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Abstract

Objective Prophylactic fixation of the contralateral hip in
slipped capital femoral epiphysis (SCFE) is controversial,
and no reliable method has been established to predict subse-
quent contralateral slip. The main purpose of this study was to
evaluate if magnetic resonance imaging (MRI) performed at
primary diagnosis could predict future contralateral slip.
Materials and methods Twenty-two patients with unilateral
SCFE were included, all had MRI of both hips taken before
operative fixation. Six different parameters were measured on
the MRI: the MRI slip angle, the greatest focal widening of the
physis, the global widening of the physis measured at three
locations (the midpoint of the physis and 1 cm lateral and
medial to the midpoint), periphyseal (epiphyseal and
metaphyseal) bone marrow edema, the presence of patholog-
ical joint effusion, and the amount of joint effusion measured
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from the lateral edge of the greater trochanter. Mean follow-up
was 33 months (range, 16—63 months). Six patients were treat-
ed for contralateral slip during the follow-up time and a com-
parison of the MRI parameters of the contralateral hip in these
six patients and in the 16 patients that remained unilateral was
done to see if subsequent contralateral slip was possible to
predict at primary diagnosis.

Results All MRI parameters were significantly altered in hips
with established SCFE compared with the contralateral hips.
However, none of the MRI parameters showed any significant
difference between patients who had a subsequent contralat-
eral slip and those that remained unilateral.

Conclusions MRI taken at primary diagnosis could not pre-
dict future contralateral slip.

Keywords Paediatric hip - Slipped capital femoral epiphysis -
Contralateral - MRI

Introduction

In primary unilateral slipped capital femoral epiphysis
(SCFE), the reported prevalence of subsequent contralateral
slip diagnosed until skeletal maturity varies between 15 and
40% [1-9]. Most likely, this is due to racial variability [5],
different radiographic criteria used to define slip, and different
follow-up routines. Routine prophylactic contralateral fixation
remains controversial since many patients will be treated un-
necessarily with an undue risk of complications. Thus, the
patients would benefit from a reliable method to predict future
contralateral slip.

Magnetic resonance imaging (MRI) has traditionally not
been used routinely for SCFE. However, focal or global wid-
ening of the physis, joint effusion, and bone marrow edema in
the metaphysis and epiphysis adjacent to the physis have been
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found to be consistent findings on MRI in SCFE [10-12].
Futami et al. [11] performed MRI repeatedly during follow-
up in ten patients with unilateral SCFE and physeal widening
was clearly observed in four of ten asymptomatic contralateral
hips that were fixated prophylactically. None of the other
cases developed contralateral slip. Furthermore, Lalaji et al.
[13] described two patients where MRI demonstrated physeal
widening and bone marrow edema before the SCFE was ra-
diographically detectable. Thus, there are some indications
that MRI might be valuable in predicting subsequent contra-
lateral slip.

The main purpose of this study was to evaluate if MRI at
primary diagnosis could predict subsequent contralateral slip
in unilateral SCFE.

Patients and methods

Twenty-seven patients with primary unilateral SCFE were
treated in our hospital between January 2007 and November
2010. In five patients (all with unstable slip), MRI was not
performed before treatment, mainly because preoperative
MRI would have put an unfavorable delay to acute surgery
and they were excluded from the current study. Thus, 22 pa-
tients (14 boys and eight girls) were included after parental
informed consent. Approval by the Regional Ethical
Committee and the Data Inspectorate were obtained before
inclusion. The mean age at diagnosis was 13.3 years (range,
10.7-15.9 years) among the boys and 11.3 years (range, 8.3—
13.2 years) among the girls (p = 0.009). The slip was clinically
classified as stable (able to ambulate with or without crutches)
or unstable (unable to ambulate with or without crutches) ac-
cording to Loder’s classification [ 14]. The slip angle was mea-
sured on the preoperative frog-leg lateral radiographs accord-
ing to the head-shaft angle described by Southwick [15]. If the
head-shaft angle was below 30°, the slip was classified as
mild, whereas angles between 30° and 49° were termed mod-
erate, and angles >50° were classified as severe slips. MRI
without intravenous contrast was performed in all patients
within 8 days prior to surgery. The examinations, axial TSE
T2 (TE 100/TR4020), axial STIR (70/3100/TI150), coronal
TSE T1 (17/500) and coronal STIR (100/3925/150), were
performed on a 1.5-Tesla MRI NT Intera system (Philips,
Best, The Netherlands) using a Sense-body coil. Slice thick-
ness was set at 4 mm (mm). Axial and coronal images were
obtained in the supine position, feet first and with a sand bag
placed on the legs to prevent motion. The legs were placed if
possible with a slight internal rotation of both hips.

