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Abstract

Background: The purpose of this pilot study was to validate the feasibility of a definitive study aimed at determining
if high-intensity physical activity during adolescence impacts the development of femoroacetabular impingement
(FAI).

Methods: This prospective cohort pilot study had a sample size target of 50 volunteers between 12 and 14 years old
at sites in Canada, South Korea, and the Netherlands. Participants were evaluated clinically and radiographically at
baseline and at 2 years. The participants’sport and physical activity were evaluated using the Habitual Activity Estima-
tion Scale (HAES) and the American Orthopaedic Society for Sports Medicine (AOSSM) criteria for sport specializa-
tion. The primary outcome was feasibility and secondary outcomes included the incidence of radiographic FAl and
hip range of motion, function (Hip Outcome Score, HOS), and quality of life (Pediatric Quality of Life questionnaire,
PedsQL) at 24 months. Study groups were defined at the completion of follow-up, given the changes in participant
activity levels over time.

Results: Of the 54 participants enrolled, there were 36 (33% female) included in the final analysis. At baseline, those
classified as highly active and played at least one organized sport had a higher incidence of asymptomatic radio-
graphic FAI markers (from 6/32, 18.8% at baseline to 19/32, 59.4% at 24 months) compared to those classified as

low activity (1/4, 25% maintained at baseline and 24 months). The incidence of radiographic FAl markers was higher
among sport specialists (12/19, 63.2%) compared to non-sport specialists (8/17,47.1%) at 24 months. The HOS and
PedsQL scores were slightly higher (better) among those that were highly active and played a sport compared to
those who did not at 2 years (mean difference (95% confidence interval): HOS-ADL subscale 4.56 (— 7.57, 16.70);
HOS-Sport subscale 5.97 (— 6.91, 18.84); PedsQL Physical Function 7.42 (— 0.79, 15.64); PedsQL Psychosocial Health
Summary 6.51 (— 5.75, 18.77)).

Conclusion: Our pilot study demonstrated some feasibility for a larger scale, definitive cohort study. The preliminary
descriptive data suggest that adolescents engaged in higher levels of activity in sports may have a higher risk of
developing asymptomatic hip deformities related to FAl but also better quality of life over the 2-year study period.

Keywords: Femoroacetabularimpingement, Adolescents, Sports specialization, Magnetic resonance imaging

*Correspondence: ayenif@mcmaster.ca

2 McMaster University Medical Centre, 1200 Main St West, 4E15, Hamilton,
Ontario L8N 375, Canada
Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0003-4219-8564
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40814-022-01164-3&domain=pdf

Ayeni and PREVIEW Pilot Investigators Pilot and Feasibility Studies

Key messages regarding feasibility

+ There were uncertainties regarding the feasibility of
recruiting and following healthy volunteer partici-
pants for 2 years.

+ Participants were recruited over 12 months with a
10.4% loss to follow-up rate, with complete outcomes
data, including study questionnaires and MRIs, col-
lected for 75% (36/48) of participants at 2 years.

+ These feasibility findings led to protocol changes
for the main study including involving additional
international sites, implementing novel recruitment
strategies, adding interim follow-up visits every 3
months, and introducing an activity log and wrist-
worn tracker to improve the collection of physical
activity data over the 2-year period.

Introduction

Femoroacetabular impingement (FAI) is a relatively
newly recognized painful hip condition. The develop-
ment of pain in this manner serves as an indicator of
early damage to the hip and FAI has been implicated as
the probable principal cause of idiopathic hip osteoar-
thritis (OA) later in life [1-5]. It is classically described as
impingement between the femoral head and neck (FHN)
junction and acetabular rim because of bony deformi-
ties in one or both of these regions [6]. Therefore, two
morphologies have been classified: cam morphology—
defined as femoral head asphericity or FHN convexity;
and pincer morphology—where there is an overcoverage
of the femoral head by the acetabulum. It is estimated
that most cases of FAI are a mix of both cam and pincer-
type morphology (3, 7].

Prior literature has estimated that FAI prevalence
ranges from 14 to 23% in the asymptomatic general
population and up to 95% in athletes [8—11]. Awareness
of FAI among clinicians has caused a rise in its diagno-
sis across all age categories but more so in pediatric/ado-
lescent populations [12]. Suggested causes of FAI have
included genetics, subclinical hip disease, and stresses
to the hip joint from repetitive and high intensity activi-
ties at a younger age [13]. According to Packer et al., the
genetic implication is not clear, and in otherwise healthy
children, there is growing evidence that participation in
high level athletics during adolescence causes a higher
prevalence of FAI, especially cam morphology [14].

