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Alpha Angle as a Predictor of Impending
Contralateral Slipped Capital Femoral Epiphysis in
an Asian Population

Chloe Xiaoyun Chan, MBBS, Youheng Ou Yang, FRCS, Gloria Hui Min Cheng, MBBS,
Sumanth Kumar Gera, MS, Ashik bin Zainuddin Mohammad, FRCSEd
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Background: Prophylactic pinning of the uninvolved side after unilateral slipped capital femoral epiphysis (SCFE) is controversial.
The alpha angle, a measurement of femoral head-neck aspherity, was proposed as a predictor of progression of contralateral SCFE
with a treatment threshold of greater than 50.5°. The aim of this study was to evaluate its validity in our cohort of patients.
Methods: A retrospective review of a 10-year series of patients who presented with unilateral SCFE was conducted. Minimum fol-
low-up duration to identify contralateral progression was 18 months. Age, sex, ethnicity, and endocrinopathies were noted. Alpha
angle measurements of the unaffected hip were performed by two independent observers. The average values of measurements
were used for analysis. Univariate and multivariate logistic regression analyses were performed to identify predictors of contralat-
eral progression. A receiver operating characteristic (ROC) curve was generated.

Results: There were 43 patients with unilateral SCFE. Seven patients (16.3%) developed contralateral SCFE. There were 31 males
(72.1%) and 12 females (27.9%). The mean duration from index surgery to contralateral fixation was 43.9 weeks (range, 16.2 to
77 weeks). The mean alpha angle was significantly higher in the patients with contralateral progression (mean, 50.7°; standard
deviation [SD], 5.4°; range, 43.8° to 58.5°) than in the patients without progression (mean, 43.0°%; SD, 4.2°; range, 33.0° to 52.5°;
p < 0.001). The alpha angle was also identified as a statistically significant predictor of contralateral progression on multivariate
analysis (p = 0.02). The intraclass correlation coefficient for interobserver reliability was moderately strong at 0.76 (95% confi-
dence interval, 0.55 to 0.87). The area under the ROC curve was 0.88. The treatment threshold of 50.5° had a sensitivity of 0.43,
specificity of 0.94, and number needed to treat (NNT) of 2.7. The ideal treatment threshold derived from the ROC curve was 49.0°,
which had a sensitivity of 0.71, specificity of 0.89, and an NNT of 1.7.

Conclusions: Alpha angle is a potential predictor of contralateral hip involvement in children with SCFE who may benefit from
prophylactic hip fixation. Results from our series suggest a treatment threshold be 49.0°. However, given the limited sample size
and moderately strong interobserver reliability, larger studies are needed to validate our findings.
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Slipped capital femoral epiphysis (SCFE) is a common hip
disorder in adolescents with a reported incidence of 0.2 to
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10 per 100,000."” Bilateral slips occur in 18%-63% of pa-
tients,™ approximately 50% of whom present with bilater-
al slips simultaneously. The other 50% develop sequential
slips a short duration later.*” In children with sequential
slips, at least 82% develop a contralateral slip within 18
months of the initial slip.">*

Studies have proposed several SCFE risk factors
including ethnicity,” obesity,” younger age,” modified
Oxford bone age score,” renal insufficiency,” and endo-
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crine abnormalities such as hypothyroidism and growth
hormone deficiency."” Abnormal mechanical factors, in-
cluding femoral neck retroversion'” and increased physeal
obliquity,""” contribute to a weakened physis, resulting in
SCEE.

Prophylactic fixation of an unaffected hip has been a
highly discussed topic in recent years. Proponents of pro-
phylactic fixation believe that the intervention will prevent
deformity and secondary arthritis.*'¥ Other surgeons opt
for a conservative approach to avoid unnecessary surgery
performed on a normal hip. They aim to reduce iatrogenic
complications such as pain, loss of motion, development of
femoroacetabular impingement (FAI), chondrolysis, avas-
cular necrosis, and peri-implant fractures.” ¥ Multiple
studies have proposed objective and independent markers
that will guide treatment.”">'"**” However, the findings
have been conflicting and inconclusive.

