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Abstract

Purpose: Hip arthroscopy (HAS) evidence has expanded rapidly, but
methodological quality and conclusions vary. This umbrella review of con-
temporary meta-analyses published January 2020—October 2025 aimed to
(i) identify eligible reviews, (ii) appraise methodological quality (AMSTAR 2)
and review-level risk of bias (ROBIS), (iii) quantify evidence overlap
(corrected covered area, CCA) and (iv) map concordance of conclusions.
Methods: We searched PubMed/MEDLINE, Embase and Epistemonikos
(2020—-2025) for human HAS meta-analyses with quantitative synthesis on
clinical effectiveness and safety. Two reviewers independently screened
records and extracted data (consensus/third-reviewer adjudication). Quality
was assessed with AMSTAR 2, risk of bias with ROBIS, and evidence
overlap with CCA. No re-pooling of primary data.

Results: From 5940 records, 44 meta-analyses were included. AMSTAR 2
confidence was predominantly weak (=7% high, 5% moderate; most criti-
cally low); ROBIS was low risk in just over half. Overlap was slight (low
redundancy). Across randomised/comparative syntheses, HAS yielded
superior short-term improvements versus best-practice nonoperative
care—most consistently for iHOT-33 at ~8—12 months—attenuating by
~24 months and not uniformly meeting MCIDs. Limited long-term data
suggest less radiographic osteoarthritis progression versus nonoperative
care. Versus open procedures, functional outcomes were similar with fewer
complications after HAS. Return-to-work was ~71% at ~115 days, return-to-
sport was high (elite ~94% at ~6—7 months; broader cohorts ~89%). More
recent evidence increasingly favours capsular closure and labral repair.
Preoperative intra-articular injection <3 months before HAS was associated
with higher infection risk.

Conclusion: Evidence supports short-term benefits and a good safety
profile for HAS, yet certainty remains limited. Prioritise patient selection and
standardised rehab; high-quality long-term studies are needed.

Abbreviations: CCA, corrected covered area; DOI, digital object identifier; FAl, femoroacetabular impingement; GRADE, grading of recommendations assessment,
development and evaluation; HAS, hip arthroscopy; OCEBM, Oxford Centre for Evidence-Based Medicine; OSF, Open Science Framework; PICOS, population,
intervention, comparator, outcomes, study design; PMID, PubMed Identifier; PRIOR, Preferred Reporting ltems for Overviews of Reviews; PRISMA, preferred
reporting items for systematic reviews and meta-analyses; PROMs, patient-reported outcome measures; ROBIS, risk of bias in systematic reviews.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2026 The Author(s). Journal of Experimental Orthopaedics published by John Wiley & Sons Ltd on behalf of European Society of Sports Traumatology, Knee

Surgery and Arthroscopy.

J Exp Orthop. 2026;13:€70640.
https://doi.org/10.1002/je02.70640

wileyonlinelibrary.com/journal/jeo2 1 of 27


https://orcid.org/0000-0003-4669-8187
mailto:nikolai.ramadanov@gmail.com
https://wileyonlinelibrary.com/journal/jeo2
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fjeo2.70640&domain=pdf&date_stamp=2026-01-19

2 of 27 . .
W] LE Y—Journal of Experimental Orthopaedics

on hip arthroscopy.
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INTRODUCTION

Hip arthroscopy (HAS) has evolved from a niche
diagnostic tool to a core hip-preservation procedure for
conditions such as femoroacetabular impingement
syndrome (FAIS), labral tears and chondrolabral injury.
Consensus guidance—the Warwick Agreement—
formalised FAIS definitions (symptoms, clinical signs,
imaging) and unified terminology, anchoring current
indications and treatment principles [24]. Procedure
volumes have risen steeply over the past two decades
across health systems, driven by earlier diagnosis,
improved instrumentation and streamlined periopera-
tive care; large database studies show marked year-
on-year growth [10, 16]. Because HAS now informs
patient counselling and service planning, clinicians
and healthcare decision-makers need reliable syn-
theses to navigate a heterogeneous primary literature
with variable indications, techniques, comparators and
outcomes).

In evidence hierarchies, systematic reviews and
meta-analyses sit near the apex and provide structured
methods to collate and weigh results across studies.
The Oxford Centre for Evidence-Based Medicine
(OCEBM) levels are widely used to grade evidence and
explicitly recognise rigorous systematic reviews in
decision-making [59]. Because meta-analyses inform
guidelines and clinical pathways, formal quality
appraisal is essential. A MeaSurement Tool to Assess
Systematic Reviews 2 (AMSTAR 2) offers a validated
tool to judge methodological quality of meta-analyses
that include randomised and non-randomised studies
[78]. Complementarily, Risk Of Bias In Systematic re-
views (ROBIS) assesses risk of bias at the review
level—from study identification to synthesis—helping
users distinguish reliable from potentially misleading
summaries [86]. Another challenge is redundancy:
multiple meta-analyses often cover overlapping pri-
mary studies. Quantifying overlap (corrected covered
area, CCA) and mapping concordance of conclusions
help avoid double counting and clarify where findings
converge [44, 69].

Against this backdrop, an umbrella review focused
on HAS meta-analyses can clarify what recent syn-
theses concludes, how trustworthy those conclusions
are, and where gaps remain - supporting transparent,
evidence-based recommendations for patient care and
future research prioritisation.

Level of Evidence: Level I, systematic umbrella review of meta-analyses

hip arthroscopy, meta-analysis, methodological quality, patient-related outcomes, umbrella

This umbrella review aimed to synthesise meta-
analyses on HAS published from 1 January 2020
onward and to (i) identify eligible meta-analyses, (ii)
appraise methodological quality (AMSTAR 2) and risk
of bias (ROBIS), (iii) quantify evidence overlap (CCA)
and (iv) map concordance of conclusions.

METHODS
Protocol and registration

A protocol for this umbrella review was prospectively
uploaded to the Open Science Framework (OSF; 28
September 2025; timestamped record). Reporting fol-
lowed PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) 2020 [63] and
PRIOR (Preferred Reporting ltems for Overviews of
Reviews) guidance for overviews of systematic re-
views [21].

Eligibility criteria

We included systematic reviews with quantitative syn-
thesis (meta-analyses) on HAS in human patients,
published 1 January 2020-1 October 2025. Eligible
topics encompassed intra-articular hip preservation
indications (e.g., FAIS, labral pathology) and reported
clinical effectiveness and/or safety (e.g., patient-
reported outcome measures [PROMs], pain, return to
sport/work, complications, reoperation, THA conver-
sion). We excluded systematic/narrative/scoping re-
views without meta-analysis, case series, technique
notes, cadaveric/biomechanical studies, editorials,
conference abstracts and retracted items. No language
restrictions were applied.

Information sources and search

We searched PubMed/MEDLINE, Embase and Epis-
temonikos from 1 January 2020, to 1 October 2025.
The prespecified PubMed core string was: ((hip
arthroscopy) OR (hip) OR (arthroscopy)) AND
((femoroacetabular impingement) OR (FAIl)). This was
combined with filters/terms for meta-analyses (e.g.,
publication type: meta-analysis, systematic review;
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title/abstract contains ‘meta-analysis’, ‘systematic
review’). Database-specific adaptations were applied
for other sources. Reference lists of included meta-
analyses were hand-searched to identify additional
eligible meta-analyses. All records were de-duplicated
prior to screening. To maximise sensitivity, broad terms
were used. Although terms such as ‘arthroscopic’ were
not included as separate keywords, meta-analyses on
femoroacetabular impingement are consistently in-
dexed under ‘hip arthroscopy,” making missed eligible
reviews unlikely.

