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Abstract

Purpose: Double and triple femoral neck lengthening oste-
otomies have been described to correct coxa brevis deform-
ity. Only small studies reported the results. Our aim was to 
provide an overview of the outcomes of double and triple 
femoral neck lengthening.

Methods: After an extensive search of different online data-
bases, we included studies reporting the results of double 
and triple femoral neck osteotomies. Clinical and radiolog-
ical outcomes, and reported complications were extracted. 
The review process was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines.

Results: After evaluating 456 articles, we included 11 articles 
reporting 149 osteotomies in 143 patients (31% male, 64% 
female, 5% unspecified). Mean age of the patients was 20 
years (range 7 years to 52 years). Indications were develop-
mental hip dysplasia (51%), Perthes disease (27%), infection 
(6%), post-trauma (4%), congenital disorders (2%), slipped 
capital femoral epiphysis (1%), idiopathic (3%) and unknown 
(6%). The mean limb length discrepancy reduced by 12 mm 
(0 mm to 40 mm). In total, 65% of 101 positive Trendelen-
burg sign hips experienced improvement of abductor muscle 
strength. An 18% (9% to 36%) increase could be found in 
functional hip scores. Mean increase in articulo-trochanteric 
distance was 24 mm (10 mm to 34 mm). Five patients older 
than 30 years at the time of osteotomy and two younger pa-
tients with prior hip incongruency had disappointing results 
and required arthroplasty. In all, 12 complications occurred 
in 128 osteotomies, in which complications were reported.

Conclusions: Double and triple femoral neck lengthening os-
teotomies in coxa brevis show good results with few com-
plications in the literature, especially in young patients with 
non-arthritic hips.

Level of evidence: III
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Introduction
Reduced longitudinal growth of the femoral neck or coxa 
brevis, a result of premature closure of the capital fem-
oral physeal plate, occurs in several conditions such as 
Legg–Calve–Perthes disease, developmental hip dyspla-
sia, infection, trauma and idiopathic avascular necrosis 
of the hip, and causes shortening of both the length of 
lower limb and hip abductor lever arm.1 Furthermore, an 
enlarged, high-positioned greater trochanter due to rela-
tive overgrowth reduces the tension of the abductor mus-
cles and, together with short lever arm, causes abductor 
insufficiency.2,3 Major clinical manifestations are limping, 
limited range of motion, pain and early onset of osteoar-
thritis.4–6 No clear indications for surgical treatment have 
been described yet, but according to literature, refractive 
pain, difficulty in walking and functional impairments 
leading to limitation of daily activities can be considered 
as general indications for surgery.1

Alongside several recommended interventions for cor-
rection of coxa brevis deformity, in 1980 Dr. Erwin W. 
Morscher described a special femoral neck lengthening 
osteotomy, which consisted of simultaneous lateraliza-
tion of the femoral shaft and distal transfer of the greater 
trochanter by making three parallel osteotomies at the 
base of the greater trochanter, and at the upper and lower 
borders of the femoral neck (Fig. 1a).7 The major goals 
of this method were distalization of the greater trochan-
ter to optimize the abductors’ lever arm and to diminish 
greater trochanteric–pelvic impingement, lengthening 
the femoral neck to normalize the articulo-trochanteric 
distance (ATD), and lengthening of the leg.8 A very sim-
ilar osteotomy was described later by Lascombes et al, 
which included two osteotomy lines (Fig. 1b).9 Precur-
sory osteotomies were fixed by angle-blade plates, but 
some modifications in fixation method were introduced 
later.10–12
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Morscher triple osteotomy and the later double prox-
imal femoral osteotomy seem to be unsophisticated and 
effective methods for lengthening the short femoral neck 
and improving the related disabilities in patients with coxa 
brevis. Although primary outcomes were promising and 
few complications were reported, no consensus exists 
about the indications for patient selection and appropri-
ate target groups. The aim of this study is to provide a 
comprehensive overview of the clinical and radiological 
outcomes, and complications of the double and triple 
proximal femoral osteotomies in patients with coxa brevis.

