ossification, and active muscle exercises are not allowed for six weeks in order to protect 
the muscle re-insertion. Recently this operation has been performed through the less 
traumatic ilio-inguinal approach, reducing the post-operative morbidity. The theoretical 
advantages of this osteotomy lie in the fact that the osteotomies are close to the 
acetabulum, and that the posterior column of the pelvis is left intact. The disadvantage is 
that part of the osteotomies have to be performed blindly. 

Results: No medium or long term results have been published to date, except one series 
with a four year follow-up of patients who already had established degenerative arthritis 
pre-operatively (49). 

A5. SPHERICAL OSTEOTOMY (WAGNER,51 / NINOMIYA,33) (figure 3f): Using special curved 
osteotomes one spherical osteotomy is performed around the whole acetabulum. The bone 
fragment should be 10 to 15 mm thick. Medially the acetabular bone is not this thick, and it in 
fact becomes an intra-articular osteotomy. The acetabulum is deprived of its blood supply except 
that coming from the joint capsule. Few surgeons perform this operation because of the risk of 
avascular necrosis of the acetabulum, and because of the technical difficulty of the operation. 
Penetrating the joint with the osteotome (10% in one series (30)) may lead to chondrolysis (3). 



Results: The longest follow-up study is of 41 hips at an average follow-up of 7 years: 31 
scored good or excellent (33). 

The reported incidence of avascular necrosis of the acetabulum varies from 2% (30) to 
40 % when combined with a trochanteric osteotomy (28). 

в. FEMORAL OSTEOTOMY 

Bl. FEMORAL VARUS DEROTATION OSTEOTOMY: this is aimed at correcting the valgus 

antetorsion deformity of the proximal femur. In this manner the joint reactive force in the 
hip joint is reduced (5) and better centration of the femoral head in the acetabulum is 
provided. There are several serious drawbacks. 

- It does not address the lack of coverage by the acetabulum (21). 

- The weight bearing area of the femoral head is reduced by varisation, and a thinner 
layer of cartilage is exposed to weight bearing than in the neutral position (37). 

- The leg is shortened. 
20 - Varus correction of more than 20 degrees should be avoided as this frequently 

causes an abductor limp due to shortening of the abductor muscles (47). 

B. Salvage procedures for osteoarthritis 
Generally, acetabular re-orientation as described above is not possible if the joint is not 

congruent, nor is it recommended once degenerative arthritis has occurred. In these cases 

there are other surgical options. 

A. INCREASING THE SIZE OF THE ACETABULUM (figure 3g and 3h): 

By providing a bony support above the femoral head with interposed joint capsule the 
weight bearing area of the acetabulum can be increased. The capsule then adapts through 
metaplasia to a smooth weight-bearing surface. 

Al. SHELF ACETABULOPLASTY (figure 3g): A bone graft is placed anterolateral to the femoral 
head just where the acetabulum is usually deficient. Various modifications have been described. 

Results: Despite the fact that this should be seen as a salvage procedure, several papers 
describe good results in patients with degenerative arthritis: 89 of 124 (72%) patients were 
improved at 5 to 25 years follow-up (14), or 67% good results at 5 to 18 year follow-up 
(38). 

A2. CHIARI OSTEOTOMY (figure 3h): An osteotomy of the innominate bone is 
performed, starting just above the acetabular rim, aimed medially at an ascending angle of 
25 degrees. The acetabular fragment is medialised, so that the proximal iliac fragment 
provides about 1,5 centimeters more supero-lateral (but not anterior) coverage for the 
femoral head. In this way the joint is medialised about 1 centimeter which is thought to 
be biomechanically favourable, and coverage is improved by fibrous tissue (but not by 
cartilage). However, computer tomographic studies have shown that adequate coverage is 
obtained in only one third of hips (4). 

Results: 50 to 60 % of patients score good or excellent (6,50), but after 14 years 
degenerative arthritis occurs in 85 % of patients and upto 76 % have a positive 
Trendelenburg sign (6). 



в. FEMORAL VALGUS EXTENSION OSTEOTOMY: 

In arthritic hips with an elliptical femoral head, the capital drop osteophyte on the 

underside of the femoral head can be rotated into the acetabulum by femoral osteotomy, 

to provide extra weight bearing surface and to improve congruity. The hip is unloaded by 

reducing the tension of the iliopsoas muscle and medialisation of the femoral shaft (5). 

Results: 11 to 15 year follow-up for 277 of 389 (71%) operated patients with already 

developed osteoarthritis was good in two thirds of patients, with regression of arthritic 

changes occurring in 39% (27). 

c. TOTAL HIP ARTHROPLASTY 

The final salvage procedure for arthritic dysplastic hips can be a total hip arthroplasty. 

It has been referred to it as an internal amputation of the hip, and is certainly not a 

panacea for adult hip disorders (2). The arthroplasty can be technically difficult due to the 

insufficient acetabular coverage for the acetabular component, and this will compromise 21 

the longevity of the prosthesis. Total hip arthroplasty might be more succesrull when 

performed after a pelvic osteotomy, due to improved acetabular coverage of the acetabular 

component, but this is by no means certain. 

Results: High acetabular component failure rates have been reported (46 % loose at 12 

years (12), 59 % loose at 14 years (34)). 

C O N C L U S I O N 

In young adult hip disease it is important to remember three common beliefs which are 
not true (2): 

1. Treatment of childhood hip disorders results in normal hips. 
2. Total hip arthroplasty is a panacea for adult hip disorders. 

3. Indications are rare for hip osteotomies and results are unpredictable. 

Dysplasia of the hip can cause hip pain in the young adult, and will eventually lead to 
degenerative arthritis in the majority, if not all patients. If there are no (or minimal) 
degenerative changes, then there are many surgical options, but there is an extreme paucity 
of literature on the (long-term) clinical results of all these operations. From the current 
literature the best results seem to be obtained by an acetabular re-orientation by pelvic 
osteotomy (rather than femoral osteotomies or acetabular augmentation procedures). Based 
on biomechanics there is a tendency to support this preference for pelvic osteotomies based 
on the assumption that pressure in the joint can in that way be improved. However, from 
the literature it is not possible to recommend one pelvic osteotomy over another. They each 
have there technical advantages and disadvantages. Pelvic osteotomies with acetabular re
orientation give clinical improvement, but up to now the long term results (more than 10 



years) are not known, and despite the fact that most authors expect them to reduce the 

chance of degenerative arthritis, this has never been proved. 

In cases of dysplasia of the hip with a pronounced femoral valgus antetorsion then a 

supplemental femoral varus derotation osteotomy can be performed to provide better 

centration of the femoral head in the acetabulum and to reduce the joint reactive force. 

In patients with manifest degenerative arthritis, the surgical options are more 

limited, but an acetabular augmentation (shelf arthroplasty or Chiari osteotomy), a 

femoral valgus extension osteotomy or eventually a total hip arthroplasty may be of 

great benefit. 
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CHAPTER 2 

BACKGOUND AND AIMS OF THIS 
THESIS 



For acetabular dysplasia in adolescents and adults a modification of the Tönnis triple 
osteotomy has been performed in the Sint Maartenskliniek since 1981. The modification 
is that the pubic osteotomy is performed from lateral through the same incision as the 
innominate osteotomy (as described by Steel) and not through a separate incision over the 
pubic bone (as described by Tönnis). This triple osteotomy has the advantages of being 
close to the acetabulum, allowing good correction of the acetabulum in all planes (in 
contrast to the single and double osteotomies), whilst the anatomical risks and technical 
difficulties are limited (in contrast to the peri-acetabular and spherical osteotomies). 

The indications for this procedure in our hospital are a patient with: 
- symptomatic acetabular dysplasia 
- a congruent and preferably spherical femoral head 
- no (or minimal) degenerative arthritis 

28 - a good range of motion 
- preferably older than 14 years (minimum age of 10 years) 

This thesis was undertaken to provide more scientific information on pelvic 
osteotomies. The literature provides only incidental long term results of acetabular re
orientation procedures, there are no anatomical studies, and biomechanical information is 
mostly based on assumptions. 

AIMS O F T H I S T H E S I S 

1. To study and describe the pelvic anatomy and its relation to a (triple) pelvic 
osteotomy. 

2. To report the long term clinical results of a series of 43 patients (51 hips) who 
underwent a triple pelvic osteotomy. 

3. To analyse whether improved acetabular coverage of the femoral head after triple 
pelvic osteotomy is related to an improvement of the clinical result. 

4. To study the biomechanical changes of the hip joint caused by triple pelvic 
osteotomy. 

5. To describe computer assisted operative techniques in relation to pelvic osteotomies. 
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SUMMARY 

Dysplasia of the hip in adults can be treated by a pelvic osteotomy. In order to assess 
pelvic anatomy in relation to surgical approach and osteotomy sites, twelve cadaver hips 
were studied. A triple pelvic osteotomy as described by Tönnis [6] through ilium, pubis 
and ischium was performed, followed by an intrapelvic and anterior and posterior 
dissection of the hip. 

At the ischium, the pudendal and inferior gluteal neurovascular bundle are most at risk 
medially and proximally respectively. Much less in danger is the sciatic nerve as it runs 1 to 
3 centimeters lateral to the osteotomy site. 

At the pubis osteotomy the femoral vein lies close on the bone and is prone to damage. 
The artery lies further off the bone. 

30 The ilium osteotomy starts just proximal to the anterior inferior iliac spine and exits 
posteriorly at the sciatic notch. Here the sciatic nerve and the superior gluteal 
neurovascular bundle may be damaged. The practical surgical implications of these three 
osteotomies are discussed, especially with respect to the requirement of meticulous 
subperiostal dissection and accurate placement of retractors. 

Key words: pelvic anatomy - acetabular dysplasia - pelvic osteotomy 

FIGURE 1A AIMD 1 B 



I N T R O D U C T I O N 

Developmental dysplasia of the hip is characterised by insufficient superolateral and 
anterior acetabular coverage of the femoral head due to shallowness of the acetabulum and 
malposition of the proximal femur. In adolescents and adults symptomatic hip dysplasia 
can be treated surgically by a pelvic osteotomy whereby the acetabulum is cut free from 
the pelvis and reoriented, to provide better lateral and anterior coverage of the femoral 
head. For this purpose a triple pelvic osteotomy through ilium, pubis and ischium 
[2,5,6,7] can be performed. To perform these difficult operations one should be well 
informed of the pelvic anatomy in relation to the surgical approach and the bony cuts. 
However, we could not find any anatomic descriptions in the literature. This descriptive 
study was performed to define the anatomical structures at risk during surgery such as: the 
femoral vein and artery; the sciatic nerve; the obturator, gluteal and pudendal 31 

neurovascular bundles. 

MATERIALS AND M E T H O D S 

Twelve fresh hip joints of four male and two female cadavers were studied. One hip was 
used as a control and eleven times a triple osteotomy was performed as described by 
Tönnis [6](figure 1). 

Ischium osteotomy 
The operation is started with the osteotomy of the ischium. This is performed through 

a separate posterior approach with the patient prone. Passing bluntly through the gluteus 
maximus muscle at its medial border, the external rotators (gemelli and internal obturator) 
of the hip are exposed as they cross the ischium. These are split in the direction of their 
fibers. Blunt Hohman retractors are passed subperiostally around the ischium above and 
below the palpabel ischial spine. An oblique osteotomy is performed using a 2.5 
centimeter wide osteotome. 

The patient is turned over to the supine position for the pubis and ilium osteotomies. One 
15 to 20 centimeter anterolateral oblique skin incision is made, below the anterior superior 
iliac spine and the iliac crest. The lateral femoral cutaneous nerve is usually identified. 

Pubis osteotomy 
The inguinal ligament and sartorius muscle are reflected medially, followed by 

subperiostal exposure of the pubic bone. Coming down the inside of the pelvic wing from 
lateral to medial, the iliopsoas muscle is elevated. This is facilitated by flexing the hip. 
Further medial the iliopectineal eminence is next encountered. During surgery this is the 



landmark which marks the medial border of the hip joint. The iliopectineal fascia which 
attaches here is elevated. A blunt Hohman retractor is placed in the obturator foramen on 
the inside of the pelvis, and a sharp Hohman retractor is placed medially over the 
iliopectineal eminence in the pubic bone to retract the iliopsoas muscle and femoral vessels 
medially. The osteotomy of the pubis is made with a wide osteotome in the sagital plane 
just medial to the iliopectineal eminence. 

Ilium osteotomy 
The lateral and medial pelvic muscles are reflected subperiostally off the iliac wing to 

gain access to the sciatic notch. Blunt Hohman retractors are placed medially and laterally 
around the ilium in the sciatic notch. The osteotomy is started with an oscillating saw just 
above the anterior inferior iliac spine and the origin of the rectus femoris muscle and is 
aimed at the notch. The last posterior part of the cut is made with an osteotome. 

32 The acetabular fragment is now free from the pelvis and can be reoriented. It is fixed in 
place by a bone wedge taken from the iliac wing and two screws. (Figure 1) 

After performing the operation an intrapelvic dissection was performed, followed by an 
anterior and posterior dissection of the hip. 

RESULTS 

Ischium osteotomy: (figure 2) 
The osteotomy runs from proximal-medial, above the sacrospinous ligament, to distal-

lateral. The bone in this plane is about 6 to 7 centimeters wide, and this requires multiple 
cuts with an osteotome. At the proximal part of the osteotomy the inferior gluteal and 
pudendal neurovascular bundles exit the pelvis through the infrapiriformis foramen, 
(figure 2a and 2b) 

T H E INFERIOR GLUTEAL NEUROVASULAR BUNDLE runs from medial to lateral towards the 
gluteus maximus muscle. In all specimens there were multiple veins which formed a 
network (figure 2c). These all need to be meticulously elevated off the bone. The nerve is 
in close proximity, and during surgery difficult to define in this network, so cauterisation 
or ligation of these vessels may cause denervation of the gluteus maximus, leading to an 
abductor limp (Trendelenburg gait). 

