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Abstract

Background Complex proximal femoral deformities,

including an elevated greater trochanter, short femoral

neck, and aspherical head-neck junction, often result in

pain and impaired hip function resulting from intra-/

extraarticular impingement. Relative femoral neck length-

ening may address these deformities, but mid-term results

of this approach have not been widely reported.

Questions/purposes Do patients who have undergone rel-

ative femoral neck lengthening show (1) less hip pain and

greater function; (2) improved radiographic parameters; (3)

significant complications requiring subsequent surgery; and

(4) progression of osteoarthrosis (OA) or conversion to total

hip arthroplasty (THA) at mid-term followup?

Methods We retrospectively reviewed 40 patients (41

hips) with isolated relative femoral neck lengthening

between 1998 and 2006 with sequelae of Legg-Calvé-

Perthes disease (38 hips [93%]), slipped capital femoral

epiphysis (two hips [5%]), and postseptic arthritis (one hip

[2%]). During this time, the general indications for this

procedure included a high-riding greater trochanter with a

short femoral neck with abductor weakness and symp-

tomatic intra-/extraarticular impingement. Mean patient

followup was 8 years (range, 5–13 years), and complete

followup was available in 38 patients (39 hips [95%]). We

evaluated pain and function with the impingement test,

limp, abductor force, Merle d’Aubigné-Postel score, and

range of motion. Radiographic parameters included tro-

chanteric height, alpha angle, and progression of OA.

Subsequent surgeries, complications, and conversion to

THA were summarized.

Results The proportion of positive anterior impingement

tests decreased from 93% (38 of 41 hips) preoperatively to

49% (17 of 35 hips) at latest followup (p = 0.002); the

proportion of limp decreased from 76% (31 of 41 hips) to

9% (three of 35 hips; p \ 0.001); the proportion of normal

abductor strength increased from 17% (seven of 41 hips) to

91% (32 of 35 hips; p \ 0.001); mean Merle d’Aubigné-

Postel score increased from 14 ± 1.7 (range, 9–17) to

17 ± 1.5 (range, 13–18; p \ 0.001); mean internal rotation

increased to 25� ± 15� (range, 0�–60�; p = 0.045), external

rotation to 32� ± 14� (range, 5�–70�; p = 0.013), and

abduction to 37� ± 13� (range, 10�–50�; p = 0.004). Eighty

percent of hips (33 of 41 hips) showed normal trochanteric

height; alpha angle improved to 42� ± 10� (range, 27�–90�).

Two hips (5%) had subsequent surgeries as a result of lack

of containment; four of 41 hips (10%) had complications

resulting in reoperation. Fourteen of 35 hips (40%) showed

progression of OA; four of 40 hips (10%) converted to THA.

Conclusions Relative femoral neck lengthening in hips with

combined intra- and extraarticular impingement results in

reduced pain, improved function, and improved radiographic
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parameters of the proximal femur. Although lack of long-term

complications is gratifying, progression of OA was not pre-

vented and remains an area for future research.

Level of Evidence Level IV, therapeutic study.

Introduction

Extraarticular femoroacetabular impingement (FAI) is

defined as a pathological, extracapsular abutment of the

proximal femur and the pelvis. The impingement conflict

occurs between the greater or lesser trochanter on the fem-

oral side and the ischium or supraacetabular ilium on the

pelvic side [42]. Extraarticular impingement is rarely

reported but can occur with complex deformities of the

proximal femur [1, 18, 38]. The deformities are often the

sequelae of Legg-Calvé-Perthes disease (LCPD) or ‘‘Per-

thes-like’’ deformities such as sequelae of slipped capital

femoral epiphysis (SCFE), postseptic arthritis, and trauma

[1, 2, 23, 37]. Typically, the deformities include a high-

riding greater trochanter, a short femoral neck, and an

aspherical femoral head-neck junction [1, 2, 23, 37]. Com-

plex deformities of the proximal femur can cause both intra-

and extraarticular FAI, which can lead to degenerative hip

pain, restricted ROM, and impaired abductor function [1].

