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Abstract

Slipped capital femoral epiphysis (SCFE) is a very common disorder affecting the adolescent hip. The etiology of SCFE is multifactorial |

and mechanical force associated with the characteristic morphology of the hip is considered one of the causes of SCFE. We investigated
the characteristics of whole pelvic morphology including pelvic incidence (Pl) in patients with SCFE and compared it with pelvic
morphology in healthy children. We retrospectively assessed the whole pelvic morphology of 17 patients with SCFE and 51 healthy
children using their pelvic computed tomography data. We measured superior iliac angle, inferior iliac angle, and ischiopubic angle as the
parameters of pelvic rotation. Additionally, we measured acetabular anteversion of the superior acetabulum (AVsup) and of the center of
the acetabulum (AVcen), and measured anterior acetabular sector angle (AASA), posterior acetabular sector angle, and the superior
acetabular sector angle (SASA) as parameters of acetabular coverage and Pl. Each measurement was compared between the 2 groups.
AASA and SASA of patients with SCFE were significantly greater than that of controls, and AVsup of patients with SCFE was significantly
smaller. There were no significant differences in pelvic rotation, P, or AVcen between the 2 groups. Thisis the 1streport to evaluate SCFE
patients’ whole pelvic morphology including Pl and pelvic rotation. Our results showed that patients with SCFE have excessive coverage
of the anterior and superior acetabulum, and a more retroverted cranial acetabulum as compared with healthy control subjects. Such
characteristic pelvic morphology may be involved in the onset of SCFE. To clarify the mechanical forces involved in SCFE onset, further
investigations of pelvic morphology and alignment, including the femur and spine, are needed.

Abbreviations: AASA = anterior acetabular sector angle, AVcen = acetabular anteversion of the center of the acetabulum,
AVsup = acetabular anteversion of the superior acetabulum, CT = computed tomography, IIA = inferior iliac angle, IPA = ischiopubic
angle, PASA = posterior acetabular sector angle, Pl = pelvic incidence, SASA = superior acetabular sector angle, SCFE = slipped
capital femoral epiphysis, SIA = superior iliac angle.

Keywords: acetabular anteversion, acetabular coverage, pelvic inclination, pelvic rotation, slipped capital femoral epiphysis
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1. Introduction

Slipped capital femoral epiphysis (SCFE) is one of the most common
disorders affecting the adolescent hip. The etiology of SCFE is
multifactorial, involving several biochemical aspects and mechanical
factors that include obesity, acetabular retroversion,' =) the capital
femoral physeal slope,*¢! femoral retroversion,!”! and the size of the
epiphyseal tubercle.!® These anatomical abnormalities may generate
abnormal biomechanical forces at the physis.
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There have been several studies citing acetabular version as a
cause of SCFE, but controversy still exists. Recently, Gebhart et al
reported that specimens with SCFE deformity demonstrated a
smaller pelvic incidence (PI) than a large cohort of normal control
subjects.!” PI is the angle between the line perpendicular to the
sacral plate at its midpoint and the line connecting this point
to the axis of the femoral heads. It is a position-independent
anatomic parameter that is one of several factors to determine
lumbar lordosis and pelvic orientation. PI has been studied
extensively in relation to spine pathology; numerous studies have
shown that increased PI transmits greater mechanical force to the
lumbar spine. Pelvic tilt affects the shear force applied to the hip
joint, so PI may be implicated in the etiology of SCFE. However,
there has been no report to follow or expand upon Gebhart’s
study. If the SCFE patient’s whole pelvic morphology including
PI, which is one of the factors that defines pelvic inclination was
clarified, it will be very useful information for establishing the
treatment method of SCFE and elucidating the causes of SCFE.

The purpose of this study is to investigate the whole pelvic
morphology including PI of patients with SCFE using computed
tomography (CT) and to compare it with morphology in healthy
children.

2. Materials and methods

We identified 17 patients with SCFE who underwent pelvic CT
between 2011 and 2018. Two patients had bilateral SCFE and
15 patients had unilateral SCFE. All patients underwent CT
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imaging prior to surgery as part of treatment planning. In 7 of the
19 hips, the severity of SCFE was mild; in 6, moderate; and in 6,
severe.'”! Based on Lorder scale, 16 hips were stable and 3 hips
were unstable.!'!!

