
Activity Level and Sport Type in Adolescents Correlate
with the Development of Cam Morphology

Robert W. Westermann, MD, Elizabeth J. Scott, MD, Andrew L. Schaver, BS, Anthony Schneider, BS, Natalie A. Glass, PhD,
Steven M. Levy, DDS, MPH, and Michael C. Willey, MD

Investigation performed at the Department of Orthopedics and Rehabilitation, University of Iowa Hospitals and Clinics, Iowa City, Iowa

Background: The purpose of this study was to evaluate the influence of the volume and type of sport on the development
of cam-type femoroacetabular impingement and acetabular dysplasia.

Methods: The Physical Activity Questionnaire for Adolescents (PAQ-A) was administered to Iowa Bone Development
Study participants at the age of 17 years to identify those who had participated in at least 2 seasons of high school
interscholastic sports. Based on relative peak strain and ground reaction forces, subjects were grouped as power sport
athletes (basketball, cheerleading, football, gymnastics, soccer, and volleyball), non-power sport athletes (wrestling,
baseball, cross-country or track and field, softball, or tennis), or non-athletes. Using anteroposterior views of the left hip
formatted from dual x-ray absorptiometry (DXA) scans, the alpha angle, head-neck offset ratio (HNOR), and lateral center-
edge angle (LCEA) were evaluated longitudinally at the ages of 17, 19, and 23 years. Logistic regression was used to
evaluate the odds of hip cam morphology (alpha angle >55� and/or HNOR <0.17) or acetabular dysplasia (LCEA <24�) at
the age of 23 years in all athlete groups. The relationships between physical activity level and hip measures (alpha angle,
HNOR, and LCEA) from the ages of 17 to 23 years were examined using linear mixed models adjusted for sex.

Results: Compared with non-athletes at the age of 23 years, power sport athletes had significantly greater odds of cam
morphology according to the alpha angle (odds ratio [OR], 2.93 [95% confidence interval (CI), 1.02 to 8.41]; p = 0.046)
and HNOR (OR, 1.91 [95% CI, 1.01 to 3.60]; p = 0.047), but not greater odds of acetabular dysplasia (p > 0.05). There
were no significant differences in the odds of cam morphology or acetabular dysplasia in non-power sport athletes
compared with non-athletes (all p > 0.05). Higher physical activity levels were significantly associated with an increase in
the alpha angle (beta and standard error, 0.77� ± 0.30�; p = 0.011) and a decrease in the HNOR (20.003 ± 0.001; p =
0.003), but not the LCEA (20.05 ± 0.15; p = 0.744).

Conclusions: A higher volume of physical activity and participation in sports with higher peak strain and ground reaction
forces during the process of skeletal maturation may increase the risk of developing cam morphology during late
adolescence.

Level of Evidence: Prognostic Level III. See Instructions for Authors for a complete description of levels of evidence.

F
emoroacetabular impingement syndrome is a common
hip disorder characterized by decreased femoral head-
neck offset (cam), acetabular overcoverage (pincer), or

both combined, which can result in early-onset hip osteoar-
thritis1,2. In the general population, the prevalence of cam
morphology is approximately 15% to 25% in men and 5% to
15% in women3-6. High physical activity throughout skeletal
maturation is a commonly accepted etiology of cam mor-
phology development7. In particular, aggressive sport partici-
pation throughout skeletal maturation has been associated with
the development of cam-type femoroacetabular impinge-

ment8-12. Prospective and retrospective longitudinal studies have
associated participation in elite-level soccer, basketball, and ice
hockey with the development of cam morphology13-17. The
proposed mechanism involves repetitive hip flexion and
external rotation forces that stimulate osseous overgrowth at
the growth plate, particularly in the anterolateral aspect of the
proximal femoral physis18.

In contrast, there is a paucity of data with regard to the
association between intense adolescent physical activity and
acetabular version or femoral head coverage. During normal
skeletal maturation, the triradiate physis ossifies and the
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posterior wall of the acetabulum grows, resulting in a change in
osseous acetabular version12,19. It is currently unknown whether
adolescent sport participation can alter the development of
acetabular dysplasia or certain sports simply self-select for
athletes with a particular osseous morphology of the hip20. In a
group of 63 female collegiate track and field, soccer, and vol-
leyball players, Kapron et al.21 found a higher prevalence of
acetabular dysplasia, defined as a lateral center-edge angle
(LCEA) of <20�, compared with previously reported rates for
the general population (21% compared with 3.5% to 4%).
Similarly, Hamilton et al.22 observed relative femoral retrover-

sion in adolescent female dancers involved in intensive ballet
training.

