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Abstract

Introduction Femoroacetabular impingement (FAI) syndrome is a condition characterised by irregularities in the femur or
acetabular rim, leading to hip pain, increased risk of osteoarthritis (OA), and potential need for total hip arthroplasty (THA).
Non-surgical treatments are the first-line approach. However, arthroscopic surgery has become more prevalent due to its
promising short- and medium-term outcomes. Recent meta-analyses suggest that hip arthroscopy may offer superior results
compared to non-operative treatments, though follow-up periods in these studies have been limited to 12 months. This sys-
tematic review aims to evaluate the long-term effectiveness of arthroscopic management for FAI syndrome, hypothesising
that it will significantly improve patient-reported outcomes (PROMs) over a follow-up period exceeding ten years.
Methods The review focused on studies published in peer-reviewed journals with a minimum follow-up of 120 months and
assessed outcomes such as PROMs and complication rates. It adhered to PRISMA guidelines and used the PICOT algorithm
to evaluate the literature. Data extraction covered study characteristics, PROMs, and complications. Statistical analyses were
conducted using IBM SPSS software to summarise continuous and dichotomous data.

Results Of 1,245 identified articles, 7 were included after rigorous screening. Risk of bias assessment with the ROBINS-I
tool revealed a serious or moderate risk of bias due to confounding, although overall methodological quality was acceptable.
Data from 478 patients showed significant improvements in PROMs from baseline to follow-up.

Conclusion This systematic review indicates that arthroscopic management for FAI syndrome significantly improves
PROMs with a mean follow-up of approximately 130 months. Nevertheless, 32% of patients required THA within ten years,
underscoring the importance of careful patient selection and consideration of factors like OA and age. While conservative
treatments such as physical therapy may yield comparable short-term outcomes, recent evidence suggests that arthroscopy
provides superior results, particularly for younger patients and those without preoperative OA.

Level of evidence Level II, systematic review and meta-analysis.
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Introduction

Femoroacetabular impingement (FAI) syndrome is defined
as a syndrome characterised by irregularities of the femur
(cam impingement) and/or the acetabular rim (pincer
impingement), which lead to hip pain due to labral and
chondral pathologies [1-3]. In 2016, the Warwick Agree-
ment consensus statement described FAI syndrome as “a
motion-related clinical diagnosis of the hip that represents
symptomatic contact between the proximal femur and
the acetabulum” [4]. The improper contact between the
femur and acetabulum leads to continuous joint damage
and soft tissue injuries [5—7]. Besides associated hip pain
and decreased quality of life, FAI syndrome also seems to
increase the risk of developing osteoarthritis (OA) and the
need for total hip arthroplasty (THA) [8—11].

There are several treatment strategies for FAI syndrome,
including non-surgical options (e.g., physical therapy, activ-
ity modifications, injection therapy) and surgery [1]. Physi-
cal therapy and activity modification are considered the
first-line treatments for FAI syndrome. When conservative
management fails, arthroscopic surgery for FAI syndrome
has become increasingly popular, showing promising clini-
cal results in addressing both bony and soft tissue patholo-
gies [12—16]. Hip arthroscopy for managing FAI syndrome
may lead to superior clinical outcomes than non-operative
treatment [17, 18]. Hip arthroscopy for FAI syndrome
demonstrated significant improvement at a 5-year follow-
up, with maintained rates of achieving minimal clinically
important difference (MCID), Patient Acceptable Symptom
State (PASS), and Substantial Clinical Benefit (SCB) [19].
Despite these initial studies with short- and midterm out-
comes, there is limited evidence regarding the long-term
outcomes of arthroscopic management for treating FAI syn-
drome. Therefore, this systematic review evaluated the out-
comes of arthroscopic management for FAI syndrome with
a follow-up period of over ten years. The authors hypoth-
esised that arthroscopic management for FAI syndrome
would result in a statistically significant improvement in
PROMs (Patient-Reported Outcome Measures) at long-
term follow-up.

Methods

Eligibility criteria

All clinical investigations which evaluated the long-term
outcome of arthroscopic management of FAI syndrome
were considered. Only studies published in peer-reviewed

journals were deemed eligible. Studies with levels I to
IIT of evidence, according to the 2020 Oxford Centre of

@ Springer

Evidence-Based Medicine [20], were included. Editorials,
reviews, letters, opinions, and studies involving in vitro or
animal experiments, biomechanical assessments, computa-
tional analyses, or cadaveric research were excluded. Stud-
ies which evaluated the results of open or mini-open surgery
were considered. Only studies with a minimum of 120
months of follow-up were included in the present review.