T H E PUDENDAL NEUROVASCULAR BUNDLE runs at the medial aspect of the ischium, and 
innervates the pelvic floor musculature, the sphincters and the perineum. It should be 
protected during surgery by Hohman retrators. As it runs tightly over the ischial spine it is 
not very mobile and should be treated with care, making subperiostal dissection essential. 

T H E SCIATIC NERVE exits the pelvis below the piriformis muscle. More distally it runs 
about 1 to 3 centimeters lateral to the ischium (figure 2a and 2b) and it is protected 
during the osteotomy by the surrounding fat tissue and a Hohman retractor. 



2A: Photograph of anatomical dissection of the posterior aspect of the left ischium after 

oblique ischial osteotomy. The osteotomy, marked with the white arrow, lies under 

the pudendal neurovascular bundle and very close to the inferior gluteal 

neurovascular bundle. 

2В: matching illustration. 

Legend: I: Ischial tuberosity, G: inferior Gluteal vessels, L: sacro-tuberous 

Ligament, P I R : Piriformis muscle, PUD: Pudendal neurovascular bundle, SN: 

Sciatic Nerve 

2C: The same hip as in figure 3a. The inferior gluteal vessels are shown as a network 

which supplies the gluteus maximus muscle. P a p e r has been draped under the vessels 

to enhance the contrast . 

F I G U R E 2 A В A N D С 

Pubis osteotomy: (figure 3) 
The femoral nerve lies protected within the iliopsoas muscle. Medial to the iliopectineal 

eminence lies the femoral vein, close to the bone (figure 3). During surgery this is prone to 
damage. The femoral artery lies further off the bone, on top of the vein, and is much less in 
danger. About 1.5 to 2 centimeters medial to the pubic osteotomy six hemipelvic specimens 
had a "corona mortis". This is an arterial or venous anastemotic branch of the external iliac 
or epigastric vessels to the obturator vessels in the obturator canal. It runs tightly over and 
around the pubic bone. On the caudal side of the pubic bone the osteotomy exited in the 
superolateral corner of the obturator foramen. This is about 0.5 to 1 centimeter lateral to 
the obturator canal with the obturator neurovascular bundle. 



ЗА: Photograph of anatomical dissection of the inside of the pelvis after osteotomy of the 

pubic bone on the left side. View from inside the pelvis looking lateral and distal. An 

osteotome is placed in the pubic osteotomy. Note that the femoral vessels are 

protected by the iliopsoas muscle. The corona mortis is empty, and lies taught over 

the pubic bone. 

Зв: matching illustration. Legend: CM: Corona Mortis, FA: Femoral Artery, 

FV: Femoral Vein, I P : Iliopsoas muscle, 0 : osteotome, SYM: Symphysis pubis. 

F I G U R E З Л A N D В 

Ilium osteotomy: (figure 1) 
In the sciatic notch lie the sciatic nerve and the superior gluteal neurovascular bundle in 

some fat tissue. They are mobile, and may be pushed away by the osteotome, but the only 

real protection must come from two blunt Hohman retractors placed into the sciatic notch. 

During all the dissections no essential neurovascular lesions created during sugery were 

observed. 

D I S C U S S I O N 

In this study neurovascular structures at risk when performing a triple pelvic osteotomy 

were studied. The surgical dissection, the placement of retractors and the making of the 

bony cuts are described in relation to the pelvic anatomy. 

Benson [1] described the anatomy of the sciatic nerve after a Chiari osteotomy. We 

could not find other comparable anatomical studies in the literature. 



Ischium osteotomy 
This is the part of a pelvic osteotomy with most potential hazards to the nerves and 

vessels. The sciatic nerve is most feared by surgeons, but is at little risk. It runs 1 to 3 
centimeters lateral to the osteotomy. Much more at risk are the inferior gluteal and the 
pudendal neurovascular bundles proximally and medially respectively. 

In the described procedure the ischial osteotomy is above the ischial spine and therefore 
the sacrospinous ligament is not attached to the acetabular fragment after it has been cut 
free. It is therefore not influenced by the acetabular reorientation. A variation of the 
described technique is an osteotomy just below the ischial spine as described by Carlioz 
[2]. The advantage is that the anatomic risks are somewhat smaller, as the inferior gluteal 
and pudendal neurovascular bundles remain proximal to the osteotomy. However, the 
disadvantage is that the sacrospinous ligament moves with the acetabulum, and this may 
influence its function of stabilising the pelvis to the sacrum and spine. 

The ischial osteotomy described by Steel [6] is at the ischial tuberosity, and so yet 35 
further from the acetabulum. Therefore even more soft tissues remain attached to the 
acetabular fragment which influences the acetabular re-orientation. 

Pubis osteotomy 
During the exposure of the pubic bone the femoral vein is most at risk. It is absolutely 

essential to dissect subperiostally over the iliopectineal eminence and to place a Hohman 
retractor here to keep the vein and iliopsoas muscle elevated. Much less at risk are the 
femoral artery which lies further off the bone and the femoral nerve which runs in the 
iliopsoas muscle. On the caudal side of the bone the obturator nerve lies medial to the 
osteotomy, and it should be protected during surgery by a blunt Hohman retractor placed 
in the obturator foramen on the inside of the pubic bone. If present, the "corona mortis" 
lies tightly on the pubic bone medially to the femoral vessels and is prone to damage only 
if dissection is carried too far medial. In this study it was seen six times out of twelve, 
others have described it in about 30 % of cases [8]. 

Ilium osteotomy 
This cut exits posteriorly in the sciatic notch. Here runs the sciatic nerve and superior 

gluteal neurovascular bundle. Blunt Hohman retractors must be placed in the sciatic notch 
to protect them. 

After these three osteotomies, the acetabulum is freed from the bony pelvis on all sides, 
so it is dependent for its blood supply on the vessels from the joint capsule and the 
branches of the obturator artery to the acetabulum [3]. For this reason, when performing 
the ilium osteotomy care has to be taken not to expose too large an area of bone on the 
inside of the pelvis as this can compromise these branches of the obturator artery at the 
lower border of the acetabulum. 

Triple pelvic osteotomies for acetabular dysplasia have proven clinically to be effective [4], 
but the relevant pelvic anatomy has untili now not been well described. We have described 



the specific anatomic structures encountered during this surgery, and how they can best be 

protected by meticulous subperiostal dissection and accurate placement of retractors. 
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ABSTRACT 

Pelvic osteotomies for acetabular dysplasia include an osteotomy of the pubic bone. 
The anatomical consequences of two different approaches to the pubic bone were assessed 
by performing a triple osteotomy in a series of 12 fresh cadaver hemipelvises. The medial 
approach through a separate incision over the pubic symphysis was compared to the lateral 
approach through the incision used for the innominate osteotomy. Although the medial 
approach appears technically easy, there are several anatomical structures at risk, such as 
the femoral vein and the corona mortis. The lateral approach is safer, and it is easier to 
make the osteotomy close to the hip joint. The closer the osteotomy to the hip joint, the 
smaller the chance of developing a non-union. 

I N T R O D U C T I O N 

Developmental dysplasia of the hip is characterised by malposition of the proximal 
femur and deficient acetabular coverage of the femoral head. In adolescents and young 
adults it can be treated by acetabular re-orientation procedures to provide more lateral and 
anterior coverage of the femoral head. Many osteotomies have been designed to obtain this 
goal, such as triple osteotomies through innominate, pubic and ischial bones [6,7] and the 
Bernese peri-acetabular osteotomy comprising four cuts and a controlled fracture close 
around the acetabulum [2]. All these procedures require an osteotomy of the pubic bone. 
This can be performed through a separate incision medial over the pubic bone [7], or from 
lateral using the incision also used for the innominate osteotomy [2,6]. 

The aim of this study was to perform an anatomical evaluation of the medial and 
lateral approaches to the pubic bone, and to describe the clinical advantages and 
disadvantages of each approach. 

MATERIALS AND METHODS 

Twelve fresh cadaver hips were studied. A triple osteotomy was performed each time. 
Six times a separate medial incision was used [7]. Over the palpable pubic bone, just 

lateral to the symphysis, a transverse incision is made. Subperiostally and under the 
pectineus muscle the pubic bone is exposed. It is osteotomised with an osteotome as far 
lateral as possible, close to the hip joint. Six times the pubic bone was approached from 
lateral. A Bikini incision is used [5] and after elevating the muscles off the inside of iliac 



wing, it is possible subperiostally to go medially to the pubic bone. Medial to the 
iliopectineal eminence a Hohman retractor is placed to elevate the iliopsoas muscle, and 
then the bone is cut with an osteotome. 

In all cases after the operation an intra-pelvic dissection was performed followed by an 
anterior and posterior dissection of the hip. 

Schematic representation of the 

neurovascular structures around the 

pubic bone. 

1. iliopsoas muscle, 

2. femoral vein, 

3 . femoral artery, 

4. corona mortis, 

5. obturator nerve. 

FIGURE 1 

RESULTS 

The most important anatomical structures are schematically illustrated in figure 1. The 
femoral vein lies close on the pubic bone and is therefore prone to damage. It runs medial 
to the iliopectineal eminence and the iliopsoas muscle. During the lateral approach -but 
not during the medial approach- the vein is protected by the muscle. The common 
femoral artery lies on top of the vein, and is much less in danger during subperiostal 
exposure from both medial and lateral approaches (Figure 2a and 2b). 

Six hemipelvises had a corona mortis. This is an anastemotic branch of the external 
iliac or epigastric vessels to the obturator vessels in the obturator canal. It runs tightly over 
and around the pubic bone (Figure 2a and 2b) medial to the femoral vein. It is only 
encountered during the medial approach. 

The obturator nerve runs caudal to the pubic bone to innervate the hip adductors. It 
passes through the obturator canal about 1 centimeter medial to the most lateral corner of 
the obturator foramen. 



Performing the osteotomy from medial it is more difficult to come as close to the hip 
joint as during the lateral approach because the femoral vein and corona mortis limit the 
surgeon in his exposure. 

Anatomical dissection, with corresponding schematic representation of the left 

hemipelvis. Intra-pelvic view looking lateral and distal. The osteotome is placed in the 

pubic bone, lateral to the iliopsoas muscle. O: osteotome, I P : iliopsoas muscle, 

FA: femoral artery, FV: femoral vein, CM: corona mortis, SYM: symphysis pubis 

FIGURE 2 A EN В 

D I S C U S S I O N 

Pelvic osteotomies for acetabular dysplasia reduce symptoms and probably reduce the 
onset of degenerative osteoarthritis [3]. However, an anatomical analysis has seldom been 
made before, despite the fact that there are different types of osteotomies which all attempt 
to re-orient the acetabulum. In this study neurovascular structures at risk when performing 
different pubic osteotomies as part of a pelvic osteotomy are described. Benson [1] 
described the anatomy of the sciatic nerve after a Chiari osteotomy, but we could find no 
other comparable studies. 

The medial approach to the pubic bone appears technically easier than the lateral 
approach as the bone is easily palpable. However, there are several anatomical pittfalls. If it 
is present, the "corona mortis" is easily damaged, which may lead to profuse bleeding and 
limb threatening complications [4]. These aberrant vessels have been described in 30% of 
the population [9], in this study it was found in 50% of cases. During the lateral approach 
these vessels are not reached as they remain further medial, and thus they cannot be 



Figuur ЗА: anteroposterior radiograph direct post-operative after triple osteotomy and 

pubic osteotomy from medial. P a r t of the pubic bone is still attached to the 

acetabular fragment. 

Figuur Зв: 14 years postoperative there is a pseudo-arthrosis of the pubic bone (and of the 

ischium) 

F I G U R E 3 A AIND 3 B 

damaged. Additionally, during the lateral approach, the femoral vein is protected by the 
iliopsoas muscle (Figure 2a and 2b), but this is not the case during the medial approach. 

Because of the femoral vein and the corona mortis it is difficult to reach close to the hip 
joint coming from medial. A more medially placed osteotomy leads to a longer arm of bone 
attached to the acetabulum (Figure 3a and 3b). This has several unfavourable consequences for 
the acetabular re-orientation. First, it limits the the degree of freedom of rotation of the 
acetabulum because of the attached soft tissues. Second, it leads to a longer lever arm, and so 
the bone at the osteotomy site has to displace more for the same amount of correction. Third, 
further medial the pubic bone is smaller in cross sectional area and less cancellous than close 
to the hip joint. Because of these reasons, the further medial the osteotomy, the smaller the 
bone contact area after the correction, and the greater the chance of developing a non-union. 

Using the lateral approach to the pubic bone it is possible to cut the bone close to the 
hip joint (Figure 4a and 4b). The anatomical hazards are smaller, and the bone contact 
area at the osteotomy is greater leading to fewer non-unions. In an earlier study the rate of 



Figuur 4A: anteroposterior radiograph direct post-operative after triple osteotomy and 

pubic osteotomy from lateral. The correction is comparable to that in figure 3, 

but the pubic bone has been cut further lateral, and therefore the translation in 

the osteotomy is smaller. 

Figuur 4В: 9 years postoperative the osteotomies have consolidated. 