Because femoroacetabular impingement and acetabular
dysplasia are both risk factors for the development of hip
osteoarthritis23-28, identifying certain populations at risk for
developing cam morphology or worsening acetabular over-
coverage or undercoverage could help to improve treatment
and prevent future hip osteoarthritis. Therefore, the purpose of
this study was to compare the development of cammorphology
and acetabular overcoverage or undercoverage among groups
of adolescents participating in sports with elevated peak strain

TABLE I Total Participants Included per Visit*

Visit No. of Patients Age† (yr) Included Patients Excluded Patients‡

1 379 17.5 ± 0.4 (16.8 to 18.5) 317 62

2 329 19.8 ± 0.7 (18.6 to 22.1) 263 66

3 322 23.4 ± 0.8 (22.8 to 25.2) 260 62

*Total included in data analysis. †The values are given as the mean and the standard deviation, with the 95% CI in parentheses. ‡Visit 1: 62
participants were excluded because of poor-quality DXA scans or inadequate physical activity data. Visit 2: 66 participants either missed visit 2,
had poor-quality scans, or had inadequate data. Visit 3: 62 participants either missed visit 3, had poor-quality scans, or had inadequate data.

Fig. 1-A Fig. 1-B

Figs. 1-A and 1-B Examples of DXA scans showing the left hip with the alpha angle and LCEA (Fig. 1-A) andHNOR (HNOR= A [neck offset distance]/B [width

of femoral head]) measurements overlaid (Fig. 1-B). Yellow lines were automatically placed during DXA scan routine analysis and outline the bone density

area of interest. In scans with very low bone mass, the yellow lines may not perfectly outline the bone. The true borders of the bone were used to measure

the alpha angle, HNOR, and LCEA.
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and ground reaction forces (which we will call power sports)
compared with both those with less peak strain and ground
reaction forces (non-power sports) and non-athletes. We
hypothesized that participation in power sports would be
associated with greater odds of cam-type femoroacetabular
impingement (alpha angle of >55� and/or head-neck offset
ratio [HNOR] of <0.17)29,30 and acetabular dysplasia (LCEA of
<24�) compared with non-power sport athletes or non-athletes
at skeletal maturity; we also hypothesized that higher scores on
the Physical Activity Questionnaire for Adolescents (PAQ-A)
during adolescence, regardless of sport participation, would be

associated with cam-type femoroacetabular impingement
(alpha angle of >55� and/or HNOR of <0.17) and acetabular
dysplasia (LCEA of <24�).

Materials and Methods

This study was approved by the institutional review board at
the University of Iowa.

Iowa Bone Development Study
This study utilized existing data from the Iowa Bone Devel-
opment Study31, which is a prospective cohort study of the
effects of fluoride and other factors on bone development.
Between 1998 and 2001, participants from the Iowa Fluoride
Study birth cohort were enrolled at approximately 5 years of
age. Follow-up visits occurred about every 2 to 3 years, when
dietary intake and physical activity questionnaires were
administered, heights and weights were measured, and dual x-
ray absorptiometry (DXA) scans were performed. The current
analyses were restricted to data collected at follow-up visits at
the ages of 17, 19, and 23 years.

Sport Participation and Physical Activity
At the age of 17 years, subjects were asked via a mailed survey to
report the amount and type of high school interscholastic sport
participation. They also completed the PAQ-A32, a 7-day-recall
questionnaire that assesses self-reported moderate to vigorous

TABLE II Baseline Characteristics by Activity Group

Variable Non-Athlete (N = 92) Non-Power Sports (N = 50) Power Sports (N = 118)

Age* (yr) 17.5 ± 0.4 17.6 ± 0.4 17.5 ± 0.4

Body mass index* (kg/m2) 25.1 ± 6.5 23.4 ± 4.9 24.3 ± 4.3

Female sex† 52 (56.5%) 33 (66.0%) 63 (53.4%)