Complex femoral deformities are difficult to address with

conventional surgical techniques such as isolated proximal

femoral osteotomy. Relative femoral neck lengthening

addresses both extraarticular impingement by advancing the

greater trochanter and intraarticular impingement by simulta-

neous head–neck osteochondroplasty [15, 16]. The hip is safely

accessed by surgical hip dislocation [14], and femoral head

perfusion is assured by developing an extended retinacular soft

tissue flap [16]. Additional sources of intra- or extraarticular

impingement can be treated by concomitant advancement of

the lesser trochanter or femoral head reduction osteotomy [16].

Early results of relative neck lengthening in hips with complex

deformities have been promising [2, 37], but to our knowledge,

no mid-term results of the technique have been reported.

We therefore asked if patients with a complex deformity of

the proximal femur undergoing relative neck lengthening for

combined intra- and extraarticular impingement showed (1)

less hip pain and greater function; (2) improved radiographic

parameters; (3) significant complications requiring additional

surgery; and (4) progression of osteoarthrosis (OA) or con-

version to a THA at a minimum 5-year followup.

Patients and Methods

We retrospectively reviewed all 43 hips (42 patients) with a

complex deformity of the proximal femur who underwent

isolated relative neck lengthening for the treatment of

combined intra- and extraarticular impingement between

December 1998 and September 2006 (Table 1). Two hips

(two patients) with skeletal immaturity Risser \ Grade 3 [35]

were excluded leaving 41 hips (40 patients) for analyses. The

deformities were the result of sequelae of LCPD in 38 hips

(93%), SCFE in two hips (5%), and septic arthritis in child-

hood in one hip (2%). The deformity in the 38 hips with

sequelae of LCPD was graded according to Stulberg et al. [41]

with Grade II (enlarged but spherical femoral head with a short

neck or steep acetabulum) in two hips, Grade III (non-spher-

ical femoral head) in 29 hips, and Grade IV (flat femoral head)

in seven hips. Indication for surgery was pain in hips with a

high-riding greater trochanter (Stulberg [ quadrant 2 [41]),

abductor weakness (\ M4 [27]), intraarticular impingement

of the femoral head/neck and acetabulum (positive anterior or

posterior impingement test), and extraarticular impingement

between the lesser/greater trochanter and the pelvis (positive

impingement test; decreased abduction or external rotation

with the hip extended). Contraindications for surgery were

advanced OA (C Tönnis Grade 2 [44]). Relative femoral neck

lengthening in combination with head-neck osteochondropl-

asty is the standard surgical procedure in our institution to

address patients with complex proximal femoral deformities

meeting these indications. Alternative techniques (such as true

neck lengthening or other osteotomies) were not used during

the study period. Goals of surgery were reduced hip pain,

improved hip function, and prevention of progression of OA

by eliminating intra- and extraarticular FAI. During the study

period, four additional patients (four hips) underwent the

procedure in addition to an acetabular osteotomy. These four

patients and the two patients (two hips) with skeletal imma-

turity (Risser Grade \ 3) were excluded from this report.

Table 1. Demography of patient series (N = 41 hips)

Parameter Value

Number of patients (hips) 40 (41)

Age at surgery (years ± SD) 24 ± 11 (range,

12–48)

Sex (percentage men of all hips) 54

Side (percentage right of all hips) 6

Weight (kg ± SD) 65 ± 18 (range,

31–107)

Height (cm ± SD) 166 ± 13 (range,

130–184)

Body mass index (kg/m2 ± SD) 23 ± 4 (17–33)

Previous surgery (number, hips)

Isolated intertrochanteric osteotomy 7

Isolated triple osteotomy 7

Combined triple and intertrochanteric

osteotomy

2

Periacetabular osteotomy 1

Femoral offset correction 1
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Of the initial 40 patients (41 hips) included in the study,

one patient (one hip [2%]) was lost to followup before

5 years; at 3 years, the patient had an excellent clinical

result (Merle d’Aubigné-Postel score of 18 points) and no

radiographic signs of OA progression. Another patient

refused both clinical and radiographic followup and was

evaluated by means of a telephone interview and ques-

tionnaires. Since the last followup examination 2 years

postoperatively, this patient has been asymptomatic and did

not have further surgery of the hip. The remaining 38

patients (39 hips) were followed for a minimum of 5 years

(mean, 8 years; range, 5–13 years). All patients with hips

that converted to THA had complete evaluation of the

postoperative radiographic parameters. Clinical followup

and progression of OA were not obtained in these patients

(Fig. 1). Previous surgeries included isolated acetabular

osteotomy in eight hips (20%), isolated intertrochanteric

osteotomy in seven hips (17%), combined acetabular and

femoral osteotomy in two hips (5%), and femoral offset

correction in one hip (2%; Table 1). Mean patient age at

surgery was 24 years (range, 12–48 years). In all hips with

relative femoral neck lengthening, concomitant osteo-

chondroplasty of the head-neck area was performed.

