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Surgica ll  intervention s for Osteoarthriti s of the hip in the youn g adul t 
Thee role of intertrochanteric osteotomies. 

D.. Haverkamp 



Stellinge n n 
Behorendee bij het proefschrift 

Surgica ll  intervention s fo r osteoarthriti s of the hip in 
thee youn g adul t 

Thee role of intertrochanteric osteotomies 

1.. De rol van de intertrochantere osteotomie is aan het afnemen in de 
huidigee heupchirurgie. (dit proefschrift) 

2.2. De lange termijn resultaten van een varus osteotomie in valgus heupen 
kann niet objectief voorspeld worden van een abductieopname. (dit 
proefschrift) proefschrift) 

3.. In geselecteerde jonge patiënten met secundaire coxarthrose kunnen 
goedee en langdurige resultaten behaald worden d.m.v. een 
intertrochanteree osteotomie. (dit proefschrift) 

4.. Een intertrochantere osteotomie gecombineerd met een 
pandakplastiekk kan goede resultaten geven bij symptomatische 
heupafwijkingenn waar sprake is van een secundair gedeformeerde 
femurkop.. (dit proefschrift) 

5.. De lange termijn resultaten van een vroege, meer profylactische 
osteotomie,, zijn superieur aan de resultaten van een osteotomie 
verrichtt als de klachten en arthrose meer uitgesproken zijn. 
(dit(dit proefschrift) 

6.. Een intertrochantere osteotomie beinvloedt niet de lange termijn 
resultatenn van een daaropvolgende gecementeerde heupprothese. 
(dit(dit proefschrift) 

7.7. De intertrochantere osteotomie is niet alleen een interessante 
proceduree uit de geschiedenis maar heeft ook een plaats in de huidige 
geneeskunst,, mits een goede indicatiestelling gebruikt wordt. 
(dit(dit proefschrift) 

8.. Hij heeft een hart van goud, maar helaas ook een heup van staal. 

9.. The best hip replacement has an unknown but certainly finite life 
whereass a hip healed after osteotomy will often last a lifetime. 
(Mauricee E Muller, 1976) 

10.. De helm is ontworpen om het brein te beschermen, dat zo matig 
functioneertt dat het beschermd dient te worden. 
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Duringg the last 40 years major changes have occurred in the treatment of osteoarthritis of the hip joint. 

Inn the older patient it has become an easy to manage problem with excellent results due to 

improvementss in total hip replacement surgery. For the young and active patient osteoarthritis of the 

hip,, mainly caused by childhood hip disorders, often remains a condition which is difficult to manage. 

Despitee great improvements in the field of total hip replacement (THR) unfortunately problems still 

remain;; wear, debris generation and osteolysis remain problematic. Even the most optimal THR is not 

expectedd to survive longer than the life expectancy of a healthy patient who is under the age of 50. 

Thee survival rates of THR concerning patients younger than 55 are shown in Figure I and are based 

onn a literature review , 4 6 8 12"17 19"27 29 30 33"39 41:47 49 51"55 57 58. Based on these diverse survival rates 

itt can be said that in these young patients THR should be reserved as a final option. Other 

possibilitiess are joint-preserving therapies like intertrochanteric osteotomies and acetabular realigning 

osteotomiess ' 56. In the last decade the knowledge on hip pathology is greatly improved, and the 

rolee of impingement as causative factor for OA and labrum lesions as early signs of OA has become 

clear.. Several treatment options like surgical dislocation of the hip, hip arthroscopy and acetabular 

osteotomiess could be an important expansion of the joint preserving treatment strategies. Arthrodesis 

off the hip joint should not be forgotten as an option 5. In this young patient group the role of joint-

preservingg surgery is a particular important one. Intertrochanteric osteotomies are not just procedures 

whichh were performed in the past, but there are still valid indications for its use now. It is important for 

uss to identify these indications and patient populations in order to improve the treatment for this patient 

group. . 

SS , tv , : . T t t ^ . - ;r A"-) : ;\'. ' 

Yearss of Follow up 



Osteoarthritiss of the hip in young patients is not merely a theoretical problem. 

Accordingg to the RIVM (National Institute for Public Health and the Environment) a total of 260.000 

patientss under the age of 50 suffered from osteoarthritis of the hip joint in the Netherlands in 2000. 

(Tablee I). This means that 1.6 % of the Dutch population under the age of 50 suffers from osteoarthritis 

off the hip at a young age which suggests that this poses significant problems for our society. 

Inn view of these large numbers of patients it is even more essential to identify which patients can be 

successfullyy treated with joint preserving surgery like the intertrochanteric osteotomy. We would 

thereforee not only be concerned with short term results but, more importantly, with long term results. 

Thiss thesis will emphasise on the role of the intertrochanteric osteotomy in the treatment of 

osteoarthritiss of the hip joint. 
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Beforee the era of total hip replacement, intertrochanteric osteotomies were the most important 

treatmentt option for osteoarthritis of the hip. The first intertrochanteric osteotomies were described by 

McMurrayy in 1935 42. The surgical procedure described, consisted of an osteotomy at the 

intertrochantericc level without surgical fixation after which the hip was allowed to find its optimal 

position. . 

Blountt developed the first reliable fixation for osteotomies in 1945 which was superseded by Muller 

whoo perfected the art of internal fixation (AO/ASIF) 9 45. The fixation which Blount introduced was 

essentiall as the type of osteotomy changes from this point on, the correction achieved by the 

osteotomyy was now calculated preoperatively and fixation was necessary to maintain this calculated 

correction. . 

Pauwelss introduced the concept of adding a (calculated) angular correction (varus/valgus) to the 

intertrochantericc osteotomy around 1950, since then adaptations have been made by Muller and later 

byy Bombelli 10 46 48. Others, like Schneider. Blount. Schatzker, Morscher and Maquet contributed also 

too the general body of knowledge on intertrochanteric osteotomies 40 44 50. Imhauser adjusted the 

osteotomyy correction in 1962 for a specific group of patients who suffered from a slipped capital 

femorall epiphysis, a correction which was subsequently popularised by Bombelli32. 

Thee theoretical foundation of the intertrochanteric osteotomy lies in its biomechanical explanation. This 

biomechanicall analysis was first described by Pauwels and was partially based on research carried 

outt by Wolff, Braune and Fischer at the end of the 19th century. Wolff's law concerning the need for a 

physicall stress to stimulate and maintain bone structures is well known. Braune and Fischer plotted 

thee centres of gravity of the hip joint in the 31 phases of gait by investigating soldiers and cadavers. 

Later,, Fick estimated the force factor present in the hip abductors in 1910 11 28. This work was ignored 

inn clinical practice until Pauwels integrated this into a theory concerning the biomechanical vectors of 

thee hip joint in a 2-dimensional plane (coronal plane) and based his theory of varus/valgus osteotomy 

onn these calculations. Later. Bombelli expanded this theory into a 3-dimensional context, which is still 

thee best theoretical explanation published. By studying the hip joint during gait in a 3-dimensional 

contextt he realised that correction in the sagittal plane could be just as important as corrections in the 

coronall plane 1ü. Therefore, the extension and flexion possibilities, which were already added to the 

intertrochantericc osteotomy by Schneider, could be explained biomechanically. An important part of 

thee work of Pauwels and Bombelli concerns how to use osteophytes in the careful preoperative 

planningg phase 50. 



Ass mentioned earlier, the development of total hip replacement by Charnley in the early 60s was an 

importantt step in the treatment of osteoarthritis of the hip. General orthopaedic surgeons seemed to 

losee interest in joint preserving therapy in the early days of arthroplasty. Later it was recognized that 

arthroplastyy was not a panacea for all and the need for joint-saving surgery became evident. Early on, 

Charnleyy emphasised that total hip replacement should be performed sparingly in the young patient 
18.. Although he was definitely not a supporter of femoral osteotomies, he was clear about the 

limitationss of THR in the young and active patient. This point of view is still valid in our modern clinical 

practicee and should not be forgotten. In this thesis we will evaluate the role of intertrochanteric 

osteotomiess in the current clinical practice, but more importantly the role it should play in treatment 

strategiess of hip disorders. 

Thee aims of this thesis are: 

1)) To investigat e the rol e of the intertrochanteri c osteotom y in curren t clinica l practice . 

Too investigat e whethe r the preoperativ e correctio n X-ray can predic t the lon g term 

outcom ee of the osteotomy . 

Too investigat e if intertrochanteri c osteotomie s performe d at an earlie r stag e have superio r 

lon gg term outcome s compare d to thos e performe d when complaint s and osteoarthriti s 

havee becom e mor e severe . 

Too identif y whic h rol e the intertrochanteri c osteotom y shoul d play in moder n practic e by 

identifyin gg the vali d indications . 

Too investigat e whethe r a subsequen t tota l hip replacemen t is jeopardize d by a previou s 

osteotomy . . 



Beforee starting to investigate what the role of intertrochanteric osteotomies should be in orthopaedic 

clinicall practice, we will begin by gathering information about the role it plays and to review the 

literature.. An overview of the available literature, including this thesis, can be found in Chapter 2. 

Ann online survey was held among international experts to investigate the awareness of orthopaedic 

surgeonss regarding intertrochanteric osteotomies and to identify the role intertrochanteric osteotomies 

playy in current clinical practice. This is described in Chapter 3. 

Inn the preoperative planning of intertrochanteric osteotomies, correction X-rays are made to decide 

whetherr osteotomy is indicated for a specific patient. In Chapter we describe a specific group of 

patientss for whom a varus intertrochanteric osteotomy could be the treatment of choice. We will also 

analysee whether the available long term results could have been predicted from these preoperative 

abductionn correction views. In this chapter we introduce a new objective measurement to help decide 

whetherr an intertrochanteric osteotomy could be of benefit to these patients. 

Inn the literature it is often hypothesised that the optimal effect of an osteotomy can be achieved when 

itt is performed at an early stage. We will test this hypothesis in Chapter by comparing patients with 

bilaterall symmetrical hip deformities, in which one side was operated for complaints and the 

contralaterall side for minor to no complaints. 

Thee most important study is shown in C 6. From a large group of patients with a long follow up 

periodd the valid indications to perform intertrochanteric osteotomies are distilled. The surgical 

techniquee and long term results of the acetabular shelf plasty combined with an intertrochanteric 

osteotomyy is described in Chapter 7. In Chapte the role of intertrochanteric osteotomy in a group of 

youngg adult patients with Legg-Calvé-Perthes Disease in their childhood is further explored. The valid 

post-traumaticc indications for an intertrochanteric osteotomy are described in Chapt< The last 

chapterr of this thesis, Chapte 10, concerns the question whether long term results of an eventual total 

hipp replacement after a previous osteotomy are impaired. 
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Manyy orthopaedic surgeons consider intertrochanteric osteotomy a historical operation with no role to 

playy in modern clinical practice. This is true for a number of hip conditions such as idiopathic 

osteoarthritis,, rheumatoid arthritis and severe osteoarthritis in the elderly patient. However, there exist 

conditionss in selected (younger) patients where an intertrochanteric osteotomy can produce excellent 

andd long lasting results. In these conditions, an intertrochanteric osteotomy should therefore be the 

preferredd treatment z . 

Historically,, the first surgical treatment for osteoarthritis was a resection of the femoral head as 

describedd by Girdlestone. This was a pure salvage procedure and its main aim was to reduce pain. 

Thee techniques of tenotomies (Voss) and the earliest intertrochanteric osteotomies by McMurray may 

alsoo be regarded as salvage procedures. During the development of hip surgery, the goal of treatment 

graduallyy changed. Apart from pain relief, function and quality of life became increasingly important. 

Whenn total hip arthroplasty (THA) became feasible, the goal of joint saving therapy changed from a 

meree salvage procedure to a palliative one. We define an osteotomy as palliative when osteoarthritic 

changess are too advanced to save the joint but where a replacement can successfully be delayed by 

thiss palliative procedure. In the meantime, the osteotomy may even facilitate a future total hip 

replacementt by improving the bone stock'41 )61. Former salvage types of surgery have no further 

rolee to play in the treatment of hip disorders as these have been superseded by THA. Muller et.al. 

advancedd joint saving hip surgery. They described and defined the role of intertrochanteric 

osteotomiess in more detail. Introducing a therapeutic type of osteotomy which can be performed if 

osteoarthriticc changes are not too advanced and if the cause of these osteoarthritic changes is a bio-

mechanicall factor which can be corrected. If a bio-mechanical factor such as impingement, dislocating 

forcess (eg stress on the labrum). or a small weight-bearing area is present, an early correction of this 

factorr can bio-mechanically normalise the hip joint which could mean a long lasting preservation of this 

jointt 314673. The differentiation between palliative and therapeutic intertrochanteric osteotomies is 

importantt in clinical practice. It is evident that therapeutic osteotomies should have a place in modern 

clinicall practice. However, this is different for palliative osteotomies in younger patients with secondary 

osteoarthritis.. Several studies show that the survival rates for salvage osteotomies in younger patients 

iss approximately 70-80% after 10 years 9211428304056;5976. The disadvantage of this type of osteotomy 

iss that the results are mostly unpredictable. We believe that a palliative osteotomy in younger and well 

motivatedd patients should be considered and that the advantages and disadvantages should be 

discussedd with the patient. 

Inn the modern treatment regimens of osteoarthritis of the hip THA is the treatment of choice for the 

elderlyy patient. During the last decennia this age limit is gradually adjusted downwards. Even so, the 

questionn remains whether a THA is the best solution for a young patient with a mild (secondary) 

osteoarthritis.. In patients with idiopathic osteoarthritis or rheumatic arthritis no benefit from joint saving 



surgeryy can be expected, however in the treatment of coxa valga (antetorta), dysplasia, post-SCFE. 

post-LCPDD and posttraumatic deformities intertrochanteric osteotomies can give good and long lasting 

resultss 152142-43465355.606373. Although these disorders could all be excellently treated with hip 

replacement,, joint saving surgery should be the treatment of choice in these young patients since 

multiplee revisions of the hip replacement are inevitable in patients with a life expectancy of more than 

400 years. The ongoing improvements in the field of hip arthroplasties by using new materials and 

improvingg existing models is very promising; however the current prosthesis are not a panacea 4673. 

Inn this younger patient group, the possibility of hip arthrodesis should also not be overlooked 

completely3. . 

Inn this chapter we will in turn describe the hip conditions where intertrochanteric osteotomies can 

producee good to excellent results. The chapter is based on the available literature including this thesis. 

Itt is normal practice to wait with surgical interventions in the elderly patient until complaints of pain or 

limitationss are more severe and when more advanced osteoarthritic changes have occurred. In order 

too achieve optimal results, it is important to perform surgery as early as possible in patients suitable for 

intertrochantericc osteotomies, preferably after the first typical manifestation of the hip disorder46J3. 

Complaintss in this patient group are not completely identical to those of the older patient. In the latter 

case,, complaints tend to occur after the cartilage has been destroyed to a large degree. In patients 

suitablee for intertrochanteric osteotomies, complaints are mostly caused by a causative factor such as 

incongruency,, impingement, or stress on the acetabular labrum in dysplasia. In screening these 

patients,, the apprehension test (extension/external rotation) and the impingement test 

(flexion/adduction/internall rotation) could play a role in detecting labral pathology in an early stage 
1;15;18;26;31;34;37 7 

Functionall X -rays could play an important role in deciding which type of intervention would be the 

preferredd option. An abduction view gives a radiological impression of the amount of containment and 

congruencyy that can be obtained by a varus osteotomy. An adduction/flexion X-ray does the same for 

aa valgus/extension osteotomy. In patients with a coxa valga and/or mild dysplasia, it is important to 

makee a clinical judgment of to the amount of femoral torsion present. If an increased antetorsion is 

anticipated,, then this should be verified by means of a Dunn X-ray or CT scan. In modern practice the 

latterr is more appropriate 72. In patients with suspected labral pathology, this can be verified by means 

off an Arthro-MRI. 

Itt is important to discus the rehabilitation process with the patient before surgery. For instance, in case 

off a varus osteotomy, the anticipated leg length discrepancy should be discussed as well as the 

expectedd temporary occurrence of a Trendelenburg gait. As in every surgical intervention, results and 

patientt satisfaction appear to be improved in well informed and motivated patients. 

P^t^j^t/MA/ P^t^j^t/MA/ 



Inn this section we will discuss some important anatomical considerations regarding the 

intertrochantericc osteotomy. Maurice Muller described in detail the surgical technique and this 

proceduree has not changed much since then 50. 

Thee osteotomy is performed at the intertrochanteric level, just above the lesser trochanter. Due to the 

shapee of the intertrochanteric region, large contact areas exist after the osteotomy allowing corrections 

inn all planes while leaving sufficient contact surface post correction to achieve stability and 

consolidation.. A second advantage is the relatively small distance from the proximal part making the 

correctionn invisible from the outside. A third advantage of this osteotomy level is the rapid healing of 

thee metaphyseal bone. Before making the osteotomy, the seating chisel is inserted into the desired 

correctionn angle. When inserting the seating chisel, the anticipated correction and the three-

dimensionall anatomy of the proximal femur should be considered carefully in order to avoid 

perforationn of the femoral neck. Perforation of the intertrochanteric fossa can damage the branches of 

thee dorsal circumflex artery, causing an a-vascular necrosis of the femoral head (Figure I). 

Thee desired correction should be anticipated when placing the seating chisel as the blade plate should 

bee fixated to the femur after correction. For example, a seating chisel inserted ventrally cannot be 

fixatedd properly to the femur after a flexion osteotomy (Figure II). 



/Figuree II 

Thee seating chisel is placed to far anterior, resulting 

inn losing the contact with the femoral shaft after a 

flexionn correction 

Deformitiess such as coxa valga (antetorta) and acetabular dysplasia often co-exist. In hips where the 

mainn deformity is on the acetabular side, an acetabulum realigning procedure should be first choice 

and,, if necessary, be combined with a femoral osteotomy 8,s ',34. In these cases, there is a relatively 

shalloww and steep acetabulum resulting in a decreased contact surface between the acetabulum and 

thee femoral head. Correction of the femoral side alone cannot solve this problem of containment fully 

andd will fail to eliminate the dislocation force present. Thus, the osteotomy is doomed to fail. However, 

inn some hip deformities, the main deformity lies on the femoral side with only a mild acetabular 

dysplasia;; the acetabulum might be shallow but not too steep. A varus osteotomy may improve the 

contactt area between femoral head and acetabulum in these types of hips and possibly eliminate the 

dislocatingg force present. Good and long lasting results may occur2128. This will not be the case if a 

fixedd subluxation is present, as the weightbearing surface and the dislocating forces are not altered, 

makingg the expected results of an intertrochanteric osteotomy poor. The improvement of containment 

cann be judged preoperatively from an abduction correction view (Figure III). However, currently no 

objectivee measurements exist to decide whether an acetabular realigning osteotomy or an 

intertrochantericc osteotomy is the preferred treatment for specific patients. 

Thee femoral antetorsion should not be forgotten in these patients since several have an increased 

femorall antetorsion which also needs to be corrected 23. A second consideration is that after the varus 

osteotomy,, the position of the tip of the major trochanter should not exceed the centre of the femoral 

headd in order to avoid a long lasting Trendelenburg gait. If necessary, this can be avoided by 

performingg a distalisation of the major trochanter 

Thee literature concludes that in selected younger patients with mild osteoarthritic changes due to coxa 

valgaa and mild dysplasia, excellent results can be obtained by intertrochanteric varus osteotomies 
1:6:40.49-50.54:61:72.75 5 
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AA 35 year old female with symptomatic OA 

secondaryy to coxa valga and a mild dysplasia. A 

varuss intertrochanteric osteotomy was performed. 

Afterr 21 years she was still free of complaints (last 

X-ray) ) 

SI I 
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Nott all patients who suffer from a slipped capital femoral epiphysis (SCFE) develop osteoarthritis (OA) 

inn adulthood. However, this patient population has an increased risk of developing OA. The patho-

physiologyy behind these arthritic changes consist of acetabular-femoral impingement present in an 

insufficientt or uncorrected SCFE or in unnoticed sub-clinical cases 8. A prominent part of the anterior 

metaphyseall femoral neck contacts the anterior part of the acetabulum during flexion 19 ';57. Based 

onn the aetiology of this disorder, a valgus/flexion osteotomy with or without resection of the hump is 

thee best solution 24. Since the disorder is only present on the femoral side, there is no role for 

acetabularr realigning procedures in these pathologic changes. The literature does not describe 

specificallyy the role of intertrochanteric osteotomies for post-SCFE in adults. However, several studies 

includee this type of patients and have reported good long- term results 21;4048:75. Early intervention 

appearss to produce better results in this type of disorder. 

Nott all patients who suffer from Legg-Calvé-Perthes disease (LCPD) in childhood develop 

osteoarthritiss in adulthood although in several patients a deformed hip joint is present. This deformity 

consistss mainly of a broad and flattened femoral head with a short femoral neck in varus position. In 

mostt cases, the acetabular side is also more or less abnormal probably due to an adaptation of the 

developingg acetabulum to the deformed femoral head. 

Osteoarthriticc changes develop in adulthood in 50% of these hip deformities 45;68. It is most likely that 

thesee arthritic changes are caused by an acetabular-femoral incongruency. The origin of this 

incongruencyy lies in the fact that the deformed femoral head does not completely fit into the 

acetabulum.. The aim of surgical intervention should be an (early) correction of this incongruency 66. 

Forr post-Perthes deformities both acetabular realigning osteotomies as well as femoral osteotomies 

aree described 2 ''64. The main theory explaining the development of osteoarthritis in these 

hipss is the hinging of the femoral head on the edge of the acetabulum. The best known is the "hinge 

onn abduction" in which the lateral part of the femoral head hinges on the lateral part of the acetabulum. 

Inn these types of hips, a valgus (extension) osteotomy should be the preferred treatment eliminating 

bothh the causative factor and the contractures present by a realignment of the leg. In Post-Perthes 

hipss where containment of the femoral head is not complete after osteotomy, adding an acetabular 

shelff plasty can produce excellent results (Figure IV) ' '60. In some cases, valgisation alone is not 

sufficientt to restore the function of the abductors due to the relatively high position of the major 

trochanter.. In these cases a simultaneous distalisation of the major trochanter is advised 5538. 



Figuurr IV 

AA 22 year old male with a symptomatic hip deformity after a LCPD on both hips. A valgus 

osteotomyy was performed with a acetabular roof plasty on both hips. 

Thee radiographic result after 10 and 12 years is shown in the second X-ray. 

a a 

Posttraumaticc deformities can be subdivided into deformities after acetabular fractures, malunions 

afterr femoral neck fractures and nonunions after femoral neck fractures. 

Thee most well known indication for intertrochanteric valgus osteotomy is the treatment of femoral neck 

nonunionss as described by Pauwels435 '63. Pauwels described that instability of the fracture is caused 

byy the shearing forces that occur due to the angle it creates to the resultant of the hip joint force (R). 

Byy placing the fracture line perpendicular to R by means of a valgus osteotomy, the fracture becomes 



completelyy stable 53. This stable situation contributes to the healing of proximal femoral nonunions. 

Thee presence of early signs of avascular necrosis, where the femoral head is still spherical, does not 

necessarilyy imply a contra-indication for intertrochanteric osteotomies4363. 

Femorall neck malunion is a rare complication. If a malunion is present, it can cause an impingement 

betweenn femoral neck and acetabulum causing early osteoarthritic degeneration. An early correction is 

requiredd to avoid these osteoarthritic changes '18 . In these post-traumatic deformities, a shortening of 

thee affected leg is often present. Correcting the malunion with a intertrochanteric osteotomy also 

allowss simultaneous intertrochanteric lengthening 152144. The direction of the deformity present in 

thesee malunions is mostly varus/extension. This means that the correction needed is a valgus/flexion 

intertrochantericc osteotomy. A resection of the hump can be performed if impingement persists partly 

afterr the osteotomy 15. 

Incongruencyy and osteoarthritis are common problems after acetabular fractures. In these fractures, 

cartilagee damage occurs during the initial trauma making it susceptible to developing secondary 

osteoarthritiss 42. If a malunited acetabular fracture, causing functional limitations, co-exists with an 

increasedd risk of developing secondary osteoarthritis, it would seem logical to correct the acetabular 

sidee where the deformity is located. However, these corrections are in general too complicated or even 

impossiblee 22. Therefore, it could be justifiable to adjust the normal femoral side to the abnormal 

acetabularr side by aiming the largest part of the unaffected femoral head to the largest part of the 

unaffectedd acetabulum thereby restoring normal joint motion and lowering the risk of osteoarthritic 

degeneration.. In younger patients with more advanced osteoarthritic degeneration and where 

contracturess are present, a palliative osteotomy could be considered. We have been able to document 

goodd outcomes in this patient group. This is probably due to eliminating the contractures (re-

alignment)) and could be caused by the biological osteotomy effect as well 

Basedd on the average age of the patient population with avascular necrosis of the femoral head (AVN) 

itt seems like an ideal group to consider joint saving surgery. This is also reflected in the large number 

off publications on this subject. The main thought behind intertrochanteric osteotomies in AVN is that 

thee affected part of the femoral head is rotated away from the weight-bearing part of the joint, 

preventingg collapse. This can be achieved by intertrochanteric osteotomies as corrections in all three 
.,, u, 21:29:39.62:65:74 

dimensionss are possible 

Thee literature shows no evidence of good outcomes in idiopathic AVN treated by intertrochanteric 

osteotomiess 1013:16:25;27:58:69-70 The benefit of intertrochanteric osteotomies is doubtful in this patient 

group.. Most retrospective reports concern patients with an atraumatic AVN but some studies also 



includee traumatic AVN which show a better outcome. However, in these young patients, the outcome 

off an intertrochanteric osteotomy remains unpredictable. 