Race†

White 89 (96.7%) 49 (98.0%) 114 (96.6%)

Black 0 (0%) 0 (0%) 2 (1.7%)

Asian 1 (1.1%) 1 (2.0%) 0 (0%)

Hispanic 2 (2.2%) 0 (0%) 2 (1.7%)

LCEA* (deg) 29.3 ± 6.5 28.9 ± 4.6 29.2 ± 5.2

<24�† 23 (25.3%) 8 (16.0%) 21 (17.8%)

>40�† 5 (5.4%) 2 (4%) 5 (4.2%)

Alpha angle* (deg) 41.5 ± 7.1 42.1 ± 6.5 43.6 ± 9.5

>55� at age 17 yr† 5 (4.6%) 1 (1.6%) 8 (5.6%)

HNOR* 0.2 ± 0 0.2 ± 0 0.2 ± 0

<0.17 at age 17 yr† 57 (51.8%) 34 (54.0%) 83 (57.7%)

PAQ-A* (1 to 5) 2.1 ± 0.8‡§ 2.6 ± 0.8 2.5 ± 0.8

Caloric intake* (kcal/day) 1,534.0 ± 691.5 1,541.9 ± 516.8 1,709.2 ± 951.4

Height* (cm) 170.0 ± 9.8# 169.8 ± 9.6 173.4 ± 9.4

*The values are given as the mean and the standard deviation. †The values are given as the number of patients, with the percentage in
parentheses. ‡P < 0.01 compared with the non-power sport athlete group. §P < 0.001 compared with the power sport athlete group. #P < 0.05
compared with the power sport athlete group.

TABLE III The Incidence of Newly Developed CamMorphology at
the Age of 23 Years

Sport Group

Incident Cam Morphology*

Absent Present Total

Non-athlete 85 (96.59%) 3 (3.41%) 88

Non-power sports athlete 45 (91.84%) 4 (8.16%) 49

Power sports athlete 99 (89.19%) 12 (10.81%) 111

Total 229 19 248

*The values are given as the number of patients, with or without
the row percentage in parentheses.
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physical activity during the school year. Items are scored on a scale
of 1 to 5 and were averaged, with a higher activity level indicated
by a higher mean score. Participants were grouped into sport
categories based on their responses to participation in athletics
using a previous classification by Ward et al.33. Athletes were
defined as those who participated in at least 2 seasons of high
school interscholastic sports33. Two seasons were chosen because
bone intervention studies have suggested that a minimum of
7months is needed for bone adaptation34. Those who participated
for £1 season were considered non-athletes. We further sub-
divided athletes based on a previously used power sports classi-
fication system based on relative peak strain and ground reaction

forces experienced in various sports35. Power sport athletes were
defined as those participating in basketball, cheerleading, football,
gymnastics, soccer, and volleyball, and non-power sport athletes
were defined as those participating in wrestling, baseball, cross-
country or track and field, softball, or tennis, or power sport
athletes participating in only 1 season33.

Imaging the Hip
Using DXA scans at the mean ages of 17, 19, and 23 years,
subjects were evaluated for cam-type femoroacetabular
impingement and acetabular dysplasia. Scans were acquired
using the Hologic 4500A densitometer; a single, supine,

Fig. 2

The mean alpha angle by high school sport group from ages 17 to 23 years. The error bars indicate the standard error.

Fig. 3

A patient who developed cammorphology between the ages of 17 years (left) and 23 years (right), with an associated increase in alpha angle from the ages

of 17 to 23 years.
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anteroposterior view of the left femoral neck was isolated
from a digital copy of the scan. During the scan, the lower
extremity was internally rotated (resembling an anteroposte-
rior radiographic view) and was supported at the knee and foot
to limit movement. The alpha angle, HNOR, and LCEA were
measured using the left proximal femoral view with ImageJ
(National Institutes of Health [NIH]). The alpha angle was
measured and the presence of cam morphology was defined as
an alpha angle of >55� (Fig. 1-A)8,29. Femoral head-neck offset
was measured by drawing parallel lines through the most
anterior aspect of the femoral head and the most anterior
aspect of the femoral neck and then measuring the distance
between them (Fig. 1-B)36. The HNOR was found by dividing
the offset measurement by the femoral head diameter; a value
of <0.17 was used to define cam morphology37,38. For LCEA, as
the hemipelvis and contralateral hip were not visible, a vertical
line through the center of the femoral head was used as the
reference point, with the LCEA measured to the lateral edge of
the sclerotic acetabular sourcil. We defined acetabular dysplasia
as an LCEA of <24� and pincer morphology as >40�, thus
including most hips with borderline dysplasia (LCEA, 20� to

