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Abstract

Purpose: Bucket-handle meniscal tears (BHMTs) constitute a technically
demanding form of meniscal injury. However, the incidence of repair failure
and the factors influencing outcomes remain incompletely characterised.
This study aimed to estimate the pooled failure rate after bucket-handle
meniscal repair (BHMR) and to identify variables associated with
unsuccessful healing.

Methods: A systematic review and meta-analysis (SRMA) was performed
to identify studies published from January 2005 through 2026 evaluating
arthroscopic BHMR. Eligible designs included randomised trials, cohort
studies and case series with at least 15 patients. Random-effects or fixed
models were used to calculate pooled failure proportions and odds ratios.
Subgroup analyses and meta-regression were conducted to explore
potential predictors of failure.

Results: The pooled BHMR failure rate was 21.5% (95% CI: 16.3%—27.8%;
I?=79.2%). Failure rates increased with longer follow-up (8=0.12, p<0.01).
Medial repairs had significantly higher failure odds than lateral repairs
(OR=2.20, p<0.001, pooled failure rate: 18.9% vs. 12.1%). No significant
differences were observed for tear zone (red-red vs. white-red), sex or iso-
lated (pooled rate: 24.3%) versus concomitant ACLR (pooled rate: 14.9%).
Publication bias was suggested by Egger's test (p =0.02).

Conclusion: BHMRs carry a substantial 21.5% failure rate that increases
over time, with medial tears at significantly higher risk than lateral tears.
Concomitant ACL reconstruction and tear vascularity did not significantly
impact failure odds. High-quality prospective studies are needed to optimise
patient selection and long-term counselling.

Level of Evidence: Level Il.
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INTRODUCTION

Meniscal injuries are among the most common in-
traarticular knee injuries account for approximately
14.5% of all athletic knee injuries [51]. The meniscus is
essential for several aspects of knee function, such as
proprioception, lubrication, joint stability, load distribu-
tion and shock absorption [5, 54, 75, 88, 95]. Many
authors support meniscal preservation through repair
because it may postpone the development of degen-
erative joint changes [68]. Therefore, wherever possi-
ble, meniscal repair is preferred to meniscectomy in
modern surgical practice [41].

Bucket-handle meniscal tears (BHMT), which
account for approximately 10%—26% of lesions, usually
involve a displaced longitudinal tear extending into the
intercondylar notch or along the femoral condyle [20,
52, 76, 90]. Therefore, pain, perceived instability and
mechanical locking are typical clinical signs [35, 69, 70,
76]. The prevalence of BHMT across 1485 isolated
meniscal tears of stable knees was reported 8.7%;
however, it was higher in male patients (11%) under 40
[56]. Furthermore, prior research has shown a high rate
of BHMT in conjunction with anterior cruciate ligament
(ACL) injuries [40, 92].

Arthroscopic repair techniques include outside-in,
inside-out, all-inside or the hybrid approach that com-
bines these techniques [11]. When the posterior portion
of the medial meniscus is involved, the inside-out repair
approach poses the risk of neurovascular injury. To
lower the potential of neurovascular injury, an all-inside
healing procedure was introduced [3, 44].

In 2021, Costa et al. published a systematic review
and meta-analysis (SRMA) evaluating failure rates
following bucket-handle meniscal repair (BHMR) [18].
Since then, the available evidence base has expanded
considerably, with the publication of several large
cohort studies, studies reporting longer-term follow-up
and investigations exploring factors associated with
repair failure. Despite these advances, uncertainty
remains regarding the true pooled failure rate after
arthroscopic BHMR and the influence of key clinical
variables. Therefore, an updated SRMA were under-
taken to determine the pooled failure rate following
arthroscopic BHMR. Secondary objectives were to
identify factors associated with repair failure through
meta-regression analyses and to compare outcomes
across clinically relevant subgroups.

MATERIALS AND METHODS

This review was performed in compliance with the
preferred reporting items for systematic reviews and
meta-analyses (PRISMA) 2020 statement [63]. A pro-
tocol for this review was prospectively registered with
PROSPERO before the conduct of the final analysis.

