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This study aimed to compare the efficacy and s&iptyv of arthi Jscopy with physiotherapy or joint lavage
in patients with femoroacetabular impingement{FA;, " geta-analysis using PubMed, Embase,
Scopus, and the Cochrane Collaboration Library ditabases was performed in September 2022. We
included studies focusing on patients with FAI who yhderwent arthroscopic surgery versus those who
underwent physiotherapy or arthrogCopic i sage. The outcomes were functional scores (iHOT-33 and
HOS ADL) and adverse events. Ranc dmized) linical trials were included in the study. The risk of bias in
each study was assessed accopliirig to C shrane guidelines for clinical trials. The data were combined
using Review Manager versi{ 3 5.4MPROLSPERO CRD42022375273). Six RCTs were included, from a
pool of 839 patients (40Z#ama.5). Th='iHOT-33 and HOS ADL scales showed significant differences

at 12 months in favor \the arthi )Copy group (MD, 10.65; 95% Cl 6.54-4.76) and (MD, 8.09; 95%

Cl 3.11-13.07). MCI{} wa: hot achieved through arthroscopy in functional variables. The rates of
osteoarthritis (%, °¢.18; 957 )11.06-36.00) and numbness (OR, 73.73; 95% Cl 10.00-43.92) were
significantly h'gher in the arthroscopy group. Arthroscopic surgery showed statistical superiority over
the control gr¢ o withs ut exceeding the MCID in most studies; however, the results might have been
influengad by secciary variables. Finally, arthroscopic surgery results in a high rate of conversion to
osteoarihi..

Fen aroacecabular impingement (FAI) is a painful hip disorder characterized by premature and abnormal con-
« it between the proximal femur and acetabulum, damaging the labrum and cartilage, with a potential risk of
de\ Ioping osteoarthritis2 The diagnosis of FAI is both clinical and radiological, with three types: cam (loss of
thetemoral head sphere), pincer (excessive coverage of the acetabulum), or mixed®.

Treatment is usually staggered and has two main objectives: pain control and osteoarthritis prevention. Over
the last few years, arthroscopy has gained importance, and its use has exponentially increased in the USA and
UK*%, especially in young patients®. Hip arthroscopy has become popular because it is minimally invasive, causes
less tissue damage, and allows early rehabilitation’. The aim of surgery is to restore the cam/pincer morphol-
ogy together with osteoplasty and to reestablish, repair, or reconstruct the labrum or cartilage. However, the
protective role of arthroscopy in osteoarthritis has not been established because of the short-term follow-up of
comparative studies. Physical therapy is the primary treatment for FAI and is based on increasing strength and
stabilizing the hip and pelvic musculature, as well as education, activity modification, and muscle coordination®”.

Several meta-analyses have evaluated the efficacy of arthroscopic surgery versus conservative treatment for
femoroacetabular impingement syndrome!*-'6. However, these meta-analyses have reported conflicting results,
with some concluding in favor of arthroscopy and others finding no significant differences between interven-
tions. Despite these findings, these meta-analyses have been criticized for their limitations. The limitations of
previous RCTs and meta-analyses must be considered when evaluating the efficacy of arthroscopic surgery and
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physiotherapy or arthroscopic lavage for femoroacetabular impingement syndrome!®-1¢. Specifically, the lack of
studies on patient loss in both groups and different times since randomization to the start of treatment, as well
as the absence of analysis on how moderating or demographic variables affect outcomes, make it difficult to draw
definitive conclusions about the effectiveness of each intervention'®'. Additionally, the lack of demonstration on
whether the superiority of either technique is clinically relevant is a significant gap in literature!~'¢. Moreover,
previous studies have not included all the available evidence and have conducted meta-analyses of only a few
studies in most cases'!~'. This approach may limit the generalizability of the results and prevent comprehen-
sive understanding of the efficacy of each intervention. Therefore, it is essential to conduct a new comparative
meta-analysis that addresses these limitations and includes all the available evidence to provide a more robust
and comprehensive analysis of the efficacy of arthroscopic surgery and physiotherapy or arthroscopic lavage for
femoroacetabular impingement syndrome.

The objectives of this study were (1) to compare arthroscopy with a more conservative trgatment (physi-
otherapy and joint lavage) in FAI patients in terms of efficacy and safety, and (2) to clarify wh rior-
ity of either technique is clinically relevant and analyze demographic or secondary variables that ipfiuence
the results.

