
Original Article
From Hip
hermosa, Al

The autho
of this article
online, as su

Received S
Address co

pedic Surger
Spain. E-ma

� 2020 T
Arthroscopy
the CC BY-N

2666-061X
https://doi
Recreational Sports and Intra-articular Hip Injuries
in Patients Undergoing Hip Arthroscopy
for Femoroacetabular Impingement
Jesus Mas Martinez, M.D., Javier Sanz-Reig, Ph.D., Carmen Verdu Roman, M.D.,
David Bustamante Suarez de Puga, M.D., Enrique Martinez Gimenez, M.D., and

Manuel Morales Santias, M.D.
Purpose: We aimed to determine the relationship between recreational sports and intra-articular hip injuries in an active
population that had undergone hip arthroscopy for femoroacetabular impingement syndrome. Methods: A retrospective
review was performed of prospectively collected data from patients undergoing hip arthroscopy between January 2015
and December 2016. Inclusion criteria included patients between 18 and 50 years of age who had participated in rec-
reational sports prior to surgery and had a minimum of a 2-year follow-up. Labral injury was evaluated using the
Multicenter Arthroscopic Hip Outcome Research Network classification, and rim chondral injuries were evaluated using
the Acetabular Labral Articular Disruptions system. Ligamentum teres tear and psoas impingement were also recorded.
Sports were classified as rotational running (soccer, basketball, handball), flexibility (martial arts, dance), asymmetric-
overhead (racquet), or endurance (running, swimming, cycling). Primary univariate analysis of sports’ independent
associations, demographic characteristics, intra-articular hip injuries, and outcomes was performed. Results: Patients
included 185 people with a mean age of 36.7 years. Patients participating in rotational running sports and flexibility sports
had a significantly greater proportion of rim chondral injuries than those participating in endurance sports or asymmetric
overhead sports (P ¼ 0.02). Ligamentum teres tears were significantly associated with flexibility sports (P < 0.001). A total
of 84.7%, 67.7%, 67.2%, and 71.2% of patients met minimal clinically important difference levels for the modified Harris
Hip Score (mHHS), the Hip Outcome Score (HOS)10 questionnaire with activities of daily living (HOS-ADL), the sports
subscale (HOS-SSS), and the International Hip Outcome Tool (iHOT-12), respectively; 94.9%, 66.2% and 62.7% met the
patient acceptable symptom state for mHHS, HOS-ADL, and HOS-SSS, respectively; 86.7%, 48.5%, 47.8%, and 32.4%
found substantial clinical benefit for mHHS, HOS-ADL, HOS-SSS, and iHOT-12, respectively. Conclusions: Rotational
running sports were significantly associated with rim chondral injuries. Flexibility sports were significantly associated with
rim chondral injuries and ligamentum teres tears. Athletes participating in these sports are more likely to have intra-
articular hip injuries than those in the other sports categories. Level of Evidence: Level IV, prognostic case series.
ip anatomy may be influenced in different ways,
1
Hgiven the sport. Baseball and tennis have asym-

metry side-to-side hip-motion requirements. Cycling
Unit, Department of Orthopedic Surgery, HLA Clinica Vista-
icante, Spain.
rs report no conflicts of interest in the authorship and publication
. Full ICMJE author disclosure forms are available for this article
pplementary material.
eptember 1, 2019; accepted April 11, 2020.
rrespondence to Javier Sanz-Reig, Ph.D., Department of Ortho-
y, HLA Clínica Vistahermosa, Av. de Denia 76, Alicante 03016,
il: jsanz@traumavist.com
HE AUTHORS. Published by Elsevier Inc. on behalf of the
Association of North America. This is an open access article under
C-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
/191060
.org/10.1016/j.asmr.2020.04.005

Arthroscopy, Sports Medicine, and Rehabilitation,
and swimming require repetitive hip motion and hip
flexion across the anterior aspect of the hip joint. Dance
requires supraphysiological ranges of motion. Running
sports lead to high loads across the hip joint. Soccer and
basketball have traumatic lateral impact mechanisms.
Martial arts require high flexion, adduction and inter-
nal rotation motions. These high functional demands
may cause patients to develop intra-articular hip
injuries.2,3

Much literature has been published concerning
return to sports after hip arthroscopy (HA) for femo-
roacetabular impingement (FAI), with rates averaging
between 87% and 92%.4-6 Only 1 previous study
focused on a sports-specific analysis of the demographic
characteristics of high-level and recreational athletes
undergoing HA for FAI,1 but little information about
specific hip intra-articular injury patterns and sports for
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recreational athletes has been reported. With this in-
formation, patients could be informed about the intra-
articular hip injuries based on the sports they prac-
ticed prior to surgery, the recovery time, the outcomes,
and their return to sports. The purpose of this study was
to determine the relationship between recreational
sports and intra-articular hip injuries in an active pop-
ulation that underwent HA for FAI syndrome. We hy-
pothesized that intra-articular hip injuries would differ
in sports with differing biomechanical demands on the
hip.