Search strategy

The current systematic review adhered to the guidelines
outlined in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement of 2020
[21]. The PICOT algorithm was followed:

P(Problem): FAI syndrome;

I(Intervention): arthroscopic management;
C(Comparison): none;

O(Outcomes): PROMs, rate of complication;
T(Timing): minimum 10 years follow-up.

In August 2024, the following databases were accessed:
PubMed, Embase, and Web of Science, with no additional
filters or time constraints. The Medical Subject Headings
(MeSH) used for the database search are outlined in the
Appendix.

Selection and data collection

Two authors (F.M. and T.B.) performed the database search.
All retrieved titles underwent manual screening, and their
abstracts were accessed if deemed appropriate. Full texts
were examined in cases where there was a match. Articles
without accessible full texts were excluded from consider-
ation. A cross-reference of the bibliographies of full-text
articles was also conducted for potential inclusion. A third
senior author (R.V.), who made the final decision, resolved
disagreements among authors.

Data items

Two authors (F.M. and T.B.) performed data extraction. The
following data at baseline were extracted: author, year of
publication and journal, length of the follow-up, number of
patients with related mean age, and body mass index (BMI).
Data concerning the following PROMs were collected at
baseline and at the last follow-up: visual analogue scale
(VAS) [22], modified Harris Hip Score (mHHS) [23], Hip
Outcome Score - Activities of Daily Living (HOS-ADL)
[24], and modified Hip Outcome Score - Sport-Specific
Subscale (HOS-SSS) [25]. Data concerning the follow-
ing complications were retrieved: re-operations, revision
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arthroscopy, and progression to THA. Data were extracted
in Microsoft Office Excel version 16.0 (Microsoft Corpora-
tion, Redmond, USA).

Assessment of the risk of bias

The guidelines of the Cochrane Handbook for Systematic
Reviews of Interventions [26] were followed to assess the
Risk of Bias. Two authors (F.M. and T.B.) independently
evaluated the risk of bias in the extracted studies. The Risk
of Bias in Nonrandomised Studies of Interventions (ROB-
INS-I) tool [27] was used since only Nonrandomised con-
trolled trials (non-RCTs) were included in this review. Seven
domains of potential bias in non-RCTs were assessed. Tow
domains assess the possible confounding and the nature of
patient selection before the start of the comparative inter-
vention. Bias in the classification during the intervention is
assessed by a further domain. The final four domains are
used to assess the methodological quality after the interven-
tion comparison has been implemented and relate to devia-
tions from previously intended interventions, missing data,
erroneous measurement of outcomes, and bias in the selec-
tion of reported outcomes. The chart of the ROBINS-I was
elaborated using the Robvis Software (Risk-of-bias VISual-
ization, Riskofbias.info, Bristol, UK) [28].

Synthesis method

The main author (F.M.) performed the statistical analyses
following the recommendations of the Cochrane Handbook
for Systematic Reviews of Interventions [26]. For descrip-
tive statistics, the IBM SPSS software version 25 was used.
The arithmetic mean and standard deviation were used for
continuous data, and the frequency (events/ observations)
for dichotomic variables.

Results
Study selection

The initial stage of this systematic review involved a com-
prehensive literature search that identified 1245 articles
potentially relevant to the research topic. Following dedu-
plication efforts, 688 articles were selected for eligibility
screening based on their abstracts. A total of 397 articles
were subsequently excluded for various reasons, the primary
reason being a lack of alignment with the predefined study
design criteria (N=243). Language barriers (N=24) and
limitations in accessing the full text (N=130) further con-
tributed to article exclusions. A meticulous full-text review
was conducted on the remaining 291 articles, excluding 284

articles. Consequently, the final selection for this systematic
review comprised seven studies. The results of the literature
search are shown in Fig. 1.

Risk of bias assessment

The risk of bias of non-RCTs was assessed using the ROB-
INS-I risk of bias tool on all the included trials since no
RCT was selected. The risk of bias due to confounding was
serious or moderate for more than half of the included stud-
ies. The risk of bias in participant selection, intervention
classification, and deviations from intended intervention
was low in all the included studies. In domains assessed for
risk of bias after the intervention, some concerns were iden-
tified in the measurement of outcomes. No concerns were
raised about the selection of the reported results. The overall
risk of bias was moderate in 60% and low in 30% of the
included studies, indicating a mostly acceptable method-
ological quality (Fig. 2).