Materials and methods
Eligibility criteria

This meta-analysis was registered in PROSPERO (CRD42022375273).
guidelines (Fig. 1)"”. The research question was conducted following the
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Figure 1. Study selection flow diagram (Preferred Reporting Items for Systematic reviews and Meta-Analysis).
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scores and safety evaluated by adverse events; (S) we included randomized controlled trials and meta-analyses to
assess the quality of previous published level I evidence studies. The diagnosis of the femoroacetabular impinge-
ment syndrome was made clinically and by image (X-rays, MRI and/or CT). To maintain sample homogeneity
and minimize potential confounding factors, we excluded studies that enrolled < 16 yo patients or those with
systemic disease. Furthermore, studies that initially enrolled patients with osteoarthritis, one of the variables
under investigation, were excluded. To ensure the precision of the sample size and estimates, we removed dupli-
cate studies as well as those with incomplete data that could not be analyzed in the statistical program or did not
share relevant variables, which could have hindered the meta-analysis.

Information sources

A systematic search of the literature using PubMed, EMBASE, Scopus, and the Cochrane Collabopfon Library
database was carried out. No date limit was specified. Language was not limited. Studies of interg6t that appeared
in the references of the included studies in the first search were also evaluated by manual sedrci jgf

Search methods for identification of studies

We used the following search terms to search all trials registers and databases: “femfyroacc Sbulay:mpingement
AND arthroscop*” the (Supplementary File 1). Two reviewers independentlygigreed on siyLtion of eligible
studies and achieved consensus on which studies to include. Regarding data ex raction, tpvo‘authors also inde-
pendently reviewed the studies. If consensus was not reached, a third reviglv aui Jar wagfisked to complete the
data extraction form. We analyzed the records of the RCTs as well as their Coi jleme- 2y material. We consulted
expert opinion to assess which variables would be of most interest.

Data extraction and data items

The following baseline characteristics of each study were obtaific hnumber Ut participants, type of study, journal,
age, %female, %right hip, morphology (pincer, cam, or m# ), #ad follow-up. The lost follow-up rate and time
since randomization were also analyzed. Funding and conflic ¥of inicrest were also evaluated. The primary efhi-
cacy outcomes were iHOT-33, HOS ADL (activitiegaf daily livi 3, and HOS S (sports). These measurements
were taken at 6 months, and 12 months. The minimalciplly irfiportant difference (MCID) was included in the
outcomes, based on previous studies that analyzed thisg’scai’s. The MCID for iHOT-33, HOS ADL, and HOS S
were six, 14, and 11 points, respectivelyl&lg. We then asjessed whether MCID was achieved using the confidence
intervals of the mean difference betweep#iisverimerital and control groups (yes/no).

Regarding safety outcomes, we asgfissed ini_jtion, numbness, additional surgery, osteoarthritis, and nerve
injury. Studies evaluating complications Jere ass 'ssed up to the end of follow-up. Although some of the compli-
cations almost exclusively occupfwith arthiz Jsgfpic surgery, since they are related to surgery and will not occur
with physical therapy (e.g., in€_stiop mthey/vere also compared to see if such a complication is more frequent.
This is because some compligatic | may/ jotentially have negative consequences.

To assess the qualityyf the prev wsly published meta-analyses, we extracted the variables required by the
AMSTAR-2 scale. AMISTZ 32 is a 0ol that allows for a detailed assessment of meta-analyses and systematic
reviews of randopiiged cont lled trials (RCTs) and nonrandomized studies. AMSTAR-2 is a questionnaire
with 16 domaip6 and simple 2iswers: yes (positive result), no (insufficient information), or partial yes (partial
information to| tandard)}’.

Assess gat of risk of bias in included studies

The qualily o7& WXCT was evaluated in accordance with Review Manager by two reviewers. The evaluation meth-

ods consised of'the following steps: (A) random sequence generation, (B) allocation concealment, (C) blinding

pat) nts aniypersonnel, (D) blinding of data extraction, (E) incomplete outcome data, and (F) selective outcome
epMpr'Lhe justification for the rating for each item is provided in the Supplementary File 2 (Fig. 2). In addi-

ti ), we provide the risk of bias for each item within each forest plot to facilitate critical reading of the article.