Due to a severe and unstable slip, one case was technically
impossible to treat with percutaneous screw fixation and was
therefore treated with the modified Dunn procedure as de-
scribed by Ziebarth et al. [16]. The others were treated with
percutaneous single screw fixation. In situ fixation was
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performed in all patients except two where spontaneous re-
duction occurred peroperatively. None were prophylactically
fixated in the contralateral hip. All patients had clinical and
radiographic follow-up every 6—12 months postoperatively
until radiographic signs of physeal closure. Mean follow-up
was 33 months (range, 16-63 months). Harris Hip Score
(HHS) [17] was recorded at the latest follow-up. The screw
was not routinely removed unless the patient had complaints
due to protrusion of the distal end of the screw.

The interpretation of the pre-operative MRI images of both
hips was done retrospectively after latest follow-up and inde-
pendently by two experienced musculo-skeletal radiologists
with the assessment of the following measurements:

1. The MRI slip angle, measured as the angle between a line
perpendicular to the mid-axis of the femoral neck and the
epiphysis on axial view (axial T1w) (Fig. 1).

2. The greatest focal widening (mm) of the physis (coronal
Tiw).

3. The global widening (mm) of the physis measured at three
locations; the midpoint of the physis and one centimeter
lateral and medial to the midpoint (coronal T1w) (Fig. 2).

4. Periphyseal bone marrow edema, measured as the maxi-
mum width (mm) of edema from the physis into the
epiphysis and metaphysis respectively (coronal STIR)
(Fig. 3).

5. The presence of pathological joint effusion reported as yes
or no (subjective evaluation).

Fig.1 The MRI slip angle (MRI-SA) is the angle between a line perpen-
dicular to the mid axes of the femoral neck and the epiphysis on axial
view (axial T1w). The lines defining the mid axes of the femoral neck and
epiphysis are drawn at different segments according to where the anatomy
is best defined
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Fig. 2 The global widening (distances indicated as white lines on the
MRI) of the physis measured at the midpoint of the physis and 1 cm
lateral and medial to the midpoint (coronal T1w). Right hip without
SCFE. Left hip with SCFE

6. The level (mm) of joint effusion measured from the lateral
edge of the greater trochanter.

A comparison of the contralateral hips that remained unaf-
fected and those that subsequently had a contralateral slip
(bilateral SCFE) was done according to these measurements
with the purpose of evaluating if subsequent slip was possible
to detect at primary diagnosis. The inter-observer study of the
MRI interpretations was performed by the same two radiolo-
gists as observer 1 and 2, respectively.

Statistical analysis

SPSS software (version 21) was used for the statistics (IBM,
Armonk, NY, USA). Categorical data were analyzed with the
Chi-squared test and continuous data by the independent sam-
ples ¢ test. We used logistic regression to analyze differences
between contralateral hips that had no later slip and contralat-
eral hips with subsequent slips. Correlations were calculated
with Pearson’s correlation coefficient (r). Inter-observer
agreements of the radiographic measurements (numerical da-
ta) were analyzed by the intra-class correlations coefficient

Fig. 3 Periphyseal bone marrow edema (width indicated as white lines
on the MRI), measured as the maximum width of edema from the physis
into the epiphysis and metaphysis respectively (coronal STIR). Right hip
without SCFE (no bone marrow edema). Left hip with SCFE

(ICC) [18]. The interpretation of the ICC was as follows: 1
as perfect agreement, > 0.75 as good agreement, < 0.75 as
poor to moderate agreement. Inter-observer agreements for
categorical data were analyzed by kappa statistics [19]. As
suggested by Altman [20], we interpreted the kappa values
as follows: < 0.20 as poor agreement, 0.21-0.40 as fair,
0.41-0.60 as moderate, 0.61-0.80 as good, and >0.80 as very
good. All tests were two-sided. Differences were considered
significant when the p value was <0.05. No power analysis
was performed prior to inclusion of patients.