The literature search was conducted on 8 June 2026,
across multiple databases, including PubMed, Scopus,
Embase, the Cochrane Library and Web of Science.
The full search strategy is provided in the Supple-
mentary Material (Supporting Information: Table S1).

Eligibility criteria

Studies were eligible if they involved human subjects
undergoing arthroscopic repair of medial and/or lateral
BHMTs and reported repair failure rates or provided
sufficient data for the extraction of BHMT-specific failure
outcomes. Included studies were required to be pub-
lished in English between January 2005 and the date of
the final literature search, have a minimum follow-up of
2 years, and include at least 15 patients. Exclusion
criteria comprised case reports, reviews, editorials,
commentaries, letters, conference abstracts, theses,
dissertations, unpublished or non—peer-reviewed stud-
ies, animal or laboratory investigations, cadaveric stud-
ies without clinical outcomes, studies lacking extractable
BHMT-specific failure data, non-English publications
and studies published before 2005.

Study selection

Titles and abstracts of all retrieved references were
independently screened by two reviewers for potential
eligibility. Full texts of relevant articles were retrieved
and assessed independently. Any disagreements were
settled through consensus or by consulting a third
reviewer. Exclusion reasons during full-text screening
were recorded and presented in the PRISMA flow
diagram (Figure 1).

Data extraction

Independent data extraction was carried out by two
reviewers employing a standardised form. For each
study, the following domains were systematically ex-
tracted: patient demographics, tear characteristics,
concomitant injuries, surgical details and outcome
metrics. Failure was defined per study-specific criteria,
which generally included clinical failure [10], re-opera-
tion or recurrent mechanical symptoms. The corre-
sponding authors were contacted for clarification or
missing data (Supporting Information: Table S2). A
consensus process was used to resolve discrepancies.

Data synthesis and statistical analysis

Data were synthesised quantitatively where appropri-
ate using meta-analytic techniques [34, 51, 77, 89].
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FIGURE 1 PRISMA 2020 flow diagram: Study selection process for BHMR systematic review and meta-analysis. BHMR, bucket-handle

meniscal repair; PRISMA, preferred reporting items for systematic reviews and meta-analyses.

Pooled failure proportions were calculated using a
random-effects model to account for between-study
heterogeneity. Proportions were logit-transformed
before pooling and back-transformed for presentation.
The inverse-variance method was used for weighting,
and between-study variance (%) was estimated using
restricted maximum likelihood (REML).

Cochran's Q-test and the /? statistic were used to
evaluate statistical heterogeneity. Significant hetero-
geneity was defined as /*>50% and p <0.10. Accord-
ingly, random-effects or fixed-effect models were used
for analyses with significant or nonsignificant hetero-
geneity, respectively. Prespecified subgroup analyses
were performed according to study design (case series
versus cohort studies), meniscal side (medial versus
lateral) and follow-up duration (2-5, 5-10 and
>10 years). Subgroup differences were assessed using
interaction tests. Comparative analyses and meta-
regression analyses were conducted to explore the
association between BHMR failure rates and continu-
ous study-level covariates.

Sensitivity analyses were performed using leave-
one-out analyses to evaluate the robustness of
pooled estimates and to identify influential studies.
All statistical analyses were conducted using R (R
Foundation for Statistical Computing) 4.6.0 [67]. A
two-sided p<0.05 was considered statistically
significant.

Assessment of publication bias

Publication bias was assessed visually and statistically,
where sufficient studies were available. Funnel plots
were generated to evaluate potential small-study ef-
fects by plotting study-specific effect estimates against
their corresponding standard errors. Visual inspection
focused on symmetry around the pooled effect esti-
mate. In addition, a formal statistical assessment of
funnel plot asymmetry was performed using Egger's
regression test [22]. Because tests for publication bias
have limited power when fewer than 10 studies are
included, these analyses were conducted only for out-
comes with an adequate number of studies [53]. Where
asymmetry was observed, results were interpreted
cautiously and considered exploratory.