Materials and methods
We conducted a comprehensive search in Pubmed, 
CINAHL and Embase libraries for published articles using 
the following search strategy: ‘(((proximal femoral defor-
mity) OR hip dysplasia) OR coxa brevis) AND (((femoral 
neck lengthening) OR double proximal femoral osteot-
omy) OR triple proximal femoral osteotomy)’. No restric-
tions were imposed regarding the type of study, language 

or publication date. References of the selected articles also 
were checked for possibly missed papers. The search was 
performed at the end of February 2020. After importing 
the articles into Covidence systematic review software,13 
duplicates were removed and the articles were screened 
by their title and abstract. Subsequently, authors assessed 
remaining articles for full-text eligibility. Studies reporting 
clinical outcomes of double and triple femoral neck length-
ening osteotomies in patients with short femoral neck 
were included for data extraction, while no limitations 
were placed regarding the patients’ demographic data, 
underlying cause of deformity and duration of  follow-up. 
Other forms of osteotomies and particularly isolated distal 
transfer of greater trochanter were excluded. 

Extracted data included characteristics of the patients, 
in addition to clinical and radiological outcomes and com-
plications. Pain, ability to walk and joint range of motion 
in the frame of functional hip scores, as well as limb length 

Fig. 1 Femoral neck lengthening osteotomies: (a) Proximal femoral 
triple osteotomy,16 (b) proximal femoral double osteotomy.9

Fig. 2. Radiographic criteria in pelvic radiograph from a 14-year-
old male with 2 cm limb length discrepancy (LLD) after Perthes 
disease at the age of six years: (a) Articulo-trochantric distance 
(ATD) is defined as the vertical distance between the highest part 
of articular surface of the femoral head and the tip of the greater 
trochanter. Normal ATD in the right hip (green double arrow), 
the value is negative when the tip of the greater trochanter is 
above the most cephalic portion of the femoral head (red double 
arrow).24 (b) Centro-trochanteric distance (CTD) is the vertical 
distance between the centre of the femoral head and the tip of 
the greater trochanter. The value should normally be zero, as the 
centre of femoral head and tip of greater trochanter lie at the 
same level (right hip), CTD is abnormal in the left hip (red double 
arrow).24 (c) Lever arm ratio (LAR) is the ratio of the horizontal 
distance between the centre of the femoral head and the pubic 
symphysis (L) to the distance between the centre of the femoral 
head and the top of the greater trochanter (D) (LAR = L/D).21 (d) 
Neck-shaft angle (NSA): the angle formed between femoral shaft 
axis and femoral neck. Normal NSA is 125° to 131°.40
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discrepancy (LLD) and Trendelenburg test were recorded. 
As radiological measures, we extracted ATD (Fig. 2a), cen-
tro-trochanteric distance (CTD)(Fig. 2b), lever-arm ratio 
(LAR) (Fig. 2c), neck-shaft angle (NSA) (Fig. 2d), femoral 
neck length and the severity of hip osteoarthritis. We used 
the method proposed by Black et al to classify the reported 
complications (Table 1).14 The review process was con-
ducted according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines 
(see supplementary information).

Results 
The PRISMA flow diagram for selecting articles is depicted 
in Fig. 3. All 11 articles finally selected for this review were 
retrospective studies. Six articles written in other lan-
guages were translated into English. The mean duration of 
follow-up in nine of these studies was 74 months (range 6 
months to 192 month), and two articles did not mention 
the duration of follow-up.11,15 In seven studies, triple oste-
otomies introduced by Morscher were applied12,15–20 and 
four studies reported results of double proximal femoral 
osteotomies.9–11,21 Overall, 143 patients were included, 
of whom six underwent bilateral osteotomies (149 hips). 
Demographic data are demonstrated in Table 2. 