Methods
This is a retrospective study of a prospective HA

database from January 2015 to December 2016 per-
formed in a single hospital in Spain. Inclusion criteria
were patients between 18 and 50 years of age under-
going HA and who had participated in recreational
sports prior to surgery, with a minimum of a 2-year
follow-up. Exclusion criteria were joint space less
than 2 mm, Tönnis grade 2-3 and no sports participa-
tion. The Institutional Review Board approved the
study, and all participants gave written informed con-
sent to participate.
The indication for HA was hip pain that interfered

with sports activities. Activity modification was rec-
ommended during the waiting time for HA.

Surgical Procedure
HA surgery was performed with the patient placed in

the supine position on a traction table. Distraction was
performed under fluoroscopic guidance. Standard ante-
rolateral, mid-anterior and distal anterolateral portals
were performed. Intra-articular hip injuries were docu-
mented. The classification of labral injury was evaluated
using the Multicenter Arthroscopic Hip Outcome
Research Network classification,7 and rim chondral in-
juries were evaluated using the acetabular labral artic-
ular disruptions system.8 We considered a hypoplastic
labrum when the labrum size was smaller than 5 mm, a
normal labrum when labrum size was between 5 mm
and 10 mm, and a hyperplastic labrum when labrum
size was greater than 10 mm. The location of the mea-
surements of the labrum was the 12 o’ clock position.
Psoas impingements and ligamentum teres tears were
also recorded. According to their condition, pincer and
labral lesions were treated by acetabuloplasty and
refixation of the labrum with suture anchors. Then,
traction was released to access the peripheral compart-
ment through an extended T-capsulotomy. Cam defor-
mity was removed by motorized burr and with the
assistance of a fluoroscopic image intensifier (Fig 1).
Capsular closure was performed in all patients. All HAs
were performed by 2 surgeons (J.M.M and J.S.R), who
are experienced in treating athletes with FAI. Post-
operative rehabilitation protocols included progressive
activities for a period of up to 16 weeks. Return to sports
was allowed if the patients demonstrate the ability to
perform pain-free running, jumping, lateral agility drills,
and single-leg squats.

Primary Outcomes
Patients were asked about their primary sport. We

classified the sports as rotational running (soccer,
basketball, handball), flexibility (dance, martial arts),
contact (rugby), impingement (rowing), asymmetric/
overhead (tennis, paddle), and endurance (running,
cycling, swimming).1

Secondary Study Variables
We collected the following variables: age, sex, body

mass index, time of symptoms, diagnosis (cam, pincer
or mixed FAI), and intra-articular hip injuries.
Preoperative and 2-year follow-up clinical assess-

ments were performed through the modified Harris Hip
Score (mHHS),9 a self-administered Hip Outcome Score
(HOS)10 questionnaire, with activities of daily living
(ADLs) and sports subscale (SSS) translated into
Spanish and validated11 and a self- administered short
version of the International Hip Outcome Tool
(iHOT-12).12 At 2-year follow-up, patients were asked
to report whether they had returned to participation in
their primary sport.
True anteroposterior plain weight-bearing pelvic

views and 45� Dunn views were performed prior to
surgery.13 Radiographic evidence of pincer-type FAI
consisted of the presence of relative acetabular retro-
version on the anteroposterior plain pelvic radiograph,
as indicated by a crossover sign and a prominent ischial
spine sign.14 Cam-type morphology was defined as an
alpha angle of more than 50� on the Dunn lateral
radiograph.15 All radiographs were graded using the
Tönnis grading system.16 Measurements included
the anteroposterior plain pelvic view, the joint space at
the middle of the sourcil,17 the lateral center-edge angle
described by Wiberg,18 the Tönnis angle13 and, on the
Dunn view, the alpha angle.19 All radiographs were
analyzed by 2 independent experienced surgeons using
a picture archiving and communication system (PACS)
computer program.

