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Abstract

Purpose: Hip arthroscopy (HAS) is technically demanding, and surgeon's
experience may influence outcomes. However, the magnitude and domain-
specific effects of the learning curve remain unclear.

Methods: A systematic review and meta-analysis were conducted ac-
cording to Preferred Reporting ltems for Systematic Reviews and Meta-
Analyses (PRISMA) and registered in PROSPERO (CRD420251185937).
PubMed/MEDLINE, Embase and Scopus were searched through 31
December 2025 for studies comparing early versus late experience phases
in HAS. Random-effects meta-analyses (Sidik—Jonkman estimator with
Hartung—Knapp adjustment) were performed for operative and traction time,
patient-reported outcomes, complications, revision arthroscopy and con-
version to total hip arthroplasty (THA). Risk of bias was assessed using
ROBINS-I and certainty of evidence using Grading of Recommendations,
Assessment, Development and Evaluation (GRADE).

Results: Eighteen studies (2624 procedures; 1291 early and 1333 late
cases) were included. Late cases showed significantly shorter operative
time (=31.77 min; 95% confidence interval [Cl] -51.40 to -12.14) and
traction time (-15.67 min; 95% CIl -25.42 to -5.92), with substantial het-
erogeneity. Functional outcomes favoured late experience, including higher
improvement in minimal clinically important difference units (0.58; 95% CI
0.17 to 0.99) and modest gains in modified Harris Hip Score (2.78 points;
95% CI 0.16 to 5.41) and Non-Arthritic Hip Score (8.41 points; 95% CI 1.99
to 14.83). Complication rates and revision arthroscopy did not differ signif-
icantly, whereas conversion to THA was lower in late cases (odds ratio [OR]
0.10; 95% CI 0.01 to 0.98). Most studies were at moderate to serious risk of
bias, and certainty of evidence was low to very low.

Conclusion: Surgeon experience in HAS is associated with improved
operative efficiency and modest functional gains, while safety outcomes

Abbreviations: ClI, confidence interval; GRADE, Grading of Recommendations, Assessment, Development and Evaluation; HHS, Harris Hip Score; HOOS, Hip
Disability and Osteoarthritis Outcome Score; HOS-SSS, Hip Outcome Score—Sports-Specific Subscale; /2, inconsistency index; MCID, minimal clinically important
difference; MD, mean difference; mHHS, modified Harris Hip Score; NAHS, Non-Arthritic Hip Score; OR, odds ratio; PRISMA, Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses; PROM, patient-reported outcome measure; ROBINS-I, Risk Of Bias In Non-randomized Studies—of Interventions;

SD, standard deviation; THA, total hip arthroplasty.
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INTRODUCTION

Hip arthroscopy (HAS) has become a cornerstone
procedure for diagnosing and managing intra-articular
hip disorders such as femoroacetabular impingement
syndrome (FAIS), labral tears, and chondral lesions.
With expanding indications and increasing procedural
complexity, surgeon experience and the associated
learning curve have emerged as key determinants of
safety and outcome.

Across orthopaedic surgery, procedural mastery
follows a measurable trajectory. A recent systematic
review of learning curves in sports orthopaedics re-
ported substantial variability in case numbers required
for competence, ranging from 22 for shoulder arthros-
copy to >70 for hip procedures, underscoring the
technical demands of HAS [31]. In HAS specifically,
prior reviews have demonstrated reductions in com-
plication rates, operative and traction times, and
revision rates with increasing experience, while patient-
reported outcomes remained favourable [9, 14].
However, these studies primarily described trends
qualitatively without providing pooled estimates across
key domains [9, 14, 31]. Consequently, the magnitude
and clinical relevance of experience-related differences
remain unclear. Recent evidence from hip preservation
surgery suggests that learning-curve effects may pri-
marily influence operative efficiency, while safety and
radiological outcomes remain relatively stable,
although data remain limited [27].

Simulator-based training may improve technical
performance, although transferability to operative pro-
ficiency remains uncertain [8]. While overall complica-
tion rates in HAS are low, outcomes remain dependent
on surgeon experience [10]. Despite these insights, the
quantitative characteristics of the HAS learning curve—
its magnitude and domain-specific effects—are insuf-
ficiently defined and likely vary depending on proce-
dure type and context.