25�) as well as those with more severe dysplasia (LCEA, <20�)
(Fig. 1-A). Measurements were taken twice by a medical stu-
dent (A.S.) at 2 separate time points at least 2 weeks apart to
determine intrarater reliability. In addition, measurements of a
random sample of 10 subjects were made by a board-certified
orthopaedic surgeon (R.W.W.) and were used to determine
interrater reliability.

Statistical Analysis
Descriptive statistics were calculated, and the distributions of
continuous variables were evaluated using the Shapiro-Wilk
test and through evaluation of histograms. Logistic regression
was used to model the relationship between odds of hip mor-
phology (cam morphology: alpha angle of >55� or HNOR of
<0.17; hip dysplasia: LCEA of <24� or >40�) and sporting
group (power sport athlete, non-power sport athlete, and non-
athlete) at the age of 23 years, with and without adjustment for
sex. Linear mixed models were used to evaluate the relation-
ships between physical activity score and alpha angle, HNOR,
and LCEA from the age of 17 to 23 years. This included a
random intercept and physical activity score, alpha angle,

Fig. 4

A patient with essentially no change in alpha angle from the ages of 17 years (left) to 23 years (right).

TABLE IV Relationships Among High School Sports Groups and Odds of Cam Morphology According to Alpha Angle at the Age of 23 Years

Activity Group

Alpha Angle*

OR† P Value OR Adjusted for Sex† P ValueNormal (£55�) CAM Morphology (>55�)

Non-athlete 87 (94.6%) 5 (5.4%) Reference Reference

Non-power sports 45 (90.0%) 5 (10.0%) 1.93 (0.53 to 7.03) 0.3168 2.29 (0.61 to 8.60) 0.2177

Power sports 101 (85.6%) 17 (14.4%) 2.93 (1.04 to 8.27) 0.0424 2.93 (1.02 to 8.41) 0.0461

Athletes (all sports) 146 (86.9%) 22 (13.1%) 2.22 (0.98 to 5.06) 0.0573 2.10 (0.91 to 4.86) 0.0841

*The values are given as the number of patients, with the row percentage in parentheses. †The values are given as the OR, with the 95% CI in
parentheses.
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HNOR, LCEA, and sex as fixed effects in models. Intraclass
correlation coefficients (ICCs) were used to describe interrater
reliability. Analyses were completed using SAS statistical soft-
ware version 9.4 (SAS Institute).

Source of Funding
The Iowa Bone Development Study was supported in part by
NIH grants R01-DE09551, R01-DE12101, UL1-RR024979,
UL1-TR002537, and R56-DE012101; the Roy J. Carver Char-
itable Trust; and the Delta Dental of Iowa Foundation. One
author (A.S.) received an individual stipend of support
through a medical student summer research fellowship. The
present secondary analysis study did not receive additional
external funding.

Results

After excluding participants with missing physical activity
data or low-quality DXA scans (n = 62), a total of 317

participants were included for analysis. Of these 317 partici-
pants, 207 completed all 3 sequential scans at means of 17.5,
19.8, and 23.4 years. The remaining participants had a DXA
scan at the age of 17 years and 1 subsequent scan (at the age of
either 19 or 23 years) (Table I). Among the 317 participants,
there were no significant differences in age, body mass index,
sex, race, daily caloric intake, LCEA, alpha angle, or HNOR at
baseline (age of 17 years) among the sporting groups (power
sport athlete, non-power sport athlete, and non-athlete) (all

p > 0.05) (Table II). As expected, physical activity levels were
significantly lower on the PAQ-A in the non-athletes (mean
and standard deviation, 2.1 ± 0.8) compared with both power
sport athletes (2.5 ± 0.8; p < 0.001) and non-power sport
athletes (2.6 ± 0.8; p = 0.003). In addition, power sport athletes
were significantly taller (p = 0.030) at 173.4 ± 9.4 cm compared
with non-athletes at 170.0 ± 9.8 cm.

