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Abstract

Objective Slipped capital femoral epiphysis (SCFE) is a hip
disorder where the femoral head slips relative to the neck at
the physis. Appropriate treatment of SCFE depends on the
severity of the slip, commonly categorised using the
Southwick (SW) angle. The SW angle is measured in the
frog-lateral leg position, which can be painful and potentially
unattainable for patients. The purpose of this study is to deter-
mine how errors in frog-lateral radiograph positioning affect
measured SW angles and slip classifications.

Methods Models of SCFE hips were produced from one CT
scan of a normal hip; 360 deformities were created. SW angles
were measured from a simulated frog-lateral position.
Femoral lateral head-neck angles (LHNA; equivalent to SW
in incorrect frog-lateral plane) were measured over a range of
837 incorrect frog-lateral leg positions with positioning errors
in flexion and/or internal/external rotation.

Results Seventy-six per cent of all imaging position-
deformity combinations had error in the reported angle (>1°
difference between LHNA and SW). Of those, 70% had <5°,
249% had 5° to 10°, and 6% had >10° of error from the actual
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SW angle. Three per cent of LHNAS that had >10° error re-
sulted from <10° of positioning error.

Conclusions 1f the patient is limited in flexion or external
rotation, more diagnostic testing should be considered if error
in the reported slip measurement would affect treatment deci-
sions or if accurate severity classification is needed for re-
search. Small positioning errors in moderate and severe slips
can cause a > 10° LHNA error; additional three-dimensional
imaging should be considered.

Keywords SCFE - Slipped capital femoral epiphysis -
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Introduction

Slipped capital femoral epiphysis (SCFE) is a disorder of the
adolescent hip where the femoral head slips relative to the
femoral neck at the physis (growth plate) [1]. SCFE has an
incidence of about 1 case per 10,000 children [2]. Although
the aetiology of SCFE remains unclear, it is associated with
obesity [3, 4]. SCFE can result in premature hip osteoarthritis
(OA), pain associated with loss of flexion and internal rotation
[5], and disability [6].

Treatment for SCFE is controversial and may depend on the
severity of the slip, the stability of the slip, and whether the
condition is acute or chronic. In particular, knowing the severity
of a slip may be important for selecting surgical treatment, in
addition to classifying slips for registry-based studies. The se-
verity of the slip is often determined using the Southwick (SW)
angle, measured as the angle between the neck and head axes
on a frog-leg lateral radiograph, which is determined by
subtracting the angle between the head axis and the femoral
shaft axis in the unaffected side from the affected side [7].
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The frog-lateral position can be quite painful for SCFE patients,
especially those with an unstable slip. SCFE patients may not
be able to achieve the frog-lateral position because of a limited
range of motion believed to be caused by impingement of the
slipped femur. It is not uncommon for severe slips to limit
flexion and exhibit forced external rotation [8]; one particular
case study described a patient with severe SCFE who displayed
a forced external rotation of 45° and was limited to 60° of
flexion [5]. There is also a potential to worsen acute slips by
forcing the leg into the proper frog-lateral position [9]. If a
patient is unable to achieve the frog-lateral position, the hip is
generally imaged in the closest achievable position.

It is not clear how positioning errors in the frog-leg radio-
graph impact the SW measurement. The purpose of this study
is to determine how errors in frog-lateral radiograph position-
ing affect measured SW angles and slip classifications (mild,
moderate or severe) based on those angles.

Materials and methods

Ethics board approval was obtained from our institution for
this study.

Models of hips with SCFE were developed by first creating
a model of a normal adolescent hip and then simulating slips in
two planes. We used one computed tomographic (CT) scan of a
normal right hip (16 years old, female, resolution 0.6 % 0.6 x
0.4 mm®) obtained from clinical records. The geometry of the
femur and epiphysis was obtained by segmenting the scans
semi-automatically using image analysis software (Mimics,
Leuven, Belgium). Models of hips with SCFE were then

Fig. 1 TIllustration of SW angle
measurement. Hip flexed to 54°
and externally rotated to 42° to
achieved frog-lateral position to
measure the SW angle. Mild
SCFE slip with SW angle of 20°

created by combining simulated posterior and inferior slips of
the femoral head relative to the physis in the axial and coronal
planes respectively. We simulated axial and coronal slips from
0° (no deformity) to 90° in 5° steps (19 increments per plane),
which, when combined, yielded 360 simulated deformed hips
and one normal hip (197 = 361 total models) [10].