Study selection

Two reviewers (N.R. and M.V.) independently screened
titles/abstracts and assessed full texts against pre-
specified eligibility criteria. At the title/abstract stage,
records were retained if they mentioned HAS together
with FAI syndrome or a closely related intra-articular
hip pathology (e.g., labral tear/chondrolabral injury).
Disagreements were resolved by consensus or third-
reviewer (R.P.) adjudication. Reasons for full-text
exclusion were recorded, and study selection is sum-
marised in a PRISMA 2020 flow diagram. At full text,
we included systematic reviews with quantitative syn-
thesis (meta-analyses) reporting outcomes of HAS for
FAIS or related conditions and excluded narrative/
scoping reviews without meta-analysis and studies not
centred on HAS.

Data extraction

Using a piloted form, two reviewers (N.R. and M.V.)
in duplicate extracted: bibliographic data; clinical
question/PICOS (population, intervention, comparator,
outcomes, study design); meta-analytic methods
(databases, last search date, eligibility, risk-of-bias
tools, random-effects model/heterogeneity estimator,
small-study effects); number/type of primaries; pooled
outcomes (effect direction/summary as reported); and
authors' main conclusions. Primary data were not re-
pooled.

Methodological quality and review-level
risk of bias

Methodological quality of each included meta-analysis
was appraised in duplicate with AMSTAR 2 (critical/
non-critical domains and overall confidence) [78].
Review-level risk of bias was assessed with ROBIS
(phases 2-3 domain judgments and overall risk) [86].
Methodological quality and review-level risk of bias
were assessed by two reviewers (N.R. and M.V.), while
disagreements were reconciled by consensus.

Journal of Experimental Orthopaedics—\W/| LEYM
Evidence overlap and redundancy

We constructed a citation matrix (meta-analyses x
primary studies) and calculated the CCA [44, 69] to
quantify overlap, categorising as slight <0.05, moderate
0.05-0.10, high 0.11-0.15, very high >0.15. Where
multiple meta-analyses addressed the same question
with substantial overlap, we mapped concordance of
conclusions (favour, no important difference, and
inconclusive) and highlighted discordances.

Synthesis and reporting

Findings were presented narratively and in structured
evidence tables: topic, scope, AMSTAR 2 [78], ROBIS
[86], CCA [44, 69] and conclusion concordance. Where
meta-analyses addressed comparable questions, we
summarised the direction and credibility of effects
without re-meta-analysing. Any deviations from the
prespecified OSF protocol by the authors of this
umbrella review were transparently reported.

RESULTS
Systematic review results

The literature search yielded 5940 records. After
removal of 3106 duplicates, 2834 records were ex-
cluded after title/abstract screening, leaving 78 records
for full-text assessment [1-9, 11-15, 17-20, 22, 23,
25-43, 45-58, 60-62, 64-68, 70-73, 75-77, 79-85,
87-89]. After full-text review, 34 records were ex-
cluded: (1) 19 systematic reviews without meta-
analysis [4, 5, 12, 27, 32, 34, 40, 43, 47, 49, 52, 53, 56,
62, 64, 76, 80, 82, 83]; (2) 9 not HAS intervention meta-
analyses (topic outside scope) [3, 13, 20, 28, 29, 67,
79, 81, 83]; (3) 4 mixed-intervention reviews [23, 25,
55, 65, 88]; (4) one retracted record [37, 38]. Finally, 44
meta-analyses were included in the present umbrella
review [1, 2, 6-9, 11, 14, 15, 17-19, 22, 26, 30, 31, 33,
35, 36, 39, 41, 42, 45, 46, 48, 50, 51, 54, 57, 58, 60, 61,
66, 68, 70-73, 75, 77, 84, 85, 87, 89] (Figure 1).

Description of the included meta-analyses

Across 44 meta-analyses (2020-2025) on HAS [1, 2,
6-9, 11, 14, 15, 17-19, 22, 26, 30, 31, 33, 35, 36, 39, 41,
42, 45, 46, 48, 50, 51, 54, 57, 58, 60, 61, 66, 68, 70-73,
75, 77, 84, 85, 87, 89], most addressed FAIS versus
nonoperative care; others examined technique (capsular
closure, labral repair vs debridement or reconstruction),
HAS versus surgical dislocation (open), athlete out-
comes, sex differences, revision HAS, femoral version
subgroups and perioperative risk. Meta-analyses
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FIGURE 1

typically pooled 3—>20 primary studies; the largest syn-
thesised 74 studies (213,604 patients). Outcomes com-
monly included PROMs (iHOT-33, HOS-ADL/SS,
mHHS, NAHS and HOQOS), pain, MCID/PASS, revision/
THA conversion, return to sport/work and complications.
Random-effects models predominated, but most meta-
analyses did not specify the between-study heteroge-
neity estimator. When reported, DerSimonian—Laird and
restricted maximum likelihood estimation (REML), both
estimators of between-study heterogeneity, were most
common (Table 1).

Methodological quality
Across the 44 meta-analyses, methodological quality

by AMSTAR 2 was predominantly weak: 3 (7%) high
[31, 72, 73], 2 (5%) moderate [11, 26], 7 (16%) low [2,

PRISMA flow diagram. HAS, hip arthroscopy; PRISMA, Preferred Reporting ltems for Systematic Reviews and Meta-Analyses.

7,9, 19, 33, 39, 68] and 32 (73%) critically low [1, 6, 8,
14,15, 17, 18, 22, 30, 35, 36, 41, 42, 45, 46, 48, 50, 51,
54, 57, 58, 60, 61, 66, 70, 71, 75, 77, 84, 85, 87, 89].
The most frequent critical shortcomings were absence
of an a priori protocol/registration (Item 2; often NR), no
list and justification of excluded studies (ltem 7; often N/
NR), not considering study risk of bias when inter-
preting results (Item 13; frequently PY/NR), and no
assessment/discussion of publication bias (ltem 15;
often NR). In contrast, many meta-analyses reported a
comprehensive search (ltem 4; mostly Y), assessed
risk of bias of included studies (Item 9; often Y), and
used appropriate meta-analytic methods (ltem 11;
generally Y). Notably, only a small subset achieved
high confidence (e.g., King et al. [31] Ramadanov et al.
(1); [72] Ramadanov et al. (2) [73]), while a large
majority were downgraded by one or more critical
domains (Table 2, Figure 2).
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(Continued)

TABLE 2

Publication

Risk of bias
of included

studies

bias assessed
and impact
discussed
(ltem 15)

List and

A priori

Overall

Consideration of RoB
when interpreting
results (ltem 13)

Appropriate

justification of

Comprehensive
literature

protocol/

confidence in
results

meta-analytic

assessed
(ltem 9)

excluded studies

(Item 7)

registration
(Item 2)

methods (Item 11)

search (ltem 4)

Study

Critically low

NR

NR

Rathore

et al. [75]

Critically low

NR

NR

NR

NR

NR

Schwabe

et al. [77]

Critically low

NR

NR

NR NR

Wang et al. [84]

Critically low

NR

NR

NR

Weber

et al. [85]

Critically low

PY

NR

NR

Wu et al. [87]

Critically low

NR

NR

Zhu et al. [89]

not reported). Overall confidence (high/moderate/low/critically low) follows AMSTAR-2 rules based on the number and nature of critical flaws.