Additional surgical procedures were indicated in four hips

(10%) to eliminate all sources of extra- or intraarticular

impingement. Two hips (5%) with an aspherical femoral

head in the frontal plane, which cannot be addressed by

osteochondroplasty, were addressed with a femoral head

reduction osteotomy [16] to obtain a spherical and well-

contained femoral head. An extraarticular impingement

resulting from a lesser trochanter impinging with the

ischial tuberosity required distalization of the lesser tro-

chanter in two hips (5%).

Clinical evaluation was performed by different observ-

ers. Preoperative data were obtained based on chart review.

At most recent follow up, patients were examined

according to a standardized study protocol. Hip pain and

function were assessed preoperatively and at most recent

followup using the following parameters: anterior and

posterior impingement tests (positive/negative) [43], limp

(positive/negative), abductor strength (proportion of hips

with abduction force M5 according to the British Medical

Research Council [27]), full ROM (degrees of flexion/

extension; adduction/abduction; internal/external rotation),

and the Merle d’Aubigné-Postel scoring system (worst-best

score of 3–18 points; Table 2) [28]. Substantial inter- and

Fig. 1 Patient selection and fol-

lowup information are shown.

Radiographic evaluation except

progression of OA was obtained

in all included 40 patients (41

hips) on the immediate postop-

erative radiographs.
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intraobserver agreement has been reported for anterior and

posterior impingement tests [24, 34], abductor strength

[12], full ROM [7, 33], and the Merle d’Aubigné-Postel

scoring system [22]. At latest followup, additional hip

scores were assessed including the WOMAC [4], Harris hip

score [20], SF-12 physical and mental component scales

[13, 45], and the UCLA activity scores [47].

Routine radiographic evaluation included AP pelvic and

lateral crosstable images of the proximal femur. All radio-

graphs were acquired in a standardized manner [43] with the

patient in the supine position and the legs 15� internally

rotated to compensate for femoral antetorsion. Supine films

were used to allow comparison with intraoperative and early

postoperative (nonweightbearing) films. The film-focus

distance was 120 cm with the central beam directed to the

midpoint between a line connecting both anterosuperior iliac

spines and the superior border of the symphysis. The cros-

stable view was performed with the patient supine, the xray

beam angled in a 45� angle, and centered to the inguinal fold.

Improvement in morphology of the proximal femur was

assessed by one of us not involved in the surgical care of the

patients (CEA) and the following parameters evaluated pre-

and postoperatively: trochanteric height [41], alpha angle in

the AP and axial views [30], and neck-shaft angle (centrum-

collum-diaphyseal [CCD] angle; Table 3). For the assess-

ment of trochanteric height according to Stulberg et al. [41],

the femoral head was divided into four horizontal quadrants

on the AP pelvis radiograph. Trochanteric height was defined

by the projection of the tip of the greater trochanter to the

corresponding quadrant. Quadrant 1 represented the most

inferior quarter of the femoral head and quadrant 4 the most

superior quarter. An imaginary fifth quadrant was added if

the tip of the greater trochanter was located superiorly to the

femoral head. Normal trochanteric height was defined as the

tip of the greater trochanter projected caudally to the center

of the femoral head center (trochanteric height less than or

equal to quadrant 2, according to Stulberg et al. [41]).

