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Abstract

Background Premature closure of the proximal femoral

growth plate results in coxa brevis, which usually is asso-

ciated with insufficiency of the hip abductors. Distal and

lateral transfer of the greater trochanter sometimes is rec-

ommended to correct this problem. Most of what is known

arises from studies of children and adolescents.

Questions/purposes We asked whether this procedure in

adults with coxa brevis would eliminate hip abductor

insufficiency and would improve their hip function based

on the Harris hip score (HHS).

Patients and Methods We prospectively followed

11 patients, aged 19 to 55 years (mean, 40 years) who had

distal and lateral trochanteric transfer. All patients had pain

and a positive Trendelenburg test before surgery. This test

was performed at the latest followup by three observers and

the interobserver reliability was determined by the kappa

coefficient. The HHS was obtained before surgery and at

the latest followup. The minimum followup was 25 months

(mean, 52 months; range, 25–77 months).

Results Insufficiency of the hip abductors was eliminated

in seven (according to two observers) and eight (according

to one observer) of the 11 patients after surgery; the kappa

coefficient ranged from 0.79 to 1.0. The mean HHS

improved from 64 points preoperatively to 76 points at the

final followup. The two patients with preexisting severe

osteoarthritis of the hip had the worst final scores and

persisted with a positive Trendelenburg test at the final

followup.

Conclusions Distal and lateral transfer of the greater

trochanter can eliminate insufficiency of the hip abductors

and improve joint function in adult patients with coxa

brevis and we believe should be considered for patients

without severe osteoarthritis of the hip.

Level of Evidence Level IV, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Partial or complete growth arrest at the proximal femoral

physis combined with normal development of the greater

trochanter results in femoral neck shortening and elevation

of the proximal tip of the greater trochanter relative to the

center of rotation of the femoral head. This deformity is

termed coxa brevis [5, 25], high-standing greater trochanter

[26] or relative trochanteric overgrowth [6, 13, 23], and

occurs as a sequela of diseases such as developmental

dysplasia of the hip, slipped capital femoral epiphysis,

infections of the hip, and Legg-Calvé-Perthes disease. In

this situation the hip abductors habitually become func-

tionally insufficient owing to the reduction of their resting

length and lever arm [20]. Furthermore, the resultant vector

of the forces acting on the hip becomes more vertical,
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increasing the pressure over a reduced area of the joint and

causing chondral damage [1, 17, 30]. In extreme cases, this

deformity also may limit hip abduction and produce painful

impingement between the greater trochanter and the ilium

[16, 30].

Several techniques have been suggested for treating

coxa brevis, including epiphysiodesis of the greater tro-

chanter [23], distal and lateral transfer of the greater

trochanter [12], and femoral neck lengthening osteotomy

[11, 19]. These techniques essentially have the same goals:

correct the biomechanical abnormalities of the hip and its

resulting clinical effects, such as gait disturbance (gluteus

medius lurch), pelvic instability (Trendelenburg sign),

and fatigue pain on walking. Some studies [4–7, 12, 15, 16,

21–23, 27] have concluded that distal and lateral transfer of

the greater trochanter is an effective technique to improve

gait and restore abductor power in patients with coxa

brevis. These studies, however, mainly included children

and adolescents.

Thus, we asked whether this procedure used for adult

patients with coxa brevis would: (1) eliminate insufficiency

of the hip abductors; and (2) improve hip function based on

the HHS [10].

Patients and Methods

We prospectively followed all 11 adult patients (eight

women, three men) with coxa brevis, aged 19 to 55 years

(mean, 40 years) who underwent distal and lateral transfer

of the greater trochanter between 2003 and 2007. The

surgery was indicated in patients with abductor insuffi-

ciency, detected by a positive Trendelenburg test [9],

associated with any degree of pain in the hip. The surgery

was contraindicated in patients older than 60 years, in

whom fixation of the osteotomized trochanter can be

problematic. The deformity was caused by Legg-Calvé-

Perthes disease in seven patients, developmental dyspla-

sia of the hip in two, slipped capital femoral epiphysis

in one, and osteomyelitis of the proximal femur in one.