Limb lengthening

Ten papers reported the results of limb lengthening in 144 
operated hips of 138 patients with the mean of 12 mm 
(range 0 mm to 40mm) (n = 144). Eight studies reported 

Table 1 Black classification for complications14

Category Definition

I Minimal intervention required; treatment goal still achieved
II Substantial change in treatment plan; treatment goal still 

achieved
IIIA Failure to achieve treatment goal; no new pathology or 

permanent sequelae
IIIB Failure to achieve treatment goal and/or new pathology or 

permanent sequelae developed

Fig. 3 PRISMA flowchart.
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reduction in mean LLD, from 23 mm (range 0 mm to 
60mm ) preoperatively, to mean11 mm (range 0 mm to 
35 mm) post-operatively (Fig. 4).11,12,16–21

In one study, acute correction of mean LLD from 32 
mm (range 20 mm to 45mm) to 0.3 mm (range 0 mm 
to 10 mm) right after the surgery was reported, but at 
the end of follow-up, the mean effective limb lengthen-
ing was 19 mm (range 0 mm to 40 mm). The authors 
reported one case with loss of 30 mm of acquired length 
due to unauthorized early weight bearing.20 In another 
study, the authors could achieve a mean of 20 mm (range 
15 mm to 25 mm) increase in limb length, depending 
on the width of the graft.15 Decreased mean LLD from 23 
mm (range 0 mm to 60 mm) to 13 mm (range 0 mm to 
30 mm) in another study, could restore normal gait in 13 
of 14 patients with shortening limp.18 In the most recent 

study, the patients had improvement in mean LLD from 21 
mm (range 0 mm to 40 mm) to 8 mm (range 0 mm to 15 
mm).17 Inferior results with 6 mm decrease in mean LLD, 
from 18 mm (range 0 mm to 40 mm) to 12 mm (range 0 
mm to 35mm), were found in one study. However, LLD 
reduced in ten patients, did not change three patients and 
increased in two patients.12

Trendelenburg test

In seven of these articles a mean 65% (29% to 100%) 
success rate in converting a Trendelenburg sign to neg-
ative was reported in 101 preoperatively positive hips 
(Fig. 5).10,12,16–19,21

In one case series study of five patients, negative Tren-
delenburg sign and improvement in abductor insuffi-
ciency limp were reported in all patients after six weeks 
to 12 weeks of follow-up,10 while another study reported 
that in five of six patients the Trendelenburg sign became 
negative.21 In the latest study, the Trendelenburg sign 
remained positive in six of 20 hips, while four of them 
were sequelae of Perthes disease.17

One study reported an inferior success rate in resto-
ration of abductor strength; five of 17 positive Trendelen-
burg signs became negative.19

Functional outcomes

Eight studies evaluated functional hip scores in total 102 
hips (97 patients). Mean increase in hip function score 
was 18 % (9% to 36%).

Table 2 Demographic data of the articles reporting double and triple 
osteotomies

Type of intervention Double osteotomy Triple osteotomy Total

Age (range, years) 14(7–36) 24 (8–52) 20 (7–52)

Sex Male 6 39 45
Female 9 82 91
Unknown 7 0 7

Etiology DDH 9 64 73
LCPD 7 32 39
Septic 2 6 8
Post-trauma 1 5 6

Idiopatic 0 5 5
Congenital 3 0 3
SCFE 0 1 1
Unknown 0 8 8

Total 22 121 143

DDH, developmental dysplasia of the hip; LCPD, Legg–Calve–Perthes disease; 
SCFE, slipped capital femoral epiphysis

Fig. 4 Column scatter plot, demonstrating the distribution of 
average limb length discrepancies before and after the operation.

Fig. 5 Column scatter plot, demonstrating the distribution of 
positive Trendelenburg test percentage, before and after the 
osteotomy.
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Harris Hip Score was reported in 26 hips of 23 patients 
in two papers.11,17 Mean scores increased from 73 to 95,17 
and from 83 to 94, after the osteotomy.11

Six studies applied Merle d’Aubigné score in 76 hips (74 
patients), and reported a mean a three-point increase in 
the overall score, from 14 (range seven to 16) to 17 (range 
two to 18).12,16,18–21

The maximum reported increase was from 13 (sd = 2) to 
18 (sd = 2).21 Another report on 16 operated hips demon-
strated increasing Merle d’Aubigné scores from 14 (7 to 
16) to 16 (2 to 18). The scores for ‘pain’, ‘ability to walk’ 
and ‘range of motion’ increased from 4.2 to 5.0, 4.2 to 
5.3 and 5.2 to 5.3, respectively. The authors also reported 
an unexpected decrease in the score from nine to two in 
one patient with preoperatively moderate to severe osteo-
arthritis, who underwent arthroplasty one year after the 
osteotomy.16 Similar findings could be found in another 
study.18 ‘Very good’ and ‘good’ results were demonstrated 
in all eight patients of another study and, regarding pain 
control, two showed total pain relief and four experienced 
marked improvements.20 Another study reported improve-
ment of the functional score in six of 15 patients.12

