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Background: Little is known about hip-related function, mobility, and performance in patients after hip arthroscopic surgery (HA)
during the time that return to sports can be expected.

Purpose: To evaluate measures of subjective and objective hip function 6 to 10 months after HA in patients compared with healthy
controls and to compare objective function in the HA group between the operated and nonoperated hips.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: A total of 33 patients who had undergone HA (mean, 8.1 ± 2.6 months postoperatively) and 33 healthy participants
matched on sex, age, and activity level were compared regarding subjective hip function (Copenhagen Hip and Groin Outcome
Score [HAGOS]) and objective function including hip range of motion (ROM; flexion, internal rotation, and external rotation),
isometric hip muscle strength (adduction, abduction, flexion, internal rotation, and external rotation), and performance-based
measures: the Y Balance Test (YBT), medial and lateral triple-hop test, and Illinois agility test. Group differences were analyzed
using independent-samples t tests. Paired-samples t tests were used for a comparison of the operated and nonoperated hips.
Standard effect sizes (Cohen d) were provided for all outcomes.

Results: The HA group reported worse subjective hip function than the control group (HAGOS subscores: d ¼ –0.7 to –2.1;
P � .004). Objective measures of hip ROM (d ¼ –0.5 to –1.1; P � .048), hip flexion strength (d ¼ –0.5; P ¼ .043), and
posteromedial reach of the YBT (d ¼ –0.5; P ¼ .043) were also reduced in the HA group, although there were no significant
differences between groups regarding the remaining objective measures (d ¼ –0.1 to –0.4; P � .102 to .534). The only
significant difference between the operated and nonoperated hips in the HA group was reduced passive hip flexion (d ¼ –0.4;
P ¼ .045).

Conclusion: Patients who had undergone HA demonstrated reduced subjective hip function compared with controls 6 to 10 months
after surgery, when return to sports can be expected. While most objective strength and performance test results were comparable
between the HA and control groups at 6 to 10 months after surgery, the HA group presented with impairments related to hip mobility
and hip flexion strength. No consistent pattern of impairments was found in operated hips compared with nonoperated hips.

Keywords: femoroacetabular impingement; hip arthroscopic surgery; physical therapy/rehabilitation; athletic performance;
muscle strength; range of motion

Femoroacetabular impingement syndrome (FAIS) is a
motion-related clinical disorder of the hip affecting physi-
cally active patients.13 Patients with FAIS often undergo
hip arthroscopic surgery (HA) with the goal to return to

sports.26 However, despite high rates of return to general
sports participation,33 recent studies have reported that
only approximately half of all athletes return to their pre-
vious sports and that just 1 in 5 return to previous perfor-
mance levels.15,49 Furthermore, patients often present with
residual hip pain and reduced self-reported sporting func-
tion after HA.19,40 More knowledge regarding the func-
tional performance of patients who have undergone HA is
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needed to identify impairments that may be responsible for
reduced self-reported sporting function and low rates of
return to performance.

Athletes with FAIS who undergo HA often do so with the
aim of reducing hip pain and eliminating physical impair-
ments that affect sports performance.6 Examples of physi-
cal impairments that have been observed in patients with
FAIS are reduced hip muscle strength10,11 and reduced
dynamic range of motion (ROM) during gait.10 While
strength has been shown to improve after HA and subse-
quent rehabilitation, results regarding ROM have been
conflicting.10,11 Less than 25% of studies on the surgical
treatment of FAIS have reported on postoperative ROM,
and only a fraction (2.5%) have reported on hip muscle
strength.32

In addition to specific impairments such as reduced ROM
and muscle strength, performance-based measures (PBMs)
such as hop, balance, or change-of-direction tests, which
reflect normal athletic requirements, can be conducted in
a clinical setting.22 However, there are currently only a
small number of studies reporting on PBMs in patients
after FAIS surgery.7,17,43 More than 2 years after HA, par-
ticipants in a study by Tijssen et al43 performed within 90%
of the limb symmetry index during tests of single-leg bal-
ance, single-leg squat control, and single-leg hop. Two fur-
ther studies compared patients 1 to 2 years after HA with a
control group and reported decreased single-leg squat con-
trol as well as reduced hop and single-leg bridge perfor-
mance.7,17 A 2015 systematic review on return to sports
after HA recommended the implementation of PBMs as a
means of monitoring rehabilitation progress and athletic
abilities to meet the specific demands required to return
to sports.6