High-impact activities, especially during physeal clo-
sure, have been shown to have the potential to cause hip
damage [15, 16]. More specifically, high-impact activi-
ties have been shown to affect the development of the
femur at the growth plate region and FHN junction [17,
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18]. Children can suffer more consequences of injuries
and shear forces that can cause premature physeal clo-
sure, apophyseal avulsion, and chondral injuries because
of their open physes and growing cartilage [19]. Typical
activities that have been implicated in FAI development
include soccer, ice hockey, basketball, and football [10, 17,
20-22]. It has been posited that there is a dose-response
relationship between the amount of hours of practice
every week during adolescence and the eventual inci-
dence of cam-type morphology in adulthood among ath-
letes [15]. This is certainly of concern given the increasing
trend toward year-round participation in youth sports
with early specialization [23-25]. Consequently, research
is needed to determine “how much is too much” sport
activity in order to advocate for the young who cannot
easily protect themselves from excesses [26].

As FAI is diagnosed more frequently in athletes, and
with over 38 million young athletes participating in
organized sports in the USA alone [19], it has become
a priority to identify modifiable variables in order to
mitigate the risk of developing FAI in children and ado-
lescents. This is especially important due to the link
between FAI and hip OA later in life [12]. The PREVIEW
pilot study was initiated to evaluate the feasibility of a
large-scale prospective cohort to evaluate the potential
risk of developing FAl-related hip deformities based on
the intensity, duration, and specialization of sport activity
during adolescence.

Methods

Study design and participant selection

This study was a prospective cohort pilot with a sample
size target of 50 healthy volunteers between the ages of
12-14 years. Participants were excluded if they had a
closed physeal plate (i.e., a mature hip), hip complaints
at the time of enrollment, previous hip trauma or sur-
gery, any medical comorbidity that would limit activities
of daily living (ADLs), any history of or ongoing pediat-
ric hip disease, or were unwilling to undergo a magnetic
resonance imaging (MRI). MRI was used because it does
not involve any radiation. Participants were recruited by
experienced hip surgeons and sports medicine research-
ers at 4 clinical sites in Canada (2), South Korea (1), and
the Netherlands (1). All participating sites obtained eth-
ics approval. Participants were evaluated clinically and
radiographically at baseline and at 2 years.

Defining activity level and sport specialization

The participants’ duration and intensity of any sport
and general physical activity were evaluated using the
self-reported Habitual Activity Estimation Scale (HAES)
and sport specialization was classified according to the
American Orthopaedic Society for Sports Medicine
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(AOSSM) criteria [27]. The HAES quantifies the dura-
tion, in hours, of 4 levels of activity ranging from very
inactive (lying down, napping), somewhat inactive (sit-
ting, reading, watching television, playing video games),
somewhat active (walking, light chores), to very active
(running, bicycling, activities leading to sweating or
breathing hard) over a complete waking day [28]. The
cut-off of 180 min in a given category was used accord-
ing to prior sport specialization criteria and plans for the
definitive trial [29]. The HAES is designed for adminis-
tration in the pediatric population and has been shown
to be both a valid and reliable form of quantifying levels
of physical activity [28]. Participants classified as “highly
active” included those that scored “very active” on the
HAES and reported playing at least one sport. Using the
AOSSM criteria, a sport specialist was defined as some-
one who participated in intensive (i.e., HAES = “very
active”) training and/or competition in one sport greater
than 8 months per year [27]. Study groups were defined
at the completion of follow-up given participant activity
levels were expected to change over time.

Objectives and hypotheses

The primary outcome was to determine the feasibil-
ity of a large-scale prospective cohort study, based on
the following thresholds established a priori: (1) 50 sub-
jects recruited within 3 months, (2) 45 of 50 participants
(90%) achieving full follow-up at 2 years, and (3) comple-
tion of at least 90% of all outcome measures including
the Hip Outcome Score (HOS), Pediatric Quality of Life
(PedsQL) questionnaire, hip MRI, and range of motion
(ROM).