Abbreviations: AMSTAR, A MeaSurement Tool to Assess Systematic Reviews; RoB, risk of bias.

partial yes; N =no; NR

yes; PY =

Note: Columns: 7 critical domains (Y
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FIGURE 2 AMSTAR 2 summary across included meta-analyses.
Stacked 100% bars show the distribution of AMSTAR 2 judgments for
the seven critical domains (ltems 2, 4, 7, 9, 11, 13, 15) across 44 hip
arthroscopy meta-analyses, plus overall confidence. Colour key—
items panel: grey = not reported, orange = no, light green = partially
yes, dark green =yes. Overall confidence panel: grey = critically low,
orange = low, light green = moderate, dark green = high. Visually,
many reviews show No/Not reported for protocol registration (ltem 2),
a list/justification of excluded studies (ltem 7), consideration of study
risk of bias when interpreting results (Item 13), and assessment of
small-study/publication bias (Item 15). In contrast, domains on
comprehensive search (Item 4), risk-of-bias assessment of included
studies (Item 9) and appropriate meta-analytic methods (Item 11)
perform better. Overall confidence skews towards critically low/low,
with relatively few moderate/high ratings.

Review-level risk of bias

Using ROBIS, 24/44 meta-analyses were at overall low
risk, 14/44 at high risk and 6/44 unclear. Domain-level
patterns were broadly consistent: D1 (eligibility criteria)
was uniformly low risk. In contrast, D2 (identification/
selection of studies) frequently showed high risk,
reflecting concerns about search conduct and study
selection. D3 (data collection and appraisal) was
mostly low risk but included several high or unclear
judgments where extraction methods, duplicate pro-
cesses, or risk-of-bias assessments were insufficiently
reported. D4 (synthesis and findings) was generally low
risk, though a subset was rated high due to limitations
in synthesis methods or interpretation. Overall, most
meta-analyses either met ROBIS standards or had
clearly identifiable weaknesses concentrated in D2
and, to a lesser extent, D3/D4 (Table 3, Figure 3).

Evidence overlap and redundancy

After de-duplication by PMID/DOI, 448 unique primary
studies contributed to 620 total study inclusions across
44 meta-analyses. This resulted in a corrected covered
area (CCA) of 0.029, indicating slight overlap (<0.05).
Accordingly, each primary study contributed an aver-
age of 1.38 inclusions, consistent with minimal redun-
dancy in the evidence base (Figure 4).
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TABLE 3 Review-level risk of bias (ROBIS).

Study

Aamer et al. [1]
Addai et al. [2]
Assaf et al. [6]
Bastos et al. [7]
Blaeser et al. [8]
Bolia et al. [9]
Casartelli et al. [11]
Cheong et al. [14]
Cohen et al. [15]
Dwyer et al. [17]
Elwood et al. [18]
Ferreira et al. [19]
Gatz et al. [22]
Huang et al. [26]
Kim et al. [30]
King et al. [31]
Krivicich et al. [33]
Kunze et al. [35]
Lameire et al. [36]

Lamo-Espinosa
et al. [39]

Lin et al. [41]

Liu et al. [42]

Lv et al. [45]
Mahmoud et al. [46]
Marshall et al. [48]
Martins et al. [50]
Migliorini et al. [51]
Migliorini et al. [54]
Mok et al. [57]

Ni et al. [58]
O'Connor et al. [60]
Owen et al. [61]
Patel et al. [66]
Phillips et al. [68]
Qiao et al. [70]
Rahl et al. [71]

Ramadanov et al. [72]

D1: Eligibility
criteria

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Low

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Low

D2: Identification/
selection

High
High
Low
Low
High
High
Low
High
Low
High
High
Low
Low
Low
Low
Low
Low
Low
Low

Low

High
High
Low
Low
Low
Low
Low
Low
Low
Low
Low
High
Low
Low
Low
High

Low

D3: Data collection
and appraisal

Low
Low
Low
Unclear
High
High
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Low

Unclear
Unclear
Unclear
Low
Low
Low
Low
High
Low
Unclear
High
High
Unclear
Low
Unclear
Unclear

Low

D4: Synthesis
and findings

High
Low
Low
Low
High
High
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Low

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Low

Overall
ROBIS risk

High
High
Low
Unclear
High
High
Low
High
Low
High
High
Low
Low
Low
Low
Low
Low
Low
Low

Low

High
High
Unclear
Low
Low
Low
Low
High
Low
Unclear
High
High
Unclear
Low
Unclear
High

Low
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TABLE 3 (Continued)
D1: Eligibility D2: Identification/
Study criteria selection
Ramadanov et al. [73] Low Low
Rathore et al. [75] Low Low
Schwabe et al. [77] Low Low
Wang et al. [84] Low Low
Weber et al. [85] Low Low
Wu et al. [87] Low Low
Zhu et al. [89] Low Low
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D3: Data collection D4: Synthesis Overall
and appraisal and findings ROBIS risk
Low Low Low
Unclear Low Unclear
Low Low Low

Low Low Low

Low Low Low

Low Low Low

High Low High

Note: Overall ROBIS judgments were low in 24/44 (55%), high in 14/44 (32%) and unclear in 6/44 (14%). Domain patterns: D1 (Eligibility criteria) uniformly low risk;
D2 (Identification/selection) frequently high risk; D3 (data collection and appraisal) mostly low with several high/unclear judgments; D4 (synthesis and findings)

generally low with a subset high. Data are n (%).

Abbreviations: D1-D4, ROBIS domains; ROBIS, risk of bias in systematic reviews.

Overall ROBIS risk

D4

D3

D2

D1

0% 20% 40% 60% 80% 100%

FIGURE 3 Risk of bias in systematic reviews (ROBIS) risk of bias
by domain and overall. Stacked bars show the proportion of reviews
rated low (green), high (red) and unclear (grey) for each ROBIS
domain (D1-D4) and Overall. Overall, ROBIS was low in 24/44
(55%), high in 14/44 (32%) and unclear in 6/44 (14%). By domain, D1
(eligibility criteria) was uniformly low; D2 (identification/selection)
showed the largest high component; D3 (data collection and
appraisal) was predominantly low with some high/unclear ratings;
and D4 (synthesis and findings) was mostly low with a smaller high
segment.

Synthesis and reporting

Across randomised and comparative evidence, HAS
provides superior short-term improvement over best-
practice nonoperative care on hip-specific PROMs—
most consistently iHOT-33 at ~8—12 months—with ef-
fects that attenuate by ~24 months and do not con-
sistently reach established MCID thresholds as
reported or applied within the included meta-analyses
across instruments [7, 11, 17, 19, 22, 30, 39, 46, 57, 72,
73, 77, 89]. Several RCT-based syntheses (37 trials;
n=500-1300) converge on superior iHOT-33 at
8-12 months for surgery, while HOS-ADL and other
scales show smaller or inconsistent advantages, and
intention-to-treat estimates are sensitive to crossover

27,70% _

72,30%

FIGURE 4 Evidence overlap across included meta-analyses. (A)
Corrected covered area (CCA) indicates slight overlap (CCA =
0.029). (B) A total of 448 unique primary studies (blue) contributed to
620 total study inclusions across 44 meta-analyses. (C) Duplicate
study inclusions (orange) totalled 172 (27.7%), yielding an average of
1.38 inclusions per primary study—consistent with minimal
redundancy in the evidence base.

and heterogeneity in PT protocols [17, 19, 39, 46, 57,
77]. Compared with surgical dislocation (open), HAS
shows similar functional gains with similar or fewer
complications, albeit sometimes smaller alpha-angle
correction and internal rotation change [58, 70].