The affected side was shorter when compared with the

unaffected side in all 11 patients; the shortening ranged

from 0.8 to 2.1 cm (mean, 1.2 cm), and patients were given

either a heel lift or a full length sole lift before the surgery

to compensate for the discrepancy. No patients were lost to

followup. The minimum followup was 25 months (mean,

52 months; range, 25–77 months). We recalled all patients

specifically for this study. Approval of our hospital’s

Institutional Review Board was obtained and all patients

gave written informed consent before surgery.

All operations were performed by one surgeon (FLG)

using the same technique. A 10-cm incision was made

beginning at the level of the proximal tip of the greater

trochanter and extending distally along the proximal fem-

oral shaft. The fascia lata was divided, and the upper

portion of the vastus lateralis released from its proximal

attachment at the base of the greater trochanter. Under

image intensifier control, a 2-mm guide wire was intro-

duced laterally at the base of the greater trochanter,

forming an angle approximately 45� with the femoral

diaphysis, and then driven along a line continuous with the

superior border of the femoral neck; the osteotomy is

performed with an oscillating saw following the guide wire

immediately proximal to it (Fig. 1). The abductor muscles

attached to the osteotomized greater trochanter were

released from the joint capsule using scissors. The greater

trochanter was transferred and provisionally fixed with two

or three K-wires to the lateral femoral cortex with the

proximal tip of the greater trochanter approximately level

to the center of rotation of the femoral head; it was

important that the new attachment site at the lateral femoral

cortex was bleeding, but no wedge of bone was removed

Fig. 1A–B (A) The guide wire is positioned at the base of the greater

trochanter and then driven to the superior border of the femoral neck,

as marked with the black line; and (B) the osteotomy is performed

with an oscillating saw following the guide wire immediately

proximal to it, as indicated by the white arrow.
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from this area, as this could have prevented or diminished

lateral displacement of the greater trochanter. Once an

adequate position was confirmed with the aid of an image

intensifier, the greater trochanter is definitely fixed with

two 6.5-mm cancellous screws and washers; in small

patients two 4.5-mm malleolar screws were used. The

wound was closed appropriately in layers.

The rehabilitation protocol included early mobilization

and toe-touch weightbearing with a walker for 6 weeks,

followed by 50% weightbearing for another 6 weeks.

Subsequently, under radiographic confirmation of bone

healing, the walker was discontinued and patients were

allowed to perform full weightbearing and active abduction

exercises. Routine followups after surgery were scheduled

at 6 weeks; 3, 6 and 12 months; and yearly thereafter. At

each visit, the patients’ activities of daily living, pain, gait,

deformity, and ROM of the hip were assessed according to

the HHS, and AP radiographs of the pelvis were obtained

with the hips in neutral position and source-to-film distance

of 1 m.

The clinical data analyzed in this study were obtained

preoperatively and at the latest followup by one of us

(LPC, observer A) not participating in the treatment. The

clinical data included the HHS, which is a validated mea-

surement tool of the hip function [24, 32], and assessment

of the competence of the hip abductors using the Tren-

delenburg test [9]. This test also was performed at the latest

followup by two independent orthopaedic consultants

(observers B [LGGM] and C [ATS]) not participating in

the treatment, one at a time and blinded to each other’s

results. The kappa coefficient [2] was calculated using the

SAS/STAT1 version 9.0 software (SAS Institute Inc, Cary,

NC, USA) for gauging the interobserver reliability.

Additionally, one of us not participating in the treatment

(LPC) evaluated all AP pelvic radiographs obtained pre-

operatively and at the latest followup. The measured

parameters, all of which have high interobserver and

intraobserver reliability [18, 31], included (Fig. 2): articu-

lotrochanteric distance (ATD), defined as the vertical

distance between two horizontal parallel lines, one passing

through the tip of the greater trochanter and the other

through the most cephalic portion of the femoral head;