Therefore, the present systematic review and meta-
analysis aims to quantify the learning curve in HAS by
comparing early versus late experience phases. Spe-
cifically, this study aims to (1) determine the magnitude
of improvement across operative and clinical outcomes,
(2) identify domains most affected by experience and
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remain largely unchanged. The lower THA conversion rate in late cases
may reflect improved patient selection and decision-making, although
confidence is limited by study design and heterogeneity.

Level of Evidence: Level lll, systematic review and meta-analysis of pre-
dominantly retrospective cohort studies.

hip arthroscopy, learning curve, meta-analysis, surgeon experience

(3) provide an evidence-based framework for training
and quality assurance in HAS. We hypothesized that
increasing surgeon experience would be associated
with improved operative efficiency and functional
outcomes, while complication rates would remain
unchanged.

METHODS
Protocol and registration

This systematic review and meta-analysis were con-
ducted in accordance with Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [23] and prospectively registered in PROS-
PERO (CRD420251185937). The PRISMA checklist is
provided in the Supporting Information (Table S1).

Eligibility criteria

Eligible studies included patients undergoing HAS for
intra-articular pathologies (e.g., FAIS, labral tears,
chondral lesions), comparing different stages of sur-
geon experience (e.g., chronological grouping or
cumulative sum [CUSUM]-defined early vs. late
phases), and reporting at least one relevant outcome
(operative or traction time, complications, revision, total
hip arthroplasty [THA] conversion or patient-reported
outcome measures [PROMs]). Prospective or retro-
spective cohort studies, registry studies and case
series (>20 procedures) were included. Technical
notes, reviews, case reports, cadaveric or simulation
studies and studies without clear experience stratifi-
cation were excluded.

Search strategy

PubMed/MEDLINE, Embase and Scopus were sear-
ched from inception to 31 December 2025 using terms
related to HAS and learning curves. Reference lists of
included studies and relevant reviews were screened.
Two reviewers independently performed study selection,

85UB017 SUOWIWIOD @A [Fe81D) 8|qedljdde 8y} Aq peueob a1e ssjoie VO 88N JO S3|n. 1o} A%eiq 1 8UIIUO AB]IM UO (SUO IPUOD-PUR-SUIBY/LID A8 | 1M Afe.q 18U UO//SAHY) SUORIPUOD pue SWwe | 8L} 88S *[9202/90/.2] U0 Ariqi8uliuO AB|IM “TEYOLBSH/200T OT/I0P/W0D 8| M AReiq | BUI|UO'S FPUNO 39/ SANY WO pepeojumoq ‘0 ‘LVELEEYT



HIP ARTHROSCOPY LEARNING CURVE

with disagreements resolved by consensus or a third
reviewer.

Study selection

Records were managed in Rayyan for duplicate
removal and blinded screening. Two reviewers inde-
pendently assessed titles, abstracts and full texts
against predefined criteria.

Data extraction

Data were extracted using a standardized, piloted form.
Extracted variables included study characteristics,
cohort size, patient demographics, definition of the
learning curve and outcome data for early versus late
phases. When multiple temporal groups were reported,
early and late phases were selected or pooled to en-
able direct comparison. Graphical data were extracted
using established methods [12, 29], and authors were
contacted if necessary.

Minimal clinically important difference
(MCID)-based outcome normalization

PROMSs were harmonized using MCID-based normal-
ization as previously described [26], enabling pooling
across instruments on a unified scale.

Quality assessment

Risk of bias was assessed using Risk Of Bias In Non-
randomized Studies—of Interventions (ROBINS-I)
[34], and certainty of evidence using Grading of
Recommendations, Assessment, Development and
Evaluation (GRADE) [11]. Publication bias was
evaluated using funnel plots and Egger's test [6].
Sensitivity analyses excluded outliers and high-risk
studies.

Data synthesis and statistical analysis

Random-effects meta-analyses (Sidik—Jonkman esti-
mator with Hartung—Knapp adjustment) were per-
formed when 23 studies reported comparable
outcomes [28]. Continuous outcomes were analysed
as mean differences (MDs) and dichotomous outcomes
as odds ratios (ORs), both with 95% confidence inter-
vals. Heterogeneity was assessed using /?, * and
Cochran's Q.
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RESULTS
Systematic literature search

The database search identified 379 records (PubMed
115, Embase 124 and Scopus 140). After removal of
duplicates (n=237), 21 full-text articles [2-5, 7, 13,
15-21, 24, 25, 30, 32, 33, 36, 37, 39] were assessed,
with excellent inter-reviewer agreement (k=0.98-1.0).
Three studies were excluded due to unclear stratifica-
tion of experience phases [13, 20, 33]. Ultimately, 18
studies [2-5, 7, 15-19, 21, 24, 25, 30, 32, 36, 37, 39]
were included (Figure 1). Outcome harmonization was
applied in studies with multiple phases [2, 5, 15, 17, 32]
and graphical data extraction [36, 39].