FIGURE 4A AND 4 B 

pubic non-union employing this approach was one out of 51 cases [3]. Tonnis [8] 

performs the pubic osteotomy from medial, but adds osteosynthesis with 2 screws and a 

cerclage wire accross the osteotomy to reduce the chance of developing a non-union. We 

feel that this makes the operation more complex, and it does not reduce the anatomical 

hazards of the medial approach. 

C O N C L U S I O N 

The lateral approach to the pubic bone for an osteotomy is safer on anatomical 

grounds. It also allows for better access to the pubic bone close to the hip joint. The closer 

the osteotomy to the hip, the smaller the chance of developing a non-union. 
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A B S T R A C T 

Pelvic osteotomies for acetabular dysplasia include an osteotomy of the ischium. The poten
tial anatomical hazards of three different osteotomies of the ischium were assessed by 
performing a triple osteotomy in a series of 8 fresh cadaver pelvises. An oblique osteotomy 
above the sacro-spinous ligament using a posterior approach requires that the inferior gluteal 
and pudendal neurovascular bundles be mobilised and retracted. A transverse osteotomy below 
the sacrospinous ligament using a posterior approach can be performed in a relatively safe area 
between the pudendal and sciatic nerves. A transverse osteotomy from anterior can be 
performed through a modified Smith Peterson approach. The pudendal nerve medially, the 
sciatic nerve laterally and the medial circumflex artery distally are not visualised, and are prone 
to damage. 

INTRODUCTION 

Dysplasia of the hip can be treated by acetabular reorientation to provide better lateral 
and anterior coverage of the femoral head. Many osteotomies have been designed to obtain 
this goal, such as triple osteotomies through innominate, pubic and ischial bones (2,6,7) 
and the Bernese peri-acetabular osteotomy comprising four cuts and a controlled fracture 
close around the acetabulum (3). All these procedures involve a complete or partial 
osteotomy of the ischium. This is the part of a pelvic osteotomy with most potential 
hazards to the nerves and vessels. 

Since 1980 we have performed a triple osteotomy in cases of acetabular dysplasia (4). 
This study was initiated after a patient developed urinary stress incontinence after a triple 
osteotomy of the pelvis due to a lesion of the pudendal nerve. The aim of this study was to 
define the anatomical structures at risk during surgery of the ischium. A comparison was 
made between the ischium osteotomies as described by Tönnis (7), Carlioz (2) and Ganz 
(3). We did not attempt to weigh all the theoretical and technical advantages and 
disadvantages of different pelvic osteotomies, but performed a descriptive anatomical study. 

MATERIALS AND METHODS 

Eight fresh cadaver hip joints were studied. One hip was used as a control, and seven 
times an osteotomy of the ischium was performed. The following osteotomies were 
performed: twice oblique above the sacro-spinous ligament using a posterior approach by 



splitting the gluteus maximus muscle and external rotators (7); three times transverse 
below the sacrospinous ligament using a posterior approach by splitting the gluteus 
maximus muscle and external rotators slightly more distally (2); and twice transverse from 
anterior through a modified Smith Peterson approach by passing an angled osteotome 
between the iliopsoas tendon and the hip joint capsule (3). 

After performing the operation an intrapelvic dissection was performed, followed by an 
anterior and a posterior dissection of the hip. 

Schematic illustration of the posterior view of 

the left hemipelvis. Four different ischial 

osteotomies are shown with underbroken lines. 

From proximal to distal: oblique from posterior 

(Tonnis); transverse from posterior (Carlioz); 

transverse from anterior (Ganz); sagittal at the 

ischial tuberosity (Steel). 

Legend: 

1. superior gluteal neurovascular bundle, 

2. inferior gluteal neurovascular bundle, 

3. sciatic nerve, 

4. pudendal neurovascular bundle. 

F I G U R E 1 

R E S U L T S 

The most important anatomical structures in relation to the different osteotomies of 

the ischium are schematically illustrated in figure 1 

Posterior oblique osteotomy(Figure 2A and B) 
This runs obliquely from infero-lateral to proximal medial, above the sacro-spinous 

ligament. The bone in this plane is about 6 to 7 centimeters wide, and requires multiple 
cuts with a wide osteotome. Proximally the pudendal nerve and the inferior gluteal 
neurovascular bundle lie over the bone and they need to be meticulously mobilised off the 
bone to expose it. They can then be retracted by a blunt Hohman retractor. In all eight 
specimens the inferior gluteal vessels, especially the veins comprised of a network with 
multiple branches (figures 2 and 3). 

Posterior transverse osteotomy (Figure ЗА and B) 
The cut is about 3 to 4 centimeters wide, just distal to the ischial spine and the 



Photograph and matching illustration. Anatomical dissection of the posterior aspect of the 

left ischium after oblique ischial osteotomy from posterior. The osteotomy, marked with 

the white arrow, lies under the pudendal neurovascular bundle and very close to the 

inferior gluteal neuro vascular bundle. 

Legend: I: Ischial tuberosity, G: inferior Gluteal vessels, L: sacro-tuberous Ligament, 

P I R : Piriformis muscle, P U D : Pudendal neurovascular bundle, SN: Sciatic Nerve 

F I G I R E 2 A AND В 

sacrospinous ligament. It can be performed with one or two cuts of a wide osteotome. 

This is in a relatively safe triangular area (figure 1):- Two to three centimeters lateral to the 

osteotomy lies the sciatic nerve, protected during surgery by fat and a Hohman retractor. 

Medially the pudendal neurovascular bundle runs cranio-caudally across the sacrospinous 

ligament. At the point of the osteotomy the pudendal nerve already lies deeper in the 

pelvic floor and it is also protected by a Hohman retractor during surgery. About 2 to 3 

centimeters superior to the osteotomy, above the sacrospinous ligament, lies the inferior 

gluteal neurovascular bundle often with a venous network. 

Anterior transverse osteotomy (Figure 4A and B) 
The approach is about 20 centimeters deep. During surgery the bone is not visible but 

palpable. The cut is 3 to 4 centimeters wide and is made all the way through. The only 
way of determining whether the osteotomy is wide enough and deep enough is by feeling 



Photograph and matching illustration. Anatomical dissection of the posterior aspect of the left 

ischium after transverse ischial osteotomy from posterior, helow the ischial spine. The 

osteotomy is marked with the white arrow. Note the relatively safe area between the pudendal 

neurovascular bundle and the sciatic nerve (both looped) 

For legend see figure 2 

FIGURE 3 A AND В 

and twisting the osteotome. The cut turned out below the sacrospinous ligament, halfway 
between the ischial spine and the ischial tuberosity. It cannot be brought further proximal 
because the femoral neck is in the way. During surgery there is no visual control to prevent 
medial or lateral deviation of the osteotome. Medial lies the pudendal neurovascular 
bundle, laterally lies the sciatic nerve. Deviation distally endangers the medial circumflex 
artery and thereby the vascularisation of the femoral head. 

D I S C U S S I O N 

To treat acetabular dysplasia, many techniques for pelvic osteotomies have been 

described. However, very few anatomical studies have been reported (1,5). In this study 
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Photograph and matching illustration. Anatomical dissection of the posterior aspect of the left 

ischium after ischial osteotomy performed from anter ior . The osteotomy, marked with the 

white arrow, lies more distal than those shown in figure 2 and 3. 

For legend see figure 2. 

FIGURE 4 A AND В 

neurovascular structures at risk when performing the ischial cut of a pelvic osteotomy are 
described. The ischial osteotomy is the part of any pelvic osteotomy with most potential 
hazards to the nerves and vessels. The sciatic nerve runs lateral over the ischium and 
innervates the leg. The pudendal nerve runs medial and innervates the perineal skin and 
sphincter muscles of anus and bladder. The inferior gluteal neurovascular bundle exits 
through the infra-piriformis foramen above the sacrospinous ligament and supplies the 
gluteus maximus muscle. 

There are several possible sites for an osteotomy of the ischium. Closest to the 
acetabulum is the oblique posterior osteotomy above the ischial spine and the sacrospinous 
ligament as described by Tonnis (7). The pudendal and inferior gluteal neurovascular 
bundles need to be mobilised and retracted with accompanying risks. The osteotomy of 
the ischium that is farthest from the acetabulum is at the ischial tuberosity, as described by 
Steel (6). We did not study this, but it is relatively safe as there are no neurovascular 
structures in the vicinity. However, acetabular rotation in different planes is more limited 
because the entire ischium must follow. The transverse ischial osteotomy from posterior 



below the ischial spine and the sacrospinous ligament (2) is midway between the above 

mentioned two. It is performed in a relatively safe triangular area between the pudendal 

and sciatic nerves. 

Alternative to these posterior approaches is the anterior approach to the ischium (3). It 

is deep, orientation is difficult, and the bone is not visualised. We feel that the risk of 

damage to neurovascular structures medially (pudendal neurovascular bundle), laterally 

(sciatic nerve) and distally (medial circomflex artery) is considerable. For the normal 

Bernese periacetabular osteotomy (3) the ischium is not cut all the way through from 

anterior, but the anatomical risks remain just the same. 

We have described the anatomical structures at risk in the ischial region when 

performing a pelvic osteotomy. Not just the sciatic nerve laterally but also the pudendal 

nerve medially and the inferior gluteal neurovascular bundle proximally are prone to 

damage and make this area hazardous. Therefore a meticulous subperiostal dissection is 51 

essential to protect these structures. When comparing the different osteotomies, it seems 

safest on anatomical grounds to perform the ischial osteotomy from posterior, and below 

the ischial spine. 
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ABSTRACT 

In cases of developmental dysplasia of the hip in adolescents and young adults an 
acetabular reorientation procedure can be performed. A retrospective review of 51 hips 
after triple osteotomy with an average follow-up of 10 years (range 8-15 years) was 
performed. Fourty-eight hips (94%) were re-evaluated in clinic for the review. Thirty-nine 
of 48 hips (81%) were improved compared to pre-operative, and 29 hips (60%) scored 
good or excellent. Radiographic evaluation showed improvement of the average center-
edge angle (1) by 19 degrees, acetabular index (2) by 12 degrees and VCA angle (3) by 26 
degrees. Osteoarthritis progressed one grade in 10 hips (21%) over a 10 year period. 

We are encouraged by the long term clinical and radiographic results to continue this 
treatment for symptomatic acetabular dysplasia in adolescents and young adults. 
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INTRODUCTION 

Developmental dysplasia of the hip in adolescents and young adults is characterised by 
malposition of the proximal femur and deficient acetabular coverage. Many methods of 
surgical treatment have been advocated for dysplasia of the hip in young adults which aim 
at the reduction of complaints and the prevention of secondary degenerative arthritis. 
These include femoral and acetabular reorientation procedures, such as triple osteotomies 
(4,5), peri-acetabular osteotomies (6) and spherical osteotomies (7). These procedures have 
been used primarily for adolescents and young adults, therefore the long term results are of 
interest. However, very little is known of the long term results of these procedures (8,9). 
Although most authors (10) argue that these procedures reduce the risk of secondary 
degenerative arthritis, this has never been shown in clinical studies. The present paper 
attempts to address this long term follow-up and the occurrence of secondary degenerative 
arthritis by presenting the eight to fifteen year follow-up results of 51 hips which 
underwent triple pelvic osteotomy. The four year follow-up results have been reported 
previously (11). 

PATIENTS AND METHODS 

From 1980 to 1987 51 triple osteotomies were performed in 43 patients. There were 
38 females and 5 males, the mean age at surgery was 28 years (range 14 to 46 years). Four 
patients had been treated in infancy for dislocation , 3 times by casts and once by open 



Modified (12) clinical scoring system according to D'Aubigne and Postel (13) 

Pain 
1. severe, prevents ambulation 
2. severe, with ambulation 
3. moderate, permits ambulation 

but limits activity 
4. pain after ambulation 

5. slight or intermittent pain 
6. no paino. 

Ambulation 
bedridden 
indoors only 
limited, less than one block 

long distancée with cane 
or crutch 

slight limp 
normal 

Range of Motion 
0% - 39% 

40% - 59% 

60% - 79% 

80% - 94% 
95% -100% 

Clinical grade : 
Excellent 
Good 
Fair 
Poor 

TABEL 1 

(total points) 
18 

IS - 17 
12 - 14 

3 - 12 
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reduction and casting. Six other patients had undergone previous surgery: 4 times a 
femoral varus derotating osteotomy, once a Chiari osteotomy and once a shelf arthroplasty. 
Fortyeight of 51 hips (94%) could be traced for follow-up. All these patients visited the 
clinic and were examined by an independent reviewer (**). Average follow-up was 10.0 
years (range 8 to 15 years). Three hips could not be traced: one patient (2 hips) emigrated 
to the United States 5 years postoperative, at which time she was working full time as a 
performing artist. One patient was lost to follow-up one year post operative. 

The indication for surgery was a painful dysplastic hip. Pre-requisites were a hip joint 
with an (almost) full range of motion, and congruency on radiographic evaluation (which 
usually requires a spherical femoral head). The operative technique has been described 
before (2,5,11). In short it involves a high ischial osteotomy through a posterior approach, 
a pubic osteotomy close to the acetabulum and a routine innominate osteotomy. After 
surgery the patients were innitially treated in a plaster cast hip spica for 6 weeks, but after 
1985 this was changed to bedrest in balanced suspension. No medication or radiotherapy 
was given to prevent heterotopic ossification. 