In 2016, Boyle et al.”” described the alpha angle as
a significant predictor of an increased likelihood of future
contralateral slip, with good interobserver and intraob-
server reliability. They proposed a threshold of 50.5° for
prophylactic fixation. The femoral head-neck aspherity, as
measured by an elevated alpha angle,” was thought to po-
tentially contribute to capital physeal instability in patients
with SCFE. Since patients with elevated alpha angles are
predisposed to cam-type FAL™ it can be inferred that re-
petitive femoroacetabular contact would aggravate physeal
instability.

In this study, we set out to assess the utility of the al-
pha angle as a predictor of contralateral slip at our institu-
tion with an Asian cohort and to derive an ideal treatment
threshold to aid in the management of future patients.
Considering morphological differences between Chinese
and Caucasian hips,ZS) the outcome of our study will con-
tribute to our institution’s decision analysis model and
treatment of populations with similar patient demograph-
ics. To our knowledge, this is the first publication review-
ing the alpha angle in SCFE in an Asian cohort.

METHODS

Study Design
A 10-year (January 2005-April 2015) series of patients
who had presented to a large tertiary pediatric public
hospital and had been diagnosed as having SCFE were
retrospectively reviewed. Appropriate follow-up strategies
were used for a minimum of 18 months: serial clinical and
radiological evaluations were performed to identify con-
tralateral progression.

Initially, the medical record showed that there are

57 patients with SCFE. Of these, we excluded patients who
were lost to follow-up (n = 9) and presented with bilateral
slips at presentation (n = 5). All patients were screened
for symptoms or signs of contralateral hip pain, sugges-
tive of possible undiagnosed SCFE, at the first encounter.
The remaining 43 patients were divided into two groups:
unilateral slip group (unilateral SCFE without clinical or
radiological evidence of contralateral hip involvement
during follow-up) and contralateral progression group
(subsequent progression to contralateral SCFE within 18
months). Clinical evidence of hip involvement was defined
as pain, limited weight-bearing, or loss of range of motion.
Radiological evidence of SCFE was defined as the pres-
ence of an abnormal Kleins sign, the metaphyseal blanch
sign of Steel, or frank slippage. Information regarding pa-
tient demographics such as age, sex, ethnicity, Loder class,
presence of endocrinopathies, renal impairment, radiation
exposure, site of injury, and time to contralateral fixation
were reviewed.

Measurement of Alpha Angle

The measurements were performed on the frog-leg lat-
eral radiograph of the unaffected and asymptomatic hip,
obtained either just before surgery of the affected hip or
in the immediate postoperative period if not obtained
preoperatively. To obtain a standardized frog-leg lateral
view, patients were laid supine, with the limb of interest
flexed approximately 30° to 40° and the hip abducted 45°.
All radiographs of the unaffected contralateral hip used
for alpha angle measurement were taken within one week
of surgical pinning of the affected hip and hence would

Fig. 1. Measurement of the alpha angle.
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be a true reflection of the state of contralateral hips for the
study of prophylactic bilateral pinning in the same setting.
The frog-leg lateral radiograph was obtained with patients
in supine position, both hips externally rotated and flexed,
and the femur abducted as widely as tolerated, forming a
frog-leg position. The X-ray beam was directed anteriorly
and posteriorly across the joint.

The alpha angle measurements were performed ac-
cording to the method described by Notzli et al.*” (Fig. 1).
First, a best-fit circle was placed over the femoral head.

Two lines were subsequently drawn to form the alpha an-
gle. A first line is drawn from the center of the best-fit cir-
cle to the center of the femoral neck at its narrowest point.
This line extends along the long axis of the femoral neck.
A second line is drawn from the center of the best-fit circle
to the point where the femoral neck intersects beyond the
boundary of the best-fit circle. The angle formed between
these two lines is defined as the alpha angle—an objective
measurement of femoral head-neck junction convexity,
where a larger angle corresponds to less concavity.

