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Abstract

Purpose In hip dysplasia the Pemberton osteotomy can mod-
ify the shape of the acetabulum and is indicated for children 
aged between two and 12 when the triradiate cartilage is still 
open. However, there have been concerns about acetabular 
retroversion following this type of osteotomy. The studies, 
however, have been based on plain radiographs. The aim of 
our investigation was to assess the 3D acetabular orientation 
in patients with previous Pemberton osteotomy after skeletal 
maturation.

Methods Ten patients with 12 operated hips were included 
who received Pemberton osteotomy for hip dysplasia be-
tween January 3, 2005 and March 25, 2011. Mean age at sur-
gery and at follow-up were 7.2 years (sd 3.7) and 19.2 years 
(sd 3.7), respectively. MRIs were conducted with 1.5 T. Besides 
the measurement of acetabular version, the analysis includ-
ed alpha angles, acetabular sector angles (ASAs) as well as 
modified ASAs (cartilage covered area angles). Furthermore, 
the presence of osteoarthritis (OA) as well as acetabular retro-
version was determined on plain radiographs. Patient-related 
outcome measures included the international Hip Outcome 
Tool (iHOT) and EuroQol-5-Dimensions (EQ5D) scores. 

Results In comparison with the contralateral native and healthy 
hips the operated hips showed similar version (19.5° (sd 4.6°) 
versus 18.6° (sd 7.0°); p = 0.974). Also, there were no differ-
ences in terms of femoral head sphericity (alpha angles) and 
acetabular coverage (ASA angles). Five of 12 Pemberton hips 
showed signs of beginning OA (Kellgren-Lawrence classifica-

tion I or II) while none of the non-operated hips did. Patients 
who received surgery before the age of six years had similar 
functional and radiological results when compared with pa-
tients who were older than six years at surgery. Among all pa-
tients, iHOT was 91.9 (sd 10.0) and EQ5D was 90.3 (sd 7.3)).

Conclusion The Pemberton osteotomy provides good long-
term radiographic and functional results without compromis-
ing acetabular version or coverage.

Level of Evidence Level III: retrospective comparative study
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Introduction
Developmental dysplasia of the hip (DDH) is the most 
common congenital deformity and frequently requir-
ing surgical correction osteotomy in order to prevent 
early onset of secondary hip arthritis. Depending on the 
patient’s age, surgical treatment options include different 
types of shelf and ilium osteotomies,1-4 the Salter innom-
inate osteotomy (SIO)5 and reorientation osteotomies of 
the whole acetabulum.6-10 A frequently performed treat-
ment is the Pemberton osteotomy, which is indicated for 
children aged between two and 12 years when the  trira-
diate cartilage is still open.2

The goal of the Pemberton osteotomy is to improve the 
anterolateral coverage of the hip joint. This is achieved by 
a dome-shaped pericapsular ilium-osteotomy. In doing 
this, a modification of the shape and radius rather than 
a re-orientation of the acetabulum is achieved. Being an 
incomplete osteotomy, the Pemberton osteotomy can be 
performed bilaterally during a single surgery as the pelvic 
continuity is not disrupted.11

Due to the reorientation of the acetabular roof in 
an anterolateral direction, there is an increased risk of 
increased anterocranial coverage mimicking acetabular 
retroversion. Retroversion itself might lead to femoroace-
tabular impingement (FAI) and subsequent early onset of 
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osteoarthritis (OA).12 This problem has mostly been associ-
ated with the Salter osteotomy which also aims to improve 
anterolateral coverage.13-16 Recently, a study by Wang 
et  al17 suggested that Pemberton hips also had signs of 
retroversion when compared with the non-affected, con-
tralateral hips. In accordance with this, a study by Akiyama 
et al18 found 37.5% of Pemberton hips to have signs of ret-
roversion which was significantly more often when com-
pared with patients that were treated with a brace only.