AA special group of younger patients consists of those with a deformed femoral head after a post-

traumaticc AVN, similar to a post-Perthes deformity. These patients may benefit from a valgus 

intertrochantericc osteotomy combined with an acetabular shelf plasty 23. 

InIn several younger patients with secondary osteoarthritis, the pros and cons of both total hip 

arthroplastyy (THA) and intertrochanteric osteotomies should be considered and discussed with the 

patient.. We believe that in younger patients the emphasis should be on long term results as well as 

goodd short term results. Aronson described in 1986 that three myths in hip surgery continue to survive 

.. The first concerns the belief that all treated childhood hip disorders result in normal hip joints, the 

secondd is the belief that THA is a panacea for all hip related problems and the third concerns the belief 

thatt there is hardly a role left for intertrochanteric osteotomies. Aronson wrote that these myths remain 

popularr with orthopaedic surgeons despite the fact that the literature refutes these views. Twenty 

yearss on, his views still hold true. 

Inn the younger patient group, we believe that the decision to perform a THA is too easily made and is 

oftenn based only on good short term results. The intertrochanteric osteotomy, besides given good 

shortt term results in selected patients, may also be regarded as an investment for the future by 

preservingg bone stock for a future THA. should one become necessary. Patients who may benefit from 

ann intertrochanteric osteotomy resulting in good and long lasting results should be carefully selected 3. 

Opponentss of intertrochanteric osteotomies use the argument that osteotomies impair the outcome of 

futuree THA. In the literature a few reports mention a poorer long -term outcome of THA after a 

previouss osteotomy while several other studies showed no difference 4"f '67. In, large controlled case 

study,, we recently demonstrated that the long term outcome of a cemented THA is not compromised 

byy a (well-performed) previous intertrochanteric osteotomy 20. Although a THA after a previous 

osteotomyy can be a more challenging procedure with more (controllable) intra-operative complications, 

thee long- term outcome is identical to that of a primary THA When performing an intertrochanteric 

osteotomy,, attention should be paid to the feasibility of performing a future THA. 



Severall retrospective studies report poor overall results for intertrochanteric osteotomies. These 

studiess also included older patients and hips with advanced osteoarthritis. From these studies, certain 

hipp conditions in selected patient groups can be isolated. In these cases we can obtain good and long 

lastingg results. This seems especially true for younger patients with early secondary osteoarthritis 

causedd by a correctable biomechanical factor. 
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Abstrac t t 

Currentt literature shows that intertrochanteric osteotomies can produce excellent 

resultss in selected hip disorders in specific groups of patients. However, it appears 

thatt this surgical option is considered an historical one which has no role to play in 

modernn practice. 

Inn order to examine current awareness of and views on intertrochanteric osteotomies 

amongg international hip surgeons, an online survey was carried out. The survey 

consistedd of a set of questions regarding current clinical practice and awareness of 

osteotomies.. The second part of the survey consisted of five clinical cases, which 

soughtt to elicit views on preoperative radiological investigations and preferred 

(surgical)) treatments. 

Thee results of our survey showed that most of these experts believe that 

intertrochantericc osteotomies should still be performed in selected cases. Only 56% 

performm intertrochanteric osteotomies themselves and of those, only 11% perform 

moree than 5 per year. The responses to the cases show that about 30 to 40% advice 

intertrochantericc osteotomies in young symptomatic patients. 

Thiss survey shows that the role of intertrochanteric osteotomies is declining in clinical 

practice. . 
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Thee use of intertrochanteric osteotomies appears to be declining in current clinical practice. It seems 

thatt many orthopaedic surgeons consider it an historical operation which has lost its place in current 

hipp disorder treatment. There are many retrospective studies showing overall unsatisfactory results 

(Tablee I) ' *www*' i r ! i»4ai2HWWi i However, many of these included elderly patients with advanced 

stagess of (primary) osteoarthritis. The same studies showed that the outcome in younger patients with 

earlyy onset secondary osteoarthritis was good. However, only a few of these studies showed survival 

ratess identical or superior to that of a total hip replacement and then only in selected patient groups. In 

aa recent long term follow-up study, we demonstrated that in specific hip disorders intertrochanteric 

osteotomiess can achieve good to excellent long term results 7. Several recent reviews advocated the 

samee message, namely that intertrochanteric osteotomies should not be forgotten as a treatment 

optionn in these selected cases ' . Since we believed that this view was not shared universally, we 

initiatedd an online international survey to investigate current awareness among orthopaedic hip 

surgeonss about these selected groups and to map the current clinical use of intertrochanteric 

osteotomies. . 
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Wee developed a questionnaire consisting of two sections. The first section consisted of questions 

dealingg with the use of intertrochanteric osteotomies in clinical orthopaedic practice. To assess 

orthopaedicc surgeons' awareness, the second part of the questionnaire consisted of questions related 

too five clinical cases. These cases were taken from our own long term follow-up series and the long 

termm outcome of the performed intertrochanteric osteotomy was known in each case . The 

responderss were unaware of the treatment these patients received. Table 2 shows the full 

questionnairee (cases excluded). 

Ann invitation to respond to the questionnaire online was sent to all members of the American 

Associationn of Hip and Knee Surgeons, all members of the British Hip Society and members of the 

Dutchh Orthopaedic Society. 

Inn order to identify factors which influenced surgeons to opt for an intertrochanteric osteotomy, a 

statisticall analysis of the required data was carried out using a Pearson correlation analysis in which 

p<0.055 is considered as significant. 



Tablee II: Firs t part of the Surve y 

Occupation:: Orthopaedic Surgeon/Orthopaedic Resident/Other 
Age:: < 30 years/ 30-50 years /> 50 years 

Questionn 1: 
Iss there still a place for intertrochanteric osteotomies in the treatment of primary or secondary 
Osteoarthritis?? No/ Yes / Yes. but only in the young patients / Yes. but only in some special 
cases cases 

Questionn 2: 
Doo you perform intertrochanteric osteotomies yourself? Yes/No 
Iff Yes, how many per year? 

Questionn 3a: 
Doo you investigate the possibility of performing an ITO in (selected) patients with an 
osteoarthritiss in the Hip. Yes / No 

Questionn 3b: 
Iff Yes, for which types of osteoarthritis do you consider an osteotomy. 

IdiopathicIdiopathic OA 
OAOA secondary to acetabular dysplasia 
OAOA secondary to Coxa valga 
OAOA secondary to Legg-Calvé-Perthes disease 
OAOA secondary to Slipped Capital Femoral Epiphysis 
PosttraumaticPosttraumatic OA 

Questionn 4: 
Iss 3-D CT scanning necessary for the planning of an ITO ? Yes / No 

Questionn 5: 
Whichh kind of radiological investigation is necessary to plan an ITO in your opinion? (several 
optionss are possible) 

PlainPlain Pelvic X-ray 
AbductionAbduction and/or Adduction correction views 
X-rayX-ray according to Dunn 
FalseFalse profile 
LateralLateral Hip X-ray 
CT-scan CT-scan 
CT-scanCT-scan with 3-D reconstruction 
MRI MRI 
Arthro-MRI Arthro-MRI 

Questionn 6: 
Doo you consider a Total Hip Replacement after a previous osteotomy as a more challenging 
operation.. Yes/No 

Questionn 7: 
Doo you think that the Long term results of Total Hip Replacement after a previous osteotomy are 
worsee than the results of a primary THR. /es. worse than t, 
THR/THR/ No. both long term results are comparable 

Questionn 8: 
Iss there in your opinion an age limit for performing an ITO. Yes / No 
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Onee thousand invitations were sent by mail with an online return of 162 questionnaires resulting in a 

responsee rate of 16%. Since all responses were anonymous, no reminders or second invitations could 

bee sent to non-responders. There were 69 responders from the United States, 21 from the United 

Kingdomm and 72 from The Netherlands, 

Fromm the content of the responses, we assume that all responders are orthopaedic surgeons with a 

speciall interest in hip surgery. Of all respondents, 96% believe that there is still a place for 

intertrochantericc osteotomy in current clinical practice with 56% still performing these. Eleven percent 

performm more than five osteotomies per year. 

Thee indications which are considered as valid for performing intertrochanteric osteotomies are given in 

Tablee III. 

Tablee III: Indication s 

Indication ss for whic h 
intertrochanteri cc  osteotomie s 
aree stil l considered . 

Idiopathicc OA 

Dysplasia a 

Coxaa valga 

LCPD D 

SCFE E 

Posttraumaticc deformities 

%% of respondents ) 

23% % 

51% % 

65% % 

40% % 

53% % 

31% % 

Inn the workup of hip disorders, 87% of surgeons will ask for an AP pelvic radiograph and 85% a lateral 

radiograph.. False profile views instead of lateral views are added by 62%. A CT scan is routinely 

requestedd by 29% and an additional MRI by 17%. Three percent requested an MR Arthrography. 

Whenn the issue of performing a THA after a previous intertrochanteric osteotomy was raised, 83% 

regardedd this as a more challenging operation. Thirty-four percent believed that the long- term results 

off THA after a previous osteotomy would be impaired. This view appeared to have no bearing on the 

decisionn whether osteotomies should still be performed. Of the surgeons who perform osteotomies 



themselves.. 46% think that the long -term outcome of a subsequent THA is impaired. In the case of 

surgeonss who did not perform osteotomies, this figure increased to 68% (Chi-square not significant). 

Whenn a sub analysis was performed comparing responses from orthopaedic surgeons from the United 

Statess with those from Europe, the only significant differences could be found in the performance of 

thee osteotomy and the indications mentioned as valid. In Europe, 33% believed that selected patients 

withh idiopathic OA could benefit from an ITO, in the USA this was only 9% (Chi-square p<0.01). Also 

forr post-Perthes deformities (Europe 50%, USA 27%) and posttraumatic deformities (Europe 41%, 

USAA 16%), significant differences were present (Chi-square both p<0.01). In Europe, 69% of the 

questionedd surgeons perform intertrochanteric osteotomies; in the United States only 39% (Chi-square 

p<0.01).. No significant regional differences were present in preoperative screening. 

Althoughh it is not possible to show all X-rays from the cases in this article, we tried to give an 

impressionn by measuring the Neck shaft angle (CCD) as an indicator for coxa valga. The Sharp angle 

ass an indication for the steepness of the acetabulum. The CE angle according to Wiberg and the 

Acetabularr Head Index (AHI) as indicators for dysplasia and lateralisation. The severity of 

osteoarthritiss was graded according to Tonnis. Complaints were scored using the Merle d'Aubigne 

score. . 

InIn Case 1 we presented a 34 year old female with a coxa valga (CCD ) and a mild dysplasia 

(Sharpp angle , CE 22  and AHI 0,7) with mild OA (Tonnis grade 1) and a Merle d'Aubigne score of 

13.. Besides the shown pelvic X-ray and abduction correction view , 64 % requested additional 

investigations.. These are mainly False profile (35%), lateral X-rays (32%) and CT-scan (30%). As a 

treatmentt option, an intertrochanteric osteotomy was mentioned by 32%, an acetabular realigning 

osteotomyy by 28% and a THA by 4%. We performed a 15  varus and 20  derotation osteotomy which 

wass converted to a THA after 21 years. 

Inn Case 2 we presented a 55 year old female with a coxa valga (CCD ) and a minimal dysplasia 

(Sharpp angle , CE ) with moderate OA (Tonnis grade 2) and a Merle d'Aubigne score of 9. 

Besidess a pelvic X-ray and an abduction/adduction correction view was which were shown, 28 % 

requestedd additional investigations. As a treatment option, an intertrochanteric osteotomy was 

mentionedd by 9%; an acetabular realigning osteotomy by 9% and a THA by 70%. We performed a 10

valguss osteotomy which was converted to a THA after 9.4 years. 

Inn Case 3 we presented a young female (31 years of age) with minimal complaints and a mild 

dysplasiaa (sharp angle 50  and CE-angle of ) without significant osteoarthritic changes. The 

majorityy advised conservative treatment (58%). In this case, 21 % requested additional MRI scanning 

andd 22% requested additional False profile X-rays. We performed a 15  varus osteotomy; after 19 

yearss the patient had a Merle d'Aubigne score of 13. 



Inn we described an 18 year old female with a symptomatic (Merle dAubigne 16) excessive 

femorall anteversion (CCD 140  anteversion ) with a normal acetabulum (Sharp angel 38  and CE-

anglee . Besides the shown pelvic X-ray and a Dunn X-ray. 49% requested additional investigations 

andd 50% of these requested an MRI. The suggested treatment consisted of conservative treatment in 

43%% and an intertrochanteric osteotomy in 4 1 % . We performed a slight varus and 20  derotation 

osteotomyy (at both hips) and after 20 years, the patient had a Merle d'Aubigne score of 15 (and 18 for 

thee contra lateral hip) 

Inn a typical post-Perthes deformity was shown in a 28 year old male with progressive 

complaints.. Besides the shown Pelvic X-ray and adduction correction view. 44% requested additional 

investigations,, mainly lateral views and CT-scans. The suggested treatment consisted of conservative 

treatmentt in 43% and an intertrochanteric osteotomy in 33%. We performed a valgus osteotomy: after 

144 years, the patient had a Merle d'Aubigne score of 17. 

Figuree 1 shows a summary of suggestions made in the 5 cases. Overall, intertrochanteric osteotomies 

weree advised by 30 to 40% in symptomatic young patients. One case consisted of an older female 

patientt (case 2) with a symptomatic OA secondary to dysplasia in which mainly THA was advised. In 

thee cases concerning younger patients, 44 to 63% of the respondents requested additional 

radiologicall investigations. In cases 1 and 5 these were mainly False profile views and CT scans and 

inn case 3, mainly False profile and MRI and in case 4, mainly CT and MRI. Responders were divided 

intointo two age groups; younger and older than 50. Apart from post-traumatic deformities (young 40 %, 

olderr 22%, Chi-square p<0.05), no significant differences were present. 
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Thee Pearson correlation analysis showed a significant correlation between THA and age (r=0.91) and 

clinicall complaints (r=0.91). Conservative treatment showed a significant correlation with clinical 

complaintss (r=0.93). 



Figuree II 

AA 31 -year old female, with minor complaints of the Right hip 

(Merlee d'Aubigne score 16). ROM was full. 

Radiologicall Measurements Right Hip: Sharp angle 50 degrees, CE-angle 14 degrees, 

CCDD 140 degrees. 

Thee third X-ray shows the long term follow up (Not shown to the responders). The patient 

hadd a Merle dAubigne score of 13 after 17.7 years. 



Onee should take into account that we primarily surveyed hip experts and not many general 

orthopaedicc surgeons. Thus, the responses do not necessarily reflect common orthopaedic practice, 

howeverr we can assume that the use of intertrochanteric osteotomy in the non-specialised hip 

surgeonn is probably even lower. 

Off course, it is difficult to give accurate advice based on limited information and without seeing the 

patient;; however it is possible to state a general opinion. The cases presented were selected in order 

too analyze scenarios which would lead to considering osteotomies and also as to what type of 

radiologicall investigations were required in the decision making process. We believe that the cases 

presentedd are representative; however 45 (29%) of the surgeons who indicated that in clinical practice 

theree was a place for intertrochanteric osteotomies do not advice an intertrochanteric osteotomy in any 

off the cases. 

Theree is a clear consensus that osteotomies should be reserved for the younger patient, and that THA 

iss indicated in the older patient. This is consistent with the results from the literature. 7182429. The 

resultss of the survey show a significant correlation between the level of symptoms and the choice for 

conservativee treatment. One case consisted of a 31 year old patient with minimal complaints (Merle 

d'Aubignee score 16 out of 18) with a mild dysplasia (Sharp angle , CE-angle ) and coxa valga 

(CCDD . In this case, 58% advise conservative therapy. In those hips were complaints are already 

presentt (although only minor) it is thought that the development of OA is inevitable1013. Several 

authorss mentioned especially that in these patients, early intervention could be rewarding. 7:8:18;21;24 

Thiss view is clearly not shared commonly. 

Inn hips were the main deformity is on the acetabular side, an acetabular realigning procedure is the 

preferredd surgical choice. In hips where the problem on the acetabular side is mild and where there is 

alsoo a problem on the femoral side, a femoral osteotomy could be just as effective. In our cases, two 

off these types of patients were included (case 1 and 3). Those who chose joint-saving surgery were 

equallyy divided among PAO and ITO supporters. Our long-term results showed that intertrochanteric 

osteotomiess could produce good long -term results in these patients. 7. 

Manyy orthopaedic surgeons believe that the long term outcome of a subsequent THR is impaired after 

aa previous osteotomy. This view does not seem to influence the decision as to whether to perform or 

advicee intertrochanteric osteotomies. In the literature, several reports on THA after osteotomies are 

availablee but with conflicting views. However, it appears that the long term outcome of the cemented 

THAA is not impaired after a previous, well-performed osteotomy 6. 

Ourr survey shows that, even among experts, the role of intertrochanteric osteotomies is declining. 

Onlyy a few are performed on an annual basis although most surgeons believe they should still be 



performedd today. The current use of intertrochanteric osteotomies is limited to a selected group of 

youngg and active patients. By identifying the right indications, we should preserve intertrochanteric 

osteotomiess from complete extinction. 
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Abstrac t t 

Inn the treatment of young patients with mild osteoarthritic changes of the hip 

secondaryy to acetabular dysplasia and coxa valga two main types of surgical 

interventionss exist in the field of joint preserving therapy, being femoral and acetabular 

osteotomies.. If the main deformity is on the acetabular side it seems clear that this 

sidee should be corrected, the same applies to the femoral side. However in many hips 

pathologicc changes are present at both sides in which the acetabular dysplasia is only 

minimal.. There is no objective tool to decide which treatment option should be 

preferredd in these hips. The only available tool in deciding whether an 

intertrochantericc osteotomy could be rewarding is the abduction correction X-ray. This 

studyy investigates whether measurements derived from this functional X-ray can 

predictt the long term functional outcome of the osteotomy. 

Twenty-onee hips in 18 patients who underwent a varus osteotomy were analyzed after 

20.22 years (range 16-28). This long term outcome was correlated to objective 

measurementss from the preoperative weightbearing X-ray (CCD. Sharp angle, CE 

angle,, AH I, AIA and FCA) and the objective measurements from the abduction view 

(CEE angle, AHI and FCA, including a newly introduced angle (FCA). 

Thee results indicate that apart from the age of the patient and the severity of 

osteoarthritiss none of the objective measurements from the abduction correction view 

correlatee significantly with the long term outcome of the varus intertrochanteric 

osteotomyy in valgus hips. 



Severall treatment options exist for relatively young patients with a beginning osteoarthritis (OA) of the 

hipp secondary to acetabular dysplasia and/or coxa valga (antetorta), including total hip arthroplasty 

(THA).. However, in these selected young patients, joint preserving therapy should be preferred 2915:17. 

Pathologicall changes are present on both the femoral and acetabular side in most of these hips and 

thereforee both sides can be corrected in an attempt to normalize the hip joint. In those hips where the 

mainn problem is a severe coxa valga and where the dysplasia is only mild or absent, an 

intertrochantericc osteotomy is the most logical surgical intervention. An acetabular realigning 

osteotomyy is the preferred option if the acetabular dysplasia is too severe. To make the decision as to 

whetherr to correct the femoral side or the acetabular side is clear in these extreme cases. However in 

aa large group of patients both interventions can be justified, and both show good to excellent results in 

youngg patients with an early onset OA 2;915;17. 

Unfortunately,, no objective tool exists to judge whether the correction should be performed on the 

femorall side or acetabular side in these selected patients. The only available tool to help decide 

whetherr an intertrochanteric osteotomy is feasible is an abduction correction view on which the effect 

off the osteotomy was mimicked . I f the containment was judged to be insufficient on this correction 

X-rayy it could be expected that varisation of the femur alone would not be sufficient to treat the hip 

deformity.. In these patients an acetabular realigning osteotomy was more likely to produce better 

results.. This decision whether the abduction view favours an intertrochanteric osteotomy was based 

onn clinical experience and not on objective measurements. No objective tools were identified too 

supportt this decision, and even in current practice it is merely based on assumptions made by expert 

orthopaedicc surgeons. 

Manyy authors have described the need for abduction correction X-rays in the pre-operative planning 

forr varus intertrochanteric osteotomies. However, to the best of our knowledge, none of them have 

everr quantified the minimum amount of containment that is required to expect good to excellent 

results.. Such an objective measurement could be of immense value in current clinical practice. It could 

assistt in differentiating which hips with coxa valga and acetabular dysplasia can be successfully 

treatedd by a varus intertrochanteric osteotomy alone, or in which a more demanding acetabular 

realigningg osteotomy should be preferred. 

Thee aim of this study is too investigate whether objective measurements taken from the abduction 

vieww can predict the long term outcome of a varus intertrochanteric osteotomy. The approach is to 

correlatee existing measurements and one new measurement derived from the abduction correction X-

rayss with the long term follow up for these patients. 



HctUU HctUU 
Thee abduction correction views of 21 hips in 18 patients for whom an average 20.2 year follow up 

(rangee 16-28) was available were reviewed retrospectively to decide whether this long term outcome 

couldd have been predicted. To achieve this aim clinical follow up was correlated to objective 

measurementss from the preoperative abduction views. 

Alll patients had a varus (derotation) intertrochanteric osteotomy between 1974 and 1987 performed by 

thee senior author (R.K.M.) for an OA secondary to acetabular dysplasia or acetabular dysplasia and 

coxaa valga (antetorta). Only patients with an OA grade 0-2 (Kellgren and Lawrence) were included in 

thiss analysis, al others were excluded 16. A full clinical follow up was available for all of these patients 

ass they are reviewed in our outpatient clinic on either an annual or biannual basis. The osteotomy was 

performedd at an average age of 46.3 years (range 25-59). Sixteen patients (91%) were female. 

Thee correction view should be made preferably in the calculated amount of abduction reflecting the 

amountt of varisation which will be performed during the osteotomy. While the leg is positioned in 

abductionn the knee should be kept in a neutral position. Special attention should be paid to the rotation 

off the pelvis as its position should be comparable to that on the weightbearing X-ray. The decision to 

performm the osteotomy was made on this correction view and was based on the judged improvement 

off containment. Abduction correction views are difficult to make, and were not always made in the 

presencee of the orthopaedic surgeons. Therefore we examined these X-rays for presence of rotation 

off the femur and pelvis by measuring: the lesser trochanter/femur ratio, the height differences of the 

ischiall tuberosities and height and width of the obturator foramen. 

Thee preoperative weightbearing pelvic X-ray, the abduction view, the first postoperative weightbearing 

APP pelvic X-ray and a weightbearing AP pelvic X-ray at maximum follow up were used for radiological 

measurements.. For patients who had a THA, a second osteotomy or additional acetabular realigning 

osteotomyy the X-ray taken shortly before this second operation was used for maximum follow up. In all 

X-rayss the CCD, CE-angle, Sharp angle. Acetabular Index Angle (AIA) and Acetabular Head Index 

(AHI)) were measured 3 19. Preoperatively and at maximum follow up the grade of arthritic 

changess in the hip joint was scored according to Kellgren and Lawrence. Three authors (DH. PPB & 

RKM)) carried out these measurements independently. Interobserver agreements were determined for 

thesee measurements. 

Survivall analysis consisted of the time elapsed before an eventual total hip arthroplasty, a re-

osteotomyy or an additional acetabular realigning osteotomy. For the surviving hips a Merle d'Aubigné 

scoree was obtained at maximum follow up , 

Inn this analysis a new objective measurement is introduced to be used on the abduction view, the 

Femorall Coverage Angle (FCA). This angle is measured on the preoperative weightbearing pelvic X-

rayy and the abduction views. Both measurements separately and the difference between both 

(expectedd improvement reached by the correction) are added to the analysis. To measure the FCA the 



centree of rotation of the femoral head is marked. A line is drawn through the centre of rotation of the 

femorall head (CR) to the lateral margin of the acetabulum. A second line is drawn from the CR 

throughh the centre of the femoral neck. The cranial angle between the two lines is the FCA (Figure I). 

Thee rationale behind this new measurement is that is gives an indication for the weightbearing part of 

thee femoral head covered by acetabulum, since it is the only measurement using both femoral and 

acetabularr landmarks. To provide the normal value and range of the FCA, it is measured in 

weightbearingg pelvic X-rays of normal hip joints to establish the normal values of the angle. With an 

anticipatedd SD of 5 degrees and acceptable error of 0.5 degrees the estimated sample size is 96. A 

hipp joint was considered to be normal when no signs of OA were present, no leg length discrepancy 

wass present, the CE-angle was more than , the femoral neck-shaft angle between 125  - 135  and 

thee Sharp angle between 30  - 38  16. 

Figuree I 

Schematicc drawing of the FCA. The centre of rotation of the femoral head is identified using 

thee Moss circle (CR). From here a line is drawn to the lateral margin of the acetabulum. A 

secondd line is drawn through the centre of the femoral neck and through the CR. The cranial 

anglee between these lines is the FCA. 