Control subjects were identified from the imaging database by
a search of patients who underwent pelvic CT for several reasons
between January 2009 and January 2017. Children aged 3 to 18
years old were included. We excluded patients with a history of
symptoms about the hips, obvious abnormalities in skeletal
development, or history of treatment affecting bone growth.
Ninety-seven patients matched the criteria. From the 97 patients
we extracted, 51 patients matched to the 17 patients with SCFE
on the basis of gender and age and defined the 51 patients as
healthy controls. In all patients, we measured and compared the
pelvic rotation, acetabular coverage, acetabular version, and PL

First, we reconstructed the data from each patient based on the
tomographs in Digital Imaging and Communications in Medicine
(National Electrical Manufacturers Association) with the
processing and analysis software (SYNAPSE VINCENT; Fuji-
film, Tokyo, Japan), and measured parameters that define pelvic
morphology. To eliminate possible measurement errors, pelvic
position was corrected digitally as follows. In the coronal plane,
the pelvis was aligned horizontal to the line connecting the
inferior aspects of the bilateral teardrops. In the axial plane, the
pelvis was aligned vertical to the line connecting the pubic
symphysis and the center of the sacrum. PI in the sagittal plane
was aligned with the line connecting the bilateral anterior
superior iliac spine (ASIS) and the pubic tubercle.

As the parameters of rotational alignment of the innominate
bone (pelvic rotation), we measured the superior iliac angle
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(SIA), inferior iliac angle (ITA), and ischiopubic angle (IPA),
which were defined by Fujii et al.l'?! SIA is formed by the
intersection of a line connecting the medial edge of the ASIS
and the anterior margin of the sacroiliac joint, with a
horizontal line in the axial plane. The IIA is formed by a
line connecting the anterior aspect of the anterior inferior iliac
spine and the posterior aspect of the ilium, with a horizontal
line in the axial plane. IPA is a projection angle formed by the
intersection of a line connecting the anterosuperior edge of the
pubic symphysis and the ischial spine with a sagittal line in the
axial plane on which we superimposed the sections that passed
through the ischial spine and the pubic symphysis (Fig. 1).

To assess the parameters of acetabular coverage on the femoral
head, we measured the anterior acetabular sector angle (AASA),
posterior acetabular sector angle, and superior acetabular sector
angle (SASA). According to the method described by Anda
et al''3 and Fujii et al,"*! we used a horizontal line as the baseline
of the measurement and determined the angle in anterior,
superior, and posterior directions (Fig. 2).

We measured acetabular version using 2 different measure-
ment parameters. Acetabular anteversion of the superior
acetabulum (AVsup) was defined as the acetabular version on
the axial slice corresponding to the proximal 1/4 of the line
joining the acetabular roof to the inferior pelvic teardrop, as
described by Monazzam et al.®! AVcen was defined as the
acetabular version on the axial slice of the acetabulum
corresponding to the center of the femoral head (Fig. 3).

For PI, we measured the angle between the line perpendicular
to the sacral plate at its midpoint and the line connecting this
point to the axis of the femoral heads in the sagittal plane passing

Figure 1. We adopted the superior iliac angle (SIA), inferior iliac angle (IIA), and ischiopubic angle (IPA) as the parameters indicating the pelvic winging. SIA is formed
by the intersection of a line connecting the medial edge of the anterior superior iliac spine and the anterior margin of the sacroiliac joint, and a horizontal line on the
axial plane. lIA is formed by a line connecting the anterior aspect of the anterior inferior iliac spine and the posterior aspect of the ilium, and a horizontal line on the
axial plane. IPA is a projection angle formed by the intersection of a line connecting the anterosuperior edge of the pubic symphysis and the ischial spine and a
sagittal line on the axial plane for which we superimposed the sections that passed through the ischial spine and the pubic symphysis.
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Figure 2. The acetabular sector angle is formed by the intersection of a line
connecting the femoral head center and the acetabular edge. The acetabular
sector angle was measured in anterior, superior, and posterior directions.
AASA = anterior acetabular sector angle, PASA = posterior acetabular sector
angle, SASA = superior acetabular sector angle.

www.md-journal.com

through the center of the sacrum, and the sagittal plane passing
through either femoral head (Fig. 4).

Statistical analysis was performed using SPSS version 25.0.
In both control and SCFE groups, the extent of correlation of the
left and right measurements without PI was highly significant
(Pearson correlation coefficient), so the mean of the left and right
angles was taken as a single measure for this study (Table 1). Each
measurement was compared between groups using the Mann—
Whitney U test, and the significance was set at P<.05. To
evaluate intraobserver agreement, all measurements for 20
randomly selected control cases were repeated by the same reader
(MW) during the course of 2 sessions at least 1 month apart. For
interobserver agreement, a 2nd reader (YT) repeated the
measurements for the same 20 patients. Interobserver and
intraobserver reliabilities for pelvic measurements were assessed
by estimating intraclass correlation coefficients (ICCs) along
with 95% confidence intervals using an ICC (2,1) modeling
scheme. Intraobserver and interobserver correlations indicated
substantial agreement (ICC, >0.7) for all measurements
(Table 2).