A major limitation of all these studies, however, is the 
lack of 3D imaging for the assessment of acetabular version. 
Plain radiographs may be highly biased by pelvic tilt and 
other inherent limitations of conventional radiographs.19-22 
MRI has the capacity of providing accurate measurements 
without radiation exposure.23 To our knowledge, up to now 
no study has used MRI in the follow-up of DDH patients 
treated with Pemberton osteotomy.

The objective of this study was, therefore, to assess the 
3D acetabular orientation by using MRI after skeletal mat-
uration and to evaluate patients’ function and health-re-
lated quality of life. 

Patients and methods
Patient inclusion

A total of 47 consecutive patients who received Pember-
ton osteotomy due to DDH between January 3, 2005 and 
March 25, 2011 at our university were screened for inclu-
sion in the study. Exclusion criteria for this retrospective 
study were: age younger than 14 years at follow-up exam-
ination; inability to undergo MRI; and neuromuscular dis-
orders. In total, 32 patients had to be excluded and 15 
patients remained for follow-up, of which five could not 
be investigated due to missing contact data (n = 2), refusal 
to participate (n = 2) or secondary total hip arthroplasty 
(n = 1). Finally, ten patients with a Pemberton osteotomy 
due to DDH were available for final follow-up (Fig. 1). 
These patients were invited to our clinic for a clinical and 
radiological follow-up visit including conventional radio-
graphs as well as MRI. If pathologies were detected during 
this visit, further recommendations were issued. Approval 
was obtained by the local ethics committee.

One patient was operated on her right hip and seven 
patients on their left hip. Two patients received bilateral 
surgery. In two patients, an additional intertrochanteric 
varisation osteotomy was performed within the same sur-
gery. Four patients were male and six were female. Fur-
ther demographic data is displayed in Table 1.

Surgical technique

All osteotomies were performed by FT in a similar manner 
as originally described by Pemberton.2

The skin incision was made below the iliac crest extend-
ing from the anterior superior iliac spine one-third of the 
way towards the posterior superior iliac spine. The abdom-
inal muscle attachment was identified and detached later-
ally from the iliac epiphysis. The iliac epiphysis itself with 
the attached muscles was separated into two parts, which 
were stripped subperiosteally from the anterior third of the 
ilium exposing the bone laterally and posteriorly down to 
the hip capsule as well as inside the pelvis until the sci-
atic notch was reached. The osteotomy was done with a 
narrow and curved osteotome through both cortices of 
the ilium separately. Starting just above the anterior infe-
rior iliac spine (AIIS) the osteotomy of the outer cortices 
of the ilium extended posteriorly in a curved line above 
the attachment of the joint capsule down to the ilio-ischial 
limb of the triradiate cartilage. The image intensifier was 
used in order to avoid damage of the triradiate cartilage. 
The osteotomy of the inner cortices of the ilium, starting 
at the same point above the AIIS, was initially directed to 
the sciatic notch but extended in a curved manner to the 
ilio-pubic limb of the triradiate cartilage and backwards in 
order to complete the osteotomy of the ilium.

Since the triradiate cartilage is a flexible structure it can 
be used as a variable hinge. After completion of the oste-
otomy, the ilio-pubic and ilio-ischial limbs of the triradiate 
cartilage could be used to wrap the iliac portion around 
the head in an anterolateral direction. Using the image 
intensifier for control we were able to modify the size and 
shape of the acetabular correction individually. A bone 
graft was harvested from the iliac crest and positioned 
between both sides of the ilium osteotomy to secure the 
correction.

Clinical examination

Clinical examination at follow-up included assessment of 
the anterior and posterior impingement sign as well as the 
assessment of range of movement (ROM) for both hips. 
The ROM investigation included flexion/extension, abduc-
tion/adduction as well as the external rotation/ internal 
rotation in 0° and 90° hip flexion. The international Hip 
Outcome Tool (iHOT)24 was chosen as a patient-related 
outcome measure (PROM) especially developed for joint 
preserving surgery. Furthermore, the EuroQol-5-Dimen-
sions (EQ-5D)25 score was obtained as a measure for 
health-related quality of life. 