In regard to range of motion, 10° to 20° improvement 
in hip abduction was reported in one study,9 and another 
study reported a non-limited range of motion after about 
three months to six months.10

Radiologic evaluation

Radiological measures were documented in seven of 11 arti-
cles, including 99 operated hips of 95 patients.9,11,12,17,18,20,21

Four articles reported ‘severity of osteoarthritis’ in 78 
patients (80 hips).12,17,18,20 In one study, authors noted a 
worsening of osteoarthritis and the necessity for arthro-
plasty in five of eight patients in the 30 years to 49 years age 
group with preoperative osteoarthritis.18 In another study, 
12 of 15 patients experienced some degree of deteriora-
tion of osteoarthritis based on Croft classification22 (seven 

patients had one grade, four patients had two grades and 
one patient had three grades worsening of the osteoarthri-
tis).12 Another study reported two cases of progression of 
osteoarthritis in younger patients; a 16-year-old female and 
a 20-year-old male (bilateral), both were the sequalae of 
Perthes disease and finally required total hip arthroplasty.17

Changes in NSA were described in 17 patients (19 oper-
ated hips). Two studies reported increasing NSA from 86° 
to 110° and from 110° to 116°.9,11 while one study demon-
strated no significant change.21 Regarding ATD, four stud-
ies reported a mean 24 mm (range 10 mm to 34 mm) 
increase in 34 operated hips of 32 patients, who had neg-
ative amounts preoperatively.9,11,12,21 Two studies reported 
a mean 24 mm decrease in CTD in 20 operated hips, from 
33 mm to 7 mm,12 and from 38 mm to 19 mm.9 Femoral 
neck length was only reported in one study, and a mean 
17 mm increase in femoral neck length was recorded in 
five hips.9 Decrease in LAR from 1.97 (sd = 0.28) to 1.60 
(sd = 0.13) was demonstrated in another study.21

Complications

Three studies stated that they did not have any complica-
tions,10–12 while there were no reports regarding complica-
tions in three articles.9,15,21

Overall, 12 complications were recorded in five articles, 
reporting the results of 128 osteotomies.16–20 We catego-
rized the complications based on the Black classification:14

•	 Nine category-I complications included: hematoma 
due to anti-coagulant (n = 3); wire breakage (n = 2); 
greater trochanter slide up (n = 2); asymptomatic 
pseudarthrosis of greater trochanter (n = 1); transient 
peroneal nerve palsy (n = 1).

•	 Two category-II complications included: angle-blade 
plate migration that required revision (n = 1); non-
union of greater trochanter due to inadequate fixation 
which required revision (n = 1).

•	 No category-IIIA.

Table 3 Overall outcomes of reviewed studies

Author Year of  
publication

Number of 
the patients

Number of 
the hips

Limb  
lengthening (mm)

Abductor  
improvement* (%)

HHS**

(Pre-op–Post-op)
Merle d’Aubigné
(Pre-op–Post-op)

Follow-up  
(range, months)

Eidelman et al17 2019 18 20 13 70 (73–95) N/A 84 (54–120)
Plazcek et al 2018 5 5 N/A 100 N/A N/A (3–6)
Libri et al11 2010 5 6 15 N/A (83–94) N/A N/A
Lengsfeld et al12 2001 15 15 6 75 N/A (7–9)*** 122 (102–147)
Hasler et al18 1999 37 37 10 70 N/A (16–17) 96 (12–192)
Takata et al21 1999 7 8 9 83 N/A (13–17) 71
Weissinger et al20 1995 8 8 19 N/A N/A N/A 45 (13–76)
Dostal et al 1994 8 8 20 N/A N/A N/A N/A
Hefti et al19 1989 20 21 10 29 N/A N/A 36 (6–72)
Buess et al16 1988 15 16 12.5 67 N/A (13–15) 62 (9–84)
Lascombes et al9 1985 5 5 15 N/A N/A N/A (12–36)
Sum 143 149
Average 12 65 (78–94) (14–17) 74 (3–192)

