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Background: Femoroacetabular impingement syndrome (FAIS) is a common cause of hip pain and disability in athletes. Arthro-
scopic treatment for FAIS is well-established; however, the long-term results in elite athletes are limited.

Purpose: To evaluate outcomes 5 years after arthroscopic treatment for FAIS in elite athletes.

Study Design: Case series; Level of evidence, 4.

Methods: Elite athletes undergoing arthroscopic treatment for FAIS with a minimum 5-year follow-up were included. They were
prospectively followed up with patient-reported outcome measures. An elite athlete was defined as having a Hip Sports Activity
Scale (HSAS) level of 7 or 8 before the onset of symptoms. Preoperatively and 5 years after surgery, all athletes completed a web-
based questionnaire, including the Copenhagen Hip and Groin Outcome Score (comprising 6 subscales), the EQ-5D and EQ-VAS
(European Quality of Life–5 Dimensions Questionnaire and European Quality of Life–Visual Analog Scale), iHOT-12 (International
Hip Outcome Tool), a visual analog scale for hip function, and the HSAS. Moreover, patients reported their overall satisfaction with
their hip function. Preoperative measurements were compared with the 5-year follow-up.

Results: A total of 64 elite athletes (52 men, 12 women) with a mean 6 SD age of 24 6 6 years were included. On average,
patients reported a statistically significant and clinically relevant improvement from preoperative patient-reported outcome meas-
ures to the 5-year follow-up (P \ .0003), Copenhagen Hip and Groin Outcome Score subscales (symptoms, 51.7 vs 71.9; pain,
61.0 vs 81.1; function of daily living, 67.1 vs 83.6; function in sports and recreation, 40.0 vs 71.5; participation in physical activity,
25.0 vs 67.4; hip and groin–related quality of life, 34.4 vs 68.0), EQ-5D (0.60 vs 0.83), EQ-VAS (66.1 vs 76.7), and iHOT-12 (40.0 vs
68.8). At the 5-year follow-up, 90.5% reported satisfaction with their overall hip function. In total, 54% still participated in com-
petitive sports (HSAS, 5-8) at follow-up, while 77% had decreased their level. Older patients and patients with longer duration of
symptoms reported a significantly lower level of sports activity (HSAS, 0-4; P \ .009).

Conclusion: Arthroscopic treatment for FAIS in elite athletes results in a statistically significant and clinically relevant improvement
regarding symptoms, hip function, quality of life, and pain 5 years after surgery. Approximately half of the cohort was still in com-
petitive sports at follow-up, yet 77% had decreased their level of sports. Nine of 10 patients were satisfied with their surgery.
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Femoroacetabular impingement syndrome (FAIS) is a well-
recognized cause of hip pain in the athletic population.22,25

In FAIS, an abnormal osseous morphology of the femoral
head (cam) or acetabulum (pincer) generates pathological
contact in the hip joint and can damage the labrum and car-
tilage. FAIS morphologies are observed in athletes present-
ing with hip pain, reduced range of motion (ROM) of the hip,
and restrictions in sports participation.40 Athletes with high
demands in terms of hip flexion, such as ice hockey and soc-
cer players, run an increased risk of developing hip pain
caused by cam and/or pincer deformities.1,40

Arthroscopic treatment for FAIS has become increas-
ingly common during the past decade and has yielded
good clinical outcomes.16,17,31 The purpose of surgical inter-
vention is to reduce pain and increase ROM by removing
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cam and pincer deformities, striving for impingement-free
hip anatomy and improved hip function. The literature also
suggests a low rate of complications and reoperations after
arthroscopic treatment for FAIS.29 Although several studies
have reported positive results in elite athletes treated with
arthroscopic surgery, most use return to sports (RTS) or per-
formance outcome.3,6,38 However, only a few studies have
used patient-reported outcome measures (PROMs) to present
the results,10,36,37,39 and the reports on the long- or midterm
outcome in this patient category are limited.9,33 Neverthe-
less, arthroscopic treatment in athletes presenting with
FAIS is increasing, and studies suggest that high-level ath-
letes will improve their hip function and have a high rate
of return to preinjury activity levels.2,4,7,8