Radiographic examination

Conventional radiographic evaluation at follow-up con-
sisted of a standard anteroposterior (AP) pelvic radio-
graphs in supine position as well as a frog-leg lateral hip 
radiographs on the operated side. 

On AP radiographs, lateral centre edge (LCE) angles26 
and acetabular indices (AI)27 were measured for both the 
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operated as well as the non-operated hip whereas on frog-
leg lateral radiographs, alpha angles were measured on 
the operated side. Furthermore, the crossover sign as well 
as the ischial spine sign were determined as indicators of 
acetabular retroversion.20

For grading of OA, the Kellgren and Lawrence (KL) 
classification28 was assessed for both the operated and 
non-operated hips.

The MRI investigation at follow-up was conducted solely 
for study purposes. Non-contrast-MRI was performed 
with a 1.5-T Siemens AVANTO (Siemens AG, Munich, Ger-
many) with a 3D isotropic fat saturated VIBE sequence 
and a slice thickness of 0.8 mm (field of view 295*450; TE 
7.17 ms; TR 15.9 ms; and acquisition time 8 mins 13 secs). 
The pelvic scan was followed by a Half-Fourier Acquisition 
Single-shot Turbo spin Echo (HASTE) sequence covering 
the femoral condyle (field of view 400*400; TE 99 ms; TR 
1000 ms; and acquisition time 0.57 secs). The patients’ 
legs were positioned in a special fixation device to prevent 
possible leg movement during both sequences. All angles 
mentioned below were measured in multiplanar refor-
mations created within the hospital picture archiving and 
communication system (IMPAX EE, AGFA, R20 XVI; Agfa 
HealthCare GmbH, Bonn, Germany). In order to standard-
ize pelvic alignment, the centres of the reformation axis 
were aligned with the centres of the femoral heads both 
in the transverse and coronal planes, beginning with the 
right side followed by the left side.23

Modified acetabular sector angles (ASA) were mea-
sured in a clockwise manner from 9 o’clock to 3 o’clock 
(9/10/11/12/1/2/3 o’clock). The 3 o’clock position equals 
the traditional anterior acetabular angle while 9 o’clock 

equals the traditional posterior acetabular angle. Further-
more, the cartilage covered area (CCA angle) between the 
acetabular edge and the acetabular fossa as well as the 
alpha angles were measured accordingly. The acetabu-
lar version was measured in the transverse plane passing 
through the center of the femoral head.29 Furthermore, 
cranial acetabular version was measured in the transverse 
plane just below the roof level (1 mm to 2 mm). Femoral 
torsion was evaluated in an oblique view with a femoral 
neck bisecting axis at the proximal femur and a tangential 
axis touching the posterior femur condyles in a transverse 
plane at the distal femur (Fig. 2).30

Statistical analysis

Statistical analysis was performed using the SPSS software 
(IBM, V. 27, Chicago, Illinois).

Table 1 Demographic characteristics and patient-reported outcomes of 
all operated patients

Demographic Mean

Mean age at surgery, yrs (sd; range) 7.24 (3.71; 1.3 to 11.5)
Mean age at FU, yrs (sd; range) 19.16 (3.65; 14.5 to 23.6)
Mean FU, yrs (sd; range) 11.92 (1.71; 8.5 to 14.1)
Male, n (%) 5/12 (41.7)
Operated side right, n/N (%) 3/12 (25)
IVO, n/N (%) 2/12 (16.7)
Mean weight, kg (sd; range) 65.17 (13.04; 49 to 89)
Mean height, cm (sd; range) 170.75 (9.97; 152 to 184)
Mean BMI, kg/m² (sd; range) 22.46 (4.81; 16.76 to 31.53)
iHOT, % (sd; range) 91.85 (9.99; 70 to 99.6)
EQ5D, % (sd; range) 90.25 (7.31; 70 to 100)
FU, follow-up; IVO, intertrochanteric varisation osteotomy; BMI, body mass 
index; iHOT, International Hip Outcome Tool; EQ5D, EuroQol-5-Dimensions 
(score)