*Success rate in converting a positive Trendelenburg test to negative
**Harris Hip Score
***Sum of ‘pain’ and ‘ability to walk’ scores
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•	 One category-IIIB included: loss of reduction due 
to angle-blade migration due to unauthorized early 
weight bearing, causing varus deformity and failure 
of lengthening of the limb (n = 1).20

Overall results regarding limb lengthening, abductor 
function improvement, functional scores and duration of 
follow-up are shown in Table 3.

Discussion
To our knowledge, this is the first review of the clinical 
and radiological outcomes of double and triple femoral 
neck lengthening osteotomies. Although coxa brevis is a 
paediatric orthopaedic disease and the underlying prob-
lem occurs during the childhood, many patients develop 
physical limitations and osteoarthritis during early adult-
hood, and the mean age of the patients at the time of sur-
gery was 20 years (range 7 years to 52 years). The results 
indicate substantial improvement in LLD and functional 
score. In addition, hip abductor strength was enhanced 
in the majority of the patients, while few complications 
were reported.

Several interventions with different results have been 
proposed for correction of short femoral neck deformity, 
such as epiphysiodesis of the greater trochanter,23 lateral 
transfer of greater trochanter,24 distraction osteogenesis 
by Ilizarov technique25 and different proximal femoral 
osteotomies.26–28 In patients with concurrent intra- and 
extra-articular hip pathologies, relative femoral neck 
lengthening in combination with head–neck osteochon-
droplasty via surgical hip dislocation has shown promising 
early and mid-term results with regard to pain reduction 
and improving function and radiographic parameters.29–31 
However, Morscher proximal femoral osteotomy and its 
modifications have been described as completely extra-ar-
ticular procedures with the goal of lengthening the femo-
ral neck and improving the anatomy and biomechanics of 
the hip in patients with coxa brevis. Theoretically, increas-
ing the length of the femoral neck will reduce limb short-
ening, relieve pain and improve functional outcomes. 
However, only a few retrospective studies have reported 
the outcomes of the operations. Therefore, we systemat-
ically searched the literature to answer questions regard-
ing the potential risks, pitfalls and complications.

Functional outcome scores by measuring several crite-
ria provide a practical tool for evaluation of the outcome 
of an intervention. The Harris Hip Score and Merle d’Aub-
igné scores were used by these studies. To our knowledge 
these scores have not been validated for the paediatric 
population. The main components of the Harris Hip Score 
are pain, function and range of motion, and was primarily 
developed for the evaluation of the results of hip arthro-
plasty in an adult population,32 but has been applied 

frequently in various hip disabilities.33–35 The Merle d’Aub-
igné score takes pain, gait and mobility into account to 
analyse hip function.36 Ability to walk, as one of these cri-
teria, revealed significant improvement in the majority of 
patients. Limping in patients with coxa brevis is attribut-
able to several factors such as LLD, abductor insufficiency, 
pain and impingement.1 The results of double and triple 
proximal femoral osteotomies, in terms of pain relief and 
improvement in abductor force and functional outcomes, 
were comparable to reported results on relative femoral 
neck lengthening and osteochondroplasty.29–31 but unlike 
relative femoral neck lengthening, favourable increase 
in the length of the respective leg has been reported in 
double and triple proximal femoral osteotomies and, con-
sequently, gait improvement is expected in patients with 
LLD. The results demonstrated that almost full equaliza-
tion of the length of the lower limbs was possible in some 
patients, given the fact that the amount of shortening is 
not generally substantial in isolated hip deformities. The 
strength of hip abductor muscles as another contribut-
ing factor in normal gait increased in about two-thirds of 
patients. In comparison with other treatment methods, 
the proportion of hips with normal abductor strength 
after surgical hip dislocation and relative neck lengthening 
increased by 74%,29 while after isolated intertrochanteric 
osteotomy, no hip showed normal abductor strength.37 In 
our review the lowest percentage in elimination of Tren-
delenburg sign was reported in one study with the suc-
cess rate of 30%.19 A possible explanation is that the mean 
age of the patients in the study was higher compared to 
the mean age of the patients in all studies (34 years versus 
20 years). This finding suggests that satisfactory outcomes 
are more achievable in younger subjects with a higher 
capacity to restore abductor muscle strength. 