Secondary outcomes included the incidence of radio-
graphic FAI as determined by a blinded, independent
evaluation of an MRI of the dominant hip (planned pri-
mary outcome of the definitive study), ROM, hip func-
tion evaluated using the HOS, and health-related quality
of life (HRQL) evaluated using the PedsQL questionnaire
at 24 months. An additional secondary objective was to

Table 1 Criteria for defining FAI
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determine if the presence of FAI morphology at baseline
was associated with differences in participant-reported
hip function and HRQL at 24 months. We hypothesized
that (1) participants engaging in specialized, high inten-
sity sport activity would have a higher prevalence of FAI
morphology diagnosed through MRI compared to non-
sport specialists at varying activity levels in the same
age group at 2 years; (2) participants diagnosed with any
type of FAI (at baseline) would have decreased hip func-
tion and HRQL at 2 years compared to those without;
and (3) participants with symptomatic FAI would have
lower functional and HRQL scores at 2 years compared
to participants that did not have FAI morphology or were
asymptomatic.

Outcomes

Clinical assessments at baseline and 2 years consisted
of a hip ROM evaluation and response to both anterior
and posterior hip impingement tests, as well as log roll
test. We used a non-contrast 3D-volumetric interpolated
breath-hold examination (VIBE) sequence for each MRI
[30]. An independent, blinded adjudicator (a senior radi-
ologist with more than 20 years of experience) evaluated
all MRIs for FAI morphology using the criteria shown
in Table 1. The scores for the individual domains for the
HOS (ADL and sports subscale) and PedsQL (physical
functioning, emotional functioning, social functioning,
school functioning, psychosocial health summary) are
presented [31-35].

Statistical analysis

Given this was a pilot study with a small sample size, the
analyses were exploratory and descriptive. We present
the data using means, mean difference (MD), and pro-
portions with standard deviations and 95% confidence
intervals (CI). All outcomes presented are based on
24-month data. All analyses were conducted using SAS
version 9.4 (Cary, NC).

FAl type

Criteria

Cam

Pincer

Mixed

O Alpha angle is > 55°

O Anterior head-neck offset < 10 mm

O Anterior head-neck offset ratio < 0.15

*Must meet 2/3 criteria to be considered cam impingement

O Acetabular depth < 3 mm

O Lateral center-edge angle >39°

O Acetabular anteversion (in the upper third of the femoral head) < 0°
*Must meet 2/3 criteria to be considered pincer impingement

*Must meet 2/3 criteria each for cam and pincer impingement (as per
above) to be considered mixed impingement
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Results

Of the 54 participants enrolled, there were 36 included
in the final analysis, 66.7% of which were male and the
mean age was 13.61 (£ 0.81) years. Eighteen participants
were excluded: 7 had incomplete data sets, 6 had a closed
physeal plate identified at the baseline MRI, and 5 were
lost to follow-up. The 6 participants with a closed phy-
seal plate were all female and ranged in age between 12.9
and 14.5 years and activity level from none (2/6), to light
(1/6), to vigorous (3/6) at the baseline evaluation. The
majority of participants had a normal BMI, no comor-
bidities, and reported their baseline sport activity as
“vigorous” On average, participants played one or more
sports for 3.53 (£ 2.06) hours per week. The most com-
monly played sports among the participants in this study
included soccer (44.4%), hockey (25.0%), and basketball
(16.7%) (Table 2). Based on the AOSSM criteria, a total
of 19 participants were categorized as sport specialists
and 17 as non-sport specialists (Table 2). When grouped
according to activity level, there were 32 participants
classified as highly active who played at least one sport
and 4 as low activity who played minimal or no sports
(Additional Table 1).

Feasibility measures

The investigators recruited 54 participants in 12 months
and of those 48 eligible (i.e., with open physeal plates)
the loss to follow-up rate was 10.4% (5/48) with complete
outcomes data, including study questionnaires and MRIs,
collected for 75% (36/48) of participants at 2 years. Of the
5 participants lost to follow-up, 2 could not be contacted
and 3 refused to return for their 2-year MRI due to fears/
restrictions related to coming into the hospital during the
COVID-19 pandemic.