Fig. 1 Strengthening the Reporting of Observational Studies in Epidemiology diagram of patient inclusion (FU, follow-up; THA, total 
hip arthroplasty).
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Comparisons were drawn between the operated hips 
and the contralateral, non-operated hips as the control 
group. In total, 12 index hips and eight control hips were 
considered for the analysis. Continuous variables were 
presented as the mean (sd), and categorical variable were 
presented as counts and percentages. Between-group 
comparisons of continuous variables were performed 
using the Mann-Whitney U test. For comparisons of cat-
egorical variables, Fisher’s exact test or the student’s t-test 
was used. The significance level was set at p < 0.05.

Results
Patient’s mean age at surgery was 7.2 years (1.3 to 11.5) 
and the mean age at follow-up was 19.2 years (14.5 to 
23.6). The mean follow-up was 11.9 years (8.5 to 14.1). 
Further demographic as well as surgical data are depicted 
in Table 1. Overall mean iHOT and EQ5D scores at fol-
low-up were 91.9 (sd 10.0) and 90.3 (sd 7.3), respectively.

The ROM was similar between Pemberton hips and 
non-affected hips. Both, the anterior as well as the poste-
rior impingement sign were more common in Pemberton 
hips (p = 0.046 and p = 0.046, respectively) (Table 2).

At follow-up, LCE angles were slightly decreased in the 
Pemberton group (p = 0.061) whereas AI angles showed 
no difference (p = 0.816). Also, the prevalence of the cross-
over as well as the ischial spine sign did not differ between 
the groups (p = 0.317 and p = 0.564, respectively) (Table 3). 

In the Pemberton group, five hips had signs of mild 
to moderate OA at follow-up (KL I or II), whereas in the 
non-operated group none of the hips did.

MRI-based mean acetabular version at the femoral head 
centre at follow-up was 18.59° (sd 6.96°) for the operated 
hips (n = 12) and 19.50° (sd 4.61°) for the non-operated 
hips (n = 8; p = 0.974). Mean version at the roof level was 
0.80° (sd 7.09°) for the operated side and 3.73° (sd 6.7°) 
for the non-operated side (p = 0.481), while mean femoral 
version was 22.8° (sd 17.85°) and 17.84° (sd 8.3°), respec-

Fig. 2 MRI pelvic alignment and performed measurements: a-c) MRI alignment in the axial, coronal and sagittal plane presenting the 
measured clock wise plains; d-e) measurement of the femoral version; f) measurement of the anteversion at the femoral head center; 
g) measurement of the anteversion at the acetabulum roof; h) measurement of the anterior (*, 3 o’clock) and posterior (#, 9 o’clock) 
acetabular sector angle; i) measurement of the cartilage covered area anteriorly (*, 3 o’clock) and posteriorly (#, 9 o’clock).
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tively (p = 0.884). Alpha angles were similar between 
the Pemberton and the non-Pemberton groups in all 
positions, as were ASA angles. CCA angles were similar 
between Pemberton hips and non-affected hips except 
for the 12 o’clock position. Here, the non-affected hips 
showed an increased articular surface (p = 0.037) (Fig. 3). 

Five patients were younger than six years at surgery (1.3 
years to 6 years) and five patients were older (7.2 years to 
11.5 years). Radiographic results and PROMs at follow-up 
were compared between these ‘early childhood’ and ‘late 
childhood’ cohorts (Table 4).

The prevalence of the anterior and posterior impinge-
ment sign was similar between the age groups (p = 0.149 
and p = 0.432).

Radiographic analysis showed similar LCE and AI angles 
between the groups (p = 0.149 and p = 0.432). The cross-
over sign, meanwhile, was more common in the early 
childhood cohort (p = 0.048) and the prevalence of the 
ischial spine sign did not differ (p = 0.432).