Follow-up after hip surgery generally includes PROMs.
Early PROMs, such as the modified Harris Hip Score,16

were developed for an elderly population with osteoarthritis
and are therefore not suitable for younger, more active
patients.21 Lately, PROMs validated for young and active
patients have been established; they include the Interna-
tional Hip Outcome Tool short version (iHOT-12)15 and
the Copenhagen Hip and Groin Outcome Score (HAGOS).43

These scores are recommended by the scientific community
for evaluating FAIS in this patient population.14

The aim of the present study was to evaluate the 5-year
results after arthroscopic treatment for FAIS in elite ath-
letes with PROMs validated for an active population. The
primary hypothesis was that elite athletes experience
improved outcomes 5 years after surgical treatment.

METHODS

Consecutive elite athletes undergoing arthroscopic treat-
ment for FAIS between November 2011 and December
2012 were followed prospectively for 5 years. Patients
were treated at 2 hospitals by 3 high-volume surgeons
(M.S.). The outcomes at the 1-year follow-up were reported
by Sansone et al37 for this particular cohort of patients.

The inclusion criteria were a diagnosis of FAIS, having
undergone arthroscopic treatment after a nonsatisfactory
result following nonsurgical treatment, and an age \40
years. To define ‘‘elite athlete,’’ the Hip Sports Activity
Scale (HSAS) was used. The patients included in this study
had an activity level of 7 or 8 before the onset of symp-
toms.30 An HSAS activity level of 7 corresponds to defined
competitive sports with moderate physical demand at the
elite level, such as alpine skiing, skating, and dancing, or
more physically demanding sports in semielite leagues or
at the collegiate level, such as soccer, ice hockey, tennis,
martial arts, and track and field.

HSAS activity level 8 corresponds to more physically
demanding sports at the elite level, such as soccer, martial
arts, tennis, and track and field.30 A combination of symp-
toms, physical examination, and radiological findings formed
the basis of diagnosis of FAIS in this study. Radiological find-
ings corresponding to FAIS include cam, pincer, or both. The
exclusion criterion was any surgical treatment on the studied
hip before the arthroscopic treatment or a conversion to total
hip arthroplasty within the 5-year follow-up period.

Preoperatively and 5 years after surgery, all the ath-
letes were asked to complete a web-based questionnaire
on the following PROMs:

� HAGOS, with 6 dimensions covering symptoms, pain,
function in daily living, function in sports and recrea-
tion, participation in physical activities, and hip- and/
or groin-related quality of life43

� EQ-5D and EQ-VAS (European Quality of Life–5 Dimen-
sions Questionnaire and European Quality of Life–
Visual Analog Scale)34

� A standardized instrument evaluating health-related
quality of life34

� iHOT-12, a shorter version of the iHOT-33, developed to
measure health-related quality of life and changes after
the treatment of hip disorders in young and active
patients15

� HSAS to measure the level of physical activity30

� A visual analog scale for hip function
� A single question regarding patient satisfaction (yes/no)

Apart from the single question regarding satisfaction,
these PROMs have been validated and translated into
Swedish.20,32,42 There was an unbiased evaluation of out-
comes in terms of the analysis. Chondral damage was clas-
sified intraoperatively according to Konan et al.24

The study was approved by the regional ethical review
board in Gothenburg (approval 071-12).

Surgical Technique

All patients underwent individualized hip arthroscopy
based on their history, radiology, clinical, and intraopera-
tive findings.

An anterolateral portal and a midanterior portal were
used with the patient in the supine position on a traction
table. To examine the central compartment as the first
step of the surgery, axial traction was applied. A
ligament-sparing capsulotomy was used to reach the
peripheral compartment. This longitudinal cleavage of
the capsular ligaments could reduce the surgical trauma
and the risk of iatrogenic hip instability. The surgical
approach did not include capsular closure, since no trans-
verse capsulotomy was performed. Pincer deformities
were resected with an ‘‘over the top’’ technique, with the
bur placed in the perilabral sulcus. In the event of small
pincer resections, the labrum may be left in situ. However,
with larger deformities leading to a clear separation
between the labrum and the acetabular edge, the labrum
was reattached with suture anchors.

