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Objectives: Using a synthetic bone model, we investigat-

ed changes in the muscle length of the gluteus medius and

gluteus minimus following trochanteric osteotomy and

pelvic support osteotomy (PSO) and compared the results

with those of traditional PSO.

Methods: On two pelvises and four femurs, the lengths of

the gluteus medius and gluteus minimus were measured

in the following circumstances, with the hips in neutral

position and in 45 degrees of flexion: (i) alignment of the

hip joint with normal congruency; (ii) dislocated hip joint;

(iii) following an osteotomy 2.5 cm below the lesser

trochanter and stabilization with an angulation of 45

degrees of abduction; (iv) the insertion point was then

moved 2 cm distally and 1 cm laterally, simulating a

translation osteotomy of the greater trochanter.

Resu l t s : The muscle lengths increased with PSO compared

to those of the dislocated hips (p<0.0001). Following distal

and lateral translation osteotomy, the lengths significantly

exceeded those obtained with traditional osteotomy

(p<0.002), but were significantly less than those in the neu-

tral position (p<0.001). Measurements in 45 degrees of flex-

ion yielded similar results. Normal lengths could not be

obtained in any of the procedures.

Conclusion: Distal and lateral translation osteotomy fol-

lowing traditional PSO seems to increase the length of the

abductor moment arm more than that obtained by tradition-

al PSO alone.
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Amaç: Sentetik kemik modelinde trokanterik osteotomi

ve pelvik destek osteotomi (PDO) kombinasyonunu uy-

gulad›ktan sonra gluteus medius ve minimus kaslar›n›n

uzunluklar›nda meydana gelen de¤iflimleri inceledik ve

sonuçlar› klasik PDO tekni¤iyle karfl›laflt›rd›k.

Çal›flma plan›: ‹ki adet sentetik pelvis ve dört femur üze-

rinde, gluteus medius ve minimus kaslar›n›n uzunluklar›

dört ayr› durumda ve kalça eklemi nötral ve 45° fleksiyon

pozisyonundayken ölçüldü: (i) Normal pozisyon; (ii) kal-

ça eklemi disloke; (iii) trokanter minörün 2.5 cm afla¤›s›n-

dan osteotomi uygulanarak femur proksimali 45° abdükte

pozisyonda eksternal fiksatörle tespit edildi; (iv) üçüncü

durumdaki pozisyon korunurken trokanterik osteotomi

uygulanarak kaslar›n yap›flma noktas› 2 cm laterale ve 1

cm distale al›nd›.

Sonuçlar: Pelvik destek osteotomisi uygulanan grupta,

kas uzunlu¤u disloke pozisyona göre art›fl gösterdi

(p<0.0001). Trokanterin lateral ve distale transferinden

sonra kas uzunluklar› normal kalçaya göre k›sayd›

(p<0.001) ancak PDO uygulananlara göre anlaml› olarak

artm›flt› (p<0.002). Kalça 45° fleksiyonda iken yap›lan öl-

çümler nötral pozisyondaki ölçümlerle benzerlik gösterdi.

Hiçbir ifllemde normal kas uzunlu¤u elde edilemedi.

Ç›kar›mlar: Kemik model üzerinde PDO ile kombine

olarak uygulad›¤›m›z trokanterin lateral ve distale transfe-

rinin abdüktor moment kolunu klasik osteotomiye göre

daha fazla uzatt›¤› görüldü. 
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Stability is necessary in the hip joint for the treat-

ment of clinical symptoms like limping and pain in

patients with develomental dysplasia of the hip.

Schanz has described the pelvic support osteotomies

(PSO) for this objective. In this technique, the

mechanical axis is moved laterally by the abduction

osteotomy performed in the proximal part of femur

and proximal femur is pushed towards the lateral wall

of the pelvis.[ 1 , 2 ] The objectives are to provide stability,

to lengthen the lever arm by moving the attachment of

the abductor muscles laterally and distally and to

reduce the abductor insuff i c i e n c y. The key factor in

moving the trochanter laterally and distally is the

abduction angle calculated for the proximal femur.[ 3 ]

Despite the fact that the maximum abductor force

would be acquired when this angle is as close to 90

degrees as possible, in practice it may never be

obtained. The reason is that, in case the abduction

angle is larger than the lateral pelvic wall angle,

motion in the hip joint would be limited.[ 1 , 4 ]

In our study, we have performed trochanteric

osteotomy and PSO combination on a synthetic

model, believing that this method would increase the

abductor lever arm without causing limitation in

movements, and compared the changes in gluteus

medius and minimus muscles with the classical PSO

technique. 

Materials and method

Two synthetic pelves and four synthetic femur

structures were used for the study. On the lateral

wall of the iliac wing, three points were marked to

indicate the origins of the gluteus medius muscle

and one point for the gluteus minimus muscle.

Attachment areas for both muscles were considered

to be the most lateral part of the major trochanter

(Figure 1). On the bone models, the following mea-

surements were performed:(i) when the hip joint is

in normal position (Figure 2a); (ii) when the hip

joint is dislocated (Figure 2b); (iii) when the proxi-

mal femur is fixed with an external fixator at 45°

abduction after an osteotomy was performed 2.5 cm

below the minor trochanter (Figure 2c); (iv) while

preserving item (iii), when the insertion point of the

muscles were moved 2 cm laterally and 1 cm distal-

ly after a trochanteric osteotomy (Figure 2d).