In the MRI analysis, the acetabular as well as femoral ver-
sion were similar between both cohorts. Also, there were 
no differences between the groups regarding both spheric-
ity and coverage. There was a trend towards a decreased 
anteversion at the femoral head centre in the late childhood 
cohort when compared with the younger group (p = 0.214).

Function and quality of life were found to be compara-
ble (p = 0.121 and p = 0.432, respectively) (Table 5).

Discussion

The Pemberton osteotomy was described as an incom-
plete pericapsular ilium osteotomy to modify the shape 
and radius of the acetabulum by hinging the horizontal 
branch of the triradiate cartilage.2 By achieving adequate 

containment further improvement of osseous remodel-
ling of the dysplastic acetabulum shall be supported.

Concerns have been raised about acetabular retrover-
sion following osteotomies that improve anterolateral cov-
erage of the hip. This issue has been observed after Salter 
osteotomies, however, there have also been studies that 
have discussed the potential of acetabular retroversion 
after a Pemberton osteotomy.17,18

Using conventional radiographs, Wang et al17 found 
no difference in the vertical-center-anterior margin angle 
or the anterior acetabular head index. However, the 
weight-bearing zone acetabular index was decreased 
when compared with the contralateral, non-operated 
hips, suggesting increased anterior acetabular coverage. 

In the study by Akiyama et al,18 37.5% of Pemberton 
hips had a positive crossover sign, which was significantly 
higher than an observed estimate of 10% in a group which 
received bracing only.

Major limitations of these studies, however, are the appli-
cation of different methods to define acetabular retroversion 
and the lack of evaluation through contemporarily advanced 
imaging techniques for 3D assessment.31 As conventional 
radiographs only give a 2D image and patient tilt  can addi-
tionally influence the acetabular shape,19 we decided to not 
only use conventional radiographs but also 3D assessment 
through MRI in order to obtain higher accuracy.

Using patient-specific 3D-printed models based on pre-
operative CT scans of 14 patients, Caffrey et al32 performed 
mock surgeries, including Dega’s, San Diego as well as 
Pemberton osteotomies. The Pemberton osteotomy was 
found to have 5.47° (sd 1.54°) of decreased version, albeit 
an increased coverage in the anterior acetabular region 
when compared with the preoperative status.

Since preoperative 3D imaging was lacking in our 
cohort of patients we compared the operated hips with 

Table 2 Range of movement and impingement (Imp.) sign compared between operated and non-operated hips. A p-value of <0.05 indicates statistical 
significance (in italics). 

Operated Non-operated p-value*

Mean flexion (sd; range) 116.25 (12.08; 100 to 130) 120.00 (5.98; 110 to 130) 0.058
Mean abduction (sd; range) 39.58 (4.98; 30 to 45) 41.25 (13.30; 15 to 50) 0.435
Mean adduction (sd; range) 27.92 (10.10; 20 to 55) 22.50 (5.35; 15 to 30) 0.180
Mean internal rotation 90° (sd; range) 36.67 (13.20; 5 to 55) 39.38 (9.43; 30 to 55) 0.916
Mean internal rotation 0° (sd; range) 44.58 (16.02; 5 to 70) 42.50 (14.64; 30 to 70) 0.500
Mean external rotation 90° (sd; range) 36.67 (15.42; 5 to 70) 41.88 (7.99; 25 to 50) 0.606
Mean external rotation 0° (sd; range) 28.33 (12.67; 10 to 60) 26.88 (5.94; 20 to 60) 0.854
Imp. sign anterior, n/N (%) 6/12 (50) 1/8 (12.5) 0.046
Imp. sign posterior, n/N (%) 5/12 (41.7) 1/8 (12.5) 0.046
* Mann-Whitney U-test

Table 3 Radiographic measurements in operated and non-operated hips. A p-value of < 0.05 indicates statistical significance (in italics) 