This retrospective study was approved by the institutional
review board of our university (University of Yamanashi Faculty
of Medicine Ethics Committee: No. 1106) on September 11,
2013.

3. Results

The mean age, gender distribution, and each measurement of
both groups are shown in Table 3. As groups were matched, there
was no difference in mean age or gender distribution between the
2 groups.

3.1. Pelvic rotation

There was a tendency for the IPA of the SCFE group to be smaller
than the control group, but the groups were not significantly

AVsup

Figure 3. Acetabular anteversion of the superior acetabulum (AVsup) is measured on the axial plane corresponding to the proximal 1/4 of the distance between the
acetabular roof and the inferior pelvic teardrop on the coronal plane. Acetabular anteversion of the center of the acetabulum (AVcen) is measured on the axial plane

corresponding to the center of the femoral head on the coronal plane.
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Figure 4. Pelvic incidence (Pl) measurement as shown from the sagittal planes
of computed tomography.

different. Also, there were no significant differences between the
SCFE group and the control group for SIA or IIA.
3.2. Acetabular coverage

The AASA and SASA of the SCFE group were significantly
greater than for the control group. The differences between
groups for the mean AASA were particularly large.

3.3. Acetabular version

AVcen was not significantly different between the SCFE and control
groups, but the mean AVsup of the SCFE group was <0 and was
significantly smaller than that of the control group.

3.4. Pelvic inclination

There was no significant difference between the 2 groups for PL

Correlation of left and right pelvic morphology in both groups.

Pearson correlation coefficient

Variables Control SCFE
SIA 0.716" 0.763"
1A 0.724" 0.783"
IPA 0.823" 0.804"
AASA 0.746" 0.811°
PASA 0.924" 0.773"
SASA 0.819" 0.837"
AVcen 0.875" 0.726"
AVsup 0.897" 0.938"

AASA = anterior acetabular sector angle, AVcen = acetabular anteversion (center of the femoral head),
AVsup = acetabular anteversion (superior quarter of the acetabulum), lIA=inferior iliac angle, IPA=
ischiopubic angle, PASA = posterior acetabular sector angle, SASA = superior acetabular sector angle,
§CFE = slipped capital femoral epiphysis, SIA=superior iliac angle.

P<.01.
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Table 2
Reliability of each measurement (N=20).
Variables Interobsever” Intraobsever”
SIA 0.795 (0.335-0.928) 0.951 (0.882-0.980)
[IA 0.815 (0.588-0.923) 0.835 (0.635-0.931)
IPA 0.784 (0.483-0.913) 0.719 (0.423-0.878)
AASA 0.807 (0.580-0.918) 0.967 (0.920-0.987)
PASA 0.870 (0.302—0.963) 0.992 (0.980-0.997)
SASA 0.932 (0.838-0.973) 0.932 (0.839-0.972)
AVcen 0.832 (0.440-0.941) 0.976 (0.942-0.990)
AVsup 0.815 (0.547-0.926) 0.977 (0.945-0.991)
Pl 0.756 (0.467-0.895) 0.917 (0.807-0.966)

AASA =anterior acetabular sector angle, AVcen = acetabular anteversion (center of the femoral head),
AVsup =acetabular anteversion (superior quarter of the acetabulum), lIA=inferior iliac angle, IPA=
ischiopubic angle, PASA = posterior acetabular sector angle, Pl=pelvic incidence, SASA = superior
acetabular sector angle, SIA=superior iliac angle.

" The values are given as the intraclass correlation coefficient, with the 95% confidence interval in
parentheses.

4. Discussion

We investigated the whole pelvic morphology of patients with
SCFE using CT scans and compared it with the morphology in
healthy children. This is the 1st report to evaluate SCFE patients’
whole pelvic morphology including PI or pelvic rotation.

In this study, we found that AASA and SASA of the patients
with SCFE were significantly greater than for control subjects,
and AVsup of the patients with SCFE was significantly smaller
than in control subjects. There were no significant differences in
pelvic rotation, PI, or AVcen between the 2 groups.

As for pelvic rotation, Fujii et al reported that the internal
rotation of the innominate bone in patients with developmental
dysplasia of the hip was greater than in control patients. This
internal rotation was associated with increased acetabular
anteversion angle and acetabular inclination angle.!'?! However,
to the best of our knowledge, there has been no report on the
pelvic rotation of patients with SCFE, and the results of the
present study suggest that pelvic rotation is not related to
the onset of SCFE. Our results were different from Fujii’s report
in that there was no correlation between the pelvic rotation and
the acetabular version.

There have been some reports about acetabular coverage in
patients with SCFE. Monazzam et al reported that superior
acetabular coverage (lateral center edge angle) of SCFE hips was
significantly larger than in control hips,®! and Sankar et al
reported the overcoverage of the superior acetabulum in patients
with SCFE.?! Our results support these reports, and these results
of large AASA and SASA seem almost equivalent to the cranial
acetabular retroversion described as follows.

