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Abstract
Purpose: Slipped capital femoral epiphysis is a common pediatric hip disease and was associated with femoral 
retroversion, but femoral version was rarely measured. Therefore, mean femoral version, mean femoral neck version, 
and prevalence of femoral retroversion were analyzed for slipped capital femoral epiphysis patients.
Methods: A retrospective observational study evaluating preoperative hip magnetic resonance imaging of 27 patients (49 
hips) was performed. Twenty-seven untreated slipped capital femoral epiphysis patients (28 slipped capital femoral epiphysis 
hips and 21 contralateral hips, age 10–16 years) were evaluated (79% stable slipped capital femoral epiphysis, 22 patients; 
43% severe slipped capital femoral epiphysis, 12 patients). Femoral version was measured using Murphy method on magnetic 
resonance imaging (January 2014–December 2021, rapid bilateral 3-dimensional T1 water-only Dixon-based images of pelvis 
and knee). All slipped capital femoral epiphysis patients underwent surgery after magnetic resonance imaging.
Results: Mean femoral version of slipped capital femoral epiphysis patients (−1° ± 15°) was significantly (p < 0.001) 
lower compared to contralateral side (15° ± 14°). Femoral version of slipped capital femoral epiphysis patients had 
significantly (p < 0.001) wider range from –42° to 35° (range 77°) compared to contralateral side (−5° to 44°, range 49°). 
Mean femoral neck version of slipped capital femoral epiphysis patients (6° ± 15°) was lower compared to contralateral 
side (11° ± 12°). Fifteen slipped capital femoral epiphysis patients (54%) had absolute femoral retroversion (femoral 
version < 0°). Six of the 12 hips (50%) with severe slips and 4 of the 8 hips (50%) with mild slips had absolute femoral 
retroversion (femoral version < 0°). Ten slipped capital femoral epiphysis patients (40%) had absolute femoral neck 
retroversion (femoral neck version < 0°).
Conclusion: Although slipped capital femoral epiphysis patients showed asymmetrically lower femoral version 
compared to contralateral side, there was a wide range of femoral version, underlining the importance of patient-
specific femoral version analysis on preoperative magnetic resonance imaging. Absolute femoral retroversion was 
prevalent in half of slipped capital femoral epiphysis patients, in half of severe slipped capital femoral epiphysis patients, 
and in half of mild slipped capital femoral epiphysis patients. This has implications for anterior hip impingement and for 
surgical treatment with in situ pinning or femoral osteotomy (e.g. proximal femoral derotation osteotomy) or other 
hip preservation surgery.
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Purpose

Slipped capital femoral epiphysis (SCFE) is a long known 
pediatric hip disease with the risk for early hip osteoarthri-
tis and disability.1 SCFE is a hip disease in adolescents and 
has an overall incidence of 11 per 100,000 children in the 
United States2 and 12 per 100,000 children in Europe.3 
Several factors have been linked to SCFE, for example, 
femoral retroversion.4 Femoral retroversion was already 
found to be associated with SCFE in 19865, but femoral 
version (FV) was rarely measured in these patients. Various 
radiographic methods to measure FV were described pre-
viously.6 Measurement of FV for patients with SCFE var-
ies considerably depending on the measurement method.6 
A previous study that described an association of femoral 
retroversion and SCFE7 used the femoral neck version. For 
FV measurement, the center of the femoral head was used 
as a reference. Because of the displacement of the epiphy-
sis in posteroinferior direction in patients with SCFE, mea-
surements of femoral neck version may underestimate the 
severity. A finite element study reported increasing stress 
and strain for the capital femoral physis in case of varus 
and femoral retroversion8; however, this study was based 
on a model of one single SCFE patient.

Surgical treatment of SCFE usually depends on the 
severity of slippage. Femoral osteotomies were applied to 
correct femoral retroversion mostly for severe and moder-
ate SCFE.9,10 Femoral osteotomies can be performed safely 
at the intertrochanteric level and can be combined with 
hip arthroscopy or open proximal femoral bone resection 
(osteochondroplasty/cam resection) of the post-SCFE 
deformity.9,10 In situ pinning is commonly performed for 
acute treatment in hips with SCFE,11 especially for mild 
slips.

FV and femoral neck version have been investigated 
since decades using different modalities12–15, but the true 
frequency of femoral retroversion in patients with SCFE 
was rarely investigated. One recent study described an FV 
of –4 ± 16° (range –39 to 61) and a high prevalence (up to 
60%) of femoral retroversion using computed tomography 
(CT) scans for FV measurement for patients with SCFE.6

Preoperative measurement of FV allows to detect and to 
quantify femoral retroversion. This may provide relevant 
information for planning of adequate surgery in patients with 
SCFE and could help to estimate the risk for further surgical 
correction of SCFE deformities. Femoral retroversion was 
previously reported to contribute to internal rotation of the 
hip joint, external rotation (out-toeing) of the foot16 and ante-
rior hip impingement.17 This could be even more valuable 
for patients with severe or unstable SCFE to plan the amount 
of surgical correction of femoral retroversion.