Operated Non-operated p-value*

Mean LCE (sd; range) 25.48 (5.78; 16.4 to 36.5) 28.91 (4.63; 22.4 to 33.6) 0.061
Mean AI (sd; range) 6.50 (5.77; -2.3 to 15.3) 7.31 (3.74; -0.1 to 12.1) 0.816
Crossover sign, n/N (%) 7/12 (58.3) 4/8 (50) 0.317
Ischial spine sign, n/N (%) 7/12 (58.3) 2/8 (25) 0.564
LCE, lateral centre edge (angle); AI, acetabular index; * Mann-Whitney U-test
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the contralateral sides, a study design that has also been 
used by other authors.15,17

Considering that seven out of 12 hips had a positive 
crossover sign and a positive ischial spine sign, there was 
a tendency towards acetabular retroversion in our cohort. 
However, conventional radiographic signs of retroversion 
were found in both, operated and non-operated hips, and 
were not different between the two. Also, MRI showed 
similar version and anterocranial coverage for the oper-
ated and non-operated side, however, retroversion was 
not as evident as with conventional radiographs. Only 
three out of 12 hips had a MRI-based version of < 15° at 
the femoral head centre, which can be regarded as mild 
retroversion. Ultimately, differentiating between a positive 
and a negative crossover sign (p = 0.212 and p = 0.372 
for iHOT and EQ5D, respectively) as well as between a 
positive and a negative ischial spine sign (p = 0.287 and 

p = 0.207, respectively) did not influence functional and 
quality of life scores. In summary, our findings suggest 
that a previous Pemberton osteotomy had only little long-
term influence on the acetabular orientation in the sagittal 
plane.

Clinical impingement signs were more common with 
Pemberton hips when compared with the non-operated 
hips. This may be due to an increase in anterolateral cov-
erage causing a focal pincer impingement. Although we 
had conventional radiographic signs suggesting these 
changes, we could not detect these changes in MRI in 
comparison with the non-operated side. Additional other 
co-factors such as an increased alpha angle possibly 
explaining the occurrence of the impingement sign were 
not detected. In the literature, both the anterior and pos-
terior impingement test have displayed a high sensitivity 
for intraarticular FAI associated deformities but a low spec-

Fig. 3 Illustration of alpha angles (a), acetabular sector angle (ASA) (b) and cartilage covered area (CCA) angles (c) in relation to the 
acetabular position (9 o’clock to 3 o’clock, as explained in the ‘Methods’ section of this article). The blue curve depicts the operated 
hips, the red curve the non-operated hips. The respective angles are presented as mean with sd (error bars). An asterisk indicates a 
significant difference (p < 0.05) between the operated and non-operated side in the respective position.

Table 4 Age distribution of early childhood and late childhood cohort. A p-value of < 0.05 indicates statistical significance (in italics)

Early childhood (age < 6 yrs) Late childhood (age > 6 yrs) p-value*

n 5 5
Mean age at surgery, yrs (sd; range) 3.60 (2.03; 1.3 to 6.0) 9.84 (1.89; 7.2 to 11.5) < 0.001
Mean age at FU, yrs (sd; range) 16.11 (2.24; 14.5 to 19.8) 21.34 (2.79; 15.8 to 23.6) 0.006
Mean duration of FU, yrs (sd; range) 12.51 (1.77; 9.7 to 14.0) 11.50 (1.67; 8.5 to 14.1) 0.339
FU, follow-up; * Mann-Whitney U-test
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ificity.33-35 Our analysis suggests that the positive anterior 
and posterior impingement signs may not be explained 
by morphological changes of the acetabulum but also by 
possible extraarticular impingement, scar formation or 
more patient sensitivity due to prior surgical intervention 
in our cohort.

While signs of OA were only found in Pemberton hips, 
it was mostly a mild OA (KL I). Only one hip showed signs 
of moderate OA (KL II). The presence of OA had no influ-
ence on function or quality of life, suggesting that the 
mild stages did not compromise patient well-being. 