Alpha Angle
We found excellent interrater reliability for measurement of the
alpha angle (ICC, 0.91 [95% confidence interval (CI), 0.82 to
0.96]; p < 0.001). The incidence of cammorphology at the age of
17 years was low and did not differ between groups (Table II).
Some patients developed cam morphology between the ages of
17 and 23 years, and others did not (Tables I and III, Figs. 2, 3,
and 4). Compared with non-athletes, power sport athletes had
significantly greater odds of cam morphology at the age of 23
years (odds ratio [OR], 2.93 [95% CI, 1.04 to 8.27]; p = 0.0424);
however, there was no significant difference between non-power
sport athletes and non-athletes (OR, 1.93 [95%CI, 0.53 to 7.03];
p = 0.3168) (Table IV). When both types of athletes were
combined into a single group, there were greater odds of cam
morphology in athletes compared with non-athletes at the age of
23 years, but this did not reach significance (OR, 2.22 [95% CI,
0.98 to 5.06]; p = 0.057). Findings were similar following
adjustment for sex (Table IV). Linearmixedmodels also revealed
that higher levels of physical activity (higher PAQ-A scores) were

TABLE V Relationships Among High School Activity Groups and Odds of Cam Morphology According to HNOR at the Age of 23 Years

Activity Group

HNOR*

OR† P Value OR Adjusted for Sex† P ValueNormal (‡0.17) CAM Morphology (<0.17)

Non-athlete 57 (62.0%) 35 (38.0%) Reference Reference

Non-power sports 29 (58.0%) 21 (42.0%) 1.18 (0.58 to 2.38) 0.6451 1.52 (0.71 to 3.53) 0.2637

Power sports 57 (48.3%) 61 (51.7%) 1.74 (1.00 to 3.03) 0.0496 1.91 (1.01 to 3.60) 0.0469

Athletes compared with
non-athletes

86 (51.2%) 82 (48.8%) 1.64 (1.00 to 2.69) 0.0485 1.62 (0.92 to 2.83) 0.0934

*The values are given as the number of patients, with the row percentage in parentheses. †The values are given as the OR, with the 95% CI in
parentheses.

TABLE VI Relationships Among High School Sporting Activity Groups and Odds of Acetabular Dysplasia at the Age of 23 Years

Activity Group Normal LCEA* (‡24�) Dysplastic LCEA* (<24�) OR† P Value OR Adjusted for Sex† P Value

Non-athlete 72 (78.3%) 20 (21.7%) Reference Reference

Non-power sports 41 (82.0%) 9 (18.0%) 0.78 (0.33 to 1.90) 0.5981 0.76 (0.31 to 1.82) 0.5338

Power sports 85 (72.0%) 33 (28.0%) 1.40 (0.74 to 2.65) 0.3037 1.42 (0.75 to 2.70) 0.2818

Athletes compared with
non-athletes

126 (75.0%) 42 (25.0%) 1.51 (0.85 to 2.68) 0.1566 1.56 (0.88 to 2.78) 0.1297

*The values are given as the number of patients, with the row percentage in parentheses. †The values are given as the OR, with the 95% CI in
parentheses.
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significantly associated with an increase in the alpha angle (beta
and standard error, 0.77� ± 0.30�; p = 0.011) from the ages of 17
to 23 years.

HNOR
The interrater reliability for the measurement of HNOR was high
(ICC, 0.92 [95% CI, 0.45 to 0.99]; p = 0.004). Similarly, partici-
pants who had been power sport athletes in adolescence had
significantly greater odds of cam morphology by the HNOR
definition (<0.17) compared with non-athletes (OR, 1.74 [95%
CI, 1.00 to 3.03]; p = 0.0496) at the age of 23 years (Table V). The
results were sustained when adjusted for sex (OR, 1.91 [95% CI,
1.01 to 3.60]; p = 0.0469). Linear mixed models adjusted for sex
also revealed that higher levels of physical activity (higher PAQ-A
score) were associated with a lower HNOR (beta and standard
error, 20.003 ± 0.001; p = 0.003) at the age of 23 years.