Return to activity

Return to work occurs in ~71% at a mean ~115 days,
with full duty in ~51% and higher rates in less strenuous
occupations [8]. Athletes generally fare well: elite
cohorts return in ~94% at ~6—7 months with improved
PROMs [18], and broader sport cohorts show ~89%
return with higher postoperative activity linked to
younger age, lower weight and better baseline HHS/
NAHS/HOS-ADL [51]. Sex/gender differences are
notable: women have lower odds of return to sport at
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longer follow-up (very low-certainty evidence) [31],
though both sexes exceed MCIDs post-HAS and
complication-adjusted outcomes are broadly compa-
rable [61]. Driving performance (brake reaction time)
returns to baseline by 2—4 weeks (earlier for left-sided
procedures) [6, 66]. Athletes and non-athletes dem-
onstrate similar pain/function and reoperation at
~2 years [54]. In borderline dysplasia (BDH), isolated
HAS achieves short-term PROMs comparable to nor-
mal coverage, suggesting BDH itself is not a contra-
indication when carefully selected [33].

Technique questions

Evidence on capsular management is mixed over time:
earlier comparative/meta-analyses found no clear dif-
ference between closure and non-closure [41, 42],
whereas more recent, larger syntheses and decision-
analytic analyses favour closure, reporting slightly
higher mHHS/HOS-ADL and lower complications and
THA conversion rates, at the cost of slightly longer
operative time [35, 45, 68]. For labral treatment, repair
generally outperforms debridement on mHHS, VAS
and satisfaction with similar complications rates, sup-
porting repair when feasible [87].

Structure—outcome and disease course

No consensus on an ‘optimal’ radiographic correction
exists; functional gains appear consistent despite var-
iable targets, with suggested postoperative means
around alpha angle ~44° and LCEA ~30° [15]. Higher
alpha angles predict more severe chondral damage
(OR =1.04 per degree) independent of age and LCEA,;
men appear at higher risk overall [50]. Limited com-
parative data suggest HAS may reduce radiographic
OA progression versus nonoperative care at long-term
follow-up, without a clear signal for reduced THA con-
version [36].

Safety

Preoperative intra-articular injections <3 months of
HAS are associated with increased postoperative
infection risk, whereas injections >3 months before
surgery show no increased risk [1]. Reported perio-
perative complications are generally low and lower with
HAS than with open techniques [58, 70].

Context/limitations

Several syntheses highlight heterogeneity, possible
publication bias and very low to moderate certainty for

many outcomes, particularly beyond 12 months and for
return-to-sport stratifications [9, 18, 31, 48, 61, 85].
Overall, the evidence supports HAS as an effective
intervention for FAIS—especially for short-term symp-
tom and function improvement—with favourable safety
and return-to-activity profiles, while longer-term com-
parative benefits remain uncertain and likely depend on
patient selection and technique.

DISCUSSION
Principal findings

This umbrella review synthesises 44 meta-analyses on
HAS published since 2020. Across randomised and
comparative evidence, HAS provides superior short-
term improvement over best-practice nonoperative
care, most consistently for iHOT-33 at ~8—12 months,
with attenuation by ~24 months and inconsistent MCID
attainment across instruments [7, 11, 17, 19, 22, 30, 39,
46, 57, 72, 73, 77, 89]. Compared with surgical dislo-
cation (open), HAS achieves comparable functional
gains with lower complication rates, despite occasion-
ally less alpha-angle correction and internal rotation
change [58, 70]. Return-to-activity outcomes are fa-
vourable (~71% return to work by ~115 days;
~89%—94% return to sport), with possible sex-based
disparities in longer-term return (very low-certainty) [8,
18, 31, 51, 61]. Technique-focused syntheses favour
capsular closure for modest PROM advantages and
fewer complications/THA conversion, whereas older
and smaller meta-analyses were neutral [35, 41, 42,
45, 68]. Labral repair outperforms debridement on
several PROMs with similar safety [87]. Limited com-
parative data suggest possible reductions in radio-
graphic OA progression versus nonoperative care
without a clear THA-conversion signal [36]. Intra-
articular injections <3 months before HAS are associ-
ated with increased infection risk, whereas injections
>3 months show no increased risk [1]. No consensus
optimal radiographic correction exists; proposed tar-
gets should be interpreted pragmatically [15]. Higher
alpha angles predict more severe chondral damage
independent of age/LCEA [50].

How these findings fit with current
concepts

The pattern of early symptomatic benefit with uncer-
tainty about durability aligns with contemporary guid-
ance emphasising that patient selection, structured
rehabilitation and expectation management as pivotal.
Signals favouring capsular closure, labral preservation
and avoiding injections <3 months are consistent with
evolving hip preservation principles that prioritise
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stability, seal restoration and infection mitigation [35,
45, 68, 87].

Clinical implications
Counselling and timing

Patients can reasonably expect meaningful improvement
by 8-12 months, particularly on iHOT-33, with the caveat
that benefits may attenuate beyond ~12-24 months and
MCIDs are not consistently achieved across instruments
[17, 19, 39, 46, 57, 77].

Nonoperative comparators

High-quality physical therapy remains beneficial and
does not compromise later surgical outcomes; it is an
appropriate initial pathway in many cases [17, 46, 57,
77, 89].

Technique choices

When feasible, labral repair is supported by consistent
evidence, and capsular closure by accumulating recent
signals—for small but clinically relevant gains and
lower complication/THA-conversion rates [35, 45,
68, 871].

Perioperative safety

Avoid preoperative intra-articular injection <3 months
before surgery to reduce infection risk [1].

Special populations

BDH is not an absolute contraindication to isolated HAS
if indications are strict and instability (and/or labral
pathology)—and, where appropriate, labral pathology—
is addressed [33]. Return-to-sport/work counselling
should consider occupational demands and potential
sex-based differences in longer-term participation [8, 18,
31, 51, 61].

Methodological remarks and credibility

Methodological quality was predominantly weak by
AMSTAR 2 (73% critically low), with common critical
flaws (absent protocol/registration, missing exclusion
lists, limited study- and publication-bias considera-
tions). Yet, ROBIS judged most meta-analyses at
overall low risk, with vulnerabilities concentrated in
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study identification/selection. Heterogeneity in physical
therapy comparators, surgical era/technique, outcome
timing and case-mix likely explains the attenuation of
pooled effects over time and the inconsistent MCID
attainment.

Statistical considerations

A common reporting gap was failure to specify the
between-study heterogeneity estimator. When re-
ported, DerSimonian—Laird and REML predominated.
Recent meta-epidemiologic work [74] shows that esti-
mator choice can meaningfully influence pooled effects
and confidence intervals; in particular, DL without
adjustment tends to yield too narrow intervals and more
statistically significant findings in the presence of het-
erogeneity. Future HAS meta-analyses should (i) ex-
plicitly report the estimator and any small-sample or HK
adjustments, (ii) pre-specify and justify model choices
and (iii) include sensitivity analyses across estimators
to demonstrate result robustness.

Redundancy and overlap

Despite 44 meta-analyses, the CCA was 0.029 (slight),
indicating relatively little reuse of primary studies
across meta-analyses. Topic fragmentation (e.g., cap-
sular management, dysplasia, athletes, revision) likely
dispersed overlap. Low redundancy reduces double-
counting concerns but disperses evidence, complicat-
ing cross-topic inference.

Research priorities

Durability and structure—function

Prospective, standardised follow-up beyond 24 months
to clarify sustained benefit, THA conversion and OA
progression.