The lengths of the muscles were measured when

the hip joint is in the neutral position and at 45° flex-

ion, using a 2.0 ethibond suture. All measurements

were performed three times and recorded (Figure 1).

All measurements for every test were evaluated

using a one-way variance analysis (ANOVA).

Results

As expected, the muscle length was shortest

when measured at the dislocated position (p<0.001).

In the group where pelvic support osteotomy was

performed, muscle lengths increased as compared to

the dislocated position (p<0.0001). After lateral and

distal transfer of the trochanter, muscle lengths were

shorter compared to normal (p<0.001), but were sig-

nificantly increased in those with PSO (p<0.002)

(Figure 3). Measurements performed when the hip is

in 45° flexion were similar to those at neutral posi-

tion. Although classical osteotomy was found to

increase muscle length in all measurements, the

maximum increase was obtained when trochanteric

osteotomy was combined with the surgical proce-

dure (p<0.001) (Figure 4). 

Discussion

In the beginning of the twentieth century, PSO

introduced by Lorenz and Schanz for the treatment
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Figure 1. Reference points determined for mea-
suring the lengths of the gluteus medius
(1,2,3) and minimus (4) muscles.
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developmental dysplasia of the hip in older children

were modified by Milch, Haas and Ilizarov in the

later years.[1,4-6] The most important factor determin-

ing adequacy of pelvic support osteotomies is

reported to be the abduction angle applied to the

proximal femur and several methods were proposed

to measure the abductor angle which would length-

en the abductor lever arm without causing limited

motion.[4,7,8]

In a postmortem study, Milch[4] measured the

mean pelvic lateral wall angle as 20-25 degrees and

the maximum abduction angle to be acquired as 15-

20 degrees. However, Haas[5] proposed that this

angle could be as high as 30-40 degrees in unilater-

al dislocated hips. Wardle who has developed the

measurement technique currently used, indicated

that the affected extremity should be provided with

the angle equal to the highest adduction angle[7].

Afterwards Catagni et al[8] made a preoperative plan-

ning using the angle determined from the radiograph

taken at maximum adduction and Trendelenburg

position; and indicated that the correction amount

should be 15-20 degrees higher than the adduction

degree at the Trendelenburg position. In conclusion,

considering that the maximum adduction degree is

30 degrees even in the normal hip, the maximum

abduction provided would be 45-50 degrees. This

means that, only half of the highest possible increase

in power could be achieved in terms of muscular

strength. Although the muscle length in the normal

hip could not be acquired with combined osteotomy

we have performed on a bone model in order to

increase the muscular strength, the superiority of

this technique over the classical osteotomy is

promising.  

It is widely known that trochanteric osteotomies

are used to treat the abductor insufficiency due to the

cranial malposition of the trochanter after various rea-

sons. For this purpose, different osteotomy techniques

were defined and in order to increase the abductor

p o w e r, lateral transfer of the trochanter is more impor-

tant that its distal transfer.[ 3 , 9 , 1 0 ] Considering this opin-

( a ) ( b ) ( c ) ( d )2.5 cm

1 cm

Figure 2. References for measurements used in the study. ( a ) Normal hip joint; ( b ) dislocated hip; ( c ) pelvic support
osteotomies; ( d ) pelvic support osteotomies and trochanteric osteotomy.
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Figure 3. Muscle lengths measured with the hip joint is
in neutral position.
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Figure 4. Muscle lengths measured with the hip joint is
in 45° flexion.
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ion, we have applied Wa g n e r’s technique[9] for lateral

and distal transfer of the major trochanter without per-

forming bone resection in order to increase

trochanteric lateral transfer.

Combination of the trochanteric osteotomy tech-

nique with PSO may be considered to create techni-

cal difficulties for the surgical procedure and

increase the procedure time. However osteotomy

may be performed through the same incision made

for femoral head resection and fixation may be per-

formed with cortical screws or Schanz screws  used

for PSO. The mean period required for union is

reported to be six weeks.[9] The period indicated is

not longer than the period required for union of other

osteotomies, therefore total treatment duration will

not be elongated. However, to protect reduction,

three weeks are required until complete weight-bear-

ing and walking are allowed. This problem may be

solved by providing a stable fixation.

In this study, we have chosen the gluteus medius

and minimus muscles among the abductor muscles

since they provide most of the abductor power.[11,12]

Fascia lata and the anterior bundles of the gluteus

maximus muscle, only have a complementary role.

During subluxation and after the osteotomy, not

knowing the real function of the accessory muscles,

which otherwise have no function in the normal hip,

and the inability to demonstrate this situation on the

bone model are the major drawbacks of this study.

Being the preferred treatment modality for hip

dislocations in older children, PSO causes long-term

limitation in daily activities. At the end of this long

period, patient’s expectations for the outcome of

treatment are also high. Two recently performed

studies reported that the failure rate of PSO in treat-

ing abductor insufficiency was 18% and 21%

respectively.[13,14] Five of the 15 patients (%30) we

have treated are still limping due to abductor insuf-

ficiency (unpublished data). With these results in

mind, new techniques are required in elongating the

abductor lever arm in order to increase the success

rate of the procedure. Trochanteric lateral and distal

transfer  combined with PSO on the bone model cre-

ate a better elongation of the abductor lever arm as

compared to the classical osteotomy. However,

despite theoretical success, this technique should be

tested clinically and should be supported by other

studies. 
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