Patients typically report improvements in hip-related
sports function 6 to 12 months after HA19 but still show
marked impairments in perceived sporting ability 12
months after arthroscopic treatment.40 While the mean
time to return to sports for athletes after HA is 7 ± 2.6
months,33 the extent to which objective hip function such
as ROM and strength has recovered at this point in time is
currently unknown. Potential impairments in specific hip
functions may be responsible for patients’ perceived impair-
ments as well as restrictions in sports participation and
hence should be recognized. Yet, there is a lack of studies
investigating patients’ ability to perform hip-challenging
tasks with relevance to sports performance, especially dur-
ing the time when these patients usually return to sports.
Thus, there is a need for studies investigating these

objective hip functions in patients who have undergone
FAIS surgery to identify potential physical impairments,
and thereby potential targets for treatment, that will
inform future rehabilitation programs.10

The purpose of this study was to compare subjective and
objective hip-related function, assessed by patient-reported
measures as well as objective measures such as ROM,
strength, and PBMs, between patients 6 to 10 months after
HA and asymptomatic controls. Furthermore, we aimed to
compare objective function of the operated hip in relation to
the nonoperated hip in the HA patients.

METHODS

Study Design

This cross-sectional study compared patient-reported and
objectively measured hip function between patients after
HA for FAIS (6-10 months postoperatively) and a control
group of asymptomatic participants. The follow-up time
was chosen to reflect the time frame in which patients are
reported to return to sports after HA. The recruitment of
participants and data collection were performed between
November 2016 and May 2017. The reporting of results
conforms to the Strengthening the Reporting of Observa-
tional Studies in Epidemiology guidelines.45 This study was
approved by Lund University’s regional ethics board.

Participants

Patients were recruited from a single surgical center special-
izing in arthroscopic surgery. Patient selection was based on
International Classification of Diseases–10th Revision treat-
ment codes (labrum repair [NFT99], labrum resection
[NFH91], rim trimming [NEK19], and cam resection
[NFK19]). Patients were included if they (1) had undergone
primary HA for FAIS 6 to 10 months before inclusion
(February-November 2016; for bilaterally operated patients,
the time interval was counted from the most recent surgical
procedure), (2) were �18 years of age, and (3) lived in the
greater Stockholm area. A control group was matched with
patients in the HA group according to sex, age, and type of
sports/physical activity as well as respective level of partic-
ipation before hip symptoms according to the Hip Sports
Activity Scale (HSAS).27 Inclusion criteria for control parti-
cipants were (1) no history of hip surgery, (2) age �18 years,
and (3) no treatment for back pain and/or injuries in the
lower extremities within the past 6 months. Control
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participants were recruited consecutively from local sports
clubs in an effort to match included patients regarding sex,
age, and type of sports as well as level of sports participation.

Assessment Procedure

Before testing, participants provided informed consent as
well as demographic information such as profession, hours
of exercise per week, leg dominance, and history of lower
extremity surgery. Subsequently, patient-reported out-
comes, in Swedish or English, were collected through a web
survey, and anthropometric measures (body weight, body
height, and leg length [distance between the anterior supe-
rior iliac spine and medial malleolus in cm]) were obtained.
Physical testing was performed in the order described
below. To minimize potential learning effects during PBMs,
participants were allowed to practice the tests until they
felt sufficiently prepared. Furthermore, additional trials
for strength measures as well as PBMs were performed in
cases where participants improved more than 10% in com-
parison with the previous trial.

Data Collection

Descriptive Data

Patient charts, surgical reports, and images taken during
arthroscopic treatment were retrospectively reviewed to
confirm diagnostic codes used as inclusion criteria and to
describe arthroscopic treatment procedures as well as car-
tilage defects at the time of surgery. The alpha angle and
center-edge angle were measured on all operated hips to
describe cam morphology and confirm the absence of hip
dysplasia. In patients who underwent unilateral HA, the
alpha angle and center-edge angle were also measured on
the nonoperated hip. Participants rated their activity levels
(currently and before the onset of hip symptoms) according
to the HSAS from 0 to 8, with 8 representing the highest
activity level. The HSAS is considered a reliable and valid
tool to determine activity levels in patients after HA for
FAIS and was used to match activity levels of control par-
ticipants.27 The HSAS has not yet been officially translated
into Swedish; therefore, a version used in previous research
on a Swedish population was used.34 We also assessed
patients’ current return-to-sports status on a continuum
as recommended in a 2016 consensus statement.1 Patients
were asked to choose 1 of the following statements: (1) I
don’t participate in sporting activities (“no sport”), (2) I par-
ticipate in sports/exercise but not in my previous sporting
activity (“different sport”), (3) I participate in my previous
sporting activity but not at the same performance level
(“same sport, lower performance”), or (4) I participate in
my previous sporting activity at the same or higher per-
formance level (“same sport, same performance”).