Assessment of results

The meta-analysis was performed using the Review Manager 5.4 software package provided by the Cochrane
Collaboration. For dichotomous variables, odds ratios with a confidence interval (CI) of 95% were calculated.
In this study, the odds ratio was preferred over the risk ratio because of its ease of interpretation and usefulness
when the data are skewed. This decision was considered appropriate given the low frequency of the outcome
of interest and the relatively infrequent occurrence of complications. The mean difference (MD) and the 95%
CI were calculated for the continuous variables. Heterogeneity was checked with both the chi2 and the 12 test.
12 varies from 0 to 100%, considering the values of 25, 50 and 75% as low, moderate, and high heterogeneity,
respectively. A fixed effects model was adopted if there was no statistical evidence of heterogeneity, and a random
effects model was adopted if significant heterogeneity was observed. WebPlotDigitizer version 13.1.4 was used
to obtain accurate information from the figures in the articles.

Risk of bias across the studies

We assessed the possibility of publication bias by evaluating a funnel plot (Review Manager 5.4) of the trial mean
differences for asymmetry, which can result from the non-publication of small trials with negative results. We
acknowledge that other factors, such as differences in trial quality or true study heterogeneity, could produce
asymmetry in funnel plots.
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Figure 2. Risk of bias (green =low risk; red =high risk; yellow,

Additional analyses
A sensitivity analysis was also carried out using Re
comparisons of all outcomes.

ependent variables were efficacy outcomes (iHOT-33 and HOS
¢ morphology, risk of bias, loss to follow-up, time since rand-

sed tolissess the quality of the evidence and grade the strength of the recommen-
ation, Assessment, Development, and Evaluation (GRADE) system was used

in £ubMed, EMBASE, Scopus, and the Cochrane Collaboration Library provided a total of 2095
142 randomized clinical trials. After adjusting for duplicates 29 remained. Of these, 15 studies were

analysis®*~?’ (Fig. 1).

Study characteristics

A total of six randomized clinical trials published between 2018 and 2021 were included (Table 1)*>-?’. A total
of 839 patients were included, with 418 in the arthroscopy group and 421 in the control group. The mean age
ranged from 29.7 to 39.6 years in the arthroscopy group and from 30.6 to 49.1 in the control group. The mean
% of females was 48.5%, while in the control group, it was 48%. The follow-up varied between 8 months and
2 years, with a mean follow-up of 13-3 months. Regarding the number of patients lost in each study, the physi-
otherapy group presented a higher rate of loss than the arthroscopy group (48/421, 11.4% in the physiotherapy
group vs. 33/418, 7.9% in the arthroscopy group). Three studies evaluated the mean time since randomization
to the start of treatment: 38.0 days in the physiotherapy group, varying between 33 and 44 days, and 98.5 days
in the arthroscopy group, varying between 86 and 122 days. The funding for each article was analyzed. Two
studies received direct funding through foundations or arthroscopy associations, and conflicts of interest were
present in five of the six included studies. In two studies, there was a conflict of interest between arthroscopy
associations and societies.