The purpose of this study was, therefore, to report mean 
FV, mean femoral neck version, and frequency of femoral 
retroversion for SCFE patients.

Methods

A retrospective, controlled, single-center study at the uni-
versity hospital for pediatric care was performed and 
included patients with SCFE treated in an 8-year period 
(between January 2014 and December 2021). In this time 
period, 51 hips of 49 patients with SCFE were identified. 
The institutional patient information system was reviewed 
for SCFE patients who had undergone preoperative mag-
netic resonance imaging (MRI) of the hip, independent of 
treatment. In this time period, the reason for obtaining pre-
operative MRI (Figures 1 and 2) was to assess slip sever-
ity, to measure slip angle, and to assess intra-articular 
damage (labrum or cartilage) for surgical planning.

Of the 51 hips of 49 patients diagnosed with SCFE, 43 
hips of 41 patients underwent preoperative MRI in our 
institution. Eight patients underwent MRI in another insti-
tution and were excluded (Figure 3). Of the 43 hips of 41 
patients who underwent preoperative MRI in our institu-
tion, 13 hips of 12 patients had no knee images and were 
excluded (Figure 3). Furthermore, two patients (2 hips) 
were excluded due to previous hip surgery (one hip) and 
syndromal diseases (1 hip). Finally, 27 patients (28 SCFE 
hips, one bilateral SCFE patient) were included who under-
went preoperative MRI in our institution with knee images 
(images of the femoral condyles). Exclusion criteria were 
incomplete preoperative MRI (without femoral condyles), 
previous hip surgery (femoral osteotomies or previous in 
situ fixation), and syndromal disease. Institutional review 
board approval was obtained, and because of the retrospec-
tive review, informed consent was not required.

The mean age at operation was 13 ± 2 (range, 10–16) 
years and 17 patients (18 hips (64%)) were male (Table 1). 
Six patients (six hips (21%)) showed an unstable hip 
according to Loder.21 A moderate slip angle according to 
Southwick22 ranging from 30° to 60° was present in 8 hips 
(29%, Table 1). Eight hips (29%) presented with a mild 
slip angle of less than 30° and 12 hips (43%) with a severe 
angle exceeding 60° (Figure 1). Half of SCFE patients had 
chronic slips (14 hips, 50%, Table 1).

Imaging technique and image analysis

Preoperative hip MRI was performed on 3-Tesla or 1.5-
Tesla scanner (Siemens Medical Solutions, Erlangen, 
Germany). Mainly, large flexible surface coils were used. 
Multiplanar T1-weighted images in coronal orientation 
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Figure 1. Radiograph (a) and coronal T1 MRI image of the pelvis (b) and 3D T1 VIBE Dixon images (c), water-only images and (d) 
of a patient with severe SCFE is shown. The field of view of the preoperative MRI of the entire pelvis is shown (e).
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Figure 2. MRI of the pelvis with water-only images of 3D T1 
VIBE Dixon of the pelvis (a and b) and of the knee (c) with 
measurement of femoral version using Murphy method is 
shown. Measurement of femoral neck version (d) is shown.

and proton density (PD)-weighted images in sagittal, 
axial, and radial orientations were acquired. In addition, 
water-only images of a bilateral high-resolution 3-dimen-
sional (3D) T1 VIBE (volume interpolated breath-hold 
examination) Dixon sequence of the pelvis (Figure 1) and 
of the knee were acquired. The water-only Dixon-based 
images of pelvis and knee were used for FV measurement. 
The field of view (FOV) of the bilateral 3D sequence 
included the complete pelvis and proximal femur to the 
level below the lesser trochanter (Figure 1(e)). The FOV 
of the bilateral distal femur covered the knee joint entirely. 
These images were acquired without contrast agent. The 
3D T1 VIBE Dixon sequence included the entire pelvis 

with the following parameters for 3 Tesla: TR/TE1/TE2, 
3.94/1.27/2.5 ms, flip angle 9°, slice thickness of 1 mm, 
FOV of 312 × 400 mm, a matrix size of 175 × 320 mm, 
anisotropic voxel size of 1.2 × 1.2 × 1 mm for 192 slices.  
A second 3D T1 VIBE Dixon (same parameters) for  
the bilateral knee was acquired. Acquisition time for 3D 
T1 VIBE Dixon sequence was 40 seconds for 3 Tesla. 
Additional sequences for evaluation of viability of the 
femoral epiphysis were added for some patients if needed. 
The time between clinical symptoms and MRI as well as 
the time between MRI and surgery were noted.

