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Background: Trends between the sexes have been reported regarding prevalence, patient-reported outcomes (PROs), and
complications of hip arthroscopy (HA) for femoroacetabular impingement syndrome (FAIS), yet current results lack consensus.

Purpose: To evaluate sex-based differences after HA for FAIS in (1) prevalence of cam and pincer morphology in FAIS and
(2) PROs, pain scores, and postoperative complication rates.

Study Design: Systematic review; Level of evidence, 4.

Methods: The EMBASE, PubMed, and Ovid (MEDLINE) databases were searched from establishment to February 28,
2022, according to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. Included
studies had sex-based data on prevalence, outcomes, and complications of HA for FAIS. Reviews and commentaries
were excluded. Data were combined, and between-sex differences were analyzed. Meta-analyses using random-effects
models were performed when possible. Pooled risk ratios (RRs) and standardized mean differences were calculated.

Results: A total of 74 studies were included (213,059 patients; 132,973 female hips [62.4%] and 80,086 male hips [37.6%]). The
mean age was 30.7 + 7.7 years among male patients and 31.1 £ 7.8 years among female patients. Male patients experienced
mixed-type impingement significantly more often (39.4% vs 27.2% for female patients; RR = 0.69 [95% confidence interval [Cl],
0.58-0.81]; P < .001), whereas female patients experienced pincer-type impingement more often (50.6% vs 30.8% for male
patients; RR = 2.35 [95% ClI, 1.14-4.86]; P = .02). Male patients had higher likelihoods of undergoing femoroplasty (89.8% vs
77.4% for female patients; RR = 0.90 [95% CI, 0.83-0.97]; P = .006), acetabuloplasty (67.1% vs 59.3% for female patients;
RR = 0.87 [95% CI, 0.79-0.97]; P = .01), or combined femoroplasty/acetabuloplasty (29.2% vs 14.5% for female patients;
RR = 0.63 [95% Cl, 0.44-0.90]; P = .01). Although female patients showed greater improvements in Hip Outcome Score-Sport-
Specific subscale (P = .005), modified Harris Hip Score (P = .006), and visual analog scale pain (P < .001), both sexes surpassed
the minimal clinically important difference at 1, 2, and 5 years postoperatively. Female patients had higher complication rates (P =
.003), although no sex-based differences were found in total hip arthroplasty conversion rates (P = .21).

Conclusion: Male patients undergoing HA for FAIS had a higher prevalence of mixed-type FAIS while female patients had more
pincer-type FAIS. Female patients gained greater improvements in PROs, although both sexes exceeded the minimal clinically
important difference, suggesting that both male and female patients can benefit from HA.
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Femoroacetabular impingement syndrome (FAIS), which
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of hip pain in young adults.?®27 Three basic subtypes have
been established in the literature with varying hip mor-
phology that leads to impingement: cam-, pincer-, and
mixed-type FAIS.

Hip arthroscopy (HA) has been established as an effec-
tive procedure that improves patient-reported outcomes
(PROs) in the treatment of FAIS, with impingement and
labral tears being the leading indications.'%>*%%® Studies
suggest that nonmodifiable factors, such as age and sex,
impact outcomes of HA; however, there is conflicting evi-
dence as to whether sex differences exist and the magni-
tude of those differences. Salvo et al”” reported a significant
difference in preoperative hip function, morphology, and
self-reported functional deficits between male and female
patients. Beck et al® found that female patients achieved
postoperative improvements on certain PROs at higher
rates than male patients after HA for FAIS, whereas Cve-
tanovich et al'® found that male and female patients
achieved similar improvements on PROs and low complica-
tion rates. Some studies have found sex-based differences
in HA rates regardless of FAIS diagnosis,® whereas others
have reported no such differences.®?

The aim of this systematic review was to compare sex-
based differences in the prevalence of cam and pincer mor-
phology in FAIS, and to evaluate such differences in PROs,
pain scores, and postoperative complication rates after HA
for treatment of FAIS. The hypothesis was that, whereas
male patients may more frequently undergo HA for cam-
type FAIS and female patients for pincer-type, similar
improvements in PROs and no difference in complication
rates would be expected between sexes.

METHODS
Search Strategy

Three online databases (Embase, PubMed, and Ovid
[MEDLINE]) were searched from database inception until
February 28, 2022, for studies investigating patient-
reported or sex-specific outcomes after HA for FAIS. Search
terms included “hip arthroscopy,” “femoroacetabular
impingement,” “labrum tear,” “labral tear,” “gender,” “sex,”
“male,” and “female,” and were limited to English and
human studies (Appendix Table Al).

Of note, a distinction between gender and sex was not
incorporated into the reviewed studies. Results were
analyzed as a dichotomous assigned-male-at-birth versus
assigned-female-at-birth comparison due to the litera-
ture suggesting that sex-based differences in FAIS are
due to anatomic differences in hip joint and pelvic
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anatomy, including females having smaller alpha angles
and increased acetabular and femoral anteversion.?*

Study Screening

Two reviewers (H.A. and M.O.) screened titles, abstracts,
and full-text articles independently and in duplicate in
accordance with PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines.
A third reviewer (M.H.) reconciled any discrepancies.
References of included articles were searched manually to
identify studies that may have eluded the initial search,
from which 1 article was identified and included in the
analysis.?® The interreviewer agreement for the title,
abstract, and full-text screenings was assessed using the
kappa (x) statistic.

Assessment of Study Eligibility

The research question and criteria for study inclusion were
established a priori. Inclusion criteria were as follows:
English-language studies, human studies, studies with
sex-specific data, and studies investigating HA or FAIS
prevalence, outcomes, or complications. Exclusion criteria
were review articles, commentaries, case reports or studies
with a sample size of n = 1, and studies that lacked strong
sex-specific data (either direct sex comparisons or sample
sizes large enough where sex data could be extracted for
comparison).

Data Abstraction

A single reviewer collected and recorded data via Microsoft
Excel (Version 16.59). Abstracted data included study year
and type, Methodological Index for Non-Randomized Stud-
ies (MINORS) score, number of male and female hips, male
and female mean ages, time of follow-up measurements,
sex-specific outcomes for each reported PRO, and complica-
tion types and rates.

Quality Assessment

MINORS criteria were utilized to assess the methodological
quality of included studies. MINORS is an instrument used
to assess the quality of both comparative and noncompara-
tive, nonrandomized surgical studies.®®* Noncomparative
studies are scored out of 16, while comparative studies are
scored out of 24. The screening process did not yield any
randomized control trials; therefore, MINORS was the sole
quality assessment tool used.
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Outcome Measures

To assess for potential sex differences in prevalence, out-
comes, and complications of HA for FAIS, demographic
data were analyzed to determine the number of male and
female hips undergoing HA, HA for FAIS, HA for a cam
diagnosis, HA for a pincer diagnosis, HA for a mixed cam/
pincer diagnosis, femoroplasty, acetabuloplasty, and com-
bined femoroplasty/acetabuloplasty.

With respect to the standardized mean differences
(SMDs) between male and female patients, 5 validated
PROs were analyzed: modified Harris Hip Score (mHHS),
Hip Outcome Score—Activities of Daily Living subscale
(HOS-ADL), Hip Outcome Score—Sport-Specific subscale
(HOS-S8S), International Hip Outcome Tool-12,%° and visual
analog scale (VAS) for pain.l3%38:58

When evaluating complication rates, the following postop-
erative conditions were considered: deep venous thrombosis,
pulmonary embolism, venous thromboembolism, persistent
paresthesia, weakness of function or muscle strength, other
undefined nerve injury, heterotopic ossification, emergency
department or hospital admission, chondral injury, revision
arthroscopy, or failure to return to the same level of sport.

Statistical Analysis

A meta-analysis was performed to compare several different
diagnostic and outcome metrics between male and female
cohorts: (1) prevalence of FAIS, (2) type of hip pathology (cam,
pincer, or mixed), (3) type of procedure (femoroplasty, aceta-
buloplasty, or combined femoroplasty/acetabuloplasty), (4)
the overall complication rate, (5) the conversion to total hip
arthroplasty (THA) rate, and (6) the mean improvement in
various PROs (HOS-ADL, HOS-SS, mHHS, VAS).

