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 � ChilDren’S OrthOPaeDiCS

Acetabular retroversion is prevalent and 
proportional to the severity of slipped 
upper femoral epiphysis

aims
Slipped upper femoral epiphysis (SUFE) has well documented biochemical and mechanical 
risk factors. Femoral and acetabular morphologies seem to be equally important. Acetabular 
retroversion has a low prevalence in asymptomatic adults. Hips with dysplasia, osteoarthri-
tis, and Perthes’ disease, however, have higher rates, ranging from 18% to 48%. The aim of 
our study was to assess the prevalence of acetabular retroversion in patients presenting with 
SUFE using both validated radiological signs and tomographical measurements.

Methods
A retrospective review of all SUFE surgical cases presenting to the Royal Children’s Hospital, 
Melbourne, Australia, from 2012 to 2019 were evaluated. Preoperative plain radiographs 
were assessed for slip angle, validated radiological signs of retroversion, and standardized 
postoperative CT scans were used to assess cranial and mid- acetabular version.

results
In all, 116 SUFEs presented in 107 patients who underwent surgical intervention; 47 (52%) 
were male, with a mean age of 12.7  years (7.5 to 16.6). Complete radiological data was 
available for 91 patients (99 hips) with adequate axial CT imaging of both hips. Overall, 82 
patients (82%) underwent pinning in situ (PIS), with subcapital realignment surgery (SRS) 
performed in 17 patients (18%) (slip angles > 75°). Contralateral prophylactic PIS was per-
formed in 72 patients (87%). On the slip side, 62 patients (68%) had one or more radio-
logical sign of retroversion. Tomographical acetabular retroversion was more pronounced 
cranially than caudally of the acetabulum on both the affected side and the contralateral side 
(p < 0.001) as expected in the normal population. Increasing severity of the slip was found to 
be directly proportional to the degree of reduction in cranial and central acetabular version 
(p < 0.05) in the SUFE hips.

Conclusion
Acetabular retroversion is more prevalent in patients with SUFE than previously reported, 
and have been shown be correlated to the severity of the slip presentation. The presence of 
radiological signs of acetabular retroversion could be used to justify prophylactic contralat-
eral pinning.
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introduction
Slipped upper femoral epiphysis (SUFE) is the 
most common disorder affecting the hips of 
adolescents, with an estimated annual inci-
dence in the USA of 8.8 to 10.8  cases per 
100,000 children aged 8 to 15 years.1,2 It is 
unilateral at initial presentation in 80% of 
cases, but contralateral slip occurs in up to 
41% of patients during follow- up.3 Surgical 

treatment is warranted for most cases, with 
different techniques described and related to 
the severity, stability, and chronicity of the 
slip, bony anatomy, and surgeon experience.

There are well documented risk factors for 
SUFE, which are both mechanical and patient- 
related.4–6 The latter includes endocrinolog-
ical disorders such as hypogonadism and 
hypothyroidism, male sex, and low vitamin 
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table i. Cohort characteristics of slipped upper femoral epiphysis (SUFE) 
patients (n = 91).

Characteristic Data

Sex, n (%)
Male 47 (52)

Female 44 (48)

BMi percentile, n (%)
> 95th (obese) 46 (51)

85th to < 95th (overweight) 23 (25)

5th to 85th (healthy weight) 22 (24)

< 5th (underweight) 0 (0)

Mean age, yrs (SD)
All subjects 12.6 (1.70)

Female 11.8 (1.35)

Male 12.9 (2.10)

SD, standard deviation.

table ii. Slipped upper femoral epiphysis (SUFE) characteristics (n = 99).

Characteristics n (%)

Slip laterality
Left 49 (54)

Right 34 (37)

Bilateral 8 (9)

Slip severity
Mild 58 (58)

Moderate 20 (21)

Severe 21 (21)

Slip stability
Stable 65 (65)

Unstable 34 (35)

SUFe management
Pinning in situ 78 (78)

Immediate closed reduction and pinning 4 (4)

Subcapital realignment 17 (18)

Contralateral hip management (n = 83)
Prophylactic pinning 72 (83)