We measured Southwick (SW) angles (femoral head-neck
angle measured in the correct frog-leg lateral position) for
each of the 360 simulated deformed and one normal hip. For
each simulated deformed hip, we generated a simulated frog-
leg lateral radiograph using a planar projection of the model.
We positioned each simulated 3D hip in a clinically relevant
simulated frog-leg lateral position (lateral flexion of 54°and
external rotation of 42°, as determined by three experienced
paediatric orthopaedic surgeons [10]). The SW angle of each
deformed hip was then measured automatically in this posi-
tion from the simulated radiograph of the 3D computer model
(Fig. 1). The 361 simulated deformed hips were divided into
normal (<1°), mild (1°-30°), moderate (30-60°), and severe
(>60°) groups based on the SW angles.

We then assessed the effect of positioning error on femoral
lateral head-neck angles by generating simulated radiographs
for all the simulated deformed hips for a range of simulated
incorrect positions. We deliberately refer to these measure-
ments as “lateral head-neck angles (LHNASs)” rather than
“Southwick angles” because of the incorrect positioning in-
volved, but the measurement method remains the same in the
non-ideal planes. We measured femoral LHNAs for 837 dif-
ferent incorrect imaging planes that simulated incorrect posi-
tions. Incorrect imaging planes simulated lateral flexion an-
gles ranging from 24° to 68° and external rotation angles
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(a) SW: 62.9°

Fig. 2 Femur models in incorrect viewing planes overlaid on femur in
SW viewing plane to show differences in measured lateral head-neck
angle (LHNA). a SW flexion and external rotation (ideal position); b
abnormal position, under-flexed by 41°, over externally rotated by 14°

ranging from 12° to 56° for a relative range in positioning
error of —30° to 14° in each of flexion and external rotation
(Fig. 2). To obtain the range of positioning errors, we assumed
that error in flexion or external rotation of 30° or more would
be obvious, resulting in no measurement being made, and that
patients with SCFE would be unlikely to over-flex by more
than ~15°. We also used the normal physiological limit of
external rotation (51°, SD ~5°), which gives an approximate
upper bound on external rotation of 56° for adolescents [11].

Measurement of the femoral LHNAs for the 837 incorrect
imaging planes was repeated for each of the 361 simulated
deformed hips. An error in the reported angle is defined as a
greater than 1° difference between the LHNA and SW angle,
which is similar to the inter- and intra-rater reliability of SW
angle measurements [12]. Each LHNA was also categorised as
mild, moderate, or severe based on the same ranges used for
the SW angle (above), and the resulting category was com-
pared to that from the SW angle measurement for a particular
deformity to determine whether the error in positioning result-
ed in an error in classification.

All simulations, shape fitting and analyses were performed
using MATLAB (MathWorks, MA, USA). Summary statistics
were calculated to characterise LHNAs over all imaging
positions.

Results

Among all the simulated “incorrect” positions for all de-
formed hips, about 6% of all LHNAs (every deformity-

(b) LHNA: 51.7°
SW: 62.95

(c) LHaNA: 73.9°
SW: 62.9°

giving an error in the reported angle of —11.2°; ¢ abnormal position, over-
flexed by 14°, under externally rotated by 30° giving an error in the
reported angle of 11°

position combination) were misclassified in severity when
compared to actual SW angle severity (Table 1). LHNAs were
more likely to be classified in a lower severity category than
the SW angle (6% of mild LHNAs were actually moderate
SW; 8% of moderate LHNAs were actually severe SW) than
higher (3% of moderate LHNAs were actually mild SW; 4%
of severe LHNAs were actually moderate SW). No mild
LHNA deformities were actually classified as severe SW de-
formities and no severe LHNA deformities were actually clas-
sified as mild SW deformities. No LHNAs or SW angles were
classified as normal (<1° slip) in the deformed hips.

