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Abstract
Cam morphology size and location might affect the severity of reported burden 
in people with femoroacetabular impingement (FAI) syndrome. We investi-
gated the relationship between cam morphology size (i.e., alpha angle) and self-
reported hip/groin burden (i.e., scores for the International Hip Outcome Tool-33 
(iHOT-33) and Copenhagen Hip and Groin Outcome Score (HAGOS)), examined 
separately for the anteroposterior pelvis (AP) and Dunn 45° radiographs in foot-
ball players with FAI syndrome. In total, 118 (12 women) subelite football (soccer 
or Australian football) players with FAI syndrome with cam morphology (alpha 
angle ≥60°) participated. One blinded assessor quantified superior and anterosu-
perior cam morphology size by measuring alpha angles for the AP and Dunn 45° 
radiographs, respectively. Linear regression models investigated relationships 
between alpha angle (continuous independent variable, separately measured for 
the AP and Dunn 45° radiographs) and iHOT-33 and HAGOS scores (depend-
ent variables). Larger anterosuperior cam morphology (seen on the Dunn 45° 
radiograph) was associated with lower (i.e., worse) scores for the iHOT-Total, 
iHOT-Symptoms, iHOT-Job, and iHOT-Social subscales (unadjusted estimate 
range −0.553 to −0.319 [95% confidence interval −0.900 to −0.037], p = 0.002 to 
0.027), but not the iHOT-Sport (p = 0.459) nor any HAGOS scores (p = 0.110 to 
0.802). Superior cam morphology size (measured using the AP radiograph) was 
not associated with any iHOT-33 or HAGOS scores (p = 0.085 to 0.975). Larger 
anterosuperior cam morphology may be more relevant to pain and symptoms in 
football players with FAI syndrome than superior cam morphology, warranting 
investigation of its effects on reported burden and hip disease over time.
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1   |   INTRODUCTION

Femoroacetabular impingement (FAI) syndrome is a 
cause of hip and/or groin (hip/groin) pain in football 
players1,2 and may contribute to their greater lifetime risk 
of hip osteoarthritis (OA) when compared to controls.3 
Diagnosis of FAI syndrome requires symptoms, clinical 
signs, and imaging evidence of cam and/or pincer mor-
phology.4,5 Primary cam morphology is determined by an 
alpha angle threshold value of 60°4,6,7 and has been asso-
ciated with chondrolabral pathology,8,9  lower hip range 
of motion (ROM),10,11 and the development of hip OA.12 
However, symptomatic adults with and without cam mor-
phology report similar patient-reported outcome measure 
scores,13,14 indicating a less certain relationship between 
cam morphology and reported burden in people with hip/
groin pain.

Defining FAI syndrome using an alpha angle threshold 
value (i.e., ≥60°) may not identify the potential effect of 
cam morphology size on self-reported hip/groin burden 
severity. A dose-response relationship was observed be-
tween cam morphology size and hip joint physical find-
ings, where people with large cam morphology (alpha 
angle ≥78°) had worse chondrolabral pathology8,9 and 
lesser hip ROM11 when compared to those with cam mor-
phology (alpha angles 60–78°). However, it is not known 
whether a similar relationship exists between cam mor-
phology and self-reported pain and symptoms in people 
with FAI syndrome. Cam morphology size might affect 
reported burden in football players with FAI syndrome, as 
they require considerable hip function and ROM during 
their sporting activities.

The anatomical location of cam morphology may also 
affect reported burden in people with FAI syndrome. 
Anteroposterior pelvis (AP) and Dunn 45° radiographs vi-
sualize cam morphology at the superior and anterosupe-
rior femoral head-neck junction, respectively, and together 
are recommended as the first-line assessment for patients 
with suspected FAI syndrome.4,5 Larger superior cam 
morphology (seen on AP radiograph) has been associated 
with worsening hip joint disease over time;7,12  however, 
maximum alpha angles mostly occur in the anterosupe-
rior femoral head-neck,4,15-17 where Dunn 45° radiographs 
may more accurately quantify cam morphology size.15 
Discerning the impacts of both cam morphology location 
and size on the severity of reported burden could inform 
future prospective studies of hip joint disease and guide 
treatments for football players with FAI syndrome.

Therefore, the primary aim of this study was to in-
vestigate the relationship between cam morphology size 
(i.e., continuous alpha angle) and self-reported hip/groin 
burden (i.e., scores for the International Hip Outcome 

Tool-33 (iHOT-33) and the Copenhagen Hip and Groin 
Outcome Score (HAGOS)), examined separately for the 
AP and Dunn 45° radiographs in football players with FAI 
syndrome.