Subjective Hip Function

We used the Copenhagen Hip and Groin Outcome Score
(HAGOS),38,39 which is recommended for the evaluation

of patients after HA for FAIS,42 to assess current self-
reported hip function. The HAGOS consists of 6 subscales,
evaluating symptoms, pain, function during activities of
daily living, function during sports and recreation, partici-
pation in physical activities, and hip-related quality of
life, and it has been shown to be a valid and reliable tool
in the active young to middle-aged.39 Each HAGOS sub-
scale score was computed and converted into a percentage
of the total score, with 0% representing extreme amounts of
hip and groin problems and 100% representing no hip and
groin problems.

Objective Hip Function

ROM and Hip Muscle Strength. A single examiner
(T.W.) assessed ROM and muscle strength of both hips
according to routine clinical preoperative and follow-up
protocols. The reliability of these test protocols was previ-
ously assessed on 19 patients with FAIS scheduled for HA
(mean age, 33.6 ± 7.7 years; 16% [n ¼ 3] female). Intraclass
correlation coefficients (2-way random models [2.1]) for
intratester reliability ranged from 0.72 to 0.90 (ROM) and
0.89 to 0.95 (strength). ROM measures were performed in
the same order for all participants, while hip muscle
strength measures were randomized (www.randomizer.
org) according to starting leg, starting position (supine/
prone), and starting direction (supine: flexion/abduction/
adduction; prone: extension/internal rotation/external
rotation) to avoid systematic effects of fatigue or poten-
tial pain provocation on individual measurements.

All ROM measures were performed in the supine posi-
tion. For active hip flexion, participants were asked to max-
imally flex their hip with a flexed knee while keeping the
nontested limb on the treatment table. For passive hip flex-
ion, participants were asked to maximally pull their knee
toward their head with both hands while keeping the non-
tested limb on the treatment table. No abduction or exter-
nal rotation was permitted. Flexion measures were
performed using a goniometer centered on the greater tro-
chanter, distally aligned toward the lateral femoral con-
dyle, and kept parallel to the treatment table. Passive
internal and external rotation were measured in the supine
position with the hip joint flexed to 90� in neutral by using a
bubble inclinometer. The inclinometer was attached to the
tibial tuberosity and the knee flexed to 90�. The examiner
subsequently performed internal and external rotation
until movement of the pelvis was observed.

For hip muscle function, isometric abduction, adduction,
flexion, extension, internal rotation, and external rotation
strength were measured with a handheld dynamometer
(microFET2; Hogan Scientific) by the same examiner. A mod-
ified version of an established test protocol that was found to
be valid and reliable was used.41 The most prominent part of
the malleolus was used as a reference point for the dynamom-
eter attachment (5 cm proximal). Furthermore, the measure-
ment sequence was modified to increase time efficiency. As
opposed to performing 4 consecutive trials in the same direc-
tion, tested legs and directions were alternated for a total of 3
trials in each direction. The maximum generated force across
trials (in N�m/kg) served as the test outcome.
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Performance-Based Measures. The Y Balance Test
(YBT), triple-hop test (THT), and Illinois agility test (IAT)
were used to measure performance. The YBT is a modifica-
tion of the Star Excursion Balance Test and is aimed to
assess a combination of ROM, flexibility, balance, and
strength.12 In healthy participants, the YBT demonstrates
good to excellent intrarater reliability30 and is closely
related to hip abduction strength48 as well as hip ROM.22

Information regarding its reliability and validity in
populations with hip abnormalities is currently lacking.
The participants’ starting leg was randomized before
testing. The YBT was performed barefoot and according
to a previously described protocol.30 The maximum reach
distance of 3 trials, performed on each leg in the ante-
rior, posteromedial, and posterolateral directions, was
calculated relative to leg length (in percentages) and
served as the test outcome.

Hop performance was measured by the medial and lat-
eral THT, a reliable tool in patients with hip abnormalities
that has been demonstrated to be able to distinguish
between those with and without hip complaints.21 The par-
ticipants’ starting leg was randomized before testing, and
the length of the maximum triple jump (in cm) served as the
test outcome.