For type of hip pathology, type of procedure, overall com-
plication rate, and conversion to THA, risk ratios (RRs) for
male versus female patients were calculated for each study
that reported these data. A pooled RR, weighed by the sam-
ple size of each study, was then calculated. RRs <1 indi-
cated favoring male patients and thus having a higher
frequency among male patients, and RRs >1 indicated
favoring female patients and thus having a higher fre-
quency among female patients. RRs = 1 indicated no fre-
quency difference between sexes.

For continuous variables (eg, the mean increase in PRO
scores), the SMD of each outcome measure was compared
between male and female patients for each study that
reported these data. A pooled SMD, weighed by the sample
size of each study, was then calculated.

Heterogeneity of the pooled data was quantified with the
I? statistic. If I? < 50%, the studies were assumed to be
homogeneous, and a fixed-effects model was used. If IZ >
50%, the studies were assumed to be heterogeneous, and a
random-effects model was used. Statistical significance was
defined as an o error less than 5.0% (ie, P < .05) for the
overall effect size.

All meta-analyses were completed using the publicly
available software Cochrane ReviewManager Version 5.4
(Cochrane Collaboration). All other statistical analyses
were completed using SPSS Version 24.0 (IBM Corp).
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10,720 Studies Identified
MEDLINE: 2345
EMBASE: 4205
PubMED: 4170

Removal of Excluded Studies
Duplicates * Duplicates: 2545
P
| 8173 Sindin | Excluded Studies
! * Review or commentary
‘]'ll‘lc * Not hip arthroscopy or FAI
Review + Single gender studies

* Case report or n=1

I 409 Studies |

Excluded Studies
Abstract * Review or commentary
Review * Not hip arthroscopy or FAI

* No gender comparison
* Case report or n=1

188 Studies

Excluded Studies
Full Text * Review or commentary
Review * Not hip arthroscopy or FAl

* Lack strong gender data
* Case report or n=1

74 Studies Included

Figure 1. PRISMA flow diagram demonstrating the system-
atic screening of the literature for sex difference outcomes
after HA for FAIS. FAI, femoroacetabular impingement; FAIS,
femoroacetabular impingement syndrome; HA, hip arthros-
copy; PRISMA, Preferred Reporting Items for Systematic
Reviews and Meta-Analyses.

RESULTS
Search Strategy

The initial online database search resulted in 10,720 stud-
ies, with a total of 8,175 studies once duplicates were
removed. The entire screening process resulted in 74 full-
text articles being included for analysis (Figure 1).
Interreviewer agreement was found to be 0.43 for the title
screening (moderate agreement), 0.64 for the abstract
screening (substantial agreement), and 0.36 for the full-
text screening (moderate agreement).

Study Quality

The 74 included studies consisted of 17 case series,® 6 case-
control studies,>”1%3751 392 cohort studies,! and 19 cross-
sectional studies.¥ A summary of the characteristics of each

SReferences 2, 10, 14, 16, 21, 30, 35, 40, 45, 47, 48, 65, 68, 70,
73, 78, 87.

lIReferences 6, 13, 17, 19, 20, 22, 23, 25, 28, 33, 39, 41, 42, 44, 46, 52,
53, 56, 60, 61, 64, 66, 69, 72, 74, 76, 79, 81, 82, 88-90.

YReferences 8, 9, 12, 15, 24, 34, 36, 43, 50, 54, 57, 62, 63, 75, 77, 80,
84, 85, 91.
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study is given in Appendix Table A2. The mean MINORS
score for the noncomparative studies was 10.8 (range,
7-12), and the mean MINORS score for the comparative
studies was 17 (range, 11-22). All studies had a clearly
stated aim and endpoints appropriate for the aim. More-
over, 82.4% had an appropriate follow-up period, which was
defined as “sufficiently long to allow the assessment of the
main endpoint and possible adverse events.”®® All remain-
ing studies did not report a follow-up period, except one
study where follow-up was reported but inadequate to
assess for possible adverse events. A total of 75.7% of stud-
ies had a loss of follow-up less than 5%. Only 2.7% of studies
had prospective collection of data, and 9.5% had unbiased
assessment of endpoints. Of the comparative studies, 44.7%
had adequate control groups, and 55.4% had baseline
equivalence of groups with respect to criteria other than
the endpoints in question.

Study Characteristics

A total of 236,604 patients were included across all studies,
with sex data stratified in a portion of these and identifying
80,002 (37.6%) male patients and 132,962 (62.4%) female
patients (Appendix Table A2). From studies where number
of hips were recorded and stratified by sex, a total of 80,086
(37.6%) male hips and 132,973 (62.4%) female hips were
identified. Mean age among male patients was 30.7 + 7.7
years, and mean age among female patients was 31.1+ 7.8
years. Follow-up time ranged from 7 days to 10 years, with
60.8% of studies having a minimum of 1-year follow-up.
Studies with perioperative data were included as well.
Heterogeneity related to follow-up time is included in the
I? statistic.

Prevalence Data

Studies lacked consistency in reporting FAIS type when
patients underwent HA; therefore, results are displayed
only for those studies where specific FAIS types were
identified.

Among studies where prevalence of cam impingement
was recorded by sex, 61.5% (740/1204) of male hips had a
diagnosis of cam-type FAIS, versus 41.6% (586/1410) of
female hips (RR = 0.85 [95% CI, 0.69-1.04]; P = .11) (Appen-
dix Figure Al). In studies where prevalence of pincer
impingement was recorded by sex, 30.8% (376/1219) of male
hips had a diagnosis of pincer-type FAIS, versus 50.6%
(385/761) of female hips (RR = 2.35 [95% CI, 1.14-4.86], P
= .02) (Appendix Figure Al). Among studies where preva-
lence of mixed-type impingement was recorded by sex,
39.4% (388/984) of male hips had a diagnosis of mixed-
type FAIS, versus 27.2% (330/1214) of female hips (RR =
0.69 [95% CI, 0.58-0.81], P < .001) (Appendix Figure Al).

In studies where prevalence of femoroplasty was
recorded by sex, 89.8% (1456/1621) of male hips underwent
femoroplasty for FAIS, versus 77.4% (1926/2490) of female
hips (RR = 0.90 [95% CI, 0.83-0.97], P = .006) (Appendix
Figure A2). Among studies where prevalence of acetabulo-
plasty was recorded by sex, 67.1% (1051/1566) of male hips
underwent acetabuloplasty for FAIS, versus 59.3% (1436/
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2423) of female hips (RR = 0.87 [95% CI, 0.79-0.97], P = .01)
(Appendix Figure A2). In studies where prevalence of
combined femoroplasty/acetabuloplasty was recorded by
sex, 29.2% (119/407) of male hips underwent combined
femoroplasty/acetabuloplasty for FAIS, versus 14.5%
(56/386) of female hips (RR = 0.63 [95% CI, 0.44-0.90],
P = .01) (Appendix Figure A2).

PRO Measures
HOS-ADL

Seven studies®1423:34.52.68.77 yonorted HOS-ADL scores,
totaling 1054 male hips and 1443 female hips. Among these
studies, the average HOS-ADL score after HA for FAIS for
male patients was 79.4, and for female patients was 77.8.
Two studies provided sufficient data to compare pre- and
postoperative HOS-ADL scores for both male and female
patients,>?3 with the average increase in HOS-ADL scores
being 17.7 for male and 24.4 for female patients (SMD =
2.18 [95% CI, -1.26 to 5.62], P = .21, I? = 99%) (Appendix
Figure A3 and Table A3).