Acetabular Morphology
The interrater reliability for the LCEA was also excellent (ICC,
0.99 [95% CI, 0.97 to 0.99]; p < 0.001). Neither acetabular
dysplasia (LCEA of <24�) nor pincer morphology (LCEA of
>40�) was associated with participation in sports during ado-
lescence in our analyses (all p > 0.05) (Tables VI, VII, and VIII).
Additionally, there was no significant longitudinal relationship
found between physical activity level (PAQ-A score) and LCEA
(beta and standard error,20.05� ± 0.15�; p = 0.7437) in linear
mixed models adjusted for sex.

Discussion

The present study found that participation in power sports
(basketball, cheerleading, football, gymnastics, soccer, or

volleyball) during adolescence before skeletal maturity was
associated with a greater likelihood of the development of
femoral cam morphology (alpha angle of >55� and HNOR of
<0.17) by the age of 23 years. A high physical activity level
(PAQ-A) score, regardless of sport participation, was also
associated with the development of cam morphology. We did
not observe this relationship with non-power sports (wrestling,
baseball, cross-country or track and field, softball, and tennis).
These results affirm some of our hypotheses, although sport
choice and activity level were not associated with acetabular
dysplasia (LCEA of <20�) or pincer morphology (LCEA of
>40�). These findings suggest that a higher volume of physical
activity and participation in sports with higher peak strain and
ground reaction forces during the process of skeletal matura-
tion increase the risk of developing cam morphology during
late adolescence or early adulthood.

Bone growth is complete near the end of adolescence or the
beginning of early adulthood, but bone tissue continues to reshape
and remodel during and after this time period, particularly in those
who participate in a higher volume and intensity of physical activity
during earlier adolescence33,35,39-41. Our findings support a link
between sport participation during the final stages of skeletal
development and presence of cam morphology at skeletal matu-
rity10,13-16,21. The proposed mechanism is that increased stress on an

TABLE VII Relationships Among High School Sporting Activity Groups and Odds of Pincer Morphology at the Age of 23 Years

Activity Group
No Pincer Morphology

(LCEA, £40�)*
Pincer Morphology
(LCEA, >40�)* OR† P Value OR Adjusted for Sex† P Value

Non-athlete 88 (95.7%) 4 (4.3%) Reference Reference

Non-power sports 49 (98.0%) 1 (2.0%) 0.45 (0.05 to 4.13) 0.4794 0.53 (0.06 to 5.07) 0.5854

Power sports 115 (97.5%) 3 (2.5%) 0.57 (0.13 to 2.63) 0.4747 0.53 (0.11 to 2.50) 0.4247

Athletes compared
with non-athletes

164 (97.6%) 4 (2.4%) 0.71 (0.17 to 3.06) 0.6505 0.63 (0.14 to 2.73) 0.5325

*The values are given as the number of patients, with the row percentage in parentheses. †The values are given as the OR, with the 95% CI in
parentheses.

TABLE VIII Relationships Among High School Sporting Activity Groups and Odds of Both Dysplasia and Pincer Morphology at the Age of 23
Years

Activity Group Normal LCEA* LCEA <24� or >40�* OR† P Value OR Adjusted for Sex† P Value

Non-athlete 68 (73.9%) 24 (26.1%) Reference Reference

Non-power sports 40 (80%) 10 (20%) 0.71 (0.31 to 1.63) 0.4181 0.70 (0.30 to 1.62) 0.4025

Power sports 82 (69.5%) 36 (30.5%) 1.24 (0.68 to 2.29) 0.4820 1.25 (0.68 to 2.30) 0.4738

Athletes compared with non-
athletes

122 (72.6%) 46 (27.4%) 1.39 (0.80 to 2.42) 0.2357 1.41 (0.81 to 2.44) 0.2263

*The values are given as the number of patients, with the row percentage in parentheses. †The values are given as the OR, with the 95% CI in
parentheses.
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open capital femoral physis leads to pathologic bone overgrowth at
the anterolateral head-neck junction18. This ismeasured by either the
alpha angle or HNOR, and both of these measures of head-neck
offsetmorphologywere associatedwith the volume and type (power
or non-power sports) of athletic participation. Therefore, the present
study corroborates previous literature that linked increased stress
across the femoral physis with structural cam-type femoroacetabular
impingement morphology on radiographs10,13-16,21.