Comparator fidelity

Trials with protocolized, high-quality physical therapy
and transparent crossover/intention-to-treat handling to
refine effect size and MCID interpretation.
Technique trials

Randomised/registry-based comparisons of contemporary
capsular strategies (preservation, (selective)closure/repair,

non-closure) and labral repair versus reconstruction with
uniform PROMs/MCID/PASS reporting.
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Equity and subgroups

Mechanistic and interventional studies to understand
and mitigate sex-based differences in return-to-sport;
stratified analyses for borderline dysplasia, version
abnormalities and high-demand occupations [31, 33,
61, 84].

Safety

Prospective evaluation of injection timing, agent type
and dose-response on infection and outcomes [1].

Core outcome sets

Harmonise timing and instruments (iHOT-33, HOS-
ADL/SS, mHHS and PASS/MCID) to reduce outcome
reporting bias and facilitate meta-research.

Strengths and limitations of this umbrella
review

Strengths include comprehensive capture of post-2020
syntheses, dual ROBIS/AMSTAR-2 appraisal and ex-
plicit overlap quantification. Limitations include reliance
on reported (no repooling of) summary effects, het-
erogeneity of PT protocols and surgical eras across
source meta-analyses, and the predominance of very
low to moderate certainty bodies of evidence in several
domains.

CONCLUSION

Across 44 meta-analyses, HAS provides short-term
improvements over best-practice nonoperative care,
with benefits that attenuate by ~24 months and do not
consistently meet MCIDs. Compared with open pro-
cedures, it offers similar functional gains with fewer
complications. Technique-focused evidence favours
labral repair and, increasingly, capsular closure, pre-
operative intra-articular injections within <3 months
pre-op should be avoided. Overall certainty is con-
strained by methodological limitations; careful patient
selection, structured rehabilitation and transparent
counselling on expected timelines remain essential,
while higher-quality, longer-term trials are needed [1, 2,
6-9, 11, 14, 15, 17-19, 22, 26, 30, 31, 33, 35, 36, 39,
41, 42, 45, 46, 48, 50, 51, 54, 57, 58, 60, 61, 66, 68,
70-73, 75, 77, 84, 85, 87, 89].

AUTHOR CONTRIBUTIONS
NR and MV conducted the systematic literature search,
data extraction and methodological quality assessment.

NR performed the statistical analyses and drafted the
initial manuscript. All authors contributed to critical revi-
sion of the text, approved the final version, and agreed to
be accountable for all aspects of the work.

ACKNOWLEDGEMENTS
Open Access funding enabled and organized by Pro-
jekt DEAL.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
The authors have nothing to report.

ETHICS STATEMENT
The authors have nothing to report.

ORCID
Nikolai Ramadanov
4669-8187

https://orcid.org/0000-0003-

REFERENCES

1. Aamer S, Tokhi I, Asim M, Akhtar M, Razick DI, Wen J, et al.
Postoperative infection following hip arthroscopy in patients
receiving preoperative intra-articular injections: a systematic
review and meta-analysis. Cureus. 2024;16(6):e61649.

2. Addai D, Zarkos J, Pettit M, Sunil Kumar KH, Khanduja V.
Outcomes following surgical management of femoroacetabular
impingement: a systematic review and meta-analysis of differ-
ent surgical techniques. Bone Jt Res. 2021;10(9):574-90.

3. Albertoni DB, Gianola S, Bargeri S, Hoxhaj I, Munari A,
Maffulli N, et al. Does femoroacetabular impingement syndrome
affect range of motion? A systematic review with meta-analysis.
Br Med Bull. 2023;145(1):45-59. Erratum in Br Med Bull
2023;146(1):88.

4. Annin S, Lall AC, Yelton MJ, Shapira J, Rosinsky PJ,
Meghpara MB, et al. Patient-reported outcomes in athletes
following hip arthroscopy for femoroacetabular impingement
with subanalysis on return to sport and performance level: a
systematic review. Arthrosc J Arthrosc Rel Surg. 2021;37(8):
2657-76.

5. Arshad Z, Maughan HD, Sunil Kumar KH, Pettit M, Arora A,
Khanduja V. Over one third of patients with symptomatic fe-
moroacetabular impingement display femoral or acetabular
version abnormalities. Knee Surg Sports Traumatol Arthrosc.
2021;29(9):2825-36.

6. Assaf R, Mitchnik |, Beer Y, Agar G, Tamir E, Lindner D,
et al. Return to driving after hip arthroscopy: a systematic
review and meta-analysis. Orthop J Sports Med. 2022;10(11):
23259671221128281.

7. Bastos RM, de Carvalho Junior JG, da Silva SAM, Campos SF,
Rosa MV, de Moraes Prianti B. Surgery is no more effective
than conservative treatment for femoroacetabular impingement
syndrome: systematic review and meta-analysis of randomized
controlled trials. Clin Rehabil. 2021;35(3):332—41.

8. Blaeser AM, Mojica ES, Mannino BJ, Youm T. Return to work
after primary hip arthroscopy: a systematic review and meta-
analysis. Am J Sports Med. 2023;51(5):1340-6.

9. Bolia IK, Ihn H, Kang HP, Mayfield CK, Briggs KK, Bedi A, et al.
Cutting, impingement, contact, endurance, flexibility, and
asymmetric/overhead sports: is there a difference in return-to-
sport rate after arthroscopic femoroacetabular impingement

85UB017 SUOWILLOD SARRS.1D 3|qedtjdde ayp Aq peusencb a1e S3jo e YO ‘88N JO S3INJ 10} ARIq1T BUIUO AB] 1M UO (SUORIPUOD-PUR-SLLIBYWOD A8 | 1M Afe1q pulUO//SARY) SUORIPUOD pUe SWis | 8u) 885 *[9202/T0/e2] U0 Afeiq18uluO A8 |IM ‘0¥90L 208 1/200T OT/10p/u0o" A3 1M ALeIq 1 BU1|UO'S fPUINO fexissa//sdnY wouy papeojumod ‘T ‘9202 ‘€STTL6TE


https://orcid.org/0000-0003-4669-8187
https://orcid.org/0000-0003-4669-8187

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

surgery? A systematic review and meta-analysis. Am J Sports
Med. 2021;49(5):1363-71.

Bozic KJ, Chan V, Valone FH, Feeley BT, Vail TP. Trends in hip
arthroscopy utilization in the United States. J Arthroplasty.
2013;28(8 Suppl):140-3.

Casartelli NC, Valenzuela PL, Maffiuletti NA, Leunig M. Effec-
tiveness of hip arthroscopy on treatment of femoroacetabular
impingement syndrome: a meta-analysis of randomized con-
trolled trials. Arthr Care Res. 2021;73(8):1140-5.

Chen SL, Maldonado DR, Go CC, Kyin C, Lall AC, Domb BG.
Outcomes of hip arthroscopic surgery in adolescents with a
subanalysis on return to sport: a systematic review. Am J Sports
Med. 2020;48(6):1526-34.

Cheng AL, Schwabe M, Doering MM, Colditz GA, Prather H.
The effect of psychological impairment on outcomes in patients
with prearthritic hip disorders: a systematic review and meta-
analysis. Am J Sports Med. 2020;48(10):2563—-71.

Cheong T, Tao X, Nawabi DH, Bin Abd Razak HR, Lee M.
Clinical outcomes of arthroscopic surgical intervention in fe-
moroacetabular impingement amongst the Asian population: a
meta-analysis. J ISAKOS. 2025;10:100362.