Several factors, including muscle fatigue, bony 
impingement and degenerative changes, cause pain in 
patients with coxa brevis.29 Although it is difficult to inter-
pret ‘pain relief’ as a criterion for outcome due to its sub-
jective nature and also its insufficient report in the studies, 
good results regarding pain relief have been demonstrated 
by some of the articles.12,16,18,20 Reasonably, restoration of 
the normal hip anatomy and biomechanics would con-
tribute to pain relief by enhancing the stamina of mus-
cles and elimination of impingement. Most of the studies 
reported satisfactory clinical outcomes, although the 
progression of osteoarthritis after double and triple prox-
imal femoral osteotomies was inevitable.12,20 Even other 
treatment options for coxa brevis, such as relative femo-
ral neck lengthening and osteochondroplasty by surgical 
hip dislocation, that address the intra-articular pathol-
ogies, could not prevent the process of degeneration.29 
This is possibly due to pre-existing articular damage and 
also the inability to fully restore a normal hip anatomy.38 
However, it is not known whether and to what extent the 
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 improvements in hip biomechanics and thereby the distri-
bution of the forces around the joint might slow down the 
process of degeneration. On the other hand, elongation 
of the femoral neck to restore LLD in patients with coxa 
brevis will increase the pressure in the hip joint and will 
have a negative effect on pre-existing articular pathology. 
However, in patients without prior intra-articular pathol-
ogy, improvement in hip biomechanics would outweigh 
this adverse effect.

An important finding is that ‘age at the time of surgery’ 
seems to be an important determinant factor of the out-
comes. We found superior results regarding limb length-
ening, abductor strength improvement and functional 
outcome scores in studies with younger subjects (mean 
age < 18 years old (range seven years to 20 years)) com-
pared with the studies with mean age of the patients older 
than 18 years (range eight years to 49 years). In addition, 
of the five out of seven patients that required arthroplasty, 
more were more than 30 years old at the time of surgery,18 
and two young patients had hip incongruency and osteo-
arthritis before osteotomy.17

The rate of reported complications in double and triple 
osteotomies was similar to the relative neck lengthening 
and osteochondroplasty, and half of the complications 
were due to fixation of greater trochanter.29 However, in 
contrast to relative neck lengthening and osteochondro-
plasty, no intra-articular complications were reported in 
the articles in our review. Between double and triple oste-
otomies, making three osteotomy lines would hypotheti-
cally increase the risk of developing complications and all 
reported complications occurred in the triple osteotomy 
group. Overall, 50% of the 12 recorded complications 
were related to the fixation of the greater trochanter, and 
this observation highlights the importance of applying 
more reliable methods in fixation of greater trochanter in 
patients with preoperatively short, contracted abductor 
muscles. Overall, there were three major complications; 
two resolved with additional interventions, and only one 
complication could not be corrected finally and resulted 
in permanent loss of achieved limb length.20

The major limitation of our review results from the 
fact that our data were obtained exclusively from retro-
spective case series. We were also required to translate 
six articles to English to extract the data. Moreover, as a 
result of low numbers of double and triple osteotomies, 
we could not perform reasonable statistical comparison 
between the two groups. Besides, outcomes were not 
reported adequately. For example, no papers reported 
how the Trendelenburg test was performed and it is 
unclear how the outcome was interpreted. This makes 
comparison between studies difficult. The major weak-
ness in terms of reporting complications was that no 
articles met the criteria for describing the methods for col-
lecting data, definition, severity grading, risk factors and 

duration of the complications.39 In addition, the absence 
of reporting ‘zero’ complications in three articles made it 
unclear whether data was omitted or complications did 
not occur.9,15,21

Overall, favourable clinical outcomes can be expected 
after double and triple osteotomies. However, the patients 
should be selected meticulously since the results were 
rather disappointing in older patients with incongruent 
hips and pre-existing degenerative changes.
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