Complications were classified according to the adapted

Clavien-Dindo classification proposed by Sink et al. [8, 9, 39,

40]. It has been validated specifically for hip-preserving

surgery [39]. The grading ranges from Grade I to V

depending on the treatment required to manage complica-

tions and the associated long-term morbidity. Grade I

complications require no treatment and there is no deviation

from the routine postoperative followup (eg, asymptomatic

heterotopic ossification). Grade II complications require no

Table 2. Clinical results preoperatively and at minimum 5-year followup

Parameter (best-worst score possible) Preoperative value (n = 41) Followup value (n = 35) p value

Anterior impingement test (% positive) [43] 93 49 0.002

Posterior impingement test (% positive) [43] 66 20 0.157

Limp (% positive) 76 9 \ 0.001

Abductor strength (% with M5 of all hips) [27] 17 91 \ 0.001

ROM (� ± SD; range)

Flexion 94 ± 14 (50–130) 93 ± 16 (35–130) 0.466

Extension 4 ± 6 (0–20) 7 ± 7 (0–20) 0.121

Internal rotation 18 ± 15 (0–85) 25 ± 15 (0–60) 0.045

External rotation 25 ± 12 (0–50) 32 ± 14 (5–70) 0.013

Abduction 24 ± 10 (0–45) 37 ± 13 (10–50) 0.004

Adduction 18 ± 11 (5–45) 13 ± 5 (5–20) 0.176

Merle d’Aubigné scores (18–0) ± SD (range) [28] 14 ± 1.7 (9–17) 17 ± 1.5 (13–18) \ 0.001

Pain (6–0) 4 ± 1.1 (1–5) 5 ± 0.8 (3–6) \ 0.001

Mobility (6–0) 5 ± 0.7 (3–6) 6 ± 0.5 (5–6) 0.115

Walking ability (6–0) 5 ± 0.9 (2–6) 6 ± 0.6 (3–6) \ 0.001

WOMAC (0–100) ± SD (range) [4] 6 ± 23 (0–100)

Pain (0–100) – 7 ± 24 (0–100) –

Stiffness (0–100) 8 ± 25 (0–100)

Function (0–100) 5 ± 24 (0–100)

Harris hip score (100–0) ± SD (range) [20] – 83 ± 10 (59–100) –

SF-12 scores ± SD (range) [13, 45]

Physical component (100–0) – 47 ± 7 (23–59) –

Mental component (100–0) 55 ± 9 (29–64)

UCLA activity score (10–0) ± SD (range) [47] – 6 ± 2 (2–10) –

Continuous parameters are expressed as mean ± SD and range in parentheses.
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surgical treatment but there is deviation of the postoperative

followup (eg, nerve palsy that requires bracing). Grade III

complications require treatment but no long-term morbidity

exists (eg, trochanteric nonunion requiring refixation). Grade

IV complications require treatment and have long-term

morbidity (eg, permanent nerve injury or pulmonary embo-

lism). Grade V comprises death. As a result of the

retrospective nature of the study, only complications greater

than Grade 1 were included. Subsequent surgeries (eg,

additional surgery to improve acetabular coverage) were

summarized and distinguished from complications.

To assess progression of OA, the AP pelvic radiographs

were reviewed by one of us not involved in the surgical care of

the patients (CEA) preoperatively and at most recent followup

and the affected hip was graded according to Tönnis for OA

[44]. AP pelvic radiographs for evaluation of OA were

available in 34 patients (35 hips) at the most recent followup

(minimum 5-year followup; Fig. 1). Hips that converted to a

THA were summarized and the date of conversion noted.

Relative femoral neck lengthening was performed

according to the technique described by Ganz et al. [14]. The

procedure included surgical dislocation of the hip [17],

development of the extended retinacular soft tissue flap [16],

and correction of intra- and extraarticular impingement (see

Appendix 1 for a detailed description of the surgical proce-

dure [Supplemental materials are available with the online

version of CORR1.]). In brief, a flat trigastric osteotomy of

the greater trochanter was performed to surgically dislocate

the hip [17]. An extended retinacular soft tissue flap was

developed by subperiosteal resection of the stable part of the

greater trochanter (Fig. 2) [16]. Care was taken not to pen-

etrate the periosteum and violate the nutrient vessels of the

femoral head (medial circumflex femoral artery). The stable

part of the greater trochanter was reduced to the level of the

femoral neck (Fig. 2). To improve offset of the anterior

aspect of the femoral neck, an osteochondroplasty was per-

formed (Fig. 2). The mobile fragment of the greater

trochanter was reattached to the proximal femur in a distal-

ized position to optimize abductor muscle function (Fig. 2).

Relative femoral neck lengthening with femoral neck os-

teochondroplasty and distalization of the greater trochanter

was performed in all patients included in this study.