Cohen D, Khan A, Kay J, Slawaska-Eng D, Almasri M,
Simunovic N, et al. There is no definite consensus on the
adequate radiographic correction in arthroscopic osteochon-
droplasty for femoroacetabular impingement: a systematic
review and meta-analysis. Knee Surg Sports Traumatol
Arthrosc. 2021;29(9):2799-818.

Degen RM, Bernard JA, Pan TJ, Ranawat AS, Nawabi DH,
Kelly BT, et al. Hip arthroscopy utilization and associated
complications: a population-based analysis. J Hip Preserv Surg.
2017;4(3):240-9.

Dwyer T, Whelan D, Shah PS, Ajrawat P, Hoit G, Chahal J.
Operative versus nonoperative treatment of femor-
oacetabular impingement syndrome: a meta-analysis of
short-term outcomes. Arthrosc J Arthrosc Rel Surg. 2020;
36(1):263-73.

Elwood R, El-Hakeem O, Singh Y, Shoman H, Weiss O,
Khanduja V. Outcomes and rate of return to play in elite athletes
following arthroscopic surgery of the hip. Int Orthop. 2021;
45(10):2507-17.

Ferreira GE, O'Keeffe M, Maher CG, Harris IA, Kwok WS,
Peek AL, et al. The effectiveness of hip arthroscopic surgery for
the treatment of femoroacetabular impingement syndrome: a
systematic review and meta-analysis. J Sci Med Sport. 2021;
24(1):21-9.

Garcia FL, Wiliams BT, Polce EM, Heller DB, Aman ZS,
Nwachukwu BU, et al. Preparation methods and clinical out-
comes of platelet-rich plasma for intra-articular hip disorders: a
systematic review and meta-analysis of randomized clinical
trials. Orthop J Sports Med. 2020;8(10):2325967120960414.
Gates M, Gates A, Pieper D, Fernandes RM, Tricco AC,
Moher D, et al. Reporting guideline for overviews of reviews of
healthcare interventions: development of the PRIOR statement.
BMJ. 2022;378:e070849.

Gatz M, Driessen A, Eschweiler J, Tingart M, Migliorini F. Arthro-
scopic surgery versus physiotherapy for femoroacetabular
impingement: a meta-analysis study. Eur J Orthop Surg Traumatol.
2020;30(7):1151-62.

Generoso TO, Gonzalez FF, Pelegrinelli ARM, Pallone LV,
Locks R, Guadagnin EC, et al. Minimal hip flexion increase
during gait after femoroacetabular impingement surgery: a
systematic review and meta-analysis of pre- and postoperative
3-dimensional motion analysis. Arthrosc J Arthrosc Rel Surg.
2025;41(25):5391-409.

Griffin DR, Dickenson EJ, O'Donnell J, Agricola R, Awan T,
Beck M, et al. The Warwick agreement on femoroacetabular
impingement syndrome (FAIl syndrome): an international con-
sensus statement. Br J Sports Med. 2016;50(19):1169-76.

. . 25 of 27
Journal of Experimental Orthopaedics—W [ LEY

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Hoit G, Whelan DB, Dwyer T, Ajrawat P, Chahal J. Physio-
therapy as an initial treatment option for femoroacetabular
impingement: a systematic review of the literature and meta-
analysis of 5 randomized controlled trials. Am J Sports Med.
2020;48(8):2042-50.

Huang H, Zhou X, Huang Z, Dang H, Xue S, Zhang Z, et al.
Arthroscopic treatment for femoroacetabular impingement
syndrome in adolescents: a systematic review and meta-
analysis. Clin J Sport Med. 2022;32(6):608-16.

Ifabiyi M, Patel M, Cohen D, Simunovic N, Ayeni OR. Return-to-
sport rates after hip arthroscopy for femoroacetabular
impingement syndrome in flexibility sports athletes: a system-
atic review. Sports Health Multidiscipl Appr. 2024;16(6):982—90.
Jauregui JJ, Salmons HI, Meredith SJ, Oster B, Gopinath R,
Adib F. Prevalence of femoro-acetabular impingement in non-
arthritic patients with hip pain: a meta-analysis. Int Orthop.
2020;44(12):2559-66.

Jimenez AE, Owens JS, Shapira J, Saks BR, Ankem HK,
Sabetian PW, et al. Hip capsular management in patients with
femoroacetabular impingement or microinstability: a systematic
review of biomechanical studies. Arthrosc J Arthrosc Rel Surg.
2021;37(8):2642-54.

Kim CH, Moon JK, Yoon JY, Lee S, Kim WJ, Kim HS, et al.
Arthroscopy versus nonoperative treatment of symptomatic fe-
moroacetabular impingement syndrome: a systematic review
and meta-analysis. Medicine. 2020;99(49):e23247.

King MG, Van Kiij P, Hoak F, Kierkegaard-Brgchner S, West TJ,
Scholes MJ, et al. Are women less likely to return to sport
compared to men following hip arthroscopy. a systematic review
and meta-analysis. J Orthop Sports Phys Ther. 2025;55(3):
193-205.

Klug T, Fox JD, Rosa R, Pettinelli N, Fong S, Sabzevari S, et al.
Patients undergoing hip arthroscopy with periportal and punc-
ture capsulotomy demonstrate favorable outcomes at short-
term follow-up: a systematic review. Arthrosc J Arthrosc Rel
Surg. 2025;41(9):3764-75.e1.

Krivicich LM, Rice M, Sivasundaram L, Nho SJ. Borderline
dysplastic hips undergoing hip arthroscopy achieve equivalent
patient reported outcomes when compared with hips with nor-
mal acetabular coverage: a systematic review and meta-
analysis. J Am Acad Orthop Surg. 2023;31(6):e336—46.
Kumar MV, Shanmugaraj A, Kay J, Simunovic N, Huang MJ,
Wuerz TH, et al. Bilateral hip arthroscopy for treating femor-
oacetabular impingement: a systematic review. Knee Surg
Sports Traumatol Arthrosc. 2022;30(3):1095-108.

Kunze KN, Vadhera A, Devinney A, Nwachukwu BU, Kelly BT,
Nho SJ, et al. Effect of capsular closure after hip arthroscopy for
femoroacetabular impingement syndrome on achieving clini-
cally meaningful outcomes: a meta-analysis of prospective
and comparative studies. Orthop J Sports Med. 2021;9(6):
23259671211017467.

Lameire DL, Pathak A, Hu SY, Kero Yuen YT, Whelan DB,
Dwyer T, et al. The impact of hip arthroscopy on the progression
of hip osteoarthritis in patients with femoroacetabular impinge-
ment syndrome: a systematic review and meta-analysis. Orthop
J Sports Med. 2025;13(4):23259671251326116.
Lamo-Espinosa JM, Mariscal G, Gomez-Alvarez J, San-Julian M.
Retracted article: efficacy and safety of arthroscopy in femor-
oacetabular impingement syndrome: a systematic review and
meta-analysis of randomized clinical trials. Sci Rep. 2023;
13(1):16493. Retraction in: Sci Rep 2024;14(1):20491
Lamo-Espinosa JM, Mariscal G, Gémez-Alvarez J, San-Julian M.
Retraction note: efficacy and safety of arthroscopy in femor-
oacetabular impingement syndrome: a systematic review and
meta-analysis of randomized clinical trials. Sci Rep. 2024;
14(1):20491.