Risk of bias (ROB) assessment

ROB was assessed according to study design using
validated, design-specific tools. Randomised controlled
trials (RCTs) were evaluated using the Cochrane Risk of
Bias tool version 2.0 (RoB 2.0) [78]. Cohort studies were
assessed with the Risk of Bias In Nonrandomised Stud-
ies of Interventions (ROBINS-I) tool [77]. Case series
were appraised using the Joanna Briggs Institute (JBI)
Critical Appraisal Checklist for Case Series [60].
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All ROB assessments were performed indepen-
dently by two reviewers. Any discrepancies were
resolved through discussion and consensus. For
studies assessed with JBI checklists, overall method-
ological quality was categorised as high (7—10 domains
rated as low ROB), moderate (4-6 low-risk domains) or
low (<3 low-risk domains). The results of the ROB as-
sessments were summarised and visually presented
using the robvis package in R [54].

RESULT
Study selection

A total of 1146 records were identified through data-
base searching, including PubMed (n=264), Scopus
(n=272), Web of Science (n=301), Embase (n=298)
and the Cochrane Library (n = 11). After the removal of
686 duplicate records and 116 records removed for
other reasons, 344 records remained for title and
abstract screening. Of these, 267 records were ex-
cluded, leaving 77 reports for full-text assessment.
Additionally, 16 records were identified through cita-
tion searching, of which 14 reports were retrieved for
full-text review and 2 reports could not be obtained.
Following full-text assessment, 32 studies [4, 9, 14,
21, 24, 26-30, 32, 36-38, 41, 42, 46, 47, 58-61, 67,
71-74, 80, 82, 85, 86, 91, 93] met the predefined
inclusion criteria and were included in the SRMA
(Figure 1).

Study characteristics and demographics

A total of 32 studies published between 2005 and 2026
were included in the review, comprising 2 RCTs, 18
cohort studies, 12 case-series (Figure 2). The geo-
graphic distribution of included studies is shown in
Supporting Information: Figure S1.

The sample size of BHMRs ranged from 15 to over
400 repairs, with males accounting for 66.7% of the
pooled population. The mean age and mean body
mass index (BMI), across studies, were 26.7 (95%
confidence interval (Cl): 26.2-27.2) and 24.4 (95% CI:
24.1-24.6), respectively. A detailed summary of study
demographics, surgical characteristics and reported
outcomes is provided in Table 1.

Failure rates of BHMR

The pooled failure rate of BHMR, using a random-
effects model, was 21.5% (95% CIl: 16.3%—-27.8%)
with substantial heterogeneity (/*=79.2%, p<0.001)
as demonstrated in Table 2. Retrospective cohort
studies demonstrated a pooled failure rate of 22.2%

(95% Cl: 15.3%—-31.1%; I>=81.8%). Sensitivity anal-
ysis showed that the pooled estimate remained stable
following sequential omission of individual studies,
ranging from 20.9% to 23.5% (Supporting Information:
Figure S2). Case series demonstrated a pooled failure
rate of 18.1% (95% Cl: 9.7%-31.3%; #=79.7%).
Although exclusion of Pelletier et al. [65] resulted in
the greatest reduction in heterogeneity (/*=66.5%),
the pooled failure rate remained largely unchanged at
16.3% (95% CI: 8.6%—-28.9%) (Supporting Informa-
tion: Figure S2). Subgroup analysis revealed no sig-
nificant differences between study designs (p > 0.05)
(Figure 2).