Clinical evaluation was performed using a routine questionaire which included a 
modification (12) of the D'Aubigne and Postel scoring system (13) (table 1). A total hip 
arthroplasty was graded as a poor result. Radiographic evaluation was performed by plain 
anteroposterior and faux-profile radiographs. The faux-profile roentgenogram, an oblique 



65 degree roentgenogram with the patient standing, was used to evaluate anterior coverage 
of the femoral head. Acetabular dysplasia was measured on the anteroposterior radiograph 
by the refined center-edge angle (1) (normal more than 25 degrees) and the inclination of 
the acetabular roof known as the acetabular index angle (2) (normal less than 10 degrees). 
The faux-profile radiograph was used to measure the anterior center-edge angle known as 
the VCA angle (3) (normal more than 20 degrees). The severity of degenerative arthritis 
was graded from 0 to 4 according to Tönnis (2). Heterotopic ossification was graded from 
0 to 4 according to Brooker(l4) 
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RESULTS 

CLINICAL OUTCOME: Preoperative and final post operative clinical scores are listed in 
table 2. Pre-operatively no hips scored excellent, and 8 of 48 hips (14%) scored good. At 
follow-up 29 of 48 (60%) scored excellent or good. 39 hips (81%) were still better than 
pre-operatively, 9 were worse of whom 3 had had a total hip arthroplasty. 

At final follow-up 28 (58%) patients were painfree or almost painfree (score 5 or 6 out 
of 6). Nine patients regularly used pain medication. Twenty patients (42%) could walk an 
unlimited distance, and another 9 (19%) could walk more than an hour. Three patients 
were not able to work because of their hip complaints. If placed in the same situation as 
preoperatively, 39 patients (81 %) said they would again undergo the surgery, 4 were not 
sure and 5 said they would not (of these 5, 4 had a poor result and one was fair). 

RADIOGRAPHIC OUTCOME: Pre-operative and final post-operative radiographic criteria 
are listed in table 3. The average pre-operative center-edge angle improved by 19 degrees. 
The acetabular index improved by 12 degrees. The VCA angle improved by 26 degrees. 

There were 12 hips with severe acetabular dysplasia, all with a center-edge angle of less 
than 0 degrees (average -5.6°, range -12° to 0°) and an acetabular index greater than 27 
degrees (average 30.3°, range 27° to 35°). The center-edge angle improved to 21 "(range 6° 

Clinical score (13) of 48 patients before and 10 years after triple osteotomy. 

Score 
Excellent (18) 
Good (15-17) 
Fair (12-14) 
Poor (<12 or THA) 

TABEL 2 

pre-operative 
(Nr of patients) 

0 
8 

33 
7 

post-operative 
(Nr of patients) 

8 
21 
11 

8 



Radiographic cr i ter ia of 4 8 patients before and after triple osteotomy. 

Center-edge 

angle (range) 

Acetabular 

index (range) 

VCA angle 

(range) 

pre-operative 

9 

(-12 to 28) 

22 

(7 to 35) 

1 

(-25 to 25) 

post-operative 

28 

(6 to 47) 

10 

(-4 to 27) 

27 

(0 to 49) 

correction 

19 

(6 to 47) 

-12 

(-4 to -31) 

26 

(4 to 57) 

T A B E L 3 5 7 

Figure ІА to 1С: A P radiographs of the right hip in a 30 year old woman. 

Figure ІА: Pre-operative radiograph. Center-edge angle 0 degrees, acetabular 

index 31 degrees. The clinical score was fair. 

Figure ІВ: Six weeks after triple osteotomy. Center-edge angle 20 degrees, 

acetabular index 14 degrees. 

Figure 1С: 10 years post-operative. She has no pain and an excellent clinical 

score. There are no signs of degenerative osteoarthritis. 

F I G U R E I A T O l c 



Figure 2A 

Γ»8 

Figure 2c 

Figure 2 B 

Figure 2D 

Figure 2A to 2D: A P radiographs of the right hip in a 43 year old woman. 

Figure 2A: Pre-operative radiograph. Center-edge angle 17 degrees, acetabular 

index 26 degrees. There is grade 1 osteoarthritis with osteophytes at the 

inferior margin of the femoral head. The clinical score was poor. 

Figure 2В: Two months after triple osteotomy. Center-edge angle 25 degrees, 

acetabular index 13 degrees. 

Figure 2c: Five years post-operative, after removal of p a r t of the hardware and 

additional femoral varus derotating osteotomy because of persistent 

complaints. There is grade 2 osteoarthritis with narrowing of the joint 

space and progression of the osteophytes. 

Figure 2D: Seven years post-operative, a total hip arthroplasty has been performed. 

F I G U R E 2 A T O 2 D 



to 47°) and acetabular index to 17°(range 0° to 27°). The clinical outcome was excellent 
or good in 6 hips, and fair or poor in 6 hips. 

OSTEOARTHRITIS: At review 27 of 38 hips (71%) with no pre-operative osteoarthritis 
had a good or excellent clinical score. Seven (18%) of these 38 progressed to grade 1 
osteoarthrtis. 

Pre-operatively 10 hips had grade 1 osteoarthritis, all with a fair or poor clinical score 
(average 10.8). Seven (70%) remained grade 1, and at review still had an improved clinical 
score (average 14.5), of which 2 (20%) good or excellent. The other 3 (33%) progressed to 
grade 2 osteoarthritis and had a total hip arthroplasty. 

At review a total of 17 hips (35%) had osteoarthritis, 14 hips grade 1 and 3 hips grade 
2. Progression of osteoarthritis by one grade had occurred in 10 hips (21%) over 10 years 
(7 from grade 0 to grade 1, and 3 from grade 1 to grade 2). 

Heterotopic ossification developed 10 times, all grade 1. This always appeared as a 
small calcification in the insertion of the caput reflexum of the rectus femoris muscle and 59 
not as true heterotopic ossification. 

SURGICAL COMPLICATIONS: There was one case of intra-articular osteotomy of the 
innominate bone with a transient palsy of the sciatic nerve. This resulted in a fair outcome 
(score 14) and grade 1 osteoarthritis. In nine cases there was dysesthesia in the distribution 
of the lateral femoral cutaneous nerve when specifically examined at follow-up. There were 
3 cases of asymptomatic non-unions of the ischium, and one case of non-union of the 
pubic bone, all after large corrections. Three patients had an infection at the ischial 
wound, one deep and two superficial, which all healed. 

GENERAL COMPLICATIONS: clinically no deep venous thrombosis was diagnosed. 
SECONDARY SURGERY: 35 times the hardware was removed through small stab wounds 

on the iliac crest. 
Three hips pre-operatively had grade 1 osteoarthritis which progressed despite the 

surgery, and this resulted in a total hip arthroplasty 5, 6 and 7 years post-operative. 

DISCUSSION 

In developmental dysplasia of the hip in adolescents and young adults there is 
insufficient anterior and superolateral acetabular coverage of the femoral head, and a valgus 
antetorsion deformity of the proximal femur. In this situation there is an increased joint 
reactive force and a reduced weight bearing surface, leading to an increased joint contact 
pressure. This ultimately leads to cartilage breakdown resulting in degenerative 
osteoarthritis (15). The reported incidence of degenerative osteoarthritis secondary to 
dysplasia of the hip varies from 25 % (1) to 58 % (16). Long before the development of 
arthritis patients are often mildly to moderately symptomatic, probably due to some form 
of fatigue pain or pain elicited from the acetabular labrum (17). Acetabular reorientation 



procedures are performed to reduce these symptoms and aim to delay the impending onset 
of osteoarthritis. However, they cannot completely normalise the hip joint. They place the 
acetabulum in a better position by improving the coverage of the femoral head, but they 
cannot increase the size and depth of the acetabulum, nor do they change the malposition 
of the proximal femur. The short term results of these techniques are often gratifying 
(2,5,10,11), but there are very few reports of the long term results (8,9). 

The results presented here show that considerable clinical improvement can be obtained 
for many of these patients over longer periods of time by performing a triple osteotomy. In 
our series 8 1 % of patients were still better than pre-operative. Few patients (17%, 8 of 48) 
were completely free of complaints, but overall 60% (29 of 48) scored good or excellent 
after 10 years. If patients with pre-operative osteoarthritis are excluded this figure rises to 
7 1 % (27 of 38). These results are similar to a report by Guille et al of 11 hips (8). 

60 When comparing patients with a fair or poor outcome and those with a good or excellent 

outcome there was no difference in average preoperative center-edge angle, acetabular index, 
correction of center-edge angle or correction of acetabular index. Patient satisfaction in this 
series was high, 81 % would again undergo the surgery, 10 % mentioned they would not. 

Compared to the previous report of the 4 year follow-up (11), there has been some 
deterioration. At that time 47 of 51 hips were painfree or almost painfree. This figure has 
now become 28 of 48. Although in the previous report average follow-up was 4 years, 
some patients were only 18 months post-operative, while in the present series the 
minimum follow-up is 8 years. 

Concerning osteoarthritis conclusions cannot be drawn without a comparable series of 
untreated hips over the same period of time. However, such a study is not available. One 
may carefully presume that reduction of the symptoms by triple osteotomy is due to the 
improved biomechanics of the joint, and that this clinical improvement parallels a 
reduction in onset and severity of osteoarthritis. However, the hip joint is not made 
normal by this procedure. Twenty one percent had had progression of osteoarthritis of one 
grade over 10 years. Altogether 35 percent of patients had osteoarthritis at follow-up. This 
is much less than a study by Calvert et al (18) of a very comparable series of 49 Chiari 
osteotomies in which 60 % had osteoarthritis after 10 years. In the only other long term 
follow-up report of acetabular reorientation, a 17 % progression of osteoarthritis was 
reported over an average of 7.7 years (9). 

Patients with pre-operative osteoarthritis had a much poorer outcome at follow-up 
than those without (good or excellent 20% compared to 71%). However, 7 of 10 were 
still better than pre-operative. Other authors have reported reduction of osteoarthritis in 
14 of 42 cases (33%) an average of 4 years after peri-acetabular osteotomy (19), and in 
9.1 % an average of 7.7 years after triple osteotomy (9). This was not observed in this 
study. We feel that in case osteoarthritis is present, there may be an indication for a 
triple osteotomy, but the expectations should not be as high as when there is no 
osteoarthritis. 



Of the many acetabular reorientation osteotomies described in the literature, we have 
performed a triple osteotomy since 1980 for acetabular dysplasia. The procedure allows 
good correction of the acetabulum. It requires less surgical exposure and is technically not 
as demanding as the Bernese peri-acetabular osteotomy (6) or the spherical osteotomy (7). 
The patients in this series were advised to keep bedrest for six weeks post-operative, but 
nowadays the acetabular fragment is fixed with one or two screws instead of Kirschner 
wires, and patients are mobilised on crutches, touch-down weight bearing after a few days. 

Our review confirms that triple osteotomy of the pelvis yields good results in the majority 
of patients after 10 years. Eighty one percent were still better than pre-operative, and 60 % 
were good or excellent. Our finding suggest that the best results can be obtained in patients 
who do not show degenerative changes at the time of surgery. We could not distinguish any 
other factor (such as pre-operative center-edge angle) predicting the outcome. 
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A B S T R A C T 

In developmental dysplasia of the hip in adolescents and young adults pelvic 
osteotomies aim to improve acetabular coverage of the femoral head by reorienting the 
acetabulum. 

The aim of this study was to determine whether three dimensional acetabular coverage 
is related to long term clinical results after triple osteotomy of the pelvis. A previously 
published computer programme was used which calculates three dimensional coverage of 
the femoral head from plain antero-posterior radiographs. 51 hips in 43 patients with ten 
year follow-up were studied. Total acetabular coverage improved from 56% to 70%. We 
did not find a relationship between total acetabular coverage and long term follow-up 
results, nor could we determine an optimal coverage. Reduced coverage of the 

64 posterolateral quadrant of the femoral head was related to reduced ability to walk 

(p=0.03). 
We conclude that other factors than total acetabular coverage of the femoral head 

determine the long term outcome after triple pelvic osteotomy. 

INTRODUCTION 

Developmental dysplasia of the hip in adolescents and young adults is characterised 
by malposition of the proximal femur and deficient acetabular coverage. This abnormal 
relationship is thought to lead to an increased load over a small weight bearing area. To 
reduce complaints and to prevent secondary degenerative arthritis many surgical 
techniques exist such as triple osteotomies (1), peri-acetabular osteotomies (2) and 
spherical osteotomies (3). All aim to improve acetabular coverage. Most assessments of 
this coverage such as the center edge angle (4) and Sharp angle (5) are based on plain 
antero-posterior radiographs. They are two-dimensional measurements of a three-
dimensional object. For a more accurate assessment of the acetabular coverage CT scans 
are most valuable (6), but in the case of long term follow-up studies these were not 
routinely available pre-operatively, and at follow-up they pose ethical concerns because 
of the relatively large doses of ionising radiation required (7). The aim of the present 
paper is to evaluate pre- and post-operative three dimensional acetabular coverage of 
the femoral head and its relationship to the long term clinical outcome after triple 
osteotomy of the pelvis. For this purpose we used the clinical data of 43 patients (51 
hips) with eight to fifteen year follow-up that have been published before in this 
journal (8). These data were related to the three dimensional acetabular coverage 
calculated from plain antero-posterior radiographs with the computer programme 
developed by Konishi and Mieno (9). 



PATIENTS AND METHODS 

From 1980 to 1987 51 triple osteotomies were performed in 43 patients (8). There 
were 38 females and 5 males, the mean age at surgery was 28 years (range 14 to 46 years). 
Two patients (three hips) could not be traced for follow-up and one hip could not be 
assessed using the computer programme because only a plain radiograph of the hip instead 
of the complete pelvis was available. This leaves 47 hips available for the study, with a 
mean follow-up of 10 years (8 to 15 years). 