Outcomes
The iHOT-33 scale showed significant differences at six and 12 months in favor of arthroscopy (MD 3.98, 95% CI
0.19-7.77; and MD 10.65, 95% CI 6.54-4.76, respectively). HOS ADL assessed at six and 12 months also showed
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g‘;’l‘t%mzz Orthopedic [49 |50 |32.9+11.8 |329+9.1 |37.0 |48.0 |450 |480 |180 |180 |61.0 |620 |200 |180 |12 Yes* Yes
Mansell S + + NA |NA |[NA |[NA [NA |NA Ye N
etal 20182 | SPorts 40 |40 |297+74 |30.6+7.4 |475 |350 |725 |47.5 24 es o
%azrltﬁ‘ etal Sports 46 |44 |496 49.1 500 |55.0 |43.0 |59.0 |61.0 |48.0 |480 |520 |NA |NA |12 Yes* Yes**
Palmer dical
etal 20197 | Medica 112 | 110 [364+9.6 |360+9.9 |660 [660 |60.0 |540 |09 |00 [93.0 |940 |60 |50 |8 Yes Yes
gﬁgﬁ? etal | \fedical 171 | 177 [354+97 |352+9.4 |420 [360 |560 |580 |80 |80 |[750 |750 |17.0 |17.0 |12
Almasri hopedi
etal. 20217 Orthopedic | 108 | 106 | NA NA NA NA NA | NA NA NA NA NA NA NA 12
Table 1. Characteristics of the included studies. AS arthroscopic surgery, CT control’g NA iyt applicable.
*Funding directly from arthroscopic foundation/association. **Conflict of intere ar pic
associations/societies.
superiority in the arthroscopy group (MD 5.19, 95% CI 0.77-9.6 MD 8.0, 95% CI 3.11-13.07, respec-
tively) (Fig. 3). For HOS ADL, arthroscopy did not exceed the M case, both at six and 12 months. For
HOS S at six and 12 months, arthroscopy did not exceed th se (Table 2). Complications forest
plots are shown in Figs. 4 and 5. There were no significap ences regarding infection rate (OR 4.14, 95%
CI 0.87-19.59), or nerve injury (OR 2.32, 95% CI 0.34-15. ant differences were found in additional
a) iHOT-33 at 6 months Surgery Control ean Diffe ence Mean Difference Risk of Bias
Study or Subgroup  Mean SD Total Mean , Fixed, 95% ClI IV, Fixed, 95% CI ABCDEFG
Griffin et al. 2018 46.6 25 171 45.6 0 [-4.05, 6.05) [T ]
Hunter et al. 2021 62.2 212 44 575 0 [-5.10, 14.50] @~
Mansell et al. 2018 43.8 25.4936 37 37.5 26.093 "30 [-5.45, 18.05) [ 1]
Martin etal. 2021  63.28 21.4683 42 52.13 18.9 11.15 [2.35, 19.95] - e
Total (95% CI) 294 3.98 [0.19, 7.77]
Heterogeneity: Chi* = 4.06, df = 3 (P = 0.26); I’ = i " 1 + J
Test for overall effect: Z = 2.06 (P = 0.04) 109 sgurgmocomw'so 100
b) iHOT-33 at 12 months  surgery Contro Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean SD T{ al Mean 5 SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI ABCDEFG
Griffin et al. 2018 58.8 27 25 177 56.4%  9.10[3.63, 14.57) ] @
Hunter et al. 2021 729 218 288 46 15.4% 16.10[5.62, 26.58) - +
Mansell et al. 2018  48.8 . 388 37  5.3% 4.90[-13.03, 22.83) o +
Martin et al. 2021 9.43 17.7997 39 23.0% 12.12[3.55, 20.69) - +
Total (95% CI) 299 100.0% 10.65 [6.54, 14.76) ¢
i Chi? 0 R = F + + J
Heterogeneity: Chi .60); I = 0% 100 -0 0 50 100
Test for overall ef] Surgery Control
Control Mean Difference Mean Difference

SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
80.8 18.2 45 75 24 45  25.2% 5.80[-3.00, 14.60]
68.5 17.3957 37 68.4 16.7958 37 32.2% 0.10([-7.69, 7.89]
82.04 16.3339 42 73.36 14.7765 39 42.6% 8.68([1.90, 15.46) b
124 121 100.0% 5.19 [0.77, 9.61]
ity: Chi? = 2.68, df = 2 (P = 0.26); I’ = 25% L + + + J
. -100 -50 0 50 100
st fo#overall effect: Z = 2.30 (P = 0.02) Surgery Control
S ADL at 12 months Surgery Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI ABCDEFG
Hunter et al. 2021 89.7 14.3 41 76.6 21.4 42  40.7%  13.10[5.29, 20.91) -
Mansell et al. 2018 67.7 61.5 37 725 66.5 37 2.9% -4.80[-33.99, 24.39)
Martin et al. 2021 85.22 16.7511 42 80.07 13.6351 39 56.4%  5.15(-1.48,11.78]
Total (95% CI) 120 118 100.0% 8.09 [3.11, 13.07] *
ity Chi2 = - = N t + t + i
Heterogeneity: Chi* = 3.08, df = 2 (P = 0.21); I* = 35% oo -0 )y 0 100

Test for overall effect: Z = 3.18 (P = 0.001)

Surgery Control

Figure 3. Forest plot showing functional and disability outcomes. AT group showed a statistically significant
difference in iHOT-33 at six (a) and 12 (b) months. Regarding the HOS ADL there were significant differences
in favor of AT group at 6 (c) and 12 (d) months. No significant heterogeneity was observed in these
comparations.
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Hunter et al. 2021% No No No No No No
Mansell et al. 2018% No No No No No No
Martin et al. 2021%* No No No No No No
Palmer et al. 2019% No NA No NA No NA
Griffin et al. 2018% No No NA NA NA NA
Table 2. Assessment of MCID between the confidence intervals between two groups. NA not applicable, No
MCID not achieved.
a) Infection Surgery Control 0dds Ratio 0Odds Ratio Risk as
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 PT
Griffin et al. 2018 1 138 0 146 24.9% 3.20[0.13,79.13] - ®0 +
Hunter et al. 2021 3 49 0 50 23.8% 7.60(0.38,151.15) — ®+@®+
Palmer et al. 2019 1 112 0 110 25.7% 2.97[0.12,73.77) ++@ + ++
Subtotal (95% CI) 299 306 744% 4.53[0.76, 26.92]
Total events 5 0