Since determining the precise extent of any impinge-
ment deformity is complicated to determine, all femoral
abnormalities were carefully resected. To accomplish
this, the resection occurred at all the accessible parts of
the femoral neck. Resection of eventual pistol-grip deform-
ities was reached far posterior to the lateral retinacular
fold, with careful attention paid to avoid damage to the lat-
eral retinacular vessels, with possible osteonecrosis of the
femoral head as a result. Perioperative fluoroscopy was
continually used to control the extent of the bony resection.
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Patients were permitted free ROM directly after the sur-
gery, with weightbearing allowed, although crutches were
recommended for outdoor walking the first 4 weeks after
surgery. Physiotherapy was initiated immediately after sur-
gery, and the intensity of the rehabilitation was progres-
sively amplified in accordance with the patient and
symptoms. The protocol comprised exercises for strength,
endurance, stability, coordination, and ROM. To avoid het-
erotopic ossification, the patients were prescribed nonsteroi-
dal anti-inflammatory drugs for the first month after the
surgery. The surgical technique was previously described
by Sansone et al.37

Statistical Analysis

The data analyses were performed with SAS for Windows
(v 9.1; SAS Institute). Descriptive statistics were used for
demographic variables and presented as the mean,
median, standard deviation, and range. Nominal data
were reported as numbers and percentages. For compari-
sons of PROMs preoperatively and at the 5-year follow-
up, the Wilcoxon signed rank test was used for continuous
variables and the sign test was used for categorical varia-
bles. Correlations between the HSAS and continuous vari-
ables were calculated with Spearman correlation. A power
analysis was conducted and enrollment undertaken
accordingly. Significance was set at P \ .05.

To evaluate the outcome with regard to the minimally
important change (MIC), the number of patients exceeding
the MIC was reported. MIC values were previously estab-
lished for the iHOT-12 as 9.0 and for the HAGOS subscales
as follows: 9.3, symptoms; 9.7, pain; 11.8, function in daily
living; 10.8, sports; 13.1, physical activity; and 8.8, quality
of life.20,42

RESULTS

In total, 79 consecutive elite athletes were eligible for inclu-
sion and treated with arthroscopic surgery for FAIS. How-
ever, 18% did not participate in the 5-year follow-up. One
of the patients had undergone a total hip arthroplasty at
the follow-up and was excluded from the study. A total of
64 patients were therefore included in the final analysis:
52 (81%) men and 12 (19%) women with a mean 6 SD
age of 24 6 6 years at the time of surgery. Twenty patients
underwent bilateral surgery, generating a total of 84 oper-
ated hips. Six patients (9%) had undergone a reoperation

during the follow-up period. The mean duration of symp-
toms before surgery was 31 months (Table 1).

Isolated cam morphology was seen in 43 athletes (51%);
none had isolated pincer morphology; and 41 (49%) had a com-
bination of cam and pincer morphology. The labrum was
sutured in 8 hips (9%) and resected in 1 hip (1.2%) (Table 2).

Chondral damage was found in 42 of 84 (50%) reported
hips (Table 3).

The most commonly performed sport was soccer, fol-
lowed by ice hockey (Table 4).

TABLE 1
Patient Demographicsa (N = 64)

Bilateral FAIS 20
Age at time of surgery, y 24 6 6
Male:female 52:12 (81:19)
Duration of symptoms, mo 31.0 6 32.7
Body mass index 23.7 6 2.1

aValues are presented as n (%) or mean 6 SD. FAIS, femoroace-
tabular impingement syndrome.

TABLE 2
Performed Arthroscopic Procedures

(N = 64 Patients and 84 Hips)

Diagnosis and Procedure Hips, n (%)

Cam 43 (51)
Pincer 0 (0)
Combined (cam and pincer) 41 (49)
Labral repair 8 (9)
Labral resection 1 (1.2)
Microfracture 4 (4.8)

TABLE 3
Cartilage Damage Classification

According to Konan et al24 (N = 84 Hips)

Hips, No.