Statisticall analysis consisted of a Pearson correlation analysis between the long term outcome of the 

varuss intertrochanteric osteotomy and the mentioned objective measurements and preoperative 

clinicall parameters (age. sex, Merle d'Aubigné). Improvement of all measurements on the correction 

vieww compared to the preoperative X-rays will also be correlated to the outcome. Success of the 

osteotomyy can be measured in several ways, a second (acetabular or intertrochanteric) osteotomy or 

THAA is a clear endpoint to measure failure of the initial osteotomy. However not all patients without 

subsequentt surgery can be judged as having reached an excellent result, therefore other 

measurementss were used for the outcome of the osteotomy. A clinical score was used to evaluate 

patientss without subsequent surgery at follow up (Merle d'Aubigné score). To be able to correlate the 

preoperativee measurements and the abduction correction radiographs with the long term outcome a 

scoree was created to indicate the achieved result of the intertrochanteric varus osteotomy. This score 

rangess from 1-10, in which 1 is the worst result being a THA (or additional osteotomy) within 2,5 years 

afterr the osteotomy and 10 the best result being a excellent Merle d'Aubigné score at maximum follow 

up.. A more detailed explanation of the score is given in Table I. The correlation was interpreted as 

significantt if p<0.05. 

Tablee I: Outcom e of the osteotom y as a numerica l score . 

Scoree Outcome 

THA// re-osteotomy/ pelvic osteotomy within 2,5 years 

THA// re-osteotomy/ pelvic osteotomy after 2.5 - 5 years 

THA// re-osteotomy/ pelvic osteotomy after 5 -10 years 

THA// re-osteotomy/ pelvic osteotomy after 10-15 years 

THA// re-osteotomy/ pelvic osteotomy after 15-20 years 

THA// re-osteotomy/ pelvic osteotomy after > 20 years 

Merlee d'Aubigné score < 12 

Merlee d'Aubigné score 12-14 

Merlee d'Aubigné score 15-17 

Merlee d'Aubigné score 18 



fauMt fauMt 
AA survival rate of 57% for total hip replacement was reached for the selected patients after an average 

followw up period of 20.2 years (range 16-28). A total of 9 out of 21 hips were converted to a THA after 

ann average of 8.4 years (range 2-23), one had a re-osteotomy after 7.4 years and one patient had a 

triplee pelvic osteotomy 10.3 years after the intertrochanteric osteotomy. 

Thee newly introduced FCA was measured in 100 healthy hips. The average FCA was 87.4 degrees 

(rangee 73-99). 

Alll radiological measurements were obtained independently by three authors. For grading the severity 

off osteoarthritis the kappa values for the interobserver agreement ranged from 0.3 to 0.6, indicating a 

fairr to moderate agreement. For all radiological measurement the interobserver agreement ranged 

fromm 0.3 to 0.9 indicating a fair to excellent agreement (Table II). For the Pearson correlation analysis 

thee averages for each angle was calculated and used. 

Tablee II: Interobserve r variabilit y for the objectiv e measurement s 

Preoperativ e e 

Weightbearin g g 

X-ray y 

Abductio nn view 

measuremen t t 

Gradee OA (K-L) 

CCD D 

Sharpp angle 

CEE angle 

FCA A 

AHI I 

CE E 

FCA A 

AHI I 

RKM-PPB B 

0.3 3 

0.87 7 

0.58 8 

0.84 4 

0.82 2 

0.80 0 

0.89 9 

0.77 7 

0.69 9 

PPB-DH H 

0.3 3 

0.40 0 

0.75 5 

0.89 9 

0.66 6 

0.87 7 

0.79 9 

0.33 3 

0.89 9 

RKM-DH H 

0.55 5 

0.38 8 

0.53 3 

0.85 5 

0.43 3 

0.66 6 

0.77 7 

0.33 3 

0.76 6 

Fromm preoperative data age (r=-0,5) and the grade of OA (r=-0,5) showed to be significantly correlated 

too the long term outcome. From the preoperative weightbearing X-ray only the Neck Shaft Angle 

showedd to be significantly correlated to the long term outcome (r=0.6). In six hips a CCD of 135  or 

smallerr was present in combination with a mild dysplasia, these hips were all converted to THA after 

ann average of 7,3 years (range 2-13). None of the other objective measurements from the 

preoperativee weightbearing pelvic X-ray were significantly correlated with the long term outcome in this 

groupp of patients. 



Thee measurements concerning the quality of the abduction correction X-rays showed that external 

rotationn of the femur was present in 9 of the 21 X-rays, meaning they were not correctly made. Internal 

rotationn of the femur was seen in 4 X-rays of which all had excessive antetorsion and a subsequent 

varuss derotation osteotomy. The pelvic orientation was not horizontal in all the abduction X-rays, an 

averagee difference from the weightbearing pelvic X-ray of 1 cm was present (range 0.4 - 3.0 cm). 

Nonee of the abduction X-rays showed a severe rotation of the pelvis. Four abduction views were 

judgedd as being of poor quality, meaning that no reliable measurements could be obtained from them. 

Nonee of the objective measurement derived from the abduction views showed a significant correlation 

withh the long term outcome. The amount of improvement between the FCA on the preoperative 

weight-bearingg X-ray and the correction view was the only measurement reaching a significant 

correlationn with the outcome of the osteotomy (r=0.6) this significance remains if the abduction views 

whichh were judged as poor were excluded However this correlation disappears if the hips with a 

normall CCD were excluded from analysis (Figure II). 

! ! 
Normall CCD 

II Coxa valga 

Figuree II 

Scatterplott showing the improvement of the FCA on the abduction view (ratio) versus the 

outcome.. The scatterplot shows the hips in which the CCD is less than 135 (absence of coxa 

valga).. in the scatterplot all the hips with a coxa valga are shown. 
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Thee aim of this study was to show whether the long term outcome of an intertrochanteric varus 

osteotomyy could be objectively predicted from abduction correction radiographs. Our study indicates 

thatt for young patients with coxa valga and mild dysplasia the long term outcome of a varus osteotomy 

cannott be predicted from these correction views. Although it seems that the functional X-rays are 

helpfull in the decision making and preoperative planning of these hip disorders none of the objective 

measurementss that can be derived from them "predict" the long term outcome of the osteotomy. 

Inn this analysis only symptomatic hips with a grade 0 to 2 OA (K-L) in relatively young patients were 

included.. In grade 3 or 4 OA (K-L) the severity of the OA can be assumed to be much more predictive 

forr the outcome of the osteotomy than other radiological measurements. Several authors have already 

showedd that the age of the patient and the severity of the preoperative grade of OA are strongly 

correlatedd with the outcome of the osteotomy :' U8. Even in our selected group of patients with mild 

OAA changes, the preoperative grade of OA is significantly correlated with the long term outcome. 



Thee abduction view of the same patient. Some amount of external rotation of the femur is 

present,, and more abduction is given than varisation is performed in the subsequent 

osteotomyy _ _ 

Figuree II 

Thee first weightbearing X-ray after a 15  varus intertrochanteric osteotomy. The X-ray on the 

rightt shows the result after 22 years. 



Onee of the problems of using abduction X-rays is that it is difficult to standardize them. When the leg is 

putt in abduction it tends to externally rotate which has to be actively corrected by the X-ray assistant. 

Inn our series 9 of the 21 abduction X-rays showed external rotation, meaning they were not correctly 

made.. Another problem in Pelvic X-rays of a supine patient is the pelvic orientation. In almost all 

abductionn X-rays the pelvis was not horizontal, which could influence the subjective estimation of the 

containmentt of the femoral head. The poor quality of some of the abduction X-rays could influence 

ourr outcome, however analyzing only the correctly made abduction views still no correlation between 

objectivee measurements and outcome was present, while the strong correlation between preoperative 

gradee of OA and age persisted. 

Thee major disadvantage of any plain X-ray technique is that it only provides a 2-dimensional 

impressionn of the hip joint. Nowadays Faux profile X-rays are used to measure the anterior coverage 

off the femoral head. This was not performed for all patients in the past. Femoral antetorsion was 

measuredd with a Dunn X-ray if clinical investigation raised the suspicion of excessive antetorsion of 

thee femur". A good indication of the amount of dysplasia, the orientation of the acetabulum and the 

orientationn of the femoral neck can be obtained with 3D-CT scanning 5 '10. This could be of great 

valuee in identifying the deformities that are present in a dysplastic hip, and could have a role in 

decidingg what type of operation to perform. Murphy et.al showed a method to simulate acetabular 

redirectingg osteotomies based on 3D-CT scanning. Haddad et.al. showed that the 3D-CT is useful in 

planningg an acetabular redirecting osteotomy 6. The role for 3D-CT scanning in planning femoral 

osteotomiess is not clearly mentioned in the literature. Theoretically it should be possible to perform 3D-

CTT scan with the leg in abduction (and internal rotation) to measure the result that can be achieved by 

aa varisation (derotation) osteotomy. 

Anotherr disadvantage of 2D radiographs is that rotation influences the angles measured. As we know 

fromm the research of Dunn, rotation has an influence on the measurement of the CCD on a 2D AP 

Pelvicc view 4. The correction X-ray is made with varying amounts of rotation in hips with a varying 

amountt of (excessive) antetorsion which contributes to the difficulty of obtaining the actual values of 

severall measurements. 

Goodd short term results after intertrochanteric osteotomies are reported by many authors for many 

agess and indications; however the reported long term results vary widely '? l18. Several theories are 

describedd to explain the good short term results after intertrochanteric osteotomies. An important 

theoryy for the patient population in this study is that unloading of the damaged acetabular labrum can 

decreasee pain in the short term. However, since the problem is mainly biomechanical, the long term 

outcomee can only be excellent if the biomechanical situation is restored within a normal range. In all 

otherr cases failure of the osteotomy in the long term is inevitable. A valid tool to predict the outcome of 

thee osteotomy should therefore be able to closely reflect these biomechanical forces in a measurable 

way.. The abduction x-ray mimics the effect that can be achieved by the varus osteotomy but fails to 



objectivelyy predict whether the situation is normalized after the osteotomy, and therefore seems 

insufficientt to guarantee an excellent long term result based on this X-ray alone. 

Severall authors described methods to measure the weight bearing surface. However none of them 

usedd it in abduction X-rays trying to predict the outcome of the osteotomy. Although the size of the 

weightt bearing surface is of great importance, it is probably not the only factor contributing a 

successfull osteotomy. Persistence of a dislocating force could play an important role, as does the 

improvementt of the offset achieved in the varus correction of pure valgus hips. Body and muscle 

forces,, which probably play an important role in the outcome of the osteotomy, are difficult to predict 

fromm X-rays. 

Forr all measurements on X-rays the interobserver agreement is not perfect12. The same is true for the 

measurementss used in our study. The analysis was performed using the average of all measurements 

obtainedd by the three authors. However, using the values of each observer separately resulted in the 

samee outcome. 

Thee Sharp-angle and the CE-angle do not show a significant correlation with the outcome of the 

osteotomy.. This is probably due to the selected group of patients that was included in our analysis. It 

couldd be expected that if patients with a more severe dysplasia were included, the severity of the 

dysplasiaa would certainly be related to the outcome, since patients with a more severe dysplasia are 

knownn to have a poorer results when treated with an intertrochanteric osteotomy. These 

measurementss do not change on an abduction view (if the head is spherical) and can be obtained 

fromm a weight bearing pelvic X-ray. 

Alll subsequent THA were performed at an average age of 63.2 years (range 58-72). In our opinion 

progressionn of the OA in women is strongly age-related. In our study all subsequent conversions to 

THAA occurred in the patients who were operated at an age above 44. In all the younger patients no 

conversionn to THA occurred. 

Sixx of our patients who had a varus osteotomy did not have a valgus hip preoperatively: all these 

osteotomiess failed. In these hips a minimal varisation was performed, but with a maximum 

improvementt of the medial offset (20mm). These failures indicate that if no valgus hip is present, a 

varuss osteotomy should not be performed. Overall it seems that the age of the patients and the 

preoperativee grade of osteoarthritis are the strongest predictors for the outcome of the osteotomy. 

Wee conclude that the long term outcome of varus osteotomy in a coxa valga cannot be objectively 

predictedd from abduction correction views. Further research is needed to develop a tool which helps in 

anticipatingg the expected long term effect of a varus intertrochanteric osteotomy in valgus hip 

deformities. . 
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Abstrac t t 

Coxaa valga (antetorta) combined with acetabular dysplasia is a well known cause for 

earlyy osteoarthritis. Many authors have stated that the best result of an osteotomy can 

bee achieved in an early stage of these osteoarthritic changes. In this study we present 

266 patients with a symmetrical hip deformity for which we performed a therapeutic 

osteotomyy on the symptomatic hip. The contralateral hip had the same anatomical 

predispositionn to develop an OA but only minor to no complaints. We advised and 

performedd an early osteotomy in these hips. On radiological evaluation an average 

Sharp-anglee of 42.2 degrees and an average CCD of 142 degrees was present. 

Duringg an average follow up period of 19.9 years (range 15.0-25.9), 14 hips were 

convertedd to THA after the first primary osteotomy, whereas only 6 after the early 

osteotomyy (Chi-square p<0.05). Using a Pearson correlation analysis: age, 

preoperativee grade of OA, preoperative Merle d'Aubigne score and excessive femoral 

anteversionn were significantly correlated with the outcome. Our results show that the 

effectt of an early, more prophylactic varus osteotomy in patients with a coxa valga 

(antetorta)) and mild acetabular dysplasia, can be superior to the results achieved 

whenn surgery is postponed until the complaints and osteoarthritis has become more 

severe. . 



\4*%wA**cfo<04* \4*%wA**cfo<04* 

Coxaa valga (antetorta) combined with a dysplasia of the acetabulum is a well-known cause for 

secondaryy osteoarthritis in the relatively young and mainly female adult41120. Besides the abnormal 

inclinationn of the acetabulum in a dysplastic hip joint the femoral side is also deviating from the norm. 

Thiss combination results in a biomechanical insufficient hip joint in which early secondary OA 

frequentlyy occurs. Several types of acetabular redirecting and femoral osteotomies are developed to 

normalizee the biomechanical quality of these hip joints in order to halt or to slow the progression of the 

secondaryy osteoarthritis3;8:9;13-16;2 . 

Manyy authors stated that the best result of a correction osteotomy can be reached when a 

predisposingg anatomical factor is present and when the stage of osteoarthritis is not too advanced. 

i:2;ii;i55 H 0 w e v e r no proof for the hypothesis that early osteotomies show better results can be found in 

thee literature. 

Inn this study we present 26 patients with a symmetrical coxa valga combined with a mild to moderate 

acetabularr dysplasia who came to our clinic for complaints and secondary osteoarthritic changes in 

onee hip. On these hips a therapeutic intertrochanteric varus osteotomy was performed. Since the other 

hipp joint had the same anatomical predisposition to develop a secondary OA without severe 

complaints,, an early osteotomy was offered to these patients. In this retrospective analysis the long 

termm results of the therapeutic osteotomy and the early osteotomy are compared to judge whether 

earlyy interventions are superior. 

MvtkUt MvtkUt 
Betweenn 1974 and 1987 patients were selected for this study if the hip deformity was biomechanically 

symmetricall and the contralateral hip caused minor to no complaints in the presence of identical, less 

severee or no osteoarthritic changes. Knowing that these patients would develop more severe 

complaintss in due time we advised an early osteotomy. Thus, the indication for the early 

intertrochantericc osteotomy on the contralateral hip was a correctable deformity of the hip joint in the 

presencee of starting or mild osteoarthritic changes without complaints sufficient enough to seek 

medicall attention. Twenty-six patients met these criteria and were included in this study. Twenty-four 

off these patients were female (92%), the average age of the patients was 44 (range 21-55) (Table I). 
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Forr radiological analysis we used the Neck Shaft angle (CCD). the CE angle according to Wiberg 

thee Sharp angle 18 and the Acetabular Head Index (AHI) 5. The severity of the Osteoarthritis was 

gradedd according to Tonnis 19 and Kellgren and Lawrence 6. For all hips the average pre-operative 

Neckk Shaft angle was 142 (range 133-152), the average Sharp angle 42,2 degrees (range 32-56) and 

thee average CE angle 23 degrees (range 2-40). In 7 hips Shenton's line was broken, 5 of these were 

amongg the therapeutic osteotomies (Table I). Standard AP and lateral X-rays were repeated 

postoperativelyy and at follow up. Besides the standard AP and lateral X-rays, additional X-rays 

accordingg to Dunn where made preoperatively to measure the femoral antetorsion when indicated. 

Wee considered a hip dysplastic if the CE angle was less than 25  and/or the Sharp angle was more 

thann . We considered it a coxa valga if the CCD angle was more than 135  and an excessive 

femorall anteversion if it was more than . 

Clinicall evaluation was performed using the Merle d'Aubigne score 10. This measurement was 

obtainedd preoperatively, postoperatively and at follow up. 

Thee radiological measurements in both hips per patient were used to asses whether they were 

symmetrical.. A Paired Samples T-Test showed a mean difference of -1.5 (p=0.5. not significant) for 

thee CE-angle, 0.9 (p=0.5, not significant) for the Sharp angle and 1.7 (p=0.3, not significant) for the 

CCDD angle, meaning that no significant differences were present between the bilateral hips and they 

cann be considered as symmetrical. 

Forr both groups a survival analysis was performed for all patients with total hip replacement as 

endpoint.. To investigate which of the preoperative radiological and clinical measurements could 

significantlyy predict the outcome of the intertrochanteric osteotomy, a Pearson correlation analysis was 

performed.. For this analysis all hips were included and the following criteria were tested: age. 

preoperativee grade of OA, preoperative Merle d'Aubigne score, Sharp angle, break in Shenton's line, 

CCD,, CE angle and Acetabular Head Index score. As a measurement for outcome both THR and the 

Merlee d'Aubigne score at follow up were used. Several sub analysis were performed for specific 

subgroups. . 



Forr the therapeutic osteotomy the survival analysis showed a 15 year survival rate of 56 %. A total of 

144 hips were converted to THA after an average of 9.9 years (range 2-23). 

Inn this group a total of 2 complications occurred. One patient had an overcorrection after the first 

osteotomyy which was corrected surgically within one year and one patient developed a superficial 

woundd infection which resolved completely with surgical drainage and antibiotics. 

Forr the early osteotomy on the contralateral hip the survival analysis showed a 15 year survival rate of 

766 %. A total of 6 hips were converted to THA after an average of 9.3 years (range 3-11). In this 

groupp one complication occurred being a superficial wound infection which resolved completely with 

surgicall drainage and antibiotics. 

Threee patients died during follow up (Table II). For 4 patients (6 hips) who had a THA in another clinic 

noo clinical and radiological data could be collected at follow up. The Clinical outcome of all patients is 

shownn in Table II. Preoperatively both groups had a significant difference in the Merle d'Aubigne score 

(p<0.0011 paired t-test), postoperatively this difference disappeared (p=0.055). If a THA was planned 

ROMM and Merle d'Aubigne score were documented shortly before this operation. Since all patients 

weree operated on both hips, no leg length discrepancies were present at follow up. 

Radiologicall follow up showed a progression of OA to stage 3 Tonnis (stage 4 K-L) in all patients who 

hadd a subsequent THA. For all hips the preoperative stage of OA is given in Table I, the grade of OA 

att follow-up is shown in Table II. 

Whenn all the hips are analyzed, age (p<0.01), preoperative grade of OA (Tonnis) (p<0.01) and 

preoperativee Merle d'Aubigne score (p<0.05) showed a significant correlation with the outcome of the 

osteotomy.. The preoperative grade of OA according to Kellgren and Lawrence did not reach 

significancee (p=0.06). When only the hips with a preoperative grade 0 or I OA (Tonnis) were entered in 

thiss analysis (36 hips), the preoperative Merle d'Aubigne score showed a significant correlation with 

subsequentt THA (p<0.01), and age showed a significant correlation with the clinical outcome (p<0.05). 

Twenty-fourr hips had a preoperative grade I OA (Tonnis), for these hips only the pre-operative Merle 

d'Aubignee score showed a significant (p<0.05) correlation to subsequent THA. When patients with an 

excessivee femoral anteversion (which was corrected by the osteotomy) were compared to patients 

withoutt this deformity a significant correlation with the outcome was present (p<0.01). 

Severall other sub analyses were performed. For most of these, age, preoperative grade of OA, 

preoperativee Merle d'Aubigne score and the presence of an excessive femoral anteversion were 

strongg predictors for the outcome of the intertrochanteric varus osteotomy. 
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Thee goal of this study was to assess whether the long term effects of an early varus (denotation) 

osteotomyy in patients with a coxa valga and a mild to moderate acetabular dysplasia are superior to 

thosee of an osteotomy performed at a later stage. 

Severall authors describe the role of acetabular realigning osteotomies in patients with an acetabular 

dysplasia,, which seems very logical since in these patients the main problem is on the acetabular side. 

Howeverr the group of adult patients with a residual deformity of congenital hip dysplasia or patients 

withh a mild to moderate acetabular dysplasia also showed good results after varus intertrochanteric 

osteotomiess 12 l'17. In our opinion patients with a coxa valga (antetorta) in whom the amount of 

acetabularr dysplasia is not too severe the possibility to perform a varus intertrochanteric osteotomy 

shouldd be evaluated before considering other treatment options. 

Forr both types of surgery (pelvic osteotomy and ITO) it is described that the results tend to be better if 

thee patients are younger and if the grade of OA is not too advanced. In a recent review, Millis and 

Young-Joo Kim stated that intertrochanteric joint preserving therapy could be especially rewarding in 

patientss before they're very symptomatic, but that no long term follow up of this group is reported yet . 



Theyy state that the reported results of intertrochanteric osteotomies are much inferior to that which 

couldd have been accomplished at an earlier stage. In our patients with a Tonnis grade 0 or I OA, the 

preoperativee Merle d'Aubigne score shows a strong correlation with the outcome (p<0,01), this 

supportss the hypothesis of Millis et.al. that the long term results of an osteotomy are better when no 

majorr complaints have occurred yet. However when patients with a grade II and III are included, the 

gradee of the OA and the age of the patient are the strongest predictors of success. Our results indicate 

thatt the effect of an early osteotomy in patients with pre-arthritic changes and minor complaints can be 

superiorr to the results achieved when surgery is postponed until the complaints and osteoarthritis has 

becomee more severe. 

Inn these patients the earliest (pre-radiographic) arthritic damage occurs in the acetabular rim mostly 

afterr a lesion of the acetabular labrum 7. When this occurs a vicious circle is started in which the 

arthriticc changes predispose to a subluxing of the femoral head, decreasing the weight bearing area 

andd therefore increasing the arthritic changes. Theoretically the onset of pain could be the first 

symptomm of the start of this vicious circle. This could explain why the patients with less painful hips 

performm better in the long term, since the osteotomies are performed before the vicious circle of 

arthriticc degeneration has started. Progression of arthritic changes can be rapid, especially in the 

femalee group who are just menopausal and tend to develop a rapid atrophic OA in the presence of 

onlyy a mild dysplasia and coxa valga and anteversion. 

Thee severity of the acetabular dysplasia did not show a significant correlation with the outcome of the 

varuss osteotomy; however it should be realized that the patients in this study only had a minor to 

moderatee dysplasia. The Sharp angle in these patients ranged from 32 to 56 degrees, of which only 3 

patientss had a Sharp angle of more than 50 degrees. It could be expected that when patients with a 

moree severe dysplasia were included, the Sharp angle would certainly show a significant correlation 

withh the outcome of the osteotomy. 

Iff the CE angle of the primary and second osteotomy are compared some patients in the therapeutic 

osteotomyy group have a smaller CE angle indicating a more progressed form of dysplasia, although 

thee Paired Samples T-Test showed no significant difference. In our opinion these hips remain identical 

inn origin, however due to the dysplasia lateralization occurs, creating an OA. This lateralization causes 

thee CE angle to reduce and in advanced cases a break in Shenton's line. 

Weisll et. al. 21 stated that the long term results of correction osteotomies are poor and unpredictable, 

especiallyy in the older patients (older than 70 years of age). In their analysis a large group of patients 

withh several indications which underwent different types of correction osteotomies where analyzed. 

Theyy found no evidence of an "early osteotomy" in this diverse population. However their patient 

populationn consisted of mainly older patients with a more advanced idiopathic OA. 



Somee patients showed an improvement of the grade of OA during follow up. After an osteotomy the 

restorationn of congruency can affect the radiological grading of the severity of osteoarthritis in those 

hipss were only a minimal joint space narrowing was present preoperatively. Interestingly this 

improvementt was long-lasting for 8 hips. 

Fivee patients in the early osteotomy group who did not have any radiological OA changes 

preoperativelyy did not develop osteoarthritic changes using the Tonnis classification during follow up. 

However,, when using the more sensitive K-L classification in these hips, 4 of them progressed from 

gradee 0 to 1. Although we can never prove how these hips would have behaved without undergoing 

ann osteotomy we believe that based on the preoperative measurements and the OA changes on the 

otherr hip. osteoarthritis would have been inevitable. 

Fromm our results we conclude that in this select group of patients, being relatively young, mostly 

femalee patients with mild to moderate acetabular dysplasia and valgus hip, a varus intertrochanteric 

osteotomy,, can be of great value. Especially when performed before the onset of severe complaints. 
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Abstrac t t 

Betweenn 1974 and 1987. 276 intertrochanteric osteotomies were performed in 217 

patients.. In 48 hips the osteotomy was done for idiopathic osteoarthritis. In 166 hips 

thee osteoarthritis was secondary to acetabular dysplasia, in 23 to trauma, in 14 to 

slippedd capital femoral epiphysis, in five to Legg-Calvé-Perthes' disease and in 20 to 

avascularr necrosis of the femoral head. Good results were achieved in young females 

withh mild osteoarthritis secondary to coxa valga (antetorta) and/or acetabular 

dysplasia,, and in patients with posttraumatic osteoarthritis. All other indications 

showedd a poorer long-term survival. Our study shows that acetabular dysplasia and 

posttraumaticc arthritis remain valid indications for intertrochanteric osteotomies. 