Heterogeneity: Chi’ = 0.23, df = 2 (P = 0.89); I = 0%
Test for overall effect: Z = 1.66 (P = 0.10)

1.1.2 Lavage

Almasri et al 2021 1 105 0 104 25.6% 3.00[0.12, 74.49) = 6666
Subtotal (95% Cl) 105 104 25.6% 3.00 [0.12, 74.49]

Total events 1 0

Heterogeneity: Not applicable
Test for overall effect: Z = 0.67 (P = 0.50)

Total (95% CI) 404 410 100.0% 4.14[0.87, 19.
Total events 6 0

Heterogeneity: Chi’ = 0.26, df = 3 (P = 0.97); I’ = 0% I t 1 t {
Test for overall effect: Z = 1.79 (P = 0.07) 9.0l O‘ISurgen/lControllo L
Test for subgroup differences: Chi? = 0.05, df = 1 (P = 0.

b) Additional surgery Surgery Control s Ratio Odds Ratio Risk of Bias
Study or Subgroup Events Total Events T , Fixed, 95% CI M-H, Fixed, 95% CI ABCDEFG
Hunter et al. 2021 1 49 3.12 [0.12, 78.55] ] 20606
Mansell et al. 2018 8 40 20.66 [1.15, 371.65] —a— 0000060
Total (95% CI) 89 .0% 11.11 [1.42, 86.89] g
Total events 9 0

T RIE - L2 I + t :
:_leterfogeneltthI;fl - (;.7_7,2df =1(P 38); I° 47 0% .01 01 10 100
est for overall effect: = 2. Surgery Control

¢) Numbness Surg trol 0Odds Ratio 0Odds Ratio Risk of Bias
Study or Subgroup  Events nts Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI ABCDEFG
Griffin et al. 2018 51.4% 100.50 [6.10, 1656.92) —a— 082000

48.6%  45.38 [2.63, 783.87] —a— 9720000
100.0% 73.73 [10.00, 543.92] .
0.002 0.1 10 500

Surgery Control

Figure 4. Forest plot showing complications. There were no differences regarding infection rate (1.5%) (a) or
additional surgery (6.7%) (b). The numbness rate was higher in the AT group (26.7%; p <0.0001).

surgery (OR 11.11, 95% CI 1.42-86.89), osteoarthritis (OR 6.18, 95% CI 1.06-36.00) and numbness (OR 73.73,
95% CI 10.00-543.92).

Risk of bias within studies

Strong evidence of heterogeneity (12), greater than70, was not observed in any of the outcomes. However, the
publication bias of the main variables considered by the RCTs (iHOT-33 and HOS ADL) was also examined. A
sensitivity analysis was performed by eliminating the top-weight studies from the comparisons of all outcomes.
Only one variable changed the direction of the results by eliminating the heaviest studies. This outcome was the
HOS ADL at 6 months (Fig. 6). Regarding publication bias, the values were within the acceptable range (Fig. 7).
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a) Nerve injury Surgery Control 0Odds Ratio 0Odds Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI ABCDETFG
1.5.1 Lavage
Almasri et al 2021 1 105 1 104 66.9% 0.99[0.06, 16.05] 06666
Subtotal (95% ClI) 105 104 66.9% 0.99 [0.06, 16.05]

Total events 1 1

Heterogeneity: Not applicable

Test for overall effect: Z = 0.01 (P = 0.99)

1.5.2 PT

Palmer et al. 2019 2 112 0 110 33.1% 5.00[0.24, 105.34] o > 80006 0e
Subtotal (95% Cl) 112 110 33.1% 5.00 [0.24, 105.34] e
Total events 2 0

Heterogeneity: Not applicable

Test for overall effect: Z = 1.03 (P = 0.30)

Total (95% Cl) 217 214 100.0% 2.32[0.34, 15.83] i

Total events 3 1

Heterogeneity: Chi? = 0.60, df = 1 (P = 0.44); I*> = 0% t t C
Test for overall effect: Z = 0.86 (P = 0.39) 0 O'ISurgery Contr 00
Test for subgroup differences: Chi? = 0.59, df = 1 (P = 0.44), I = 0%

b) Osteoarthritis Surgery Control Odds Ratio Ra Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI ixed, 95 ABCDETFG
1.4.1PT
Mansell et al. 2018 7 40 1 39 62.8% 8.06[0.94, 68.96] eecocee
Subtotal (95% CI) 40 39 62.8% 8.06 [0.94, 68.96]