Lamo-Espinosa JM, Mariscal G, Gémez-Alvarez J, San-Julian M.
Efficacy and safety of arthroscopy in femoroacetabular

518017 SUOWILIOD BAIIEID 3| [ddle 3} Ad PeuBAOB 32 SILE YO ‘88N J0 3N 10 ARIGI1T BUIIUO AB|IA UO (SUONIPUOD-PLE-SLLLBIWOY" A3 1M ARG PUIIUO//SAIY) SUOIPUOD PUE SWLB | 84} 39S *[9202/T0/EZ] U0 ARIqIT8UIlUO 811 ‘0790L 209 /Z00T T /10p/LIC" 8|1 AJeid] [BU JUO'S [eUIN0 exssa)/ Sty Lwoij popeojumod ‘T ‘9202 ‘ESTTL6TZ



26 of 27 . .
W] LE Y—Journal of Experimental Orthopaedics

40.
41.
42.
43.
44.
45.

46.

47.

48.

49.
50.

51.

52.

53.

54.

55.

impingement syndrome: a systematic review and meta-analysis
of randomized clinical trials. Sci Rep. 2025;15(1):7775.

Lee MS, Owens JS, Fong S, Mahatme RJ, Kim DN, Moran J,
et al. Athletes report favorable outcomes at 5-year minimum
follow-up after primary hip arthroscopy: a systematic review.
Arthrosc J Arthrosc Rel Surg. 2023;39(2):510-28.

LinY, Li T, Deng X, Huang X, Zhang K, Li Q, et al. Repaired or
unrepaired capsulotomy after hip arthroscopy: a systematic
review and meta-analysis of comparative studies. HIP Int. 2020;
30(3):256-66.

LiuL, Zhang Y, Gui Q, Zhao F, Shen XZ, Zhang XH, et al. Effect
of capsular closure on outcomes of hip arthroscopy for femor-
acetabular impingement: a systematic review and meta-
analysis. Orthop Surg. 2020;12(4):1153-63.

Lu V, Andronic O, Zhang JZ, Khanduja V. Outcomes of
arthroscopy of the hip for femoroacetabular impingement based
on intraoperative assessment using the Outerbridge classifica-
tion. Bone Jt J. 2023;105-B(7):751-9.

Lunny C, Pieper D, Thabet P, Kanji S. Managing overlap of
primary study results across systematic reviews: practical
considerations for authors of overviews of reviews. BMC Med
Res Methodol. 2021;21(1):140.

Lv Y, Yang M, Hu C, Guo D, Zhao C, Wei L, et al. Capsule
closure has better hip function than non-closure in hip
arthroscopy for femoracetabular impingement: a systematic
review and meta-analysis. Heliyon. 2024;10(10):e31088.
Mahmoud SSS, Takla A, Meyer D, Griffin D, O'Donnell J.
Arthroscopic hip surgery offers better early patient-reported
outcome measures than targeted physiotherapy programs for
the treatment of femoroacetabular impingement syndrome: a
systematic review and meta-analysis of randomized controlled
trials. J Hip Preserv Surg. 2022;9(2):107-18.

Maldonado DR, Kyin C, Chen SL, Rosinksy PJ, Shapira J,
Meghpara MB, et al. In search of labral restoration function with
hip arthroscopy: outcomes of hip labral reconstruction versus
labral repair: a systematic review. HIP Int. 2021;31(6):704-13.
Marshall CJ, Ganderton C, Pranata A, Tirosh O, Wynne K,
O'Donnell J, et al. Changes in physical impairments in femor-
oacetabular impingement syndrome following arthroscopic
surgery: a systematic review and meta-analysis. J Hip Preserv
Surg. 2025;12(2):105-17.

Martins EC, Gomes DA, de Brito Fontana H, Fernandes DA.
Does response to preoperative intra-articular anesthetic injec-
tions predict outcomes of femoroacetabular impingement syn-
drome? Arch Orthop Trauma Surg. 2023;143(10):6283-94.
Martins EC, Gomes DA, Fernandes DA, de Brito Fontana H.
Alpha angle values predict the severity of hip chondral damage
in patients with cam-type femoroacetabular impingement syn-
drome: a systematic review and meta-analysis. Arthrosc
J Arthrosc Rel Surg. 2025;41(5):1539-53.e5.

Migliorini F, Baroncini A, Eschweiler J, Knobe M, Tingart M,
Maffulli N. Return to sport after arthroscopic surgery for fe-
moroacetabular impingement. Surgeon. 2023;21(1):21-30.
Migliorini F, Liu Y, Eschweiler J, Baroncini A, Tingart M,
Maffulli N. Increased range of motion but otherwise similar
clinical outcome of arthroscopy over open osteoplasty for fe-
moroacetabular impingement at midterm follow-up: a system-
atic review. Surgeon. 2022;20(3):194-208.

Migliorini F, Maffulli N. Arthroscopic management of femor-
oacetabular impingement in adolescents: a systematic review.
Am J Sports Med. 2021;49(13):3708-15.

Migliorini F, Maffulli N, Bardazzi T, Ramasubramanian S,
Jeyaraman N, Jeyaraman M. Arthroscopy for femoroacetabular
impingement in athletes versus non-athletes: systematic review
and meta-analysis. Healthcare. 2025;13(5):470.

Migliorini F, Maffulli N, Baroncini A, Eschweiler J, Tingart M,
Betsch M. Revision surgery and progression to total hip ar-
throplasty after surgical correction of femoroacetabular

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

impingement: a systematic review. Am J Sports Med. 2022;
50(4):1146-56.

Migliorini F, Maffulli N, Knobe M, Eschweiler J, Tingart M,
Baroncini A. Arthroscopic labral repair for femoroacetabular
impingement: a systematic review. Surgeon. 2022;20(5):
e225-30.

Mok TN, He Q, Teng Q, Sin TH, Wang H, Zha Z, et al. Arthro-
scopic hip surgery versus conservative therapy on femor-
oacetabular impingement syndrome: a meta-analysis of RCTs.
Orthop Surg. 2021;13(6):1755-64.

Ni C, Lin H, Yin H. A meta-analysis of the effectiveness and
side effects of hip arthroscopy and open surgical dislocation
in the management of femoroacetabular impingement. BMC
Musculoskelet Disord. 2025;26(1):69.

OCEBM Levels of Evidence. Oxford centre for evidence-based
medicine, 2011/2016.

O'Connor M, Steinl GK, Padaki AS, Duchman KR,
Westermann RW, Lynch TS. Outcomes of revision hip arthro-
scopic surgery: a systematic review and meta-analysis. Am
J Sports Med. 2020;48(5):1254-62.

Owen MM, Gohal C, Angileri HS, Hartwell MJ, Plantz MA,
Tjong VK, et al. Sex-based differences in prevalence, outcomes,
and complications of hip arthroscopy for femoroacetabular
impingement: a systematic review and meta-analysis. Orthop
J Sports Med. 2023;11(8):23259671231188332.

Owens JS, Jimenez AE, Shapira J, Saks BR, Glein RM,
Maldonado DR, et al. Capsular repair may improve outcomes in
patients undergoing hip arthroscopy for femoroacetabular
impingement: a systematic review of comparative outcome
studies. Arthrosc J Arthrosc Rel Surg. 2021;37(9):2975-90.
Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021;372:
n71.

Park N, Klug T, Patel S, Surucu S, Lee MS, Kardestuncer K,
et al. Patients undergoing revision hip arthroscopy with labral
reconstruction or labral repair and patient-reported outcomes:
a systematic review. Orthop J Sports Med. 2024;12(9):
23259671241270356.

Parker EA, Peoples R, Willey MC, Westermann RW. Sex dif-
ferences in patient-reported outcomes following surgical hip
preservation interventions: a systematic review and meta-
analysis. lowa Orthop J. 2023;43(2):133-45.