HOS-SS

Nine studies reported HOS-SS scores,” totaling 1593 male
hips and 2376 female hips. Among these studies, the aver-
age HOS-SS score for male patients was 68.6, and that for
female patients was 64.8. Four studies reported pre- and
postoperative HOS-SS scores for both male and female
patients,?232855 with the average increase in HOS-SS
scores being 32.9 for male patients and 34.8 for female
patients (SMD = 2.34 [95% CI, 0.69-3.98], P = .005,
I? = 99%) (Appendix Figure A3 and Table A3).

mHHS

A total of 18 studies reported mHHS scores, totaling 2041
male hips and 2724 female hips.” Among these studies, the
average mHHS score for male patients was 81.8, and that
for female patients was 77.8. Seven studies®?223:28,55,76.81
reported pre- and postoperative mHHS scores for both male
and female patients, with the average increase in mHHS
scores being 22.2 for male and 23.2 for female patients
(SMD = 0.78 [95% CI, 0.23-1.34], P = .006, I = 96%)
(Appendix Figure A3 and Table A3).

VAS Pain

Nine studies reported VAS pain scores,’ totaling 1619
male hips and 2375 female hips. Among these studies,
the average preoperative VAS pain score for male
patients was 16.4, and for female patients was 19.9. Five
studies®?228:55.76 reported pre- and postoperative VAS pain

#References 3, 14, 23, 28, 34, 52, 55, 68, 77.

**References 2, 3, 14, 22, 23, 28, 34, 48, 52, 55, 64, 68, 70, 72, 76, 77,
81, 89.

TReferences 3, 14, 22, 28, 52, 55, 76, 77, 89.
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TABLE 1
Complication Rates After HA for FAIS According to Sex®

Lead Author (Year) Follow-up Complication Rate, Male/Female
Byrd (2000)*° 2y 5.6%/NR
Shibata (2017)8! ly e No RTS at same level: 9.5%/13.2%

Khazi (2019)*! 30 days, 90 days

Kern (2018)%° 2 days
Ellenrieder (2017)%! 12 weeks
Bedi (2012)° 10 days
Poehling-Monaghan (2017)" ly
Cevallos (2021)'2 30 days, 2 y
Larson (2016)* 6 mo
Maldonado (2022)%° 2y
Amenabar (2013)?

Philippon (2010)7° 1y
Nwachukwu (2017)58 ly
Chandrasekaran (2017)* 2y

e No RTS (competitive sport): 7.1%/2.6%
e At 30 days:

DVT: 0.25%/0.32%

PE: 0.13%/0.17%

VTE: 0.34%/0.43%
e At 90 days:

DVT: 0.37%/0.45%

PE: 0.02%/0.23%

VTE: 0.52%/0.62%
Nerve injury: 13.5%/12.7%
Paraesthesia, muscle weakness, foot numbness: 86.7%/84.2%
Heterotopic ossification: 72.4%/27.6%
e Failed femoral osteoplasty: 21%/56%
e Failed combined femoroplasty/acetabuloplasty: 10%/58%
e ED admission <30 days of HA: 4.3%/5.5%
e Hospital readmission <30 days of HA: 0.7%/0.6%
6.7%/10%
Rate of non-THA revision surgery: 7.9%/11.3%
Retirement due to hip disability: 3.8%/NR
Reinjured, required additional HA: 7.1%/NR
Reoperation rate: NR/9.09%
0%/5.56%

“DVT, deep vein thrombosis; ED, emergency department; FAIS, femoroacetabular impingement syndrome; HA, hip arthroplasty; NR, not
reported; PE, pulmonary embolism; RTS, return to sport; THA, total hip arthroplasty; VTE, venous thromboembolism.

scores for both male and female patients, with the average
decrease in VAS pain scores being 8.66 for males and 10.51
for females (SMD = 2.68 [95% CI, 1.23-4.14], P < .001,
I2 = 99%) (Appendix Figure A3 and Table A3).

Complications

A total of 14 studies reported data with respect to postop-
erative complications of HA for FAIS,* with a total of
24,912 male hips and 41,760 female hips included in the
studies where postoperative complications were recorded.
Time of follow-up for evaluating complications ranged from
2 days to 2 years postoperatively. Recorded complications
were heterogeneous across studies but included the follow-
ing: deep venous thrombosis, pulmonary embolism, venous
thromboembolism, paresthesia, weakness of function or
muscle strength, other undefined nerve injury, heterotopic
ossification, emergency department visit, hospital readmis-
sion, chondral injury, revision arthroscopy, or failure to
return to the same level of sport. Ten studies reported over-
all postoperative complication rates for both male and
female patients,’® with the average complication rate for
male patients being 3.4% (845/24,840) and for female
patients 5.3% (2228/41,710) (RR = 2.34 [95% CI, 1.33-
4.10], P = .003, I? = 88%) (Table 1 and Appendix Figure A4).

HReferences 2, 6, 10, 12, 14, 21, 40, 41, 45, 55, 68, 70, 71, 81.
SSReferences 6, 12, 14, 21, 40, 41, 45, 55, 71, 81.

Seven studies®!2:22:53:55.60.76 yoported THA conversion

data after HA for FAIS, totaling 42,768 male hips and
75,753 female hips. Time of follow-up for evaluating THA
conversion ranged from 1 to 10 years postoperatively. All 7
studies reported THA conversion rates for both male and
female patients, with average rates being 5.2% (2232/
42,768) for male patients and 4.9% (3727/75,753) for female
patients (RR = 0.87 [95% CI, 0.71-1.08], P = .21, I? = 83%)
(Appendix Table A4).

Both men and women achieved score improvements for
HOS-SS and mHHS far above those needed to confirm a
minimal clinically important difference (MCID) at 1, 2, and
5 years postoperatively (Table 2).

DISCUSSION

The findings of this review suggest that sex differences
exist for FAIS morphologies, with male patients having a
significantly higher prevalence of mixed-type FAIS (39.4%
[388/984] of male patients, 27.2% [330/1214] of female
patients; RR = 0.69 [95% CI, 0.58-0.81]; P < .001) and
female patients of pincer-type FAIS (50.6% [385/761] of
female patients, 30.8% of male patients [376/1219]; RR =
2.35 [95% CI, 1.14-4.86]; P = .02). This prevalence differ-
ence was identified among a smaller subset of the initial
236,604 hip cohort due to inconsistency in reporting sex-
specific FAIS diagnoses and HA outcomes, highlighting the
larger issue of poor reporting after HA for FAIS.
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TABLE 2
Rates of Achieving MCID and PASS Thresholds According to Sex®
MCID PASS
Male Patients Female Patients Male Patients Female Patients
Achieving Achieving Achieving Achieving

PRO by Lead Author (Year) [Mean Follow-up] Threshold Threshold Threshold Threshold  Threshold Threshold
Beck (2021)° [5-y follow-up]

HOS-ADL 10.6 53.8% 67.1% 87.5% 64.0% 66.7%

HOS-SS 154 48.3% 72.4% 76.6% 56.5% 70.3%

mHHS 144 54.0% 75.4% 82.0% 55.6% 66.2%
Flores (2020)%2 [2-y follow-up]

mHHS 8 61.4% 70.8% NR NR NR

HOOS-Symptoms 9 69.5% 68.1% NR NR NR

HOOS-Pain 9 62.7% 70.8% NR NR NR

HOOS-ADL 6 62.7% 79.2% NR NR NR

HOOS-Sports 10 74.1% 86.1% NR NR NR

HOOS-QoL 11 82.8% 88.9% NR NR NR
Saks (2021)"® [2-y follow-up]

mHHS M: 8.2; F: 6.6 79.4% 83.2% 74 81.4% 81.1%

NAHS M: 8.9; F: 8.8 71.6% 85.3% NR NR NR
Glein (2021)%8 [2-y follow-up]

mHHS 6.9 72.9% 79.1% 74 84.3% 79.1%

NAHS 9.0 62.9% 79.1% NR NR NR

HOS-SS 10.9 70.0% 85.1% 75 82.9% 82.1%
Domb (2021)*° [2-y follow-up]

mHHS NR 77.2% 81.0% NR NR NR

NAHS NR 77.0% 80.7% NR NR NR

HOS-SS NR 69.2% 70.5% NR NR NR

VAS NR 71.7% 76.2% NR NR NR
Nwachukwu (2017)%® [1-y follow-up]

mHHS 8.2 NR 78.8% NR NR NR

HOS-ADL 8.3 NR 78.8% NR NR NR

HOS-SS 14.5 NR 75.8% NR NR NR

iHOT-33 12.1 NR 66.7% NR NR NR
Maerz (2021)%3 [1-y follow-up]

mHHS 8 76.1% 82.5% 74 73.8% 60.6%
Ramos (2020)"? [0.4-y follow-up]

mHHS 8 100.0% NR NR NR NR

“ADL, activities of daily living; F, female; HOOS, Hip disability and Osteoarthritis Outcome Score; HOS, Hip Outcome Score; iHOT-33,
International Hip Outcome Tool-33; M, male; MCID, minimal clinically important difference; mHHS, modified Harris Hip Score; NAHS,
Nonarthritic Hip Score; NR, not reported; PASS, Patient Acceptable Symptom State; PRO, patient-reported outcome; QoL, quality of life; SS,

sport-specific; VAS, visual analog scale.