Clinical evaluation was performed using a routine questionaire which included a 
modification of the D'Aubigne and Postel scoring system (10) which grades each of the 
three categories pain, walking ability and range of motion of the hip from 1 to 6. The 
maximum score 18 is graded excellent, 15 to 17 is graded good, 12 to 14 is graded fair, 65 
less than 12 or a total hip arthroplasty is graded poor. Clinical evaluation also included a 
visual analogue scale of pain, patients' use of pain medication and the ability to play 
sports. The severity of degenerative arthritis was graded from 0 to 4 according to Tonnis 
(11) on the plain radiographs. 

Three dimensional coverage of the femoral head was calculated from the plain antero
posterior radiographs with the computer programme developed by Konishi and Mieno (9). 
This was kindly provided to us by the authors. This programme involves digitising the 
contours of the hip joint and certain pelvic landmarks (the contour of the femoral head, 
acetabular roof, anterior and posterior edge of the acetabulum, obturator foramen, and the 
inferior margin of the teardrops). These data were imported to the computer programme 
on a Compaq Deskpro XL5133 computer (Compaq computer corporation, Houston, 
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F I G U R E 2 A T O D 

Texas). Based on the assumption that the femoral head is spherical, it then calculated total 
acetabular coverage of the femoral head, and the coverage of the four quadrants 
(anteromedial, anterolateral, posterolateral, posteromedial), (figure 1). Additionally 
conventional two dimensional radiographic parameters were calculated: center-edge angle 
(4), Sharp angle (5), the acetabular index of depth to width (AI) (12) and the acetabulum-
head index (AHI) (12) (Figure 2). The calculations were corrected for pelvic tilt. 

The statistical analysis of the relationship between clinical outcome and acetabular 
coverage was performed using the Statistical Programme for the Social Sciences (SPSS, 
version 6.1). Dichotomously and ordinally scaled variables were analysed with Chi-squared 
tests. Interval and ratio scaled variables were analysed with t-tests and the univariate and 
multivariate analysis of the variance. Correlation analyses were performed using the 
Pearson correlation coefficient. A logistic regression analysis was performed to determine 
the influence of confounding variables such as weight, length, age and sex on the clinical 
outcomes. The alpha level was set at 0.05. 



RESULTS 

Total acetabular coverage improved in all hips (table 1). There was a statistically 

significant increased acetabular coverage of all four qaudrants. The mean CE angle, Sharp 

angle and acetabulum-head index (AHI) were improved to normal values (Table 2). The 

acetabular index of depth to width of the acetabulum (AI) remained unaltered. 

Mean acetabular coverage of the femoral head in 47 hipe before and ten years after 

triple osteotomy (percentage ± standard deviation) 

Coverage (%) 

total area 
anterior half 
posterior half 
anteromedial quadrant 
anterolateral quadrant 
posterolateral quadrant 
posteromedial quadrant 

pre-operative 
55.7 ± 12.3 
50.7 ± 13.4 
61.1 ± 13.0 
86.6 ± 14.0 
14.8 ± 15.5 
25.0 ± 20.9 
96.7 ± 7.0 

post-operative 
70.3 ± 12.6 
63.8 ± 16.1 
75.3 ± 13.1 
92.7 ± 10.8 
36.1 ± 24.9 

51.5 ± 25.3 
99.3 ± 1.6 

All differences between pre- and post-operative measures of coverage were significant at 
p<0.01 

TABEL 1 

Mean radiographic findings in 47 hips before and ten years after triple osteotomy 
(degrees or percentage ± standard deviation) 

CE angle (degrees) 
Sharp angle (degrees) 
Acetabular index (AI) (%) 
Acetabulum head index (AHI)(%) 

pre-operative 
8.6 ± 10.8 

44.2 ± 8.0 

24.3 ± 5.9 
57.4 ± 10.1 

post-operative 
24.8 ± 12.4 
32.6 ± 8.7 
26.5 ± 6.4 
71.5 ± 10.0 

TABEL 2 



Figure ЗА Figure Зв and С 

Figure ЗА to 3c: Illustrative case of the right hip in a 30 year old woman. 

Figure ЗА: Pre-operative antero-posterior radiograph. The clinical score was fair. 

Figure Зв : Pre-operative calculation of radiographic criteria 

The digitised contours of the femoral head, acetabulum and teardrop 

are shown with the corresponding calculated values. 

Figure 3C: Pre-operative calculation of acetabular coverage of the femoral head. 

The femoral head as seen from above (craniocaudal view) with the 

area of acetabular coverage shaded. 

FIGURE З А TO С 

Pre-operatively no hips scored excellent, and 8 of 47 hips (17%) scored good. At 
follow-up 29 of 47 (62%) scored excellent or good. Post-operative total acetabular 
coverage did not show a significant relation with any of the clinical outcomes, 
including the D'Aubigné and Postel subscores (pain, walking, range of motion). 
Similarly, total acetabular coverage and coverage per quadrant did not differ sigificantly 
between the hips that scored poor (score < 12 or a total hip arthroplasty) and the other 
hips. 

However, reduced post-operative coverage of the posterolateral quadrant was associated 
with a poorer post-operative walking score (r=0.32, p=0.03). Similarly, mean post
operative coverage of the posterolateral quadrant was less in the cases with a poor result 
than in the other hips (39.8% versus 52.6%). However, this difference did not reach 
statistical significance (p=0.18) 
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Figure 4A Figure 4в and С 

Figure 4A to 4c: The same patient as in figure 1, 10 years post-operative. 

Figure 4A: 

Figure 4 B : 

Figure 4C: 

F I G U R E 4 A TO С 

Post-operative antero-posterior radiograph. The clinical score was excellent. 

Post-operative calculation of radiographic criteria 

The digitised contours of the femoral head, acetabulum and teardrop are 

shown with the corresponding calculated values. 

Post-operative calculation of acetabular coverage of the femoral head. 

The femoral head as seen from above (craniocaudal view) with the area 

of acetabular coverage shaded. 

Progression of osteoarthritis by one grade had occurred in 10 hips (21%) over 10 years 
(7 from grade 0 to grade 1, and 3 from grade 1 to grade 2). The total coverage and 
coverage per quadrant did not differ significantly from those in whom there was no 
progression of osteoarthritis. However, 4 of these 10 had less than 65% total coverage and 
6 of the 10 had more than 80% coverage. None had total coverage in the normal range 
between 65% and 80%. 

The strongest relationship found was between post-operative and pre-operative total 
acetabular coverage (correlation coefficient = 0.7, p<0.001). 

Using a logistic regression analysis, increased weight was found to be significantly 
associated with the probability of a poor result (B = -0.14, Standard error = 0.06, 
ρ = 0.04). No other pre-operative variables were found to be related to clinical outcome. 



DISCUSSION 

Developmental dysplasia of the hip in adolescents and young adults is characterised by 
an abnormal relationship between the proximal femur and the acetabulum. The proximal 
femoral valgus anteversion leads to increased load being transferred across the hip joint. 
The shallow and steep acetabulum results in a reduced weight bearing area to carry this 
increased load. Together this leads to high stresses in the joint. Pelvic osteotomies are 
thought to be effective because they increase the weight bearing area by bringing non 
weight bearing cartilage from medial and posterior up in to the superior area (13). 
However, there are no long term studies available which have shown that increased 
coverage of the femoral head is related to better clinical results. Most follow-up studies 
depend on two dimensional radiographic analysis (1,14). Using a previously published 

70 computer programme (9) we have analysed the three dimensional pre- and post-operative 

acetabular coverage in a series of patients with long term clinical follow-up. The measured 
acetabular coverage was markedly improved. However, we have not been able to support 
the hypothesis that increased acetabular coverage of the femoral head is related to better 
long term clinical outcome. We were not able to define an optimal coverage, but of the 10 
patients with progression of osteoarthritis, none had acetabular coverage in the normal 
range between 65% and 80% (6,9). 

Interestingly, there was a strong correlation between pre- and postoperative coverage, 
implying that pre-operative coverage strongly influenced post-operative coverage. This is 
probably partly because the operations were performed at a time when the pre-operative 
evaluation was performed without sophisticated techniques such as CT scans, and because 
the amount of correction to be obtained was not clearly planned. However, we feel that this 
is also due to the fact that these operations reorient the acetabulum, but they cannot enlarge 
it. This is why the measured depth of the acetabulum (AI) remained unaltered. A very 
deficient acetabulum with a small total area of cartilage can never be tilted to provide 
normal coverage. In a similar manner, improving the coverage of the often deficient 
anterolateral quadrant, may lead to uncovering of the posterolateral quadrant. We found 
that decreased posterolateral coverage was significantly associated with reduced walking 
capacity (p=0.03), and tended to be associated with more poor results, but that difference 
was not significant (p=0.18). This implies that care must be taken not to create uncoverage 
of the posterolateral quadrant when re-orienting the acetabulum by pelvic osteotomy. This 
will inevitably happen when performing a Salter innominate osteotomy (15) in adults, as 
the acetabulum is tilted forward about an axis between the sciatic notch and the pubic 
symphysis. 

If total acetabular coverage is not associated with clinical outcome, other factors must 
be of influence. 



The pain in the hip may be due to an osseous or non-osseous lesion of the acetabular 

rim (16). Acetabular re-orientation unloads the labrum and the acetabular rim, and may in 

that manner alleviate symptoms. 

Alternatively, if it is not the weight bearing area, then the load across the hip might be 

the most important factor in determining the clinical outcome. This would explain why 

we found a weak but significant influence of body weight on the incidence of failures. In 

performing a triple osteotomy the load across the hip joint might be reduced by changing 

the three dimensional position of the center of rotation of the hip. Hsin (14) performed 

an biomechanical analysis of triple osteotomies based on the work of Legal (17). In two 

dimensions they found that the geometry of the pelvis and the loads across the hip were 

not significantly altered. They found a poor correlation between the calculated stress and 

the absolute Harris Hip Score. They did calculate reduced stresses related to increased 

weight bearing area. However, in this model the weight bearing area is directly related to 

the center edge angle, and the calculations assume the anterior and posterior acetabular 71 

margins are idealised straight lines. In acetabular dysplasia with the deficient anterior wall 

this is often not the case. 

We realise that the computer programme we have used has certain weaknesses (18) but 

it has been validated against CT measurements and direct cadaver measurements (9). It 

assumes a spherical femoral head as most biomechanical analyses (17), but this is not quite 

accurate. More importantly, the fossa acetabuli is not taken into consideration. Although it 

may have some weight bearing capacity through the soft tissues in it, it must be considered 

less capable of transferring loads than the articular cartilage of the acetabulum. Despite 

these limitations, we feel that up to now this is the only way of correlating long term 

clinical results to three dimensional acetabular coverage of the femoral head obtained by 

pelvic osteotomy. 

We have not been able to confirm the expected relationship between acetabular 

coverage of the femoral head and clinical outcome, and conclude that other variables are 

important in influencing the outcome of triple osteotomy of the pelvis. When re-orienting 

the acetabulum, care should be taken not to uncover the posterolateral quadrant of the 

femoral head as this seems to be related to poorer results. 
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A B S T R A C T 

Triple pelvic osteotomy aims to re-orient the acetabulum relative to the pelvis in order 
to improve acetabular coverage of the femoral head in cases of acetabular dysplasia. An 
RSA study was undertaken to determine the actual three dimensional re-orientation 
obtained in such cases, and to evaluate to which extent the desired correction was realized. 
Six times a triple osteotomy was performed on a fresh cadaver and RSA measurements 
were performed. 

The centers of the femoral head were all translated posteriorly between 11 and 41 mm, 
and distally up to 13 mm. Four were lateralised up to 8 mm, and two were medialized up 
to 5mm. All acetabuli rotated anteriorly about the lateral to medial axis (X-axis), and four 
rotated outwards around the distal to proximal axis (Y-axis). 

76 The correlation between measurements performed on conventional antero-posterior 
radiographs and the RSA measurements was poor: the discrepancies in the lateral-medial 
direction ranged from -16 to +6 mm, and in the distal-proximal direction between -10 and 
+ 12 mm. 

The measured changes in orientation will have a significant effect on the load across 
the hip joint, as the dimensions of the pelvis change and the moment arms of the muscles, 
their lengths and lines of action are changed. It is concluded that with the procedures 
presently performed, the loads across the hip joint are altered, and that the re-orientation 
can hardly be checked with conventional radiographs. 

I N T R O D U C T I O N 

In adolescents and young adults acetabular dysplasia is characterized by insufficient 
anterior and lateral acetabular coverage of the femoral head. It can be treated effectively by 
triple pelvic osteotomy (Steel 1977, Tonnis et al. 1981), whereby the acetabulum is cut 
free from the pelvis, and is tilted to improve acetabular coverage of the femoral head. 
However, current data has shown no clear relationship between the degree of acetabular 
coverage and the long term clinical results (de Kleuver et al. 1997). The re-orientation 
obtained does not always equal the correction that is desired, as many variables influence 
the results, such as the soft tissues attached to the acetabulum (hip capsule, periosteum 
and muscles) and the orientation of the osteotomy planes. 

The first step in analyzing the effects of a pelvic osteotomy on the biomechanics of a 
hip joint is to determine the change in orientation and position of that joint in the pelvis. 
These analyses have hitherto been based on conventional antero-posterior radiographs 
(Colton 1972, Nakamura et al 1992, Hsin et al 1996). However, these are dependent on 



the position of the patient and the tilt of the pelvis when the radiographs are taken. Most 
importantly, antero-posterior radiographs give a two dimensional representation of a three 
dimensional reality, with severe loss of information. 