Results

Six patients (two boys and four girls) (27%) were treated for
subsequent contralateral SCFE during the follow-up time. The
mean age at the time of the index slip was 13.0 years in the
patients where the SCFE remained unilateral, while the patients
treated for bilateral SCFE were significantly younger (11.2 years,
p=0.032). The two boys were 13.0 and 13.1 years old while the
mean age of the four girls was 10.3 years (8.3—13.2 years). The
mean time interval until the diagnosis of the contralateral slip was
7.8 months (median 7 months; range 2—18 months) (Fig 4). The
mean primary slip angle in the 22 unilateral SCFE was 33° (8-
81°) with 19 stable and three unstable SCFE. The contralateral
slips were all stable and mild slips (mean slip angle 14°, range, 6—
25°). There were no major complications like avascular necrosis
or chondrolysis. Ten patients have had the screw removed be-
cause of pain from the distal end of the screw. No complications
occurred. At follow-up, one patient with a severe slip (81°) had
significant complaints (HHS: 67 points) probably caused by
femoroacetabular impingement with a marked radiographic
CAM-deformity (anteroposterior and lateral alpha angle: 107°
and 114°, respectively). A Southwick osteotomy combined with
osteoplasty of the femoral head—neck junction was planned for,
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Fig. 4 Kaplan—Meier survival plot with 95% confidence interval (dotted
lines) of the percent survival (non-development of SCFE) of the contra-
lateral hips over time (months) in 22 patients with primary unilateral
SCFE
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but the patient never returned for surgery. The other patients had
good clinical outcomes with no physical limitation, limp or pain
(HHS: 100 points). No hips showed any signs of osteoarthritis.

MRI parameters

All MRI parameters showed significant higher values in the pri-
mary affected hips with SCFE compared with the contralateral
hips. The mean MRI slip angle was 55° in the primary affected
hips and 24° in the contralateral hips (p < 0.001). The mean MRI
slip angle in the contralateral hip in the six patients treated for
subsequent contralateral slip and in the 16 patients with persistent
unilateral SCFE was 21° and 24°, respectively (p = 0.43)
(Table 1).

The mean greatest focal widening of the physis was
7.4 mm in the primary affected hips and 3.1 mm in the con-
tralateral hips (p < 0.001). In the six patients treated for sub-
sequent contralateral slip, the mean maximum width was
3.7 mm, while it was 2.9 mm in the contralateral hip in the
16 patients with persistent unilateral SCFE (p = 0.09)
(Table 1).

The mean global widening of the physis at the three loca-
tions varied from 5.8 to 6.4 mm in the primary affected hips,
while it was 2.7 to 2.8 mm in the contralateral hips. The
difference was significant for all three locations (p > 0.001).
No significant differences were found between hips with later
contralateral SCFE and hips with persistent unilateral slips
(Table 1).

The mean maximum width of edema into the epiphysis and
into the metaphysis in the primary affected hips was 9.9 and
9.7 mm, respectively. No signs of epiphyseal or metaphyseal
edema were recognized in the contralateral hips (Table 1).

Nineteen of 22 (86%) primary affected hips had patholog-
ical joint effusion. Only one patient who had a later slip had
pathological joint effusion in the contralateral hip at primary
diagnosis (p < 0.001). The mean amount of joint effusion in
the primary affected hips and in the contralateral hips was 3.5
and 0.9 mm, respectively (p < 0.001). There was no significant
difference between hips with subsequent contralateral slip and
hips with persistent unilateral slip (p = 0.93) (Table 1).