The significantly higher prevalence of mixed cam/pincer
impingement among male patients and pincer impinge-
ment among female patients reflected clinical expectations
and previously reported trends.26*® While sex differences
were found for mixed-type and pincer-type FAIS, no signif-
icant difference was found for the prevalence of cam-type
FAIS. The lack of studies reporting cam incidence by sex
limited the cohort to a smaller size, which was made up
largely of patients from the study by Salvo et al.”” There-
fore, cam prevalence reported here may be less representa-
tive of population trends and more reflective of the few
studies dominating sex-stratified cam results. However,
Laurito et al*® did find a similar result for cam prevalence,
with a higher male prevalence of cam among a cohort of 230
patients with FAIS undergoing HA. Ganz et al2® stated that
cam-type impingement was more common among young
men, but that most hips overall showed a mixed-type

impingement. Given that the concept of mixed-type
impingement as a diagnosis developed after the diagnoses
of isolated cam and isolated pincer impingement, it is pos-
sible that male patients experience cam impingement more
often than female patients, but that they concurrently
experience pincer impingement and thus are categorized
as having mixed-type FAIS. This reconciles with the
results of the present study that men underwent femoro-
plasty and combined femoroplasty/acetabuloplasty more
often than women.

Regarding procedure type, the higher prevalence of com-
bined femoroplasty/acetabuloplasty in male patients was
expected given their significantly higher prevalence of
mixed cam/pincer impingement. The higher rate of aceta-
buloplasty among male patients can be explained by their
higher prevalence of mixed cam/pincer impingement as
well, given that acetabuloplasty is an indicated procedure
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for mixed-type impingement, and not just for isolated
pincer-type impingement. While female patients had a
higher prevalence of isolated pincer-type impingement, the
higher prevalence in male patients of mixed cam/pincer
impingement, and thus of undergoing both femoroplasty
and acetabuloplasty, contributed to their higher rates
across all operative procedures.

Regarding PRO improvements, female patients outper-
formed male patients for HOS-SS, mHHS, and VAS pain
scores. However, HOS-SS and mHHS scores of both male
and female patients improved far beyond MCID thresholds
(Table 2).%” This aligned with results from other studies,
which suggested that sex does not significantly impact
potential clinical benefits of undergoing arthroscopy for
FAIS.16:22:23.5355 1y Jight of the current literature, and
given the MCID findings of this study, the clinical impact
of statistical differences was likely minimal. Considered
alongside the comparable THA conversion rates between
sexes, this suggests that operative treatment for FAIS can
be beneficial and worth the minimal risks it presents,
regardless of sex.

For VAS pain improvements (male patients: 8.66, female
patients: 10.51), both sexes experienced improvements far
below those required to achieve substantial clinical benefit
as defined by Beck et al* (minimum 25.5-point improve-
ment). Similarly, average VAS pain score improvements
did not meet the MCID threshold set by Beck et al*
(a decrease of 14.8) for male or female patients. VAS, how-
ever, is one of many metrics of pain measurement. Thus,
these results should not limit one’s decision to pursue HA
for FAIS given that overall clinical outcomes still improved
for both sexes after surgical intervention.

Male patients had significantly lower rates of postopera-
tive complications compared with female patients. Due to
the heterogeneity of postoperative complications that stud-
ies chose to report, it was not feasible to compare male
versus female rates for individual outcomes. However, post-
operative complications that studies did report suggested
that arthroscopy for FAIS may be riskier for female
patients with respect to achieving ideal outcomes, although
their potential benefits in PROs may be greater than that of
male patients. Other studies reported similar trends of
female patients being at greater risk for less desirable out-
comes after HA for FAIS.2%454771 Given that this study
found that female patients experienced pincer-type
impingement more frequently, it was possible that the dif-
ference in postoperative complication rates was due to
higher complication rates for acetabuloplasty rather than
sex differences. However, other studies reported either no
significant differences in complication rates between acet-
abuloplasty, femoroplasty, and combined femoroplasty/
acetabuloplasty®! or higher complication rates for femoro-
plasty and combined femoroplasty/acetabuloplasty.®® Thus,
the effects of operative procedure on postoperative compli-
cation rates could not solely account for trends observed in
this study.

Larson et al® identified a significantly higher rate of
postoperative complications after HA for female patients
compared with male patients. Similarly, Dooley et al®°
reported that female patients are significantly less likely
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to return to sport after HA for treatment of FAIS. There-
fore, patient-specific risks versus benefits of undergoing
arthroscopy for FAIS may be particularly important to
consider for female athletes. Despite differences in postop-
erative complication rates, the lack of a sex differences in
THA conversion rates suggested that postoperative risks
did not progress to requiring total hip replacements. Along
with current literature,'® this suggests that HA for FAIS
can offer clinically significant benefits with minimal long-
term risks for both male and female patients.

Limitations

This study has several limitations. There was a lack of con-
sistency in the type and method of outcomes reported for
FAIS and HA. For instance, many PRO measures exist, yet
not all studies reported each PRO. In addition, functional
outcomes such as hip strength and range of motion were
commonly underreported and thus omitted from data extrac-
tion. Clinical criteria for defining FAIS have evolved over
time, introducing variation in the way studies defined,
reported, and measured FAIS-related outcomes. In addition,
there is inconsistency in reporting sex-specific outcomes for
HA after a diagnosis of FAIS - out of 236,604 total patients in
the present study, only 212,964 had sex-stratified data. Fur-
thermore, prevalence data can be skewed by the small num-
ber of studies reporting these values.

CONCLUSION

Male patients who underwent HA for FAIS had a higher
prevalence of mixed-type FAIS while female patients had
more pincer-type FAIS. Female patients gained greater
improvements in PROs, though both sexes exceeded the
MCID, suggesting that male and female patients can each
benefit from HA. Large, high-quality, directly comparative
studies are needed to confirm any sex differences in the
prevalence and outcomes of HA for FAIS.
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APPENDIX

TABLE Al
Search Strategy

Strategy

No. of Studies

EMBASE (4205 studies)