Whilstt total hip arthroplasty (THA) may be the best treatment option for osteoarthritis of the hip (OA) in 

thee elderly, it is uncertain whether this also holds true for younger patients 6;12. In the short term THA 

showss excellent results; but in the long term, high revision rates have been reported 2;4;14;16. it is 

thereforee important to delay the need for hip replacement in younger patients. Joint-preserving 

surgeryy can therefore be looked upon as a valid investment in a future where further hip surgery is not 

unusuall » w * ™ 

Thee authors report on the outcome of 276 intertrochanteric osteotomies performed for primary and 

secondaryy OA in 217 patients with 15- to 29-year follow up. Although this is a historical series that 

includess patients who would never undergo an intertrochanteric osteotomy today, we believe that 

lessonss can be learned, and we wanted to identify the degenerative hip disorders for which an 

intertrochantericc osteotomy is still a valid option. 

Betweenn 1974 and 1987 217 patients (276 hips) with primary or secondary OA of the hip underwent 

ann intertrochanteric osteotomy. Their average age was 45.5 years (range 16-78). Sixty-three percent 

off the patients were female. 

Inn the preoperative planning, all patients had functional radiographs in adduction and abduction 13;14 

(Figuree I). The decision to perform an osteotomy, including which type of osteotomy, was based on 

radiographicc improvement of congruency and or containment. 

Alll separate indications, including demographic data per indication group, are listed in Table I. The 

correctionss performed are included. Osteoarthritis was graded according to Tonnis 22. The CE angle 24 

andd Sharp angle 19 were measured where applicable. In dysplastic hips dislocation was classified 

accordingg to Crowe 5. In Legg-Calvé-Perthes' disease (LCPD) the deformity of the femoral head was 

classifiedd according to Stullberg 21. In cases with avascular necrosis of the femoral head (AVN) the 

Ficatt and Arlet stage is given. 

Alll osteotomies were performed using a standard lateral approach 1;13. Fixation was performed with an 

AOO 90  or 100  blade-plate with medial offsets between 10 and 20 mm. A compression device was 

alwayss used. Survival rates were analysed using the Life Table method. Clinical outcome was rated 

usingg Merle d'Aubigné's hip score (Table II). To calculate whether a correlation between sphericity, 

age.. sex, pre-operative grade of OA, uni- or bilateral involvement, radiological measurements and the 

outcomee was present, a Pearson correlation analysis was performed. 
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Tabl ee II: Merl e d'Aubign e scor e 

Pain n 

Intensee and permanent. 

Severee even at night. 

Severee when walking; 

preventss any activity. 

Tolerablee with limited 

activity. . 

Mildd when walking; 

itt disappears in rest. 

Mildd and inconstant; 

normall activity. 

Mobil ityy Abil i ty to walk 

Ankylosiss with bad None. 

Positionn of the hip. 

Noo movement; pain or With crutches/ 

slightt deformity walking device only 

Flexionn under 40 degrees With canes only. 

Flexionn between 40 

andd 60 degrees. 

Flexionn between 60 and 

800 degrees; patients can 

reachh his foot. 

Flexionn between 80 and 

900 degrees; abduction of 

att least 15 degrees. 

Flexionn more than 90 

degrees;; abduction to 

300 degrees. 

Withh one cane, less than 

onee hour; very difficult 

Withoutt cane and with a 

limp. . 

AA long time with a cane; 

shortt time without a 

canee and with a limp. 

Withoutt cane but with a 

slightt limp. 

Normal l 

%MJUI %MJUI 
Theree were 18 complications during or after the surgical procedure, of which ten were wound 

infections.. All infections were treated with surgical debridement followed by intravenous antibiotics, 

andd all resolved. Two osteotomies resulted in overcorrection, of which one was 

revised.. One osteotomy resulted in undercorrection. Two patients had their plate revised due to 

instability,, and two patients fell shortly after surgery and required a revision. 

Afterr an average of 9.5 years (range 1-25 years), 143 patients had their osteotomy converted to a 

THA.. A further three patients required a hip fusion after 8.1 years. In ten patients, a second 

intertrochantericc osteotomy was performed after 10.4 years (range 5-21 years) and three patients had 

aa periacetabular osteotomy after 9.3 years. Thirty-three patients (38 osteotomies) had died at the time 



off follow up. and 21 patients (22 osteotomies) were lost to follow-up. The 79 remaining hips in 54 

patientss were seen after an average follow-up of 19.4 years (range 15-28 years). All follow-up data is 

summarisedd in Table III. including survival rates at 10 and 15 years. 
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Inn hips with idiopathic osteoarthritis, there was a statistically significant correlation between 

preoperativee sphericity of the femoral head and clinical outcome. In dysplastic hips, there was a 

significantt correlation between clinical outcome and sphericity of the femoral head, age, gender, uni-

orr bilateral affection and grade of OA. 

Thee survival rate for patients younger than 45 years at the time of surgery and with hip OA grade 0 or I 

wass 100% at 10 years, and 97% at 15 years (95% CI: 92%-100%). In patients with a preceding 

acetabularr fracture the survival rate was 92% (95% CI: 76%-100%) at 10 years, and 71% (95% CI: 

43%-99%)) at 15 years. The survival rate in patients operated for impingement after a previous 

proximall femoral fracture was 90% (95% CI: 71%-100%) at 10 years. 

Thee aim of this retrospective analysis was to study which surgical indications for an intertrochanteric 

osteotomyy remain valid today. The osteotomies performed for primary OA had a poor survival and 

outcome,, with a 15 year survival rate of only 32%. Previous reports have also shown that the outcome 

off an intertrochanteric osteotomy in hips with primary osteoarthritis is unpredictable and generally poor 

6;io.i7.233 ^ should be stressed that patients were classified as having an idiopathic osteoarthritis if no 

obviouss cause could be found. Several of these patients, especially the younger ones, may well have 

hadd a biomechanically-inadequate hip joint as the cause of the arthritic changes. 

Patientss with AVN had a survival rate of 60% at 10 years, and 30% at 15 years. Although most of 

thesee patients had AVN stage IV. which may partially explain the poor survival rate; good long-term 

resultss of an intertrochanteric osteotomy for AVN have never been described 3 ' ' 8. The aim of the 

intertrochantericc osteotomy to rotate the avascular lesion away from the weight bearing area and 

therebyy prevent bony collapse was hampered by the fact that most patients already had collapse and 

radiographicc degenerative changes. Having stated this, we do not find AVN to be a valid indication for 

intertrochantericc osteotomies. 

Osteotomiess in hips with changes after slipped capital femoral epiphysis (SCFE) had a survival rate of 

71%% at 10 years, and 63% at 15 years. The number of patients was, however, small, and the severity 

off the degenerative changes too different, to allow for any definite conclusion. We believe that young 

patientss with femoro-acetabular impingement and an early osteoarthritis may be successfully treated 

withh an Imhauser type of osteotomy. Most of the patients in our cohort had advanced radiographic 

changess (grade III), in which further development of osteoarthritis could not be altered by the 

osteotomy.. Five patients with previous LCPD reached a survival rate of 100% after 20 years. These 

earlyy results have motivated us to perform more osteotomies for LCPD in recent years 15. 
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Figuree I 

II A A 47 year old female with idiopathic OA 

II B The Abduction X-ray shows an 

improvementt of congruency, a 15

varus,, 15mm medial offset and 15

extensionn osteotomy is performed 

II C After an initially good period, THR was 

performedd for pain after 8.6 years 

Wee have previously shown that the outcome after intertrochanteric osteotomy in patients with 

degenerativee changes after acetabular fractures is excellent11. Most patients have a flexion-adduction 

contracturee of the hip, which can be corrected by a valgus-extension osteotomy. In addition to 

restoringg alignment, the osteotomy reduces contact pressure on the damaged cartilage by reducing 

thee contracture and by altering the muscle forces. In patients with a malunited femoral neck fracture, 

thee degenerative changes may be caused by bony impingement. By restoring the normal anatomy, the 

causativee factor will disappear and the degenerative process is halted. In the present study, 23 

patientss with post-traumatic OA had a good outcome, with a survival rate of 78% at 15 years. 



Goodd results were also found in patients with OA secondary to acetabular dysplasia (Figure II). This is 

inn agreement with Jingushi et al., who reported a survival rate of 72% after 15 years for patients with 

degenerativee changes after acetabular dysplasia treated with an intertrochanteric osteotomy 7. In 

patientss younger than 50 years with unilateral changes, the survival rate was as high as 95%. Good 

resultss in young patients have also been reported by D'Souza et al .6 . Both D'Souza et al. and Jingushi 

ett al. showed an increased long term survival in young and active patients. We also found a better 

outcomee in patients younger than 40, with a survival rate of 82% and 70% at 15 and 20 years 

respectively.. Besides the age of the patients, the preoperative grade of OA is equally important. In 

patientss younger than 45 years with grade 0 or 1 OA, the survival rate was 100% at 10 years and 97% 

att 15 years. Reigstad et al., studying long term results in a group of patients older than 50 years, found 

aa 10 year survival rate of 58% 17. Maistrelli et al. showed that the outcome was better in patients 

youngerr than 40 years with unilateral changes, of which in 39% the osteoarthritic changes improved 

Inn patients with dysplastic hips we found a significant correlation between clinical outcome and age, 

gender,, grade of OA, and bi- or unilateral involvement. Young female patients with bilateral 

involvementt and slight degenerative changes scored the best results. The ideal candidate for an 

intertrochantericc osteotomy is therefore a young female with (bilateral) mild OA and acetabular 

dysplasia. . 

Severall authors have proposed an acetabular realigning osteotomy for the treatment of stage l+ll hip 

OA.. This is especially logical for OA due to acetabular dysplasia. Siebenrock et al. 20 reported a 10 

yearr survival rate of the Bernese periacetabular osteotomy of 82% for osteoarthritis secondary to 

dysplasia.. De Kleuver et al. 8 showed a minimum 8-year survival rate of 93% after a Tonnis triple 

pelvicc osteotomy at a mean age of 28 years. In this study, the overall 10-year survival rate was 72% 

forr hips with (mild) acetabular dysplasia. The reported long-term results of the Chiari and Salter 

osteotomiess in the treatment of osteoarthritis are scarce, but less favourable than that of the 

periacetabularr osteotomy and the triple osteotomy. Relatively young patients were included in the 

studiess of Siebenrock and de Kleuver. The 10-year survival rate in young patients with OA secondary 

too dysplasia and congenital hip luxation was 100%. Although the various populations are not 

comparable,, it emphasises that good results can be achieved by an intertrochanteric osteotomy. In 

hipss with acetabular dysplasia, the femoral side is often abnormal as well, and a coxa valga is often 

seen.. In such hips, we find an intertrochanteric osteotomy a good solution. In patients where the 

biomechanicall insufficiency is mainly caused by the acetabulum, this must be corrected. The definite 

borderr between these two indications is not clear yet. 



Preop. . 

Figure e 

III A A 35 year old female with an acetabular dysplasia and coxa valga on both hips, the 

leftt hip is symptomatic. 
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[[ Figure II 

III C Results after 16.5 (right) and 18 years (left). The Merle d'Aubigne score is 13 for the left 

andd 15 for the right hip, the patient is not yet motivated for THA 

\ \ 
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Severall other types of joint-preserving techniques have been reported. Arthroscopy of the hip and 

labrall debridement, removal of osteophytes and debridement of the acetabular rim through mini-open 

techniquess or via surgical dislocation may have a place, but no long-term results have yet been 

reported.. More importantly the biomechanical abnormality causing the osteoarthritis is not altered by 

thesee procedures in all hip disorders making their indication limited. 

Thee results presented in this study show that there are still valid indications for an intertrochanteric 

osteotomy,, if OA is not too advanced in young patients. In particular, OA secondary to acetabular 

dysplasiaa with coxa valga and post-traumatic osteoarthritis are still valid indications. In all other cases 

goodd results may be achieved, but the outcome is less predictable. 
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combinedd with shelf plasty in 

youngg patients with secondary OA 
andd severe femoral head 
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AA long term follow up 
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Abstrac t t 

Intertrochantericc osteotomies (ITO) are an effective joint preserving surgical treatment 

too postpone the need of a Total Hip Arthroplasty (THA). However, in young patients 

withh an acquired femoral head deformity and a secondary osteoarthritis a valgus ITO 

mayy give a better congruency. but the acetabular coverage can become insufficient by 

subluxingg of the femoral head. Whereas, in patients with a spherical femoral head and 

ann acetabular dysplasia the acetabular coverage can remain insufficient after 

varisationn alone. In this study we present the long term results of ITO combined with 

ann acetabular shelf plasty for both indications. 

Inn our clinic we investigate the possibility to perform an ITO in all young patients with 

ann OA of the hip. In our opinion the acetabular shelf plasty is an excellent addition to 

ann ITO to provide a full acetabular coverage of the femoral head in patients with a 

femorall head deformity and a secondary osteoarthritis. 



Intertrochantericc correction osteotomies are known to be an effective joint preserving therapy to 

postponee total hip replacement in young patients with secondary osteoarthritis of the hip joint7:915;1623. 

Inn this relatively young patients total hip arthroplasty (THA) could be considered, however the long 

termm results of THA in the young patient remains unsatisfactory, especially when realizing that the 

resultss of revision surgery is poorer than the results achieved in the older patient 36;12"13. There are 

certainn types of hip pathology in which an intertrochanteric osteotomy could be beneficial, but fails to 

providee a full coverage of the femoral head when performed alone. The first type of pathology is a 

sphericall femoral head and an acetabular dysplasia in which the containment of the femoral head (CE 

angle)) remains insufficient by varisation of the femur alone. The second type consists of femoral head 

deformitiess with secondary osteoarthritis which can be present in patients who suffered from Perthes 

disease,, avascular necrosis (AVN) of the femoral head or acetabular dysplasia with (sub)luxation. The 

existingg congruency can be improved on valgisation leading to an improved biomechanical situation, 

butt the weight bearing surface is reduced by subluxation of the femoral head 1;1 ',16. 

Inn both types of pathologically abnormal hip joints the acetabular coverage remains or becomes 

insufficientt after an intertrochanteric osteotomy, allowing further lateralisation of the femoral head, and 

thuss progression of the osteoarthritis 1. In these patients the acetabular side needs to be addressed as 

welll to prevent further lateralisation, and to be able to perform a successful joint preserving salvage 

procedure. . 

Thee senior author (R.K.M.) developed a special technique for adding superolateral bonegrafts to the 

acetabulumm in combination with an intertrochanteric osteotomy 8. In our clinic 4% of all osteotomies 

performedd concerned patients with a femoral head deformity and a secondary osteoarthritis who 

requiredd an additional shelf plasty. 

Inn this study we present the long term results of multidirectional intertrochanteric correction 

osteotomiess combined with superolateral acetabular bone grafting for femoral head deformities with a 

secondaryy osteoarthritis in 16 hips (15 patients) and 10 hips (7 patients) with a spherical femoral head 

andd a secondary osteoarthritis caused by acetabular dysplasia. 

Sincee this is a study on the long term results of a salvage procedure we only present patients with 

moree than 10 years of follow up, although this type of surgery is still performed in our clinic for selected 

patients.. Between 1974 and 1993 the senior author (R.K. Marti) performed 16 intertrochanteric 

osteotomiess combined with superolateral bone grafting for femoral head deformities with a secondary 

osteoarthritiss in 15 young patients with a mean age of 30 years (range 16-50). The male/ female ratio 

wass 8/7. Congenital dysplasia with subluxing and a Perthes-like deformity of the femoral head was 



presentt in 7 patients, 4 patients (5 hips) had osteoarthritis after a pure Legg-Calvé-Perthes Disease 

withh a secondary acetabular dysplasia. Four patients had an avascular necrosis of the femoral head, 

off which two were posttraumatic. These 4 hips were graded as a Ficat and Arlet stage IV. 

Inn the same period in 10 hips (7 patients) with a spherical femoral head and a mild osteoarthritis 

secondaryy to acetabular dysplasia the intertrochanteric osteotomy was combined with a shelf plasty. 

Thee average preoperative Sharp-angle 17 was 47.6 degrees (range 39-58), the average pre-operative 

CEE angle 2A was 6,6 degrees (range 0-20). Lateralisation of the femoral head was measured by the 

Crowee Classification 4. Six hips were classified as grade I and 4 hips as grade II, none of the hips was 

subluxedd for more than 75%. Demographics, preoperative X-ray analysis and the type of operation are 

listedd in Table I. 

InIn all patients preoperative correction radiographs in adduction and abduction where made. Valgus or 

varuss correction was decided on the position that showed the best congruency between the 

acetabulumm and femoral head on these X-rays (Figure I). The decision to use a shelf plasty was also 

basedd on these correction radiographs. 
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Femorall Head 
deformity y 

Spherical l 
Femorall Head 

Valg: : 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
99 a 
9b b 
10 0 
11 1 
12 2 
13 3 
14 4 

'r: : 
a a 
b b 
d d 
c2 2 
d1 1 
d2 2 
e1 1 
e2 2 
f f 

g g 

Valgus. . 

Age e 

5C C 
24 4 
49 9 
39 9 
16 6 
19 9 
35 5 
19 9 
23 3 
22 2 
31 1 
30 0 
30 0 
23 3 
46 6 
35 5 

36 6 
31 1 
42 2 
45 5 
36 6 
30 0 
40 0 
40 0 
32 2 
29 9 

Var=Varus s 

sex x 

F F 
M M 
M M 
F F 
M M 
M M 
M M 
M M 
M M 
f.1 1 
F F 
F F 
M M 
F F 
F F 
f.1 1 

F F 
F F 
F F 
F F 
F F 
F F 
F F 
F F 
F F 
F F 

indicatio o n n 

Dysplasia a 
AVN N 
Perthes s 
Dysplasia a 
Secc AVN 
Dysplasia a 
AVN N 
Perthes s 
Perthes s 
Perthes s 
Dysplasia a 
Dysplasia a 
Dysplasia a 
Dysplasia a 
Dysplasia a 
AVN N 

Dysplasia a 
Dysplasia a 
Dysplasia a 
Dysplasia a 
Dysplasia a 
Dysplasia a 
Dysplasia a 
Dysplasia a 
Dysplasia a 
Dysplasia a 

Med=Medialisalion,, Rot= 

Sharp p 
angle e 

48 8 
52 2 
39 9 
48 8 
43 3 
50 0 
42 2 
44 4 
44 4 
Mi Mi 
48 8 
42 2 
43 3 
34 4 
48 8 
36 6 

53 3 
55 5 
58 8 
50 0 
49 9 
39 9 
39 9 
50 0 
40 0 
43 3 

CE E 
angle e 

0 0 
0 0 

• • • 

0 0 
18 8 
20 0 
13 3 
15 5 
6 6 
0 0 
0 0 
0 0 
9 9 
0 0 
5 5 

35 5 

4 4 
0 0 
0 0 
0 0 

11 1 
10 0 
6 6 

20 0 
9 9 
6 6 

Rotation,, ext=Extension 

Pre-op p 
Crowe e 

II I 
I I 
I I 
II I 
I I 
I I 
II I 
II I 
II I 
II I 
II I 
I I 
I I 
III I 
I I 
I I 

I I 
I I 
II I 
I I 
I I 
I I 
II I 
II I 
II I 
I I 

Pre-op p 
OA A 

(Tonnis) ) 

II I 
II I 

III I 
II I 

II I 

II I 

III I 

III I 

Typee of 
osteotomy y 

Valg,, med, rot 
Valg,, ext 
Var,, med 
Valg,, med 
Valg.. med 
Valg.. rot 
Valg g 
Valg g 
Var.. med 
Valg g 
Valg.. ext 
Var.. med 
Valg.. rot 
Var.. med 
Var,, med 
Valg g 

Var,, med, rot 
Var.. med 
Var,, med, rot 
Var,, med 
Var.. med 
Var.. med 
Var.. med 
Var,, med 
Var,, med, rot 
Valg g 



Figuree I 

AA 24 year old male who suffered from a painful hip after an idiopathic osteonecrosis at the 

agee of 16. 

IA.. Complaints of Pain and limited walking distance HHS 79 with a Flexion/extension 110-

10-00 and Abduction/Adduction 0-0-20. 

IBB On 15 degrees of valgisation the congruency is improved but the coverage of the 

femorall head is insufficient by subluxing. 

Forr the survival analysis patients were considered to have reached an endpoint if an arthrodesis or 

totall hip replacement was performed on the affected hip. A second therapeutic osteotomy was not 

consideredd as an endpoint because the original hip joint remained preserved, leaving the possibility of 

performingg a THA in the future 2,19"z . 

Forr all the patients of whom the hip joint is still preserved, a radiological and clinical analysis was 

performedd at final follow up. The radiographs were evaluated and the severity of the osteoarthritis at 

finall follow up was scored according to Tonnis 21. A descriptive analysis was made from the data 

concerningg the operation and the clinical and radiographical analysis at final follow up. 

Forr all patients a multiple logistic regression analysis was performed to see which determinants 

significantlyy predict the outcome of the intertrochanteric osteotomy. 



O^uUie^O^uUie ̂ faw+lóut 
Forr every procedure an anterolateral approach was used. The gluteal muscles are released by an 

extracapsularr osteotomy of the major trochanter (Figure lla). A cancellous-cortical bone graft is 

harvestedd from the ipsilateral interior iliac crest. This graft is bended into two or three blocks and pre-

drilledd for screw fixation. The joint capsule remains intact, but is thinned on the superolateral side until 

headd motion is visible. The supra-acetabular iliac bone is decorticated and the prepared bone graft is 

fixatedd with 3.5 or 4,5 mm lag screws with the leg positioned in the calculated adduction or abduction 

position(Figuree lib). When the function is tested in adduction the graft should show plastic deformity. 

Somee cancellous bone is pressed between the thinned joint capsule and the bone graft. A temporary 

screww fixation of the major trochanter is performed, if necessary combined with a distalisation (3 

patients).. We performed a distalisation when the tip of the major trochanter was positioned higher than 

thee centre of rotation of the femoral head after correction. Then an intertrochanteric osteotomy is 

performedd according to the standard AO technique; this technique is well described in all orthopaedic 

textt books for surgical procedures (Figure He) • 

RlUcUt RlUcUt 
Onee patient developed a complication after surgery, being an infection. This infection was successfully 

treatedd with antibiotics and operative drainage at 7 days postoperatively. No pseudarthrosis of the 

osteotomyy or shelf plasty occurred. 

Thee average follow up for these patients is 18 years (range 10-28). In 6 patients (33%) THA was 

performedd after an average of 14,5 years (range 8,6-20,9). For the 10 patients who still have their own 

functioningg hip joint 9 have a good to excellent Harris Hip Score. The clinical and radiological results 

att maximum follow up are summarised in Table II. 



MAA First an extracapsular osteotomy of the greater trochanter is performed. 

MBB A cancellous-cortical bone graft is harvested from the interior iliac crest This graft is 

bendedd into two or three blocks and pre-drilled for screw fixation. After thinning of the 

capsulee the prepared bone graft is fixated with 3,5 or 4,5 mm lag screws with the leg 

positionedd in the calculated adduction or abduction position. Cancellous bone is pushed 

betweenn the graft and joint capsule 

IICC An intertrochanteric osteotomy is performed according to the standard AO technique. 

IIDD The roof plasty provides a good 3-dimensional coverage of the femoral head. 



Tablee II: Follow up 
Followw up X re-ost primary 

OAA (Tonnis'4) at yrs# endpoint 

Femorall Head 
Deformity y 

Spherical l 
Femorall Head 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
99 a 
9b b 
10 0 
11 1 
12 2 
13 3 
14 4 
'5 5 

a a 
b* * 
d d 
c2 2 
d1 1 
d2 2 
e1 1 
e2 2 
f f 

y y 

nn a 
II I 
n.a. . 
n.a. . 
I I 
I I 
n.a. . 
I I 
l l 
l l 
ll l 
I I 
I I 
n.a. . 
nn a 
II I 

I I 
I I 
I I 
I I 
0 0 
0 0 
I I 
I I 
n.a. . 
I I 

21.0 0 

5.0 0 

9.8 8 
9.6 6 

THA A 

THA A 
THA A 

THA A 

THA A 
THA A 

THA A 

timee to Merle score HHS years of 
endpointt follow up 

126 6 

209 9 
9.6 6 

10.0 0 

17.0 0 

22.I I 

Shelff plasty added as a second operation 

## Second therapeutic osteotomy 

93 3 

10C C 

11 oo 

2--

18 8 
18 8 

15 5 
14 4 
-6 6 
16 6 
16 6 
"7 7 

100 0 
100 0 

87 7 
74 4 
cO O 
86 6 
81 1 
97 7 

17 7 
2S S 

1€ € 
10 0 
11 1 
16 6 
12 2 
17 7 

9 9 
14 4 
17 7 
17 7 
18 8 
18 8 
11 1 
12 2 

50 0 
73 3 
87 7 
87 7 

'00 0 
-oo o 
61 1 
71 1 

• b b 

23 3 
24 4 
21 1 
19 9 
19 9 
16 6 
10 0 

21 1 

Thee function in these patients did not improve or deteriorate significantly. At maximum follow up the 

patientss who did not received a THA or arthrodesis still had a good range of motion, on average the 

flexionn changed from 105 degrees (range 90-135) to 92 degrees (range 60-120) in 2 of these patients 

thee flexion was less than 90 degrees. In 1 patient a flexion contracture was present of 15 degrees, 4 

patientss had a minor exorotation contracture (Table III) 

Tablee III: Function 
Sphericall femoral heads 

AvgAvg (range) 

pre-opp F.up 

flexion n 
extension n 
abduction n 
adduction n 
exorotation n 
endorotation n 

1111 (90-120) 
55 ( 0- 10) 

300 ( 20- 45) 
30(20-- 40) 
255 ( 15- 40) 
188 (-40- 40) 

1011 (80-120) 
0 (( 0- 0) 

244 ( 5- 40) 
166 ( 5- 35) 
188 ( 5- 30) 
55 (-10- 20) 

Deformedd femoral heads 

AvgAvg (range) 

pre-opp F.up 

105(90-135) ) 
-66 (-20- 5) 
188 ( 0- 5) 
222 ( 10-30) 
200 ( -5- 50) 
99 (-15-45) 

922 (60-120) 
-22 (-15- 0) 
144 ( 5-30) 
177 ( 5-30) 
177 ( 5-35) 
-33 (-25-15) 



Alll patients showed a significant improvement of the Harris Hip score from an average of 62 

preoperativelyy to 81 postoperatively. For the patients who still had their own hip joint at follow up the 

averagee preoperative HHS was 67, the average postoperative HHS 93 and at maximum follow up this 

wass 89. (Table IV). 