Table 1. Demographic Characteristics and Alpha Angle Values of Patients

Variable Unilateral slip Contralateral progression p-value
Sex 0.34
Total 36 7
Male 27(75.0) 4(57.0)
Female 9(25.0) 3(43.0)
Age at diagnosis (yr)
Total 12.2+1.79 (6-15) 12.3+1.70 (9-14) 0.31
Male 12.6+1.78 (6-15) 12.6+0.96 (12-14) 0.40
Female 10.8+0.83 (10-12) 11.7 +2.52 (9-14) 1.0
Ethnicity
Chinese 10(27.8) 3(42.9) 0.43
Indian 16 (44.4) 2(28.6) 0.44
Malay 7(19.4) 2(28.6) 0.59
Others 3(8.3) 0
Site of initial slip 0.14
Left 16 (44.0) 1(14.2)
Right 20 (56.0) 6 (85.7)
Loder class 0.84
Stable 27(75.0) 5(71.4)
Unstable 9(25.0) 2(28.6)
Medical comorbidity
Endocrinopathy 6 (Impaired fasting glucose) 1 (Type 2 diabetes mellitus) 0.88
Renal impairment 0 0
Radiation exposure 0 0
Time to contralateral fixation (wk) NA 43.7 (16.2-77)
Alpha angle (°) 43.0+4.2(33.0-52.5) 50.7 + 5.4 (43.8-58.5) <0.001

Values are presented as number (%) or mean + standard deviation (range).
NA: not applicable.
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The measurements were conducted by Chloe Chan,
Gloria Cheng who are part of the study team (GHMC,
CXC), in an independent and a blinded fashion and as-
sessed for interobserver reliability via the intraclass cor-
relation coefficient (ICC). The average values of measure-
ments obtained by the two trainees were used for analysis.

Statistical Analysis

Categorical variables are presented as frequency and per-
centage and analyzed across groups (unilateral slip group
and contralateral progression group) by using the chi-
square test. Continuous variables are presented as mean
+ standard deviation (SD) and range. Comparisons were
made by using the unpaired, two-tailed t-test for charac-
teristics that meet the assumptions of normality; and the
Mann-Whitney U-test for characteristics that deviate from
normality. The null hypothesis was that there would be no
significant difference in the alpha angle between groups.
Multivariate logistic regression analysis was performed
to identify independent factors for contralateral progres-
sion while adjusting for possible confounders. Level of
significance was set to be below 0.05. A receiver operating
characteristic (ROC) curve was generated with the average
alpha angle measurements to determine the best treatment
threshold. All data were compiled in Microsoft Excel 2003
(Microsoft Corp., Redmond, WA, USA) and the statisti-

cal analysis was performed with IBM SPSS ver. 23.0 (IBM
Corp., Armonk, NY, USA).

Ethical Aspect

This study was ethically approved by a Centralized Institu-
tional Review Board of KK Children’s and Women’s Hos-
pital with a waiver of consent (reference No. 2016/3143).

RESULTS

A total of 43 patients were included in the analysis. Dur-
ing the 18-month follow-up, 36 patients (83.7%) remained
stable with a unilateral slip whilst seven patients (16.3%)
had contralateral progression. The overall sex distribu-
tion of the study population was 31 males (72.1%) and 12
females (27.9%). The average age at the time of diagnosis
was 12.2 years (range, 6 to 15 years): 12.6 (range, 6 to 15
years) in males and 10.8 years (range, 10 to 12 years) in
females. The ethnic distribution was as follows: 13 (30.2%),
Chinese; nine (20.9%), Malay; 18 (41.8%), Indian; and
three (7.0%), others.

Amongst the 43 slips diagnosed at presentation, 17
(39.5%) occurred in the left hip and 26 (60.5%) occurred
in the right hip. The Loder class was found to be unstable
in 11 hips (25.6%) and stable in 32 hips (74.4%). Endocri-
nopathies were found in seven patients: impaired fasting

Table 2. Multivariate Logistic Regression Analysis for Association between Alpha Angle and Other Independent Variables and Contralateral

Progression (N = 43)