Statistical Analysis
Statistical analyses were conducted using SPSS soft-

ware, version 20.0 (IBM, Armonk, NY, USA). We
performed univariate analysis of primary sports inde-
pendent associations, demographic characteristics,
intra-articular hip injuries, and outcomes. For categor-
ical variables, we assessed associations using the c2 test
and 2-way tables. For quantitative variables, we used
the Student t test and analysis of variance to compare
means following assessment of normality through
Kolmogorov-Smirnov test. If data distribution did not



Fig 1. Right hip in a 33-year-
old male soccer player; mean
time for symptoms, 28 months.
Dunn view. (A) Preoperative
cam-type morphology, alpha
angle 72�. (B) Postoperative
correction following femoral
osteoplasty, alpha angle 38�.
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meet normality criteria, the Mann-Whitney U test and
Kruskal-Wallis test were used. The post hoc Bonferroni
technique was used for all multiple comparisons. Sta-
tistical significance was considered to be P values less
than 0.05. Clinical relevance was measured by the
minimal clinical important difference, patient accept-
able symptom state and substantial clinical benefit for
mHHS, HOS-ADL and HOS-SSS, and iHOT12.20-22

Results
During the period of the study, 360 patients under-

went HA. Among these, 175 patients were excluded:
78 were < 18 years old or > 50 years old, 81 were
Tönnis grade 2-3 or had an articular space < 2 mm, and
16 did not participate in sports. The remaining 185 pa-
tients were included in the study. The mean age at
surgery was 36.7 years (range, 18-50 years). There
were 136 male patients (76.5%) and 49 female patients
(26.5%). The mean body mass index was 24.2 (range,
18.4-34.3), and the mean time for symptoms was
20.1 months (range, 4-42 months).
The most common sports were running (23.2%),

soccer (17.8%), cycling (11.3%), and martial arts
(11.3%). Of the patients, 76 (41.1%) practiced endur-
ance sports, 50 (27%) rotational running sports,
36 (19.5%) flexibility sports, 18 (9.7%) asymmetric-
overhead sports, 4 (2.2%) contact sports, and
1 (0.5%) impingement sports. Because of the low
number of patients practicing contact and impingement
sports, these sports were not added to the statistical
analysis (Table 1).
There were significant differences in age distribution
among sports categories (Table 2). Patients who took
part in rotational running sports were significantly
younger than patients who played endurance sports
(P ¼ 0.003) but not with respect to patients who played
flexibility sports (P ¼ 0.96) or patients who played
asymmetric-overhead sports (P ¼ 0.87). There were
also significant differences in gender distribution among
sports categories (Table 2). Male patients took part
mostly in rotational running sports, asymmetric-
overhead sports and endurance sports, and female pa-
tients took part mostly in flexibility sports. The times of
symptoms were similar in sports categories (Table 2).
Cam impingement was the most common type of

impingement. The mean articular space was 4.8 � 0.8
mm. Patients participating in flexibility sports showed
statistically significantly greater articular space than
those participating in rotational running sports
(P ¼ 0.02) but not with respect to endurance sports
(P ¼ 1.0) or asymmetric overhead sports (P ¼ 0.33).
The mean alpha angle was 60.9� � 9.6�, the mean
lateral center-edge angle was 33.8� � 8.0�, and the
mean Tönnis angle was 7.2� � 4.9�. There were no
significant differences in these angles among sports
categories. (Table 3).
Table 4 shows arthroscopic intraoperative findings.

Labrum morphology was normal in 144 hips (80%).
Hypoplastic labrum was detected predominantly in
rotational running sports, and hyperplastic labrum in
flexibility sports. Differences in morphology labrum
distribution were not significant among sports



Table 1. Sports Categories for Recreational Athletes

Category Type of Sport (N) Total N (%)

Endurance Running (43) 76 (41.1)
Cycling (21)
Swimming (12)

Rotational running Soccer (33) 50 (27)
Basketball (11)
Handball (6)

Flexibility Martial arts (21) 36 (19.5)
Dance (15)

Asymmetric overhead Paddle (10) 18 (9.7)
Tennis (8)

Contact Rugby (4) 4 (2.2)
Impingement Rowing (1) 1 (0.5)
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categories. Labrum tear was found in 150 hips (83.3%),
with no significant differences among sports categories.
The type of labrum tear was predominantly labral-
chondral separation, with the greatest proportion in
rotational running sports; also, no significant differ-
ences were detected among sports categories.
Rim chondral injuries were detected in 147 hips