The purpose of this study was to determine what re-orientation of the acetabulum 
occurs when a triple osteotomy is performed. For that purpose a Röntgen 
Stereophotogrammetric Analysis (RSA) was undertaken in six cadaver hips. A triple 
osteotomy was performed each time, and before and after the operation the positions of 
the acetabuli and the femoral heads were determined relative to the sacrum. The results 
were compared to measurements obtained from conventional antero-posterior radiographs. 

77 
MATERIALS AND M E T H O D S 

Six hip joints were studied. Each time a routine triple pelvic osteotomy (Tönnis et al. 
1981) was performed on a fresh cadaver. 

Standard RSA techniques were employed (Selvik 1989). Two rigid bodies were 
considered: the sacrum (with the iliac wing) and the acetabulum. 

During the surgical exposure ten to fifteen 1.5 mm markers were placed in the 
acetabulum, and approximately ten more markers were placed in the iliac wing and the 
ischium. Through a small additional posterior incision four markers were placed in the 
sacrum. Routine calibration was performed (Selvik 1989) and stereo-radiographs of the 
hip were made. The osteotomy and acetabular re-orientation were performed. The 
acetabulum was rotated anteriorly by 20 degrees and laterally by 20 degrees. These are the 
amounts of rotation typically performed in patients with acetabular dysplasia, although the 
correction is normally determined individually, depending on the severity of the dysplasia. 
As in routine surgery, the anterior rotation was estimated by drilling two K-wires parallel 
in the sagital plain before correction, one into the acetabulum and one into the iliac wing. 
The amount of anterior rotation about the lateral to medial X-axis of the acetabulum was 
estimated by assessment of the angle in the sagittal plane between the two K-wires after the 
correction. Similarly, a second set of two K-wires was placed into the acetabulum and iliac 
wing, parallel in the frontal plane, to estimate the lateral rotation about the posterior to 
anterior Z-axis of the acetabulum. After surgery, stereo-radiography was performed again, 
followed by a second calibration. The data was digitized using an ARISTO digitizer 
(Huiskes et al. 1985) and analyzed using the X-RAY and KINEMA software (Selvik 1989). 
In all calculations the origin of the coordinate system was taken as the center of the 
sacrum. The center of the acetabular fragment was taken to be the center of the femoral 
head. As no marker could be placed at the center of the femoral head, this point was 
determined on the two pre-operative stereo-radiographs using spherical templates placed 
over the femoral head. The coordinates of this point were calculated and related to the 



markers in the acetabular fragment. The change in position of the center of the femoral 

head due to the re-orientation was then calculated relative to the sacrum, using a right 

handed coordinate system (Figure 1). The Χ, Y and Ζ translations and Eulerian rotation 

angles were determined. In order to visualize the results typically obtained, they were re

created in a plastic pelvis model from the RSA data and photographed. 

7» 

Figure 1 : Illustration of right handed coordinate system employed for a right hip 

F I G U R E 1 

R E S U L T S 

The centers of the femoral head were all translated posteriorly between 11 and 41 mm; all 

were translated distally up to 13 mm and four were lateralised up to 8 mm (Table 1, Figure 1). 



All acetabuli were rotated 10 to 20 degrees anteriorly about the X-axis and four out of six 

acetabuli were rotated about the Y axis decreasing anteversion. Although the center of the 

femoral head was displaced posteriorly, this is not apparent when seen from anterior during 

surgery, as the acetabulum comes forward as it rotates anteriorly about the X-axis (figure 2). 

The correlation between measurements performed on conventional antero-posterior 

radiographs and the RSA measurements was poor (table 2). Conventional radiographs and 

RSA gave the same direction of translation along the X-axis (towards medial or towards 

lateral) only three out of six times, and the discrepancy in the tranlations measured ranged 

between -16 and +6 mm. The direction of translations along the Y axis agreed five out of 

six times (towards proximal or towards distal), but the discrepancy in the tranlations 

measured ranged between -10 and +12 mm. The small numbers of specimens and the 

wide range of the values precludes further statistical analysis. 
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Translation and rotation of the center of the femoral head relative to the sacrum in six 

hips after triple osteotomy of the pelvis. All measurements are given as for a right hip. 

For axes see figure 1. 

Hip 

1 

2 

3 

4 

5 

6 

Average 

Translation (mm) 

Χ Υ Ζ 

medial : proximal : anterior 

5 -13 -25 

-8 -4 -41 

-4 -5 -11 

-6 -7 -18 

-1 -4 -26 

4 -11 -17 

-1.7 -7.3 : -23.6 

Rotation (degrees) 

Fi ! Psi ; Thêta 

20 2 7 
20 -6 0 

15 -4 I -4 
10 -7 3 

16 -6 8 
10 12 4 

15.5 -3 4 

Translation 

X: lateral to medial translation 

Y: distal to proximal translation 

Zi posterior to anterior translation 
Rotation 

Fi: anterior rotation about the X axis 
Pei: medial rotation about the Y axis (increased anteversion) 

Theta: lateral rotation about the Ζ axis 

The rotations are sequential about the X, Y, and Ζ axis. 

Т А В EI. 1 
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Two dimensional translation of the center of the femoral head as measured on 

conventional antero-posterior radiographs and es measured with RSA for six hipe after 

triple pelvic osteotomy. 

HipNr 

1 

2 

3 

4 
5 

6 

X AP X ray 
-1 

8 

-4 
A • 

2 
-2 

4 

Translation (mm) 

XRSA 

5 
-8 
шЩ: 

-JS 
-1 

4 

Y AP X ray 

-4 

6 
-17 

-9 
-1 

-7 

Y RSA 
-13 

-4 
-5 

-7 

-4 

-11 

' • > ; • ; : 

Legend 

X AP X ray; translation along the X-axis (lateral to medial) as measured on antero
posterior radiograph 

X RSA: translation along the X-axis (lateral to medial) as measured with RSA 

Y AP X ray; translation along the Y-axis (distal to proximal) as measured on antero
posterior radiograph 

Y RSA: translation along the Y-axis (distel to proximal) as measured with RSA 

TABEL 2 

DISCUSSION 

In cases of acetabular dysplasia, triple osteotomy of the pelvis aims to improve 

insufficient acetabular coverage of the femoral head by shifting the non-weight bearing 

acetabular cartilage from medial and posterior towards the superior and anterior areas which 

are deficient of cartilage. In this manner the weight bearing area in axial loading is 

increased, supposedly reducing the pressure in the joint. However, there is no clear 

relationship between the parameters of acetabular coverage measured and the long term 

clinical outcome (de Kleuver et al. 1997), so that other factors than just acetabular coverage 

might be of influence. 

A better understanding of the effects of a pelvic osteotomy on the biomechanics of the 

hip joint may be helpful in explaining by which mechanism pelvic osteotomies that re

orient the acetabulum are effective. 

This study shows that when the acetabulum is re-oriented, the center of the hip joint 
(the center of the femoral head) is markedly translated distally and posteriorly, and 



Figure 2A: Pre-operative 

anteroposterior view 

Illustration of the average displacement of the 

acetabulum on a plastic model of the pelvis. 

The vertical and horizantal planes are 

marked by the black lines. Note the evident 

posterior displacement of the center of the 

hip joint. 
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Figure 2В: Pre-operative 

lateral view 

Figure 2C: Post-operative 

anteroposterior view 

Figure 2 D : Post-operative 

lateral view 

F I G U R E 2A TO 2 D 

sometimes medially or laterally. These changes were larger than we had expected, especially 
the translation posteriorly; and they were not reported before. They must have a significant 
effect on the load across the hip joint. First, because the moment generating requirements 
of the muscles are altered as the dimensions of the pelvis change. Second, because the 
lengths and lines of action of the muscles change, the moment arms and forces produced 
by the muscles are altered. Nemeth and Ohlsen (1985) found that the normal moment 



arm for the gluteus maximus was 79 mm, for the hamstrings 61 mm and for the adductor 

magnus 15 mm. The translations measured in this study, of the order of centimeters, 

imply significant changes in these moment arms. Delp et al. (1993) have calculated that a 

2 centimeter posterior displacement of the hip center, which is close to the average 

displacement that we have measured, would lead to a 36 % decrease in extension moment 

and a 22 % increase in flexion moment. Similarly, the 8 millimeter distal displacement 

that we have measured would lead to 15 % increase in abduction moment, a 5 % increase 

in adduction moment and a 5 % increase in flexion moment. 

Hsin et al. (1996) have analyzed the biomechanics of the hip following triple 

osteotomy based on the work of Pauwels and Legal (Legal 1987). This was based on 

antero-posterior radiographs of a patient population. They found an increased weight 

bearing area of the acetabulum, but the relative load based on the moment arm 

82 calculations remained the same. These calculations only took into account the medial-

lateral displacement of the center of rotation of the hip joint (the center of the femoral 

head) as measured on antero-posterior readiographs, and not the superior-inferior or the 

anterior-posterior displacements. Our experiments show that these translations are 

significant. 

Another method of estimating re-orientation was employed by Rab (1978) when he 

made a mathematical analysis of a single innominate osteotomy (Salter 1973). This was 

based on an assumed axis of rotation of the acetabulum between the pubic symphysis and 

the sciatic notch. The acetabulum was found to translate 1 centimeter distally, 1.2 cm 

medially, and 1.5 cm posteriorly. The acetabulum rotated in extension and adduction. This 

is a simple and elegant calculation and the inferior and posterior translations are of the 

same order of magnitude as found in this study. However, the major difference is that in 

adults a triple osteotomy gives much more freedom of motion of the acetabulum than a 

single innominate osteotomy, and therefore there is no predictable axis of rotation for a 

mathematical model. 

The rotations of the acetabulum that we found are more difficult to relate to normal 

clinical experience than the translations. The rotations are sequential about the body 

(acetabulum) fixed axis X,Y and Ζ and are performed in that order. They can therefore not 

be considered individually. For example, rotation about the Ζ axis is not the same as a 

change in center edge angle as measured on antero-posterior radiographs, and rotation 

about the Y-axis is not the same as changes in anteversion of the acetabulum. For this 

reason the K-wire method used intra-operatively to estimate rotational corrections is 

inherently inaccurate. Furthermore, the K-wires can never point exactly towards the center 

of the hip joint, further increasing the error of this method. 

The data for translations in the X and Y axis were quite different as determined by RSA 

and as measured from antero-posterior radiographs. In this study we did not attempt to 

analyze antero-posterior radiographs compared to the "gold standard" RSA further. 

Sources of the inaccuracy of antero-posterior radiographs might be the varying 



magnification and the pelvic tilt and obliquity of the patient. However, it certainly raises 
questions about the accuracy of studies on translations of the hip joint during pelvic 
osteotomies based on such radiographs (Nakamura 1992, Hsin 1996). 

Despite the fact that we attempted to re-orient all acetabuli equally, the inter-specimen 
variability in the data was quite substantial. This may be partly due to the age and stiffness 
of cadaver hips, which makes the operation, and especially the re-orientation, more difficult 
than in patients. However, it also casts some doubt on the reproducibility of the operation. 

An attempt was made to determine the re-orientation in three dimensions of the 
acetabulum and the center of the femoral head during triple pelvic osteotomy in cadavers. 
We have consistently found displacements distally and posteriorly, but not medially or 
laterally. These displacements have not been reported before, and they must influence the 
load across the joint. These measurements are a step towards a better understanding of the 83 
biomechanical effects of these procedures, and illustrate that up to now we have not 
known exactly what we were doing. 
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INTRODUCTION 

Dysplasia of the hip is a three dimensional deformity of the proximal femur and the 
acetabulum. To improve the deficient acetabular coverage of the femoral head, and to 
reduce the obliquity of the weight bearing area of the acetabulum, the Bernese peri-
acetabular osteotomy (PAO) (1) has been applied in more than 500 cases of dysplastic 
hips. There are two main challenges to be overcome. First, the complex anatomy of the 
pelvis and surrounding soft tissues requires accurate placement of the osteotomes to 
prevent damage to nerves, vessels, and to the joint itself. Second, intra-operatively it is 
difficult to determine the amount of acetabular re-orientation required. 

Currently radiographs and three dimensional reconstructions from CT scans allow for 
86 diagnosis and pre-operative planning. The surgeon analyses the pre-operative images and 

makes an operative plan. Intra-operatively visual inspection in situ and radiographic image 
intensification are currently the only means for controlling the position of the osteotomes 
around the joint and for implementing the planned correction. The only link between the 
"virtual world" of the pre-operative CT image (or any other medical image), and the "real 
world" of the operation theatre is the mind of the surgeon. 

The goal of this study was to bring together pre-operative surgical planning and intra
operative guidance of the surgical handling. To achieve this, surgical handling intra-
operatively can be guided by showing the exact locations of the instruments superimposed 
in realtime on three-dimensional CT reconstructions of the patient's hip. As an aid in the 
execution of the pre-operatively planned acetabular correction, the acetabular re
orientation that is being performed has to be shown on the three-dimensional CT 
reconstruction. 

M E T H O D S AND SYSTEM D E S C R I P T I O N 

Prior to surgery three modified 3.5 mm cortical screws are inserted into the pelvic rim 
under local anaesthesia to create a set of fiducial markers which can be identified on a CT 
scan and during surgery. A CT scan (approximately 40 slices, distances vary from 1.5 to 5 
mm) of the pelvis is then made and the image data is loaded into the planning software. A 
three dimensional CT reconstruction of the hip, with the femoral head and acetabulum 
separately segmented, enables the simulation of different corrections. Once an optimal 
coverage of the femoral head by the acetabulum has been found, this position of the 
acetabulum is stored for later use. 