Femoral version

Two observers with 5 years of experience in musculo-
skeletal imaging performed measurements of FV. The  
two observers had good inter-rater agreement for repro-
ducibility and reliability of FV measurement (intraclass 
correlation coefficient (ICC) ranging from 0.85 to 0.92). 
The same two observers measured FV for a previous study 
and a good agreement between the two observers was 
reported.23 All measurements were performed on axial 
images without reformatting. The method described by 
Murphy et al.24 was used for measurement of FV on the 
SCFE side and on the contralateral side. No summation 
images were used. This method defined the most proximal 
reference on the femoral head’s center.24 The Murphy 
method uses the so-called centroid as a second proximal 
landmark; this is located at the center of the femoral shaft24 
superior to the lesser trochanter at the base of the femoral 
neck (Figure 2).

To measure femoral neck version, first the midpoint of 
the femoral neck axis is identified. The midpoint is identi-
fied on the image where the ventral and dorsal cortices can 
be seen parallel. This was the proximal reference axis.5 
One single image was used for measurement of the femo-
ral neck version on the proximal femur. Distal femoral 
condyles were used for calculation of femoral neck ver-
sion. Absolute femoral neck retroversion was defined as 
femoral neck version < 0°.

A preoperative anteroposterior (AP) pelvis radiograph 
was performed in addition to cross-table lateral or 
Lauenstein view for radiographic evaluation. Severity of 
SCFE was quantified using the slip angle.25 The Klein line 
was used for diagnosis of SCFE.26

Twenty SCFE patients presented with moderate or 
severe slips and underwent open hip surgery (most often 
the modified Dunn procedure25). Mild slip patients under-
went in situ pinning. Surgical procedures were noted using 
medical chart review.

Statistical analysis

A post hoc power analysis was performed using mean 
FV of SCFE patients and the contralateral side. This 
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Figure 3. Flowchart of SCFE patients who underwent preoperative hip MRI. On the right, exclusion of patients without knee 
images or MRI in another institution or previous hip surgery or syndromal disease is listed.

resulted in power of 90% (α level of 0.05) and a sample 
size of 21 hips per group. Post hoc power analysis was 
performed with clincalc.com. The Kolmogorov–Smirnov 
test was used to test for normal distribution of the con-
tinuous parameters. Because most parameters were not 
normally distributed, only nonparametric tests were 
used. The Wilcoxon test was used for pairwise compari-
son for continuous parameters. Binominal data were 
compared using the chi-square or Fisher’s exact tests.

Results

Mean FV of SCFE patients (–1 ± 15° vs 15 ± 14°, Table 2) 
was significantly (p < 0.001) decreased compared to con-
tralateral side. The range of FV angles of SCFE patients 
was significantly (p < 0.001) wider from –42° to 35° 
(range of 77°) compared to contralateral side (–5° to 44°, 
range of 49°, Table 2).

FV was lower for patients with severe SCFE (−5° ± 17°, 
Table 3) compared to mild (2° ± 11°) and moderate SCFE 
(1° ± 16°), but not significantly different.

Mean FV for male SCFE patients and for female  
SCFE patients was 3° ± 13° and −8° ± 16°, respectively. 

Mean FV for acute on chronic SCFE patients and for 
chronic SCFE patients was 0.2° ± 16° and −2.4° ± 15°, 
respectively. The two patients with acute SCFE had a 
mean FV of −0.3° ± 11°. Mean FV for unstable SCFE 
patients and for stable SCFE patients was −2.2° ± 14° and 
−0.9° ± 16°, respectively.

Mean femoral neck version of SCFE patients (6° ± 15°) 
was lower compared to contralateral side (11° ± 12°,  
Table 2). Mean femoral neck version of patients with 
severe SCFE was slightly decreased (4° ± 17°) compared 
to mild (8° ± 11°) and moderate SCFE (6 ± 16°, Table 3), 
but not significantly different (Table 3). Mean femoral 
neck version for male and for female patients was 9° ± 14° 
and –1 °± 14°, respectively. Mean femoral neck version 
for acute on chronic SCFE patients and for chronic SCFE 
patients was 8° ± 18° and 5° ± 12°. The two patients with 
acute SCFE had a mean femoral neck version of 0° ± 17°. 
Mean femoral neck version for unstable SCFE patients 
and for stable SCFE patients was 10° ± 15° and 5° ± 15°, 
respectively.

Frequency of SCFE patients (54%) with absolute 
femoral retroversion (FV < 0°) was high. Six of them had 
severe slips (21%) and four had mild slips (14%, Table 3). 
Seven SCFE patients (25%) had normal FV (between 10° 
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Table 2. Parameters of FV and femoral neck version are shown for two groups.