As demonstrated in Figure 3, failure rates demon-
strated a progressive, monotonic increase with longer
follow-up duration. Studies in the 2-5 years cohort re-
ported a failure rate of 18.1% (95% CI: 12.9%—-24.8%).
Thereatfter, failure rates increased substantially to 24.1%
(95% CI: 12.3%—42.0%) in studies with 5-10 years of
follow-up. The pooled failure rates for medial BHMRs,
lateral BHMRSs, isolated BHMRs and BHMRs performed
concomitantly with ACL reconstruction were 18.9%
(95% Cl, 13.8%—25.3%), 12.1% (95% ClI, 7.4%—19.3%),
24.3% (95% CI, 14.3%—-38.2%) and 14.9% (95% CI,
8.6%—24.4%), respectively (Supporting Information:
Figures S3 and S4). Heterogeneity varied considerably
across subgroups (? range =51.0%—89.7%) as pre-
sented in Table 2.

Subgroup analyses of factors associated
with BHMR failure

Failure rates between BHMRs in the white-red zone
versus the red-red zone indicated no significant
difference (p=0.10) under the random effect
method (Figure 4a). The pooled odds ratio for failure
in female patients relative to male patients was 0.96
(95% ClI: 0.44-2.06, p=0.91) (Figure 4b). As illus-
trated in Figure 4c, the pooled odds ratio for failure
following medial BHMR relative to lateral BHMR
was 2.20 (95% ClI: 1.47-3.30, p<0.001). Isolated
BHMRs did not demonstrate a significantly
increased odds of failure compared with concomi-
tant ACLR BHMRs (OR=1.37, 95% CI: 0.74-2.586,
p=0.32) (Figure 5).

Meta-regressions

As illustrated in Supporting Information: Figure S5,
a significant positive association was identified
between increasing follow-up duration and reported
failure rates (8=0.12, 95% CI: 0.04-0.20, p<0.01).
No significant association was identified between
increasing mean BMI and reported failure proportion
(8B=-0.17, 95% CI: -0.55 to 0.19, p=0.35). Mean
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Weight  Weight

Study Failures Total BHMR Proportion 95% -Cl (common) (random)
R etrospective cohort
D zid zishvili, 2026 4 34 0.118  [0.033;0275] 1.0% 2.8%
Bae, 2026 1 74 0.149  [0.077;0250] 2.8% 36%
von E ssen, 2025 125 416 0300 [0.257;0.347] 25.7% 43%
Screpis, 2025 4 55 0.073  [0.020;0.176] 1.1% 2.9%
Kekki, 2025 32 159 0201 [0.142;0272] 7.5% 41%
Chen, 2025 2 34 0.059 [0.007;0.197] 0.6% 2.2%
Alhamdi, 2024 27 39 0692  [0.524;0.830] 2.4% 36%
Schippers, 2024 13 45 0289 [0.164;0.443] 27% 36%
Lamba, 2024 23 63 0365 [0.247;0.496] 4.3% 3.9%
Zicaro, 2023 9 34 0265 [0.129;0.444] 1.9% 3.4%
ElHelou, 2023 36 253 0.142  [0.102;0.192] 9.1% 4.1%
Kalifis, 2022 22 66 0333 [0.222;0.460] 4.3% 3.9%
Turcotte, 2021 9 20 0.450  [0.231;0685] 1.5% 3.2%
Thaunat, 2020 18 9% — 0188  [0.115,0280] 4.3% 3.9%
Samuelsen, 2018 3 40 —_— 0200 [0.091;0.356] 1.9% 3.4%
Wu, 2018 2 18 —_— 0111  [0.014;0.347] 05% 2.1%
Moses, 2017 12 51 ——— 0235 [0.128;0.375] 27% 36%
Moatshe, 2017 0 38 — il 0.000  [0.000;0.093] 0.1% 0.9%
Common effect model 357 1535 ¢ 0.251 [0.228; 0.275] 74.4% .
Random effects model < 0.222  [0.153; 0.311] ; 59.5%
Heterogeneity: 1° = 81.8%, T = 0.5490, p < 0.0001 :
Case series i
Faur'e,2025 7 31 —_— 0226  [0.096;0.411] 1.6% 3.2%
Pelletier, 2023 51 122 io—— 0.418  [0.329;0511] 87% 41%
Muench, 2022 6 40 —_— 0.150  [0.057;0.298] 1.5% 3.2%
Keyhani, 2022 0 43 — 0.000  [0.000;0.074] 0.1% 0.9%
Uzun, 2019 2 21 —— - 0.095 [0.012;0.304] 0.5% 2.1%
Hagmeijer, 2019 3 17 f———— 0471  [0.230;0722] 1.2% 3.0%
Schle chter, 2019 5 26 —_— 0192  [0.066;0.394] 1.2% 3.0%
Uzun, 2017 3 54 —_— 0.148  [0.066;0.271] 2.0% 3.4%
Yimaz, 2016 1 64 — ! 0.016  [0.000;0.084] 0.3% 1.5%
E spejo, 2014 4 24 ; 0.167  [0.047;0.374] 1.0% 2.8%
Knych, 2010 7 17 — 0412  [0.184;0671] 1.2% 3.0%
Feng,2008 7 67 —— ! 0.104  [0.043;0203] 1.8% 3.4%
Common effect model 106 531 B 0.264  [0.221; 0.311] 21.2% .
Random effects model =t 0.181  [0.097; 0.313] . 33.6%
Heterogeneity: /2 = 79.7%, T2 = 0.7263, p < 0.0001 ;
RCT :
Kaminski, 2018 9 26 ——— 0346  [0.172;0557] 1.7% 3.3%
Kise, 2014 12 46 — 0261 [0.143;0.411] 26% 36%
Common effect model 21 72 i 0.293  [0.199; 0.409] 4.3% .
Random effects model — e ——— (293  [0.032; 0.838] . 6.9%
Heterogeneity: 1% = 0%, ©° = 0, p = 0.4457 P
Common effect model 484 2138 @ 0.255  [0.235; 0.276] 100.0% .
Random effects model . - . 0215 [0.163;0.278] . 100.0%
0 02 04 06 038
Heterogeneity: 12 = 79.2%, T° = 0.5199, p < 0.000 Failure proportion