2   |   MATERIALS AND METHODS

2.1  |  Study design and participants

Participants in this study were a subset of a larger prospec-
tive cohort study of 18-  to 50-year-old subelite (nonpro-
fessional) football (soccer or Australian football) players 
with hip/groin pain who continued to participate in com-
petitive sport.18 Briefly, for inclusion in the larger cohort, 
football players were required to report more than six 
months of hip/groin pain and have a positive flexion-
adduction-internal rotation (FADIR) test. Football players 
with hip/groin pain were excluded if they had the follow-
ing: (1) radiographic hip OA defined by a Kellgren and 
Lawrence (KL) score19 of ≥2; (2) undergone hip or pelvic 
surgery; or (3) reported a history of significant hip condi-
tion (e.g., hip fracture or congenital dislocation of the hip). 
To be included in this cross-sectional study, participants 
from the larger cohort needed to have cam morphology 
(defined by an alpha angle of ≥60° using the supine AP 
or Dunn 45° radiograph4,12) and be free from acetabular 
dysplasia (defined by a lateral center-edge angle (LCEA) 
of <20° using the supine AP radiograph12,14). Ethical ap-
proval was obtained from the La Trobe University Human 
Ethics Committee (HEC015-019) and the University of 
Queensland Human Ethics Committee (2015000916). 
Written informed consent was obtained prior to participa-
tion in the study.

2.2  |  Procedures

Football players with hip/groin pain attended La 
Trobe University or University of Queensland for test-
ing between August 2015 and August 2018. Participant 
characteristics (e.g., age, sex, height, body mass, foot-
ball code, and duration of symptoms) were recorded. 
Radiographs were undertaken at radiology clinics in 
Melbourne (Imaging @ Olympic Park) and Brisbane 
(Q-Scan), Australia. Participants completed the iHOT-
33 and HAGOS, two self-reported questionnaires that 
are recommended for assessing active adults with hip/
groin pain.20-22  The iHOT-33  measures five dimen-
sions of hip/groin burden: (1) hip-related quality of life 
(iHOT-Total); (2) symptoms and functional limitations 
(iHOT-Symptoms); (3) sport and recreational activities 
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(iHOT-Sport); (4) job-related concerns (iHOT-Job); and 
(5) social, emotional, and lifestyle concerns (iHOT-
Social). The HAGOS explores six dimensions of hip/
groin burden: symptoms (HAGOS-Symptoms), pain 
(HAGOS-Pain), physical function in activities of daily 
living (HAGOS-ADL), physical function during sport 
and recreational activities (HAGOS-Sport), participa-
tion in physical activities (HAGOS-PA), and hip and/or 
groin-related quality of life (HAGOS-QOL). Scores for 
the iHOT-33 and HAGOS have acceptable validity and 
reliability in active adults with hip/groin pain.20,22

2.3  |  Radiographs

Participants underwent a supine AP and Dunn 45° radio-
graph of each hip according to standardized protocols18 
to determine eligibility for the study and quantify femo-
ral head-neck asphericity.4,12 One blinded assessor (JJH) 
determined the presence of cam and pincer morphology 
using quantitative methods,12 as detailed in Appendix A. 
Briefly, a point set was placed on predetermined locations 
on the surface of the femur and acetabulum with statis-
tical shape modeling software (ASM toolkit, Manchester 
University, Manchester, UK). The alpha angle and LCEA 
were then calculated using MATLAB software v7.1.0 
(MathWorks Inc., Natick, Massachusetts, USA), with the 
alpha angle separately calculated for the AP and Dunn 45° 
radiographs. An LCEA ≥40° on the AP radiograph defined 
the presence of global pincer morphology.4,23 As all partic-
ipants in this study had hip/groin pain and cam morphol-
ogy, those with global pincer morphology were determined 
to have FAI syndrome with mixed morphology,12,23-25 
while all other participants had FAI syndrome with cam 
morphology.12,23-25 Excellent intra-rater reliability (intra-
class correlation coefficient (ICC) alpha angle AP = 0.92; 
alpha angle Dunn = 0.93; LCEA = 0.94) and moderate-
to-good inter-rater reliability (ICC alpha angle AP = 0.76; 
alpha angle Dunn  =  0.93; LCEA  =  0.63) were demon-
strated for bony hip morphology measures.2 Methods for 
determining intra-rater (JJH) and inter-rater (JJH and 
RA) have been previously described.2

2.4  |  Data management

Participants defined their most symptomatic hip on the 
iHOT-33 (reported from the question “which (hip) gives 
you the most trouble?”), and this hip was used for analyses. 
Three participants did not have useable iHOT-33  scores 
(i.e., their reported most symptomatic hip from the 
iHOT-33 did not meet the inclusion criteria of a positive 
FADIR test result), and another three did not complete 

the HAGOS; these six participants were removed from the 
respective analyses.