No intervention 11 (17)
D.4–6 Obesity ans femoral and acetabular morphological 
abnormalities play the mechanical counterpart in the 
aetiology of SUFE. On the acetabular side, femoral head 
over- coverage with coxa profunda and acetabular retro-
version have been related to the epiphyseal separation.7–12 
These acetabular dysmorphisms increase the shear forces 
through the hypertrophic layer of the physis, leading to 
the characteristic anteriorisation and external rotation of 
the femoral neck relative to the epiphysis, which remains 
within the acetabulum.7,9,11,13 On the femoral side, retro-
version, physeal orientation, epiphyseal extension, and 
position/height of the epiphyseal tubercle are the main 
identified factors related to SUFE.14–18

Radiological signs of acetabular retroversion are 
commonly identified on the contralateral hip when 
patients are admitted for surgical treatment of unilat-
eral SUFE. Most common signs include the ischial spine 
sign (ISS), posterior wall sign (PWS), and crossover sign 
(COS).14,19,20 A further radiological sign described as the 
‘elephant ear sign’, with flared iliac wings has also been 
shown to be indicative of acetabular retroversion.21 
CT- based studies have shown scarce reproducibility and 
important variation in the measurement of retroversion 
obtained either preoperatively or postoperatively.11,22 
Identifying a hip “at risk” for subsequent SUFE might 
allow for a single surgical procedure for both hips, 
potentially preventing a more severe slip at secondary 
presentation.

The primary aim of this study was to identify the prev-
alence of acetabular retroversion in patients presenting 
with SUFE in the affected and contralateral hips using 
radiological signs and standardized CT measurements. 
The secondary objective was to correlate the slip severity 
to the degree of acetabular retroversion.

Methods
After receiving institutional review board approval (Royal 
Children’s Hospital, Melbourne; ref 66528), we performed 

a retrospective analysis of our institutional database from 
31 January 2012 to 31 January 2019, identifying all cases 
of SUFE admitted and surgically managed. Patient demo-
graphics included age, sex, and weight centile (age- 
adjusted) are summarized in Table  I. Standardized AP 
and frog leg radiographs were performed; slip severity 
was determined using the Southwick method,23 and the 
stability of the slip noted according to Loder3 (Table  II). 
Patients were admitted to the orthopaedic service and 
underwent surgical management following parental 
consent. Surgeries performed included pinning in situ 
(PIS) using cannulated screws (Synthes, Germany), 
immediate open reduction, capsulotomy and pinning as 
described by Parsch24 or subcapital realignment using the 
modified Dunn technique.25 Prophylactic contralateral 
pinning was performed if the presenting slip was clas-
sified as severe or there were other risk factors including 
younger age (< 11  years), diagnosed endocrinological 
disorders, obesity with BMI > 95th centile or significant 
geographical distance from residence to the tertiary 
medical facility difficulting postoperative follow- up.

During the postoperative hospital admission, all 
patients underwent a standardized pelvic CT in a neutral 
pelvic position from the fourth lumbar vertebra down to 
the lesser trochanters, with lower limbs maintained in 
neutral rotation (patellae pointing upwards). This was 
standardized protocol at the host institution to ensure 
the articular cartilage had not been breached by metal-
ware intraoperatively. Measurements of acetabular 
version were performed using the method described 
by Dandachli et al.26 Slight variations in pelvic tilt and 
rotation were corrected by reformatting the images and 
defining the planes using standard anatomical references; 
aligning the left and right anterosuperior iliac spines 
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Fig. 1

Measurements of the central acetabular version, as published by Dandachli 
et al.26

Fig. 2

Anteroposterior radiograph of patient with right slipped upper femoral 
epiphysis, demonstrating ischial spine sign on the solid line, posterior wall 
sign on the dashed line, and cross over sign on the dotted line.

(ASIS) in the axial plane, the superior portions of the iliac 
spines in the coronal plane, and the pubic symphysis and 
the ASIS in the sagittal plane.10

In the re- orientated images, acetabular version was 
determined as the angle measured in the axial plane 
between a vertical line (perpendicular to the horizontal 
axis of the pelvis) and a line connecting the most anterior 
and posterior points of the acetabular anterior and poste-
rior walls respectively (Figure 1).27 This measurement was 
conducted at two distinct levels, as described in previous 
studies: cranially (5 mm from top of acetabulum), deter-
mining the superior acetabular version (AVsup) and at 
the mid acetabular level where the head has the largest 
diameter (equator), configuring the central acetabular 
version (AVcen) for both affected and contralateral hips.