(81.6%). Patients participating in rotational running
sports and flexibility sports had a greater proportion of
rim chondral injuries than those practicing endurance
sports or asymmetric overhead sports, and these dif-
ferences were statistically significant. One was the most
commondacetabular labral articular disruption, detec-
ted in 61 hips (33.8%). There were no significant dif-
ferences in the distribution of acetabular labral articular
disruptions system according to sports categories.
Psoas impingement was found in 16 hips (8.9%). A

greater proportion was detected in patients taking part
in flexibility sports and endurance sports, but these
differences were not statistically significant.
Ligamentum teres tears were detected in 16 hips

(8.9%); the greatest proportion occurred in patients
participating in flexibility sports, and these differences
were statistically significant (P ¼ 0.001).
Patient-reportedoutcomes improved significantly at the

2-year follow-up. Mean mHHS improved significantly,
from 77.2 at baseline to 94.3 at 2-year follow-up
Table 2. Analysis of Age, Gender and Time of Symptoms

Endurance
(N ¼ 76)

Rotational
Running (N ¼ 50)

Age (years)* 38.8 � 7.2 33.7 � 7.7
Gendery

Male 54 (71) 48 (96)
Female 22 (29) 2 (4)

Time of symptoms (months) 18.8 � 5.8 21.2 � 6.9

NOTE. Values are presented as mean � SD or N (%).
*Patients who took part in rotational running sports were younger, an

endurance sports (P ¼ 0.003) but not with respect to those who played fl
yMale patients took part mostly in rotational running sports, asymmetric

mostly in flexibility sports.
(P ¼ 0.03); HOS-ADLs from 64.1 at baseline to 85.2 at
2-year follow-up (P ¼ 0.05); HOS-SSS from 39.5 at
baseline to 72.1 at 2-year follow-up (P ¼ 0.02); and
iHOT-12 from 39.1 at baseline to 71.3 at 2-year follow-up
(P ¼ 0.01). There were no significant differences in pre-
operative and 2-year patient-reported outcomes among
sports categories. Statistically significant improvements
were found between preoperative and 2-year mHHS,
HOS-ADL,HOS-SSS, and iHOT-12 ineach sports category
(P < 0.001). The mean change in outcome scores from
preoperatively to final follow-upwere similar in all sports
categories (Table 5). A total of 84.7%, 67.7%, 67.2%, and
71.2% of patients met minimal clinically important dif-
ference levels for mHHS, HOS-ADL, HOS-SSS, and
iHOT-12, respectively; 94.9%, 66.2% and 62.7%met the
patient acceptable symptom state for mHHS, HOS-ADL
and HOS-SSS, respectively; 86.7%, 48.5%, 47.8%, and
32.4% met substantial clinical benefit for mHHS,
HOS-ADL, HOS-SSS, and iHOT-12, respectively.
The rate of return to sports at 2-year follow-up was

82.1% (152 patients). Return-to-sports rates were 75%
(57 patients) for endurance sports, 80% (40 patients)
for rotational running sports, 86.1% (31 patients) for
flexibility sports, and 100% (18 patients) for
asymmetric-overhead sports. There were no significant
differences among sports categories (P ¼ 0.21), mean
age (P ¼ 0.98), sex (P ¼ 0.14), mean time for symptoms
(P ¼ 0.75), alpha angle (P ¼ 0.73), labrum tear
(P ¼ 0.48), acetabular rim articular cartilage lesion
(P ¼ 0.8), psoas impingement (P ¼ 0.30), or liga-
mentum teres tear (P ¼ 0.40) among patients who did
return to sports and patients who did not. Outcome
mean values showed significant differences among
patients who did return to sports versus those who did
not (mHHS 96.9 vs 83.8, P ¼ 0.004; HOS-ADL 92.0 vs
54.8, P < 0.001; HOS-SSS 84.4 vs 30.0, P < 0.001;
iHOT-12 79.7 vs 31.9, P < 0.001).
Ten patients (5.4%) underwent repeated HA for

reshaping cam deformity because of an inadequate
resection at the first operation. No patient underwent
conversion to arthroplasty.
Flexibility
(N ¼ 36)

Asymmetric
Overhead (N ¼ 18)