During the hospital stay (median, 9 days; range, 6–

13 days), patients were kept on continuous passive motion

for 30 minutes three times per day to prevent capsular

adhesions. Patients were mobilized using crutches with

partial weightbearing of 15 kg and restricted forced

abduction and adduction to protect the trochanteric oste-

otomy. Full weightbearing and abductor training were

initiated after 8 weeks and confirmed radiographic healing

of the trochanteric osteotomy. Patients undergoing addi-

tional distalization of the lesser trochanter also had

restricted active flexion. Patients were asked to return to

our clinic for clinical and radiographic evaluation at

8 weeks, 3 months, 1 year, 2 years, and 5 years.

Normal distribution of continuous data was tested using

the Kolmogorov-Smirnov test. The t-test was used to

compare continuous clinical and radiographic data pre- and

postoperatively. The Wilcoxcon rank sum test was used to

compare ordinal data (Merle d’Aubigné-Postel score,

Table 3. Preoperative and postoperative radiographic results of all hips (N = 41)

Parameter Preoperative Postoperative p value

Normal trochanteric height (% of hips B quadrant 2) [41] 5 80 \ 0.001

Trochanteric height (%) [41]

Quadrant 1 5 12 \ 0.001

Quadrant 2 0 68

Quadrant 3 15 17

Quadrant 4 51 3

Quadrant 5 29 0

Alpha angle on AP radiograph (� ± SD; range) [30] 75 ± 18 (38–114) 50 ± 12 (39–90) \ 0.001

Alpha angle on axial radiograph (� ± SD; range) [30] 77 ± 18 (45–109) 42 ± 10 (27–90) \ 0.001

CCD angle (� ± SD; range) 127 ± 7 (106–137) 129 ± 6 (116–140) 0.179

LCEA (� ± SD; range) [46] 27 ± 6 (14–37) 27 ± 7 (15–47) 0.537

OA grade according to Tönnis (%) [45]*

Grade 0 59 43 0.013

Grade 1 41 40

Grade 2 – 14

Grade 3 – 3

* OA evaluated at most recent followup (n = 35); CCD angle = centrum-collum-diaphyseal angle; LCEA = lateral center-edge angle;

OA = osteoarthrosis.
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trochanteric height, Tönnis score) pre- and postoperatively.

Binominal data were compared using the McNemar test.

Statistical analysis was performed using WinStat1

(R. Fitch Software, Bad Krozingen, Germany).

Results

The proportion of a positive anterior impingement test

decreased from preoperative to most recent followup from

93% (38 of 41 hips) to 49% (17 of 35 hips) and for limp from

76% (31 of 41 hips) to 9% (three of 35 hips) (p = 0.002 and

p \ 0.001, respectively; Table 2). The proportion of hips

with a maximum abduction force M5 improved from 17%

(seven of 41 hips) preoperatively to 91% (32 of 35 hips) at

most recent followup (p \ 0.001; Table 2). We found an

increase in mean internal rotation (18� ± 15�; 95% confi-

dence interval [CI], 13�–23� to 25� ± 15�; 20�–31�;

p = 0.045), external rotation (25� ± 12� [21�–29�] to

32� ± 14� [27�–37�]; p = 0.013), and abduction

(24� ± 10� [21�–28�] to 37� ± 13� [32�–43�]; p = 0.004;

Table 2). No differences existed for flexion (94� ± 14�;

95% CI, 90�–98� to 93� ± 16�; 87�–98�; p = 0.466),

extension (4� ± 6� [2�–5�] to 7� ± 7� [4�–9�]; p = 0.121),

and adduction (18� ± 11� [14�–22�] to 13� ± 5� [11�–16�];

p = 0.176; Table 2). The mean Merle d’Aubigné-Postel

score improved from 14 ± 1.7 (range, 9–17) to 17 ± 1.5

(13–18) at most recent followup (p \ 0.001). This was the

result of an improvement in the pain subscore from 4 ± 1.1

(range, 1–5) preoperatively to 5 ± 0.8 (range, 3–6) at fol-

lowup (p \ 0.001) and an improvement of the walking

ability subscore from 5 ± 0.9 (2–6) preoperatively to

6 ± 0.6 (3–6) at followup (p \ 0.001; Table 2).