0 36
1a 5
1b 0
1c 0
2 20
3a 14
3b 2
3c 0
4a 0
4b 1
4c 0
Not visualized 6

TABLE 4
Type of Sport Before Symptoms

Sports Activity Patients, No.

Soccer 39
Ice hockey 9
Handball 3
Dancing 2
Figure skating 2
Martial arts 2
Bandy 1
Badminton 1
American football 1
Basketball 1
Scooter-cross 1
Biathlon 1
Track and field 1
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Preoperative scores as compared with those obtained at
the 5-year follow-up revealed a significant improvement
for the HAGOS subscales, EQ-5D, EQ-VAS, iHOT-12,
and visual analog scale. At the 5-year follow-up, 90.5% of
athletes reported satisfaction with their overall hip func-
tion (Table 5).

Improvement in the HAGOS subscales exceeded the
MIC value for 73% of the patients in terms of symptoms,
69% for pain, 55% for activities of daily living, 73% for
sports, 75% for physical activity, and 86% for quality of
life. The improvement on the iHOT-12 exceeded the MIC
value in 73% of all patients.

Of 64 elite athletes, 54% were still participating in com-
petitive sports (HSAS, 5-8) 5 years after surgery. A
decrease in level on the HSAS was reported by 77% of
the patients (Table 6).

Lower levels of sports activity (HSAS, 0-4) were
reported by patients with a higher age at the time of sur-
gery, with a mean age of 30 years. Furthermore, lower

levels on the HSAS were seen in patients reporting a longer
duration of symptoms before surgery, at a mean of 41
months as compared with 21 months in patients with
higher levels of sports activity (HSAS, 5-8; P = .013). These
data were calculated with a correlation analysis and are
shown as box plots in Figures 1 and 2.

DISCUSSION

The main finding in this study was the improvement in hip
function 5 years after arthroscopic treatment for FAIS in
elite athletes. Patient-reported hip function was improved
in all PROMs, except for the HSAS, from presurgery to the
5-year follow-up. Nine of 10 patients reported satisfaction
with their overall hip function. The average improvements
exceed the MIC for the iHOT-12 and HAGOS, indicating
a clinically relevant improvement.

In accordance with the present study, several studies
have reported favorable outcomes after the arthroscopic
treatment of FAIS in athletes.9,11 However, these studies
used older PROMs not validated for an active population.
The PROMs included in the current study have been vali-
dated for an active population and are therefore suitable
for the cohort of elite athletes. Moreover, the HAGOS
and iHOT-12 are recommended for use in assessing treat-
ment for FAIS.14

Perets et al33 reported the 5-year outcome in athletes,
including the iHOT-12 with a mean value of 78.8 at
follow-up. Sansone et al37 published the 1-year follow-up
outcomes for the present cohort with outcomes similar to
those in this current study, suggesting an average con-
stancy in outcome and hip function over time.

Despite remaining in sports, many athletes reported
a reduction in the level of sports in which they participated
5 years after surgery. Interestingly, patients still reported
an overall satisfaction with their hip function. There may

TABLE 5
Changes in Patient-Reported Outcome Scores From Presurgery to 5-Year Follow-upa

Presurgery (N = 64) 5-y Follow-up (N = 64) Change P Value

HAGOS
Symptoms 51.7 6 19.9 71.9 6 21.9 20.3 6 22.2 \.0001
Pain 61.0 6 18.5 81.1 6 20.8 20.1 6 20.3 \.0001
Function of daily living 67.1 6 22.4 83.6 6 21.8 16.5 6 23.3 \.0001
Function in sports and recreation 40.0 6 21.8 71.5 6 27.0 31.5 6 30.2 \.0001
Participation in physical activities 25.0 6 25.7 67.4 6 32.2 42.4 6 39.0 \.0001
Hip- and groin-related quality of life 34.4 6 21.4 68.0 6 28.0 33.6 6 27.5 \.0001

EQ-5D 0.60 6 0.276 0.83 6 0.220 0.23 6 0.235 \.0001
EQ-VAS 66.1 6 18.6 76.7 6 18.1 10.6 6 22.0 .0002
iHOT-12 40.0 6 18.5 68.8 6 29.3 28.8 6 27.0 \.0001
VAS: hip function 49.2 6 20.2 74.4 6 21.0 25.6 6 24.5 \.0001
Satisfaction with surgery

Satisfied 57 (90.5)
Not satisfied 6 (9.5)

aValues are presented as n (%) or mean 6 SD. EQ-5D, European Quality of Life–5 Dimensions Questionnaire; EQ-VAS, European Quality
of Life–Visual Analog Scale; HAGOS, Copenhagen Hip and Groin Outcome Score; iHOT-12, International Hip Outcome Tool (short version);
VAS, visual analog scale.