Variable Unilateral slip Contralateral progression p-value 0dds ratio (95% Cl)
Sex 0.711 2.40 (0.02—248.58)
Male 27 (75.0) 4(57.0)
Female 9(25.0) 3(43.0)
Ethnicity
Chinese 10(27.8) 3(42.9) 0.58
Indian 16 (44.4) 2(28.6) 1.00
Malay 7(19.4) 2(28.6) 1.00
Others 3(8.3) 0 1.00
Medical comorbidity 12.6 (0-752,897.23)
Endocrinopathy 6 (Impaired fasting glucose) 1 (Type 2 diabetes mellitus ) 0.65
Renal impairment 0 0
Radiation exposure 0 0
Alpha angle (°) 43.0 +4.2 (33.0-52.5) 50.7 + 5.4 (43.8-58.5) 0.02 2.19(1.13-4.26)

Values are presented as number (%) or mean + standard deviation (range).
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glucose in six patients in the unilateral slip group and type
2 diabetes in one patient in the contralateral progression
group. Renal impairment and prior radiation exposure
were absent in all patients. There were no statistical differ-
ences between groups in the sex, age of onset, site of slip,
Loder class, and presence of medical comorbidities (p >
0.05). The mean interval from index surgery to contralat-
eral fixation was 43.9 weeks (range, 16.2 to 77 weeks).

Alpha Angle

The mean alpha angle was higher in the contralateral pro-
gression group with 50.7° (SD, 5.4°% range, 43.8° to 58.5°)
compared to the unilateral group with 43.0° (SD, 4.2°%
range, 33.0° to 52.5°) (Table 1). The difference was statisti-
cally significant (p < 0.001). The alpha angle was also iden-
tified as a statistically significant predictor of contralateral
progression on multivariate analysis (p = 0.02) (Table 2).
The ICC was moderately strong at 0.76 (95% confidence

Table 3. Comparison of Data with Those of Boyle et al” on Alpha

Angle and Slipped Capital Femoral Epiphysis

Variable This study ~ Boyle etal.”?

Year of publication 2019 2016
Study setting Singapore USA
Total no. of patients 43 168
Male sex (%) 72.1 56.0
Age at diagnosis (yr)

Unilateral 122179 12.2£1.52

Contralateral progression 12.3+1.70 12.2+1.50
No. of patients

Unilateral 36 123

Contralateral progression 7(16.3) 45(26.8)
Average posterior sloping angle (°)

Unilateral 43.0+42 449+53

Contralateral progression 50.7+5.4 50.6+8.8
Treatment threshold (°) 49.0 50.5
Area under the ROC curve 0.88 0.68
Number needed to treat 1.7 27
Predicted sensitivity 0.7 0.58
Predicted specificity 0.89 0.85

Values are presented as mean + standard deviation or number (%).
ROC curve: receiver operating characteristic curve.

interval [CI], 0.55 to 0.87) between observers. The area
under the ROC curve was 0.88—a greater area under the
curve closer to the value of 1 supports the use of alpha
angle in predicting the likelihood of sustaining contralat-
eral SCFE. The ROC-derived ideal treatment threshold of
49.0° had a sensitivity 0.71, specificity of 0.89, and number
needed to treat (NNT) of 1.7 (Fig. 2). In contrast, a treat-
ment threshold of 50.5° suggested by Boyle et al.” had a
lower sensitivity of 0.43, a specificity of 0.94, and an NNT
of 2.7.

DISCUSSION

The discussion regarding prophylactic fixation of a contra-
lateral, asymptomatic, normal hip in patients with SCFE
arose in view of the high rates of bilateral or sequential
slips. The prophylactic approach confers a theoretical ad-
vantage of reducing the risk of osteoarthritis and deformi-
ty, particularly in delayed diagnosis where there is a higher
possibility of slips being moderate to severe in nature.”*””

To date, there is an increasing focus on objective
predictors of contralateral involvement such as the modi-
fied Oxford bone age score and the posterior sloping angle
(easily obtained, reliable radiological measurement), in ad-
dition to traditional predictors like younger age and pres-
ence of endocrinological or renal abnormalities. In 2016,
Boyle et al.”” proposed the alpha angle as an additional
tool in the decision-making process. While current recom-
mendations still suggest a multipronged approach in risk
stratification,”*'*'” our aim was to evaluate the validity of
the alpha angle in our SCFE population.