Total
(N¼180) P

36.1 � 7.3 36.8 � 7.2 0.005

14 (38.8) 15 (83.3) 131 (72.7) <0.001
22 (61.2) 3 (16.7) 49 (27.3)
24.1 � 5.5 18.5 � 9.6 0.51

d this difference was significant with respect to patients who played
exibility sports (P ¼ 0.96) or asymmetric-overhead sports (P ¼ 0.87).
-overhead sports and endurance sports, and female patients took part



Table 3. Radiographic Variables

Endurance
(N ¼ 76)

Rotational
Running (N ¼ 50)

Flexibility
(N ¼ 36)

Asymmetric
Overhead (N ¼ 18)

Total
(N ¼ 180) P

Cam
Yes 63 (82.8) 39 (78) 27 (75) 16 (88.8) 145 (80.5) 0.57
No 13 (17.2) 11 (22) 9 (25) 2 (11.2) 35 (19.5)

Pincer
Yes 31 (40.7) 22 (44) 18 (50) 10 (55.5) 81 (45) 0.83
No 45 (59.3) 28 (56) 18 (50) 8 (44.5) 99 (55)

FAI
Mixed 27 (35.5) 24 (48) 14 (38.8) 7 (38.8) 72 (40) 0.26
Cam 42 (55.2) 25 (50) 17 (47.2) 11 (61.2) 95 (52.7)
Pincer 7 (9.3) 1 (2) 5 (14) _ 13 (7.3)

Articular space* 4.8 � 0.7 4.5 � 0.5 5.0 � 1.0 4.8 � 0.9 0.03
LCEA 33.0 � 8.5 36.6 � 6.0 32.6 � 8.3 33.5 � 8.2 0.17
Tönnis angle 7.3 � 2.8 6.4 � 3.8 7.2 � 3.7 8.9 � 3.1 0.61
Alpha angle 60.4 � 10.6 62.7 � 8.7 58.6 � 8.6 62.8 � 8.1 0.20

NOTE. Values are presented as mean � SD or N (%).
FAI, femoroacetabular impingement; LCEA lateral center-edge angle.
*Patients participating in flexibility sports showed statistically significantly greater articular space than those participating in rotational running

sports (P ¼ 0.02), but not with respect to endurance sports (P ¼ 1.0) or asymmetric-overhead sports (P ¼ 0.33).
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Discussion
We found differences in the intra-articular hip injury

patterns of recreational athletes. Players of endurance
sports had the greatest proportion of labral tears.
Rotational running sports players had a higher pro-
portion of hypoplastic labrum, labral-chondral separa-
tion and rim chondral injuries. Flexibility sports players
had a higher proportion of hyperplastic labrum,
acetabular rim articular cartilage lesions and liga-
mentum teres tears. Asymmetric-overhead players had
the lowest proportion of labrum tears and rim chondral
injuries but no psoas impingement or ligamentum teres
tears.
Biomechanical hip stress differs according to the type

of sport.5 Endurance sports require extended periods of
repetitive hip motion. Rotational running sports de-
mand changes of direction and cutting, with high
rotational loads across the hip. Flexibility sports players
subject their hips to supraphysiological motions.
Asymmetric overhead sports have side-to-side func-
tional hip motion differences. These differences in
mechanical demands by sport may be the cause of the
variance in intra-articular HA findings.
Research in athletes undergoing HA has focused on

return to sports, and researchers publish general de-
mographic data, intraoperative findings and surgical
procedures.2,3,5,6,23 To our knowledge, few publications
have studied differences among the athletes involved in
various sports.
Nawabi et al.1 reported the surgical procedures in 228

high-level and 334 recreational athletes undergoing HA
for FAI in a retrospective study. In high-level athletes
they found a greater proportion of combined cam and
rim decompression and labral refixation in endurance
sports and rotational running sports, and they found a
greater proportion of ligamentum teres debridement
and psoas release in flexibility sports. Our results also
show differences for recreational athletes, but few of
them were statistically significant. Patients participating
in endurance sports had the greatest proportion of
labral tears; in rotational sports, patients had the pres-
ence of hypoplastic labrum, labral-chondral separa-
tions, labrum tears, and rim chondral injuries; and in
flexibility sports, patients had the presence of hyper-
plastic labrum, psoas impingement and ligamentum
teres tears. These findings support the idea that sports
categories may predict particular patterns of intra-
articular hip injury.
Patients taking part in rotational sports were signifi-

cantly younger than those in other sports categories.
Nawabi et al.1 Malviya et al.24, and Nogier et al.25 re-
ported similar age for recreational athletes. However,
Carton et al.26 reported younger ages in their study of
1,021 competitive athletes. Studies that included
high-level athletes and recreational athletes reported
younger ages for high-level athletes1 or similar ages.24