Other outcome measures
At baseline, those classified as highly active and played
at least one organized sport had a higher incidence of
asymptomatic radiographic FAI markers (from 6/32,
18.8% at baseline to 19/32, 59.4% at 24 months) com-
pared to those classified in the low activity, with or
without playing a sport group (1/4, 25% maintained at
baseline and 24 months). The incidence of radiographic
FAI markers was higher among sport specialists (12/19,
63.2%) compared to non-sport specialists (8/17, 47.1%)
at 24 months. There was one participant with pincer-
type FAI in the high activity/sport specialist group while
all other cases were cam-type. All participants with FAI
morphology were asymptomatic.

Mean hip ROM measures were slightly reduced from
baseline to 2 years across all activity levels (Table 3). The
MRI measurements revealed there was a slightly higher
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proportion of labral tears in the highly active group (57%,
16/28) compared to the low activity group (50%, 1/2)
at 24 months. Overall, among participants with radio-
graphic FAI markers at 24 months, 43.3% (13/30) had a
labral tear. Partial thickness cartilage lesions were present
in 25% of participants 24 months (Table 4).

The HOS and PedsQL scores were slightly higher (bet-
ter) among those that were highly active and played
a sport compared to those who did not at 2 years [MD
(95% CI): HOS-ADL subscale 4.56 (— 7.57, 16.70); HOS-
Sport subscale 5.97 (— 6.91, 18.84); PedsQL Physical 7.42
(— 0.79, 15.64); PedsQL Emotional 11.87 (— 6.74, 30.49);
PedsQL Social 5.94 (— 2.86, 14.74); PedsQL School 1.72
(— 17.32, 20.76); PedsQL Psychosocial 6.51 (— 5.75,
18.77)] (Additional Table 2). There was no difference in
HOS and PedsQL scores at 2 years between participants
with FAI morphology at baseline compared to those
without (Additional Table 3).

Discussion

With respect to the feasibility objectives, this pilot study
required a longer period of recruitment (12 months vs.
target of 3 months), had a lower than expected outcomes
completion rate (75% vs. target of 90%), but did meet
the follow-up target of 90% for at least some 2-year data
(based on the 48 participants that were eligible for the
study). The available pilot data suggest that adolescents
engaged in higher levels of activity in sports or who spe-
cialize in one sport may have a higher risk of developing
asymptomatic FAI morphology (predominantly cam-
type) at 2 years. Those in the high activity/sport special-
ist groups also reported higher HOS and PedsQL scores
across all domains when compared to the low activity/
non-sport specialist groups at 2 years. Where all partici-
pants with FAI morphology were asymptomatic, there
was no difference in hip function (HOS) or HRQL (Ped-
sQL) between those with FAI morphology at baseline
compared to those without at 2 years.

Although not all of the feasibility objectives were met
for this pilot study, it helped to inform important pro-
tocol changes for the definitive study which is currently
underway. To address recruitment and enhance exter-
nal validity, we involved additional international sites in
the definitive study and implemented several important
recruitment strategies including posting study flyers at
each participating institution, distributing study flyers
online and on paper to grades in the eligible age range
at schools in the regions of the recruiting institutions,
and having the co-investigators reach out to community
coaches and competitive sport organizations and clubs.
To promote complete data collection and improve partic-
ipant retention, we added interim follow-up visits every
3 months and introduced an activity log and wrist-worn
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Table 2 Participant demographics by sport specialization