TABLE 6
Change in Hip Sports Activity Scale From the Period

Before Symptoms to 5-Year Follow-upa

Level Before Symptoms (N = 64) 5-y Follow-up (N = 64)

0 1.6
1 7.9
2 7.9
3 7.9
4 20.6
5 22.2
6 4.8
7 57 15.9
8 43 11.2

aValues are presented as percentages. Summary overall:
decrease, 77.4%; equal, 21.0%; increase, 1.6%.
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be several explanations for this. Most patients who
reported a decrease in the HSAS were older, and it is not
known how long they would have remained in competitive
sports regardless of hip pain and FAIS. The level of the
HSAS is expected to decrease after 5 years, independent
of the function of the hip, given that the probability of
retirement from sports increases with age. Moreover,
a decrease in the HSAS was reported in patients with a lon-
ger duration of symptoms before surgery (mean 41
months); thus, elite athletes with a long symptom duration
may have difficulty returning to a high level of sports.
Menge et al28 followed the career lengths of hockey players
after arthroscopic treatment for FAIS and reported a corre-
lation between a longer career and younger age, as well as
shorter symptom duration at the time of arthroscopy. It is
also possible that longer symptom duration is related to
a higher degree of cartilage damage, which could affect
the load capacity of the joint and thereby the ability to par-
ticipate at elite levels.

A systematic review by Reiman et al35 reported a 74% rate
of RTS after arthroscopic treatment for FAIS, and other stud-
ies have cited rates up to 90% RTS.44 However, most studies
do not use clear definitions of RTS, and sports performance is
seldom measured. RTS rates are different depending on the
type of sports, and they differ among studies.19,27 Ishøi
et al18 assessed RTS with a strict definition and reported
a lower rate than previously described in the literature,
57% overall; however, only 17% of athletes returned with
optimal sports performance and participation.

The HSAS, as included in this study, is a validated out-
come with a clear definition in terms of the level of sports,
making it easy to compare preinjury and postoperative
levels of sports activity and enabling the inclusion of
patients from several sports. Of the patients in this study,
54% reported participating in competitive sports (HSAS,
5-8) 5 years after the surgical procedure, but only 21%

were on the same level of sport. Previous data on the
same cohort indicated that 73% of the patients still partic-
ipated in competitive sports 1 year after surgery.37 How-
ever, it is not surprising that 46% did not remain in
competitive sports after 5 years, as the mean age at the
time of surgery was 24 6 6 years. This could be due to
a natural attrition rate (ie, decrease) in level of sports.
Future studies should use a strict definition of RTS to
report a more exact rate.

FAIS is common among athletes in sports with high
demands on the hip, such as soccer and ice hockey.1,7,26

The patients in the current study were mostly soccer and
ice hockey players. However, other studies have reported
good patient-reported outcomes after arthroscopic treat-
ment for FAIS in other sports involving repetitive flexion
and rotational loading on the hips, such as cycling and
yoga,12,13 further indicating arthroscopic surgery as a via-
ble treatment option for patients with FAIS who are per-
forming sports other than soccer and ice hockey.

Labral repairs were performed in only 9% of the
patients in this study. This is due to the technique used
and the pathophysiology. This rate is lower than that
reported in many other publications. For example, Perets
et al33 performed labral repairs in 75.8% of the surgical
procedures. The discrepancy between this study and others
might be due to the method by which pathophysiology was
evaluated and the disparities in treatment customs among
countries. The importance of chondrolabral pathology is
not yet fully understood.