The IAT combines maximal acceleration, deceleration,
sudden change of direction, and nonlinear running. It was
performed according to a previously described protocol,
which has demonstrated good test-retest reliability and
validity for general athletic ability to effectively change
directions.35 Patients in the HA group started the test on
the same side they were operated on (for bilateral HA, the
most recent surgical procedure) to force them to turn on the
operated hip. The starting side for the first control partic-
ipant was randomized (www.randomizer.org). Subse-
quently, every other control participant started the test
on either the left or the right leg. All participants ran the
course at a self-determined pace as a warm-up and to famil-
iarize themselves with the requirements. Participants then
performed 3 trials at maximum pace with 3 minutes’ rest
between trials, and the fastest time to complete the course
(in seconds) served as the outcome.

Statistical Analysis

Data analysis was performed using SPSS (version 24;
IBM). Group differences were analyzed using independent-
samples t tests. Operated hips were compared with the dom-
inant hips of control participants (the most recently treated
hip was considered the tested leg for patients who had
undergone bilateral HA). In the HA group, objective hip
function was compared between the operated and nonoper-
ated sides and analyzed through paired-samples t tests.
Bilaterally treated patients were excluded from within-
participant analysis. Standardized effect sizes (Cohen d,
with accompanying 95% CIs) were computed. Effect sizes
of 0.2 were considered small, 0.5 medium, and 0.8 large.9

The sample size was determined with the goal of being
able to identify minimal detectable differences of 10%
between groups for PBMs (YBT, medial THT, lateral THT,
and IAT), corresponding to standardized effect sizes (Cohen

d) between 0.7 and 0.9. With a significance level of .05 and
80% power, a sample of 20 to 34 participants per group was
required. With 33 participants included in each group, the
study had 80% power to detect an effect size of d ¼ 0.7.

RESULTS

In total, 66 participants (33 in the HA group and 33 in the
control group) were included in the study. The flow of parti-
cipants into the study is summarized in Figure 1. Patient
demographics, arthroscopic procedures, perioperative find-
ings, and activity levels are presented in Table 1. More than
one-third of all patients in the HA group (n ¼ 12) were
engaged in team sports (ice hockey [n ¼ 7], basketball [n ¼
3], football [n ¼ 1], bandy [n ¼ 1]); the remaining patients
engaged in individual sports (strength sports [n¼ 9], martial
arts [n ¼ 3]), endurance sports (running [n ¼ 4], ice skating
[n¼ 1]), and aesthetic sports (dance and gymnastics [n¼ 4]).
Among the HA group, 70% (n ¼ 23) had undergone unilat-
eral HA (right hip: 64% [n¼ 21]; left hip: 36% [n¼ 12]), while
30% (n ¼ 10) underwent subsequent bilateral HA. All
patients had an alpha angle of >55�. Among patients who
had undergone unilateral HA, 57% (n ¼ 13) also had an
alpha angle of >55� on the nonoperated side. None of the
patients had dysplasia or radiological osteoarthritis (OA).

The HA group reported worse subjective hip function
than the control group, with large and statistically signifi-
cant effect sizes (Table 2 and Figure 2). We observed small
effect sizes for the majority of objective outcomes, indicat-
ing generally reduced objective function in the HA group

Patients participated in the data
collection

n=35 

Patients excluded (n=12)

Declined participation (n=6)
Contralateral HA after 2016 (n=3)
Time constraints (n=3)

Patients included in final analysis

n=33 

Patients excluded after review of
surgical procedure and radiological

assessment (n=2) 

Dysplasia (n=1)
Diagnostic HA (n=1)

Healthy sex-, age-, and
activity level–matched controls

n=33 

Participants included in final analysis

n=66 

Patients identified from the
journal system and fitting the

inclusion criteria
n=47

Figure 1. Participant flow into the study.
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compared with the control group. The largest, and the only
statistically significant, effect sizes were found for reduced
hip ROM, hip flexion strength, and posteromedial reach of
the YBT (Table 3 and Figure 3). Within the HA group, no
consistent pattern of the observed small effect sizes favor-
ing the function of one hip over the other emerged. Only for
hip flexion ROM was there a moderate, statistically signif-
icant effect size indicating reduced mobility of the operated
hip found (Table 4 and Figure 4).

DISCUSSION

This cross-sectional study compared patients 6 to 10
months after FAIS surgery with a healthy control group

regarding subjective and objective hip function in addition
to comparing the objective function of operated hips with
nonoperated hips. In comparison with the control group,
the HA group reported clinically relevant impairments in
subjective hip function but generally presented with only
minor impairments in objective function. The only marked
impairments in objective function were found for mea-
sures of hip mobility as well as mobility-related perfor-
mance measures. A side-to-side comparison in the HA
group showed no clear pattern of differences between
operated and nonoperated hips.