Finally, no major differences could be observed between 
patients, where surgery was performed below and over six 
years of age (Table 5, Fig. 4). Surprisingly, the crossover 
sign was less frequent in the late childhood cohort and 
also the anteversion was decreased in comparison with the 
younger group with similar anterocranial coverage. The 
frequency of the ischial spine sign did not differ between 
the age groups. It is widely acknowledged that the Pem-
berton osteotomy and comparable surgeries should be 
performed before the age of six years. Coleman36 cau-
tioned against the use of Pemberton osteotomy after the 

age of six years due to the decreased remodelling time as 
well as the increased risk of dislocation due to dysplasia. 
Dora et al,14 meanwhile, found a higher prevalence of ace-
tabular retroversion after triple osteotomy in children older 
than six years. Akiyama et al18 found a significantly higher 
prevalence of the crossover sign in addition to decreased 
centre-edge angles as well as increased AI angles in 
patients older than seven years and nine months of age 
when compared with children that were younger. Our 
results, although biased by the low sample size, suggest 
that the Pemberton osteotomy is a treatment option that 
might not necessarily be limited to very young children.

Whether based on these findings the Pemberton oste-
otomy should be favoured against the SIO, which can also 
be used for DDH and which has also been associated with 
postoperative retroversion,13-16 remains up for discussion. 
To our knowledge, until now, no study has investigated 
acetabular version and orientation following SIO by using 
3D imaging. Only when the true effects of this procedure 
are known can a recommendation be made.

Our study has several limitations. The first is the 
absence of pre- and directly postoperative MRI, mak-

Table 5 Comparison of patient-reported outcomes (PROMs), range of movement, clinical signs and radiological as well as MRI measurements between 
early and late childhood cohort. A p-value of < 0.05 indicates statistical significance (in italics)

Early childhood (age < 6 yrs) Late childhood (age > 6 yrs) p-value*

PROM, mean score (sd; range)
iHOT 85.26 (12.84; 70.0 to 99.6) 96.56 (3.30; 90.8 to 98.5) 0.121
EQ5D 88.00 (10.95; 70 to 100) 91.86 (3.29; 90 to 98) 0.393
Mean range of movement, ° (sd; range)
LCE 23.80 (5.61; 20.8 to 33.8) 26.69 (6.02; 16.4 to 36.5) 0.420
AI 6.76 (6.57; -2.3 to 15.3) 6.31 (5.67; -1.8 to 15.0) 0.920
Alpha 3 34.74 (7.32; 27.4 to 44.3) 49.77 (16.65; 36.8 to 85.4) 0.090
Alpha 2 47.30 (5.53; 37.5 to 50.8) 56.76 (15.95; 39.7 to 87.4) 0.237
Alpha 1 51.72 (8.88; 38.5 to 62.8) 56.09 (12.25; 42.0 to 77.1) 0.514
Alpha 12 44.60 (9.35; 34.8 to 55.0) 48.64 (9.76; 36.2 to 63.0) 0.488
Alpha 11 36.46 (8.65; 26.1 to 46.2) 38.90 (6.16; 30.5 to 45.1) 0.579
Alpha 10 33.18 (5.30; 26.2 to 39.5) 37.99 (8.58; 24.1 to 47.1) 0.296
Alpha 9 29.00 (6.72; 20.0 to 38.3) 34.70 (5.17; 27.9 to 41.1) 0.126
ASA 3 48.14 (13.17; 37.0 to 69.3) 55.09 (13.79; 31.0 to 68.7) 0.402
ASA 2 89.92 (9.87; 81.9 to 106.7) 89.99 (13.67; 61.0 to 104.0) 0.993
ASA 1 116.72 (3.47; 113.2 to 122.0) 115.56 (10.86; 94.0 to 124.6) 0.824
ASA 12 118.46 (6.13; 111.7 to 126.0) 119.07 (11.25; 96.0 to 132.3) 0.915
ASA 11 112.38 (8.84; 102.2 to 123.0) 115.99 (9.75; 96.6 to 127.9) 0.527
ASA 10 102.38 (7.37; 94.5 to 114.0) 103.01 (10.57; 82.0 to -113.5) 0.911
ASA 9 91.00 (9.50; 82.0 to 105.0) 90.17 (10.08; 71.0 to 105.0) 0.889
CCA 3 30.12 (10.29; 21.0 to 6.2) 34.51 (12.74; 14.6 to 52.5) 0.540
CCA 2 66.36 (12.68; 45.4 to 80.0) 63.36 (8.36; 52.9 to 71.6) 0.630
CCA 1 67.96 (13.14; 45.4 to 78.7) 71.89 (17.20; 49.0 to 93.5) 0.679
CCA 12 64.96 (11.61; 50.0 to 78.0) 60.80 (17.62; 32.4 to 81.0) 0.657
CCA 11 82.72 (14.08; 70.0 to 101.0) 72.13 (9.12; 58.1 to 79.0) 0.143
CCA 10 79.00 (14.96; 65.5 to 96.0) 65.46 (17.80; 42.0 to 99.0) 0.197
CCA 9 70.56 (22.34; 53.0 to 100.2) 55.20 (13.53; 31.9 to 70.0) 0.167
Anteversion roof -1.14 (7.56; -11.4 to 9.0) 2.19 (6.97; -11.2 to 7.7) 0.449
Anteversion centre 21.64 (9.53; 6.2 to 30.0) 16.41 (3.87; 11.3 to 22.4) 0.214
Femoral torsion 18.20 (27.76; -11.4 to 46.0) 26.09 (6.33; 13.3 to 32.0) 0.564
Clinical signs, n/N (%)
Imp. sign (anterior) 4/5 (80) 2/7 (28.6) 0.149
Imp. sign (posterior) 3/5 (60) 2/7 (28.6) 0.432
Crossover sign 5/5 (100) 2/7 (28.6) 0.048
Ischial spine sign 2/5 (40) 5/7 (71.4) 0.432
iHOT, International Hip Outcome Tool; EQ5D, EuroQol-5-Dimensions (score); LCE, lateral center edge (angle); AI, acetabular index; ASA, acetabular sector angle; 
CCA, cartilage covered area (angle); Imp., Impingement; * Mann-Whitney U-test