Plain radiographs were assessed for adequacy by 
ensuring the distance from the tip of the coccyx to the 
superior edge of the symphysis was 2 to 3 cm and that 
the obturator foramen were symmetrical.28 The radio-
graphs were assessed for radiological signs of acetabular 
retroversion, as validated by Kawahara et al29 in Perthes' 
disease patients including, the COS,19 ISS,20 and PWS,14 in 
addition to assessing the severity of slip at initial presen-
tation30 (Figure 2).

All images were reviewed twice, with a minimum 
two week interval between measurements, by a board- 
certified orthopaedic surgeon (DS) with an interest in hip 
preservation. The average value of measurements was 
taken and used for analysis. Negative values were noted 
to be true retroversion of the acetabulum; positive values 
represented acetabular anteversion.
Statistical analysis. Data was handled using Excel version 
for Mac OS X (Microsoft, USA). For statistical analysis, 
the paired t- test was used to compare measurements 
between the affected (slip) and unaffected (non- slip) 
sides. One- way analysis of variance (ANOVA) was used 
to identify difference in acetabular version between the 

mild, moderate, and severe cases. The chi- squared test 
was performed to determine the difference in the num-
ber of radiological signs among patients with increas-
ing slip severity. Intraobserver agreement for version 
measurements was assessed using the paired t- test and 
Pearson correlation coefficient (r). Statistical analysis was 
performed using SPSS version 25 (SPSS, USA). The level 
of significance used for statistical analysis was p < 0.05.

results
During our study period, there were 116 SUFEs reported 
in 107 patients. Complete radiological data with appro-
priate CT imaging and radiographs were available for 91 
patients (99 slips). The mean patient age was 12.6 years 
(7.5 to 16.6), and 47 patients (52%) were male. The 
median BMI of patients was in the 95th percentile (inter-
quartile range 82 to 98, weight- adjusted for ages). The 
left side was affected in 49 patients (54%), and bilateral 
slips at initial presentation was seen in eight patients 
(9%). Cohort and SUFE characteristics are shown in 
Tables I and II.

Slip severity was mild in 58 hips (58%), moderate in 
20 hips (21%), and severe in 21 hips (21%). PIS using 
6.5/7.3 mm cannulated hip screws (Synthes, Germany) 
was performed in all mild and moderate slips. Four severe 
slips were treated by immediate reduction, with capsulo-
tomy and percutaneous screw fixation as described by 
Parsch et al24 on the day of presentation. The remaining 
17 severe slips underwent subcapital realignment using 
a modified Dunn technique.25 Prophylactic pinning was 
performed in 72 of 83 patients (87%).

Tomographical acetabular retroversion was more 
pronounced in the cranial than in the central portion of 
the acetabulum on both the affected side (- 8.2° (standard 
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Fig. 3

Measurements of cranial acetabular version for slip side (n = 99) and 
contralateral (non- slip) side (n = 83) by presenting severity of slip. No 
statistically significant relationship was noted between slip and non- slip 
side (p = 0.262). *One- way analysis of variance demonstrated increasing 
retroversion (p = 0.008) on slip side with increasing severity.

Fig. 4

Measurements of mid- acetabular version for slip side (n = 99) and 
contralateral (non- slip) side (n = 83) by presenting severity of slip. No 
statistically significant relationship was noted between slip and non- slip 
side (p = 0.284). *One- way analysis of variance demonstrated increasing 
retroversion (p = 0.004) on slip side with increasing severity.

deviation (SD) 6.7°) versus 10.3° (SD 4.4°) (p < 0.001, 
paired t- test), and the contralateral side (- 7° (SD 7.2°) 
versus 11° (SD 4.9°) (p < 0.001, paired t- test). There was 
no significant difference noted between the slip and non- 
slip measurements for both AVsup (p = 0.262) and AVcen 
(p = 0.284) or between males and females (p = 0.421 and 
p = 0.328, paired t- test, respectively). There was no signif-
icant intraobserver difference noted in version measure-
ments (p = 0.340, Kappa test).