Test for subgroup diflerences (common efiect): ¥, = 082, df= 2 (p = 0.6628)
Test for subgroup diflerences (random effects): 3, = 324, df= 2(p = 0.1978)

FIGURE 2 Pooled failure rate following bucket-handle meniscal repair across all included studies, stratified by study design. Cl, confidence

interval; RCT, randomised controlled trial.

age, mean number of sutures, male sex, mean time
to surgery (TTS), mean time to failure (TTF) and at
the time of BHMR were not significantly associated
with failure risk (all p>0.05) (Supporting Informa-
tion: Figures S5-S7).

Publication bias assessment

Visual inspection of the funnel plot for pooled BHMR
failure rate (Supporting Information: Figure S8)
revealed notable asymmetry. Egger's linear regression
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TABLE 2 Summary of meta-analyses for bucket-handle meniscal repair failure rates.

Na No. of studies
Overall pooled failure rate 32
Subgroup analyses
Mean follow-up duration
* 2-5 years 9
* 5-10 years 5
Study design

» Case-series 12
* Retrospective cohorts 18
* RCTs 2
Covariates

*+ MBHMR 15
* LBHMR 11
* Isolated BHMR 10
» Concomitant ACLR BHMR 10

Comparison of covariates
Medial versus lateral
White—Red versus Red—Red
Isolated versus Concomitant ACLR BHMR

w ©O© w ©

Female versus male

P (%) Model Pooled result (95% CI) (%) p-value
79.2 Random 21.5 (16.3-27.8) -
51.0 Random 18.1 (12.9-24.8) -
89.7 Random 24.1 (12.3-42.0) =
79.7 Random 18.1 (9.7-31.3) -
81.8 Random 22.2 (15.3-31.1) -

0.0 Fixed 29.3 (3.2-83.8) -
81.9 Random 18.9 (13.8-25.3) -

0.0 Fixed 12.1 (7.9-18.1) -
59.9 Random 24.3 (14.3-38.2) -
62.3 Random 14.9 (8.6-24.4) -

0.0 Fixed OR 2.24 (1.50-3.36) <0.01
76.5 Random OR 0.15 (0.02-1.38) 0.10
0.0 Fixed OR 2.20 (1.47-3.30) <0.01
36.8 Fixed OR 0.96 (0.44-2.06) 0.91

Note: Heterogeneity was assessed using the / statistic, with /7 >50% indicating substantial heterogeneity. Model selection (fixed-effects or random-effects) was

based on the presence and degree of statistical heterogeneity.