Patients in our study reported large and clinically
relevant reductions in hip function across all HAGOS sub-
scales,39 with the largest impairments observed for hip-
related sporting activity, physical activity, and quality of
life. These results are in accordance with recent evidence
documenting that patients who have undergone HA con-
tinue to have marked impairments in self-reported func-
tion, following the same domain-specific pattern of
impairments as observed in our sample.40 These marked
reductions in self-reported function relating to the ability
to function in sports, combined with the low rates of return
to sporting performance seen in the current study and pre-
vious research,15,49 suggest the presence of physical impair-
ments that ought to be objectively measurable.

While a general pattern of reduced objective function for
the HA group in comparison with the control group was
observed in our sample, standardized effect sizes were
small and statistically nonsignificant for the majority of
outcomes, and their clinical relevance may therefore be
debatable. Only differences in hip mobility, or more pre-
cisely, active and passive flexion as well as internal rota-
tion, showed moderate to large effect sizes, indicating worse
function in the HA group. FAIS is a motion-related clinical
disorder associated with limited hip flexion and rotation
ROM,13 and FAIS surgery involves the correction of hip
morphology and is therefore thought to remove anatomic
constraints of joint kinematics and hence improve ROM.14

Nevertheless, patients in this study had less hip mobility 6
to 10 months after HA compared with controls. Even
though our data do not include a preintervention and post-
intervention comparison, our results indicate that patients
with FAIS still had impaired hip ROM 6 to 10 months after
arthroscopic treatment. In line with this finding, a 2016
systematic review suggested that hip ROM may in fact not
improve after arthroscopic surgery.11

It is possible that these ROM impairments may also have
affected patients’ performance during other ROM-
dependent measures of objective hip function. We found
moderate effect sizes for reduced posteromedial reach of the
YBT as well as for hip flexion strength, 2 tests requiring
patients to perform tasks in joint ranges and motions
known to be provocative in FAIS. During the YBT, the hip
is forced into excessive flexion, internal rotation, and
adduction, a combination of hip motions frequently used
in the diagnostic process.31 We measured hip flexion
strength in the supine position, with the hip in 90� of flex-
ion, consequently asking patients to produce flexion torque
close to their end ROM.8 Thus, impairments in ROM may

TABLE 1
Participant Characteristicsa

HA (n ¼ 33) Control (n ¼ 33)

Demographics
Age, y 32.3 ± 9.4 31.1 ± 10.6
Weight, kg 79.8 ± 9.0 79.0 ± 12.6
Height, cm 179.3 ± 7.1 179.5 ± 7.5
Sex, n (%)

Female 4 (12.1) 4 (12.1)
Male 29 (87.9) 29 (87.9)

Right leg dominance, n (%) 30 (90.9) 29 (87.9)
Time since surgery, mo 8.1 ± 2.6 —

Arthroscopic procedures, n (%)
Cam resection 33 (100.0) —
Combined cam and pincer 6 (18.2) —
Labral trimming 31 (93.9) —
Labral repair 1 (3.0) —

Cartilage defects observed during surgery, n (%)
Femoral cartilage defects — —
Acetabular cartilage defects 27 (81.8) —
Outerbridge classification

(acetabulum)b

1 8 (24.2) —
2 3 (9.1) —
3 8 (24.2) —
4 8 (24.2) —

Activity level/sports participation
Training hours per week 6.9 ± 4.0 7.1 ± 4.5
HSAS score, median (IQR)

Before symptoms 6.5 (3.5-7.0) —
Currently 4.5 (3.0-5.8) 5.0 (3.0-7.0)

Return-to-sports status, n (%)
No sport 1 (3.0) —
Different sport 11 (33.3) —
Same sport, lower performance 15 (45.5) —
Same sport, same performance 6 (18.2) —

Satisfied with current activity
level, n (%)

12 (36.4) 21 (63.6)c

aData are reported as mean ± SD unless otherwise indicated.
HA, hip arthroscopic surgery; HSAS, Hip Sports Activity Scale;
IQR, interquartile range.

bOuterbridge grade: 1 ¼ rough surface, chondral softening;
2 ¼ irregular surface defects, <50% cartilage thickness; 3 ¼ loss
of >50% cartilage thickness; and 4 ¼ cartilage loss, exposed bone.

cThirty-two of 33 participants in the control group responded.
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be associated with patients’ functional performance 6 to 10
months after FAIS surgery.