Comparison between slip angle measured on MRI
and radiographs

In the primary affected hips, the mean preoperative slip angle
measured on MRI and on radiographs was 55° and 33°, re-
spectively (p < 0.001) and the mean difference was 22° (—18—
43°) (Fig. 5). In the contralateral hips, the mean slip angle at
primary diagnosis measured on MRI was 24° and 8° on radio-
graphs (p < 0.001) and the mean difference was 15° (0-35°).
Significant correlation was found between the slip angle mea-
sured on MRI and radiographs (» = 0.81, p < 0.001).

Interobserver agreement

The ICC showed good agreement for MRI slip angle (0.94)
and epiphyseal/metaphyseal bone marrow edema (0.93 and
0.77), while it showed moderate agreement for the remaining
measurements (greatest physeal widening: 0.63, global
physeal widening - midpoint: 0.73, — lateral: 0.53, — medial:
0.70 and level of joint effusion: 0.68). The agreement regard-
ing the presence of pathologic joint effusion reported as yes or
no (subjective evaluation) was good (kappa: 0.73).

Table 1 MRI parameters measured in both hips in 22 patients with primary unilateral SCFE
MRI parameters (mean) Primary Contralateral p Contralateral hips Contralateral hips P
affected hips, hips, n =22 without subsequent with subsequent slip
n=22 slip (unilateral (bilateral SCFE), n =6
SCFE), n =16
MRI slip angle (degrees) 55 (31-81) 24 (3-39) <0.001 24 (3-39) 21 (11-28) 0.43
Greatest focal physeal 7.4 (4-12) 3,1 (2-5) <0.001 2.9 (2-5) 3.7 (3-5) 0.09
widening (mm)
Global physeal Midpoint 6.4 (4-11) 2.8 (2-4) <0.001 2.8 (2-4) 2.8 (2-3) 0.95
widening (mm) Lateral 5.8 (3-11) 2.8 (2-5) <0.001 2.7 (2-5) 3(3-3) 0.39
Medial 59 (4-11) 2.7 (2-5) <0.001 2.6 (2-5) 324 0.28
Periphyseal bone Epiphyseal 9.9 (5-19) 0
marrow edema (mm)  \Metaphyseal 9.7 (0-17) 0
Pathologic joint effusion, 19/3 121 <0.001 0/16 1/5 1.00
yes/no
Level of joint effusion (mm) 3.5(0-7) 0.9 (0-4) <0.001 0.9 (0-2) 0.8 (0-4) 0.93

p, Student’s ¢ test for independent samples
p*, univariable logistic regression
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Fig. 5 MRI and plain radiographs in the same patient with SCFE in the
left hip. MRI slip angle (MRI - SA): 38°. Southwick’s slip angle (SA):
14°. The left image has been cropped from the upper image in Fig. 1
(same patient)

Discussion

The aim of this study was to evaluate if MRI performed at
primary diagnosis could predict contralateral slip in
SCFE. The MRI measurements used in this study are
based on previous studies [10—13]. In all six MRI param-
eters, there were significant differences between the pri-
marily affected hips and the contralateral hips at diagno-
sis. This indicates that all parameters are relevant in the
diagnosis of SCFE. The inter-observer agreement was
moderate to good for all MRI parameters which we assess
as acceptable considering these measurements are not be-
ing used routinely in clinical practice.

This study has some limitations. Most importantly, the num-
ber of patients is small, with only six patients with subsequent
contralateral slip. No sample size calculation was performed prior
to inclusion of patients, which may have caused the study to be
underpowered. Although we included all available patients dur-
ing a 4—year period, SCFE is a relatively rare condition and this is
the main reason for the limited number of patients. Second, the
patients are not precisely consecutive cases since five patients, all
with unstable hips, were excluded since MRI was not practically
feasible before surgery, which means that the study population
does not reflect the true rate of unstable slip in SCFE.

The slip angle measured on MRI is the angle between a
line perpendicular to the mid-axis of the femoral neck and
the epiphysis while the slip angle measured on frog-leg ra-
diographs [15] is the angle between a line perpendicular to
the mid-axis of the femoral shaft and the epiphysis. Thus,
these measurements are not exactly the same. We found the
mean slip angle to be correlated (» = 0.81, p < 0.001) and
significantly higher (»p < 0.001) on MRI compared to radio-
graphs. The slip angle on MRI is measured on an axial view,
which visualizes the slip directly, not affected by differences
in the rotation of the extremity. Therefore, we believe that
MRI is a more reliable method to measure the true slip angle
in SCFE and our results indicate that frog-leg lateral radio-
graphs usually underestimate the real slip angle in SCFE.