The alpha angle is a measurement of femoral head-
neck aspherity. It was originally used to determine anterior

ROC curve
1.0 1
0.8 +
2 0.6
=
.‘%
c
& 0.4
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1-Specificity

Fig. 2. The receiver operating characteristic (ROC) curve for alpha angle
with respect to contralateral progression.
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impingement of the femoral neck on the acetabular rim or
labrum, in the context of FAI syndrome. It has been pro-
posed that the pistol grip deformity in patients with FAI
is a result of previously undiagnosed developmental de-
formity.”” This association has been reported in subacute
cases of SCFE.” Similar to the results of the study of Boyle
et al,” our results suggest a positive relationship between
greater femoral head-neck aspherity and risk of develop-
ing contralateral SCFE.

Two theories have been proposed by Boyle et a
The first theory is a possible increase in transphyseal
mechanical stress on the femoral head-neck junction in
patients with increased aspherity. This occurs as a result
of repetitive subclinical contact with the acetabulum in
patients with increased alpha angle, eventually resulting in
a SCFE. This theory was similarly proposed by Gelberman
et al."” in patients with femoral neck retroversion. Howev-
er, increased acetabular depth has no proven significance.

There is also possibility that patients with increased
alpha angle have silent SCFE, which subsequently mani-
fests as overt or symptomatic SCFE. As per Lehmann et
al.,”” 6.6% of a cohort of 2,072 healthy adolescents (58%
females) had radiological findings (SouthwicK’s lateral
head-shaft angle > 13°) consistent with a prior SCFE. Jerre
et al."” described significant rates of asymptomatic con-
tralateral SCFE of up to 71% (42 / 59) on follow-up of pa-
tients up to adulthood. While both theories have not been
proven, our study adds additional information to existing
evidence that femoral head-neck aspherity correlates with
symptomatic contralateral SCFE development. The alpha
angle is a useful additional tool when considering prophy-
lactic fixation.

Comparing our results with those of Boyle et a
(Table 3), despite similar population characteristics, we
had a smaller proportion of contralateral progression. Our
proposed treatment threshold of 49.0° gave a higher sen-
sitivity and specificity, with an improved NNT. However,
Monazzam et al.”” reported a mean alpha angle of 49.1°
in males and 44.7° in females aged 12 to 13 years. There is
possibility that a treatment threshold of 49.0° may be too
narrow, especially in the context of other ethnicities. A
study of the nature of alpha angles with computed tomog-
raphy in various ethnicities by Gollwitzer et al.”” suggests
that Caucasians and Africans have a significantly higher
alpha angle than Asians. This may account for the differ-

1 22)

1 22)

ence in treatment thresholds between our cohort and that
of Boyle et al.”” Ultimately, our result is supportive of the
utility of alpha angle as a predictor of impending contra-
lateral SCFE.

To the best of our knowledge, this is the first study
on the alpha angle in SCFE in the Asian population, and
the second published study to address alpha angle in
SCEFE. The strength of our paper lies in the minimum 18
months of clinical and radiological follow-up in a cohort
of 10 consecutive years. Two independent researchers con-
ducted measurements of the alpha angle with a moderate
degree of reliability (ICC, 0.76). While the value was lower
than the ICC of 0.92 reported by Boyle et al.,”” it adds
credibility to the objectiveness of the alpha angle.

Limitations to this study include the retrospective
nature of data collection and results that were generated
from a single center. In addition, the sample size was small
despite the study includes a 10-year series. However, based
on the previous demographic study performed in Singa-
pore,” the rate of SCFE in our population is comparatively
low. As body mass index data were not available, we were
unable to analyze the effect of obesity on the progression
to contralateral slip, although other risk factors such as
atypical SCFE, age of onset, gender and endocrinopathies
were accounted for.

In conclusion, an increased alpha angle was sig-
nificantly associated with contralateral hip involvement
in children with SCFE. A treatment threshold of 49.0°
yielded a 71% sensitivity and 89% specificity for contra-
lateral slippage with an NNT of only 1.7. However, given
our limited sample size and the moderately strong interob-
server reliability, larger studies are needed to validate our
findings. As prophylactic treatment is a major intervention
with risks of iatrogenic complications, the management of
patients should not be guided by an isolated value alone.
The alpha angle need to be combined with other measure-
ments to form a multifactorial scoring system that may
provide an optimal treatment threshold for prophylactic
fixation.
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