It is possible that the impairments that we found are
caused by residual surgical trauma. However, from a clinical
perspective, this reduction in hip mobility is reminiscent of
what is typically seen in patients with early manifestations
of hip OA.2-4 As reported in a 2018 meta-analysis, patients
with FAIS present with biomechanical alterations in hip
biomechanics such as reduced hip extension, and there is
insufficient evidence for a change in these alterations after
arthroscopic treatment.20 Reduced hip extension during
walking is also commonly seen in patients with early hip
OA46 and is thought to be a compensation strategy to unload
the anterior hip joint,24 the common location of chondrolab-
ral abnormalities associated with FAIS.36 It is important to
note that HA for FAIS changes hip morphology, but much of
the intra-articular abnormality remains. More than 80%

of all patients in this study had acetabular cartilage
defects during the time of arthroscopic surgery, which
is a common finding in comparable cohorts.5,8,25,36 These
cartilage defects may represent early structural changes,
present before the development of clinical OA.37 Accord-
ing to current evidence, the presence and size of cam

morphology are associated with an increased risk of
developing OA in patients older than 45 years, but there
are no available data to draw similar conclusions for
patients of a younger age, such as those in our study.44

Nevertheless, the high prevalence of chondropathy in
our study and other studies on young to middle-aged
adults with cam morphology undergoing HA,5,8 as well
as the observed pattern of physical impairments, sug-
gests that patients with FAIS are clinically not clearly
distinguishable from patients with early signs of hip OA.
Therefore, it can also be argued that the objective
impairments of the small effect sizes that we observed
in patients could potentially be caused by their chondro-
pathy, which are large enough to cause patients to per-
ceive impairments in hip function but not yet linked to
clinically measurable signs and symptoms.

When comparing the objective function of the operated hip
to the nonoperated hip, we generally found only small and
nonsignificant effect sizes, with no pattern favoring one hip
over the other. The only measure showing a significant
reduction of a medium effect size was passive hip flexion of
the operated hip. In alignment with these results, Tijssen
et al43 found a limb symmetry index of >90% for PBMs, hip
strength measures, and ROM measures except for internal
rotation in their cohort of patients who underwent HA. It
should be acknowledged that such intraindividual compar-
isons should be interpreted with caution and not taken as
evidence for restored function, as the contralateral limb may
have deconditioned after surgery. In patients after anterior
cruciate ligament reconstruction, it has been shown that a
side-to-side comparison of knee function 6 months after sur-
gery overestimates knee function of the involved side.47 Fur-
thermore, patients with FAIS often present with bilateral
morphological findings,23 which potentially could affect per-
formance in both hips. In our study, 57% of patients who had
undergone unilateral HA had a contralateral alpha angle of
>55�, highlighting the fact that the presence of cam mor-
phology does not equal the presence of FAIS13 and suggest-
ing that other factors such as hip chondropathy may be
responsible for the patients’ complaints. This may explain
why patients continued having impairments after the
arthroscopic treatment of FAIS. A 2018 randomized con-
trolled trial comparing the arthroscopic treatment of FAIS
with supervised rehabilitation found clinically relevant
improvements in both groups, with superior results for the
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Figure 2. Between-group comparison of self-reported hip
function. ADL, activities of daily living; HA, hip arthroscopic
surgery; HAGOS, Copenhagen Hip and Groin Outcome
Score; PA, physical activities; QoL, quality of life.

TABLE 2
Self-Reported Hip Function on the HAGOSa

HAGOS Subscale HA (n ¼ 33) Control (n ¼ 33) Mean Difference (95% CI) P Valueb Cohen d (95% CI)

Pain 86.1 ± 10.1 96.9 ± 6.3 –10.8 (–14.9 to –6.6) <.001 –1.3 (–0.7 to –1.8)
Symptoms 74.9 ± 15.5 91.5 ± 10.1 –16.6 (–23.0 to –10.1) <.001 –1.3 (–0.7 to –1.8)
Activities of daily living 91.4 ± 11.3 98.0 ± 6.0 –6.7 (–11.1 to –2.2) .004 –0.7 (–0.2 to –1.2)
Sports and recreation 75.7 ± 17.7 95.3 ± 10.4 –19.6 (–26.8 to –12.4) <.001 –1.4 (–0.8 to –1.9)
Physical activities 58.3 ± 33.5 95.8 ± 10.7 –37.5 (–49.9 to –25.1) <.001 –1.5 (–1.0 to –2.1)
Quality of life 61.1 ± 22.0 96.2 ± 10.5 –35.2 (–43.7 to –26.6) <.001 –2.1 (–1.4 to –2.6)

aData are reported as mean ± SD unless otherwise indicated. There was a statistically significant between-group difference in all HAGOS
subscores (P < .05 for all). HA, hip arthroscopic surgery; HAGOS, Copenhagen Hip and Groin Outcome Score.