Although the odds were higher in those who participated in
power sports, the prevalence of cam morphology defined by an
increased alpha angle in our study was lower than those described
in reports of elite soccer players (60% to 68%)13,42, basketball
players (89%)16, football players (72%)43, and ice hockey players
(69%, up to 90% in goalies)14. In our cohort, the prevalence of
cam morphology defined by an alpha angle of >55� at the age of
23 years was 14.4% for power sport athletes and 13.1% for all
athletes (power and non-power sport athletes), compared with
5.4% in non-athletes. Our sample of young adults represents the
local population in a single region of the United States and
includes both single-sport and multisport athletes with a range of
abilities and commitment levels, which may not be comparable
with previous studies evaluating elite athletes in a single sport13,14,43.
The overall volume of peak strain and ground reaction forces
experienced in our cohort was likely lower than that typically seen
in elite athletes. Furthermore, our study used an anteroposterior
hip image taken from DXA scans rather than a Dunn or frog-leg
lateral view, which are often more sensitive in identifying smaller
cam lesions. We found that the incidence of cam morphology
defined by the alpha angle varied substantially from the incidence
defined by the HNOR (5.6% by alpha angle and 57.7% byHNOR
in power sport athletes). Cam morphology most commonly
develops at the 1 to 2 o’clock position of the femoral neck and can
bemissed on an anteroposterior view, which primarily images the
12 o’clock aspect, and that may explain the difference between
these 2 measurements44. To detect cam morphology, a 3-view
radiographic series (anteroposterior, 45� Dunn lateral, frog-leg
lateral) was shown to be best when a computed tomographic (CT)
scan was used as the gold standard45.

In contrast, our study did not support the hypothesis that
changes in the acetabulum occur from adolescent athletic par-
ticipation. The literature supports a lower LCEA in some elite
athletic populations; however, it has been debated whether this
represents a structural adaption from use or a selection bias
favoring athletes with specific hip biomechanics. Ross et al.46

observed a significantly lower mean LCEA in elite ice hockey
goalies (27.3� compared with 29.6�; p = 0.03), a position that
requires constant deep hip flexion, and Mayes et al.47 observed a
lower LCEA in professional ballet dancers, with 18% having an
LCEA of <25� compared with 0% to 3% in other types of pro-
fessional athletes. To understand the etiology of these observa-
tions, longitudinal studies tracking high-level skeletally immature
athletes in these specific activities into adulthood are needed.

This study had several limitations. First, this study
involved secondary data analyses of Iowa Bone Development
Study data not collected for this purpose. We looked only at
radiographic evidence of impingement and dysplasia, and we

could not query participants with regard to symptoms or
obtain additional studies to fully evaluate the presence of open
or closed physes, femoroacetabular impingement syndrome,
and/or hip dysplasia. Thus, only an association between par-
ticipation in power sports and greater likelihood of developing
cam morphology could be discussed. The images used for this
study were obtained from non-weight-bearing DXA scans
providing an anteroposterior view of a single hip from the ages
of 17 to 23 years of age. Although we found a significant dif-
ference between alpha angles in power sport athletes compared
with non-athletes, the difference between 42� (non-athlete)
and 44� (power sport athlete) is minor and may fall within the
error of measurement48. The prevalence of cam morphology
can also be underestimated by using only the anteroposterior
view49,50. However, in a systematic review, van Klij et al.51

found that most studies utilize only the anteroposterior view
when reporting the presence of cam morphology, typically
with a threshold value of >60�. In addition, hip dysplasia
encompasses a wide variety of acetabular shapes and orien-
tations that were not assessed in the present study52. The
method of LCEA measurement in the current study had
limitations due to the inability to define the horizontal axis
of the pelvis. The classification of sport groups used in our
study precludes analysis on a single sport level, and the
cohort size limited further subanalysis by individual sport.
Also, the absence of data from younger ages and the inability
to report cumulative hours of physical activity throughout
the process of skeletal maturation were other limitations.

In conclusion, a higher volume of physical activity and
participation in sports with higher peak strain and ground
reaction forces during the process of skeletal maturation may
increase the risk of developing cam morphology during late
adolescence. n
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