Total events 7 1
Heterogeneity: Not applicable
Test for overall effect: Z = 1.91 (P = 0.06)
1.4.2 Lavage
Almasri et al 2021 1 105 0 104 37.2% 3.00[0.12, 74. - 86666
Subtotal (95% Cl) 105 104 37.2% 3.00 [0.12, 74. e ———
Total events 1 0
Heterogeneity: Not applicable
Test for overall effect: Z = 0.67 (P = 0.50)
Total (95% Cl) 145 143 6, 36.00] i
Total events 8 1

[ Ty 12 . gl k + i i
Heterogeneity: Chi* = 0.25,df = 1 (P = 0.61); | o1 o1 o 100

Test for overall effect: Z = 2.02 (P = 0.04)
Test for subgroup differences: Chi? = 0.25,

Surgery Control

Control Mean Difference Mean Difference

Study or Subgroup SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Hunter et al. 2021 75 24 45  43.9% 5.80 [-3.00, 14.60)
5 68.4 16.7958 37 56.1% 0.10(-7.69, 7.89]
0 0 0 Not estimable
82 100.0% 2.60 [-3.23, 8.44]

outcome.

-50 0 50 100
Surgery Control

~100

Figure 6. Sensitivity analysis showing statistically significant differences regarding the iHOT-33 at 6 months

Additional analyses and risk of bias across the studies
The following moderating variables were analyzed to assess the percentage of efficacy variables that could be
explained by morphology, risk of bias, loss to follow-up, time since randomization, and funding. There was a
significant association between iHOT-33 at 6 months and the time since randomization, with an explained vari-
ance of 99.9%, p=0.01 (adjusted R-squared). There was also an association between iHOT-33 at 6 months and
pincer-type morphology, with an explained variance of 86.4%, p =0.46 (adjusted R-squared).

Regarding the subgroup analysis, there were significant differences in the independent variable of direct
funding from arthroscopic foundations or societies in the iHOT-33 at six and 12 months and the HOS ADL at
six and 12 months. The subgroup analyses are provided in Supplementary Fig. 1.

The Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) summary of the

results of these three comparisons is shown in Table 3.
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The results of the A ent are shown in Supplementary Table 1'%, Further alteration of the
standards was observi duplicate data extraction, lack of discussion or interpretation of the results

e compared the use of arthroscopic surgery with a control group for the treatment of
pingement syndrome. We also included articular lavage because of the need to compare
0'¢. In our study, we observed that arthroscopic surgery was significantly superior to the
in iHOT-33 and HOS ADL; however, this superiority did not reach the minimum clinically rel-
vement. The rate of complications was higher in the arthroscopy group and presented a higher risk
onversion to osteoarthritis than in the control group. The risk of bias between RCTs was high in terms of
ance and attrition bias.
egarding MCID, arthroscopy was not superior to physical therapy in any of the cases. It should be noted
at MCID may vary among different articles. Nwachukwu et al.”® was more demanding with respect to iHOT-
33 and HOS §, setting the MCID at 12.1 and 14.5, while the MCID of the HOS ADL is set at 8.3, with only one
of the studies exceeding the MCID?. On the other hand, another study by Nwachukwu et al.?® established a
higher MCID requirement for iHOT-33 and HOS S of 10.7 and 12.1, respectively. The HOS ADL was also lower
(9.8), and only one of the studies exceeded the MCID?. Studies that established the MCID limits were based on
statistical methods such as distribution-based methods or receiver operating characteristic (ROC) analysis. In
addition, the area under the curve (AUC) determined the validity of the identified threshold for predicting the
probability of a patient reaching the MCID, considering an acceptable strength of association for AUC 0.72%%.
In addition, the quality of the evidence and the strength of the recommendations were low or very low for
the efficacy variables assessed using the GRADE system. The meta-analysis by Zhu et al.'?, the one with the
highest number of studies, also included six RCTs concluding in favor of the statistical superiority of arthros-
copy; however, one of the included studies was a duplicate of the UK FASHioN trial. Furthermore, it did not
include the analysis of clinical superiority in the main variables of these RCTs, grade the evidence according to
GRADE, and discuss the impact of different moderating or demographic variables on the main results of the
meta-analysis?'. This meta-analysis concluded that “arthroscopy treatment is recommended for patients who
need improvement in a shorter period of time, but did not consider the time lag since randomization between
groups, which was almost 3 months. Consistent with and in favor of arthroscopy are the meta-analyses of Gatz
et al.!'l, Dwyer et al.'2, Mok et al.'%, Casartelli et al.', and Ferreira et al.’%, although these included three RCTs.