Study characteristics and results of individual
studies

Data from 478 patients were retrieved. Of them, 44.4% (212
of 478 patients) were women. The mean length of follow-up
was 132.1+3.4 months. The mean age was 36.7+9.0 years,
and the mean BMI was 22.8+ 1.1 kg/m®. Generalities of the
included studies are shown in Table 1.

Results syntheses

All PROMs of interest improved significantly compared to
the baseline (Table 2): VAS (P=0.0002), mHHS (£=0.0003),
HOS-ADL (P=0.001), and HOS-SSS (P=0.03).

At the last follow-up, 29% (77 of 265) of patients under-
went reoperation, 10% (18 of 189) revision arthroscopy, and
32% (65 of 205) progressed to THA. Not all studies pro-
vide quantitative data for each endpoint; consequently, the
sample size varies across different results.

Discussion

According to the main findings of this systematic review,
arthroscopic management for FAI syndrome results in a
statistically significant improvement in PROMs at a mean
follow-up of approximately 130 months. Within the 10-year
follow-up period, 29% of patients underwent reoperation,
10% had revision arthroscopy, and 32% progressed to THA.

In addition to surgical treatment for FAI syndrome, con-
servative options such as physical therapy, activity modi-
fications, and injection therapy should also be considered.

@ Springer
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Fig. 1 PRISMA flow chart of the literature search

Some studies have reported no significant difference in the
effectiveness between surgery and physical therapy for FAI
syndrome [36, 37].

In line with these results, a meta-analysis by Bastos et al.
demonstrated moderate-quality evidence that surgery is not
superior to conservative treatment for FAI syndrome in the
short term, with low-quality evidence in the medium term
[38]. However, there has been a rapid increase in the number
of surgeries performed [12, 13], and more recent evidence
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has reported statistically superior clinical outcomes for hip
arthroscopy compared to conservative treatment [18]. How-
ever, the inconsistent results may also be affected by the
characteristics of the patients included in the studies.
Several risk factors have been identified as predictors
of poor clinical outcomes in FAI syndrome. Advanced
chondral damage, particularly in the presence of extensive
chondrolabral injury, has been associated with subopti-
mal prognoses. Pre-existing osteoarthritis and abnormal
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Fig.2 The ROBINS-I of non-RCTs
Table 1 Generalities of the included studies (BMI: body mass index)
Author and Year Journal Design Follow-up Patients (n) Women (n) Mean Age Mean
(months) (years) BMI
(kg/m®)
Biichler et al., 2021 [29] Clin Orthop Relat Retrospective 132.0 50 45 33.0 21.9
Res
Byrd et al., 2009 [30] Arthroscopy Prospective 120.0 26 13 46.0
Lee et al., 2021 [31] J Hip Preserv Surg Retrospective 131.5 28 9 36.5 22.7
135.0 87 27 34.0 22.8
Martinez et al., 2023 [32] Rev Esp Cir Ortop Retrospective 132.0 17 2 47.8 25.1
Traumatol 54 9 40.6 25.3
Menge et al., 2021 [33] Am J Sports Med Prospective 134.0 60 49 16.0 22.0
Zimmerer et al., 2021 [34]  Arthroscopy Retrospective 132.7 51 21 43.0 22.0
131.2 61 20 44.1 22.4
Zimmerer et al., 2021 [35] Orthop J Sports Med Prospective 132.0 44 17 42.2 223

Table 2 Result of proms (VAS: visual analogue scale; mHHS: modi-
fied Harris hip score; HOS-ADL: hip outcome Score - Activities of
daily living; HOS-SSS: hip outcome Score - Sport-Specific subscale;
FU: follow-up; MD: mean difference)