Descriptive patient characteristics

A total of 2624 procedures (1291 early; 1333 late) were
analysed (Table 1). Sample sizes ranged from 40 to
360. Age and sex distributions were generally compa-
rable between early and late cohorts. Mean age ranged
from approximately 27 to 45 years, and the proportion
of male patients ranged from 29% to 66%. BMI was
less consistently reported but showed similar distribu-
tions between groups when available (approximately
22.6-29.0 kg/m?).

Risk of bias

Most studies were rated at moderate to serious risk of
bias, primarily due to confounding and participant
selection. Classification of interventions was generally
low risk, while missing data, outcome measurement
and reporting were mostly moderate. No study was
rated as low risk across all domains (Table 2).

GRADE assessment of certainty of
evidence

Certainty of evidence was low to very low across out-
comes (Table 3), mainly due to risk of bias and
inconsistency.

Publication bias

Funnel plots showed no consistent evidence of major
publication bias (Figures S1-S10). Mild asymmetry for
operative and traction time suggested small-study ef-
fects. For several outcomes, interpretation was limited
by the small number of studies.
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FIGURE 1

PRISMA flow diagram of study selection. Flow diagram illustrating the identification, screening, eligibility assessment and

inclusion of studies. A total of 379 records were identified, 237 duplicates were removed, and 21 full-text articles were assessed for eligibility.
Ultimately, 18 primary studies met all criteria and were included in the quantitative synthesis. PRISMA, Preferred Reporting Items for Systematic

Reviews and Meta-Analyses; HAS, hip arthroscopy.

Meta-analysis
Operative time

Across seven studies [5, 15, 19, 30, 36, 37, 39] re-
porting operative time, mean differences between late
and early cases ranged from —60.0 [37] to —8.6 min
[39]. All but one study demonstrated shorter operative
times in late cases.

The pooled estimate under the random-effects
model showed a statistically significant reduction in
operative time of —31.77 min (95% confidence interval
[CI] —=51.40 to —12.14). Statistical heterogeneity was
high (? = 92%, r*=388.43, p <0.01) (Figure 2, Table 4).

Traction time
Across seven studies [4, 15, 16, 24, 36, 37, 39] re-

porting traction time, mean differences between late
and early cases ranged from —27.6 [36] to 1.0 min [15].

Most studies favoured shorter traction times in late
cases.

The pooled random-effects estimate demonstrated
a statistically significant reduction in traction time of
—15.67 min (95% CIl -25.42 to —5.92). Heterogeneity
was substantial (P=91%, 1=99.44, p<0.01)
(Figure 2, Table 4).

Functional MCID

Across nine studies [2, 4, 7, 15, 17, 19, 24, 25, 30]
reporting functional MCID, mean differences between
late and early cases ranged from 0.0 [25] to 1.5 [15].
Most studies demonstrated higher rates of achieving
MCID in late cases.

The pooled random-effects estimate demonstrated
a statistically significant difference favouring late cases
(MD 0.58; 95% CI 0.17 to 0.99). Heterogeneity was
substantial (/*=68%, °=0.20, p<0.01) (Figure 3,
Table 4).
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Study