Parameter SCFE patients Contralateral side SCFE patients

Total hips (patients) 28 (27) 21 (21)
FV (°), Murphy method −1 ± 15 (–42 to 35) 15 ± 14 (–5 to 44)
Femoral neck version (°) 6 ± 15 (–21 to 40) 11 ± 12 (–9 to 30)
FV side-to-side difference (°) 18 ± 14 (3 to 54) n/a
FV
 Femoral retroversion FV < 0°, no of hips (%) 15 (54) 2 (7)
 Femoral neck version < 0°, no of hips (%) 10 (40) 5 (20)

SCFE: slipped capital femoral epiphysis; FV: femoral version.

Table 3. Parameters of FV and femoral neck version are shown for mild, moderate, and severe SCFE patients.

Parameter Mild SCFE patients Moderate SCFE patients Severe SCFE patients

Total hips 8 8 12
FV (°), Murphy method 2 ± 11 (−12 to 18) 1 ± 16 (−12 to 35) −5 ± 17 (−42 to 15)
Femoral neck version (°) 8 ± 11 (−10 to 22) 6 ± 16 (−10 to 40) 4 ± 17 (−21 to 30)
Femoral retroversion FV < 0°, no of hips 4 5 6
Femoral neck version < 0°, no of hips 2 3 5

SCFE: slipped capital femoral epiphysis; FV: femoral version.

Table 1. Demographic and clinical data of the patient series are shown.

Parameter SCFE patients

Total hips (patients) 28 (27)
Age at operation (year) 13 ± 2 (10–16)
Gender (% male of all hips) 64
Side (% left of all hips) 61
Height (cm) 162 ± 12 (139–181)
Weight (kg) 63 ± 17 (30–95)
Body mass index (kg/m2) 25 ± 4 (17–33)
Mean duration of symptoms before MRI (weeks) 16 ± 16 (2–52)
Time between MRI and surgery (days) 4 ± 6 (1–33)
Unstable hips according to Loder classification (% unstable of all hips)18 6 (21)
Mean preoperative slip angle16 43 ± 18 (15–70)
Severity based on slip angle16 (% of all hips)
 Mild < 30° 8 (29)
 Moderate 30°–60° 8 (29)
 Severe > 60° 12 (43)
Classification based on the duration of symptoms (% of all hips)19,20

 Acute 2 (7)
 Acute on chronic 12 (43)
 Chronic 14 (50)

Continuous variables are displayed as mean ± standard deviation and range in parenthesis. SCFE: slipped capital femoral epiphysis; MRI: magnetic 
resonance imaging.

and 25°). Ten SCFE patients (40%) had absolute femoral 
neck retroversion (femoral neck version < 0°), five had 
severe slips (18%), and two had mild slips (7%, Table 3). 
Of the 10 female SCFE patients, 6 had absolute femoral 
retroversion (FV < 0°). Of the 18 male SCFE patients, 9 

(50%) had absolute femoral retroversion (FV < 0°). Of 
the 14 chronic SCFE patients, 8 (57%) had absolute femo-
ral retroversion (FV < 0°). Of the 12 acute on chronic 
SCFE patients, 6 (50%) had absolute femoral retroversion 
(FV < 0°).
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Side-to-side difference of FV (18° ± 14°) was higher 
compared to femoral neck version (9° ± 8°).

Discussion

Femoral retroversion was reported in SCFE patients, but 
quantification of FV using CT or MRI is rare. Individual 
preoperative FV measurement on MRI was performed in 
this study for patients with SCFE. Most importantly, 15 
SCFE patients (54%) had absolute femoral retroversion 
(FV < 0°), six had severe slips, and four had mild slips. 
These patients have combined deformities (SCFE and 
femoral retroversion). Significantly, lower mean FV was 
found for SCFE patients compared to contralateral side 
(Table 2). Furthermore, the FV angles had a large variabil-
ity, ranging from –42° to 35° (range of 77°, Table 2). In 
addition, slightly higher values for FV and femoral neck 
version were found for male patients compared to female 
patients. It seems that SCFE was not always associated 
with femoral retroversion and seven SCFE patients (25%) 
had normal FV. Femoral neck version was slightly lower in 
SCFE patients compared to contralateral side. And a 
slightly decreased femoral neck version of severe SCFE 
was found compared to mild and moderate SCFE (Table 
3). No general conclusion is possible due to the inter-indi-
vidual variation of FV angles.