There is still controversy about acetabular version in patients
with SCFE. There are many reports indicating that there is no
difference between the acetabular version of patients with SCFE
and healthy control patients'”'*1¢); however, many reports also
indicate that patients with SCFE have a tendency for acetabular
retroversion.”' ! But in all of the reports showing no difference,
acetabular version was measured in the axial plane passing
through the center of femoral head. On the contrary, most reports
that measure the acetabular version of the proximal portion of
the acetabulum support the conclusion that patients with SCFE
exhibit retroversion, and the same result was obtained in this
study. We conclude that although the anteversion at the center of
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Results of all morphologic variables and age.

SCFE (females: 2, males: 15)

Control (females: 12, males: 39)

Mean SD Mean SD P-value
Age, yr 12.65 1.62 12.55 2.74 954
SIA, © 46.71 5.02 47.28 5.95 81
A, © 62.97 2.62 63.83 4.53 514
IPA, © 27.26 3.26 29.48 3.48 052
AASA, ° 69.35 6.95 60.43 5.46 <.001
PASA, © 90.38 6.05 86.25 7.05 078
SASA, °© 117.79 8.1 113.84 6.74 .0145
AVcen, °© 12.79 3.94 13.75 5.53 64
AVsup, ° —0.97 7.09 9.98 6.39 <.001
P, © 42,53 9.19 42.25 10.13 922

AASA=anterior acetabular sector angle, AVcen=acetabular anteversion (center of the femoral head), AVsup=acetabular anteversion (superior quarter of the acetabulum), lIA=inferior iliac angle,
IPA=ischiopubic angle, PASA = posterior acetabular sector angle, Pl=pelvic incidence, SASA = superior acetabular sector angle, SIA=superior iliac angle.

the hip varies widely, there is no doubt about the tendency for
cranial acetabular retroversion in patients with SCFE.

If the morphology of the acetabulum is mechanically related to
the onset of SCFE, the morphology of the cranial portion of the
acetabulum is more critical than the center of the acetabulum
because body weight is applied to the acetabular roof. Therefore,
we believe that the onset of SCFE is determined by retroversion or
coverage at the cranial acetabulum, not the center of the
acetabulum. For that reason, we suggest that the cranial
acetabular retroversion shown in this study is critical for the
onset of SCFE.

There is only 1 report that mentions the PI of patients with
SCFE, and this report states that PI is significantly smaller in
patients with SCFE.'"! Conversely, there was no significant
difference in PI between the 2 groups in the present study. PI was
introduced by Duval-Beaupére et al as a means to evaluate
sagittal balance of the spino-pelvic-hip complex,''”! and a
number of studies have stated the relationship between PI and
several spinal diseases.”'®!1 The PI is regarded as an important
parameter when studying not only spinal disorders but also hip
diseases.*>**! Boulay et al described the PI as an important
biomechanical tool around the hip to determine the range of
pelvic sagittal motion specific for an individual.'*3! The femoral
head and the acetabulum have a reciprocal interaction in which
proximal femoral morphology can compensate for acetabular
morphology and vice versa.?*2¢! Gebhart et al stated that the
disruption of the spinal-pelvic alignment often results in a
displacement of load absorption. The transfer of displaced
mechanical forces may increase the load on vertebral endplates,
their associated disks, and the femoro-acetabular joints.”!
Although the results of the present study are different from
those of Gebhart’s report, we agree that spino-pelvic alignment
may be important for the onset of SCFE. When considering
the load on the hip joint, the morphology and alignment of the
pelvis and spine in a standing position should be assessed in
combination. As a future plan, we would like to evaluate the
pelvic morphology, femoral morphology, and PI of patients with
SCFE together.

The weakness of this study is the small number of patients.
Although there are clear statistical differences between groups in
this study, a future task is to increase the number of patients and
to extend and validate these results. In addition, we cannot
completely rule out the possibility that a case included in the

control group will suffer from SCFE in the future. If so, the case is
not appropriate as a control case. However, so far, no case in
control group that subsequently developed SCFE has been
identified.

5. Conclusion

This is the 1st report of whole pelvic morphology including PI or
pelvic rotation in patients with SCFE compared to a matched
control group. Our results show that patients with SCFE have
excessive coverage of the anterior and superior acetabulum, and a
more retroverted cranial acetabulum, when compared with
controls. Such characteristic pelvic morphology may be part of
the pathogenesis for the onset of SCFE. To clarify the mechanical
forces involved in onset of SCFE, further investigation of pelvic
morphology and alignment including the femur or spine is
needed.
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