Dumont GD
Kautzner J
Lee YK
Schittler KF
Tassinari E
Vilchez F
You JS

Common effect model
Random effects model

Total

75
50
20
60
35
67
58

Mean

100.40
85.00
90.80
72.10

112.00
90.00
85.00

Late

SD Total
2020 75
2334 50
3510 20
2334 60
2334 36
2334 30
2334 110

Heterogeneity: I° = 92%, ©° = 388.4322, p < 0.01

Study

Domb BG
Kautzner J
Kern MJ
Park SM
Tassinari E
Vilchez F
You JS

Common effect model
Random effects model

Total

200

50
50

Mean

53.90
56.00
69.70

97 112.00

35
67
58

55.90
63.00
50.00

Late

SD Total
18.10 200
18.10 50
18.10 50
18.10 100
18.10 36
18.10 30
18.10 110

Heterogeneity: IZ =91%, ‘tz =99.4368,p < 0.01

Operative time
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Early Weight Weight
Mean SD Mean Difference MD 95%-Cl (common) (random)
143.70 29.30 —'—: -43.30 [-51.35;-35.25] 295% 15.8%
95.00 37.53 H i | -10.00 [-22.25; 2.25] 12.8% 15.0%
135.00 68.40 —‘—':—- -44 20 [-77.89;-10.51] 1.7% 9.4%
87.20 37.53 = -15.10 [-26.28; -3.92] 15.3%  15.2%
160.00 37.53 —"'—: -48.00 [-62.49;-33.51] 9.1% 14.5%
150.00 37.53 —— 1 -60.00 [-74.55;-45.45] 91% 145%
93.60 37.53 ! = -8.60 [-17.83; 0.63] 225% 15.6%

H
& -28.88 [-33.26; -24.50] 100.0% -
_ -31.77 [-51.40; -12.14] - 100.0%

1
-50 0 50
Traction time

Early Weight Weight
Mean SD Mean Difference MD 95%-Cl (common) (random)
7940 1860 & if | 2550 [-29.10;-21.90]  36.3%  15.4%
55.00 18.60 T 1.00 [-6.19; 8.19] 91% 14.0%
93.40 18.60 —‘—: -23.70 [-30.89;-16.51] 9.1% 14.0%
127.00 18.60 - -15.00 [-20.12; -9.88] 17.9%  14.9%
83.50 18.60 —*—!} -27.60 [-36.14;-19.06] 6.4% 13.4%
75.00 18.60 T"’— -12.00 [-19.94; -4.06] 74% 13.7%
56.80 18.60 I — -6.80 [-12.61; -0.99] 13.9%  14.6%

tH
<‘»=: -17.59 [-19.76; -15.43] 100.0% -
: -fl—:% — 15.67 [-25.42; -5.92] - 100.0%

-30-20-10 0 10 20 30

FIGURE 2 Forest plot of operative time (min.) and traction time (min.). Cl, confidence interval; MD, mean difference; SD, standard deviation.

TABLE 4 Summary of pooled outcomes from the meta-analysis.

Primary

Parameter
Operative time
Traction time
Functional MCID
mHHS
HOS-SSS

7

7

9

6

3
NAHS 4
VAS Pain 2
Complication 6
THA conversion 4
3

Revision

studies (N)

Hips (N)

746
1133
1257
1017
720
640
460
1078
440
340

Treatment Egger Egger
effect Cls p value P 7 bias p value
-31.77 -51.4; -12.14 0.0075** 0.92 388.43 -1.91 0.6721
-15.67 -25.42; -5.92 0.0077** 0.91 99.44 4.53 0.3336
0.58 0.17; 0.99 0.0119* 0.68 0.2 1.33 0.2965
2.78 0.16; 5.41 0.0416* 0 1.84 -0.22 0.7764
2.54 -7.41; 12.48 0.387 0 3.76 -2.59 0.3731
8.41 1.99; 14.83 0.0251* 0.47 715 2.32 0.25
-0.83 -3.97; 2.3 0.1831 0 0.01 N/A N/A
0.42 0.12; 1.51 0.1416 0.81 1.17 2.53 0.3575
0.1 0.01; 0.98 0.0487* 0.49 1.16 -1.46 0.5696
0.31 0.01; 10.95 0.2919 0.44 1.1 -2.18 0.2633

Note: *significant; **more significant.

Abbreviations: Cl, confidence interval; HOS-SSS, Hip Outcome Score—Sports-Specific Subscale; MCID, minimal clinically important difference; mHHS, modified
Harris Hip Score; N/A, not applicable; NAHS, Non-Arthritic Hip Score; THA, total hip arthroplasty; VAS, Visual Analogue Scale.

mHHS

Across six studies [4, 7, 19, 24, 25, 30] reporting
mHHS, mean differences between late and early cases
ranged from 0.0 [25] to 7.2 points [7]. The majority of

studies reported higher postoperative scores in late
cases.