Tabl ee IV: Harri s Hip Scor e 

Spherical l 

HHSS preop 53 (45- 70) 
HHSS post op 80 (56- 96) 
HHSS F.up 80(55-100) 

Deformed d 

67(46-- 83) 
93(79-100) ) 
89(74-100) ) 

Nonee of these patients had a positive Trendelenburg's sign at final follow up. For all patients who did 

nott receive a THA or arthrodesis a full radiological follow up was obtained, showing a remodelling of 

thee acetabulum and femoral head which led to augmentation of the weight bearing surface, not 

leadingg to a progression of the OA in 9 patients (Figure III). One patient showed a real regression of 

thee OA. 

Whenn all the pre-operative radiological (CE, Sharp, Tonnis, Crowe) and clinical (HHS, ROM, Age, 

Sex)) criteria where entered in a multiple logistic regression model, only age showed to be a significant 

predictorr (p<0,05). 



B B 

Figure e 

MIAA A 19 year old male with a femoral head necrosis of a femoral neck fracture as a child. 

HHS83. . 

NIBB 10 months after a 20  valgus and 20  external rotation intertrochanteric osteotomy. The 

patientt has a HHSof93. 

IIIC/DD 27 Years after the osteotomy. The patient is free of complaints (HHS 100). 

Ill l 



M*u/U/<dM*u/U/<d  tfi&U&i/  /e*f*wU fault 4V<iJd * 4&>ci+*Cvuf  OH. 
Thee average follow up for these patients is 19 years (range 16-24). Only one of the 10 hips was 

convertedd to a total hip replacement after 22 years. For the patients who still had their own hip joint at 

finall follow up, 6 (67%) had a good to excellent Harris Hip Score. One patient required a second 

therapeuticc osteotomy to both hips after 9,6 and 9,8 years. The clinical and radiological results at 

maximumm follow up are summarised in Table II. 

Thee preoperative function was excellent in these patients. At maximum follow up the average function 

wass still good, although endorotation and adduction diminished over time. One patient had an flexion 

off 80 degrees, all other patients had more than 90 degrees of flexion. Abduction remained on an 

averagee of 24 degrees in the long term after the varus osteotomy. Only one patient had an abduction 

lowerr then 15 degrees. 

Trendelenburg'ss sign remained negative in all patients. The preoperative HHS improved from an 

averagee of 53 to 73 points in all patients postoperatively. The 9 patients who did not receive a THR 

hadd an average HHS of 80 at final follow up. 

Att final radiological follow up, only one patient showed a progression of the OA, she had a HHS of 74. 

Inn one patient a clear regression of the OA was visible, in all other patients no progression of the OA 

wass present (Figure IV). 

Figuree IV 

IVV A A 42 year old female with a HHS of 54 on the right hip (sharp-angle 58, CE angle 0). At 

thee age of 45 the left side was operated (HHS 45, sharp-angle 50, CE-angle 0). 



BB JJ F 
Figuree IV 

IVV B X-ray 4 years after the varus osteotomy of the right hip and 1 year after the varus of the 

leftt hip. Hardware of the right hip was removed in the same procedure as the osteotomy 

onn the left hip. 



Figuree IV 

IVV C/D/E 24 years after the osteotomy on the right and 21 years after the varus osteotomy on 

thee left hip. Both hips HHS 87. On the lateral X-rays the remodeling and structural 

integrationn of the graft is clearly visible. Note the 3D coverage provided by the grafts. 

1)A^C4A44^€4^ 1)A^C4A44^€4^ 
Excellentt results were achieved in the 10 hips with a spherical femoral head and mild osteoarthritis 

secondaryy to acetabular dysplasia. However, nowadays we would primarily consider performing an 

acetabulumm redirecting osteotomy if the preoperative correction X-ray shows insufficient containment 

inn abduction, eventually combined with an intertrochanteric osteotomy if necessary. Several authors 

reportt on the long term results of periacetabular osteotomies in the treatment of secondary OA in 

youngg patients. Mostly these are patients with a dysplasia of the acetabulum and a spherical femoral 

head.. Siebenrock et. al reported a 10 year survival of 82% for the Bernese periacetabular osteotomy 

inn young patients with an OA secondary to dysplasia 18. De Kleuver et al. showed a survival rate of 

93%% after a minimal follow up of 8 years for the Tonnis triple pelvic osteotomy in an identical 

populationn 5. Although our group of patients is small, the average follow up (19 years) is longer than 

otherr studies. In our study for the 10 patients a 20 year survival of 100% is reached. To our knowledge 

noo other procedures have reported such an excellent survival. Our special technique causes a 3-

dimensionall coverage by cancellous graft, which fully adapts to the femoral head. This excellent 

adaptationn is, in our opinion, caused by the extra cancellous bone that is added between the thinned 

jointt capsule and the graft, and the slight tension that is applied on the graft by ab- or adduction while 

itt is fixated. 



Inn osteoarthritis secondary to LCDP disease a flattened, mushroom shaped femoral head and a 

secondaryy dysplastic acetabulum are present. This osteoarthritis can be treated with a 

intertrochantericc valgus (extension) osteotomy, with the advantage of treating the hinge on abduction 

att the same time d. On valgisation the femoral head is subluxed. but a better partial congruency is 

created.. Especially the congruency in the medial part of the acetabulum is improved by the valgisation, 

butt the coverage of the lateral part becomes insufficient. This insufficiency can be solved by an 

acetabularr roof plasty. The indication for pelvic osteotomies is limited in these cases, especially in the 

presencee of a reduced hip function. 

Inn OA with femoral head deformities present in dysplastic hips or hips after a AVN the same 

anatomicall problem can occur, by valgisation the congruency improves, but subluxation of the femoral 

headd occurs and in addition an acetabular shelf plasty can successfully provide this coverage of the 

severelyy deformed part of the femoral head. In AVN the deformed part of the femoral head that is 

turnedd from the acetabulum is covered by the bone graft, so it has the possibility of remodelling 

againstt the support provided by the graft. 

Inn our view joint-preserving therapy by means of a multidirectional intertrochanteric osteotomy in the 

treatmentt of secondary osteoarthritis in relatively young adults is preferable to total hip replacement, 

evenn in patients with an acquired femoral head deformity. A major advantage of an intertrochanteric 

osteotomyy is that it leaves the possibility to perform a re-osteotomy or total hip replacement at a later 

stagee . When the correction osteotomy fails to provide a total coverage of the femoral head, the 

proceduree can be completed by an acetabular redirection osteotomy or an augmentation procedure. 

Thee aim of this "salvage" procedure is to lengthen the survival of the own hip joint without pain with a 

goodd range of motion. 

Thee procedure of performing a superolateral acetabular shelf plasty contains some specific risks of 

failures.. The placement of the bone graft is very important. When the joint capsule remains too thick, 

thee grafts including free cancellous bone are placed at a too high position above the acetabular rim, 

andd fails to provide the containment that it is supposed to give. Problems with the refixation of the 

majorr trochanter can occur, that's why we prefer to refix the major trochanter with one screw before 

performingg the intertrochanteric osteotomy. This screw can be removed after plate fixation of the 

osteotomy. . 

Thee reported results for THA in the young patients shows a wide variation. Porsch et al. reported on a 

groupp of patients younger than 20 years receiving a THA for congenital dysplasia of the hip with a 10 

yearr survival of 64% 13. Dudkiewicz showed similar poor results in a group of patients younger than 30 

yearr with the same indication 6. A 10 year survival of 90 % was reached in our study in patients with a 

femorall head deformity and secondary OA operated on an average age of 30. In our study 11 patients 

withh a femoral head deformity and secondary OA were younger than 30 years at the time of the 

osteotomy,, this group reaches a 15 year survival of 82%. Even if the results of an intertrochanteric 



osteotomyy and THA become comparable because of an improvement of the prosthetic implant, still the 

intertrochantericc osteotomy would be preferable in our opinion because the bone-stock is preserved 

andd the original joint remains intact, leaving the possibility of performing a THA at a later age with an 

evenn better bone-stock condition. 

Severall authors report on the long term results of periacetabular osteotomies in the treatment of 

secondaryy OA in young patients 1920. Only a few reports include conditions with an acquired femoral 

headd deformity, but do not specify the outcome for this selected group of patients 5 1 8 . 

Inn planning the intertrochanteric osteotomies we used plain pelvic X-rays and correction X-rays in 

adductionn and/or abduction. Although arthro-MRI has great additional value in understanding the 

pathologyy present in the hip joint including the presence of labral lesions, it has no additional value in 

thee technical planning of the osteotomy in our opinion. CT scanning could be beneficial in 

understandingg the 3D configuration of the deformity present. 

Inn order to show that further lateralisation is really prevented by adding a shelf plasty in these patients 

onee should compare our results to an identical group of patients receiving only a intertrochanteric 

osteotomy.. Toyama et. al. reported the results of 67 hips with a femoral head deformity and 

osteoarthritiss secondary to congenital dislocation treated with a valgus extension intertrochanteric 

osteotomyy of which 31 procedures were combined with a shelf plasty 22. A 10 year survival for the 

wholee group including valgus osteotomies without shelf plasty was 79%. Unfortunately the survival 

ratee for the group without a shelf plasty was not mentioned separately, although it was mentioned that 

patientss who had an additional shelf plasty had a longer lasting relief of pain. In our study comparable 

patientss had a 10 year survival rate of 90% and a 15 year survival rate of 83% was reached. 

Inn our opinion the acetabular roof plasty is an excellent addition to an intertrochanteric osteotomy for 

youngg patients with a femoral head deformity and a secondary osteoarthritis. Also in patients with a 

sphericall femoral head and an acetabular dysplasia, excellent results can be achieved by an 

intertrochantericc osteotomy combined with a shelf plasty. 
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Abstrac t t 

Betweenn 1974 and 1999 we performed 15 intertrochanteric osteotomies in 14 patients 

withh a painful hip secondary to Legg-Calvé-Perthes' disease. In seven patients, the 

osteotomyy was combined with advancement of the greater trochanter, acetabular roof 

plasty,, or both. 

Onee patient died 5 years after the osteotomy and one patient was lost to follow-up. One 

patientt had a second osteotomy 21 years after the initial osteotomy, and five patients 

hadd a prosthetic replacement 8-25 years after the osteotomy. The average follow up of 

thee remaining osteotomies was 11.3 years. 

Ann intertrochanteric osteotomy can decrease pain and improve clinical function in the 

mediumm and long term in young patients with a post-Perthes' deformity. 



Somee children affected with Legg-Calvé-Perthes' Disease (LCPD) develop a painful hip in 

youngg adulthood. These hips often exist of a deformed femoral head with a slightly dysplastic 

acetabulum.. In many patients, a leg-length discrepancy coexists. We have used 

intertrochantericc osteotomies as treatment for these symptomatic deformities, combined with 

advancementt of the greater trochanter and/or acetabular shelf plasty is necessary. In this 

study,, we present the long-term results of 15 hips in 14 patients. 

Betweenn 1967 and 1999, 14 patients with a painful and degenerative hip secondary to LCPD 

inn childhood were seen and operated on by the senior author. Thirteen patients were male. All 

patientss except two had been treated conservatively for their LCPD (Table I). All patients 

complainedd of pain in the affected hip with limited walking distance. Range of motion was 

generallyy limited. 

Functionall radiographs in abduction and adduction were taken to assess the best position of 

thee femoral head in relation to the acetabulum. Femoral-head deformity was rated according 

too Stulberg 21. One hip was graded as class II, five as class III and eight as class IV. 

Osteoarthritiss was scored according to Tonnis 23: Nine patients had stage I, four had stage II 

andd one had stage III. Patients consequently underwent a total of 15 intertrochanteric 

osteotomies;; one patient had bilateral osteotomies within 1 year. The average age at 

osteotomyy was 30.2 (19-55) years. In five patients (six hips), the osteotomy was combined 

withh an acetabular roof plasty and five patients (six hips) had an advancement of the greater 

trochanter. . 

Alll patients were contacted for clinical and radiological follow-up. A standard weightbearing 

pelvicc and a lateral hip radiographs were obtained and a Harris hip score was calculated. 

Survivall rates for hip replacement were calculated according to the life table method to 

comparee results with other studies. 



Tablee I: Patients and procedures 

Nrr Sexe Age 

1 1 

2* * 

3 3 

4 4 

5 5 

6 6 

7 7 

9 9 

10 0 

11 1 

12 2 

13** * 

14 4 

15 5 

M M 

F F 

M M 

M M 

M M 

M M 

M M 

M M 

M M 

M M 

M M 

M M 

M M 

M M 

M M 

19 9 

26 6 

22 2 

22 2 

23 3 

24 4 

24 4 

26 6 

27 7 

28 8 

33 3 

35 5 

40 0 

49 9 

55 5 

Stulbergg Modification of 

classs intertrochanteric 

osteotomy y 

III I 

III I 

IV V 

IV V 

III I 

IV V 

IV V 

II I 

IV V 

III I 

n.a. . 

IV V 

IV V 

III I 

IV V 

Valgus,, extension 

Valgus,, internal rotation 

Valgus,, medialisation 

Valgus s 

Valgus s 

Valgus,, Medialisation 

Valgus s 

Valgus,, internal rotation 

Lengthening g 

Valgus s 

Valgus s 

Valgus s 

Valgus s 

Valgus,, extension 

Varus s 

Valgus,, medialisation 

Acetabular r 

plasty y 

Yes s 

No o 

No o 

Yes s 

Yes s 

No o 

Yes s 

No o 

No o 

No o 

No o 

Yes s 

No o 

Yes s 

No o 

Advancement t 

off greater 

trochanter r 

Yes s 

No o 

No o 

Yes s 

Yes s 

No o 

Yes s 

No o 

Yes s 

No o 

No o 

No o 

No o 

No o 

Yes s 

Previouss surgery 

** Debridement at 13, osteotomy at 19yrs 

*** Osteotomy at 13 yrs. 



RpuJtU RpuJtU 

Onee patient was lost to follow-up and one patient died 5 years after the initial osteotomy 

(Tablee II). Post-operatively, one patient developed a contracture of the adductor muscles, for 

whichh a tenotomy was performed. Another patient with haemophilia A developed severe intra

articularr bleedings post-operatively resulting in an infection with a fistula that needed 

debridement.. Two patients had a second intertrochanteric osteotomy 4 and 21 years after 

theirr initial osteotomy, of which one eventually proceeded to a total hip arthroplasty (THA) 10 

yearss after the initial osteotomy. Another four patients needed a total hip artrhoplasty 8, 11, 

222 and 25 years after the initial osteotomy. In total, five of 14 patients needed a THA. No 

arthrodesiss was performed. 

Tabl ee II: Follo w up 

Nr r 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 

8 8 
9 9 
10 0 
11 1 
12 2 

13 3 
14 4 
15 5 

L L 
Compli
cations s 

#1 1 

#2 2 

Secondary y 
Osteotomy y 
Afterr n years 

21 1 

#3 3 

Noo follow-up 
4 4 

THA A 
afterr n 
years s 

25 5 

10 0 

8 8 
22 2 
11 1 

Survival l 
(years) ) 

15 5 
4 4 

10 0 
98 8 
25 5 
24 4 

4 4 
5 5 

13 3 
n.a. . 

Typee of 
Re-osteotomy y 

Valgus,, internal 
rotation n 

Varus,, internal 
rotation. . 
Advancementt of 
greaterr trochanter 

Hip p score e 
att follow-
up p 
87 7 
6 ' ' 
n.a. . 
86 6 
74 4 
61 1 
93 3 

75 5 
n.a. . 
91 1 
Noo f 
n.a. . 

n.a. . 
n.a. . 
nn a 

up p 

OA A 
grading g 
pre-op. . 
2 2 
1 1 
1 1 
1 1 
1 1 
2 2 
1 1 

1 1 
2 2 
1 1 
nn a 
1 1 

3 3 
1 1 
2 2 

OA A 
grading g 
att f-up. 
2 2 
1 1 
nn a 
1 1 
1 1 
3 3 
3 3 

1 1 
1 1 
1 1 
n.a. . 
nn a 

nn a 
n.a. . 
n.a. . 

#11 Adductor contracture 

#22 Fistula with S. Aureus, severe mtra-articular bleedings due to neglected haemophilia 

#33 Died 5 years after the initial osteotomy 

Thee average survival time of all the osteotomies was 15.2 (8-25) years. The average survival 

timee of the nine osteotomies in the eight patients in whom no THA was performed was 11.3 

(4-25)) years. All patients but one had a significant pain reduction 1 year post-operatively. In 

onee patient, the pain remained unchanged after the first osteotomy, but a second osteotomy 4 

yearss later significantly reduced the pain. At the last follow-up, a Harris hip score was 

obtainedd for all the patients who did not undergo hip replacement surgery. The average Harris 

hipp score in these patients was 78.5 (range 61-93). The range of motion did not improve in 

thee long term, except in one patient. The average pre-operative flexion was 111  at maximum 



follow-upp this was . The extension changed from an average of -4  to ; only two patients 

hadd a flexion contracture at maximum follow-up (5  and . The average pre-operative 

abductionn was ; this improved to . The adduction changed form 22  preoperatively to 14

att maximum follow-up. Osteoarthritis subsided in one patient from stage II to stage I at 6 

years.. Osteoarthritis increased in one patient from stage I to stage III at 25 years of follow-up. 

andd this patient was on the waiting list for receiving a THA at the time of this report. In one 

patient,, the osteoarthritis changed from grade 2 to grade 3 in 25 years. Radiographs of all 

otherr patients showed no osteoarthritis progression at the latest follow-up. 

Althoughh total hip replacement is generally a good option for osteoarthritis: the life expectancy 

forr patients with sequelae after LCPD is much longer than that of a prosthetic implant. 

Furthermore,, joint-preserving surgery improves the quality of life in the short and medium 

termm while still leaving the possibility of a THA at an older age 

Afterr LCPD, deformation of the femoral head is usually multi-directional, flat or broad in the 

frontall plane and phalloid in the axial direction. The femoral neck may be in varus, the greater 

trochanterr stands high and a leglength discrepancy may exist. Furthermore, the acetabulum 

mayy be slightly dysplastic and in many cases has lost its normal anteversion. Joint-preserving 

surgeryy is focused on either the acetabulum or the femoral head and is based on 

improvementt of the forces within the hip or on improving joint congruency 

Thee femoral head can be adjusted using an intertrochanteric osteotomy or 

advancementt of the greater trochanter9 or both 713. Options for treatment on the acetabular 

sidee are Salter-type osteotomies 1325. rotational acetabular osteotomies 6 6 and 

augmentationn procedures like acetabular roof plasty " 'M. In many cases, it is necessary 

too address both the acetabulum and the femoral head ' 

Intertrochantericc osteotomies are a logical procedure to address hip deformities after LCPD. 

However,, there are no studies describing long-term results of osteotomies in young adults 

withh sequelae after LCPD. Maistrelli et al 10 described patients with osteoarthritis of the hip 

treatedd with valgus extension osteotomy at an average age of 51 years. They showed good 

long-termm results in young patients with a "mechanical" secondary osteoarthritis. 

Unfortunately,, the aetiology of the secondary osteoarthritis was not specified. Baksi 2 was 

successfull in treating painful hips by using cheilotomy without osteotomies in combination 

withh adductor tenotomy. The acetabular side was not addressed. It is obvious that hinging 

andd impingement could be improved by using such techniques. However, the additional 

drillingg and revascularisation attempts seem illogical. 



Otherr authors claim that secondary osteoarthritis in young adults is best treated with a 

femorall osteotomy in combination with an acetabular re-directing osteotomy 1 5:14. Koyama et 

all 8 looked into the specific problem of osteoarthritis secondary to LCPD in young adults. 

Fourteenn patients with an average age of 33 years were treated with a Chiari osteotomy, in 

fourr patients combined with an intertrochanteric osteotomy, and evaluated after an average of 

6.33 years. He found postoperative improvement of pain but no improvement of range of 

motion.. In all but one patient, the progression of osteoarthritis was halted. No hip joint had 

anyy prosthetic replacement. However, the follow-up was only 2-12 years. 

Inn contrast to the general belief in, and the solicitors' need for, "cookery book surgery", our 

focuss has been to adapt surgery to the need of the individual patient. We tried to address all 

facetss of the pathology, which in many cases lead us to complex, combined procedures. In all 

patients,, an intertrochanteric femoral osteotomy was deemed necessary. The type of 

osteotomyy was assessed individually on a radiological basis. A valgus osteotomy was the 

mostt used procedure. Not only did it improve congruency, it also has the advantage that leg-

lengthlength discrepancy, hinging and impingement can be addressed 34;9:1317;20 |n cases where 

thee abduction forces needed addressing, even after a valgus osteotomy, the possibility of an 

advancementt of the greater trochanter was chosen 7;13. 

Althoughh three-dimensional reconstruction CT scans are currently used for evaluation of hip 

jointt deformities, this modality was not yet available in the era during which most of the 

operationss were performed. 

Too address acetabular dysplasia, we used a procedure of the acetabular roof. Acetabular 

dysplasiaa usually exists on the lateral and posterior side. We could place bone grafts and 

cancellouss bone wherever there was a need for it. A Salter osteotomy seems illogical as it 

onlyy addresses the lateral and anterior side of the acetabulum 13:26. A Chiari osteotomy will 

addresss especially the lateral side, but also the anterior and posterior side 8. In comparison, 

rotationall osteotomies are complex and difficult 152226. However, development of the peri-

acetabularr procedures is now a good alternative to our more classic technique. 

Wee conclude that our treatment of sequelae of LCPD is a valuable option, delaying the need 

forr THA without compromising the necessary bone stock. We were able to show that this 

concept,, addressing femoral and acetabular deformities, can decrease pain, improve clinical 

functionn in the medium and long term and prevent (further) degeneration of the hip in 

relativelyy young adults. 
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Abstrac t t 

Inn this chapter an overview is given for the valid indications for intertrochanteric 

osteotomiess for posttraumatic deformities around the hip. The surgical technique is 

demonstratedd and several indications are described as cases. For these specific 

indicationss the surgical technique is presented in detail and potential pitfalls are 

mentioned. . 

I I 



Historically,, intertrochanteric osteotomies were considered to be the main surgical procedure for every 

kindd of osteoarthritis. Over the last few decennia, the outcome for Total hip replacements (THA) has 

improvedd and the art of performing intertrochanteric osteotomies seems to have been forgotten. 

However,, even today, there are still hip deformities were Intertrochanteric osteotomies should be 

considered.. Of these, the coxa valga (antetorta) with a mild to moderate acetabular dysplasia is the 

best-knownn indication. Intertrochanteric osteotomies can produce excellent results in various post

traumaticc deformities including osteoarthritis and avascular necrosis of the femoral head 8"1 " . 

Throughh the use of intertrochanteric osteotomies, several types of post-traumatic deformities of the 

proximall femur causing secondary osteoarthritis (OA) can be corrected. This process can be halted or 

evenn prevented when the correction is performed early enough through correcting the cause in the 

developmentt of osteoarthritis (impingement or incongruency). In those hips were OA changes are 

moree advanced, it is thought that altering the load of the femoral head to the acetabular bone and 

cartilage,, initiates a reparative process. This can be explained partly by biological responses such as 

thee elimination of high intramedullary pressure, improved blood supply after healing of the osteotomy 

andd bone remodelling. Also, joint congruity, leg length and muscle forces can be altered in order to 

improvee the biomechanical properties of the hip 3:1 ',15. This osteotomy effect can improve the results in 

thosee hips which are more or less pain free but where the patient is limited by a contracture. A pure 

alignmentt osteotomy could be a good solution if a THA is not the ideal solution for these patients (e.g. 

thee patient is too young) (Case 1: right hip). Although in some post-traumatic deformities excellent 

resultss can be achieved with total hip arthroplasty (THA), we feel that, especially in young patients, the 

emphasiss should be on joint saving interventions whenever possible. Performing an intertrochanteric 

osteotomyy does not necessary influence the long term survival of a subsequent THA if one should be 

necessaryy in the future 

Ann intertrochanteric valgus osteotomy is especially indicated if there is a nonunion of a proximal 

femorall fracture or femoral neck fracture present. The main thinking behind this technique is that an 

unstablee fracture can be stabilised by placing it in a valgus position. This stable condition attributes to 

thee healing of the nonunion, as does the compression of the nonunion caused by the new position 
11;14;17 7 

Inn this chapter, we will describe the post-traumatic indications for which we believe good outcomes 

cann be achieved with Intertrochanteric osteotomies. We will also discuss our operative technique and 

pre-operativee considerations. 
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Everyy patient who is considered for an intertrochanteric osteotomy, should be screened along with 

beingg provided with information as to the post-operative period. It should be explained to the patient 

thatt the osteotomy postpones the need forTHA. but does not eliminate it in all cases. Furthermore, the 

rehabilitationn process should be explained and the patient's motivation should be evaluated. The 

outcomee of an osteotomy is thought to be better in well-motivated patients. 