Comparing the results for FV, similar results compared 
to a previous study5 of 1986 were found that reported a 
mean FV of –0.7° ± 7.4° for SCFE patients. This is slightly 
higher compared to a more recent study6 reporting FV of 
–4° ± 16° (range −39 to 61) and a high prevalence of fem-
oral retroversion using CT scans (FV measured with 
Murphy method) for SCFE patients. The mentioned study6 
included patients with previous in situ pinning and this 
was not the case in this study. The study had a comparable 
prevalence of severe slips (51%) compared to this study 
(50%, Table 1). Regarding FV of the asymptomatic side, in 
this study we found slightly lower values compared to a 
recent large study27 of adult patients with hip diseases 
(mean FV of 19°). Comparing the prevalence of femoral 
retroversion, a recent study6 found a higher prevalence  
of 60% using the Murphy method. A large prevalence 
study evaluating adult patients with hip diseases found a 
lower prevalence of femoral retroversion.27 Interestingly, 
four SCFE patients with absolute femoral retroversion 
(FV < 0°) had mild slips. If these patients are treated with 
in situ pinning (also called in situ fixation), they could be 
at risk for residual deformity and reduced internal rotation 
of the hip and anterior extra-articular subspine hip impinge-
ment17 because this treatment usually does not alter FV.

Other described methods for FV measurement use dif-
ferent definitions of the proximal reference line.23 The pos-
terior femoral condyles were used to define the distal 
reference axis. Considerable differences between mea-
surement methods for FV exist, for example, between the 

Murphy method and the Lee method.23 The most pro-
nounced difference of FV of 17° was reported between the 
Murphy method and the Lee method using CT scans. We 
have chosen the Murphy method because of the high reli-
ability of the measurement using this method and because 
it reflects true anatomical FV. In a review comparing imag-
ing modalities for FV, measurement of FV with CT was 
found to be more accurate than on conventional radio-
graphs.15 In addition, biplane radiography demonstrated 
greater inter- and intrarater variability than CT imaging for 
repeated measurements of FV.15 In the meantime, MRI and 
CT can be used interchangeably for FV measurement.28 
Biplanar radiograph may underestimate the extent of the 
epiphyseal displacement, thereby potentially altering the 
management between in situ pinning and open hip 
surgery.

The definition of absolute femoral retroversion was 
FV < 0° in agreement with previous investigations.6,27 
Normal FV was defined in accordance with previous stud-
ies13,27 (between 10° and 25°). Other studies investigating 
normal FV19,29 reported values between 8° and 18° and the 
measurement methods were variable. There is a consider-
able variability of studies that define normal FV and for 
categorization of femoral retroversion. Different defini-
tions for femoral retroversion were <25°,30 <10°,13 <5°,31 
and <0°.19 The Murphy method was previously used for 
measurement of FV for FAI patients,27 for patients with 
post-Perthes deformities,18 and for patients with SCFE and 
post-SCFE deformities.6

A previous investigation reported a good intraobserver 
reliability (ICC of 0.96–0.99) and interobserver reliability 
(ICC of 0.98) for measurement of FV using the Murphy 
method6 for patients with SCFE. Previous studies reported 
no clinically relevant difference between MRI and CT for 
FV measurements for pediatric patients with hip diseases28 
as well as for adult patients.20 Agreement between 
MR-based and CT-based measurements of FV was good 
(bias 1.9°) for pediatric patients with hip diseases.28

To the best of the authors’ knowledge, no study was 
found that reported normal values for MRI or CT-based 
quantification of femoral neck version in pediatric patients. 
Interestingly, Decker et al.32 found a mean FV of 18° ± 10° 
of 211 hips with a contralateral femoral fracture (age 
0–92 years). They reported a mean FV of 18° ± 9° for 
female patients and 19° ± 11° for male patients between 2 
and 20 years of age.32 The reported values are comparable 
to the mean FV of the contralateral hips of the current 
study (15° ± 14°). However, a previous study7 reported a 
mean femoral neck version of 9.3° for symptomatic SCFE 
using CT scans. This is slightly higher compared to the 
results of patients with SCFE of the current study (mean 
femoral neck version of 6° ± 15°, Table 2).

Comparing the results for side-to-side difference,  
we found differing results of the current study compared 
to a previous study that reported no difference between 
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affected and unaffected side.7 Another study by 
Gelberman et al.5 reported a side-to-side difference of the 
femoral neck version in 13 patients with acute SCFE 
(−0.7°± 7.4°) compared with the uninvolved side 
(6.3°± 8.2°). A more recent study found a side-to-side 
difference of 9° comparing affected and unaffected side.6 
This is consistent with the results found in the current 
study for femoral neck version (9° ± 8°).