Strengths of this study are the long follow-up period, the
prospective data collection, the updated PROMs validated
for a young and active population, and a well-defined cohort
of elite athletes. According to the methodological index for
non-randomized studies (MINORS), this study receives 13
of 16 possible points, indicating high quality.23,41

Limitations of this study include the absence of a control
group. Of the patients meeting the inclusion criteria, 82%

Figure 1. A box plot comparing the Hip Sports Activity Scale
(HSAS) with age at surgery. The box is displaying the spread
of the data where the quadrant is the mean value and the line
next to it shows the median value. The whiskers display the
minimum and maximum quartile value, and the dot indicates
whether there is an outlier.

Figure 2. A box plot comparing the Hip Sports Activity Scale
(HSAS) with symptom duration. The box is displaying the
spread of the data where the quadrant is the mean value
and the line next to it shows the median value. The whiskers
display the minimum and maximum quartile value, and the
dot indicates whether there is an outlier.
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participated in the follow-up. The remaining 14 patients
(18%) were lost to follow-up, and this could bias the
results. Moreover, the study did not include objective
radiographic values, such as magnetic resonance imaging
or radiographs with alpha angle5 for cam morphology,
a value frequently used in describing and diagnosing
FAIS, which reduces the opportunity to compare the pres-
ent results with those in other studies. Nevertheless, the
alpha angle is debated as a single predictor of FAIS, and
the diagnosis in this study was based on radiographic
findings, symptoms, and clinical findings, as suggested
by the Warwick agreement.14 Another limitation is the
long duration of symptoms and relatively high age of
some patients, which could bias the RTS rate. The study
was not blinded; however, the data analysis was per-
formed in a blind manner.

CONCLUSION

Arthroscopic treatment for FAIS in elite athletes results in
a statistically significant and clinically relevant improve-
ment regarding symptoms, hip function, quality of life,
and pain 5 years after surgery. Approximately half of the
cohort was still in competitive sports at follow-up, yet
77% had decreased their level of sports. Nine of 10 patients
were satisfied with their surgery.

REFERENCES

1. Agricola R, Bessems JH, Ginai AZ, et al. The development of cam-

type deformity in adolescent and young male soccer players. Am J

Sports Med. 2012;40(5):1099-1106.

2. Alradwan H, Philippon MJ, Farrokhyar F, et al. Return to preinjury

activity levels after surgical management of femoroacetabular

impingement in athletes. Arthroscopy. 2012;28(10):1567-1576.

3. Ayeni OR, Banga K, Bhandari M, et al. Femoroacetabular impingement

in elite ice hockey players. Knee Surg Sports Traumatol Arthrosc.

2014;22(4):920-925.

4. Barastegui D, Seijas R, Alvarez-Diaz P, et al. Assessing long-term

return to play after hip arthroscopy in football players evaluating

risk factors for good prognosis. Knee Surg Sports Traumatol

Arthrosc. 2018;26(3):963-968.

5. Barrientos C, Barahona M, Diaz J, Branes J, Chaparro F, Hinzpeter J.

Is there a pathological alpha angle for hip impingement? A diagnostic

test study. J Hip Preserv Surg. 2016;3(3):223-228.

6. Begly JP, Buckley PS, Utsunomiya H, Briggs KK, Philippon MJ. Fem-

oroacetabular impingement in professional basketball players: return

to play, career length, and performance after hip arthroscopy. Am J

Sports Med. 2018;46(13):3090-3096.

7. Casartelli NC, Bizzini M, Maffiuletti NA, Lepers R, Leunig M. Rehabil-

itation and return to sport after bilateral open surgery for femoroace-

tabular impingement in a professional ice hockey player: a case

report. Phys Ther Sport. 2015;16(2):193-201.

8. Casartelli NC, Leunig M, Maffiuletti NA, Bizzini M. Return to sport

after hip surgery for femoroacetabular impingement: a systematic

review. Br J Sports Med. 2015;49(12):819-824.

9. Chen AW, Craig MJ, Yuen LC, Ortiz-Declet V, Maldonado DR, Domb

BG. Five-year outcomes and return to sport of runners undergoing

hip arthroscopy for labral tears with or without femoroacetabular

impingement. Am J Sports Med. 2019;47(6):1459-1466.