pe

Scientific Reports |

(2023) 13:16493 | https://doi.org/10.1038/s41598-023-43441-y nature portfolio



www.nature.com/scientificreports/

*SIOUDIAYTP [EITUT[D PILIISUOTUIP SIIM I} TRAINUT DUSPYUOD 3]}
00, TeIHUSPI J0U INq IB[IWIS 31 sjuaned PIUIWEXS YT, “WOINO0 SIY} Ul PIPN[IUL SAIPNIS 3y} SUOWIL SBIq JO SH Y3IY [IM SWA)I SBIq JO YSH [BIIASS 91oM
O “9OUIAYIP UBSUI (JJAT [eAIUT DUIPYUOD [7) "SUONEPUIWWIOT 3} JO [ISUIIS Y} PUE 20UIPIAS ) Jo A1fenb a1} Jo juswussasse VYD € [qel,

30 31wty 1oddn pue zomor oy Sur
a19Y],, 9[qedrjdde jou YN ‘or

OTILY, QeI 080..mv ¢ %7 %8 uo SNOLIAS 10 SNOLIY SNOLISS 10 sno S[EL
[eanLD . w.ww w (%T0) 67¥/1 (%8'1) ¥7¥/8 N 1125 JON SNOLIdS HSION | 0610 | postwopuey z
9)el SHLIYLIR0]SO)
juejrodur oivispot %Hs mm.. %0° 9%G" Juo SNOLIdS 10| SNOLIAS 10| SNOLIAS 10| SNOLID S[eL
1 Osea | * ) VL8 (%0°0) 0T¥/0 (%S'T) ¥0¥/9 N 1125 10N 1125 10N HISION | SN0 | 1o inropuey ¥
9)ex UOTIOAJU]
(10481 £0°€T
ponny | A7 . oviauig 811 ozt auoN ,SnoLIsg snotIag SNOLIAS JON | ,SNOLIAS S[EL S
OO0O® | 11°¢) 12ysy q pastwopuey
608 AN
sypuowr 71 1aV SOH
cﬁwz
MOT | 196 03 Toysiy s[eLn
Jueyrodury 008® | LL0) 1ydy VN 1 Pl QUON STIOLIdS JON qSNOLIdS SNOLIdS JON | ,SNOLIdS pastwopuey €
61°S AN
syqpuowr 9 TAV SOH
(19y81y 9291
[eonu) oy £124 .ou 12uBiy VN 66T JUON ,SNOLIaG STNOLISG STNOLIdS JON | ,SNOLIdS S[etn S
OO0® | ¥59) 1eudy q pastwopuey
59’01 AW AL
sypuowr 1, LOH!
cﬁwﬁ
Juepsodu B Il d G VN s6¢ 767 ST01195 10N snorag STOLIASJON | STIOLIdS e ¥
OO®® | 61'0) 24y q pastwopuey
86'¢ AN
sypuowt 9 JOH!

nature portfolio

https://doi.org/10.1038/s41598-023-43441-y

(2023) 13:16493 |

Scientific Reports |



www.nature.com/scientificreports/

Mok et al.', found the superiority of arthroscopy but highlighted the importance of demographic variables or
factors that could affect outcomes®. In our meta-analysis, we were only able to perform regression analysis of
the main demographic variables contributed by the studies without finding differences, except for time since
randomization and pincer morphology with respect to iHOT-33 at 6 months. Regarding subgroup comparisons,
funding played an important role in some functional outcomes, although these analyses were of limited value
because of the small number of studies included. Furthermore, Bastos et al.'?, including the same three RCTs,
concluded that surgery is not more effective, criticizing the lack of cost-type outcomes and adverse events in the
longer term, such as osteoarthritis'.