(‘hip arthroscopy’ OR ‘femoroacetabular impingement’ OR ‘labrum tear’ OR ‘labral tear’) AND (‘gender’/exp OR 4205
gender OR ‘sex’/exp OR sex OR ‘male’/exp OR male OR ‘female’/exp OR female) AND English: la AND human
MEDLINE (2345 studies)
1. hip arthroscopy.mp. 2539
2. exp femoroacetabular impingement/ 2136
3. (labral tear or labrum tear).mp. 736
4. (gender or sex).mp. 1,166,949
5. (male or female).mp. 12,388,556
6. (1) or (2) or (3) 4404
7. (4) or (5) 12,563,868
8. (6) and (7) 2569
9. Limit 8 to (English language and humans) 2345
PubMed (4170 studies)
(hip arthroscopy OR femoroacetabular impingement OR labrum tear OR labral tear) AND (gender OR sex OR male 4170
OR female)
TABLE A2
Study Characteristics®
Male Female
MINORS No. of Mean No.of Mean
Lead Author (Year) Study Design LOE Score® Hips Age,y Hips Age,y Follow-up, mo?
Amenabar (2013)2 Therapeutic case series, cohort 4 18 26 21.8 0 NR 24 (mean: 49.3)
Beck (2021)® Case-control 3 16 75 NR 75 NR 60
Bedi (2012)¢ Cohort 3 18 342 NR 274 NR (10days) 1.5, 3, 6, 12, 24°
Bodendorfer (2021)” Case-control 3 17 123 NR 320 NR 12
Bonazza (2018)8 Cross-sectional 4 15 23,043 NR 39,739 NR 60-120
Brown-Taylor (2020)° Cross-sectional, case-control 3 17 13 37 24 34 12
laboratory study
Cevallos (2021)** Cross-sectional 3 12¢ 18674 NR 34429 NR 24
Chahla (2019)" Cohort 3 18 213 NR 387 NR 24
Chandrasekaran (2017)* Therapeutic case series 4 18 15 16.7 87 16.2 24
(retrospective)
Charlton (2016)'® Cross-sectional NR 22 34 NR 17 NR 12-24
Cvetanovich (2018)'¢ Therapeutic case series 4 19 11 NR 26 NR 24
Degen (2017)Y7 Retrospective cohort NR 15 3801 NR 4443 NR NR

(continued)
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TABLE A2 (Continued)

Sex-Based Differences in Hip Arthroscopy for FAIS 11

b

Male

Female

MINORS No. of Mean No.of Mean

d

Lead Author (Year) Study Design LOE Score Hips Age,y Hips Age,y Follow-up, mo
Domb (2021)*° Case-control 3 17 260 NR 485 NR 60
Dooley (2020)%° Retrospective cohort NR 14 200 NR 65 NR 24
Ellenrieder (2017)2 Case series NR 12¢ 30 44.2 38 454 3
Flores (2020)%2 Cohort 2 18 59 35.8 72 34.2 24
Frank (2016)% Prognostic cohort 2 21 75 37.38 75 38.41 24
Freke (2019)%* Cross-sectional 3 16 66 NR 48 NR NR
Fukushima (2021)% Retrospective cohort NR 11¢ 5 46.2 0 NR 12 (mean: 40.2)
Glein (2021)%® Cohort 3 21 73 26.4 73 25.6 3, 12, annually
Gupta (2016)%° Case series 4 16 228 NR 367 NR 24
Haynes (2018)%3 Prospective cohort NR 15 254 NR 1321 NR 36
Hetsroni (2013)34 Retrospective comparative, 3 18 123 24 74 23 NR
cross-sectional
Hinzpeter (2015)%° Case series 4 12° 17 NR 23 NR NR
Hooper (2016)%¢ Retrospective, cross-sectional 4 16 48 16.4 129 16 24
(survey)
Jack (2020)37 Case-control 3 17 23 27.5 0 NR 12
Joseph (2016)%° Cohort 2 17 73 NR 156 NR 3
Kern (2018)%° Prospective, case series 4 10° 37 NR 63 NR NR
Khazi (2019)*! Retrospective cohort 3 19 4389 NR 5088 NR 1,2
Kierkegaard (2022)% Prospective cohort NR 16 31 NR 44 NR 12
Kopec (2020)* Cross-sectional NR 7¢ 181 NR 319 NR NR
Maradit Kremers (2017)%¢ Retrospective cohort NR 15 3781 NR 6261 NR 36
Ladd (2016)** Retrospective cohort NR 21 31 36.5 62 40 12
Larson (2016)*® Case series 4 12¢ 810 NR 805 NR 18.7 (mean)
Laurito (2021)*6 Retrospective cohort 2 16 131 39 63 43 17 (mean)
Lee (2010)*7 Therapeutic case series 4 12¢ 75 NR 109 NR NR
(retrospective)
Lee (2014)%° Retrospective, cross-sectional NR 10° 1923 NR 1782 NR NR
Lee (2015)*8 Case series 4 11° 56 36 75 34.5 12
Lewis (2018)%1 Case-control, laboratory study NR 19 30 NR 32 NR NR
Lindner (2014)% Cohort 3 17 320 38.3 334 40.4 NR
Maerz (2021)%® Prognostic cohort 2 15 269 29.8 352 29.9 12 (mean: 48)
Maffiuletti (2020)%* Cross-sectional, retrospective NR 18 13 24 21 26 NR
Maldonado (2021)%° Retrospective comparative 3 17 466 32.0 860 31.4 24, 60
observation, cohort
Marom (2020)%7 Cross-sectional 3 16 257 26.5 164 22.7 NR
McCarthy (2011)%° Therapeutic, cohort 4 15 148 NR 192 NR 120
McDonald (2014)%! Cohort 3 19 17 31 0 NR NR
Montgomery (2013)52 Cross-sectional 4 15 1624 NR 1823 NR 36
Morales-Avalos (2021)%3 Cross-sectional 3 17 1280 32.3 598 28.6 NR
Nepple (2014)%* Prognostic cohort 1 19 50 28.7 50 314 NR
Newman (2016)% Case series, cohort 4 17 27 38 0 NR 12, 24, 60
Nwachukwu (2017)58 Case series 4 14 0 NR 33 26.1 12-44
Nwachukwu (2019)5¢ Cohort (diagnosis) 2 18 46 NR 151 NR NR
Ohlin (2017)%° Prospective cohort NR 18 194 NR 121 NR 24
Philippon (2010)™ Case series 4 12°¢ 28 27 0 NR 24 (mean)
Poehling-Monaghan (2017)"'  Case-control 3 14 23 NR 24 NR 12
Ramos (2020)"2 Retrospective cohort NR 15 10 19.5 0 NR NR
Redmond (2015)™ Therapeutic case series 4 11° 160 40.2 232 36 24
Robinson (2020)"* Cohort NR 17 63 NR 108 NR 12
Ross (2014)7 Prospective, longitudinal data, NR 16 4 NR 26 NR 22 (mean)
cross-sectional
Saks (2021)" Cohort 3 17 109 35.36 109 35.62 24
Salvo (2018)"" Retrospective, cross-sectional 3 16 446 34.2 765 34.8 NR
Schairer (2019)"® Case series 4 10° NR NR 36
Schallmo (2018)™ Descriptive epidemiology, cohort NR 15 227 28.9 0 NR First professional RTP
Sharfman (2016)%° Retrospective, cross-sectional NR 10° 27 NR 35 NR 27.9 (mean)
Shibata (2017)%! Cohort 3 17 54 20.5 42 215 12 (mean: 18.6 M, 19.3 F)
Sivasundaram (2020)%2 Retrospective cohort 4 18 2401 NR 3892 NR (7 days), 1, 2

(continued)
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TABLE A2 (Continued)

Male Female
MINORS No.of Mean No.of Mean
Lead Author (Year) Study Design LOE Score® Hips Age,y Hips Age,y Follow-up, mo?
Suarez-Ahedo (2017)%* Cross-sectional 3 17 560 NR 941 NR 36-108
Tannenbaum (2014)5° Cross-sectional NR 11 60 32 60 32 NR
Byrd (2000)*° Case series NR 12° 18 NR 17 NR 1,3,6,12,24
Weber (2020)%7 Case series 4 16 29 NR 10 NR NR
Willimon (2019)%8 Cohort 4 17 105 NR 101 NR 2-5 weeks
Yoo (2018)%° Comparative trial, cohort 3 22 56 21.95 0 NR 24
Zimmerer (2021)%° Retrospective comparative, 3 18 71 NR 41 NR 120 (mean: 132)
cohort
Zusmanovich (2022)°! Retrospective comparative, 3 9° 11,545 NR 24,421 NR 24

cross-sectional

“F, female; LOE, level of evidence; M, male; MINORS, methodological index for nonrandomized studies; NR, not reported; RTP, return
to play.

®Noncomparative studies are scored out of 16; comparative studies are scored out of 24.

‘Noncomparative studies.