2.5  |  Statistical analysis

Data were assessed for normality using boxplots and 
Shapiro-Wilk analyses. Continuous demographic data 
were summarized using means and standard deviations 
or medians and interquartile range (IQR) values, as ap-
propriate. Linear regression models investigated the rela-
tionships between alpha angle (continuous independent 
variable, measured separately using AP and Dunn 45° 
radiographs) and patient-reported outcome measure 
(PROM) scores (dependent variable – HAGOS and iHOT-
33 scores of 0 to 100). Prior to interpreting results, models 
were assessed for violations of assumptions. Residual scat-
ter plots assessed linearity and homoscedasticity, and var-
iance inflation statistics (VIF) >10 indicated problematic 
multicollinearity. Normality of regression model residuals 
was assessed using residual scatter plots and Shapiro-Wilk 
analyses. Relationships between alpha angle and PROM 
scores were analyzed unadjusted and adjusted for the co-
variates of age, sex, and body mass index (BMI). Pseudo 
R2 values quantified the strength of modeled relationships. 
For adjusted (multivariable) linear regression models, in-
teraction effects between sex and alpha angle (sex*alpha 
angle) were examined and removed if not significant. Due 
to the relatively small number of female football players 
compared to men, modeled relationships for women may 
have been unduly influenced by individual participants. 
Therefore, models with significant sex*alpha angle inter-
action terms (p < 0.05) were examined for data outliers 
using box plots and residual scatter plots. If removing data 
outlier(s) from affected linear regression models nullified 
the sex*alpha angle interaction term (i.e., p > 0.05), then 
the influential case(s) were removed from the main analy-
sis. Sensitivity analyses involving men only were then un-
dertaken to validate the findings of the main analysis. If 
the statistical significance of the interaction term was un-
changed after removing data outliers (i.e., p < 0.05), then 
all available data were stratified by sex and linear regres-
sion models were separately built for men and women. 
As iHOT-33 and HAGOS scores are anchored by values 
of 0 and 100, they may not always be optimally modeled 
using linear regression. To validate the results of our main 
analysis, we conducted sensitivity analyses using models 
with arcsine-transformed26 iHOT-33 and HAGOS scores. 
The method for transforming the dependent variables is 
described in Appendix  B. Statistical analyses were com-
pleted using the General Analyses for Linear Models mod-
ule in Jamovi version 1.8.1.0 (the jamovi project, Sydney, 
Australia). Level of significance was set at 0.05.
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3   |   RESULTS

In total, 118 football players (12 women) with FAI syn-
drome were included in this study. Figure 1 summarizes 
participant recruitment and flow. Demographic charac-
teristics of football players with FAI syndrome are sum-
marized in Table 1.

3.1  |  Linear models and Dunn 
45° radiograph

Results for linear regression models (unadjusted and 
adjusted) for the Dunn 45° radiograph are presented in 
Table 2. Larger alpha angles were associated with lower 
(i.e., worse) scores for the iHOT-Total, iHOT-Symptoms, 
iHOT-Job, and iHOT-Social subscales (unadjusted esti-
mate range −0.553 to −0.319 [95%CI −0.900 to −0.037], 
p = 0.002 to 0.027). Adjusted model estimates found that 
for every 10° increase in alpha angle above 60°, iHOT-
33 scores decreased by 3.7-points (iHOT-Total), 3.5-points 
(iHOT-Symptoms), 4.9-points (iHOT-Job), and 5.8-points 
(iHOT-Social) (Figure  2). Alpha angles were not as-
sociated with the iHOT-Sport score (p  =  0.459) nor any 
HAGOS scores (p = 0.110 to 0.802).

3.2  |  Linear models and AP radiograph

The results for linear regression models for the AP radio-
graph are presented in Table  3. Alpha angles measured 
using the AP radiograph were not associated with any 
iHOT-33 or HAGOS scores (p = 0.085 to 0.975).