Rangee of motion is an important part of the preoperative screening as it shows the amount of 

correctionn which is possible without jeopardising the hip function. Clinical investigation also reveals 

limitationss of movement and contractures. Contractures are especially important as they can influence 

thee correction needed to achieve the best possible solution. For example, in cases of an extension 

deficitt (flexion contracture), extension can be added to the osteotomy. The same principle is valid for 

Externall and Internal rotation contractures. Often it is not the functional limitation of the hip that 

botherss the patient, but the painful overload of the neighbouring joints. (Figure I) 
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Causes:: , , \ / ' 

Valguss Knee -> 

Figuree I 

AA functional limitation of the hip can cause a 

painfull overload on the other joints. 

Varuss Ankle and //) \ // % 

subtalarr joint -> f ] 

Besidess the standard standing pelvic X-rays and lateral view (or False profile), additional correction X-

rayss should be made in valgus (adduction) and varus (abduction) to mimic the proposed effect of the 

osteotomy. . 

Accordingg to Schneider, additional X-rays in flexion or extension can be taken, if required 16. 

Wee do not perform 3D-CT scanning routinely on these patients although detailed information of the 

deformityy can be gleaned from these radiographs. We believe that, in most cases, the information 

availablee from standard and correction X-rays are sufficient to judge whether an intertrochanteric 

osteotomyy is feasible and to plan the surgical procedure. 
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AA Standard lateral approach is used in all intertrochanteric 

osteotomies.. The vastus lateralis is exposed by incising the 

fasciaa lata and reflected with Hohman retractors to visualize the 

laterall femur. The vastus lateralis is sharply removed in the 

avascularr plane from the vastus ridge. The vastus lateralis is 

detachedd from the intermuscular septum which allows a wide 

inspectionn of the upper femur. Several perforating branches of 

thee profunda femoral artery traverse the vastus lateralis and 

shouldd be ligated correctly to avoid a post-operative 

haematoma.. Blunt dissection is advised to avoid damage to 

thesee vessels. If it is necessary to inspect the hip joint, the 

approachh can be extended proximally (Watson-Jones) and the 

jointt capsule can be opened to inspect the joint. The linia 

asperaa is decorticated. After inserting the seating chisel and the 

rotationn is marked, a transverse osteotomy is made just 

proximall to the lesser trochanter. Before making this osteotomy 

thee seating chisel should be pulled back for approximately one 

cm.. Depending on the desired correction, a full or half wedge is 

removedd allowing the calculated varus-valgus or flexion 

extensionn correction. During the osteotomy blunt Hohman 

retractorss are placed around the femur to protect the femoral 

vesselss and nerve. The definitive fixation is performed under 

compressionn with the classical AO 90  or 100  blade plate with 

differentt offsets ranging from 10-20 mm. In cases were extreme 

valgisationn is needed as in the treatment of femoral neck 

nonunions,, a double-angled 120  plate or 130  blade plate can 

bee used. In specific cases like intertrochanteric lengthening, a 

condylarr plate is the preferred option. In all our intertrochanteric 

osteotomiess using more or less right angled blade plates, we 

performedd the fixation under compression using the AO 

compressionn device ;1 . Under lateral compression, even open 

wedgee osteotomies heal without problems (Case 5: Figure 4). 
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Malrotation ,, shortenin g and varus deformit y after a malunite d femora l 

fracture . . 

AA valgus-derotating-lenghtening intertrochanteric osteotomy. 

AA destroye d hip join t combine d wit h a sever e leg lengt h discrepancy . 

AA  valgus-extension intertrochanteric osteotomy and femoral lengthening on the right side 

andd a varus-shortening intertrochanteric osteotomy on the left side. 

AA malunite d femora l neck fracture . 

AA valgus-flexion intertrochanteric osteotomy. 

Posttraumati cc  AVN of the femora l head after a femora l neck fracture . 

AA valgus intertrochanteric osteotomy combined with a shelf plasty 

AA non-unite d proxima l femora l fracture . 

AA valgus intertrochanteric osteotomy. 

AA malunite d acetabula r fracture . 

AA varus-extension Intertrochanteric osteotomy. 

Posttraumati cc  osteoarthriti s after an acetabula r fracture . 

AA valgus-extension-external rotation intertrochanteric osteotomy. 

Nonunio nn of a proxima l femora l fracture . 

AA valgus intertrochanteric osteotomy. 



AA valgus-derotating-lenghtening Intertrochanteric Osteotomy. 

11 Case descriptio n 

AA 24 year old female presented with a slight varus, shortening and malrotation after intramedullary 

nailingg of a femoral fracture. 

Figuree I, II. Ill 
X-rayss showing the united femoral fracture by intramedullary nailing. The shortening, varus 

andd malrotation (Dunn) are clearly visible. On clinical investigation a leg length discrepancy 

off 2,5 cm is present with the leg in external rotation, no internal rotation was possible. 



D e f o r m i t yy Ana l ys i s / I nd i ca t i on 

Inn many malunions a shortening of the affected limb is present. In these cases the planned 

intertrochantericc osteotomy can be combined with lengthening. The malrotation can also be corrected 

att the femoral level, but the advantage of a correction at the intertrochanteric level is that the 

deformit iess present in the other two planes may be corrected simultaneously. 

P reopera t i vee P lann ing 

Thee preoperative leg length discrepancy needs to be determined. Although clinical examination 

remainss the most important method of obtaining these measurements, CT-evaluation is also a 

valuablee tool. 

E q u i p m e n t t 

Oscil latingg saw 

Condylarr plate (6 or 7 holes) 

Seat ingg chisel 

4.55 mm screws 

A OO compression device 

A d d i t i o n a l l 

Cort icocancelouss grafts need to obtained be from the ipsilateral iliac crest. 

Pat ientt pos i t i on i ng 

Thee patient is placed in supine position with a folded blanket under the affected buttock. 

Alll operations are performed under antibiotic prophylaxis. 

22 Surg i ca l a p p r o a c h 

AA standard anterolateral approach is used. 

33 O s t e o t o m y and de fo rm i t y co r rec t ion 

Thee chisel is placed in the est imated position as in a normal intertrochanteric osteotomy. After the 

chisell is placed it is exchanged for the plate, which is then partially inserted leaving room for the 

osteotomy.. The osteotomy is begun with a vertical cut, as in intertrochanteric shortening (case 2). 

44 F ixa t ion 

Whenn the adequate correction has been achieved and confirmed, a laminar bone spreader is used to 

obtainn the desired leg length correction. Instead of a laminar bone spreader an AO femoral distractor 

cann also be used to create the lengthening. Multiple cortico-cancellous bonegrafts from the iliac crest 

aree inserted in the created gap, combined with cancellous grafts along the decorticated linea aspera. 

Afterr fixing the plate with 4 .5mm cortical screws, one or two of the distal screws are directed cephaled 

andd should thus be able to obtain grip in the proximal fragment. 



Figuree IV 

Lengtheningg up to 3.5 cm can be easily performed without overstretching the nerves, 

(experimentall unpublished study) 

Figuree V 

Schematicc drawings of the surgical procedure. Note that the Verbrugge clamp does not 

havee to be released during the lengthening. The plate will glide beneath it. but the correction 

willl be preserved. 



Postoperativee X-ray. A lengthening of 1,6 cm was achieved (arrows), combined with the 

essentiall derotation and slight valgisation. The combination of lengthening and valgisation 

resultedd in an equalized leg length. 

J J 
55 Rehabilitation 

Passivee range of motion exercises are started on the first postoperative day. Partial weightbearing is 

allowedd immediately postoperatively. Full weightbearing is allowed after 6-8 weeks. 

Implan tt  remova l 

Sincee for most indications the need for total hip arthroplasty (THA) is only postponed and not resolved, 

itt is important to keep in mind that a future THA should be possible. Since THA is more difficult and 

hass a higher rate of complications when performed simultaneously with hardware removal, it is always 

recommendedd to remove hardware within 1-2 years of the osteotomy. 



Figuree VII 

X-rayy after hardware removal, showing a normal hip. After 20 years postoperative, the 

patientt experiences no problems or limitations. 

66 Pitfalls 

Lengtheningg in the intertrochanteric region is not easy. Care should be taken during the lengthening 

proceduree to ensure that the plate is inserted completely in order to avoid a completely unstable 

situation. . 

Itt is important to always keep in mind that correction of angular deformities will influence the leg length. 

Thus,, the amount of lengthening created with the valgisation should be included in calculating the 

requiredd lengthening needed. 

77 Pearls 

Correctionn of the malrotation at the intertrochanteric level can be easily combined with correcting the 

existingg varus and shortening. 

Usee of a blade plate is advantageous as it may be bent into the desired shape. 



AA valgus-extension intertrochanteric osteotomy and femoral lengthening on the right side and a varus-

shorteningg intertrochanteric osteotomy on the left side. 

I.Casee description 

AA grenade explosion completely destroyed the hip joint and surrounding soft tissue of a 14-yeae-old 

boy.. Despite the injury receiving treatment elsewhere, the boy was left with a shortening of 12 cm and 

aa flexion-adduction contracture of the right hip. 

Deformit yy  Analysis/Indicatio n 

Thee patient presents with two main deformities to be dealt with. First, the flexion-adduction contracture 

off the hip joint should be corrected. Second, the large leg length discrepancy of 12 cm must be 

addressed. . 

Preoperativ ee Plannin g 

Threee procedures were used to resolve these issues. The initial step in the treatment of this young 

patientt was realignment of the hip joint by performing a classical valgus extension intertrochanteric 



osteotomy.. As well as achieving a pure alignment of the hip joint, this correction also protects the knee, 

anklee and subtalar joint. 

Thee second step was lengthening of the femur after the osteotomy had united and hardware had been 

removed.. With the use of a Wagner device and distraction method a lengthening of 7.5 cm 2 was 

created. . 

Thee third surgical procedure was an intertrochanteric shortening of 4.5 cm on the left side. 

Thee aim of the intertrochanteric osteotomy was to correct the contracture, so that clinical investigation 

revealedd the amount of correction needed. No correction x-rays were needed. 

Afterr the first intertrochanteric osteotomy had healed, removal of the hardware was necessary to allow 

femorall lengthening to begin. Shortening on the contralateral side was performed at a later stage in 

thiss patient. If no callus formation occurs during the distraction lengthening, it is possible to perform the 

shorteningg on the other side earlier and to transfer the removed bone block to the side of the 

lengthening.. Fixation may then be performed using a plate. 

Equipmen t t 

IntertrochantericIntertrochanteric correction osteotomy on the Right side and the Intertrochanteric shortening on the left 

side: side: 

Oscillatingg saw 

AOO Hip blade plate or condylar plate 

Seatingg chisel 

4.55 mm screws 

AOO compression device 

FemoralFemoral lengthening on the Right side 

Hammerr and chisel 

Wagnerr device 

Patien tt  positionin g 

IntertrochantericIntertrochanteric Osteotomy: The patient is placed in supine position with a wrapped blanket under the 

affectedd buttocks 

LengtheningLengthening The patient is placed in supine position 

Alll operations are performed under antibiotic prophylaxis. 

2.. Surgica l approac h 

IntertrochantericIntertrochanteric Osteotomy 

AA standard anteroom-lateral approach is used. 



Throughh the anteroom-lateral approach since hardware removal from the intertrochanteric osteotomy 

iss performed in the same setting. However percutaneous placement of the pins and percutaneous 

performancee of the transverse osteotomy is possible. 

3.. Osteotom y and deformit y correctio n 

IntertrochantericIntertrochanteric correction osteotomy: 

Thee seating chisel is placed under the estimated correction angle. A transverse osteotomy is made at 

thee distal part of the intertrochanteric region (above the lesser trochanter) after marking the rotation 

withh 2 k-wires. A triangular bone block is removed allowing maximal bone contact following the 

calculatedd correction. 

Figuree II 

Postoperativee X-ray after intertrochanteric 

realignmentt osteotomy of the right Hip 

AA transverse osteotomy is made after placement of the Schanz screws. The osteotomy made with a 

chisell or Gigli saw to avoid damage to the intramedullary vessels 2. 



Figuree III 

Postoperativee X-ray after the 

osteotomyy and placement of 

thee Wagner device. Note the 

osteoclasis-typee osteotomy. 

Figuree IV 

Femorall lengthening after 6 

months.. Lengthening of 7,5 cm 

iss achieved and a strong callus 

bridgee is present. 

IntertrochantericIntertrochanteric Shortening: 

Thee seating chisel is placed. This type of shortening has the advantage of allowing a three-

dimensionall correction of the proximal femur in the same session. If such a correction is planned, the 

chisell should be inserted according to the desired correction (none in this patient). After placing the 

chisell and pulling it back 1cm, the shape of the osteotomy is predrilled with a 2.5 mm drill. The vertical 

partt of the osteotomy should be performed first, ensuring that the lesser trochanter remains attached 

too the proximal fragment (Figure VI). Subsequently, a transverse osteotomy is made above the level of 

thee lesser trochanter after marking the rotation with 2 k-wires. A bone block of 4.5 cm is removed 

sparingg the medial wall containing the lesser trochanter. 



4.. Fixatio n 

Intertrochanteric Intertrochanteric 

Afterr removing the triangular bone block the chisel is replaced by a 7 holes condylar plate. The plate is 

fixatedd using 4.5 mm cortical screws after an additional correction of 5  of external rotation. Fixation is 

performedd under compression. 

Afterr the osteotomy is performed the Wagner device is attached to the Schanz screws and tested to 

seee is distraction is possible. Compression is then added to the osteotomy using the Wagner device. 

itericiteric Shortening 

Afterr removing the bone block, an AO hip plate is inserted and fixated with 4.5 mm cortical screws 

underr compression. 

5.. Rehabilitatio n 

'tenc'tenc com 

Weightbearingg is increased after an initial 6 week period of limited weight bearing. 



FemoralFemoral lengthening: 

Postoperatively,, mobilization is possible with the Wagner device under compression. After 

approximatelyy two weeks the distraction period is started. The lengthening is performed gradually by 

addingg 0.25mm distraction 4 times a day. In this way a distraction of 1 mm a day is achieved. 

IntertrochantericIntertrochanteric Shortening: 

Weightbearingg is increased after an initial 6 week period of limited weight bearing. 

Figuree VII 

Postoperativee X-ray 7 weeks after the intertrochanteric 

shortening.. Consolidation was achieved. Note that an 

AOO compression device was used (arrows) 

Implan tt  remova l 

Sincee for most indications the need for a future THA is only postponed and not eliminated, it is 

importantt to keep in mind that a future THA should be feasible. Since THA is more difficult and has a 

higherr rate of complications when performed simultaneously with hardware removal, it is customary to 

removee the hardware within 1-2 years after the osteotomy. In this case, the blade plate was removed 

earlierr to allow the femoral lengthening with the Wagner device on the right side. With regard to the 

lengthening,, the Wagner device is removed if sufficient distraction callus is present. In exceptional 

circumstancess a percutaneous bridging plate can be applied. The left hip is completely normal, so 

theree is no need for implant removal. 

6.. Pitfall s 

AA  unilateral lengthening device might cause a varus deformity of the femur. To avoid this specific 

problem,, the proximal and distal Schanz screws are inserted at an angle of approximately 10 degrees. 



7.. Pearls 

Thee bone block removed from the intertrochanteric osteotomy can be used to fill the defect on the 

contra-laterall side if the callus formation is not sufficient enough. In this case, the callus formation was 

excellentt (Figure IV) and the femur was completely reconstructed after 7 months. 

Ourr own experimental studies and clinical investigation show that diaphyseal callus distraction similar 

too the llizarov-technique is possible with a unilateral device 2 . 

Thee realignment intertrochanteric osteotomy allows a restoration of the hip joint, probably due to the 

biologicall response to the osteotomy (Figure XIII, IX). 

Anyy deformity besides rotation can of course be corrected by changing the connections of the Schanz 

screwss to the Wagner device. 

3 3 Figuree VIII, IX 

X-rayss 10 years postoperative. A new hip joint 

developed.. Patient was free of pain with a walking 

distancee up to 3 km, with a slight Trendelenburg gait. 

ROMM was F/E 60-0-0, Abd/Add 5-0-30, ER/IR 50-0-5. 

1 1 
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AA valgus-flexion Intertrochanteric Osteotomy. 

11 Case description 

Thee patient is a 28-year-old female, who suffered a polytrauma in a motor vehicle accident. During the 

initiall treatment (long coma) a proximal femoral fracture was missed and malunited. 

Figuree I, II 

Thee malunited femoral neck fracture; a varus and hyperextension deformity causing 

impingementt is present, (arrow) 

\ \ 

/ / 
Deformit yy  Analysis/Indicatio n 

Althoughh a malunion of a femoral neck fracture is a rare occurrence, it does happen. This situation 

causess severe limitation function. A malunited proximal femoral fracture has the potential to cause a 

bonyy impingement. These impingements may lead to secondary osteoarthritic changes as a result of 

thee repetitive microtrauma caused to the joint during movement 6. The causative factor of these 

osteoarthriticc changes can be removed by performing a realignment osteotomy of the proximal femur. 

Inn hips were this is a problem, the main concern is that the femoral head is dislocated dorsally and into 

aa varus position. Thus, the correction needed in most hips is a valgus and flexion osteotomy. The aim 

off the osteotomy should be to eliminate the impingement while improving the congruency of the 

alreadyy damaged joint. If the impingement is not completely eliminated after the osteotomy, a 

secondaryy offset correction may be combined at a later stage with the implant removal6. 



Preoperativ ee Plannin g 

AA correction X-ray was made during the preoperative planning. An optimal position was achieved with 

40  adduction and 30  flexion. Extra attention should be paid to the amount of hyperextension possible 

inn order to judge whether a flexion osteotomy is achievable without the creation of a flexion contracture. 

Figuree III 

Correctionn X-ray in 40  of adduction 

andd 30  of flexion. 
J J 

Equipmen t t 

Oscillatingg saw 

Angledd blade plate (120  or ) 

Seatingg chisel 

4.55 mm screws 

AOO compression device 

Patien tt  positionin g 

Thee patient is placed in supine position with a wrapped towel under the buttock on the operated side. 

Alll operations are performed under antibiotic prophylaxis. 

22 Surgica l approac h 

AA standard anterolateral approach is used. 

33 Osteotom y and deformit y correctio n 

Thee seating chisel is placed under the estimated correction angle of 40  valgus and 30  flexion. The 

rotationn is marked by two K-wires. A transverse osteotomy is made at the distal part of the 

intertrochantericc region. A small triangular bone block is removed allowing maximal lateral bone 

contactt after the correction. 

a a 



44 Fixation 

Afterr removing the limited bone block , an AO hip plate is inserted and fixated with 4.5 mm 

corticall screws under compression after adding 10  of internal rotation to the already achieved 

correctionn of 40  valgus and 30  flexion. 

55 Rehabilitatio n 

Afterr 5 days of bed rest the patient is mobilized but is restricted to non-weight bearing activities during 

thee first 6 weeks postoperatively. 

Implan tt  remova l 

Implantt removal is always planned within 1-2 years after an intertrochanteric osteotomy. 

66 Pitfall s 

Thee postoperative situation shows an anatomical restoration of the proximal femur. The lateral X-ray 

showss a short femoral neck which could potentially cause impingement problems and may be the 

causee for early osteoarthritic changes (Figure V). If this occurs, a secondary offset correction should 

bee performed 6. This patient did not experience such complaints and the osteotomy united 

successfully. . 

Inn these circumstances, the danger of an avascular necrosis of the femoral head still exists. 

77 Pearls 

Osteoarthriticc changes are prevented by early correction of the impingement. 



AA valgus intertrochanteric osteotomy combined with an acetabular shelf plasty 

11 Case descriptio n 

AA  15 year old boy sustained a femoral neck fracture which was treated with cannulated hip screws. An 

avascularr necrosis of the femoral head later developed, followed by a collapse of the femoral head. 

Cannulatedd hip 

screwss for a 

femorall neck 

fracture. . 

I I 

During g 

rehabilitationn a 

posttraumatic c 

femorall head 

necrosis s 

occurred. . 

Ü Ü 



Deformit yy  Analysis/Indicatio n 

Althoughh the role of intertrochanteric osteotomies in the treatment of AVN is limited 5, there is one 

clearr indication for performing an osteotomy in hips with this condition. If Ficat and Arlet Stage IV is 

presentt with a deformed femoral head in young patients, improvement of congruency may be obtained 

byy valgisation of the hip; however, on valgisation, the lateral part of the femoral head becomes 

uncovered.. To provide a full coverage of the femoral head a superolateral bone graft is added to the 

patient'ss hips 9. Following this procedure the femoral head usually rebuilds against the coverage 

provided,, creating long lasting results. 

Preoperativ ee Plannin g 

Ass in every young patient with secondary osteoarthritis, the possibility of performing an 

intertrochantericc osteotomy was investigated by taking correction X-rays in adduction and abduction. 

Equipmen t t 

Oscillatingg saw 

AOO hip plate or condylar plate 

Seatingg chisel 

4.55 mm screws 

AOO compression device 

/F iguree V, VI 

Correctionn X-rays in abduction 

andd adduction. In abduction 

(varisation)) the containment is 

improvedd but incongruency of the 

jointt occurs. In adduction, an 

improvementt of congruency is 

visiblee however there is no 

completee coverage of the femoral 

head. . 

Patien tt  positionin g 

Thee patient is placed in supine position with a wrapped towel under the buttock on the operated side. 

Thee ipsilateral iliac crest should be prepared for retrieving the required corticocancellous bonegrafts 

andd cancellous bone chips. 

Alll operations are performed under antibiotic prophylaxis. 



22 Surgical approach 

AA standard anterolateral approach is used combined with a trochanteric osteotomy to release the 

gluteall muscles 

33 Osteotomy and deformity correction 

AA cortico-cancellous bone graft was harvested from the ipsilateral inner iliac crest, cut into two or three 

blockss and predrilled for screw fixation. The joint capsule remained intact but was thinned until 

movementt of the femoral head was just visible through the thinned capsule. The supra-acetabular iliac 

bonee was decorticated and the bone graft fixed using 3.5 or 4.5 mm lag screws with the leg positioned 

inn the calculated position of adduction or abduction; in this case 20  of adduction. When function is 

testedd in adduction, the grafts should show plastic deformity. Some cancellous bone was pressed 

betweenn the thinned joint capsule and the bone grafts. Temporary screw fixation of the greater 

trochanterr was carried out. Distal displacement can be added in patients in whom the tip of the greater 

trochanterr was positioned higher than the centre of rotation of the femoral head after correction. The 

seatingg chisel is placed under a 20  valgus correction angle. The rotation is marked by two K-wires. A 

transversee osteotomy is made at the distal part of the intertrochanteric region. A triangular bone 

wedgee is removed allowing maximal bone contact after the calculated correction. Note that the joint 

capsulee is not opened during this procedure. 

ff F igure VI I , VIII 

Postoperativee X-ray and the long term result after 13 years. The patient has a maximum 

HHSS with a good ROM and is working as a forest ranger. 
VV J 



Figuree IX 

Schematicc drawing of the osteotomy and shelf plasty9 

44 Fixatio n 

Afterr removing the bone wedge, an AO hip plate is inserted and fixated with 4.5 mm cortical screws 

underr compression. The temporary screw fixation for the major trochanter may be removed after 

placingg the blade plate. 

55 Rehabilitatio n 

Postt operative treatment consisted of 2 weeks of traction-immobilisation in which only flexion and 

extensionn is allowed. 

Implan tt  remova l 

Implantt removal is always planned after an intertrochanteric osteotomy within 1-2 years. The screws 

fixingg the grafts may be left in place. 



66 Pitfall s 

Whenn performing an acetabular shelf plasty, the thinning of the joint capsule is extremely important. 

Caree must be taken, however, not to rupture it. If the joint capsule remains too thick the result will be a 

biomechanicallyy useless shelf plasty because of its high position. 

Temporaryy fixation of the major trochanter is an important step in this procedure. Techniques in which 

thee trochanter is reduced with the seating chisel are too hazardous. 

Caree should be taken in allowing weightbearing and extreme movements in the first 8 weeks. 

77 Pearls 

Onee of the benefits of this method is the revival of an old procedure using modern techniques. 



C*uS C*uS 

AA valgus Intertrochanteric Osteotomy. 

11 Case descriptio n 

AA  17-year-old female with a nonunion after a proximal femoral fracture treated with a dynamic hip 

screw. . 

_A_A JËËË 
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Figuree I 

Proximall femoral fracture 

Figuree II 

Initiall treatment with a 

dynamicc hip screw, 

resultingg in insufficient 

reductionn and fixation 

Figuree III 

AA mal- or nonunion is 

presentt with loosening of 

thee dynamic hip screw and 

severee destruction of the 

femorall head. 



Deformit yy  Analysis/Indicatio n 

Althoughh the presence of a nonunion is not conf i rmed, it is very likely to be present. 