10. Clapp IM, Nwachukwu BU, Beck EC, Jan K, Gowd AK, Nho SJ.

Comparing outcomes of competitive athletes versus nonathletes

undergoing hip arthroscopy for treatment of femoroacetabular

impingement syndrome. Am J Sports Med. 2020;48(1):159-166.

11. Flores SE, Sheridan JR, Borak KR, Zhang AL. When do patients

improve after hip arthroscopy for femoroacetabular impingement? A

prospective cohort analysis. Am J Sports Med. 2018;46(13):3111-3118.

12. Frank RM, Ukwuani G, Allison B, Clapp I, Nho SJ. High rate of return

to yoga for athletes after hip arthroscopy for femoroacetabular

impingement syndrome. Sports Health. 2018;10(5):434-440.

13. Frank RM, Ukwuani G, Clapp I, Chahla J, Nho SJ. High rate of return

to cycling after hip arthroscopy for femoroacetabular impingement

syndrome. Sports Health. 2018;10(3):259-265.

14. Griffin DR, Dickenson EJ, O’Donnell J, et al. The Warwick agreement

on femoroacetabular impingement syndrome (FAI syndrome): an

international consensus statement. Br J Sports Med. 2016;

50(19):1169-1176.

15. Griffin DR, Parsons N, Mohtadi NG, Safran MR; Multicenter Arthros-

copy of the Hip Outcomes Research Network. A short version of the

International Hip Outcome Tool (iHOT-12) for use in routine clinical

practice. Arthroscopy. 2012;28(5):611-616.

16. Harris JD, Erickson BJ, Bush-Joseph CA, Nho SJ. Treatment of fem-

oroacetabular impingement: a systematic review. Curr Rev Muscu-

loskelet Med. 2013;6(3):207-218.

17. Hufeland M, Kruger D, Haas NP, Perka C, Schroder JH. Arthroscopic

treatment of femoroacetabular impingement shows persistent clinical

improvement in the mid-term. Arch Orthop Trauma Surg. 2016;

136(5):687-691.

18. Ishøi L, Thorborg K, Kraemer O, Holmich P. Return to sport and per-

formance after hip arthroscopy for femoroacetabular impingement in

18- to 30-year-old athletes: a cross-sectional cohort study of 189

athletes. Am J Sports Med. 2018;46(11):2578-2587.

19. Jack RA 2nd, Sochacki KR, Hirase T, Vickery JW, Harris JD. Perfor-

mance and return to sport after hip arthroscopy for femoroacetabular

impingement in professional athletes differs between sports. Arthros-

copy. 2019;35(5):1422-1428.

20. Jonasson P, Baranto A, Karlsson J, et al. A standardised outcome

measure of pain, symptoms and physical function in patients with

hip and groin disability due to femoro-acetabular impingement:

cross-cultural adaptation and validation of the International Hip Out-

come Tool (iHOT12) in Swedish. Knee Surg Sports Traumatol

Arthrosc. 2014;22(4):826-834.

21. Kemp JL, Collins NJ, Roos EM, Crossley KM. Psychometric proper-

ties of patient-reported outcome measures for hip arthroscopic sur-

gery. Am J Sports Med. 2013;41(9):2065-2073.

22. Keogh MJ, Batt ME. A review of femoroacetabular impingement in

athletes. Sports Med. 2008;38(10):863-878.

23. Khan W, Khan M, Alradwan H, Williams R, Simunovic N, Ayeni OR.

Utility of intra-articular hip injections for femoroacetabular impinge-

ment: a systematic review. Orthop J Sports Med. 2015;3(9):

2325967115601030.

24. Konan S, Rayan F, Meermans G, Witt J, Haddad FS. Validation of the

classification system for acetabular chondral lesions identified at

arthroscopy in patients with femoroacetabular impingement.

J Bone Joint Surg Br. 2011;93(3):332-336.

25. Larson CM, Sikka RS, Sardelli MC, et al. Increasing alpha angle is pre-

dictive of athletic-related ‘‘hip’’ and ‘‘groin’’ pain in collegiate National

Football League prospects. Arthroscopy. 2013;29(3):405-410.