Male gender was more prevalent in our study, with
72% or more than that found in other studies: 57%1

and 62%.24,25 Carton et al.26 reported higher preva-
lence of male gender, 93%, in their study. These
demographic differences among studies may be related
to the sports and exercise culture in each country.
This study did not demonstrate significant differences

among sports categories in cam or pincer morphology
on radiological views . Cam impingement was the most
common type of FAI. Patients participating in flexibility
sports had the greatest articular spaces and the lowest
lateral center-edge angles. The mean alpha angle was
60.9� in our study, and it was similar to that found in
other studies: 62.8� for high-level athletes1; 60� for



Table 4. Arthroscopic Intraoperative Findings

Endurance
(N ¼ 76)

Rotational
Running (N ¼ 50)

Flexibility
(N ¼ 36)

Asymmetric-overhead
(N ¼ 18)

Total
(N ¼ 180) P

Labrum
Morphology*

Normal 60 (78.9) 38 (76) 30 (83.3) 16 (88.8) 144 (80) 0.52
Hypoplastic 9 (11.8) 8 (16) 1 (2.9) - 18 (10)
Hyperplastic 7 (9.3) 4 (8) 5 (13.8) 2 (11.2) 18 (10)

Tear
Yes 65 (85.5) 42 (84) 30 (83.3) 13 (72.2) 150 (83.3) 0.17
No 11 (14.5) 8 (16) 6 (16.7) 5 (27.8) 30 (16.7)

Tear
Complex/Degenerative 20 (30.7) 4 (9.5) 5 (16.6) 2 (15.3) 31 (17.2) 0.27
Labral-chondral separation 38 (58.4) 34 (80.9) 22 (73.3) 9 (69.3) 103 (57.2)
Partial 7 (10.9) 2 (4.8) 2 (6.6) 1 (7.7) 12 (6.6)
Complete - 2 (4.8) 1 (3.5) 1 (7.7) 4 (2.2)

Rim chondral injuriesy

Yes 57 (75) 46 (92) 32 (88.8) 12 (66.6) 147 (81.7) 0.02
No 19 (25) 4 (8) 4 (11.2) 6 (33.4) 33 (18.3)
ALAD1 21 (37.5) 20 (43.4) 15 (46.8) 5 (41.7) 61 (33.8) 0.86
ALAD2 18 (31.5) 10 (21.8) 8 (25) 1 (8.3) 37 (20.5)
ALAD3 8 (14.2) 8 (17.4) 5 (15.6) 3 (25) 24 (13.3)
ALAD4 10 (18) 8 (17.4) 4 (12.6) 3 (25) 25 (13.8)

Psoas impingement
Yes 8 (10.6) 4 (8) 4 (11.1) 0 (0) 16 (8.9) 0.13
No 68 (89.4) 46 (92) 32 (88.9) 18 (100) 164 (91.1)

Ligamentum teresz

Tear 4 (5.2) 4 (8) 8 (22.2) 0 (0) 16 (8.9) 0.001
Normal 72 (94.8) 46 (92) 28 (77.8) 18 (100) 164 (91.1)

NOTE. Values are presented as N (%).
ALAD, acetabular labral articular disruptions system.
*Normal labrum: 5-10 mm size; hypoplastic labrum: less than 5 mm size; hyperplastic labrum: greater than 10 mm size.
yRotational running sports and flexibility sports showed a significantly greater proportion than endurance and asymmetric-overhead sports in

rim chondral injuries.
zFlexibility sports showed a significantly greater proportion of ligamentum teres tears than rotational running, endurance or asymmetric-

overhead sports.
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high-level athletes and 59� for recreational athletes24;
and 61� for professional athletes.26 The mean alpha
angles among sports categories were also similar to the
Table 5. Patient-Reported Outcomes

Endurance (N ¼ 76) Rotational Running (N ¼ 5

mHHS*
Preop 77.8 � 8.2 77.7 � 6.9
2-year follow-up 94.1 � 8.9 96.7 � 6.0
D 15.1 � 11.4 19.8 � 9.8