Regarding complications, recent meta-analyses have not analyzed these results and have focused on func-
tional scales. Long-term studies are important to assess conversion to osteoarthritis, as this is one of the most
relevant concerns in FAI In patients undergoing arthroscopy and osteochondroplasty, one out gfisix patients
over 40 years of age opted for total hip arthroplasty at 2 years*®. Meanwhile, the prognosis is betfer’'sSome risk
factors for conversion to arthroplasty include age, level of chondral damage, femoral osteoplést hspfoRirly, and
inflammatory joint diseases, among others®>*. The conversion rate to osteoarthritis remains I\ Jjgvapt since
the early development of osteoarthritis, less than 5 years, has been shown to decreaseghe cost-effed veness of
arthroscopy*. In our study, we found that 6% of patients in the arthroscopy group dever hed OA

The difference in time since randomization between the arthroscopy and copffrorgrouy Nisf crucial factor
to consider when interpreting study results. The assessment of the outcome scalf's was perforiiied from the time
of randomization, not at the start of treatment, which means that the differer’ » in trea ' ment initiation time
could have potentially affected the outcomes of interest. For instance, ini g evai Jgigfs of time at 12 months,
the effect of the intervention in the arthroscopy group was observed 2#ifanth Jarlier than in the physiotherapy
group. Griffin et al.? reported a difference of 85 days, almost 3 mop€ !°. This ai Wrence in treatment initiation
time could have led to differences in the progression of the corflitioi Jseverity of symptoms, and efficacy of
interventions. Moreover, the regression analysis of randomizagian time si. fed that the time since randomiza-
tion explained 99.9% of the iHOT-33 variable at 6 monthsgOvel 111, the ditference in time since randomization
could have potentially affected the efficacy of the interVer s lgtession of the condition, and observed
outcomes. Therefore, the importance of time since randomizat Ja cannot be underestimated in the analysis and
interpretation of study results.

Two studies received direct funding from founaptigid pérthroscopy. When subgroups were performed,
studies funded directly by foundations or arthroscopy {fcietics showed better results, although subgroup analysis
was underpowered.

The need for high-quality reviews ig&evidel hand necessary when the AMSTAR-2 scale was reviewed objec-
tively and independently review twefi Jthors. A most all the studies were of low or critically low quality. This
study had several limitations. Ougfgeta-a jlysigincluded a small number of articles, and the sensitivity analysis
was affected by the study with#he highest vi J¥ght in the case of HOS ADL at 6 months. In addition, regression
analysis was performed. Altlot hZochigrie recommends including at least ten studies to perform this type of
analysis, caution should b€ eXercisi ,whtn interpreting these results. In addition, because of the limited number
of articles, the statistigft, Jogram w¢ . unable to assess the subgroup analyses of these variables in many cases.

This meta-analysihas< zeral strengths. First, it included the highest number of randomized controlled
trials conductedg@n the topic,| Mhich enhances the statistical power of the analysis and increases confidence in
the results. Seq’ind, the meta-analysis emphasized the importance of considering the difference in time since
randomization' ktween/ne arthroscopy and control groups, which can potentially affect the efficacy of inter-
ventiong,and obs< ggifoutcomes. Third, this study provides a more comprehensive comparison by including
articular i« g, which offers a better understanding of the efficacy of different interventions for femoroacetabular
impingerijept sy, drome. In addition, this meta-analysis has a potential impact on various stakeholders in the
£, of ortopedics. The results of this study will likely be of interest to researchers, clinicians, and policymak-
ers. Resear fers may find valuable findings in informing future studies or meta-analyses, and clinicians can use

W18 to make informed decisions when considering treatment options for patients with femoroacetabular
iri lingement syndrome. Policymakers can also use these results to develop healthcare policies and guidelines
related to the use of arthroscopic surgery and physical therapy for this condition. Furthermore, the results of this
study provide valuable information on the safety and efficacy of different treatment options, which can ultimately
benefit patients with femoroacetabular impingement syndromes. Therefore, this meta-analysis holds significant
importance and can contribute to the advancement of knowledge in the field of orthopedics.

Conclusion

We have conducted analyses that justify a new review on this topic and enhance the evidence of the findings.
Therefore, we can conclude that in terms of efficacy, arthroscopic surgery showed statistical superiority over the
control group; however, the clinical difference is controversial, and arthroscopy did not show MCID in all cases.
These results were observed both at six and twelve months. In addition, the efficacy of arthroscopy was related
in many cases to secondary variables such as time since randomization and funding received although these
analyses must be taken with caution given the low number of articles. In terms of safety, arthroscopic surgery
showed a higher rate of conversion to osteoarthritis than the control group. Future research should focus on
analyzing how these moderator, or demographic variables affect the results.

Data availability
All data generated or analysed during this study are included in this published article (and its supplementary
information files).
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