One of the strengths of this study is that all SCFE 
patients had the same standardized MRI protocol includ-
ing knee images. There was a short time between surgery 
and MRI (mean 4 days, Table 1) and MRI did not delay 
surgical treatment. Therefore, we do not assume that any 
remodeling is possible in this short time. In addition, pre-
vious studies reported so-called remodeling of the proxi-
mal femur after fixation of the epiphysis after 17 months.33,34 
Another strength is that no patient had previous hip opera-
tions (e.g. no previous attempts of reduction with the 
Parsch method35 or in situ pinning) that could influence 
FV measurement. This is different compared to previous 
studies. One of the previous studies reported that a mea-
surement of the femoral neck version poses a risk of under-
estimation because of the displaced femoral epiphysis. In 
the current study, FV measurement in SCFE patients uses 
the center of the proximal femoral epiphysis (the femoral 
rotation’s center). This is important for patients treated 
with in situ pinning because FV is usually not altered with 
this treatment. Absolute femoral retroversion may influ-
ence internal rotation of the hip, external rotation gait,16,36 
location of anterior hip impingement,17 and probably long-
term outcome and progression to hip osteoarthritis.13,14 
Knowledge about FV and femoral retroversion may influ-
ence further follow-up examinations or can help to explain 
reduced hip internal rotation and theoretically could theo-
retically help to estimate if a SCFE patient is at risk for 
future anterior hip impingement.

This study has limitations. Because all patients were 
evaluated in a European university hospital, a certain 
selection bias is possible. The decision to perform preop-
erative MRI was to assess slip severity, to measure the slip 
angle on MRI, and to search for intra-articular damage 
(labrum and cartilage), and evolved over time due to the 
retrospective design of the study. This case series is not a 
completely consecutive series and probably patients with 
acute or unstable SCFE are underrepresented. It was chal-
lenging to perform preoperative MRI in acute or unstable 
SCFE due to the acuteness of the diseases. The time frame 
to perform an MRI is too short for these subgroups of 
SCFE patients due to limited availability of MRI scanners. 
This could be the reason for the high proportion of chronic 
SCFE (50%, Table 1). This decision was also dependent on 
patients’ factors and the availability of MRI. The higher 
costs of MRI compared to radiographs limit worldwide 
application. Previous studies reported similar FV measure-
ments using CT and MRI28,20; therefore, the choice of 

modality should not affect the results. In addition, although 
we compared SCFE patients with the asymptomatic con-
tralateral hips, it is unclear if these hips are normal. It is 
well known that the contralateral hip joint can develop 
SCFE as well.37,38 Future studies could compare FV of 
SCFE patients to age-matched asymptomatic volunteers 
without hip pain. The number of patients with mild or 
moderate slip deformity (Table 1) in this study are proba-
bly too small to draw general conclusions. Also, the num-
ber of patients with acute or unstable SCFE do not allow to 
formulate specific recommendations. Unfortunately, the 
FV before SCFE diagnosis is unknown; therefore, it is 
unclear if femoral retroversion was present before SCFE 
or vice versa. Osteonecrosis (avascular necrosis) of the 
femoral head is a known complication of SCFE, but was 
not analyzed in this study. Although there is a high preva-
lence in SCFE patients, we did not analyze the residual 
deformities of the proximal femur,37 such as cam-type 
deformities.37 Secondary impingement deformities after 
SCFE can result in early joint degeneration, loss of hip 
function, and premature osteoarthritis.1,39 This could be 
evaluated in further studies.

Conclusion

Although SCFE patients showed asymmetrically lower 
FV compared to contralateral side, there was a wide range 
of measured FV angles. Due to the wide variation of FV 
angles, patient-specific analysis of FV seems important. 
Absolute femoral retroversion was prevalent in half of 
SCFE patients, in half of severe SCFE patients, and in half 
of mild SCFE patients on preoperative MRI. This has  
theoretical implications for anterior hip impingement.  
This is important for planning of hip preservation surgery, 
e.g. treatment with in situ pinning or femoral osteotomy 
(proximal femoral derotation osteotomy) or the modified 
Dunn procedure.

Author contributions

Till D Lerch: writing of first draft; radiographic measurements; 
figures; data acquisition; project administration; visualization; 
formal analysis; data curation; investigation.
Tilman Kaim: data acquisition; project administration; 
inves tigation.
Markus S Hanke: data acquisition; project administration; 
formal analysis; data curation; investigation.
Florian Schmaranzer: data acquisition; project administration; 
validation.
Simon D Steppacher: figures; revision of manuscript; super-
vision; resources.
Jasmin D Busch: supervision; revision of manuscript; resources.
Eduardo N Novais: funding acquisition; supervision.
Kai Ziebarth: supervision; conception of the work; interpreta-
tion of data for the work; revision of manuscript; resources.

All authors listed above have fulfilled the authorship qualifica-
tion and met the following criteria for authorship: Substantial 



124 Journal of Children’s Orthopaedics 17(2)

contributions to the conception or design of the work; or the 
acquisition, analysis, or interpretation of data for the work; and 
Drafting the work or revising it critically for important intellec-
tual content; and Final approval of the version to be published; 
and Agreement to be accountable for all aspects of the work 
in ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and 
resolved.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Ethics approval and consent to participate

The local ethical committee approved this study.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: T. 
L. has received funding from the Swiss National Science 
Foundation (Grant number P2BEP3_195241). Each author certi-
fies that his or her institution approved the human protocol for 
this investigation, that all investigations were conducted in con-
formity with ethical principles of research, and that informed 
consent for participation in the study was obtained.