Fig. 2A–D (A) Complex proxi-

mal femoral deformities typically

have a high-riding trochanter, a

short neck with varus configura-

tion, and (B) an asphericity in the

AP direction, resulting in

decreased offset. Relative femo-

ral neck lengthening (C)

comprised the following steps: a

flat trochanteric osteotomy,

reduction of the stable part of the

greater trochanter, (D) osteochon-

droplasty of the femoral head-

neck area to improve offset, and

advancement of the trochanteric

fragment. Reprinted with kind

permission from Wichtig Pub-

lishing: Tannast M, Macintyre

N, Steppacher SD, Hosalkar HS,

Ganz R, Siebenrock KA. A sys-

tematic approach to analyse the

sequelae of LCPD. Hip Int.

2013;23(Suppl 9):61–70; Fig. 11.

Table 4. Repeat surgeries and complications of the patient series

Patient Description Interval

since

surgery

(years)

Grade Treatment

Subsequent surgeries

1 Lack of

containment

0.2 NA Varus-extension

intertrochanteric

osteotomy

2 Lack of

containment

0.5 NA Triple osteotomy with

valgus intertrochanteric

osteotomy

Complications

1 Loss of

trochanteric

fixation

0.2 III Revision fixation

2 Trochanteric

nonunion

1.2 III Revision fixation

3 Intraarticular

adhesions

0.4 III Closed manipulation

4 Intraarticular

adhesions

0.5 III Open capsulectomy

Complications were graded according to the adapted Clavien-Dindo

classification system [39, 40] for orthopaedic surgery; only compli-

cations graded [ 1 were included.
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The proportion of patients with normal trochanteric

height increased from preoperatively 5% (two of 41 hips)

to 80% (33 of 41 hips) postoperatively (p \ 0.001;

Table 3). The alpha angle on the AP radiograph improved

from 75� ± 18� (95% CI, 70�–81�) to 50� ± 12� (47�–54�)

postoperatively (p \ 0.001) and the alpha angle on the

axial view improved from 77� ± 18� (70�–84�0 to

42� ± 10� (39�–46�) (p \ 0.001; Table 3).

Four hips (10%) had postoperative complications

(Table 4). All complications were classified as Grade III

complications [39, 40] and included two revisions of the

greater trochanter for loss of fixation or nonunion and two

hips with intraarticular adhesions (Table 4). Two hips

underwent subsequent surgeries as a result of lack of suf-

ficient femoral head containment (Table 4). These included

one varus intertrochanteric osteotomy (IO) and one com-

bined triple osteotomy with valgus IO (Table 4).

Of the 35 hips with a preserved hip at most recent fol-

lowup, 14 hips (40%) showed progression of OA by at least

one grade according to Tönnis. Four of 40 hips (10%) were

converted to a THA at a median of 5 years (range, 4–

6 years) after relative femoral neck lengthening. All hips

with conversion to THA had Grade 1 OA preoperatively

(according to Tönnis), and THA was performed as a result

of OA progression in all four cases.

Discussion

Complex proximal femoral deformities after LCPD may

present with combined intra- and extraarticular FAI and

resultant hip pain and limited function. Surgical dislocation

of the hip [14] combined with the extended retinacular soft

tissue flap [16] has expanded treatment options for patients

with proximal femoral deformities (Fig. 3). Relative neck

lengthening allows simultaneous correction of intra- and

extraarticular impingement but little information on mid-

term results of the procedure exists. Therefore, we asked if

patients with a complex deformity of the proximal femur

undergoing relative neck lengthening showed (1) improved

hip pain and function; (2) improved radiographic parameters

of the proximal femur; (3) significant complications requir-

ing subsequent surgeries; and (4) progression of OA or

conversion to THA at a minimum 5-year followup.

Our study has several limitations. First, we did not have

a control group of patients with complex deformities of the

proximal femur who did not undergo surgical treatment.

We cannot, therefore, state whether one of the most sig-

nificant clinical outcomes (progression of OA) was altered

with surgery compared with no surgical intervention.

Although 40% of study patients showed an increase in OA

grade, all patients showed equivalent or improved clinical

Fig. 3A–D (A) A 35-year-old

male patient with sequelae of

LCPD of the left hip is shown.