centrotrochanteric distance (CTD), defined as the vertical

distance between two horizontal parallel lines, one passing

through the tip of the greater trochanter and the other

through the center of rotation of the femoral head; and

trochanteric offset (TO), defined as the horizontal distance

between two vertical parallel lines, one passing through the

tip of the greater trochanter and the other through the

center of rotation of the femoral head; the values of ATD

and CTD are defined as negative when the tip of the greater

trochanter is above the most cephalic portion of the femoral

head and above the center of rotation of the femoral head,

respectively, and defined as positive when the tip of the

greater trochanter is below these same landmarks. Using

the method described by Tönnis [29], the severity of

osteoarthritis was classified on the basis of the same

radiographs as follows: Grade 0 = no radiographic

changes; Grade 1 = increased sclerosis of femoral head

and acetabulum, slight decrease in the height of the

Fig. 2A–C The radiographic parameters, (A) articulotrochanteric

distance (ATD), (B) centrotrochanteric distance (CTD) and (C) tro-

chanteric offset (TO) are shown; the values of ATD and CTD are

defined as negative when the tip of the greater trochanter is above the

most cephalic portion of the femoral head and above the center of

rotation of the femoral head, respectively.
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cartilage, and slight osteophytes; Grade 2 = small cysts in

the femoral head or acetabulum, marked decrease in the

height of cartilage, and slight deviation from the round

shape of the femoral head; and Grade 3 = large cysts in the

femoral head and acetabulum, severe decrease in cartilage

up to complete absence of the joint cleft, severe deviation

of the round form of the femoral head, and avascular

necrosis.

Results

The insufficiency of the abductor musculature, as deter-

mined by the Trendelenburg test, was eliminated in seven

of the 11 patients according to observers A and B and in

eight of the 11 patients according to observer C (Table 1).

Agreement between observers A and C and between

observers B and C had a kappa coefficient of 0.79; agree-

ment between observers A and B had a kappa coefficient of

1. Independently of the observer, two of the patients who

continued to have abductor insufficiency were those with

severe osteoarthritis of the hip (Tönnis Grade 3) before

surgery.

Overall, the mean HHS improved from 64 points (range,

39–90) to 76 points (range, 34–100) after surgery. Eight of

the 11 patients had improvement of their HHS, with four of

them achieving 90 or more points. Three patients had a

decrease in their HHS, obtaining values between 34 and 59

points (Table 1). According to the HHS questionnaire, pain

was reduced or eliminated in seven of the 11 patients,

remained the same in two patients, one of whom graded it

as slight and the other as moderate, and increased in two

other patients, both with severe osteoarthritis of the hip

(Tönnis Grade 3). No changes in hip ROM were detected

after surgery. Limp was reduced or eliminated in nine of

the 11 patients. In one patient limp worsened from mod-

erate to severe and another patient continued to have a

severe limp; these two patients had preexisting Tönnis

Grade 3 osteoarthritis.

The radiographic assessment showed that all patients

had improved ATD, CTD, and TO (Fig. 3), but a neutral or

positive CTD was achieved in only three of the 11 patients.

The majority of patients (six of 11) had a negative CTD

between 1 and 5 mm (Table 2). The mean distal and lateral

trochanteric advancement was 19 mm (range, 5–35 mm)

and 13 mm (range, 6–20 mm), respectively. During the

followup, no changes in the severity of osteoarthritis were

observed (Table 2), and none of the patients showed

radiographic evidence of osteonecrosis of the femoral head.

No patients had a surgical site infection, and the greater

trochanter healed in all patients within 12 weeks after

surgery. Two patients had trochanteric bursitis and were

treated successfully by hardware removal; there were no

other complaints related to the transferred trochanter.

Discussion

The work of Pauwels [20] enabled better understanding of

the biomechanics of the hip. Since then, effort has been

applied to the development of surgical techniques to restore

adequate function in patients with coxa brevis, promoting

more physiologic joint contact forces, reducing pain,

increasing the efficiency of the abductors, and possibly

Table 1. Clinical details of the patients

Patient Age at

operation

(years)

Etiology Length of

followup

(months)