The pooled random-effects estimate showed a
statistically significant improvement in mHHS for late
cases (MD 2.78; 95% CIl 0.16 to 5.41). No relevant
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Functional MCID

Late Early Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (common) (random)
Boden RA 40 920 153 40 7.90 150 :—‘— 1.30 [0.64;1.96] 43% 101%
Domb BG 200 9.10 1.70 200 8.80 1.70 T8 0.30 [-0.03;0.63] 17.0%  14.0%
Flores SE 30 8.00220 30 7.20 220 ——T—+—— 0.80 [-0.31;1.91] 1.5% 6.1%
Kautzner J 50 10.20 153 50 8.70 1.50 :5 —— 1.50 [0.91;2.09] 54% 11.0%
Konan S 30 1010 153 30 9.30 150 —{-—-— 0.80 [0.03;1.57] 3.2% 9.0%
Lee YK 20 9.00 1.00 20 8.60 0.90 ——*,-— 0.40 [-0.19; 0.99] 54% 11.0%
Park SM 97 8.80 0.70 100 8.40 0.70 = 0.40 [0.20;0.60] 495% 153%
Philippon MJ 100 8.40 1.90 100 8.40 1.80 —--—Irg 0.00 [-0.51;0.51] 72% 11.9%
Schuttler KF 60 7.70 153 60 7.60 150 —-'—:-'- 0.10 [-0.44; 0.64] 6.4% 11.6%
[H
Common effect model < 0.45 [0.31,0.59] 100.0% -
Random effects model == 0.58 [0.17;0.99] --100.0%
Heterogeneity: = 68%, = 0.1967, p < 0.01 ! ' ' !
-2 -1 0 1 2
mHHS
Late Early Weight Weight
Study Total Mean  SD Total Mean SD Mean Difference MD 95%-Cl (common) (random)
Domb BG 200 86.10 16.60 200 83.20 1£.90 b 2.90 [-0.23; 6.09] 197%  23.3%
Flores SE 30 75.90 21.00 30 68.70 21.00 + 7.20 [-3.43;17.83] 18% 3.3%
Lee YK 20 8570 9.40 208150 850 420 [-1.35; 9.75] 65% 10.6%
Park SM 97 83.15 6.79 100 79.70 6.70 - 345 [1.57; 5.33] 562%  37.8%
Phiippon MJ 100 80.00 18.00 100 80.00 17.00 0.00 [-4.85; 4.85] 85% 13.1%
Scrittler KF 60 73.00 1476 60 72.00 14.11 - 1.00 [-4.17; 6.17] 75% 11.9%
Common effect medel = 2.98 [1.57; 4.39] 100.0% —
Random effects model =i 2.78 [0.16; 5.41] -~ 100.0%
Heterogeneity: = 0%, = 1.6389, p =0.69 ! ! ! ! !
-15-10 -5 0 5 10 15
HOS-SSS
Late Early Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (common) (random)
Domb BG 200 76.50 25.50 200 71.40 26.00 ;; 5.10 [0.05;10.15] 57.7% 51.4%
Philippon MJ 100 68.00 27.60 100 69.C0 27.00 & g; -1.00 [-8.57; 6.57] 257%  28.6%
Schutler KF 60 61.00 26.20 60 60.C0 26.33 g: 1.00 [-8.40; 10.40] 16.6%  20.0%
i
Common effect model = 2.85 [-0.98; 6.69] 100.0% -
Random effects model — 2.54 [7.41;12.48] -- 100.0%
Heterogeneity: I2= 0%, 12 =3.7563,p = 0.39 ! ! ! I !
10 -5 0 5 10
NAHS
Late Early Weight Weight
Study Total Mean  SD Total Mean  SD Mean Difference MD 95%-Cl (common) (randcm)
Boden RA 40 78.00 16.10 40 67.00 16.70 —,“—*— 11.00 [3.81;18.19] 12.5% 19.7%
Domb BG 200 86.80 16.10 200 81.60 16.70 —'-:* 520 [1.99; 8.41] 625% 41.3%
KautznerJ 50 87.00 16.10 50 74.00 16.70 .: 13.00 [6.57;19.43] 15.6%  227%
Konan S 30 86.00 16.10 30 79.00 16.70 -—"-— 7.00 [1.30; 15.30] 94% 16.2%
H
Common effect mode! == 7.31 [4.77, 9.85] 100.0% -
Random effects model —r— -fil}-l 8.41 [1.99; 14.83] - 100.0%

Heterogeneity: P= 47%, ?= 7.1485,p =0.13

-15-10-5 0 5 10 15

FIGURE 3 Forest plot of functional MCID, mHHS, HOS-SSS and NAHS. ClI, confidence interval; HOS-SSS, Hip Outcome Score—Sports-
Specific Subscale; MCID, minimal clinically important difference; MD, mean difference; mHHS, modified Harris Hip Score; NAHS, Non-Arthritic

Hip Score; SD, standard deviation.
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heterogeneity was observed (#=0%, 1°=1.84,

p=0.69) (Figure 3, Table 4).