Preoperat iv ee Plannin g 

Independentt of the presence of a nonunion or malunion a valgus osteotomy, according to Pauwels 

shouldd be performed. Additional pre-operative X-rays are unnecessary 

Equipmen t t 

Oscil lat ingg saw 

Angledd blade plate (120  or ) 

Seatingg chisel 

4.55 mm screws 

Patien tt  posit ionin g 

Thee patient is placed in supine position with a folded towel under the affected buttock. 

Prophylacticc antibiotics are administered during surgery 

22 Surgica l approac h 

AA standard anterolateral approach is used. 

33 Osteotom y an d deformit y correctio n 

Thee DHS was removed to reveal a nonunited fracture. An osteotomy was then performed at the 

intertrochantericc level ending above the lesser trochanter after placing the seating chisel. A small bone 

wedgee was removed laterally, allowing a valgisation of . Compression of the lateral side creates 

sufficientt stability. The removed bone block was used as a corticocancellous graft to (partially) fill the 

defectt created on the medial side. The nonunion remains untouched during this procedure. The 

valgisat ionn will provide the stability needed to achieve fracture healing by eliminating the shearing 

forces. . 

Figuree IV 

Postoperativee X-ray. 

Figuree V 

Schematicc Drawing of the surgical principle. 



44 Fixation 

Afterr the bone block is removed, the seating chisel is replaced by a prebend condylar plate. This plate 

iss fixed using 4.5 mm bicortical screws. One screw is placed cephaled through the most proximal hole 

providingg extra stability in the proximal fragment and allowing extra compression. 

55 Rehabilitation 

Patientt is permitted to weightbearing after 8 weeks. 

Implantt removal 

Implantt removal always occurs within 1-2 years. 

66 Pearls 

Althoughh vascularisation is initially disturbed, the bone defect created by the bulky DHS is 

spontaneouslyy rebuilt by vascularisation after union (Figure VI - VIII). 

Thee osteotomy does not compromise the vascular nutrition of the femoral head any further; however 

thee uniting fracture will help to support the revascularisation. 

Byy creating a stable situation the nonunion is healed. 

ff Figure VI , VI I , VIII > 

55 and 17 year follow up X-rays. The patient has a pain-free hip with a good ROM (F/E 

95/10/0).. Certainly an excellent postponement for an eventual THA later on. 

VV J 



AA varus-extension intertrochanteric osteotomy. 

11 Case description 

AA 27 year old male sustained a posterior column acetabular fracture in a motor vehicle accident. The 

patientt was left with a malunited fracture after receiving conservative treatment elsewhere. 

D p f o n n i t vv Ana lu^ i ^ / l n r i i r a t i nn 

Thee malunited posterior wall of the acetabulum had formed a sort of new acetabulum in which the 

femorall head does articulate. An osteotomy was planned to optimise the contact between the femoral 

headd and the new acetabulum to avoid early osteoarthritic changes. Clinically, the malunited posterior 

walll fragment on which the femoral head articulated had resulted in the presence of a flexion 

contracture. . 

A A 



Preoperativ ee Plannin g 

Thee aim of the osteotomy is to align the femoral head to the new acetabulum. A correction X-ray in the 

calculatedd abduction and flexion is made, showing a good alignment to the neo-acetabulum. The 

osteotomyy is performed 12 months after the initial fracture. 

/^Figuree III ^ \ 

Correctionn X-ray in the calculated 

Abduction,, showing a better containment. 

Thee flexion is added to the osteotomy for 

puree leg alignment. 

.. J 

Equipment t 

Oscillatingg saw 

AOO hip plate or condylar plate 

Seatingg chisel 

4.55 mm screws 

AOO compression device 

Patien tt  positionin g 

Thee patient is placed in supine position with a folded blanket under the affected buttock 

22 Surgica l approac h 

AA Standard lateral approach is used. 

Prophylacticc antibiotics is administered during surgery 

33 Osteotom y and deformit y correctio n 

Thee seating chisel is placed under a correction of 5  varus and 35  extension. The rotation is marked 

byy two K-wires. A transverse osteotomy is made at the distal part of the intertrochanteric region. A 

triangularr bone block is removed allowing maximum bone contact after the calculated correction, in 

thiss case a varus extension correction. The joint capsule is not opened during this procedure. 



44 Fixatio n 

Afterr removing the bone wedge, an AO hip plate is inserted and fixed with 4.5 mm cortical screws 

underr compression, using an AO compression device. 

Figuree IV. V 

Directt postoperative X-rays 

55 Rehabilitatio n 

Partiall weightbearing is allowed immediately postoperatively. Full weightbearing is allowed after 6 

weeks. . 

implan tt  remova l 

Implantt removal occurs 1-2 years after surgery. 

66 Pitfall s 

Caree must be taken when performing a varus osteotomy that the tip of the greater trochanter does not 

becomee higher than the centr e of rotation of the femoral head. If this occurs a long lasting 

Trendelenburgg gait may be the result. This problem can be avoided by performing a distalisation of the 

greaterr trochanter in these cases. 

\ \ 
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77 Pearls 

Realignmentt of the femoral head to the new acetabular configuration is a relatively easy method 

comparedd to a correction osteotomy of the malunited acetabulum. In the situation after the osteotomy 

thee femoral head adapts itself to the acetabulum. 

Duringg this procedure it is not necessary to use fluoroscopy or to open the joint capsule for 

visualization.. The correction is performed based on the estimation from the correction X-rays. 

ff Figure VI, VII ^ \ 

X-rayss 10 year postoperatively. A nice remodelling of the femoral head and acetabulum is 

present.. The patient has a Merle d'Aubigné score of 17 (on a scale of 0-18), indicating a 

goodd function without complaints. 

VV J 



C*4ll C*4ll 

AA valgus-extension-extemal rotation Intertrochanteric Osteotomy. 

11 Case descriptio n 

AA 43 year old male who sustained a posterior wall acetabular fracture in a motor vehicle accident. 

Treatmentt was conservative. A secondary osteoarthritis developed within 2 years. 

(?JW43 y y 

Deformit yy  Analysis/Indicatio n 

Thee aim of the osteotomy is to improve the congruency of the hip joint and to perform a realignment of 

thee leg by eliminating the flexion contracture which is present. 

Preoperativ ee Plannin g 

Correctionn X-ray in adduction and abduction were made showing a minimal improvement of 

congruencyy on adduction. An additional Schneider Extension view was made showing a significant 

improvementt in congruency. 



Figuree II, III 

Correctionn X-ray in adduction shows a minimal improvement of congruency. An additional 

Schneiderr Extension view was made showing a significant improvement in congruency. 

Equipmen t t 

Oscillatingg saw 

AOO hip plate 

Seatingg chisel 

4.55 mm screws 

AOO compression device 

Patien tt  positionin g 

Patientt is placed in supine position with a folded blanket under the affected buttock 

Prophylacticc antibiotics is administered during surgery 

22 Surgica l approach 

AA standard anterolateral approach is used. 

33 Osteotom y and deformit y correctio n 

AA  15  valgus- 30  extension and 5  external rotation osteotomy was performed. During the procedure, 

thee hip joint was opened and the acetabulum was inspected by distracting the femoral head. On the 

acetabularr rim several osteophytes were visible causing impingement; these were removed. 



44 Fixatio n 

Afterr removing a three dimensional bone wedge, an AO hip plate is inserted and fixated with 4.5 mm 

corticall screws under compression, using an AO compression device. 

55 Rehabilitatio n 

Partiall weight bearing is allowed postoperatively. Full weightbearing is allowed after 8 weeks. 

Implan tt  remova l 

Implantt removal is performed within 1-2 years after surgery. 

66 Pearls 

Afterr an initial osteotomy all possibilities of hip surgery remain, including performing a second 

intertrochantericc osteotomy. In this patient, complaints returned after 12 years, and at his request, a 

secondd intertrochanteric osteotomy was performed using the same principle 7 8. 

ff Figure IV. V 

Situationn after 12 years. Complaints have returned. The possibility to perform a second 

osteotomyy was evaluated. In the meantime, a classical capital drop osteophyte has 

developedd and could be turned into the acetabulum by a new valgisation osteotomy of 10

combinedd with 10  of flexion. 



RE-OSTEOTOMY Y 
(10  VALGUS 
10  FLEXIE) 

Figur ee VI 

Postoperativee X-ray and X-ray 2 years 

afterr the second osteotomy. 20 year after 

thee first (8 years after the second) 

osteotomyy a total hip replacement was 

performed. . 



cw? ? 
AA valgus Intertrochanteric Osteotomy 

AA 72-year-old female with a nonunion of a proximal femoral fracture which was treated with a condylar 

plate. . 

1 1 

Thee nonunion/malunion. The condylar plate has 

brokenn out of the proximal fragment leading to a 

varisationn of the hip and a lateralisation of the 

femurr shaft. The greater trochanter is dislocated 

proximally y 

Itt is possible to treat this type of nonunion/malunion with a hip replacement, but an osteotomy would 

bee necessary to allow implantation of the stem. An alternative is a tumor prosthesis. However this 

proceduree has a high complication rate which must be considered. It is useful to remember in this case 

thatt the hip joint itself does not show any degenerative changes. 

a a 



Preoperativ ee Plannin g 

Inn this complex mal- nonunion four goals have to be achieved. 

1.. Mobilisation and reduction of the dislocated major trochanter after removal of the plate. 

2.. Valgisation of the intertrochanteric area. 14 

3.. Medialisation of the femur shaft. 

4.. Leg lengthening (5,5 cm discrepancy) 

Equipmen t t 

Oscillatingg saw 

Condylarr plate 

Seatingg chisel 

4.55 mm screws 

AA set of chisels 

AA set of pointed reduction clamps 

Patien tt  posit ionin g 

Thee patient is placed in supine position with a folded towel under the affected buttock. 

Prophylacticc antibiotics is administered during surgery 

22 Surgica l approac h 

AA Standard anterolateral approach is used. 

33 Osteotom y and deformit y correctio n 

Thee condylar blade plate is removed. Identification , mobilisation, reduction and screw fixation of the 

majorr trochanter is achieved. The old fracture plains are exposed and osteotomies performed. The 

proximall femur is then distracted and medialisation occurs. A small lateral intertrochanteric wedge is 

resected.. Reduction is achieved with several pointed reduction clamps, followed by lag screw fixation. 

Att this point the biomechanics of the proximal femur are restored. 

^M ^M 



44 Fixatio n 

Thee seating chisel is inserted along the screws at 5  of valgisation to optimize the tension-band effect. 

AA prebend condylar plate following the neutralisation/compression/tension-band principle is used to 

achievee stabilisation. All shearing forces are eliminated. 

55 Rehabilitatio n 

Weightbearingg is permitted after 8 weeks 

Implan tt  remova l 

Givenn that the patien t is an elderly woman wit h a normal hip (extra-articular problem), no implant 

removall is planned. 

66 Pitfall s 

AA one-step osteotomy is not possible where the patient presents with such severe, multiplain deformity. 

Itt is recommended to osteotomise all original fracture plains and perform a reduction fixed by lag 

screwss before the seating chisel is introduced for the plate. The screws will not allow an optimal 

placementt of the plate in the femoral neck, so care must be taken to ensure that the plate is not 

perforatingg the femoral head in a critical area. Sometimes it is necessary to exchange screws if they 

interferee with the seating chisel. 



77 Pearls 

Thiss procedure is advantageous because it saves or preserves the original normal hip joint, thus 

sparingg both patient and surgeon a much more demanding total hip replacement. 

Byy creating a stable situation the nonunion has healed. 

^Figuree III, IV 

Postoperativee X-ray after 14 

months.. Union has been 

achievedd and the patient is 

freee of complaints. The 5,5 cm 

legg length discrepancy has 

beenn reduced to 2 cm. 
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Abstrac t t 

Thee literature contains contradictory evidence as to whether previous proximal 

femorall osteotomy impairs the long-term outcomes of total hip arthroplasty. We 

thereforee examined whether our patients with cemented total hip arthroplasties after 

previouss osteotomies had inferior outcomes. We also investigated whether the 

intraoperativee complication rate and the clinical and radiologic outcomes were altered 

byy a previous osteotomy. We compared a group of 121 consecutive patients who had 

totall hip arthroplasties (1974-1993) after osteotomies with a group of 290 consecutive 

patientss who had total hip arthroplasties (1974-1987) without previous surgery. There 

wass no difference in survival rate. There was a 10-year survival rate of 90% compared 

withh 92% for the control group. The 15-year survival rates were 83% and 81%, 

respectively.. There were no differences in radiologic and clinical followups. 

Intraoperativee perforation of the femur occurred more often in patients with a total hip 

arthroplastyy after an osteotomy. Our data suggest the long-term outcome of a 

cementedd total hip arthroplasty is not impaired by a previous well-performed 

osteotomy. . 



AA multidirectional intertrochanteric correction osteotomy is a valid surgical option for a relatively young 

patientt with osteoarthritis (OA).15 18 However, progression of OA after an intertrochanteric osteotomy 

eventuallyy may require that a total hip arthroplasty (THA) is performed. A THA is more difficult to do in 

previouslyy osteotomized femora, but some investigators have reported a poorer long-term survival of 

thee THA after a previous osteotomy.16 1 Other studies showed no differences in the survival of a 

THAA after a pervious osteotomy compared with a primary THA.3 '9 

Severall specific problems of THA after an intertrochanteric osteotomy have been reported.281 

Reamingg of the femoral shaft and insertion of the femoral component can be difficult as a result of 

displacementt of the femoral shaft, excessive angulation of the femur, or a bony plate at the level of the 

osteotomy.. This can lead to cracks of the femoral shaft and fractures of the greater trochanter.5 These 

problemss cause a greater rate of intraoperative complications.17'8,13 Other investigators have reported 

similarr complication rates with careful preoperative planning.319 Although the investigators who 

reportedd more complications also claimed worse radiologic and clinical outcomes, none has provided 

documentingg data.1,8 

Too address these controversies, we questioned whether long-term survival of a THA is impaired after 

aa previous intertrochanteric osteotomy. We also questioned whether the intraoperative complication 

ratee and clinical and radiologic outcomes would be identical to those of THA in nonosteotomized 

femora. . 

Wee compared a consecutive group of 121 THA done after a previous intertrochanteric osteotomy in 

1088 patients (1974-1993) with a control group of a consecutive series of 290 THA (1974-1989) in 253 

patients.. All operations were performed by the senior author (RKM). We included all patients from 

1974-19933 if an intertrochanteric osteotomy was performed for primary or secondary OA before the 

THA.. No patients were excluded from this study group. All patients with primary THA during the same 

timee who had no prior hip surgery were included in the control group. All patients with previous surgery 

weree excluded from the control group. 

Thee same operating procedure and prosthetic implant were used in both groups. The Weber Rotation 

THAA system consists of a wrought CoNiCrMo alloy stem (Protasul®0, Sulzer AG, Winterthur. 

Switzerland)) with a cylindrical neck (the trunion) made of a cast CoCrMo alloy (Protasul®-2) composite 

weldedd to the stem. With the exception of the cone where the ball head is seated, the entire stem is 

grit-blastedd with glass particles, resulting in a surface roughness of 1 to 2 urn. Two types of stems 



weree used: four curved stems with increasing lengths and one straight stem. The 32-mm head was 

madee from Protasul'-2 or AI203 ceramic (BioloxÊ, Feldmuhle, Plochingen, Germany) and placed on a 

ProtasulÊ-22 cylinder (Figure I). There was a choice of a standard hemispheric socket and a flat socket, 

whichh was designed for a shallow dysplastic acetabulum (Figure I). The stem and the all-polyethylene 

sockett were cemented using low-viscosity Sulfix " (Sulzer AG) cement.5 The standard surgical 

proceduree for patients with a previous intertrochanteric correction osteotomy was identical to that of 

patientss with no previous surgery. We used an anterolateral Watson-Jones approach combined with 

ann osteotomy of the greater trochanter to facilitate access if necessary. If bony coverage of the 

acetabularr component was not complete, a superolateral aetabular bone graft was used. Patients 

weree allowed limited weightbearing for 6 to 8 weeks postoperatively. 

"A A 

Thee hemispheric and flat sockets and the straight and curved stems of the Weber Rotation 

totall hip prosthesis are shown with Protasul-2® and ceramic heads. 



Fulll clinical and radiologic examinations were done for patients who did not have any subsequent 

revisionn surgery. The Harris hip score (HHS) was assessed and standing AP and lateral pelvic 

radiographss were obtained.9 The radiographs were compared with direct postoperative radiographs 

andd evaluated by the author (DH).The nomenclature described by Johnston et al was used for 

evaluationn of the radiographs.12 Loosening of the femoral component was classified according to the 

Harriss components loosening score.9 The Hodgkinson score10 was used for radiologic evaluation of 

thee cup and the Brooker classification 4 was used for heterotopic ossification. 

AA survivorship analysis was done according to the life table method for all patients who had a revision 

off the acetabular or femoral component for any reason.16 This method estimates the proportion of the 

hipss that survive for a given length of time. This method makes proper allowances for the patients who 

diedd or were lost to followup and makes use of the data from these hips until the patients die or are 

lostt to followup. The survival of the control group was obtained using the same criteria, which then was 

comparedd with the study group. All patients in the group that had THA after intertrochanteric 

osteotomiess were included in the survival analysis. All differences between the two groups were tested 

forr significance using a chi square test where applicable. 

Thee demographics were similar for the two groups. However, in the group that had a THA after an 

osteotomy,, there were more (p < 0.001) hips with dysplasia. Although the same basic surgical 

techniquee was used in both groups, there were some procedural differences. Osteotomy of the greater 

trochanterr was performed more frequently (p <0.001) after intertrochanteric osteotomy (30%) than in 

thee control group (9%). Trochanteric osteotomies were done to gain access to an otherwise 

inaccessiblee hip. 

Thee survival rate for each group was similar (Figure II). In the group of patients with THA after 

osteotomies,, 46 patients died during followup after an average of 11.9 years (range, 2.4-19.6 years). 

Twoo of these patients (two hips) had a revision after 8.2 and 10.4 years, respectively. 

Thee average followup was 19.2 years (range, 11.3-29 years). Eighteen hips were revised for aseptic 

looseningg after an average of 11.9 years (range, 4.5-20.9 years). The 10- and 15-year survival rates 

aree 90% and 83% for overall revisions, 93% and 87% for aseptic loosening of the stem, 94% and 90% 

forr aseptic loosening of the cup, and 93% and 86% for aseptic loosening of any component (Figure 

III). . 



1,000 -

THAA after ITO 

—— - THA (control group) 

•• 95% Cl THA after ITO 

, 9 5 %% Cl THA (control group 

Survivall curves. The dotted line shows the survival curve of the control group and the 

solidd line the survival curve of the THA after an osteotomy. The vertical lines indicate 

thee 95 % CI intervals for the survival rates. 

m m 



/^Figuree III " * \ 

(A)) A radiograph shows a 53-year-old woman patient 14 years after a valgus ITO. (B) A 

postoperativee radiograph shows the patient after THA, a curved stem is inserted (size 102) 

withh a ceramic head. The cup is hemispherical and an acetabular roof plasty is added. The 

trochantericc osteotomy is refixated using screw fixation and cerclage wiring (C) The patient 

developedd a pseudarthrosis of the greater trochanter and had refixation of the greater 

trochanter.. (D) A radiograph shows the results 12 years postoperatively. 

Inn the control group, a survival analysis was done for 273 patients. Seventeen patients were lost to 

followupp within 1 year postoperatively and were excluded from the survival analysis. A revision of the 

hipp replacement was performed in 41 patients (14.1%) for loosening after an average of 10.6 years 

(range,, 2.5-20.6 years). The 10- and 15-year survival rates are 92% and 8 1 % for overall revisions, 

95%% and 88% for aseptic loosening of the stem, 97% and 88% for aseptic loosening of the cup, and 

93%% and 83% for aseptic loosening of any component. 

Thee HHS for survivors in both groups also were similar. The average HHS for patients with THA after 

intertrochantericc osteotomies was 89.1 (95% CI. 86-92.2) after an average followup of 14.5 years 



(range,, 10.2-25.9 years). Four patients (5.6%) had a poor score (< 70), nine (12.6%) had a fair score 

(70-80),, 36 (50.7%) had a good score (80-90). and 22 (31%) had an excellent score (90-100). The 

controll group had an average HHS of 87.7 (95% CI, 84.2-91.2) after an average followup of 17.2 

yearss (range, 10.4-28.1 years). Fourteen patients (11.6%) had a poor score (< 70), 15 (12.4%) had a 

fairr score (70-80), 32 (26.4%) had a good score (80-90). and 60 (49.6%) had an excellent score (90-

100). . 

Radiographicc analysis of unrevised hips in both groups showed similar loosening rates for cups and 

stems.. In the group that had THA after intertrochanteric osteotomies, 74 hips were analyzed after 13.7 

yearss (range. 5-25.9 years). The 10- and 15-year survival rates of this group remain at 93% and 86% 

whenn definitive loosening is added to the analysis. For the control group, the survival rates for 

radiologicc loosening are 93% and 82%, respectively. The two groups had similar amounts of 

heterotopicc ossification (Figure IV). 

Intraoperativee perforation of the femur occurred more frequently (p = 0.045) in the group that had THA 

afterr previous osteotomies (Table I). All complications resolved, and there were no differences in the 

postoperativee complications 

I I 

Figuree IV 

AA radiograph shows a 61 -year-old woman patient who had a varus ITO with medial offset 

onn both hips. 
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Figuree IV 

IVV B Both osteotomies failed within 4 years. THA was performed on both hips. 

Figuree IV 

IVV B A radiograph shows the postoperative results 16 and 17 years after THA. 



Tablee I: Operativ e Detail s and Complication s 
Q H H H 

Operativee Details 
andd the occurrence of intra- and 
postoperativee complications 

Trochantericc osteotomy 
Shelff arthroplasty 

Intraoperativee complications Perforation 
femurr Fracture (femur) Fracture 
(greaterr trochanter) 

Other r 

Postoperativee complications 
Deepp infection 
Hematomaa (requiring 
surgicall intervention) 

ITOO = intertrochanteric osteotomy; ns = not 

THAA After ITO 
(n=121) ) 

366 (30%) 
477 (39%) 

66 (5%) 
3 3 

3 3 

--

44 (3%) 

22 (2%) 
significant t 

tt^ttfl tt^ttfl 

Controll Group 
(nn = 290) 

255 (9%) 
866 (30%) 

99 (3%) 
1 1 
1 1 

4 4 
3 3 

4 (1%) ) 

55 (2%) 

\ . . 

Chii Square 

pp < 0.001 
ns s 

ns s 
pp = 0 045 
ns s 

ns s 
ns s 

ns s 

ns s 

UX4C4*44*&h' UX4C4*44*&h' 
Basedd on controversies in the literature regarding the long term outcome of a THA after a previous 

osteotomy,, we questioned whether the long-term results of a cemented THA with a previous 

osteotomyy would differ from the results of a primary THA in patients without previous surgery. To 

investigatee the differences in long term follow up and intraoperative complication rate, we compared 

thesee two consecutive groups of patients treated with the same implant. 

a a 

a a 

Theree are several limitations. Although the demographics of the patients who had THA after 

osteotomiess and the control group generally were similar, their diagnoses differed. Although the 

resultss of THA for secondary OA may be poorer, the indications for which an osteotomy is possible are 

nott the most difficult ones for performing a THA. In our group that had THA after osteotomies, more 

secondaryy OA was present and the long-term outcome still was identical to that of the control group. 

Therefore,, we concluded that this difference in indication does not influence our conclusion. Finally, 

wee did not record operation time and intraoperative blood loss for the patients who had THA. Although 

bothh measurements give an indication for difficulty of the operative procedure, neither directly relate to 

intraoperativee complication rate or long-term outcome. We compared our results with results reported 

inn the available literature (Table II). Our reported survival rates are among the highest reported for a 

cementedd THA after an osteotomy, but nevertheless are within the reported ranges. Additionally, the 

clinicall and radiologic outcomes for the patients who did not have revision surgery are comparable to 

outcomess reported in other studies. The reported duration of followup varies with our study having the 

longestt followup. 



Tablee II: Compariso n of the Availabl e Literatur e for 
THAA after a Previou s Osteotom y 

Author r 

Iwasee el a l " 

Suommenn et. a\2J 

Fergusonn et a l ' 
Gerundinii et al8 

Benkee et a l ' 
Sobal leett a l ' 3 

Booss et a l3 

II THA = total hip 

Hipss Control 
(n)) Group 

12 2 
18 8 
45 5 

215 5 
216 6 
105 5 
1122 262 

744 74 

a r th rop las ty ;; H H S = 

Typee of 
Osteotomy y 

Valgus s 

A'! ! 

All l 
An n 
All l 
Medial l 
displacement t 
All l 

Typee of 
Prosthesis s 

Cemented d 
Uncemented d 
Cemented d 
Cemented d 
Cemented d 
Cemented d 
Cemented d 
Muller/Lubinus s 
Cemented d 
Muller r 

Average e 
Followup p 
(years) ) 

7 7 

6 6 
10 0 
None e 
None e 
< 5 5 

66 9 

Perioperative e 
Complications s 
(percent) ) 
20 0 

22 2 
'2 2 
38 8 
17 7 
55 3 

10.8 8 

Ha r r i ss h ip sco re ; ITO = in te r t rochan te r i c o s t e o t o m y 

HHS/ / 
Mayoo Hip 
Score e 
866 HHS 

811 Mayo 
855 Mayo 

87.77 HHS 

Survival l 

90%% at 10 years 
50%% at 6 years 
93%% at 6 years 
80%% at 10 years 

99%% at 5 years 
(control.. 98%) 
82%% at 10 years 
(control,, 90%) 

Outcome e 
THAA after 
ITO O 
Same e 
Worse e 
Worse e 
Worse e 

Same e 

Same e 

-̂  ^ 

Somee authors reported a high intraoperative complication rate during surgery, mainly caused by 

removall of hardware during the THA.1,7,8 Most of their intraoperative complications were related to 

removall of the hardware and subsequent reaming of the femur. In our clinic, hardware removal always 

iss planned within 1 to 2 years after intertrochanteric osteotomy, which while requiring another 

operationn reduces complications at the time of subsequent reconstruction and facilitates an optimal 

cementingg technique should a THA be required later. The problems caused by hardware removal 

thereforee were not seen in patients in our study. 