One- way ANOVA test confirmed that the increasing 
severity of the slip was directly proportional to the degree 
of cranial and central acetabular version (p < 0.05) on 
the slip side (n = 99). There was no significant difference 
in the same measurements on the contralateral side (n = 
83). (Figures 3 and 4).

Radiological signs of acetabular retroversion, including 
COS, ISS, and PWS, were identified in 68% of the hips, 
with all three signs present in 18%. The presence of the 
individual radiological signs was not shown to be related 
to the incidence of slips (p = 0.352, chi- squared test) 
(Tables III and IV).

The PWS was the only radiological sign found to be 
more prevalent in severe slips compared to mild and 
moderate slips (p = 0.038, chi- squared test). Using chi- 
squared test, patients with increasing severity of slips 
were likely to have a cumulative increase in radiological 
signs present on plain radiographs (p = 0.021) (Table V).

Discussion
The acetabulum is physiologically anteverted with 
a mean of 20.7° (SD 3°) equatorially in adults,31 with 
increasing anteversion noted more caudally.32 Retro-
version of the acetabulum is a posterior malrotation 
in the horizontal plane,6 and has been associated with 

the development of femoroacetabular impingement 
and early osteoarthritis of the hip.5,33 Developmental 
dysplasia of the hip, osteonecrosis, and Perthes' disease 
have all been shown to have an association with acetab-
ular retroversion.29,34- 36 It has been postulated that 
acetabular retroversion in adolescents can be attributed 
to insufficient growth of the posterior wall.32 In the 
largest tomographical study to date on the relationship 
between acetabular retroversion and SUFE, we have 
found a statistically significant association, as well as 
a correlation between increasing retroversion and the 
severity of the presenting slip.

Podeszwa et al12 described acetabular depth as a risk 
factor for SUFE in 232 patients, but did not find a rela-
tionship between a deep acetabulum and a contralat-
eral slip. More recent studies have not found the depth 
as a common attribute of SUFE hips, but instead have 
reported an increased acetabular surface area and 
pointed to a close relationship between acetabular 
retroversion and SUFE.4,14,37 We have therefore focused 
on that factor.

In our sample, hips with SUFE had an mean of 8.2° 
true cranial acetabular retroversion. This is supported by 
the findings of Maranho et al4 who in 2020 performed 
an analysis of 250 patients. Their study, however, was 
based on one radiological sign of retroversion (the COS), 
which was found to be an independent factor associated 
with the development of a contralateral slip. Sankar et 
al11 found a relationship between acetabular retrover-
sion and SUFE using the radiological COS and PWS, with 
more recent studies showing an increased incidence of 
the same signs when compared to a matched control 
population.38

Radiological measurements are less precise than 
tomographical measurements of acetabular version, 



BONE & JOINT OPEN 

P. BUDDHDEV, F. VALLIM, D. SLATTERY, J. BALAKUMAR162

table iii. Radiological findings on the affected hip.

SUFe hips(n=99) COS, % PWS, % iSS, % One sign, % three signs, % aVsup, ° aVcen, °

Mild 44 40 33 63 14 -7.2 10.6

Moderate 41 36 55 82 18 -6.5 12.1

Severe 45 55 50 65 30* -12.1† 7.7†

Prevalence of radiological signs.
*Increasing severity of slip related to cumulative increase in radiological signs of retroversion; p = 0.020, chi- squared test.
†Statistical difference; p < 0.05, one- way analysis of variance test.
AVcen, mid- acetabular version; AVsup, superior acetabular version; COS, cross over sign; ISS, ischial spine sign; PWS, posterior wall sign; SUFE, slipped 
upper femoral epiphysis.

table iV. Prevalence of radiological findings on the contralateral (unaffected) hip.

Contralateral hips (n 
= 83) COS, % PWS, % iSS, % One sign, % three signs, % aVsup, ° aVcen, °

Mild 41 35 27 59 12 -6.2 11.5

Moderate 36 29 36 57 21 -7.2 12.3

Severe 35 45 35 65 15 -8.5 9.2

AVcen, mid- acetabular version; AVsup, superior acetabular version; COS, cross over sign; ISS, ischial spine sign; PWS, posterior wall sign.

table V. Correlation between the number of radiological signs of 
acetabular retroversion and the severity of slipped capital femoral epiphysis.