Endpoint Atbaseline AtlastFU MD P
VAS (0-10) 6.7£0.3 2.4+0.5 -4.3 0.0002
mHHS (0-100) 62.4+9.1 86.9+4.6 245 0.0003
HOS-ADL (0-100)  66.0+5.4 85.8+2.5 19.8  0.001
HOS-SSS (0-100) 51.2+14.7 77.5+3.3 263  0.03

femoral head morphology, including elevated alpha angles
and severe cam or pincer deformities, may contribute to
the persistence of symptoms despite treatment. Other prog-
nostic factors include elevated body mass index (BMI),
reduced preoperative range of motion, and prolonged symp-
tom duration before intervention have also been correlated
with lower postoperative outcomes [39-42]. Several stud-
ies have investigated the difference in functional improve-
ment after arthroscopic treatment for FAI syndrome across
different age groups and have found superior results for
younger patients [43—48]. However, the present systematic
review demonstrated statistically significant improvement
in PROMs in age 16 to 47.8 years. Additionally, some stud-
ies have shown no differences among various age groups

[48-50], and even patients older than 60 can benefit from an
arthroscopic treatment, with outcomes comparable to those
of younger adults (1859 years) [47]. However, despite
improvements in clinical outcomes, the present systematic
review also demonstrated that 32% of patients progressed
to THA within the 10-year follow-up. Therefore, pursuing
arthroscopic treatment for FAI syndrome should be based
on a shared decision-making process between physicians
and patients, considering several clinical factors, especially
preoperative OA. Among the studies in the present system-
atic review, increased age and greater joint degeneration
were the most commonly cited predictors of clinical failure.
Good clinical outcomes and a low revision surgery rate have
been reported in adolescents [33]. A study from Buechler
et al. also reported a lower rate of progression to THA for
younger patients (hazard ratio 1.1, p=0.01) and hips with-
out signs of osteoarthritis (preoperative Tonnis Grade 1
compared with Tonnis Grade O (hazard ratio 17; p=0.01)
[29]. However, even in this cohort, the cumulative 10-year
survival rate was 92% (median age 33, range 16-63) [29].
Analysing the median Harris Hip Score improvement, Bryd
and Jones found worse outcomes for patients with associated
arthritis. In a prospective analysis with a 10-year follow-up
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after hip arthroscopy, 88% of patients with preoperative
arthritis were converted to total hip arthroplasty at a mean
of 63 months [30]. In contrast, 83% of patients without OA
showed substantial improvement in Harris Hip Scores at
10-year follow-up [30]. In line with these findings, a recent
study from Mas Martinez et al. reported a cumulative survi-
vorship rate of 77.8% at ten years, with a rate of 45.4% for
patients with a Toennis grade greater than 1 and 85.2% for
patients with a Toennis grade of 1 or less (p<0.001) [32].
Besides the presence of OA, advanced age and female sex
also seem to affect the outcome after hip arthroscopy for
FAI syndrome adversely [34]. Zimmer et al. reported a 97%
higher risk of THA conversion for female patients [34].
Interestingly, this risk was only 24% higher for patients
with advanced age at the time of surgery but 133% higher
for hips with a Toennis grade greater than 1 [34]. There is
a significant variation in gender distribution among studies
analysing clinical outcomes after arthroscopic treatment for
FAI syndrome. In the present systematic review, 44% of the
478 patients were women, although there was a high vari-
ability between the included studies. Additionally, the pre-
operative duration of symptoms seems to be an independent
predictor of achieving meaningful clinical outcomes from
arthroscopic treatment of FAI syndrome. However, signifi-
cant improvement at the 5-year follow-up has been reported
recently, with maintained rates of achieving MCID, PASS,
and SCB. The survival rate of hip arthroscopy at five years
is generally high, with conversion rates to THA or revision
surgery ranging from 0.0 to 17.9% and from 1.3 to 26.7%,
respectively.

This study has several limitations. Pre-existing OA as a
factor influencing clinical outcomes after surgery was not
considered, as this review focused solely on evaluating long-
term clinical outcomes. Additionally, the number of included
studies is small, particularly for prospective studies, which
may contribute to high heterogeneity between studies. The
authors did not prospectively register the present systematic
review into a public registry, potentially increasing the risk
of bias. The data did not account for different morphology
types of FAI syndrome, potentially introducing reporting
bias. Larger, multicenter, high-quality RCTs are needed to
validate the outcomes of this systematic review.

Conclusion

This systematic review indicates that arthroscopic man-
agement for FAI syndrome significantly improves PROMs
with a mean follow-up of approximately 130 months.
Nevertheless, 32% of patients required THA within ten
years, underscoring the importance of careful patient selec-
tion and consideration of factors like OA and age. While

@ Springer

conservative treatments such as physical therapy may yield
comparable short-term outcomes, recent evidence suggests
that arthroscopy provides superior results, particularly for
younger patients and those without preoperative OA.
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