Otherr reported causes for intraoperative complications include changing the medial offset during the 

osteotomy,, which can lead to problems with introduction of the stem into the femoral canal.19 In all our 

osteotomies,, the medial offset correction was always less than 20 mm, therefore, this problem did not 

occurr during our study. 

AA cemented prosthesis allows some flexibility while inserting the prosthesis. However, this might be 

disadvantageouss if it results in suboptimal positioning of the stem in the femoral canal. Optimal 

positioningg of the stem is important to a good result. Even in a difficult hip, no compromises should be 

madee in positioning the component just because it makes the operation easier.3 We found it possible 

too achieve optimal positioning in all our patients without doing de-osteotomies or using special 

prostheses.. This optimal positioning is reflected in our survival rates. 

Althoughh a THA after a previous osteotomy has more intraoperative complications, the long-term 

outcomee is not impaired. We think there are still indications for an intertrochanteric osteotomy to 

postponee the need for a prosthetic implant in selected patients. Our current study, with a high rate of 

followup,, a long average followup, and a good control group, shows that the long-term outcome of a 

subsequentt THA is not impaired should one be necessary, nor does it impair the clinical or radiologic 

outcomes. . 
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Thee main goal behind this thesis was to identify the hip disorders and patient populations for which 

intertrochantericc osteotomies can give good and long lasting results. For these selected patients the 

intertrochantericc osteotomy remains a valid surgical intervention. To reach this goal we first identified 

thee current opinion on intertrochanteric osteotomies and use of it in the current clinical practice by 

reviewingg the literature and performing a survey among international hip experts. The indications for 

whichh intertrochanteric osteotomies can give good and long lasting results are identified from a large 

groupp of diverse patients with diverse pathology, for whom a long term follow up was obtained. 

Severall of these indications are discussed in detail in separate chapters. 

Afterr a general introduction, the aims of the thesis are presented in . The subsequent 

chapterss discuss the current attitude and general knowledge on intertrochanteric osteotomies, the 

validityy of the Abduction correction view as preoperative screening method, whether early 

interventionss are superior, the valid indications for performing intertrochanteric osteotomies and the 

fatee of total hip replacement (THR) after a previous osteotomy. In this summary we will attempt to 

discusss the aims given in on a point-by-point basis. 

1)) To investigat e the rol e of the intertrochanteric  osteotom y in curren t clinica l practice . 

Inn an overview is given from the available literature, including the data from this thesis. 

Althoughh most studies include elderly patients or hips with severe osteoarthritis, and therefore showing 

poorr overall results, it is possible to distil which patient groups or indications tend to have better 

resultss from these reports. In this chapter the theoretical background on performing osteotomies in 

hipss suffering from coxa valga and mild acetabular dysplasia, slipped capital femoral epiphysis, Legg-

Calvé-Perthess disease, posttraumatic situations and posttraumatic avascular necrosis of the femoral 

headd is discussed. For these hip disorders the results reported for intertrochanteric osteotomies are 

alsoo summarised. We investigated if the current opinion on intertrochanteric osteotomies reflected the 

dataa from the literature and whether intertrochanteric osteotomies still play a role in the current 

practicee by performing an online survey among international hip experts in . The result of our 

surveyy showed that although almost all of these experts consider that intertrochanteric osteotomies 

shouldd still be performed for selected cases; only 56% (still) perform intertrochanteric osteotomies 

themselves,, and only 11% perform more than 5 per year. This survey shows that the role of 

intertrochantericc osteotomies is declining in the current clinical practice. 



2)) To investigat e whethe r the preoperativ e correctio n X-ray can predic t the lon g 

termm outcom e of the osteotomy . 

Inn  C 4 the preoperative abduction correction X-rays in patients with coxa valga and mild 

dysplasiaa with mild osteoarthritic changes are correlated to the long term outcome. The objective 

measurementss from the preoperative weightbearing X-ray are not correlated to the outcome. Age and 

severityy of osteoarthritis significantly influence the outcome of the osteotomy. None of the objective 

measurementss derived from the abduction correction view correlate with the long term outcome for the 

coxacoxa valga. Our conclusion is that the long term outcome of a varus osteotomy in valgus hips cannot 

bee objectively predicted from abduction correction views. 

3)) To investigat e if intertrochanteri c osteotomie s performe d at an earlier  stag e have 

superio rr  lon g term outcome s compare d to thos e performe d when complaint s and 

osteoarthriti ss  have becom e mor e severe . 

Inn  Chapter 5 the long term results of therapeutic osteotomies were compared to the long term result 

off an early intertrochanteric osteotomy on the contralateral hip in the same patients. In these patients 

bothh hips were biomechanically symmetrical, but the severity of complaints and osteoarthritic changes 

wass different; in which the early osteotomised hip had less complaints and osteoarthritic changes. As 

inn the several other chapters: age and preoperative grade of OA were significantly correlated to the 

longg term outcome of the osteotomy. The preoperative Merle dAubigné score, indicating the severity 

off the complaints, was also significantly correlated with the outcome. Our results show that the effect 

off an early, more prophylactic varus osteotomy in patients with a coxa valga (with or without 

excessivee femoral antetorsion) and mild acetabular dysplasia, can be superior to the results achieved 

whenn surgery is postponed until the complaints and osteoarthritis has become more severe. 

4)) To identif y whic h rol e the intertrochanteri c osteotom y shoul d play in modern  practic e 

byy identifyin g the vali d indications . 

Chapterr 6 describes the long term follow up of a large group of diverse patients who underwent an 

intertrochantericc osteotomy for several reasons. For these patients a clinical follow up of 15-29 years 

wass obtained. From a detailed analysis of this patient group we concluded that the overall results of 

intertrochantericc osteotomies tend to be better in young patients with less severe osteoarthritic 

changes.. For the patients with an idiopathic osteoarthritis or avascular necrosis of the femoral head 

thee overall results were poor. Although in some of these patients good results were obtained, these 

resultss were unpredictable. For the patients with a posttraumatic osteoarthritis or a mild to moderate 

dysplasiaa with coxa valga, excellent results were obtained, especially in the young patients. The 

patientss with osteoarthritis secondary to slipped capital femoral epiphysis and Legg-Calvé-Perthes' 

diseasee (LCPD) were to small in this study to draw any conclusions from. The 20 year survival of 

100%% for the 5 patients with LCPD motivated us to analyse a larger cohort of patients. Their long term 

resultss are shown in Chapter 8. It seems that excellent results can be obtained for patients with a 

post-Perthess deformity by intertrochanteric osteotomies, if necessary combined with an acetabular 

shelff plasty. 



Thee technique of intertrochanteric osteotomies combined with a shelf plasty is described in C 

Inn this study we also show the long term results of patients with an acquired femoral head deformity 

treatedd with this technique. In these young patients with osteoarthritic changes due to an acquired 

femoral-acetabularr incongruence, improvement of the congruency by valgisation subluxes the lateral 

partt of the femoral head, which we covered by a shelf plasty. This technique proofed to give good and 

longg lasting results in this selected group of patients. Although in the group of spherical femoral heads 

andd dysplasia good results were also obtained, we believe this technique to be superseded by the 

acetabularr realigning osteotomies for this group of patients. As seen in the young patients 

withh posttraumatic deformities seem to profit from intertrochanteric osteotomies. However since this is 

alsoo a diverse group of patients with several types of trauma preceding the complaints, we described 

thiss group of patients separately in . In this chapter the several types of secondary hip 

disorderss and their proposed treatment are discussed by means of selected cases for which a long 

termm follow up was available. 

5)) To investigate whether a subsequent total hip replacement is jeopardized by a previous 

osteotomy y 

InIn the literature it remained unclear whether an intertrochanteric osteotomy jeopardized a future total 

hipp replacement. We therefore examined whether our patients with cemented total hip replacements 

afterr previous osteotomies had inferior outcomes. We also investigated whether the intraoperative 

complicationn rate and the clinical and radiologic outcomes were altered by a previous osteotomy by 

comparingg a large group of primary THA with a group who received THA after a previous osteotomy. 

Thesee results are shown in . There was no difference in survival rates and radiologic and 

clinicall follow up. Although intraoperative (solvable) complications occurred more often, indicating that 

itt is a more challenging operation, the long term outcome was not impaired by a previous well-

performedd osteotomy. 

QJLoi^hlQJLoi^hl iity^Uot M*J> jf^o^tcXt fan tfU fydwii 

Ourr studies show that although the role of intertrochanteric osteotomies is declining, it is still a surgical 

techniquee which has a place in modern treatment strategies on hip disorders. Especially in the young 

andd active patient population, there are hip disorders which can be treated by intertrochanteric 

osteotomiess with good and long lasting results. Symptomatic hip abnormalities as seen in post-

Perthes,, after a slipped capital femoral epiphysis, posttraumatic disorders or coxa valga can be 

successfullyy corrected by intertrochanteric osteotomies. We have to ensure that these indications are 

clearr and prevent the intertrochanteric osteotomy from disappearing completely out of the clinical 

practice.. In the field of preoperative decision-making more research is needed, especially for the 

groupp of patients with a coxa valga (antetorta) and a mild dysplasia. In these patients it can be difficult 

too decide whether an intertrochanteric osteotomy should be performed or an acetabular realigning 

osteotomy.. To optimize the preoperative decision-making, further research is needed in which modern 

(3D)) imaging techniques should probably be included. 
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Hett doel van dit proefschrift is om aan te tonen voor welke heupafwijkingen en voor welke patiënten 

goedee en langdurige resultaten behaald kunnen worden middels een intertrochantere osteotomie. Als 

eerstee stap hebben we onderzocht wat de huidige mening over de rol van intertrochantere 

osteotomieënn in de huidige klinische praktijk is door de beschikbare literatuur te bestuderen en een 

enquêtee te houden onder internationale heupchirurgie experts. De indicaties waarvoor goede en 

langdurigee resultaten behaald kunnen worden door een intertrochantere osteotomie hebben we 

geïdentificeerdd door de lange termijn resultaten van een grote diverse groep patiënten, met een breed 

scalaa aan heupafwijkingen, in kaart te brengen. Verschillende van deze indicaties worden in aparte 

hoofdstukkenn beschreven. 

Naa een algemene introductie worden de doelstellingen van dit proefschrift opgesomd in Ho ;tuk 1. 

Dee daarop volgende hoofdstukken bespreken de rol van de intertrochantere osteotomie in de huidige 

praktijk,, de rol van de abductie opname in de preoperatieve screening, of vroege osteotomieën een 

langdurigerr resultaat geven, de verschillende indicaties waarvoor goede en langdurige resultaten 

behaaldd kunnen worden en het lot van een totale heupprothese na een eerdere osteotomie. In deze 

samenvattingg zullen we de doelstellingen genoemd in Hoofdstuk 1 puntsgewijs bespreken. 

1)) Het in kaart brengen van de rol van de intertrochantere osteotomie in de huidige 

klinischee praktijk. 

InIn wordt een overzicht gegeven van de beschikbare literatuur over intertrochantere 

osteotomieën.. De eindconclusies van deze studies zijn veelal matig, daar ook oudere patiënten en 

patiëntenn met gevorderde arthrose geïncludeerd zijn. Echter, uit deze artikelen kan afgeleid worden 

voorr welke patiënten en heupafwijkingen goede resultaten behaald kunnen worden. In dit hoofdstuk 

gaann we dieper in op de theoretische achtergrond van intertrochantere osteotomieën in heupen met 

mildee dysplasie en coxa valga, epifysiolyse capitis femoris, Perthes', posttraumatische afwijkingen en 

posttraumatischee avasculaire necrose. Voor deze afwijkingen worden de beschikbare resultaten van 

intertrochanteree osteotomieën uit de literatuur samengevat. Om uit te zoeken of de huidige mening 

overr intertrochantere osteotomieën overeenkwam met de data uit de literatuur, en om uit te zoeken of 

dee intertrochantere osteotomie nog wordt toegepast in de huidige klinische praktijk, hebben we een 

internationalee enquête opgezet. De resultaten van deze enquête worden besproken in Ho 

Dee resultaten tonen aan dat bijna alle heupchirurgische experts vinden dat er een rol is weggelegd 

voorr de osteotomie in de huidige praktijk, slechts 56% nog zelf intertrochantere osteotomieën uitvoert, 

waarvann slechts 11% er meer dan 5 per jaar verricht. De enquête laat zien dat de rol van de 

intertrochanteree osteotomie in de huidige praktijk duidelijk aan het afnemen is. 



2)) Voorspel t de abducti e opnam e de lang e termij n uitkoms t van een varu s 

intertrochanter ee osteotomie ? 

Inn worden de preoperatief vervaardigde abductie opnames gecorreleerd met de lange 

termijnn resultaten in patiënten met een milde dysplasie waarvoor een varus osteotomie is verricht. De 

objectievee metingen van de staande bekkenfoto tonen geen significante correlatie met de lange 

termijnn uitkomst. Leeftijd en de ernst van de arthrose tonen wel een duidelijke correlatie met de 

uitkomst.. Geen van de objectieve metingen van de abductie opnames bij coxa valga tonen een 

correlatiee met de uitkomst. Onze conclusie is dat de lange termijn resultaten van een varus osteotomie 

inn valgus heupen niet objectief voorspeld kan worden van een abductie opname. 

3)) Zij n de lang e termij n resultate n van een intertrochanter e osteotomi e bete r als de 

osteotomi ee in een vroege r stadiu m verrich t wordt ? 

Inn  H worden de lange termijn resultaten vergeleken met de resultaten van een vroege 

osteotomiee verricht aan de cont ra la te ra l heup in dezelfde patiënt. In deze patiënten is de 

heupafwijkingg biomechanisch symmetrisch, echter de klachten en mate van arthrose (nog) niet. De 

con t ra la te ra ll heup, waar de vroege osteotomie verricht werd, veroorzaakte minder klachten en had 

minderr arthrotische veranderingen. Net als in enkele andere hoofdstukken was de mate van arthrose 

significantt gecorreleerd aan de lange termijn uitkomst van de osteotomie. De preoperatieve Merle 

d'Aubignéé score, welke een maat is voor de klachten, was ook significant gecorreleerd met de 

uitkomst.. Onze studie toont aan dat de resultaten van een vroege variserende intertrochantere 

osteotomiee in patiënten met een coxa valga en milde dysplasie langduriger zijn dan de resultaten 

behaaldd met osteotomieën welke verricht worden als de klachten en arthrose meer uitgesproken zijn. 

4)) Het identificere n welk e ro l de intertrochanter e osteotomi e zou moete n hebbe n in d e 

klinisch ee praktij k doo r de valid e indicatie s te identificeren . 

Hoofdstukk 6 beschrijft de lange termijn resultaten van een grote groep patiënten met diverse 

heupafwijkingenn waarvoor een intertrochantere osteotomie is verricht. Na een follow up periode van 

155 to t 29 jaar is deze groep geanalyseerd. Door deze gedetail leerde analyse hebben w e 

geconcludeerdd dat de resultaten van een intertrochantere osteotomie beter zijn in jonge patiënten met 

eenn niet te gevorderde arthrose. Voor patiënten met een idiopatische arthrose of kopnecrose waren 

dee resultaten van een intertrochantere osteotomie slecht. Alhoewel in sommigen met deze indicatie 

goedee resultaten werden behaald, waren deze niet voorspelbaar. In de patiënten groep met een 

posttraumatischee afwijking of een milde dysplasie met coxa valga werden uitstekende resultaten 

behaald,, met name in de jonge patiënten groep. De aantallen patiënten met een post-epifysiolyse of 

post-Perthes'' waren te klein om een betrouwbare conclusie aan te ontlenen. Echter de 20 jaar 

overlevingg van 100% voor de post-Perthes' heupen motiveerde ons om deze groep uitgebreider te 

bekijken.. De lange termijn resultaten van deze groep is beschreven in , onze resultaten 

tonenn dat perfecte resultaten behaald kunnen worden in voor post-Perthes' heupen door middel van 

eenn intertrochantere osteotomie, eventueel gecombineerd met een pandakplastiek. De techniek van 

dee pandakplastiek gecombineerd met een intertrochantere osteotomie is beschreven in 



Inn dit hoofdstuk tonen we ook de lange termijn resultaten van jonge patiënten met een secundair 

gedeformeerdee femurkop met arthrose middels deze techniek. Bij deze patiënten wordt de arthrose 

veroorzaaktt door een incongruentie tussen femurkop en acetabulum, een intertrochantere osteotomie 

kann deze passing van de femurkop in het acetabulum verbeteren, maar zorgt in sommige gevallen 

voorr een niet geheel bedekte femurkop, welke afsteun krijgt van de toegevoegde pandakplastiek. In 

dee groep patiënten met dysplasie en een sferische femurkop tonen we ook perfecte resultaten, echter 

inn deze groep patiënten geloven we dat een acetabulum corrigerende ingreep de voorkeur dient te 

hebben.. In toonden we dat de resultaten van intertrochantere osteotomieën in patiënten 

mett een posttraumatische deformiteit goed kunnen zijn. In beschrijven we deze indicaties 

uitgebreiderr aan de hand van enkele geselecteerde case reports waarvoor lange termijn resultaten 

bekendd zijn. 

5)) Worden de lange termijn resultaten van een totale heupprothese beïnvloed door een 

eerderee intertrochantere osteotomie? 

Inn de literatuur blijft onduidelijk bestaan over de invloed van intertrochantere osteotomieën op een 

eventueell daaropvolgende totale heupprothese. Om dit in kaart te brengen hebben we een onze 

patiëntenn met een gecementeerde heupprothese na een eerdere osteotomie vergeleken met een 

grotee groep patiënten met een gecementeerde heupprothese zonder voorafgaande operaties. De 

resultatenn worden beschreven in . Er was geen verschil in overleving van de prothese, 

klinischee resultaten en radiologische resultaten op de lange termijn tussen beide groepen. Alhoewel er 

meerr (controleerbare) intraoperatieve complicaties optraden na een eerdere intertrochantere 

osteotomie.. werden de lange termijn resultaten niet beïnvloed door een in het verleden correct 

uitgevoerdee intertrochantere osteotomie. 

Onzee studies tonen dat de rol van de intertrochantere osteotomie in de klinische praktijk aan het 

afnemenn is, echter ook dat er nog een duidelijke rol is weggelegd voor deze chirurgische techniek. Met 

namee in de jonge en actieve patiënten zijn er bepaalde heupafwijkingen welke goed behandeld 

kunnenn worden met intertrochantere osteotomieën met een langdurig behoud van het eigen 

heupgewricht.. Symptomatische heupafwijkingen als post-Perthes' heupen, post-epifysiolyse heupen, 

posttraumatischee afwijkingen en coxa valga (met milde dysplasie) kunnen succesvol gecorrigeerd 

wordenn door intertrochantere osteotomieën. We moeten er zorg voor dragen dat deze indicaties 

duidelijkk zijn en dat de intertrochantere osteotomie niet volledig uit de klinische praktijk verdwijnt. 

Dee preoperatieve screening bij deze geselecteerde patiënten dient nog verder onderzocht te worden, 

zekerr voor de groep patiënten met coxa valga en een milde dysplasie. In deze patiënten is het niet 

altijdd duidelijk of een intertrochantere osteotomie of een peri-acetabulaire osteotomie de voorkeur 

geniet,, daar het moeilijk is om de lange termijn resultaten te voorspellen. Mogelijk kunnen 

driedimensionalee radiologische technieken een rol spelen om deze preoperatieve besluitvorming 

verderr te optimaliseren. 
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Hett concept van het proefschrift ligt voor me en dit met name retrospectieve deel van het onderzoek 

kann als afgesloten worden beschouwd. Nog niet alle vragen zijn beantwoord en nog niet alle 

problemenn zijn opgelost. In Nederland is de rol van de gewrichtsparende heupchirurgie in mijn ogen 

nogg veel te beperkt en er is nog veel onderzoek binnen dit aandachtsgebied wat verricht moet worden 

omm het goed in de klinische praktijk geïntegreerd te krijgen. Ik hoop dat met dit proefschrift de basis 

hiervoorr gelegd is en dat we van hieruit verder kunnen gaan. Als afsluiting van dit proefschrift wil ik 

natuurlijkk iedereen bedanken die me geholpen en gesteund hebben bij de totstandkoming van dit 

boekje.. Zonder de steun van velen was dit proefschrift er nooit gekomen. 

Dee volgende personen heb ik natuurlijk al persoonlijk bedankt, maar wil ik voor de volledigheid hier 

noemen. . 

vanzelfsprekendd heb ik veel van je geleerd en hoop ik 

nogg veel van je te kunnen leren. Ik denk dat het belangrijkste is dat het met name erg gezellig is om 

mett je samen te mogen werken. Ondanks je drukke agenda ben je altijd beschikbaar voor overleg, of 

hett nou weekend of avond is. Ik beschouw het als een eer om, waarschijnlijk als één van de laatsten, 

nogg bij jou te mogen promoveren. Ik hoop dat we in de toekomst, naast wat wetenschappelijke 

activiteiten,, ook veel tijd overhouden voor lekker eten, goede wijn en misschien dat we uiteindelijk toch 

nogg een keer samen een spelletje golf spelen. 

inn de tijd dat jij net naar Nederland kwam, ben ik begonnen met 

ditt onderzoek. Gedurende al die tijd dat je in het AMC werkte heb ik veel van je geleerd over de 

heupchirurgie.. Door jou heb ik zonder ooit in Bern geweest te zijn, toch veel van hun filosofieën 

meegekregen.. Ook nu je wijselijk bent teruggekeerd naar Zwitserland is het overleg met jou erg 

gemakkelijk,, als ik advies nodig heb of wijze raad en ik je mail heb ik meestal binnen vijf minuten de 

eerstee reactie al terug. Ik hoop dat we in de toekomst nog veel gezamenlijk kunnen doen. 

uu bent betrokken bij de totstandkoming van een groot deel van dit proefschrift. 

Voorr mij is uw inbreng onmisbaar geweest, uw commentaar dwong mij keer op keer om beter over 

mijnn uitspraken na te denken. Ik neem graag een voorbeeld aan uw gevoel voor precisie en hoop in 

mijnn verdere carrière dit goede voorbeeld te kunnen blijven volgen. 

•• bij de totstandkoming van dit proefschrift is je rol helaas beperkt 

gebleven.. Echter het deel waar je wel bij betrokken was, heb ik je overleg en inbreng zeer 

gewaardeerd.. Je heldere kijk op onderzoek en je snelle en duidelijke reacties op vragen zijn een zeer 

welkomee ondersteuning voor me geweest en ik hoop in toekomst nog veel met je te mogen 

samenwerken. . 

bedanktt voor je heldere opmerkingen en inzicht bij het radiologische deel 

vann dit proefschrift. Het doet me genoegen je als opponent in de commissie te hebben. 



Proff dr C.N. van Dijk. opponent en toekomstig opleider. Allereerst wil ik u hartelijk danken voor de 

mogelijkhedenn die u mij geboden heeft om mijn reeds ingezette promotietraject af te kunnen ronden. 

Vanzelfsprekendd ben ik zeer verheugd dat u plaats heeft willen nemen in de promotiecommissie. Na 

hett afronden van deze promotie zal ik mijn opleidingstraject bij u vervolgen, waar ik nog veel van u 

hoopp te mogen leren en ik verheug me op een goede wetenschappelijke samenwerking. 

Drr T.W. Patt. beste Thomas. Jij bent degene die mij ooit heeft gemotiveerd een begin te maken met 

dee lange termijn follow up van de intertrochantere osteotomieën en degene die mij bij professor Marti 

heeftt geïntroduceerd. Met andere woorden: het is dus allemaal jouw schuld! 

Pieterr de Jong en Harald de Man. de eerste uit de serie is klaar, nu op naar de volgende. 

Evelienn Goekoop, Lieve Evelien, ook bij het totstandkomen van dit boekje was je een onmisbare factor 

Dee paranimfen, Maarten Joosten en Stephan Papendorp, Heren, dank voor het accepteren van de 

zwaree taak om mij bij te staan op deze dag. 

Elss Prins, duizend maal dank voor het verfraaien van mijn Engels. 

Medee kweekvijverbewoners. Lijkele. Jasper. Stefan, Maarten et. al., door jullie is het verblijf in deze 

muffigee ruimtes een stuk gezelliger geweest. 

Allee medewerkers van de poli orthopet bedankt voor jullie hulp en flexibiliteit, zonder jullie was het 

nooitt mogelijk geweest om al deze patiënten terug te zien voor de na-controles. 

Ookk alle patiënten wil ik bedankten voor hun medewerking. 

Mijnn ouders wil ik bedanken voor alles, helaas kan mijn moeder dit allemaal niet meer meemaken. Pa, 

weerr een mijlpaal! 

Mijnn schoonouders. Jack en Yvonne, jullie onvoorwaardelijke steun en vertrouwen is een enorme 

motivatiee voor mij. 

Dohen.. De belangrijkste persoon wordt altijd als laatst genoemd, Bientje, zonder jouw steun 

enn liefde was dit proefschrift er nooit gekomen. Luv joe. 
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