3.3  |  Sensitivity analyses

There were significant sex*alpha angle interaction ef-
fects for all linear models involving the AP radiograph 
(except iHOT-Job and iHOT-Social). Larger alpha angles 
were associated with worse burden in women but not 
men due to one influential female case (see figures in 
Appendix C). Therefore, data for this one female partici-
pant were removed from the main analysis (for affected 
AP models only), nullifying the significant sex*alpha 
angle interaction terms. Sensitivity analyses undertaken 
in men only confirmed the findings of the main analysis 
(Appendix  D), indicating that our inclusion of women 
in the main analysis did not alter the statistical signifi-
cance of the models. Sensitivity analyses with arcsine-
transformed dependent variables also confirmed the 
findings of the main analysis (Appendix B), indicating 

F I G U R E  1   Participant flow for football players with hip/groin pain. Abbreviation: AP = anteroposterior pelvis; FADIR = flexion-
adduction-internal rotation



      |  741SCHOLES et al.

that the distribution of PROM scores did not affect the 
modeled relationships.

4   |   DISCUSSION

We investigated the relationships between alpha angle 
(measured separately using the AP and Dunn 45° radio-
graphs) and iHOT-33 and HAGOS scores in active football 
players with FAI syndrome with cam or mixed morphol-
ogy. Football players with larger cam morphology re-
ported worse iHOT-Total, iHOT-Symptoms, iHOT-Job, 
and iHOT-Social scores when alpha angle was measured 
using the Dunn 45° radiograph but not the AP. Larger 
anterosuperior cam morphology, as visualized using the 
Dunn 45° radiograph, may be more relevant for reported 
pain and symptoms in football players with FAI syndrome 
than superior (AP visualized) cam morphology.

We found a location-specific relationship between cam 
morphology size and reported hip/groin burden in foot-
ball players with FAI syndrome. Maximum alpha angle 
measurements are frequently observed at the anterosu-
perior region of the femoral head-neck junction,4,15-17 
where larger and more anterior cam morphology has been 
found to impinge the acetabulum at smaller degrees of 
hip flexion.27  While mechanical impingement between 
the femoral neck and acetabulum may increase hip joint 
stresses,28 restrict ROM,11,29 and cause chondrolabral pa-
thology,8,9 the effect of cam morphology on reported bur-
den has been less certain. Cam morphology presence13,14 
and size2,30,31  have been unrelated to PROM scores in 

various symptomatic populations, including those un-
dergoing hip arthroscopy,30,31 adults with self-reported 
hip OA,13 and football players with hip/groin pain.2,14 
Our findings, which contrast previous reports investigat-
ing cam morphology size,2,30 might be explained in part 
by our location-specific analysis30 and more homogenous 
cohort.2,30 By only including football players with FAI syn-
drome with alpha angles ≥60°, cam morphology was more 
likely to be relevant for participants’ clinical presentation 
when compared to symptomatic football players (or other 
populations) with alpha angles <60°.4,6,25 Consistent with 
our findings, anterosuperiorly located cam morphology 
optimally discriminated between people undergoing sur-
gery for hip pain and pain-free people, compared to other 
femoral head-neck regions.17,32 Larger anterosuperior cam 
morphology, therefore, might be related both to the pres-
ence and severity of hip/groin pain; however, the cross-
sectional nature of our study and others17,32  means that 
determining causality remains elusive. Our findings sup-
port calls for prospective studies to understand the effect 
of anterosuperior cam morphology size on reported bur-
den and joint disease over time,5,12 particularly in high-
impact athletes who may be at greater risk of hip OA.3

Modest relationships between anterosuperior cam 
morphology size and iHOT-33 scores suggest that factors 
other than cam morphology may influence self-reported 
burden in football players with FAI syndrome. It is un-
clear why relationships were limited to the iHOT-33 only, 
considering that the HAGOS and iHOT-33 examine equiv-
alent dimensions of hip/groin pain22 and share many 
similar questions.33 Differences in the scoring (ordinal 

T A B L E  1   Demographic characteristics of football players with FAI syndrome

All participants
(n = 118)

Cam morphology using 
Dunn 45° radiograph
(n = 110)

Cam morphology using 
AP pelvis radiograph
(n = 77)

Women
(n = 12)

Men
(n = 106)

Women
(n = 9)

Men
(n = 101)

Women
(n = 8)

Men
(n = 69)

Age (years) 24 [7] 26 [6] 23 [5] 26 [6] 24 [10] 26 [6]