9All values are minimum postoperative follow-up in months, unless range or mean is otherwise noted (time measurements not in months
are noted).

eFollow-up days in parentheses as the column is defined in units of months — any follow-up periods <1 month are written in units of ’days’
and set-off from the other units of months with parentheses.

A Female Male Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
Cvetanovich et al. 2018 26 26 11 11 14.3% 1.00 [0.88, 1.14] T
Flores et al. 2020 72 72 58 58 15.1% 1.00 [0.97, 1.03]
Frank et al. 2016 67 75 75 75 14.8% 0.89 [0.82, 0.97] -
Hetsronl etal. 2011 46 74 118 123 13.6% 0.65 [0.54, 0.78] -
Hooper et al. 2016 1 128 14 48 1.0% 0.03 [0.00,0.20] +—
Laurio et al. 2021 28 63 75 131 11.2% 0.78 [0.57, 1.08] T
Marom et al. 2020 132 164 237 257 14.8% 0.87 [0.80, 0.95] -
Salo etal. 2018 208 765 148 446 13.7% 0.81 [0.68, 0.57] —
Shibata et al. 2017 ] 42 2 54 1.6% 3.86 [0.82, 18.15] I e ——
Total (95% CI) 1410 1204 100.0% 0.85 [0.69, 1.04] <
Total events 586 740
Heterogenelty: Tauw® = 0.07; ChP = 203.35, df = B (P < 0.00001); F = 96X b1 02 o5 % 0
Test for overall effect: Z = 1.59 (P = 0.11} : " Favors Male Eavors Female
B Female Male Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Amenabar et al. 2013 0 1 1 26 4.4% 4.50 [0.26, 78.59]
Flores etal. 2020 47 B6 39 58 13.3% 0.83 [0.63, 1.08] -
Frank et al. 2016 43 75 3z 75 13.1% 1.34 [0.97, 1.86] =
Hetsronl et al. 2011 47 156 109 123 13.3% 0.34 [0.27, 0.44] -
Hooper et al. 2016 ] 13 5 48 11.0% 5.91 [2.32, 15.04] ==
Lauriw et al. 2021 19 25 6 131 11.6% 16.59([7.37,37.38] e
Marom et al. 2020 35 118 Bl 257 13.1% 0.9 [0.69, 1.33] -
Shibat eral. 2017 175 277 102 446 13.4% 2.76 [2.28, 3.35] -
Yoo etal. 2018 11 12 1 54 6.9% 49.50 [7.05, 347.65] St
Total (95% CI) 761 1219 100.0% 2.35 [1.14, 4.86] -
Total events " 33?l 376 2
Heterogenelty: Tau® = 1.02; Cht* = 248,91, df = B (P < 0.00001); ¥ = 97X | t } |
Test for overall effect: Z = 2.30 (P = 0.02} 0.1 ol:']a-vars Male I-Fa\-rors Ferlngle 100
c Female Male Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Joseph et al. 2015 51 156 20 73 15.2% 0.82 [0.57, 1.18] —
Laurio et al. 2021 2% 63 76 131 17.3% 0.71 [0.51, 0.99]
Marom et al. 2020 20 164 55 257 10.1% 0.57 [0.36, 0.91]
Poehling-Monaghan et al, 2017 12 24 11 23 7.1% 1.05 [0.58, 1.88] e
Sabo etal. 2018 202 765 167 446 33.9% 0.71 [0.60, 0.83] T
Shibata etal. 2017 19 42 50 54 16.4% 0.49 [0.35, 0.69] —_——
Total (95% C 1214 984 100.0% 0.69 [0.58, 0.81] <
Total events 330
Heterogenehy: Taw® = 0.01; Ch¥ = 7.51, df = 5 (P = 0.19); F = 33X h : 0:5 4 5:

Test for overall effect: Z = 4.43 (P < 0.00001) Favars Male Favors Female

Figure A1. Forest plot demonstrating sex-based differences in the prevalence of (A) cam hips, (B) pincer hips, and (C) mixed cam/
pincer hips among patients with FAIS. FAIS, femoroacetabular impingement syndrome; M-H, Mantel-Haenszel.
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A Female Male Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Beck eral. 2021 74 75 75 75 12.2% 0.99 [0.95, 1.02] -
Chandrasekaran et al. 2017 B7 B7 15 15 10.7% 1.00 [0.91, 1.09] —r

Flores et al. 2020 72 72 58 58 12.3% 1.00 [0.97, 1.03] T

Gleln et al. 2021 54 73 71 73 B.BX 0.76 [0.66, 0.88] =

Hooper etal. 2016 73 129 38 48 61X 0.75 [0.60, 0.94]

Joseph et al. 2015 75 158 32 73 4% 1.10 [0.81, 1.49] —

Maklonado etal. 2022 738 B&D 452 466 12.3% 0.88 [0.86, 0.91] -

Marom gt al. 2020 132 164 237 257 10.9% 0.87 [0.80, 0.95] —_—

Saks eral. 2021 91 109 106 109 10.7% 0.86 [0.79, 0.94] —

Salvo etal. 2018 530 765 373 446 11.6% 0.83 [0.78, 0.88] -

Total (95% CI) 2490 1621 100.0% 0.90 [0.83,0.97] -

Total events 1926 1456

Heterogenehty: Tau® = 0.01; ChP = 141.02, df = 8 (P < 0.00001); P = 94% b3 0’7 is 7
Test for overall effect: Z = 2.72 (P = (.006) i Favors Male Favors Female
B Female Male Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI

Beck etal. 2021 71 75 &6 75 13.BX% 1.08 [0.97,1.19] r=—
Chandrasekaran et al. 2017 B7 87 15 15 14.2% 1.00 [0.91, 1.09] -+

Flores et al. 2020 47 72 38 58 B.3% 0.99[0.77,1.27] —

Glein eral. 2021 55 73 &3 73 11.5% 0.57 [0.74, 1.02] —

Hooper etal. 2016 63 129 30 48 74X 0.78 [0.58, 1.04] —

Joseph et al. 2015 2 156 0 73 01X 2.36 [0.11, 48.47] + +

Maklonado et al. 2022 710 860 442 466 15.5% 0.87 [0.84, 0.90] -

Marom et al. 2020 35 164 B1 257 5.8% 0.68 [0.48, 0.98]

Saho et al. 2018 336 765 264 446 13.4% 0.74 [0.66, 0.83] -

Shibata et al. 2017 30 42 51 54 9.9% 0.76 [0.62, 0.93] —

Total (95% CI) 2423 1566 100.0% 0.87 [0.79, 0.97] L 2

Total events 1436 1051

Hetwerogenehy: Taw* = 0.02; ChF = 53.00, df = 9 (P < 0.00001); ¥ = 83X b2 o's 1 3 5
Test for overall effect: 2 = 2.55 (P = 0.01) ’ Favors Male Favors Female
C Female Male Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Rand 95% CI
Joseph et al. 2015 5 156 3 73 58X 0.78 [0.18, 3.18]

Marom et al. 2020 20 164 55 257 30.2% 0.57 [0.36, 0.91] —
Poehling-Monaghan et al. 2017 12 24 11 23 23.5% 1.05 [0.58, 1.88] N i

Shibata et al. 2017 19 42 50 54 40.5% 0.49 [0.35, 0.69] ——

Total (95% CI) 386 407 100.0% 0.63 [0.44, 0.90] -

Total events 56 119

Heterogenehty: Tau® = 0.05; Ch = 5.02, df = 3 (P = 0.17); ¥ = 40X b1 o2 055 3 IJET)

Test for overall effect: Z = 2.55 (P = 0.01} Favors Male Favors Female

Figure A2. Forest plot demonstrating sex-based differences in the prevalence of (A) femoroplasty, (B) acetabuloplasty, and (C)
combined femoroplasty/acetabuloplasty among patients with FAIS. FAIS, femoroacetabular impingement syndrome; M-H, Man-
tel-Haenszel.
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A Female Male Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Beck et al. 2021 239 0.7 75 15 31 75 40.BX 3.94 [3.39, 4.49] =
Frank et al. 2016 25.85 6.56 75 22.71 7.76 75 50.2% 0.43 [0.11, 0.76]
Total (95% CI) 150 150 100.0% 2.18 [-1.26, 5.62]
Heterogenehy: Tawt = 6.09; ChF = 114.71, df = 1 (P < 0.00001); F = 89X =T = 3 10
Test for overall effect: Z = 1.24 (P = 0.21) Favors Male Favors Female