Figure 1 : instruments used for pelvic 

osteotomies. The osteotomes and 

pointer each have four light emmitting 

diodes attached on a shield, which can 

be followed by the camera. Their 

precise location in the pelvis is then 

projected on the CT images. 
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Figure 2: the opto-electronic 

tracking camera which registers 

the exact location of the 

instruments. 

Figure 3: system unit with the 

computer and monitor. 

Figure 4: CT images as shown on 

the monitor during surgery. 

FIGURE 1 TO 4 



Intra-operatively, a modification of the standard osteotomy instrument set is used 
(figure 1). Each instrument is equipped with four infra-red light emitting diodes (LED's). 
The LED's are registered by an optoelectronic camera system (figure 2) (OPTOTRAK, 
Northern Digital, Waterloo, Canada) and thus describe the location and orientation of the 
instrument in space. A special "reference base" also holding four LED's is mounted on the 
pelvic rim after exposure. This allows patient motion to be registered by the camera. The 
reference base is rigidly fixed to the bone and has a snap-on mechanism, allowing it to be 
removed temporarily if it is in the way. Using a paired point matching algorithm based on 
anatomical landmarks and the pre-operatively inserted fiducial markers the patients 
anatomy is registered and matched with the CT image. Once the link between the patient 
and the image is established, the current location and orientation of any surgical 
instrument (pointer, osteotome, drill) can be displayed in real-time on the CT image on a 
monitor in the operating room (figure 3 and 4). On the monitor, a combination of planar 

88 reconstructions, maximum intensity projections and 3D reconstructions has been found to 

provide most valuable information. Instruments are displayed real-time as graphical 
overlays onto these images. In this way the system acts as a navigation aid during the 
performance of the osteotomies by telling the surgeon where the tip of the osteotome is at 
that moment. 

For the fulfillment of the pre-operatively planned acetabular re-orientation, an second 
LED reference base is attached to the acetabulum. Once the acetabulum is cut free from 
the pelvis, by measuring the relative motion between the reference base on the pelvic rim 
and the reference base on the acetabulum, it is possible to display the correction of the 
acetabulum in the three dimensional CT image. This enables accurate application of the 
pre-operatively planned correction. 

R E S U L T S AJVD E X P E R I E N C E S 

The system has been succesfully applied in seven cases of peri-acetabular osteotomy so 
far. During these cases routine surgery was performed, and the system was used as a 
supplement to the normal procedure. 

PRE-OPERATIVELY: A pre-operative CT scan is required, but currently in our situation a 
diagnostic CT scan is always made in cases of dysplasia of the hip. Therefore the patient is 
exposed to no or very little extra radiation. The pre-operative planning is somewhat time 
consuming, but provides a great deal of extra insight into the deformity of the hip. 

INTRA-OPERATIVELY: the matching proces takes 10 to 15 minutes. The instruments are 
modified osteotomes (figure 1), and allow for usual handling. The attached electrical cables 
are somewhat cumbersome and may get entangled. The visualisation of the instruments 
and the acetabular re-orientation on the CT images (figure 3 and 4) is extremely usefull 



and user friendly. It allows for precise positioning of the osteotomes around the joint, and 

a clear visualisation of the obtained acetabular re-orientation. 

D I S C U S S I O N 

By introduction of opto-electronic surgical navigation techniques and advanced image 
registration the gap between pre-operative simulation and surgical action can be bridged. 
Elements of diagnosis, planning, preparation and intra-operative guidance have been 
combined. Based on the first experiences it seems to be very usefull by providing precise 
positioning of the osteotomes around the joint, and clear visualisation of the obtained 
acetabular re-orientation. To verify medical benefit further studies are being performed. 89 

Validation and in vitro accuracy testing is currently taking place. Furthermore, the system 
is being further developed, and with improved matching algorithms and surface matching 
facilities, it is currently no longer necessary to apply the three fiducial markers pre-
operatively. In the future if the system works satisfactorily, it may allow for more precise 
(and safer) positioning of the osteotomes and less invasive surgical techniques as the in situ 
visual control will be needed less. Furthermore, intra-operative radiography might become 
superfluous, and accurate implementation of the pre-operative plan may become reality. 
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CHAPTER 10 

SUMMARY, ADDRESS TO THE 
AIMS, AND CONCLUSIONS 



Developmental dysplasia of the hip is characterised by a shallow and steeply oriented 
acetabulum and a valgus ante-torsion deformity of the proximal femur. Dysplasia of the 
hip can cause hip pain in the young adult, and will eventually lead to degenerative arthritis 
in the majority, if not all patients. If there are no (or minimal) degenerative changes, then 
there are many surgical options. From the current literature there would seem to be a 
preference for primarily acetabular re-orientation by pelvic osteotomy. In this manner non 
weight bearing acetabular cartilage is moved from posterior and medial towards superior 
and antero-lateral to increase the weight bearing area. Additionally the obliquity of the 
acetabulum is reduced, resulting in reduced shearing forces in the joint. 

There is very little literature regarding the anatomy, long-term results and biomechanics 
of pelvic osteotomies. An accurate description of the anatomy is essential to perform these 
operations; the long-term results are important to defend (or reject) the use of this major 

92 surgery in young patients; and understanding the biomechanics of hip dysplasia and pelvic 
osteotomies will help determine the indications for surgery and the goals of acetabular re
orientation. To help answer these questions a triple pelvic osteotomy was studied in this 
thesis. The following is a summary of this thesis, in relation to the aims listed in chapter 2. 
For a more detailed discussion the reader is referred to the specific chapters. 

In chapter 1 and chapter 2, an introduction and review of the literature are given and 
the aims of the thesis are stated. 

A i m 1. 
To s t u d y a n d descr ibe the p e l v i c a n a t o m y and its re lat ion to a 
( tr iple) pe lv i c o s t e o t o m y . 
Chapter 3, 4 and 5 describe the anatomy of the pelvis and its relation to a triple pelvic 

osteotomy. A large number of different pelvic osteotomies have been described in the 
literature, such as single, double, triple, peri-acetabular and spherical osteotomies, but 
there are no reports of the detailed surgical techniques. Chapter 3 attempts to address this 
by describing the surgical technique and anatomical structures prone to damage during a 
triple pelvic osteotomy as first described by Tönnis. During the ischial osteotomy the 
sciatic nerve, the pudendal neurovascular bundle and the inferior gluteal neurovascular 
bundle are at risk. During the pubic osteotomy the femoral vein, the corona mortis and 
the obturator neurovascular bundle are at risk. During the ilium osteotomy the sciatic 
nerve and superior gluteal neurovascular bundle in the sciatic notch are at risk. 

Chapter 4 and 5 describe alternative surgical approaches and techniques to osteotomise 
the pubic bone (chapter 4) and the ischium (chapter 5). The advantages and disadvantages 
of these alternatives are discussed. These studies determined that the pubic osteotomy can 
best be performed from lateral, coming down the inside of the iliac wing to the pubic 
bone. The ischial osteotomy is safest when performed under the ischial spine, but this may 
limit the freedom of rotation of the acetabular fragment because the sacro-spinous 
ligament stays attached to it. 



Aim 2 . 
To report the l o n g term c l in ica l results o f a series o f 4 3 pa t i en t s 
(51 hips) w h o u n d e r w e n t a tr ip le pe lv i c o s t e o t o m y . 
To address the complete lack of long-term follow-up results in the literature a 

retrospective study of 51 hips that underwent a triple osteotomy was undertaken 8 to 15 
years post-operative (chapter 6). The results were encouraging. At an average follow-up of 
10 years 81% of patients were improved compared with before the operation, and 60% 
scored good or excellent. Degenerative osteoarthritis progressed by one grade in 2 1 % of 
the hips over ten years. However, for this group of relatively young patients a still longer 
follow-up study is required. 

A i m 3 . 
To analyse w h e t h e r improved acetabular coverage o f the femoral 
head after tr ip le pe lv i c o s t e o t o m y is re lated to an i m p r o v e m e n t o f 93 
the c l in ica l resul t . 
Triple pelvic osteotomy gives good long-term results, but the mechanism by which it 

works is not yet clear. It is often assumed that by improving the acetabular coverage of the 
femoral head, the weight bearing area is increased and the pressure in the joint is reduced. 
In chapter 7 a computer programme was implemented that calculates the acetabular 
coverage of the femoral head from conventional antero-posterior radiographs. Acetabular 
coverage increased significantly, but no clear relation was found between improved 
acetabular coverage and improved clinical outcome. However, lack of postero-lateral 
coverage of the femoral head was related to poorer results. This is important, because 
during the operation, by attempting to improve coverage antero-laterally, the posterolateral 
coverage may be decreased, thus leading to poorer results. 

A i m 4 . 
To s t u d y the b i o m e c h a n i c a l changes o f the h i p j o i n t caused by 
tr iple pe lv ic o s t e o t o m y . 
In chapter 8 a röntgen stereophotogrammetric analysis (RSA) shows that the femoral 

head and the center of the hip joint is displaced greatly by triple pelvic osteotomy. The 
greatest displacement was in the posterior direction (upto 4.1 centimeters), and 
interestingly this is exactly the dimension that is impossible to determine from 
conventional antero-posterior radiographs. This explains why it has not been reported 
before. The moment arms of the muscles according to the literature are in the order of 2 
to 8 centimeters and this displacement posteriorly must therefore have a significant effect 
on the joint reactive force across the hip joint. 

From these two biomechanical studies the conclusion can be drawn that the 
mechanism by which triple osteotomy of the pelvis alleviates symptoms is not just by 
increasing the size of the weight bearing area in axial loading by improvement of 
acetabular coverage of the femoral head, but also by altering the moment arms of the 
muscles and thereby the load across the hip joint. 



Aim 5. 
To describe computer assisted operative techniques in relation to 
pelvic osteotomies. 
Finally, in chapter 9 the preliminary results of a new computer assisted operative 

technique are described. During conventional surgery the direction of the osteotomies is 
determined by experience, and often an image intensifier provides radiographic localisation 
of instruments. Computer assisted surgical technique provides two benefits. First it acts as 
a navigation aid to help perform the osteotomies more precisely (and therefore more 
safely) by displaying the osteotomes in real-time on CT images and three dimensional CT 
reconstructions. Second, it helps determine acetabular re-orientation by displaying the 
acetabular re-orientation real-time on a three dimensional CT image of the pelvis. 

94 

CONLUSIONS 

Triple pelvic osteotomy has been shown to be an effective treatment for dysplasia of the 
hip in adolescents and young adults with good long-term results. 

The anatomy of the pelvis makes the surgical approach for any pelvic osteotomy 
difficult, and there are many anatomic pitfalls such as the femoral vein, the gluteal, 
pudendal and obturator neurovascular bundles, and the sciatic nerve. 

The two biomechanical studies have indirectly shown that the pressure in the joint 
(load per unit weight bearing area) must change. The load across the hip joint is changed 
by altering the moment arms of the muscles, and the weight bearing area (acetabular 
coverage of the femoral head) is increased. The altered load over an increased weight 
bearing area combined with an expected reduction of shearing forces in the joint due to 
the reduced obliquity of the acetabulum, probably explain the mechanism by which this 
operation is effective in providing clinical improvement. 

Computer assisted surgical techniques are now under development and promise to be 
usefull navigation aids when performing the osteotomies and to aid accurate acetabular re
orientation. The preliminary results are reported, and further testing is currently ongoing. 

Q U E S T I O N S R E M A I N I N G 

It is not clear whether there is any ground for prophylactic surgery to prevent 
secondary degenerative ostco-arthritis in asymptomatic patients with acetabular dysplasia. 
The literature on the natural history suggests a high rate of secondary degenerative 
osteoarthritis, but to argue for prophylactic surgery the very long term follow-up results of 



pelvic osteotomies are required, and these are still not available. Exact radiographic criteria 
of acetabular dysplasia are not available. There is a grey zone between dysplastic and 
normal acetabuli, and in these cases the radiographic criteria for the indication of a pelvic 
osteotomy are still not clear. 

A question that remains unanswered is exactly how much re-orientation of the 
acetabulum is required. The acetabulum is not enlarged by a triple osteotomy, but only re
oriented to a better position. Improving anterolateral coverage of the femoral head may 
lead to decreased postero-lateral coverage, which this thesis has shown to be detrimental. 
For each individual hip there is probably an individual optimum acetabular orientation, 
given the fixed size of the acetabulum. 
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CHAPTER 11 

SAMENVATTING, ANTWOORD 
OP DE DOELSTELLING, 
EN CONCLUSIES 



Heupdysplasie kenmerkt zich door een ondiep en steil georiënteerd acetabulum en een 
coxa valga ante-torta. Heupdysplasie kan in de jong volwassen heupklachten geven, en 
leidt in de meeste, zo niet alle gevallen, uiteindelijk tot secundaire arthrose van de heup. 
Indien er (nog) geen arthrotische verschijnselen zijn, bestaan er meerdere operatieve 
behandelings mogelijkheden. Uit de huidige literatuur lijkt er een voorkeur te bestaan voor 
een bekken osteotomie waarbij het acetabulum kan worden gekanteld en beter wordt ge
oriënteerd ten opzichte van het bekken. Op deze manier wordt kraakbeen dat niet axiaal 
belast wordt van posterieur en mediaal verplaatst naar de deficiente gebieden superieur en 
lateraal. Tevens wordt het acetabulum meer horizontaal geplaatst, zodat de schuifkrachten 
in het gewricht worden verminderd. 