HOS-ADL*
Preop 62.5 � 18.1 64.7 � 19.0
2-year follow-up 82.9 � 21.2 81.5 � 23.7
D 19.2 � 6.7 21.6 � 13.1

HOS-SSS*
Preop 36.0 � 21.7 44.2 � 24.2
2-year follow-up 68.1 � 20.2 70.1 � 21.2
D 34.9 � 13.1 36.4 � 10.1

iHOT-12*
Preop 37.2 � 18.8 38.0 � 18.9
2-year follow-up 67.6 � 20.2 67.5 � 21.6
D 30.7 � 11.8 36.6 � 11.8

ADL, activities of daily living; D, mean change in patient-reported outco
*Mean � SD.
data reported by Nawabi et al.1 for high-level athletes:
for endurance sports, 60� in our study compared to
55.8�; for rotational running sports, 62� in our study
0) Flexibility (N ¼ 36) Asymmetric-Overhead (N ¼ 18) P

77.1 � 11.1 75.1 � 9.3 0.68
93.4 � 9.9 92.2 � 10.1 0.63
14.8 � 9.8 18.2 � 11.8 0.50

67.5 � 17.7 66.1 � 21.2 0.67
89.6 � 14.7 93.7 � 7.8 0.54
13.1 � 9.8 22.2 � 7.8 0.25

42.3 � 21.2 32.9 � 23.1 0.19
75.0 � 22.6 71.0 � 19.6 0.53
27.6 � 14.5 40.5 � 15.2 0.83

37.2 � 20.8 49.4 � 20.7 0.22
74.9 � 1.7 70.4 � 18.5 0.32
30.1 � 11.8 35.8 � 11.8 0.91

mes scores from preoperatively to 2 years postoperatively.
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compared to 61.4�; for flexibility sports, 58� in our
study compared to 57.9�; and for asymmetric overhead
sports, 62� in our study compared to 63.5�.
Some theories exist regarding the increased preva-

lence of cam morphology in relation to sports practice.
Participation in vigorous sporting activities appears to
be the most important factor for the development of
idiopathic cam morphology.27 Nawabi et al.1 found
greater mean alpha angles in contact and impingement
sports. We did not find statistically significant differ-
ences in mean alpha angle among sports categories.
Our outcome measures were similar to outcomes af-

ter HA for FAI.4,28-30 There were no differences among
sports categories preoperatively or at final follow-up.
The mean change in outcome scores was also similar
among sports categories, and they were higher than the
minimal clinically important difference for mHHS,21

HOS-ADL,21 HOS-SSS,21 and iHOT-12.22

Several studies examined return to sports after HA
among athletes of all levels in the short term. Malviya
et al.24 reported rates of 88% and 73% in 40 profes-
sional and 40 recreational athletes at 1.4-year
follow-up. Brunner et al.31 referred to rates of 68.9%
in 45 recreational athletes at the 2.4-year follow-up.
And Weber et al.32 found, in 66 patients, 49 recrea-
tional and 17 high-level amateur athletes, a rate of
return to sports of 88% in high-level amateurs and
94% in recreational athletes at a 2-year follow-up. Our
study showed a rate of return to sports of 82.1% in our
population of recreational athletes at 2-year follow-up.
There were no significant differences among sports
categories, and outcome mean values were significantly
higher for patients who did return to sports. Other
studies also demonstrate higher outcome values in
patients who returned to sports.23,33

Our study has several strengths. First, data were
collected prospectively, and the study has well-established
criteria and aims. Second, this was a study of recreational
athletes in 4 sports categories that included the vast ma-
jority of recreational sports. Third, sports categories based
on biomechanical hip stress is a novel concept.

Limitations
There are limitations to this study. First, the classifi-

cation of sports categories is subjective. It is based on
observations made by 2 authors who are experienced in
assessing and treating athletes with FAI. Second, there
is an influence of the age at which patients present with
symptoms. We have found significant differences be-
tween rotational sports and the other sports categories.
Third, our patients were asked about their primary
sport, not about the level of activity, the time during
which the patient had been practicing the sport or the
specific sports discipline, which is a possible selection
bias. Last, we did not use computed tomography scans
to define pincer morphology.
Conclusions
Rotational running sports were significantly associ-

ated with rim chondral injuries. Flexibility sports were
significantly associated with rim chondral injuries and
ligamentum teres tears. Athletes participating in these
sports are more likely to have these intra-articular hip
injuries than those in the other sports categories.
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