Patel R, Sokhal BS, Fenton C, Omonbude D, Banerjee R,
Nandra R. Doctor when can | drive? A systematic review and
meta-analysis of brake reaction time in patients returning to
driving after hip arthroscopy for femoroacetabular impingement
(FAI). HIP Int. 2025; 11207000251321345.

Pettit M, Doran C, Singh Y, Saito M, Sunil Kumar KH,
Khanduja V. How does the cam morphology develop in ath-
letes? A systematic review and meta-analysis. Osteoarthr
Cartil. 2021;29(8):1117-29.

Phillips MK, Abouhaif T, Waters TL, Bullock G, Recker AJ,
Fiegen AP, et al. Routine capsular closure outperforms
incomplete capsular closure after hip arthroscopy: a meta-
analysis and expected-value decision analysis. Arthrosc
J Arthrosc Rel Surg. 2025;41(7):2551-64.e4.

Pieper D, Antoine SL, Mathes T, Neugebauer EAM,
Eikermann M. Systematic review finds overlapping reviews
were not mentioned in every other overview. J Clin Epidemiol.
2014;67(4):368-75.

Qiao HY, Zhang YH, Ren YM, Tian MQ. Arthroscopic versus
open treatment for femoroacetabular impingement: a system-
atic review and meta-analyses. Medicine. 2020;99(47):e23364.
Rahl MD, LaPorte C, Steinl GK, O'Connor M, Lynch TS,
Menge TJ. Outcomes after arthroscopic hip labral reconstruction:
a systematic review and meta-analysis. Am J Sports Med. 2020;
48(7):1748-55.

518017 SUOWILIOD BAIIEID 3| [ddle 3} Ad PeuBAOB 32 SILE YO ‘88N J0 3N 10 ARIGI1T BUIIUO AB|IA UO (SUONIPUOD-PLE-SLLLBIWOY" A3 1M ARG PUIIUO//SAIY) SUOIPUOD PUE SWLB | 84} 39S *[9202/T0/EZ] U0 ARIqIT8UIlUO 811 ‘0790L 209 /Z00T T /10p/LIC" 8|1 AJeid] [BU JUO'S [eUIN0 exssa)/ Sty Lwoij popeojumod ‘T ‘9202 ‘ESTTL6TZ



72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Ramadanov N, Lettner J, Voss M, Hable R, Prill R, Dimitrov D,
et al. Conservative treatment versus hip arthroscopy in patients
with femoroacetabular impingement: a multilevel meta-analysis
of randomized controlled trials. Bone Jt Open. 2025;6(4):480-98.
Ramadanov N, Lettner J, Voss M, Prill R, Hable R, Dimitrov D,
et al. Minimal clinically important differences in conservative
treatment versus hip arthroscopy for femoroacetabular
impingement syndrome: a frequentist meta-analysis of RCTs.
Orthop Surg. 2025;17(9):2514-28.

Ramadanov N, Voss M, Diallo RM, Lettner J, Hakam HT, Prill R,
et al. Do meta-analyses of total hip arthroplasty produce reliable
results? a systematic review and meta-epidemiological study of
statistical methods. Orthop Surg. 2025;17(7):1936-55.
Rathore S, Mehta S, Rai A, Mohammed F. Arthroscopic pro-
cedure for femoroacetabular impingement syndrome in ado-
lescents: a systematic review and meta-analysis. Hip Pelvis.
2025;37(2):87-102.

Saito M, Kuroda Y, Sunil Kumar KH, Khanduja V. Outcomes
after arthroscopic osteochondroplasty for femoroacetabular
impingement secondary to slipped capital femoral epiphysis: a
systematic review. Arthrosc J Arthrosc Rel Surg. 2021;37(6):
1973-82.

Schwabe MT, Clohisy JC, Cheng AL, Pascual-Garrido C,
Harris-Hayes M, Hunt DM, et al. Short-term clinical outcomes of
hip arthroscopy versus physical therapy in patients with fe-
moroacetabular impingement: a systematic review and meta-
analysis of randomized controlled trials. Orthop J Sports Med.
2020;8(11):2325967120968490.

Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J,
et al. AMSTAR 2: a critical appraisal tool for systematic reviews
that include randomised or non-randomised studies of health-
care interventions, or both. BMJ. 2017;358:j4008.

Sohatee MA, Ali M, Khanduja V, Malviya A. Does hip preser-
vation surgery prevent arthroplasty? Quantifying the rate of
conversion to arthroplasty following hip preservation surgery.
J Hip Preserv Surg. 2020;7(2):168-82.

Uchida S, Kizaki K, Arjuna MS, Murata Y, Shimozono Y,
Miura K, et al. Arthroscopic hip capsular repair improves
patient-reported outcome measures and is associated with a
decreased risk of revision surgery and conversion to total hip
arthroplasty. Arthrosc Sports Med Rehabil. 2023;5(6):100800.
Ueland TE, Disantis A, Carreira DS, Martin RL. Patient-reported
outcome measures and clinically important outcome values in
hip arthroscopy: a systematic review. JBJS Rev. 2021;
9(1):20.00084.

Villarreal-Espinosa JB, Gémez-Verdejo F, Murray MJ, Jan K,
Hummel A, Carpenter M, et al. Revision hip arthroscopy yields
inferior patient reported outcome measures and patient
acceptable symptomatic state along with higher total hip ar-
throplasty conversion compared to the primary setting at a

. . 27 of 27
Journal of Experimental Orthopaedics—W [ LEY

83.

84.

85.

86.

87.

88.

89.

minimum 2-year follow-up. Arthrosc J Arthrosc Rel Surg. 2025;
41(25):5378-90.

Walsh EG, Wallace I|A, Becker N, Flynn M, Domb A,
Quesada-Jimenez R. With proper surgical indications, sex-
based differences in pathology do not impact hip arthroscopy
outcomes or complications: a systematic review. Arthrosc
J Arthrosc Rel Surg. 2025;41(8):3094—112.

Wang C, Sun Y, Ding Z, Lin J, Luo Z, Chen J. Influence of
femoral version on the outcomes of hip arthroscopic surgery for
femoroacetabular impingement or labral tears: a systematic
review and meta-analysis. Orthop J Sports Med. 2021;
9(6):23259671211009192.

Weber AE, Bolia IK, Mayfield CK, Ihn H, Kang HP, Bedi A, et al.
Can we identify why athletes fail to return to sport after hip
arthroscopy for femoroacetabular impingement syndrome? a
systematic review and meta-analysis. Am J Sports Med. 2021;
49(6):1651-8.

Whiting P, Savovi¢ J, Higgins JPT, Caldwell DM, Reeves BC,
Shea B, et al. ROBIS: a new tool to assess risk of bias in
systematic reviews was developed. J Clin Epidemiol. 2016;69:
225-34.

Wu ZX, Ren WX, Ren YM, Tian MQ. Arthroscopic labral
debridement versus labral repair for patients with femor-
oacetabular impingement: a meta-analysis. Medicine. 2020;
99(19):€20141.

Yarwood W, Sunil Kumar KH, Ng KCG, Khanduja V. Bio-
mechanics of cam femoroacetabular impingement: a systematic
review. Arthrosc J Arthrosc Rel Surg. 2022;38(1):174-89.
ZhuY, Su P, Xu T, Zhang L, Fu W. Conservative therapy versus
arthroscopic surgery of femoroacetabular impingement syn-
drome (FAl): a systematic review and meta-analysis. J Orthop
Surg Res. 2022;17(1):296.

SUPPORTING INFORMATION

Additional supporting information can be found online
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