Sport specialists Non-sport specialists Total
N=19 N=17 N=36
Age, mean (SD) 13.40 (0.63) 13.85(0.94) 13.61(0.871)
Gender, n (%)
Male 16 (84.2) 8(47.1) 24 (66.7)
Female 3(15.8) 9(52.9) 12 (33.3)
Ethnicity, n (%)
Asian 15(79.0) 5(294) 20 (55.6)
White/Caucasian 4(21.1) 12 (70.6) 16 (44.4)
BMI, n (%)
< 18.5 (underweight) 8(42.1) 8(47.1) 16 (44.4)
18.5-24.9 (normal weight) 10 (52.6) 8(47.1) 18 (50.0)
25-29.9 (overweight) 0(0) 1(5.9) 1(2.8)
30-39.9 (obese) 1(5.3) 0(0) 1(2.8)
Dominant hip, n (%)
Left 1(5.3) 3(17.7) 4(11.1)
Right 18 (94.7) 14 (82.4) 32(88.9)
Co-morbidities, n (%)
None 15 (79.0) 10 (58.8) 25(69.4)
Allergic rhinitis 1(5.3) 1(5.9) 2 (5.6)
Asthma 1(5.3) 1(5.9) 2(5.6)
Atopic dermatitis 0(0) 1(5.9) 1(2.8)
Attention deficit 0(0) 1(5.9) 1(2.8)
Attention deficit with hyperactivity 0(0) 1(5.9) 1(2.8)
Previous lower extremity injury 1(5.3) 1(5.9) 2(5.6)
Rhinitis 2(105) 0(0) 2(5.6)
Scoliosis 0(0) 1(5.9) 1(2.8)
Baseline sport activity, n (%)
Light 0(0) 2(11.8) 2(5.6)
Moderate 1(5.3) 4(23.5) 5(13.9)
Vigorous 18 (94.7) 11 (64.7) 29 (80.6)
Hours per week playing sports, mean (SD) 3.32(1.83) 3.76 (2.33) 3.53(2.06)
Sports played, n (%)
Soccer 7 (36.8) 9(52.9) 16 (44.4)
Hockey 3(15.8) 6(35.3) 9(25.0)
Basketball 1(5.3) 5(294) 6(16.7)
Racquet sports 3(15.8) 2(11.8) 5(13.9)
Volleyball 2(10.5) 3(17.7) 5(13.9)
Skiing/snowboard 0(0) 5(294) 5(13.9
Archery 3(15.8) 0 (0) 3(8.3)
Multiple sports 0(0) 3(17.7) 3(8.3)
Cycling 0(0) 2(11.8) 2(56)
Football 0(0) 2(11.8) 2(5.6)
Running (long) 0 (0) 2(11.8) 2 (5.6)
Running (short) 0 (0) 2(11.8) 2 (5.6)
Swimming 0 (0) 2(11.8) 2 (5.6)
Equestrian 0(0) 1(5.9) 1(2.8)
Gymnastics 0(0) 1(5.9) 1(2.8)
Lacrosse 0(0) 1(5.9) 1(2.8)
Weightlifting 0(0) 1(5.9) 1(28)
Frisbee 0(0) 1(5.9) 1(2.8)
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Table 2 (continued)
Sport specialists Non-sport specialists Total
N=19 N=17 N=36
Hiking 0(0) 1(5.9) 1(2.8)

Table 3 Hip range of motion measurements by activity level

High activity with sports

Low activity with or without sports

Baseline 24 months Baseline 24 months
N=32 N=29 N=4 N=4
Anterior impingement test, n (%)
Left hip
Positive 0(0) 1(3) 0(0) 0(0)
Negative 32(100) 28(97) 4(100) 4(100)
Right hip
Positive 0(0) 2(7) 0(0) 0(0)
Negative 32(100) 27 (93) 4(100) 4(100)
Posterior impingement test, n (%)
Left hip
Positive 0(0) 0(0) 0(0) 0(0)
Negative 32 (100) 29 (100) 4(100) 4(100)
Right hip
Positive 1(3) 1(3) 0(0) 0(0)
Negative 31(97) 28 (97) 4 (100) (100)
Log roll test, n (%)
Left hip
Positive 0(0) 0(0) 0(0) 0(0)
Negative 32 (100) 29 (100) 4 (100) 4(100)
Right hip
Positive 0(0) 0(0) 0(0) 0(0)
Negative 32(100) 29 (100) 4(100) (100)
Left hip range of motion, mean (SD)
Flexion 127.38(10.13) 125.86 (8.67) 127.75 (6.85) 123.75(11.09)
Extension 31.50 (6.55) 29.03 (7.65) 27.75 (3.86) 27.50 (8.66)
Abduction 53.56 (14.42) 59.90 (14.38) 50.00 (15.14) 25(13.15)
Adduction 33.72 (8.68) 3241(7.27) 3325 (4. 99) 26.25 (7. 50)
Internal rotation (neutral) 40.03 (15.73) 37.86 (11.68) 48.75 (6.99) 25 (14.93)
External rotation (neutral) 59.06 (12.39) 54.03 (14.97) 63.50 (9.43) 48.75 (22.87)
Internal rotation (90° flexion) 3(10.86) 32.86 (13.67) 34.50 (13.96) 30.00(17.32)
External rotation (90° flexion) 57.69 (16.59) 57.93(16.77) 50.00 (24.51) 52.5(22.17)
Right hip range of motion, mean (SD)
Flexion 126.19(10.17) 124.93 (9.05) 129.75 (6.85) 121.25(10.31)
Extension 31.06 (6.06) 28.10(7.72) 28.00 (2.45) 27.50 (8.66)
Abduction 53.84 (14.28) 58.10(13.52) 54.00 (15.51) 53.75(13.77)
Adduction 33.25(7.80) 32.93(8.19) 75 (2.36) 27.50(9.57)
Internal rotation (neutral) 40.22 (14.6) 35.24(13.09) 43.75(17.02) 40.00 (13.54)
External rotation (neutral) 58.50(13)) 55.86 (14.88) 54.25 (18.30) 52.50(23.27)
Internal rotation (90° flexion) 34.56 (11.73) 3248 (13.74) 43.25 (10. 72) 30.00 (17.32)
External rotation (90° flexion) 58.78 (1 701) 5848 (14.53) 56.00 (21 51.25(21.75)
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Table 4 Hip MRI measurements by activity level