HOS-SSS

Across three studies [4, 25, 30] reporting HOS-SSS,
individual study effects were small and inconsistent.

The pooled random-effects estimate did not
demonstrate a statistically significant difference
between late and early cases (MD 2.54; 95% CI
—7.41 to 12.48). No statistical heterogeneity was
observed (?=0%, ?=3.76, p=0.39) (Figure 3,
Table 4).

NAHS

Across four studies [2, 4, 15, 17] reporting NAHS, all
studies demonstrated higher postoperative scores in
late cases, with mean differences ranging from 5.2 to
13.0 points.

The pooled random-effects estimate demonstrated
a statistically significant improvement in NAHS fa-
vouring late cases (MD 8.41; 95% CI 1.99 to 14.83).
Moderate heterogeneity was observed (°=47%,
?=7.15, p=0.13) (Figure 3, Table 4).

Complications

Across six studies [3, 15, 16, 18, 21, 24] reporting
overall complications, individual odds ratios ranged
from 0.09 to 2.15. Most studies demonstrated lower
complication rates in late cases compared with early
cases.

The pooled random-effects model did not dem-
onstrate a statistically significant difference in
overall complication rates between late and early
cases (OR 0.42; 95% CIl 0.12 to 1.51). Statistical
heterogeneity was substantial (*=81%, ?=1.17,
p<0.01) (Figure 4, Table 4).

Total hip arthroplasty (THA) conversion

Across four studies [2, 15, 17, 25] reporting conversion
to THA, odds ratios consistently favoured late cases,
ranging from 0.01 to 0.31.

The pooled random-effects estimate demon-
strated a statistically significant reduction in the risk
of conversion to THA for late cases (OR 0.10; 95%
Cl 0.01 to 0.98). Moderate heterogeneity was
observed (2=49%, 1?=1.16, p=0.12) (Figure 4,
Table 4).

1"
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Revision

Across three studies [2, 17, 25] reporting revision sur-
gery, individual odds ratios ranged from 0.04 to 0.70,
with all studies favouring late cases.

The pooled random-effects estimate did not dem-
onstrate a statistically significant difference in revision
rates between late and early cases (OR 0.31; 95% CI
0.01 to 10.95). Heterogeneity was moderate (/> =44%,
?=1.10, p=0.17) (Figure 4, Table 4).

DISCUSSION

The main finding of this meta-analysis is that increasing
surgeon experience in HAS is associated with sub-
stantial improvements in operative efficiency, reflected
by significantly reduced operative and traction times
and modest gains in functional outcomes. In contrast,
complication and revision rates remained unchanged,
whereas conversion to THA was lower in late cases.

Operative efficiency and learning-curve
dynamics

The most consistent findings relate to operative effi-
ciency, with reductions of approximately 32min in
operative time and 16 min in traction time. These
improvements reflect increasing procedural familiarity
and optimization of intraoperative workflow, although
operative time should be interpreted as a marker of
efficiency rather than surgical quality.

Prior studies suggest that initial proficiency may be
achieved after 50—100 cases, with higher thresholds for
complex procedures [9, 14, 22]. Volume—outcome re-
lationships indicate that learning effects may extend fur-
ther, with improved outcomes observed at higher
cumulative case volumes [20]. Substantial heterogeneity
likely reflects variability in case mix, procedural com-
plexity, surgeon experience and institutional factors.

HAS presents specific technical challenges, including
constrained joint access and complex pathology
management [35], which may limit generalizability.
Overall, these findings are consistent with previous
reviews [9, 14, 31] and extend them by providing quan-
titative estimates across outcome domains.