Trendelenburg test Harris hip score

Preoperative Postoperative (observer) Preoperative Postoperative

1 50 LCPD 77 Positive Positive (A, B, C) 54 34

2 41 LCPD 74 Positive Positive (A, B); Negative (C) 85 90

3 47 LCPD 68 Positive Negative (A, B, C) 50 78

4 44 DDH 63 Positive Negative (A, B, C) 54 77

5 55 LCPD 61 Positive Positive (A, B, C) 49 35

6 49 SCFE 54 Positive Negative (A, B, C) 70 87

7 36 DDH 52 Positive Negative (A, B, C) 90 100

8 35 LCPD 41 Positive Negative (A, B, C) 65 59

9 19 LCPD 33 Positive Negative (A, B, C) 76 100

10 38 OM 28 Positive Positive (A, B, C) 39 78

11 30 LCPD 25 Positive Negative (A, B, C) 75 97

Mean 40 52 64 76

LCPD = Legg-Calvé-Perthes disease; DDH = developmental dysplasia of the hip; SCFE = slipped capital femoral epiphysis; OM = osteomyelitis

of the proximal femur; Observer A = one of the authors, not participating in the treatment (LPC); Observer B = not an author, not participating in

the treatment; Observer C = not an author, not participating in the treatment.
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delaying the occurrence of osteoarthritis [1, 17, 30].

Treatment by distal and lateral advancement of the tro-

chanter was first described by Jani [12], and many

subsequent reports have confirmed its value in improving

gait and abductor function [4–7, 12, 15, 16, 21–23, 27].

However, these studies mainly included children and

adolescents. This fact motivated us to investigate whether

this technique is also effective in adults to eliminate

insufficiency of the hip abductors and improve hip

function.

Our study has some limitations. First is the small

number of subjects. Ideally, a larger number of patients

would allow for a more detailed analysis, with the possi-

bility of matched subgroups compared by etiology and age.

However, having an adult patient with coxa brevis that was

not corrected during childhood or adolescence is unusual,

and we believe it would be difficult to have a much larger

group operated on at one institution. Second is the rela-

tively short followup, which prevented us from reaching

any conclusion regarding the theoretical protective effect

of this procedure on the development and progression of

hip osteoarthritis. Finally, we had no comparison with

other reconstruction techniques.

Elimination of insufficiency of the hip abductors in our

series occurred in seven or eight of the 11 patients, depend-

ing on the observer, and this finding is within the wide range

reported in the literature (Table 3). This wide range is

probably attributable to the variability of indications for

surgery, etiology of the deformity, postoperative rehabil-

itation protocols, and length of followup in the different

studies; therefore, comparisons should be regarded with

some reservation. The standardized method we used to

evaluate competence of the hip abductors (ie, the Trendel-

enburg test) proved to be reliable, with high kappa values

confirming findings in a previous report [28].

Improvement of hip function, based on the values of the

HHS, occurred in eight of our 11 patients; many of the

previous studies [4–7, 12, 15, 16, 21, 22, 27] did not use a

validated tool, such as a hip score, to objectively measure

this variable, describing it only in terms of improvement of

gait. Although this last parameter is part of the frequently

used hip scores [3, 10, 14], it is highly subjective and thus

we consider it should not be used alone as the only

parameter to describe hip function. Some studies (Table 3)

have shown improvement of hip function in the majority of

patients treated by distal and lateral transfer of the greater

trochanter, either based on a validated hip score or only on

gait improvement.

Lateral displacement of the greater trochanter has been

described as the most important component of the tro-

chanteric transfer [17, 26, 30], as distal displacement alone

does not increase the lever arm of the abductors. Further,

distal transfer alone changes the resultant vector of the

forces acting on the hip to a more vertical position,

increasing the pressure over a reduced area of the joint

and possibly accelerating the development of osteoarthritis

Fig. 3A–C These radiographs illustrate the case of a 47 year-old

woman with coxa brevis. (A) The articulotrochanteric distance and

centrotrochanteric distance are negative on the preoperative radio-

graph, and a small trochanteric offset can be seen. (B) A radiograph

taken 1 month after distal and lateral transfer of the greater trochanter

shows marked improvement of the cited parameters. (C) A radiograph

taken 4 years postoperatively shows solid bone union and mainte-

nance of the joint space. The screws were removed 1.5 years after the

transfer owing to persistent trochanteric bursitis.
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[17, 30]. Such an effect was reported in one study [8]. In

contrast, other authors [15, 16, 27] reported improvement

of gait and pain reduction with distal transfer alone. The

relative importance of each of these individual components

of the distal and lateral transfer of the greater trochanter

has yet to be determined. Additionally, as reported by

others [6, 7], we found that the degree of clinical

improvement did not parallel the distance the trochanter

was advanced; a patient with only a few millimeters of

distal and lateral displacement showed improvement in the

HHS and a negative Trendelenburg sign after surgery,

whereas other patients with several millimeters of

trochanteric displacement had a decrease in the HHS and

continued insufficiency of the hip abductors.