High activity with sports Low activity with or without
sports

Baseline 24 months Baseline 24 months

N=32 N=28 N=4 N=4
Diameter of femoral head, mean (SD) 43.97 (3.39) 46.35(3.17) 40.78 (2.32) 41.53 (2.65)
Lateral centre-edge angle, mean (SD) 2494 (5.33) 27.71 (5.55) 30.50 (8.58) 29.00 (7.62)
Acetabular inclination angle, mean (SD) 6.84 (4.06) 7.51 (5.00) 443 (3.34) 5.754.27)
Posterior acetabular sector angle, mean (SD) 85.89 (6.83) 90.36 (4.68) 88.63 (8.88) 91.5 (6.24)
Anterior acetabular sector angle, mean (SD) 63.7 (5.37) 60.82 (6.33) 59.68 (4.08) 5525 (4.11)
Acetabular anteversion angle—upyper third, mean (SD) -1.68 (5.48) 1.84 (6.67) 2.50(9.33) 3.50 (8.96)
Acetabular anteversion angle—centre, mean (SD) 11.30 (3.64) 15.04 (3.92) 15.75 (6.95) 21.00(10.3)
Cranial acetabular retroversion, n (%)

Yes 15 (47) 6 (21) 1(25) 1(25)

No 15 (47) 22(79) 3(75) 3(75)
Acetabular depth (mm), mean (SD) 4.78 (1.60) 5.74(1.88) 4.70(0.48) 5.25(0.6)
Alpha angle, mean (SD)

12:00 45.06 (5.92) 44.99 (5.98) 43.95 (6.09) 46.25 (3.59)

1:00 49,63 (6.73) 56.48 (9.44) 48.13 (3.57) 8(4.31)

1:30 52.8(5.99) 57.64 (6.83) 51.93(241) 54.18 (3.81)

2:00 52.58 (4.25) 56.54 (6.94) 5243 (1.95) 3(6.86)

3:00 4894 (5.44) 4557 (6.36) 47.50 (3.87) 43.00 (4.97)
Neck shaft angle, mean (SD) 132.81 (5.31) 133.04 (4.93) 133.75(3.1) 1325(3.11)
Femoral offset, mean (SD)

12:00 6.74 (1.67) 6.80 (1.41) 6.00 (1.28) 5.90 (0.75)

1:00 574 (1.4) 4.81(0.94) 545 (0.98) 473 (0.68)

1:30 577 (1.22) 4.70(0.92) 4.78(0.55) 5.10(0.62)

2:00 591(1.23) 4.94 (1.26) 4.55(0.79) 5.23(0.46)

3:00 8.03 (1.24) 7.65 (1.61) 740 (1.88) 7.60 (2.05)
Femoral offset ratio, mean (SD)

1:00 0.13 (0.03) 0.10 (0.02) 0.13 (0.03) 0.11 (0.01)

1:30 0.13(0.03) 0.13(0.13) 0.12(0.01) 0.12(0.01)

2:00 0.13 (0.03) 0.11(0.03) 0.11 (0.02) 0.13 (0.01)

3:00 0.18(0.02) 0.17 (0.03) 0.18 (0.04) 0.18 (0.05)
Modified MAHORN classification, n (%)

Partial-thickness cartilage lesion 2 (6) 7 (25) 0(0) 1(25)

No cartilage lesion 28 (88) 21(75) 4(100) 3(75)
Labral tears present, n (%)

Yes 11 (34) 16 (57) 1(25) 2 (50)