B Female Male Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Makionado et al. 2022 35.1 3.6 BE0 343 11.7 466 256X 0.11[-0.01,0.22] .
Gleln et al. 2021 38.2 5.8 73 273 489 73 253X 2.02 [1.62, 2.42] -
Frank et al. 2016 40.56 7.63 75 39.57 13.28B 75 254X  0.09 [-0.23,0.41) o
Beck et al. 2021 356 21 75 24 06 75 238X 7.47 [6.56, B.38] =
Total (95% CI) 1083 689 100.0% 2.34 [0.69, 3.98] il
Heterogenehy: Taw® = 2.76; ChF = 319.80, df = 3 (P < 0.00001); F = 99% LIO = k 1°=
Test for overall effect: Z = 2.78 (P = 0.005} Favors Male Favors Female

c Female Male Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Shibata et al. 2017 236 7.7 42 233 6.7 54 140X  0.04 [-0.36, 0.44] -+

Saks etal. 2021 216 0.69 109 20.14 3.83 109 148X 0.53 [0.26, 0.80] -
Makionado et al. 2022 24 11 BED 216 6.1 486 15.0% 0.64 [0.53, 0.78] -

Gleln et al. 2021 21.7 4.2 73 165 2.8 73 142X 1.45 [1.08, 1.B1] .
Frank et al. 2016 22.07 3.49 75 241 1211 75 14.4X% -0.23 [-0.55,0.08] E
Flores et al. 2020 199 03 72 157 1.9 58 13.3% 3.23 [2.70, 3.75] 8
Beck etal. 2021 28 24 75 28 121 75 144X 0.00 [-0.32,0.32] i &

Total (95% CI) 1306 911 100.0% 0.78 [0.23, 1.34] -
Heterogenetty: Tau' = 0.54; ChE = 164.02, df = & (P < 0.00001); F = 96X _‘ _iz 3 ‘
Test for overall effect: Z = 2.75 (P = 0.008) Favors Male Favors Female

D Female Male Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand: 95% ClI
Beck etal. 2021 46.2 9.3 75 46.2 266 75 20.2%  0.00 [-0.32,0.32] +
Flores et al. 2020 2.7 0.1 72 23 03 58 20.1% 1.85 [1.44, 2.27] -

Glein et al. 2021 3.7 01 73 27 05 73 20.0% 2.76 [2.30, 3.22] -
Makionado et al. 2022 33 01 B60 29 06 466 204X 1.10 [0.98, 1.22] -

Saks etal. 2021 31 01 109 249 0.04 109 19.2% 7.98 [7.18, 8.78] e
Total (95% CI) 1189 782 100.0% 2,68 [1.23,4.14) B
Heterogenehty: Taw' = 2.69; ChP = 386.12, df = 4 (P < 0.00001); F = 99X o 3 3 10

Test for overall effect: Z = 3.62 (P = 0.0003) Favors Male Favors Female

Figure A3. Forest plot demonstrating changes in (A) HOS-ADL, (B) HOS-SS, (C) mHHS, and (D) VAS for pain for male versus female
patients after HA for FAIS. FAIS, femoroacetabular impingement syndrome; HA, hip arthroscopy; HOS-ADL, Hip Outcome Score-
Activities of Daily Living subscale; HOS-SS, Hip Outcome Score, Sport-Specific subscale; IV, inverse variance; mHHS, modified
Harris Hip Score; Std., standardized; VAS, visual analog scale for pain.
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Female Male Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cevalios et al. 2021 1894 34429 B03 1BE74 24.6X 1.28 [1.18, 1.38] -
Chandrasekaran etal. 2017 5 87 0 15 3.4% 2.00 [0.12, 34.42] +
Ellenrieder et al. 2017 32 k1] 26 30 24.0% 0.97 [0.80, 1.18] -
Kernetral. 2018 B 63 5 37 134X 0.94 [0.33, 2.66] —_— T
Khazl et al. 2018 16 5088 11 4389 17.0% 1.25 [0.58, 2.70] —_—
Larson et al. 2016 B1 B80S 0 810 3.5% 164.01 [10.19, 2639.97] 4
Makionado et al. 2022 97  BE&D 0 466 3.5% 105.77 [6.58, 1699.10] —
Poehling-Monaghan et al. 2017 13 24 0 23 3.6% 25.92 [1.63, 412.22] —_—
Rath etal. 2013 76 274 0 342 3.5% 190.83 [11.88, 3064.74] 4
Shibat eral. 2017 6 42 0 54 34X 16.63 [0.96, 287.07] —
Total (95% CI) 41710 24840 100.0% 2.34 [1.33, 4.10] ~l—
Total events 2228 B45
Heterogenehy: Taw® = 0.33; Ch = 73.38, df = 8 (P < 0.00001); P = BBX bi oz o5 { i 10
Test for overall effect: Z = 2.95 (P = 0.003) " " Favors Male Favors Female
B
Female Male Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Rand 95% CI
Bonazza etal. 2018 2186 39739 1452 23043 29.0% 0.87 [0.82, 0.93] -
Cevalios eral. 2021 1412 34428 654 18674 2B.2% 1.17 [1.07, 1.28] -
Flores et al. 2020 72 1 58 0.6% 0.82 [0.05, 12.82]
Maerz etal. 2021 352 16 269 5.6M 0.43 [0.19, 0.96]
Makionado et al. 2022 38 BED 28 466 12.0% 0.71 [0.44, 1.14] T
McCarthy et al. 2011 75 182 75 148 21.6X 0.77 [0.61, 0.98] —=
Saks etal. 2021 109 5 109 3.0 1.20 [0.38, 3.82] —]
Total (95% CI) 75753 42768 100.0% 0.87 [0.71, 1.08] <
Total events 3727 2232
Heterogenelty: Tau® = 0.04; Ch = 35.40, df = 6§ (P < 0.00001); F = B3% bioz o5 3 5 10

Test for overall effect: Z = 1.26 (P = 0.21)

Favors Male Favors Female

Figure A4. Forest plot demonstrating (A) complication rates and (B) conversion rates to THA for male versus female patients after
HA for FAIS. FAIS, femoroacetabular impingement syndrome; HA, hip arthroscopy; M-H, Mantel-Haenszel; THA, total hip arthro-

plasty.

TABLE A3

Sex-Specific Differences After HA for FAIS According to PROs”

Pre- to Postop

Lead Author (Year)

Differences? (M/F)

Sex-Specific Outcomes

HOS-ADL

Beck (2021)® Yes/Yes No significant sex difference in achieving MCID, but significant pre- to postop improvements
for both sexes

Chandrasekaran (2017)'* Yes/Yes Female patients had significantly lower baseline scores, but showed significantly greater
improvements postop vs male patients

Frank (2016)% Yes/Yes Both male and female patients showed significant improvements in pre- vs postop scores at
2-y follow-up

Hetsroni (2013)34 NR/NR Female patients had a significantly lower baseline mean vs male patients (68.3 + 16.4 vs 75.7
+14.9, P = .004)

Lindner (2014)%2 NR/NR Female patients had significantly lower preop scores vs males (60.7 vs 64.3, P = .03)

Nwachukwu (2017)58 NR /Yes Only female patients enrolled (mean pre- vs postop scores: 66.9 + 18.8 vs 86.8 + 15.8)

Salvo (2018)"7 NR/NR Significantly lower baseline scores for female vs male patients (60.9 vs 67.1, P < .001)

HOS-SS

Beck (2021)® Yes/Yes Females achieved MCID and PASS at significantly higher rates vs males (P < .05)

Chandrasekaran (2017)** Yes/Yes Females had significantly lower postop scores vs males (78.6 vs 91.0)