Not surprisingly, patients with preexisting severe

osteoarthritis had the worst hip scores at the latest fol-

lowup. If these patients were excluded from the study,

improvement of the HHS would have been achieved by

eight of nine instead of eight of eleven patients, and the

mean HHS after surgery would improve to 85 points

instead of 76 points; likewise, insufficiency of the hip

abductors would be eliminated in seven (according to two

observers) or eight (according to one observer) of nine

patients instead of seven or eight of 11 patients and limp

Table 2. Radiologic assessment

Patient ATD (mm) CTD (mm) TO (mm) Tönnis grade

Preoperative Postoperative Preoperative Postoperative Preoperative Postoperative Preoperative Postoperative

1 6 25 �13 6 25 32 3 3

2 3 13 �12 �2 44 57 1 1

3 �4 18 �24 �2 31 50 1 1

4 4 9 �10 �5 30 36 2 2

5 �10 17 �26 1 21 35 3 3

6 �4 14 �23 �5 34 40 1 1

7 �15 12 �34 �7 27 37 0 0

8 �18 17 �40 �5 32 52 1 1

9 �4 23 �27 0 30 48 0 0

10 5 10 �13 �8 34 44 2 2

11 �6 10 �20 �4 27 43 0 0

Mean �4 15 �22 �3 30 43

ATD = articulotrochanteric distance; CTD = centrotrochanteric distance; TO = trochanteric offset.

Table 3. Comparison of data from current and previous studies

Study Number

of hips

Mean age

(range)

in years

Mean followup

(range)

in months

Elimination

of Trendelenburg

sign

Gait

improvement

Mean hip score

(preoperative,

postoperative)

Jani [12] 44 NA (6–25) NA 29 of 44 hips All patients NA

Tauber et al. [27] 9 13 (4–25) 39 (3–72) 8 of 9 hips All patients NA

Fernbach et al. [6] 33 NA (8–20) NA (2–21) 25 of 30 hips NA NA

Lloyd-Roberts et al. [15] 17 12 (9–17) 48 (24–72) 14 of 17 hips NA NA

Doudoulakis [4] 30 10 (6–13) 72 (36–96) 20 of 24 hips NA NA

Macnicol and Makris [16] 27 14 (8–39) 96 (24–264) 20 of 27 hips All patients NA

Porat et al. [21] 15 12 (11–17) 60 (33–84) 15 of 15 hips All patients NA

Pucher et al. [22] 55 13 (7–16) 105 (20–318) 30 of 52 hips 30 of 48 patients NA

Garrido et al. [7] 11 NA (4–13) 42 (12–96) 7 of 9 hips All patients NA

Eilert et al. [5] 28 15 (7–36) 40 (6–252) 22 of 26 hips 26 of 28 patients NA

Schneidmueller et al. [23] 26 13 (6–17) 120 (12–204) 8 of 16 hips NA MHS (14, 17)

Joo et al. [13] 15 16 (13–26) 42 (28–54) 3 of 15 hips NA IHS (85, 89)

Current study 11 40 (19–55) 52 (25–77) 7 or 8* of 11 hips 9 of 11 patients HHS (64, 76)

NA = not available; MHS = Merle d’Aubigné-Postel hip score; IHS = Iowa hip score; HHS = Harris hip score.

* elimination of the Trendelenburg sign occurred in seven patients according to two observers, and in eight patients according to a third observer.
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would be eliminated or reduced in all patients (nine of

nine) instead of nine of 11 patients. Such findings are in

accordance with previous reports [5, 16, 22], and we now

consider that severe hip osteoarthritis may constitute a

contraindication to distal and lateral transfer of the greater

trochanter.

Although the number of patients treated is limited and

the followup is short, distal and lateral transfer of the

greater trochanter can eliminate insufficiency of the hip

abductors and improve hip function in adult patients with

coxa brevis, as has been observed in children and adoles-

cents. Based on our findings, this procedure should be

considered for patients without severe osteoarthritis of the

hip.
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