ORCID iD

Till D Lerch  https://orcid.org/0000-0002-0475-0269

References

 1. Castañeda P, Ponce C, Villareal G, et al. The natural history 
of osteoarthritis after a slipped capital femoral epiphysis/the 
pistol grip deformity. J Pediatr Orthop 2013; 33(Suppl. 1): 
S76–S82.

 2. Lehmann CL, Arons RR, Loder RT, et al. The epidemiology 
of slipped capital femoral epiphysis: an update. J Pediatr 
Orthop 2006; 26(3): 286–290.

 3. Witbreuk M, Besselaar P and Eastwood D. Current prac-
tice in the management of acute/unstable slipped capi-
tal femoral epiphyses in the United Kingdom and the 
Netherlands: results of a survey of the membership of the 
British Society of Children’s Orthopaedic Surgery and the 
Werkgroep Kinder Orthopaedie. J Pediatr Orthop B 2007; 
16(2): 79–83.

 4. Novais EN and Millis MB. Slipped capital femoral epiph-
ysis: prevalence, pathogenesis, and natural history. Clin 
Orthop Relat Res 2012; 470(12): 3432–3438.

 5. Gelberman RH, Cohen MS, Shaw BA, et al. The association 
of femoral retroversion with slipped capital femoral epiphy-
sis. J Bone Joint Surg Am 1986; 68(7): 1000–1007.

 6. Schmaranzer F, Kallini JR, Ferrer MG, et al. How common 
is femoral retroversion and how is it affected by different 
measurement methods in unilateral slipped capital femoral 
epiphysis? Clin Orthop Relat Res 2021; 479(5): 947–959.

 7. Stanitski CL, Woo R and Stanitski DF. Femoral version in 
acute slipped capital femoral epiphysis. J Pediatr Orthop B 
1996; 5(2): 74–76.

 8. Fishkin Z, Armstrong DG, Shah H, et al. Proximal femoral 
physis shear in slipped capital femoral epiphysis—a finite 
element study. J Pediatr Orthop 2006; 26(3): 291–294.

 9. Baraka MM, Hefny HM, Thakeb MF, et al. Combined 
Imhauser osteotomy and osteochondroplasty in slipped 
capital femoral epiphysis through surgical hip dislocation 
approach. J Child Orthop 2020; 14(3): 190–200.

 10. Oduwole KO, de Sa D, Kay J, et al. Surgical treatment of 
femoroacetabular impingement following slipped capital 
femoral epiphysis: a systematic review. Bone Joint Res 2017; 
6(8): 472–480.

 11. Millis MB and Novais EN. In situ fixation for slipped capital 
femoral epiphysis: perspectives in 2011. J Bone Joint Surg 
Am 2011; 93(Suppl. 2): 46–51.

 12. Dhaliwal N, Sahota N, Mondal P, et al. MRI quantification 
of femoral neck version using the posterior lesser trochan-
teric line: a comparison of three measurements. Skeletal 
Radiol 2022; 51: 2009–2016.

 13. Tönnis D and Heinecke A. Acetabular and femoral antever-
sion: relationship with osteoarthritis of the hip. J Bone Joint 
Surg Am 1999; 81(12): 1747–1770.

 14. Tönnis D and Heinecke A. Diminished femoral antetor-
sion syndrome: a cause of pain and osteoarthritis. J Pediatr 
Orthop 1991; 11(4): 419–431.

 15. Kuo TY, Skedros JG and Bloebaum RD. Measurement of 
femoral anteversion by biplane radiography and computed 
tomography imaging: comparison with an anatomic refer-
ence. Invest Radiol 2003; 38(4): 221–229.

 16. Lerch TD, Eichelberger P, Baur H, et al. Prevalence and 
diagnostic accuracy of in-toeing and out-toeing of the foot 
for patients with abnormal femoral torsion and femoroac-
etabular impingement: implications for hip arthroscopy 
and femoral derotation osteotomy. Bone Joint J 2019; 101-
B(10): 1218–1229.

 17. Lerch TD, Boschung A, Todorski IAS, et al. Femoroacetabular 
impingement patients with decreased femoral version have 
different impingement locations and intra- and extraarticular 
anterior subspine FAI on 3D-CT-based impingement simu-
lation: implications for hip arthroscopy. Am J Sports Med 
2019; 47(13): 3120–3132.

 18. Tannast M, Hanke M, Ecker TM, et al. LCPD: reduced range 
of motion resulting from extra- and intraarticular impinge-
ment. Clin Orthop Relat Res 2012; 470(9): 2431–2440.