Functional outcomes

Improvements in PROMs were smaller but consistently
favoured late cases. Higher MCID achievement and
modest gains in mHHS and NAHS suggest incremental
functional benefits with experience. However, effect sizes
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Complication , _
Late Early Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Dietrich F 1 86 10 85 —*—5—‘— 0.09 [0.01;0.71] 7.1% 10.7%
Kautzner J 12 50 17 50 -:-'-'-— 0.61 [0.26; 1.47] 9.3% 18.0%
Kern MJ 7 50 6 50 :j—*— 1.19 [0.37; 3.84] 3.7% 16.1%
Kuschnaroff Contreras ME 10 75 5 75 T 2.15 [0.70; 6.64] 3.1% 16.4%
Nossa JM 28 210 65 150 —'-Irg 0.20 [0.12;0.34] 47.1% 19.9%
Park SM 12 97 48 100 —'—{ 0.15 [0.07;0.31] 29.7% 18.9%
1
Common effect model <A 0.31 [0.23;0.43] 100.0% -
Random effects model —=E=- 0.42 [0.12; 1.51] - 100.0%
Heterogeneity: /° = 81%, T° = 1.1746, p < 0.01 LI
01 0512 10
THA conversion
Late Early Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Boden RA 1 40 27 40 —‘—; 0.01 [0.00; 0.10] 45.4% 22.3%
Kautzner J 1 50 8 50 0.11 [0.01; 0.89] 13.5% 22.0%
Konan & 1 30 3 30 + 0.31 [0.03; 3.17] 5.0% 20.0%
Philippon MJ 5 100 22 100 = 0.19 [0.07; 0.52] 36.1% 35.8%
Common effect model <> 0.10 [0.05; 0.22]  100.0% -
Random effects model e ot 0.10 [0.01; 0.98] - 100.0%
Heterogeneity: 7= 49%, ?= 1.1631, p = 0.12 ! ! I '
001 01 1 10 100
Revision
Late Early Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Boden RA 0 40 9 40 —‘-—1— 0.04 [0.00; 0.73] 40.9% 21.1%
Konan S 1 30 3 30 — a1 0.31 [0.03; 3.17] 13.2% 27.5%
Philippon MJ 8 100 11 100 ‘}—'— 0.70 [0.27; 1.83] 46.0% 51.4%
H
Common effect model <<= 0.36 [0.16; 0.81] 100.0% -
Random effects model —_— 0.31 [0.01; 10.95] - 100.0%
Heterogeneity: %= 44%, 12 =1.1006, p = 0.17 : J ! J !
001 01 1 10 100

FIGURE 4 Forest plot of complication, THA conversion and revision
arthroplasty.

were limited and approached thresholds of clinical rele-
vance. Functional outcomes are likely influenced more
strongly by patient selection and underlying pathology
than by surgical experience alone. The absence of dif-
ferences in HOS-SSS supports this interpretation. These
findings are consistent with recent evidence indicating
that improved surgical planning and technical execution
may further enhance clinical outcomes in HAS, under-
scoring the role of experience-dependent factors in opti-
mizing results [38].

Safety outcomes

Complication and revision rates were comparable
between early and late phases, indicating an

rates. Cl, confidence interval; OR, odds ratio; THA, total hip

acceptable safety profile even during early experi-
ence. In contrast, conversion to THA was lower in
late cases, although this finding should be interpreted
cautiously, given limited data and low certainty of
evidence. This effect may reflect improved patient
selection and decision-making rather than technical
factors alone.

Publication bias

No consistent evidence of substantial publication bias
was observed. Mild asymmetry for operative and trac-
tion time likely reflects small-study effects. Interpreta-
tion was limited for several outcomes due to the small
number of studies.
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Methodological limitations

All included studies were non-randomized and subject
to confounding and selection bias. Substantial hetero-
geneity and non-standardized definitions of the learn-
ing curve limit comparability. Additional uncertainty
arises from outcome harmonization, graphical data
extraction and MCID-based normalization. Radio-
graphic outcomes were inconsistently reported and
could not be analysed. Overall certainty of evidence
was low to very low, and findings should be interpreted
as indicative rather than causal.

Clinical implications

From a clinical perspective, these findings suggest that
HAS can be performed safely during the early learning
phase under appropriate supervision, while continued
experience leads to substantial gains in operative effi-
ciency. This supports structured training pathways,
careful case selection during early practice and more
informed patient counselling regarding expected out-
comes and surgeon experience. Future research
should focus on modifiable factors influencing learning,
including simulation-based training and standardized
surgical pathways [1]. Prospective multicenter studies
may further define experience thresholds associated
with optimal outcomes.

CONCLUSION

Advancing surgical experience in HAS is associated
with improved operative efficiency and modest func-
tional gains, while safety outcomes remain largely
unchanged. The reduced rate of THA conversion in late
cases should be interpreted cautiously, given the
observational nature and heterogeneity of the data.
Overall, these findings support structured learning
while highlighting the need for higher-quality evidence.
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