bIndependent-samples t test.
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TABLE 3
Between-Group Comparison of Objective Outcomesa

HA (n ¼ 33) Control (n ¼ 33) Mean Difference (95% CI) P Valueb

Range of motion, deg
Active flexion 115.2 ± 7.3 120.5 ± 8.0 –5.3 (–9.1 to –1.5) .007
Passive flexion 129.4 ± 8.2 138.3 ± 7.6 –8.9 (–12.8 to –5.1) <.001
Passive internal rotation 27.6 ± 6.4 33.5 ± 9.1 –5.9 (–9.8 to –2.1) .003
Passive external rotation 42.1 ± 8.6 46.1 ± 7.3 –3.9 (–7.8 to –0.1) .048

Strength,c N�m/kg
Abduction 2.26 ± 0.44 2.31 ± 0.25 –0.06 (–0.23 to 0.12) .534
Adduction 2.28 ± 0.54 2.39 ± 0.40 –0.12 (–0.34 to 0.13) .392
Flexion 1.49 ± 0.39 1.66 ± 0.27 –0.17 (–0.33 to –0.01) .043
Extension 3.32 ± 0.66 3.45 ± 0.62 –0.14 (–0.45 to 0.18) .396
External rotation 0.94 ± 0.23 0.99 ± 0.17 –0.05 (–0.15 to 0.05) .317
Internal rotation 0.81 ± 0.21 0.89 ± 0.14 –0.07 (–0.16 to 0.02) .102

Performance-based measures
Medial THT,d cm 330.1 ± 120.3 354.1 ± 90.9 –23.9 (–77.6 to 28.8) .35
Lateral THT,d cm 294.9 ± 101.3 329.3 ± 71.1 –34.4 (–77.6 to 8.9) .117
YBT, % leg length

Anterior 64.4 ± 6.8 66.2 ± 7.5 –1.8 (–5.4 to 1.7) .303
Posteromedial 110.0 ± 11.6 115.7 ± 10.7 –5.7 (–11.2 to –0.2) .043
Posterolateral 104.8 ± 14.3 109.7 ± 11.7 –4.9 (–11.3 to 1.5) .132

IAT,e s 18.7 ± 2.7 18.1 ± 1.6 0.6 (–0.5 to 1.7) .311

aData are reported as mean ± SD unless otherwise indicated. Bolded P values indicate statistically significant between-group differences
(P < .05). HA, hip arthroscopic surgery; IAT, Illinois agility test; THT, triple-hop test; YBT, Y Balance Test.

bIndependent-samples t test.
cLever arms for flexion and rotation measures were calculated according to Pietak et al.29

dOne patient missing because of a sprained ankle during warm-up.
eThree patients in the HA group and 1 in the control group missing: ankle sprain during medial THT (n ¼ 1) and declined participation for

undisclosed reason (n ¼ 3).
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Figure 3. Standardized effect sizes (Cohen d) of group differences between patients in the hip arthroscopic surgery group and
participants in the control group regarding objective outcomes. Negative effect sizes indicate inferior results in the hip arthroscopic
surgery group.
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surgical treatment.14 However, patients in that study also
continued to have marked impairments in hip-related qual-
ity of life 1 year after the initiation of both treatments,14 just
as the patients in our study. As clinicians, we have to

acknowledge that patients with FAIS are not likely to be free
of intra-articular abnormalities after arthroscopic treat-
ment, and their expectations may therefore need to be man-
aged accordingly.

TABLE 4
Within-Patient Comparison of Objective Outcomes in Unilaterally Operated Patients (n ¼ 23)a

Operated Hip Nonoperated Hip Mean Difference (95% CI) P Valueb

Range of motion, deg
Active flexion 115.0 ± 7.4 115.0 ± 6.2 –0.0 (–1.8 to 1.8) >.999
Passive flexion 128.9 ± 8.3 132.0 ± 6.9 –3.0 (–6.0 to –0.1) .045
Passive internal rotation 27.6 ± 6.0 29.6 ± 7.1 –2.0 (–4.2 to 0.3) .083
Passive external rotation 42.8 ± 8.1 40.0 ± 9.4 2.8 (–1.2 to 6.8) .158

Strength,c N�m/kg
Abduction 2.20 ± 0.46 2.20 ± 0.46 –0.01 (–0.11 to 0.10) .904
Adduction 2.24 ± 0.59 2.18 ± 0.49 0.06 (–0.08 to 0.20) .356
Flexion 1.45 ± 0.42 1.48 ± 0.39 –0.03 (–0.10 to 0.04) .337
Extension 3.23 ± 0.69 3.17 ± 0.64 0.05 (–0.06 to 0.16) .345
External rotation 0.92 ± 0.23 0.92 ± 0.22 0.01 (–0.03 to 0.04) .719
Internal rotation 0.79 ± 0.21 0.81 ± 0.18 –0.01 (–0.06 to 0.03) .464