Seventy-six per cent (76%) of the simulated “incorrect”
position/deformity combinations had error in the reported an-
gle (difference between LHNA and SW) of greater than 1°;
70% of those that had error in the reported angle had less than
5° error, 24% had 5° to 10° error, and 6% had more than 10° of
error. In a small proportion of cases, small errors in positioning
led to large errors in LHNA; 3% of LHNASs that had more than
10° of reported error from the actual SW angle had less than
10° of error in flexion and external rotation. Severity was
more likely to be underestimated (59% of errors in the report-
ed angle underestimated severity) than overestimated (41% of
errors in the reported angle overestimated severity) (Table 2).
Most deformities with more than 10° error were moderate or
severe (Fig. 3¢c—f).

The direction of change seen in errors in the reported angle
and misclassifications was clearly influenced by the type of
malpositioning. For LHNAs that underestimated actual sever-
ity, hips were less flexed than ideal for a frog-leg lateral radio-
graph (Fig. 3, Table 3). For LHNAS that overestimated actual

Table 1 Percentages show

agreement between severity LHNA severity SW severity Total misclassified (%)
category classification based on -
the LHNA and SW angle. Each Mild (%) Moderate (%) Severe (%)
row shows the percentages of
deformities with a particular Mild 94.22 578 0 5.78
LHNA' that had each of the SW Moderate 2.81 88.74 8.45 11.26
severities Severe 0 3.92 96.08 3.92
All - - - 6.45
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Table 2  Distribution of absolute difference between measured LHNA and SW values and percentages of errors in the reported angles that over- and
underestimated severity. Each row within the absolute error columns sums to 100% and each row within the error in the reported angle columns sums to
100%

LHNA severity category LHNA absolute error from SW angle (%) Error in the reported angle (%)

1°-5° 5°-10° >10° Underestimated Overestimated
Mild 91.24 8.41 0.35 46.91 53.09
Moderate 70.14 23.90 5.96 58.32 41.68
Severe 67.47 25.70 6.83 61.24 38.76
All 70.18 23.78 6.05 59.21 40.79

severity, hips were less externally rotated than ideal for  externally rotated than ideal. For LHNAs that
a frog-leg lateral radiograph (Fig. 3, Table 3). For  overestimated actual severity by more than 10°, hips
LHNAs that underestimated actual severity by more  were much less externally rotated and more flexed than
than 10°, hips were much less flexed and more ideal (Table 3).

Fig.3 Error in the reported angle Underestimated Severity Overestimated Severity
with respect to errors in flexion
(x-axis) and external rotation (y-
axis). Dashed lines along the line
of no flexion error (vertical) and
the line of no external rotation er-
ror (horizontal). The origin of the
plot is at 12° of external rotation
and 24° of flexion. Points repre-
sent deformities where the LHNA
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Table3  Summary statistics for flexion and external rotation error from
ideal position (54° flexion, 42° external rotation) for severity that was
underestimated or overestimated by more than 5°

LHNA severity category Mean values (°) (SD)

Flexion error External rotation error

Underestimated severity

Mild ~15.13 (8.47) 10.89 (2.01)
Moderate -16.76 (7.91) 8.22 (4.42)
Severe ~17.91 (7.55) 431827
> 10° error —19.90 (6.50) 8.45 (4.64)
Overestimated severity
Mild 3.64(9.88)  —22.80 (5.20)
Moderate 745(647)  —16.82 (8.62)
Severe 10.07 (3.49) —10.77 (10.94)
> —10° error 10.64 (3.04) —16.25 (9.20)
Discussion

Using a 3D geometric bone model to predict the effects of
improper frog-lateral leg positioning on Southwick angle
measurements, we found that incorrect frog-lateral leg posi-
tioning resulted in about 22.6% of all tests having errors above
5° and approximately 6% of all LHNAs being misclassified.
Our findings are consistent with results from a cadaveric mod-
el that was produced to quantify error in the femoral neck-
shaft angle (NSA) taken in the anteroposterior view, where it
was found that the NSA was susceptible to femur rotation
[13]. That study’s finding that unwanted external rotation
caused overestimated NSA is consistent with our finding that
hips imaged in insufficient external rotation result in
overestimated LHNAs, since both of these rotations caused
the femur to be less oblique to the plane of imaging. The
cadaveric study’s finding that most errors in measurement
were less than or equal to 10° for a wide range of femoral
positioning is consistent with our finding that 94% of LHNA
measurements were within 10° of the correct SW angle and
suggest the SW angle is a robust method for measuring SCFE
slips.