The risk of contralateral slip in SCFE has shown to be
increased in children with endocrinopathies [21], in those
who are particularly young [5, 22, 23], in patients with a

posterior sloping angle above 12° [24], and in patients with
a modified Oxford bone score of 16, 17, or 18 [9]. Even if
these predictors can be used as guidance in the decision of
prophylactic fixation, they are not uniformly precise in
predicting contralateral slip. A reliable method to predict sub-
sequent contralateral slip would be of great benefit to the
patients, but is still not established. The role of MRI in diag-
nosing a slip before it becomes symptomatic and/or detectable
on plain radiographs has been evaluated in two studies with a
limited number of patients [11, 13]. Futami et al. [11] per-
formed a prospective MRI study on the growth plate in
SCFE and the contralateral hip during the possible preslip
stage. Ten patients with unilateral SCFE were examined with
MRI repeatedly (6-month intervals) during follow-up. In four
patients, the asymptomatic contralateral hip was fixated be-
cause MRI demonstrated physeal widening without slip. None
of the other patients developed contralateral slip and the au-
thors proposed repetitive MRI examinations at 6-month inter-
vals for hips at risk of slipping. Lalaji et al. [13] presented two
cases where MRI demonstrated distortion of the physis and/or
periphyseal bone marrow edema before the development of
radiographically detectable SCFE. In the present study, none
of the MRI measurements showed any significant difference
between patients that had a subsequent contralateral slip and
those that remained unilateral. Furthermore, none of the con-
tralateral hips were found to have bone marrow edema.

The patients with bilateral SCFE were significantly youn-
ger than those with unilateral SCFE (11.2 vs. 13.0 years),
which is in accordance with previous studies [5, 22]. Loder
[5] found that the age at presentation was younger in children
with bilateral involvement compared to those with persistent
unilateral disease (12.0 vs. 12.9 years) and in a study by Riad
et al. [22] the mean age of patients with persistent unilateral
SCFE was 11.9 years for girls and 14.2 years for boys while
the mean age for patients with later contralateral slip was
11.0 years for girls and 12.1 years for boys.

In conclusion, MRI taken at primary diagnosis could
not predict future contralateral slip. However, the MRI
measurements were all significantly altered in hips with
SCFE compared to the contralateral hip and would thus be
useful in confirming the diagnosis of SCFE in patients
with a symptomatic hip without any signs of slip on plain
radiographs. We therefore recommend MRI in such cases
and in situ fixation in case of positive findings as physeal
widening, periphyseal bone marrow edema and patholog-
ical joint effusion.
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Appendix

Table 2 General Table
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Table 2 (continued)

A B C D E F G H I J K L M N O P

16 5 11 0 0 2 2 2
13,9 1 19 44 22 22 8 4 6 4 5
29 326 0 0 3 3 3

22 1 1 1

R S
0 0
0 1
0 0

The first line for each patient is the hip with primary SCFE; the second line is the contralateral hip.

A: Patient number.
B: Sex; 1 male, 2 female.

C: Uni or bilateral SCFE; 1 unilateral, 2 bilateral.

D: Side of primary slip; 1 right, 2 left.

E: Age at surgery.

F: Interval between primary slip and contralateral slip (months).
G: Clinical classification; 1 stable, 2 unstable.

H: Follow-up time (months).
I: MRI slip angle.
J: Radiographic slip angle.

K: Difference between MRI and radiographic slip angle.

L: Epiphyseal bone marrow edema (mm).

M: Metaphyseal bone marrow edema (mm).

N: Global widening of the physis (midpoint) (mm).

O: Global widening of the physis (lateral) (mm).

P: Global widening of the physis (medial) (mm).

Q: Greatest focal widening of the physis (mm).

R: Presence of pathological joint effusion; 0 yes, 1 no.

S: Level of joint effusion (mm).
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