radiological 
signs, n Mild slip

Moderate 
slip Severe slip total

0 22 4 6 32

1 13 10 2 25

2 14 6 5 25

3 7 2 8* 17

Total 56 22 21 99

*Increasing severity of slip related to cumulative increase in radiological 
signs of retroversion; p = 0.020, chi- squared test.
ISS, ischial spine sign; PWS, posterior wall sign; COS, crossover sign.

with low intraobserver and interobserver agreement.39 
Uncorrected pelvic tilt has the potential to overestimate 
acetabular retroversion.28,40 Moreover, an MRI- based 
study demonstrated that the posterior acetabular wall 
ossifies at a later age than the anterior wall, fusing just 
prior to closure of the triradiate cartilage. This can make 
radiological imaging inaccurate in the determination of 
retroversion in young patients. Therefore, tomographical 
acetabular measurements tend to be more accurate for 
version analysis.15

A matched cohort study by Hesper et al14 used tomo-
graphical measurement of acetabular version, and 
found the mean cranial version was lower for SUFE hips 
(2.7°) compared to the contralateral (6.6°) or control 
hips (9.6°). These findings were similar to those previ-
ously published by Monazzam et al.13 Moreover, in the 
former study, the version at the equator of the joint 
was also found to be inferior in SUFE hips than on the 
other two groups, and there was a direct relationship 
between severe slips and higher retroversion. Their 
findings are concurrent with our findings, albeit that a 
higher magnitude of retroversion compared to typical 
values were found in our measurements. That difference 
may be related to populational differences, as demon-
strated in a recent paper from Venkatadass et al.41

Our study sample had demographic characteristics 
that corresponded to the typical age and sex distribu-
tion previously described in the literature, except for the 
fact that we had a larger number of affected females.9,42 
We believe BMI evaluation has importance since it 
has been previously shown that obesity may increase 
shear forces enough to overcome the yield point of 
the physis.43 Moreover, the influence of obesity- related 
hormones, such as insulin, in the growth plate might 
also help in weakening the latter and predispose to 
SUFE.44 Even though bilateral slips are present in up to 

60% of patients in the follow- up of the index operation, 
we prophylactically fixed 87% of our patients. That is 
mostly related to the fact that the hospital where we 
conducted the study receives patients from distant rural 
areas, making close follow- up difficult.

Limitations of the study include the lack of compar-
ison of acetabular version measurements of the normal 
population from the institution, as well as the limita-
tions present in a retrospective analysis of a heteroge-
nous cohort of patients, with potential selection biases. 
The single reviewer of radiological signs and measure-
ments (DS) did also not allow for the determination of 
interobserver reliability; however, previous literature has 
shown excellent levels of interobserver agreement when 
conducting these measurements with variation of < 1°.32

This study is the largest cohort to date with combined 
radiological and tomographical evaluation of acetabular 
retroversion in SUFE patients. The timely tomographical 
analysis allows for improved understanding, providing 
accurate measurement of acetabular version at the time 
of presentation, and questioning the theory that acetab-
ular retroversion is a pathological response to SUFE. In 
addition, we have shown a relationship between the 
increasing severity of slip with acetabular retroversion 
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measurements and with the number of radiological 
signs present on the presenting anteroposterior radio-
graph, previously not described in the literature.

In conclusion, our study documents acetabular retro-
version is prevalent in patients presenting with SUFE 
in comparison to published literature. The degree of 
retroversion can be correlated to the severity of the slip 
presentation: severe slips are found to have acetabuli 
that are at least 4° more retroverted than those in mild 
or moderate slips at both the cranial and central level. 
Further work is required to assess if acetabular retrover-
sion is truly a risk factor for SUFE; however, the presence 
of radiological signs could allow for the justification of 
prophylactic contralateral pinning in patients presented 
with SUFE.

Take home message
  - Acetabular retroversion has increased prevalence in patients 

presenting with slipped upper femoral epiphysis.
  - Patients with severe slips have increased acetabular 

retroversion.
  - The presence of radiological signs of acetabular retroversion in 

contralateral hips can be used as justification for prophylactic pinning.

twitter
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Follow J. Balakumar @BalakumarJit
Follow the Royal Children's Hospital, Melbourne, Australia @
RCHMelbourne
Follow the Mid and South Essex NHS Foundation Trust @
MSEHospitals
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