Performance-based measures
Medial THT,d cm 317.7 ± 127.0 313.3 ± 118.4 4.4 (–9.6 to 18.3) .523
Lateral THT,d cm 285.0 ± 110.5 293.8 ± 108.5 –8.4 (–23.4 to 6.7) .262
YBT, % leg length

Anterior 63.3 ± 7.3 63.3 ± 7.2 –0.9 (–2.1 to 1.9) .924
Posteromedial 108.7 ± 11.3 109.4 ± 12.9 –0.7 (–2.9 to 1.6) .554
Posterolateral 102.7 ± 14.4 104.5 ± 14.5 –1.8 (–4.4 to 0.8) .165

aData are reported as mean ± SD unless otherwise indicated. Bolded P value indicates a statistically significant difference between the
operated and nonoperated hips (P < .05). THT, triple-hop test; YBT, Y Balance Test.

bPaired-samples t test.
cLever arms for flexion and rotation measures were calculated according to Pietak et al.29

dOne patient missing because of a sprained ankle during warm-up.
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Figure 4. Standardized effect sizes (Cohen d) of differences between the operated and nonoperated hips of patients in the hip
arthroscopic surgery group. Negative effect sizes indicate inferior results in the operated hip.
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Although the results of our study demonstrated hip
mobility impairments of approximately the same effect
sizes as in previous research with a similar methodology,18

other studies have found larger impairments in hip
strength and performance measures.7,17,18 A potential
explanation for this is the choice of specific performance
measures; however, the different results are rather likely
attributable to differences in study samples. The previous
studies7,17,18 were based on patients who underwent HA for
hip pain and a wide range of intra-articular abnormalities
(*50% treated for FAIS),16 while our sample underwent
HA specifically for the treatment of FAIS (100% cam resec-
tions). Furthermore, the patients included in our study had
preoperative activity levels corresponding to pivoting
sports such as ice hockey and soccer (HSAS score: median,
6.5 [interquartile range, 3.5-7.0]) compared with the previ-
ous studies including patients who reported walking (cor-
responding to HSAS level 1) to be their primary physical
activity.7 Moreover, we chose to assess patients at 6 to 10
months after HA, when patients are usually discharged
and may return to sports,28,33,49 as opposed to 12 to 24
months after surgery as in previous studies.7,17,18 Hence,
it can be argued that our study is the first to compare objec-
tive physical function between a homogeneous group of ath-
letic patients after FAIS surgery and a healthy control
group.

There are some methodological considerations to be
aware of when interpreting the results of this study. We
aimed to match control participants to patients’ presymp-
tomatic HSAS levels as reported in data from preoperative
visits. At the time of the measurements, participants in
both groups reported their current activity levels. However,
the patients’ presymptomatic HSAS level differed by 1.5
points from the current HSAS level of control participants.
This difference could likely be explained by potential dis-
crepancies between our evaluations of control participants’
HSAS level and participants’ own self-evaluation during
data collection. Hence, the lower HSAS level among control
participants may have underestimated patients’ impair-
ments, as they were compared with a group not completely
corresponding to their own preoperative level of activity.

The study sample consisted of a homogeneous group of
physically active patients who underwent HA for the treat-
ment of FAIS, and 74% of all potentially eligible patients
participated. The results of this study should therefore be
generalizable to the typical patient population with FAIS
undergoing HA. As a cross-sectional study, our study
describes patients’ hip function during a specific period of
6 to 10 months after FAIS surgery. This provides a picture
of subjective and objective hip function at this time but may
not represent the end stage of recovery after HA, which
may potentially be a much longer process.19 It should be
acknowledged that the follow-up time point in this study
may thus not represent the end stage of recovery. Further-
more, it is unknown to what extent hip chondropathic
changes may or may not deteriorate over time and which
patients eventually will develop clinical OA. Future
research should investigate the development of objective
hip function, preferably using prospective study designs
with repeated measurements.

CONCLUSION

Subjective hip function was substantially impaired in
patients 6 to 10 months after HA for the treatment of FAIS
in comparison with healthy controls. The HA group pre-
sented with comparable objective hip function for the
majority of outcomes, with the exception of hip ROM and
functional measures dependent on ROM. No consistent pat-
tern of impairments was found in operated hips compared
with nonoperated hips.
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