Abbreviations: ACLR, anterior cruciate ligament reconstruction; BHMR, bucket-handle meniscal repair; Cl, confidence interval; LBHMR, lateral bucket-handle
meniscal repair; MBHMR, medial bucket-handle meniscal repair; OR, odds ratio; RCT, randomised controlled trial; /2, Higgins' heterogeneity statistic.

test confirmed significant funnel plot asymmetry
(t=-2.33, df=30, p=0.02). Trim-and-fill analysis
identified six missing studies on the right side of the
funnel plot.

ROB assessment

The overall methodological quality of the evidence was
moderate to good. Among case series, assessments
using the JBI checklist demonstrated that most studies
showed a low ROB in core domains, resulting in high
overall quality (27 low-risk domains) (Supporting
Information: Figure S9). For cohort studies, ROBINS-I
evaluation indicated that most studies were at moder-
ate to high ROB overall (Supporting Information:
Figure S10). The most common concern was bias due
to confounding, reflecting limited adjustment for base-
line differences. Finally, RCTs, evaluated using the
RoB 2.0 tool, were judged to have some concerns,
primarily related to deviations from intended interven-
tions and outcome reporting (Supporting Information:
Figure S11). Supporting Information: Figures S3-S5

provide a summary of the ROB assessment across all
included studies.

DISCUSSION

The most notable finding of this study was that for this
meta-analysis of 32 studies encompassing over two
decades of published evidence, BHMR demonstrated
an overall pooled failure rate of approximately 21.5%.
Failure rates increased progressively with longer
follow-up duration. Medial BHMRs were associated
with more than a twofold higher odd of failure compared
with lateral repairs. In contrast to several individual
studies and the prior SRMA by Costa et al. [18], which
reported significantly higher failure rates for isolated
versus concomitant BHMRs with ACLR, the present
analysis did not demonstrate a significant association
for either comparison, this highlights the necessity of
additional high-quality studies to investigate this rela-
tionship more definitively.

Reported failure rates across individual studies
varied widely, ranging from 0.0% [41, 58] to 69.2% [4],
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Weight  Weight
Study Failures Total BHMR Proportion 95%-ClI (common) (random)
2-5 years L
Kekki, 2025 32 159 —— 0.201 [0.142;0272] 15.8% 9.1%
Chen, 2025 2 34 — 0.059 [0.007;0.197] 12% 4.1%
Muench, 2022 6 40 ——— 0.150  [0.057;0.298] 32% 6.5%
Keyhani, 2022 0 48 — i 0.000 [0.000;0074] 03% 1.5%
Thaunat, 2020 18 96 —a— 0.188  [0.115;0280] 9.0% 8.5%
Samuelsen, 2018 8 40 —— 0200 [0.091;0.356] 4.0% 7.0%
Moses, 2017 12 51 — 0235 [0.128;0375] 57% 7.7%
Yiimaz, 2016 1 64 — 0.016  [0.000;0.084] 06% 2.6%
Espejo, 2014 4 24 — 0.167  [0.047;0374] 21% 5.5%
Common effect model 83 556 <@ 0.181 [0.148; 0.219] 41.8% .
Random effects model <= 0.181 [0.129; 0.248] . 52.5%
Heterogeneity: /% = 51%, 12 = < 0.0001, p = 0.0378 $
5-10 years
Seung, 2026 11 74 —& 0.149  [0.077;0250] 58% 7.8%
Faur’e, 2025 7 31 —_— 0226 [0.096;0411] 33% 6.7%
Pelletier, 2023 51 122 o 0418  [0.329;0511] 18.3% 9.2%
El Helou, 2023 36 253 - 0.142  [0.102;0.192] 19.1% 9.3%
Kalifis, 2022 22 66 P 0.333 [0222;0460] 91% 8.5%
Common effect model 127 546 R 2 0.251 [0.214; 0.292] 55.6% .
Random effects model ---— 0.241 [0.123; 0.420] y 41.4%
Heterogeneity: /% = 89.7%, t> = 0.3910, p < 0.0001 i)
> 10 years
Hagmeijer, 2019 8 17 0.471 [0.230;0.722] 26% 6.1%
Common effect model 218 1119 0 0.224 [0.198; 0.252] 100.0% .
Random effects model <= 0.196  [0.131; 0.284] 100.0%