His hip typically showed a high-

riding trochanter, a short neck

with varus configuration, and

(B) a mushroom-shaped head

with an asphericity in the AP

direction. After relative femoral

neck lengthening (C), the supe-

rior and (D) anterior offset was

corrected and the greater tro-

chanter refixated in an advanced

position to improve the lever

arm of the abductor muscles.
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outcome scores at most recent followup compared with

their preoperative status. Second, as a result of the retro-

spective design of our study, the only clinical scoring

system available preoperatively was the Merle d’Aubigné-

Postel score [28]. Despite the limited applicability of this

relatively insensitive score, improvements in the mean

Merle d’Aubigné-Postel score and the two subscores (pain,

walking ability) were found. Next, inter- and intraobserver

variability could have biased the results. Different

observers assessed the clinical outcomes throughout the

preoperative and followup visits, resulting in potential

assessment bias. However, substantial interobserver

agreement has been found for these clinical parameters [7,

12, 22, 24, 33, 34]. In contrast, a single observer evaluated

the radiographic outcome. Nonetheless, intraobserver var-

iability could also have biased outcome. No results for

intraobserver agreement of the trochanteric height have

been reported in the literature. However, substantial intra-

observer agreement has been reported for the alpha and

CCD angle [5, 19, 25, 29]. Therefore, we believe this did

not jeopardize our conclusions. Finally, our patient popu-

lation was very heterogeneous, including pediatric and

adult patients, patients with prior surgery of the pelvis and/

or the femur, and patients with a variety of etiologies.

We believe that the improvement in pain and function

may be related to the correction of intra- and extraarticular

impingement in these hips with complex femoral defor-

mity, but future controlled studies will need to confirm

these findings. The mean Merle d’Aubigné Postel score

improved from 14 to 17 (Table 2), which is comparable to

an increase from 14 to 16 found in hips with intra-/extra-

articular impingement resulting from LCPD after surgical

hip dislocation and/or pelvic osteotomy [1]. The mean

Harris hip score of 83 and WOMAC score of 6 at most

recent followup (Table 2) were comparable to the reported

results in the literature for hips with complex femoral

deformities and relative femoral neck lengthening (mean

Harris hip score of 87 [2] and WOMAC score 3.5 [35]). In

contrast, hips with LCPD after isolated intertrochanteric

osteotomy without correction of intraarticular impingement

or advancement of the greater trochanter showed a lower

mean Harris hip score of 78.5 [31]. Abductor strength in

hips with a proximal femoral deformity is often impaired as

a result of the shortened femoral neck, high-riding greater

trochanter, and varus hip morphology, which result in a

decreased lever arm for the abductor muscles [32]. In the

current study, the proportion of hips with normal abductor

strength (M5) increased from 17% to 91% after relative

neck lengthening and distalization of the greater trochanter

(Table 2). In contrast, no hip after LCPD and isolated

intertrochanteric osteotomy showed normal abductor

strength (M5) at a mean followup of 11 years [21]. The

proportion of patients with limp decreased from 76% to 9%

in the current study, which is comparable to the reported

proportion of 4% [2] or 18% [1] at last followup after

relative neck lengthening. The proportion of hips with a

positive anterior impingement test decreased from 93% to

49% in the current study (Table 2). Results in the literature

for the anterior impingement test at last followup after

surgical treatment of LCPD differ remarkably with a pro-

portion ranging from 0% [10] to 59% [1]. Improvement for

ROM was found for internal and external rotation and

abduction (Table 2). Although abduction showed a mean

improvement of 13�, both internal and external rotation

only improved by 7�. In hips with intra-/extraarticular

impingement resulting from LCPD after surgical hip dis-

location [1], all amplitudes of ROM improved except

flexion. However, the mean improvements were minor and

ranged from 2� to 7�, which likely could be caused by

different observers evaluating ROM [1].

Radiographic parameters of the proximal femur assessed

in our study improved in the majority of hips after relative

femoral neck lengthening (Table 3). The improvement of

abduction force (Table 2) is likely the result of improved

trochanteric height resulting in improvement of the abductor

lever arm (Table 3). The proportion of hips with a normal

trochanteric height (B quadrant 2 according to Stulberg

et al. [41]) improved from 5% preoperatively to 80% post-

operatively. Improvement of trochanteric height has been

reported for both relative femoral neck lengthening [2, 37]

and isolated advancement of the greater trochanter [21]. For

relative neck lengthening, the mean trochanteric height

improved from preoperatively a mean of 4.1 to postopera-

tively 2.9 in the trochanteric quadrant [37] according to

Stulberg et al. [41] or the proportion of a normal trochanteric

height (B quadrant 2 according to Stulberg et al. [41])

increased from 0% to 29% [2]. The offset angle improved on

both the AP and axial views (Table 3). In the literature about

relative femoral neck lengthening, the alpha angle has not

been quantified [2, 10, 37]. In hips with isolated advance-

ment of the greater trochanter, the offset is not affected. As

expected, there were no changes for the CCD angle

(Table 3) because the relative femoral neck lengthening

includes no true cervical or intertrochanteric osteotomies.