 19. Koerner JD, Patel NM, Yoon RS, et al. Femoral version of 
the general population: does “normal” vary by gender or 
ethnicity? J Orthop Trauma 2013; 27(6): 308–311.

 20. Goronzy J, Blum S, Hartmann A, et al. Is MRI an adequate 
replacement for CT scans in the three-dimensional assess-
ment of acetabular morphology? Acta Radiol 2019; 60(6): 
726–734.

 21. Loder RT. Unstable slipped capital femoral epiphysis. J 
Pediatr Orthop 2001; 21(5): 694–699.

 22. Southwick WO. Osteotomy through the lesser trochanter 
for slipped capital femoral epiphysis. J Bone Joint Surg Am 
1967; 49(5): 807–835.

 23. Schmaranzer F, Lerch TD, Siebenrock KA, et al. Differences 
in femoral torsion among various measurement methods 
increase in hips with excessive femoral torsion. Clin Orthop 
Relat Res 2019; 477: 1073–1083.

 24. Murphy SB, Simon SR, Kijewski PK, et al. Femoral antever-
sion. J Bone Joint Surg Am 1987; 69(8): 1169–1176.

https://orcid.org/0000-0002-0475-0269


Lerch et al. 125

 25. Tannast M, Jost LM, Lerch TD, et al. The modified Dunn 
procedure for slipped capital femoral epiphysis: the Bernese 
experience. J Child Orthop 2017; 11(2): 138–146.

 26. Ziebarth K, Milosevic M, Lerch TD, et al. High survivorship 
and little osteoarthritis at 10-year followup in SCFE patients 
treated with a modified Dunn procedure. Clin Orthop Relat 
Res 2017; 475(4): 1212–1228.

 27. Lerch TD, Todorski IAS, Steppacher SD, et al. Prevalence 
of femoral and acetabular version abnormalities in patients 
with symptomatic hip disease: a controlled study of 538 
hips. Am J Sports Med 2018; 46(1): 122–134.

 28. Hesham K, Carry PM, Freese K, et al. Measurement of 
femoral version by MRI is as reliable and reproducible as 
CT in children and adolescents with hip disorders. J Pediatr 
Orthop 2017; 37(8): 557–562.

 29. Toogood PA, Skalak A and Cooperman DR. Proximal femo-
ral anatomy in the normal human population. Clin Orthop 
Relat Res 2009; 467(4): 876–885.

 30. Fabricant PD, Bedi A, De La Torre K, et al. Clinical out-
comes after arthroscopic psoas lengthening: the effect of 
femoral version. Arthroscopy 2012; 28(7): 965–971.

 31. Ferro FP, Ho CP, Briggs KK, et al. Patient-centered outcomes 
after hip arthroscopy for femoroacetabular impingement and 
labral tears are not different in patients with normal, high, or 
low femoral version. Arthroscopy 2015; 31(3): 454–459.

 32. Decker S, Suero EM, Hawi N, et al. The physiological 
range of femoral antetorsion. Skeletal Radiol 2013; 42(11): 
1501–1505.

 33. Dawes B, Jaremko JL and Balakumar J. Radiographic assess-
ment of bone remodelling in slipped upper femoral epiphy-
ses using Klein’s line and the α angle of femoral-acetabular 
impingement: a retrospective review. J Pediatr Orthop 2011; 
31(2): 153–158.

 34. Akiyama M, Nakashima Y, Kitano T, et al. Remodelling of 
femoral head-neck junction in slipped capital femoral epiphy-
sis: a multicentre study. Int Orthop 2013; 37(12): 2331–2336.

 35. Parsch K, Weller S and Parsch D. Open reduction and 
smooth Kirschner wire fixation for unstable slipped capital 
femoral epiphysis. J Pediatr Orthop 2009; 29(1): 1–8.

 36. Lerch TD, Boschung A, Leibold C, et al. Minimal out-toeing 
and good hip scores of severe SCFE patients treated with 
modified Dunn procedure and contralateral prophylactic 
pinning at minimal 5-year follow up. J Pediatr Orthop 2022; 
42: e421–e426.

 37. Lerch TD, Novais EN, Schmaranzer F, et al. What is the 
prevalence of cam deformity after prophylactic pinning of 
the contralateral asymptomatic hip in unilateral slipped capi-
tal femoral epiphysis? A 10-year minimum followup study. 
Clin Orthop Relat Res 2019; 477: 1111–1122.

 38. Maranho DA, Miller P, Kim YJ, et al. Contralateral slip after 
unilateral slipped capital femoral epiphysis is associated with 
acetabular retroversion but not increased acetabular depth 
and overcoverage. J Pediatr Orthop B 2020; 29(3): 275–282.

 39. Carney BT, Weinstein SL and Noble J. Long-term follow-up 
of slipped capital femoral epiphysis. J Bone Joint Surg Am 
1991; 73(5): 667–674.


	1