Frank (2016)% Yes/Yes Both sexes had significant improvements at 2-y follow-up (M: 46.72 + 26.29 to 86.29 + 11.55;
F: 40.62 + 22.11 to 81.18 + 14.48; P < .0001 for both)

Glein (2021)%8 Yes/Yes Females achieved MCID at significantly higher rates vs males (85.1% vs 70.0%, P = .035)

Hetsroni (2013)%* NR/NR Females had significantly lower preop scores vs males (42.7 + 23.8 vs 52.3 £ 22.9, P = .016)

Lindner (2014)52 NR/NR Females had nonsignificantly lower baseline scores vs males (38.6 vs 42.3, P = .06)

Nwachukwu (2017)58 NR/Yes Only female patients enrolled (pre- vs postop scores: 43.9 + 23.6 vs 70.4 £ 32.8)

Maldonado (2022)5° Yes/Yes Both sexes showed significant improvements at 2- and 5-y follow-up (P < .001)

Salvo (2018)77 NR/NR Female patients had significantly lower baseline scores vs male patients (39.37 £+ 20.80 vs

45.15 £ 22.15, P < .001)

(continued)
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TABLE A3 (Continued)

Pre- to Postop

Lead Author (Year) Differences? (M/F) Sex-Specific Outcomes
mHHS
Amenabar (2013)? Yes/NR Only male patients enrolled; significant improvement at 2-y follow-up after HA (83.6-98,
P < .05)
Beck (2021)® Yes/Yes Female patients achieved MCID and PASS at significantly higher rates vs male patients
(P < .05)
Chandrasekaran (2017)'* Yes/Yes Both sexes showed significant improvement (P < .01), but female patients had lower pre- and
postop scores vs male patients (F: 63.4-88.8, M: 71.0-94.3)
Domb (2021)*° Yes/Yes Both sexes had significant improvement in scores from preop (F: 63.5 + 14.4; M: 67.5 £ 15.5) to

Flores (2020)%2
Frank (2016)%

Glein (2021)%®

5-y follow-up (F: 87.7+14.8; M: 90.1 £ 13.1) (P < .001), with no significant difference at final
follow-up (P = .079)

Yes/Yes Both sexes achieved PASS for mHHS at similar rates (F: 76.4% vs M: 77.2%, P = .915)

Yes/Yes Both sexes had significant improvements at 2-y follow-up (M: 59.27 + 11.99 to 83.37 £ 7.15;
F: 58.36 + 12.29 to 80.43 + 8.80; P < .0001 for both)

Yes/Yes Female patients had significantly lower preop scores vs male patients (63.9 + 12.6 vs 72.5 +

13.7, P < .001), and both sexes significantly improved at 2-y follow-up (AM: 16.6 = 19.5,
P <.001; AF: 22.9+19.9, P < .001), with no significant sex-based difference in postop scores

(P = .490)

Hetsroni (2013)34 NR/NR Female patients had significantly lower baseline score vs male patients (63.8 + 11.9 vs 72.5
14.1, P < .001)

Lee (2015)*8 NR/NR No statistically significant difference in scores between sexes

Lindner (2014)%2 NR/NR Female patients had significantly lower baseline score vs male patients (59.9 vs 62.6,

P =.033)

Nepple (2014)%* NR/NR Female patients had significantly lower baseline mHHS vs male patients (54.4 + 14.8 vs 63.7 £
16.6, P = .004)

Nwachukwu (2017)58 NR/Yes Only female patients enrolled; most patients achieved MCID at 1-y follow-up (preop vs postop:
57.2+15.3 vs 79.5 + 19.0)

Philippon (2010)"° Yes/NR Only male patients enrolled; average score improved from 70 (range: 57-100) to 95 (range:
74-100) at 2-y follow-up

Ramos (2020)"2 Yes/NR Only male patients enrolled; increase in median scores at 1.6-y follow-up (66.0 £ 7.9 to 89.5 +
3.2) after HA for FAIS

Saks (2021)7¢ Yes/Yes Both sexes achieved significant improvement at 2-y follow-up (AM: 20.14 + 18.69; AF: 21.61 +
15.99; P < .001 for both)

Salvo (2018)"" NR/NR Female patients had significantly lower scores and therefore self-reported functional deficits
vs male patients (563.40 vs 57.83, P < .001)

Shibata (2017)3! Yes/Yes Both sexes had significant pre- to postop improvement in scores (F: 74.3 £ 12.1 to 97.9 + 4.4,
M: 73.0 £ 16.6 to 96.3 £ 20.2; P < .001 for both)

Yoo (2018)%° Yes/NR Both the study group (male military population) and control group showed significant
increases at final follow-up (63.5 to 89.9 for study group, P < .001 for both study and control
groups)

iHOT-12

Robinson (2020)7* NR/NR Female patients had a significantly lower median postop score vs male patients after HA (70.0
vs 76.0, P = .05)

Salvo (2018)"" NR/NR Female patients had significantly lower baseline scores vs male patients (31.2 vs 38.5,

P =.001)
VAS Pain

Beck (2021)® Yes/Yes Both sexes had significant decreases in pain at 5-y follow-up (F: 70.9 + 19.6 to 24.7 + 28.9;
M: 70.9 £ 19.6 to 24.7 £ 28.9, P < .001 for both)

Chandrasekaran (2017)'* Yes/Yes Both sexes had significant improvement in pain at 2-y follow-up after HA (M: 4.77 to 1.85,
F:6.29 to 2.21, P < .01), although female patients had higher preop and postop pain scores

Flores (2020)%2 Yes/Yes No significant difference between sexes in preop (M: 4.2+ 2.6, F: 4.7 £ 2.4, P = .292) or postop

(M: 1.9+2.3,F: 2.0+ 2.5, P=.877) pain at 2-y follow-up after HA for FAIS

(continued)
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TABLE A3 (Continued)

Lead Author (Year)

Pre- to Postop
Differences? (M/F)

Sex-Specific Outcomes

Glein (2021)%®

Lindner (2014)%?
Maldonado (2022)%°

Saks (2021)"®

Salvo (2018)"7

Yoo (2018)%°

Yes/Yes

NR/NR
Yes/Yes

Yes/Yes

NR/NR

Yes/NR

Female patients had significantly higher baseline pain scores vs male patients (5.8 £ 2.3 vs
4.6 +2.2, P < .001), no significant sex-based difference at 2-y follow-up (F:2.1+2.4, M: 1.9+
2.4, P = .677). Both sexes had significant decreases in pain at follow-up (AF: 3.8 + 3.1;
AM: 2.7 £ 3.2), female patients had larger improvements vs male patients (P = .031)

Similar preop pain scores for both sexes (M: 5.7, F: 5.9, P = .43)

Both sexes achieved MCID for VAS pain at similar rates (P = .087), and both sexes showed
significant improvement from preop to 5-y follow-up (F: 5.3 £2.2t02.0+2.2; M: 4.6 £ 2.3 to
1.7+ 2.1, P < .001 for both)

No significant difference between sexes in preop (M: 4.69 * 2.45, F: 5.32 + 2.28, P = .068) or
postop (M: 2.20 £+ 2.38, F: 2.22 + 2.38, P = .778) pain, but both sexes showed significant
improvement in at 2-y follow-up after HA (P < .001)

Female patients had significantly higher average preop pain scores vs male patients (55.42 +
19.72 vs 50.40 + 21.72, P < .001)

In a male military population, pain improved from 7.6 to 2.6 vs 7.0 to 2.2 for controls (P < .001)
at 2-y follow-up after HA

“F, female; FAIS, femoroacetabular impingement syndrome; HA, hip arthroscopy; HOS-ADL, Hip Outcome Score—Activities of Daily
Living subscale; HOS-SS, Hip Outcome Score—Sport-Specific subscale; iHOT-12, International Hip Outcome Tool-12; M, male; MCID,
minimal clinically important difference; mHHS, modified Harris Hip Score; NR, not reported; PASS, Patient Acceptable Symptom State;
postop, postoperative; preop, preoperative; PRO, patient-reported outcome; VAS, visual analog scale.
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