Our result that errors in the reported angle caused some
deformities to be placed in the wrong severity group suggests
that correct frog-lateral leg positioning is important for proper
SW angle classification. With a trend towards registry-based
studies, it is important to correctly classify the severity of a slip.

We found that severe slips generally had over 10° of error
in the reported LHNA in many of the incorrect imaging posi-
tions. While treatment approaches vary greatly for SCFE, for
those surgeons who place a large weight on the degree of
deformity in treatment decisions, this study highlights the

need for 3D imaging to avoid inaccuracy in severity
assessment.

We found that slips are more likely to be underestimated
than overestimated if imaged in an incorrect frog-lateral posi-
tion. If the slip angle is underestimated, the surgeon may only
become aware of the severity of the deformity intra-operative-
ly, meaning a shorter screw length is required, which may be
more biomechanically unstable.

Our finding that LHNAs that underestimated severity had
high positioning error in flexion and LHNAs that
overestimated severity had high positioning error in external
rotation suggests that not achieving a high enough flexion
angle in the frog-leg imaging position could cause a slip to
be measured as less severe than it is, and not achieving a high
enough external rotation angle in the frog-leg imaging posi-
tion could cause a slip to be measured as worse than it is.
Underestimations of more than 10° had a mean flexion error
of —20°, and overestimations of more than 10° had a mean
external rotation error of —16°. While a clinician would likely
recognise such a large error in position, a smaller positioning
error (within 10° of the actual position) may go unnoticed and
can still cause more than 10° of error in the reported slip angle
(3% of >10° errors in the reported angle were within 10° of the
actual position).

One strength of this work is that one normal bone model
was used to create clinically relevant SCFE deformities, which
allows direct comparisons of the degree of deformity without
intersubject variability in other factors. A second strength is
that femoral head-neck angles were calculated using an auto-
mated computerised method, eliminating reader variability. A
further strength of this work is that it was a computer simula-
tion study, which avoids subjecting patients to excessive radi-
ation and pain.

Limitations of this work include that our correct frog-lateral
plane is an estimation. However, there is no consensus on
what exactly a frog-lateral plane is (specific flexion and exter-
nal rotation angles). We did, however, obtain plane determi-
nations from three surgeons and found high inter- and intra-
rater ICC values [10]. The hip model we used was of a 16 year
old, which is older than the typical SCFE age range. However,
SW and LHNA measurements were made based on the simu-
lated SCFE slip angles, so the actual bony geometry of the
femur is only used to define the neck and epiphyseal axes.
Another limitation of this work is that we had limited evidence
from which to estimate our range of simulated positioning
errors. There is a lack of research on the typical magnitude
of positioning error, whether errors in external rotation or
flexion are more common in SCFE patients, and how often
SCFE patients are imaged in non-ideal planes. However, giv-
en that SCFE results in pain and reduced ROM, our clinical
experience suggests the number of affected patients may be
underestimated.
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Accurate frog-leg lateral positioning is important for cor-
rectly measuring the SW angle of SCFE deformities and for
placing them in the proper severity group for research pur-
poses. Incorrect slip measurement is a concern because patient
care decisions may be dependent on the severity of a slip.
While the frog-leg radiograph remains an important diagnos-
tic tool in SCFE, if it is suspected that the patient may be
limited in flexion or external rotation, additional diagnostic
testing should be considered if an erroneous measurement
would affect treatment decisions. Adopting a lower threshold
for three-dimensional imaging of moderate and severe defor-
mities should be considered because a small error in position-
ing could cause a greater than 10° error in the reported
Southwick angle.
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