Er is weinig literatuur betreffende anatomie, lange termijnsresultaten en biomechanica 
van bekken osteotomieen. Een nauwkeurige bestudering en beschrijving van de anatomie 

98 is essentieel om deze moeilijke operaties te kunnen uitvoeren; de lange termijns resultaten 
zijn van belang om het gebruik van deze operaties bij jonge patienen al dan niet te 
rechtvaardigen; en kennis van de biomechanica van heup dysplasie en bekken 
osteotomieen is nodig om de indicaties voor operatie te stellen en om de benodigde 
acetabulaire correctie te berekenen. Om op deze vragen antwoord te geven werd de triple 
osteotomie van het bekken bestudeerd. Het volgende is een samenvatting van deze 
dissertatie, weergegeven aan de hand van de doelstellingen uit hoofdstuk 2. Voor een 
gedetailleerde discussie wordt verwezen naar de relevante hoofdstukken. 

Hoofdstuk 1 en 2 geven een samenvatting van de huidige literatuur en de 
doelstellingen van deze dissertatie. 

Doelstelling 1. 
Bestuderen van de anatomie van het bekken in relatie tot een 
(triple) bekken osteotomie. 
Hoofdstuk 3, 4 en 5 beschrijven de anatomie van het bekken in relatie tot een triple 

osteotomie. In de literatuur zijn een groot aantal verschillende bekken osteotomieen 
beschreven, zoals de enkele, dubbele, triple, peri-acetabulaire en spherische osteotomie. Er 
zijn echter geen gedetailleerde bescrijvingen van de chirurgische anatomie. In hoofdstuk 3 
worden de chirurgische techniek en de anatomische structuren beschreven die gevaar lopen 
tijdens een triple osteotomie zoals die voor het eerst is beschreven door Tonnis. Tijdens de 
osteotomie van het ischium is er kans op beschadiging van de nervus ischiadicus, de 
pudendus neurovasculaire bundel, en de inferieure gluteale neurovasculaire bundel. Tijdens 
de osteotomie van het os pubis lopen de vena femoralis, corona mortis en de obturator 
neurovasculaire bundel gevaar. Tijdens de osteotomie van het ilium is er vooral risico voor 
de nervus ischiadicus en de superieure gluteaal neurovasculaire bundel in de incisura 
ischiadica. 

In hoofdstuk 4 en 5 worden verschillende benaderingen en technieken van de 
osteotomie van het os pubis (hoofdstuk 4) en het ischium (hoofdstuk 5) bestudeerd. De 



voor en nadelen van de technieken worden besproken. Het blijkt dat de osteotomie van 
het os pubis het beste kan worden verricht vanuit lateraal, langs de binnenkant van het 
ilium. De ischium osteotomie is het veiligst als deze wordt verricht onder de spina 
ischiadica. Dit kan echter als nadeel hebben dat de vrijheid van bewegen van het 
acetabulum beperkt wordt doordat het ligamentum sacrospinosum aan het acetabulum 
blijft vast zitten. 

Doelstelling 2. 
Beschrijven van de lange termijn resultaten van 43 patiënten (51 
heupen) die een triple osteotomie hebben ondergaan. 
In de literatuur zijn geen studies bekend met lange termijn resultaten van bekken 

osteotomieën met acetabulaire re-orientatie. Om deze reden werd een retrospectieve studie 
uitgevoerd van 51 heupen die 8 tot 15 jaar geleden een triple osteotomie hadden 
ondergaan (hoofdstuk 6). Na gemideld 10 jaar hadden 81% van de patiënten minder 99 
klachten dan voor de operatie, en 60% scoorde goed of uitstekend. In 2 1 % van de heupen 
nam secundaire arthrose toe met één graad over de periode van 10 jaar. Omdat het om een 
relatief jonge groep mensen gaat is nog langere follow-up informatie belangrijk. 

Doelstelling 3. 
Analyseren in hoeverre toegenomen acetabulaire bedekking van de 
femurkop na triple osteotomie is gerelateerd aan betere klinische 
resultaten. 
Triple osteotomie geeft goed lange termijns resultaten, maar het biomechanische 

mechanisme waardoor dit wordt bereikt is nog onduidelijk. Vaak wordt aangenomen dat 
door een betere acetabulaire bedekking van de femurkop, er een toegenomen gewicht 
dragend oppervlak is, met als gevolg verminderde druk in het gewricht. In hoofdstuk 7 
werd een computer programma gebruikt dat van een conventionele voor-achterwaartse 
rontgen foto van het bekken de acetabulaire bedekking van de femurkop berekent. De 
acetabulaire bedekking nam significant toe, maar er werd geen relatie gevonden tussen 
betere bedekking en betere klinische resultaten. Wel bleek afgenomen posterolaterale 
bedekking van de femurkop te relateren aan slechtere resulaten. Dit is van belang, omdat 
tijdens de operatie word gepoogd de antero-laterale bedekking te verbeteren, maar hierbij 
kan de posterolatreral bedekking worden verminderd, wat slechtere resultaten kan geven. 

Doelstelling 4. 
Bestuderen van de biomechanische veranderingen die optreden in 
het heup gewricht ten gevolg van een triple osteotomie. 
In hoofdstuk 8 blijkt uit een röntgenstereophotogrammetrische analyse (RSA) dat de 

heupkop en het centrum van het heup gewricht fors wordt verplaatst tijdens een triple 
osteotomie. De grootste verplaatsing is naar posterieur (tot 4,1 centimeter), en dit is bij 
uitstek de richting die op een conventionele voor-achterwaartse röntgen foto niet te 
beoordelen is. Om deze reden is dit waarschijnlijk nooit eerder geconstateerd. Uit de 



literatuur blijkt dat de moment armen van de spieren 2 tot 8 centimeter bedragen, en deze 
posterieure verplaatsing moet dus een groot effect hebben op de krachten die op het 
heupgewricht worden uitgeoefend. 

Uit deze twee biomechanische studies blijkt dat het mechanisme waarbij een triple 
osteotomie de klachten van een patient kan verminderen niet alleen berust op toename van 
het gewicht dragend oppervlak, maar waarschijnlijk ook op verandering van de moment 
armen van de spieren en daardoor de krachten op de heup. 

Doelstelling 5. 
Beschrijven van nieuwe "computer assisted" operatie technieken bij 
bekken osteotomieen. 
Als laatste worden in hoofdstuk 9 de eerste resultaten beschreven van een nieuwe 

100 "computer assisted" operatie techniek. Tijdens de conventionele operatieve procedure 
worden de osteotomie vlakken bepaald door de chirurg en met een beeldversterker kunnen 
rontgen beelden worden verkregen om de instrumenten te localiseren. Deze nieuwe 
techniek biedt twee voordelen. Ten eerste is het een hulpmiddel om de osteotomieen 
precieser en veiliger te verrichten door de instrumenten in "real-time" weer te geven op 
CT beelden en drie dimensionale CT reconstructies van het bekken. Ten tweede helpt het 
bij het nauwkeuriger uitvoeren van de acetabulaire reorientarle, door deze weer te geven op 
een drie dimensionaal CT beeld van het bekken. 

C O N C L U S I E S 

Triple osteotomie van het bekken is een bewezen effectieve behandeling voor heup 
dysplasie bij adoloscenten en jong volwassenen met goede lange termijn resultaten. 

De anatomie van het bekken maakt de chirurgische benadering voor ieder type bekken 
osteotomie moeilijk. Er zijn vele anatomische structuren die kans lopen beschadigd te 
worden, zoals de vena femoralis, de gluteale, pudendus, en obturatore neurovasculaire 
bundels en de nervus ischiadicus. 

De twee biomechanische studies laten indirect zien dat de druk (kracht per eenheid 
gewicht dragend oppervlak) in het heup gewricht verandert. De krachten in het gewricht 
veranderen omdat de moment armen van de spieren wijzigen, en het gewicht dragende 
oppervlak (acetabulaire bedekking van de femurkop) wordt vergroot. De veranderde kracht 
over een groter dragend oppervlak, gecombineerd met een verwachtte vermindering van de 
schuifkrachten ten gevolg van het meer horizontaal plaatsen van het acetabulum, verklaart 
waarschijnlijk hoe deze operatie klinische verbetering bij de patient bewerkstelligt. 

Computer assisted operatie technieken worden nu ontwikkeld. Deze lijken behulpzaam 
te zullen zijn als navigatie middel voor het verrichten van de osteotomieen, en als methode 



om de acetabulaire ге-orientatie nauwkeuriger uit te kunnen voeren. De eerste resultaten 
zijn beschreven, en verdere ontwikkeling vindt nu plaats. 

RESTERENDE VRAGEN 

Het is nog onduidelijk of er indicaties zijn voor prophylactische operaties bij 
asymptomatische patiënten met heup dysplasie. Uit de literatuur bekende studies over het 
natuurlijke beloop geven aanwijzingen voor de grote kans op secundaire artrose, maar voor 
het stellen van een indicatie voor prophylactische operaties zijn de nog niet beschikbare 
zeer lange termijn resultaten van bekken osteotomieën nodig. 

101 
Exacte radiologische definities en grenswaarden van acetabulaire dysplasie ontbreken. 

Er is een grens gebied tussen dysplasie en normaal, en hier zijn de criteria voor het al dan 
niet verrichten van een bekken osteotomie nog niet uitgewerkt. 

Een andere vraag is hoe veel kanteling van het acetabulum vereist is in een individueel 
geval. Door een triple osteotomie wordt het acetabulum niet vergroot, maar alleen 
gekanteld in een betere stand. Verbetering van antero-laterale bedekking van de femurkop 
kan verminderde bedekking posterolateraal tot gevolg hebben, en dit proefschrift heeft de 
nadelen hiervan aangetoond. Voor iedere individuele heup is er waarschijnlijk een 
optimum, gezien de gegeven grootte van het acetabulum. 



DANKWOORD 

Dit proefschrift kwam mede tot stand door een prettige en vruchtbare samenwerking 
tussen de afdelingen orthopaedie van de Sint Maartenskliniek en het Academisch 
Ziekenhuis Nijmegen. De vakgroep Anatomie en Embryologie en het Orthopaedie 
Research Laboratory van de Katholieke Universiteit Nijmegen boden de faciliteiten en de 
onmisbare ondersteuning voor het verrichten van een groot deel van de onderzoeken. 

NAWOORD 
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Dit proefschrift is op 9 oktober 1998 door de Nederlandse Orthopaedische Vereniging 
beloond met de Mathijsenprijs. 
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Rijksuniversiteit Leiden 
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opleider: Dr. J.N. Keeman 
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Nijmegen. 
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1 9 9 8 Staflid orthopaedic 

Sint Maartenskliniek, Nijmegen. 
Aandachtsgebied: heup en wervelkolom chirurgie 
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STELLINGEN 

Behorend bij het proefschrift 

TRIPLE OSTEOTOMY OF THE PELVIS 

An anatomical, biomechanical and clinical study 

Marinus de Kleuver 

Nijmegen 18 november 1998 



Voor het verrichten van de osteotomie van het os pubis lijkt de 
mediale benadering makkelijker dan de laterale, maar de 
mediale benadering is op anatomische gronden minder veilig 
en leidt tot meer pseudo-arthrose vorming. 

dít proefschrift 

Bij het verrichten van een triple osteotomie van het bekken 
wordt beschadiging van de nervus ischiadicus ten onrechte als 
de meest te vrezen complicatie beschouwd. De kans op letsel 
van andere neurovasculaire structuren is even groot. 

dit proefschrift 

Heupklachten ten gevolg van acetabulaire dysplasie zijn te 
behandelen met een triple osteotomie van het bekken. 

dit proefschrift 

De lange termijn resultaten van de triple osteotomie van het 
bekken zijn goed. 

dit proefschrift 

De gunstige lange termijn resultaten van de triple osteotomie 
van het bekken zijn niet gerelateerd aan de mate van 
bedekking van de femurkop door het acetabulum, 
dit proefschrift 

dit proefschrift 

Overcorrectie van het acetabulum naar antérieur leidt tot 
onvoldoende postero-laterale bedekking van de femurkop 
door het acetabulum met als gevolg minder goede resultaten. 

dit proefschrift 

Door een triple osteotomie wordt het heupgewricht aanzienlijk 
naar dorsaal verplaatst. 

dit proefschrift 



Erkend moet worden dat de biomechanische effecten van een 
triple osteotomie van het bekken lastiger voor een analyse toe
gankelijk zijn dan algemeen wordt aangenomen. 

dit proefschrift 

Alle technologische ontwikkelingen ten spijt blijft anatomische 
kennis de basis van de orthopaedie. 

dit proefschrift 

A common myth: Indications for performing hip osteotomies 
are rare because the results are unpredictable. 

J. Aronson 
AAOS Instructional Course Lectures 1986;35:119-28 

Het schrijven van een dissertatie maakt een medicus niet van
zelfsprekend tot een bekwaam geneesheer. 

A.J. Schneider 
Academisch proefschrift, Amsterdam, 1988 

Vergeleken met het werken in een maatschap vormt werken in 
dienstverband een grotere stimulans voor het verrichten van 
medisch wetenschappelijke onderzoek. 

Een leerstoel is geen vergaderstoel. 

Het mee willen doen aan de Zeven Heuvelen Loop bij het aan
schouwen van de glooiende heuvels van het Rijk van Nijmegen 
is een bijzondere vorm van het op de heupen krijgen. 