Anterior 7(22) 9(32) 0(0) 0(0)

Superior/lateral 4(13) 11(39) 1(25) 2 (50)

No 19 (59) 12 (43) 3(75) 2 (50)
Herniation pits present, n (%)

Yes 103) 5(18) 0(0) 1(25)

No 29 (91) 23(82) 4(100) 3(75)

FAl type, n (%)
Cam 6(19) 18 (64) 1(25) 1(25)
Pincer 13) 14 0(0) 0(0)

None 25(78) 9(32) 3(75) 3(75)
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tracker to improve the collection of physical activity data
over the 2-year period. The definitive study protocol has
been published [29].

Although limited by a small sample size, the pilot
study found that around 60% of high activity/sport spe-
cialist participants had radiographic FAI morphology
at 24 months. Where approximately 20% had evidence
of FAI at baseline, this a noteworthy increase as no par-
ticipants in the low activity level group developed FAIL
These results are similar to many cross-sectional studies
that have found the prevalence of cam deformity in high
impact sports to be between 26 and 89% [17, 20-22, 36,
37]. A recent longitudinal MRI study followed 25 high
level (3 to 5 sessions per week) male ice hockey players
aged 11 to 13 years old for 3 years and found that 50% of
their cohort presented with FAI at the end of the study
and that cam morphology appeared to develop at the
beginning of the final growth spurt of the femoral head
[18]. They also noted that four participants still had open
physes at final follow-up, which could underestimate
the final number of participants developing FAI [18]. A
study from Agricola et al. followed 89 preprofessional
soccer players for 2 years and found that boys aged 12
or 13 years old had a significant increase in presence of
a flattened head and neck junction going from 13.6% at
baseline to 50% at 24 months [38]. A study from Tak et al.
found that football players who started playing before the
age 12 at a high frequency had a statistically significant
higher prevalence of cam deformities compared to play-
ers who started after 12 and played at lower frequency
(64% vs 40%) [37].

A slightly higher percentage of participants in the
highly active group presented with asymptomatic labral
tears at 24 months (57% vs. 50%). It is now well accepted
that cam-type FAI is a risk factor for labral tears [39]. A
recent MRI study looking at young football players (mean
age 26 years) found an association between cam mor-
phology size and risk of chondrolabral damage. Interest-
ingly, the relationship was similar in symptomatic and
asymptomatic patients [40]. With chondrolabral damage
being a continuum, it is likely too early for participants in
this study to show any important cartilage damage that
may cause hip pain [39].

While there may be an increased risk in developing FAI
if playing high intensity sports in adolescence, there still
appear to be benefits to quality of life and hip function.
A survey and focus group study of University students
and community members found that physical activity
was a positive contributor to all aspects of HRQL and
that emotional benefit was reported as equally impor-
tant as physical health in younger participants and more
important than physical health among community mem-
bers [41]. Systematic reviews evaluating physical activity
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interventions or the impact of sedentary behavior have
found that a higher prevalence of physical activity is asso-
ciated with the psychological well-being of children and
adolescents [42]. Interestingly, participants in the highly
active group reported better hip function (according
to the HOS scores) than their less active counterparts,
despite having a higher proportion of radiographic FAI at
24 months. This is likely due to many factors including
the fact that they were asymptomatic, had stronger hips
due to increased activity, and potentially better access to
training and rehabilitation. Ultimately, there has to be a
balance between protecting the hip from developing FAI,
while still promoting a high level of physical activity in
adolescence given its other benefits.

This study had some limitations. Because this was a
pilot to help determine feasibility and generate hypoth-
eses, we were unable to make any definitive conclusions
at this time due to the small sample size. We did not meet
all of our pre-defined feasibility criteria but were able
to adjust the protocol to help ensure the success of the
definitive prospective cohort study [29]. In addition, we
expect a higher follow-up rate as the definitive study con-
tinues post-COVID-19 pandemic.

Conclusion

Our pilot study demonstrated some feasibility for a larger
scale, definitive cohort study. The preliminary descriptive
data suggest that adolescents engaged in higher levels of
activity in sports may have a higher risk of developing
asymptomatic hip deformities related to FAI, but also
better HRQL over the 2-year study period. The results of
this pilot were used to refine the protocol for the ongoing
definitive PREVIEW study (N = 200, NCT03891563).
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