Body mass index (kg/m2) 22.4 [2.4] 24.5 [2.7] 22.9 [2.9] 24.4 [2.7] 22.4 [1.8] 24.4 [2.7]

Symptom duration (months) 18 [30] 24 [32] 24 [38] 24 [33] 14 [12] 30 [41]

Soccer player 5 (42%) 43 (41%) 4 (44%) 40 (40%) 3 (38%) 28 (41%)

KL grade 0 12 (100%) 98 (92%) 9 (100%) 93 (92%) 8 (100%) 63 (91%)

FAI syndrome – Mixed 1 (8%) 10 (9%) 1 (11%) 9 (9%) 1 (13%) 7 (10%)

Alpha angle (degrees) - - 67.5 [13.2] 77.9 [15.1] 77.0 [3.7] 77.0 [13.2]

Cam morphology using both radiographic 
views

5 (42%) 64 (60%) - - - -

Cam morphology using Dunn 45° view only 4 (33%) 37 (35%) - - - -

Cam morphology using AP pelvis view only 3 (25%) 5 (5%) - - - -

Note: Data presented as medians and interquartile ranges [IQR] or counts and proportions (%). Cam morphology determined to be present for each 
radiographic projection when alpha angle ≥60° was recorded. “FAI syndrome – Mixed” indicates femoroacetabular impingement syndrome with mixed 
morphology. Abbreviations: AP = anteroposterior, KL = Kellgren and Lawrence, and - = not applicable.
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vs continuous and per-person vs per-hip) and/or unique 
questions within the iHOT-33  may have influenced the 
scores and hence the relationships with cam morphol-
ogy size. Although relationships existed for most iHOT-
33  scores, model estimates determined that alpha angle 
differences of more than 20° would be required to man-
ifest as clinically important score differences between 
our football players,22 and smaller alpha angle differ-
ences were less likely to be meaningful. Furthermore, 
small pseudo R2 values for univariable models found that 
only 4.6% to 8.7% of the variance in iHOT-33 scores was 
explained by alpha angle, indicating that the severity of 
pain, symptoms, and functional impairment reported by 
our football players was mostly impacted by factors other 
than anterosuperior cam morphology size. These coex-
isting factors may be distinct from the sequalae of cam 
morphology and could include, for example, physical 
impairments such as strength deficits10 or altered bio-
mechanics.34 Other bony morphological features (e.g., 
acetabular, femoral, and spinopelvic morphologies) have 
partially explained the presence of hip/groin pain in those 
undergoing surgery when compared to pain-free people,17 
and greater understanding of the relationships between 
these imaging findings and the presence of pain and the 
severity of reported burden are needed in high-impact 
athletes. Nonphysical (e.g., psychosocial and contextual) 
factors35 can moderate relationships between physical 
findings and reported burden. For example, preoperative 
mental health status, but not the severity of intraopera-
tive findings, was related to reported burden in people 

undergoing hip arthroscopy.31,36 Self-reported treatment 
outcomes may too be influenced by other physical and 
nonphysical factors, with postoperative alpha angles or 
the magnitude of bony resection rarely related to PROM 
scores following femoral head-neck osteochondroplasty37. 
Our findings suggest that football players with larger an-
terosuperior cam morphology may be at risk of worse hip/
groin pain and symptoms; however, they do not imply 
that surgical treatment to address bony morphology will 
improve reported burden. Larger cam morphology might 
moderate the effectiveness of exercise-based rehabili-
tation,38 but full-scale studies are needed to understand 
this potential relationship. To improve treatment selection 
and outcomes for football players with FAI syndrome, im-
proved knowledge of the natural history of reported hip/
groin burden and the mechanisms of nonsurgical and sur-
gical treatments are needed.

There are limitations that should be considered when 
interpreting our results. First, AP and Dunn 45° radio-
graphs do not provide three-dimensional visualization 
of the femoral head-neck junction, potentially leading to 
under- or over-reporting of cam morphology size (misclas-
sification bias). However, alpha angles recorded using AP 
and Dunn 45° radiographs have previously demonstrated 
adequate correlation with computed tomography39 and 
magnetic resonance imaging.15,16 Second, impingement 
between the femoral head-neck junction and the ace-
tabulum may be more likely in individuals with smaller 
femoral antetorsion angles,4 potentially altering the rela-
tionship between cam morphology size and self-reported 