Four patients (four hips) underwent revision surgery for

complications (all Grade III according to the adapted

Clavien-Dindo classification system [39, 40]; Table 4). The

procedures ranged from manipulation under anesthesia to

revision fixation of the greater trochanter. There were no

complications with long-term morbidity. Specifically, there

was no avascular necrosis of the femoral head. The two

patients (two hips [5%]) with revision surgery resulting

from intraarticular adhesions had no risk factors such as

additional surgical procedures compared with hips without

adhesions. Two patient (two hips [5%]) required revision

fixation of the greater trochanter for loss of fixation or
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nonunion. The rates for trochanteric nonunion after surgi-

cal hip dislocation in the literature range from 4% to 23%

[11, 36]. The lowest rate for trochanteric nonunions was

found in hips with a stepped trochanteric osteotomy [3]. A

stepped osteotomy is technically not possible in relative

femoral neck lengthening as a result of the advancement of

the greater trochanter. Despite this disadvantage and the

decreased contact area between the reduced stable part of

the greater trochanter and the trochanteric fragment, the

rate of trochanteric nonunions in our study was comparable

to that reported in the literature [11, 36]. Two patients (two

hips) had subsequent surgery for unexpected lack of con-

tainment of the femoral head (Table 4). One patient with

relative neck lengthening and concomitant head reduction

osteotomy had a varus IO 6 weeks after the index proce-

dure. The second patient with isolated relative neck

lengthening underwent a triple osteotomy and valgus IO

6 months after surgery. Progression of OA could not be

prevented; 14 of 35 (40%) showed progression at most

recent followup and four of 40 hips (10%) converted to a

THA. Comparison of our results with the literature on the

natural course of OA is difficult because of the heteroge-

neity in patient series. Stulberg et al. [41] described the

natural history of OA in hips with LCPD and found that the

progression of OA depended on femoral head sphericity

and joint congruency (Stulberg classification). Hips with

Grade V (flat femoral head with normal acetabulum)

showed rapid development of OA and hips with Class III

and IV (non-spherical to flat femoral head with abnor-

malities of the acetabulum) developed mild to moderate

OA. Although there were no hips with Grade V in our

study, 95% of all hips presented with Grade III or IV

preoperatively. Additionally, all patients included in our

investigation were symptomatic with impaired function,

which has been shown to be associated with a worse

prognosis for progression of OA [6, 26]. The current results

of OA progression and conversion to THA is comparable to

reports in the literature for femoral neck lengthening with

OA progression in 36% of the hips after a mean followup

of 3.75 years [2] or a rate of conversion to THA of 7% [2]

and 10% [37] at 3.75- and 3-year followup, respectively.

In summary, we show that relative femoral neck

lengthening in hips with complex proximal femoral defor-

mities results in reduced pain, improved function, and

greater abductor strength for a majority of patients. We

believe that the improvement in abduction force may be

related to the improvement of the trochanteric height and

the resulting abductor lever arm. In addition, we believe that

the reduction of pain is the result of simultaneous correction

of intra- and extraarticular impingement. All subsequent

surgeries were performed as a result of unexpected lack of

femoral containment. Complications in our study subjects

were the result of loss of trochanteric fixation and

intraarticular adhesions. The frequency of trochanteric

nonunion was comparable or less than the reported fre-

quency in hips after surgical hip dislocation [11, 36]. Most

importantly, there were no long-term complications

([ Grade 3 according to the Clavien-Dindo classification

system [39, 40]) and no occurrences of avascular necrosis of

the femoral head; however, progression of OA could not be

prevented and and four hips (10%) that underwent con-

version to THA in this series. Future research topics should

therefore include the determination of factors predicting a

poor outcome, in particular progression of OA.
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