26. Lerebours F, Robertson W, Neri B, Schulz B, Youm T, Limpisvasti O.

Prevalence of cam-type morphology in elite ice hockey players. Am J

Sports Med. 2016;44(4):1024-1030.

27. Levy DM, Kuhns BD, Frank RM, et al. High rate of return to running

for athletes after hip arthroscopy for the treatment of femoroacetab-

ular impingement and capsular plication. Am J Sports Med.

2017;45(1):127-134.

28. Menge TJ, Briggs KK, Philippon MJ. Predictors of length of career

after hip arthroscopy for femoroacetabular impingement in profes-

sional hockey players. Am J Sports Med. 2016;44(9):2286-2291.

29. Minkara AA, Westermann RW, Rosneck J, Lynch TS. Systematic

review and meta-analysis of outcomes after hip arthroscopy in fem-

oroacetabular impingement. Am J Sports Med. 2019;47(2):488-500.

AJSM Vol. 48, No. 6, 2020 Outcomes After Femoroacetabular Surgery in Elite Athletes 1421



30. Naal FD, Miozzari HH, Kelly BT, Magennis EM, Leunig M, Noetzli HP.

The Hip Sports Activity Scale (HSAS) for patients with femoroacetab-

ular impingement. Hip Int. 2013;23(2):204-211.

31. Ohlin A, Ahlden M, Lindman I, et al. Good 5-year outcomes after

arthroscopic treatment for femoroacetabular impingement syndrome

[published online April 10, 2019]. Knee Surg Sports Traumatol

Arthrosc. doi:10.1007/s00167-019-05429-y

32. Ohlin A, Jónasson P, Ahldén M, et al. The Hip Sports Activity Scale for

patients with femoroacetabular impingement syndrome—validation in

Swedish. Translational Sports Medicine. 2019;2(4):209-213.

33. Perets I, Craig MJ, Mu BH, Maldonado DR, Litrenta JM, Domb BG.

Midterm outcomes and return to sports among athletes undergoing

hip arthroscopy. Am J Sports Med. 2018;46(7):1661-1667.

34. Rabin R, de Charro F. EQ-5D: a measure of health status from the

EuroQol Group. Ann Med. 2001;33(5):337-343.

35. Reiman MP, Peters S, Sylvain J, Hagymasi S, Mather RC, Goode AP.

Femoroacetabular impingement surgery allows 74% of athletes to

return to the same competitive level of sports participation but their

level of performance remains unreported: a systematic review with

meta-analysis. Br J Sports Med. 2018;52(15):972-981.

36. Rosinsky PJ, Kyin C, Lall AC, Shapira J, Maldonado DR, Domb BG.

Rate of return to sport and functional outcomes after bilateral hip

arthroscopy in high-level athletes. Am J Sports Med. 2019;47(14):

3444-3454.

37. Sansone M, Ahlden M, Jonasson P, et al. Good results after hip

arthroscopy for femoroacetabular impingement in top-level athletes.

Orthop J Sports Med. 2015;3(2):2325967115569691.

38. Schallmo MS, Fitzpatrick TH, Yancey HB, Marquez-Lara A, Luo TD,

Stubbs AJ. Return-to-play and performance outcomes of profes-

sional athletes in North America after hip arthroscopy from 1999 to

2016. Am J Sports Med. 2018;46(8):1959-1969.

39. Shibata KR, Matsuda S, Safran MR. Arthroscopic hip surgery in the

elite athlete: comparison of female and male competitive athletes.

Am J Sports Med. 2017;45(8):1730-1739.

40. Siebenrock KA, Ferner F, Noble PC, Santore RF, Werlen S, Mamisch

TC. The cam-type deformity of the proximal femur arises in childhood

in response to vigorous sporting activity. Clin Orthop Relat Res.

2011;469(11):3229-3240.

41. Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J. Meth-

odological Index for Non-randomized Studies (MINORS): develop-

ment and validation of a new instrument. ANZ J Surg. 2003;73(9):

712-716.
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