F I G U R E  2   Adjusted relationships between alpha angle (degrees) measured using the Dunn 45° radiograph and International Hip 
Outcome Tool-33 (iHOT-33) subscale scores in football players with femoroacetabular impingement syndrome. *indicates significant 
relationships (p < 0.05)
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burden in our football players with FAI syndrome. Third, 
global pincer morphology was defined using the LCEA; 
however, other pincer morphologies (e.g., global or focal 
retroversion) may have existed4 and affected investigated 
relationships. Fourth, the low specificity of the FADIR 
test to detect hip-related pain40  means that hip/groin 
pain in some of our football players may not have been 
due to FAI syndrome, despite the presence of cam mor-
phology. Extra-articular groin pain entities41 and lumbar 
conditions may have contributed to hip/groin pain in our 
football players and affected modeled relationships. Fifth, 
the small number of women we investigated means that 
we were likely underpowered to determine whether rela-
tionships between alpha angle and reported burden were 
dependent on sex. While sensitivity analyses confirmed 
our findings in men, studies with more women are needed 
to confirm or refute a potential sex-specific negative rela-
tionship between superior cam morphology and reported 
burden. Sixth, our findings may be specific to football 
players, and further investigation of other patient popu-
lations with FAI syndrome (e.g., nonathletes and athletes 
from other sports) is needed to identify whether similar 
location-specific relationships exist.

5   |   CONCLUSIONS

Alpha angle measured using the Dunn 45° radiograph, but 
not the AP, was modestly related to worse iHOT-33 scores 
in football players with FAI syndrome with cam morphol-
ogy. Larger anterosuperior (Dunn 45°) cam morphology 
may be more relevant to pain and symptoms in football 
players with FAI syndrome than superior (AP) cam mor-
phology. Further prospective studies are needed to exam-
ine the effect of larger anterosuperior cam morphology on 
reported burden and structural hip disease over time.

6   |   PERSPECTIVE

We found that larger anterosuperior, but not superior, 
cam morphology was modestly associated with worse 
self-reported pain and symptoms in football players 
with FAI syndrome. Cam morphology presence, de-
fined by an alpha angle threshold value of 60°, has pre-
viously been unrelated to reported burden in people 
with hip/groin pain;13,14  however, our findings indi-
cate that larger cam morphology may be more relevant. 
Our findings are consistent with previous reports of a 
dose-response relationship between cam morphology 
and physical findings, where those with larger cam 
morphology had worse chondrolabral pathology8,9 and 

restricted ROM.11 It is unclear why football players with 
larger cam morphology reported worse perceived im-
pairment to physical function than those with smaller 
cam morphology, warranting future investigation of 
the relationship between cam morphology size and hip 
joint biomechanics during sporting tasks. The modest 
strength of our modeled relationships indicated that the 
severity of reported burden in football players with FAI 
syndrome was mostly impacted by factors other than 
anterosuperior cam morphology size; thus, clinicians 
might consider the relevance of cam morphology size 
in relation to other physical and nonphysical factors 
when planning treatment for football players with FAI 
syndrome. Our location-specific findings support calls 
for prospective studies that investigate the effect of an-
terosuperior cam morphology on hip disease in people 
with FAI syndrome.5,12 Furthermore, knowledge of the 
mechanisms of nonsurgical and surgical treatments is 
needed to improve treatment selection and outcomes for 
football players with FAI syndrome.
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APPENDIX A

Quantitative measures of  bony hip morphology

Abbreviations: α, alpha angle. LCEA, lateral center-edge angle.
The white points on the image are representative of the manual point set that was placed on predetermined locations 

on the surface of the femur and acetabulum.

Alpha angle
Cam morphology presence and size were determined by measuring the alpha angle on the Dunn 45° radiograph (Image 
A) and anteroposterior pelvis (AP) radiograph (Image B). The points placed on the femoral head and neck determined 
the circle of best fit around the femoral head and center of femoral neck, respectively. The alpha angle was calculated by 
the line from the center of the femoral neck to the center of the femoral head and the line from the center of the femoral 
head to the location where the bone first leaves the circle of best fit.

Lateral center-edge angle
Using the AP radiograph, the LCEA was determined by a vertical line originating from the center of the femoral head 
and a corresponding line from the center of the femoral head to the most lateral weight-bearing portion of the acetabular 
sulcus. The vertical line was drawn perpendicular to a horizontal line connecting the two superolateral points of both 
obturator foramen, to correct for potential pelvic malposition.

(A) (B) (C)
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