MRI ASSESSMENT AFTER PREVIOUS PEMBERTON OSTEOTOMY

230 J Child Orthop 2021;15:223-231

ing a continuous follow-up during adolescence impos-
sible. By using the contralateral, non-operated hip for 
comparison, we created a control group, which on one 
side may have some degree of the pathology while on 
the other mimics the patients’ hip development at the  
best. 

Secondly, our study and the statistical analysis suffers 
from the low sample size. Since two patients had bilat-
eral surgery, the control group consists of only eight hips. 
Although comparable studies had similar sample sizes,13,16-18  
this fact may contribute to the fact we are lacking statis-
tical significance for some MRI findings. In addition, since 
advanced imaging techniques have not been previously 
used in the follow-up of Pemberton patients, the compar-
ison with other studies is limited.

Thirdly, our mean follow-up duration of 11.9 years (sd 
1.7) is high, however, not sufficient in order to determine 
the long-term effect of the osteotomy.

Conclusion

In summary, we found no increased retroversion in 
patients after skeletal maturation, who had undergone 
previous Pemberton osteotomies. Although there were 
residual impingement signs as well as signs of the begin-
ning of OA in a number of patients, long-term follow-up 
results were good to very good. Larger sample sizes and 
longer follow-ups would be needed in order to better 
comprehend the long-term effects of the surgery.
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Fig. 4 MRI-based acetabular version (a, b) and coverage (c, d) in correlation with age. Dots represent operated hips. The horizontal 
axis depicts the age at surgery in years, the vertical axis the respective angle: a) anteversion at the center level; b) anteversion at the 
roof level; c) acetabular sector angle (ASA) at the 9 o’clock position represents coverage of the posterior wall; d) ASA at the 3 o’clock 
position represents coverage of the anterior wall (PASA, posterior ASA; AASA, anterior ASA).
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