0 01020304050607

Heterogeneity: /> = 79.3%, <> = 0.3561, p < 0.0001

Failure proportion
Test for subgroup differences (common effect): 13 =1224,df=2 (p = 0.0022)
Test for subgroup differences (random effects): x5 = 7.68, df =2 (p = 0.0215)

FIGURE 3 Forest plot of failure proportions for BHMR, stratified by duration of follow-up. Cl, confidence interval; BHMR, bucket-handle

meniscal repair.

highlighting considerable variability in patient selection,
surgical technique and follow-up duration. Importantly,
failure rates demonstrated a progressive increase with
longer follow-up, with meta-regression confirming a
significant positive association between follow-up
duration and failure risk. This finding suggests that
shorter-term studies may systematically underestimate
true failure rates. These results are broadly consistent
with, yet somewhat higher than, previously published
systematic reviews. Costa et al. reported a pooled
failure rate of 14.8% [18], while Tsakiri et al. similarly
identified a pooled estimate of 14% [80], though the
latter analysis included only five studies and was
restricted to cohorts reporting Tegner activity scores. In
contrast, Ardizzone et al. reported a substantially
higher failure rate of 29.3%, although this was limited to
repairs performed exclusively using the all-inside
technique [6]. This may be explained by device-
related issues. All-inside meniscal repair devices gen-
erate significantly larger tissue penetrations compared
with suture-based techniques, potentially weakening
the meniscus when multiple devices are placed.

Although this review did not demonstrate a signifi-
cant association between the mean number of sutures
and BHMR failure at the study level, the relationship
between suture number and outcomes remains clini-
cally nuanced. Hupperich et al. reported a strong
association between increasing suture number and
poorer clinical and healing outcomes, observing that
the use of three or more sutures was associated with
an increase in failure rate from 15.4% to 44% [33]. The
authors suggested that a higher suture count may
reflect either greater tear length (i.e., larger bucket-
handle lesions) or increased intraoperative difficulty in
achieving stable reduction. These findings align with
prior studies, which reported diminished healing rates
in longer meniscal tears [8, 23, 33, 83].

Medial BHMR demonstrated a significantly higher
risk of failure compared with lateral repairs, with more
than a twofold increase in pooled odds of failure. Costa
et al. similarly identified medial meniscus repair as a
risk factor for failure [18]. This may be supported by
biomechanical investigations demonstrating that the
medial meniscus is subjected to greater contact
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(a) White-Red Red-Red
Study White-Red failures Total White-Red Red-Red zone failures Total Red-Red zone Odds Ratio OR 95% Ll Weight P-Value
Bae, 2026 10 37 1 37 0.07 [0.01,0.62] 40.7% 0.02
Alhamdi, 2024 23 25 4 14 0.03 [0.01;0.22] 49.3% <0.001
Feng, 2008 2 2 5 45 1.25 [0.22,7.02] 10.0% 0.80
Common effect model 35 84 10 96 ; 0.17 [0.07; 0.42] 100.0%
Random effects model = 0.15 [0.02; 1.38]
Heterogeneity: /° = 76.5%, 1° = 2.8238, 75 = 8.53 (p = 0.01) f ! ! !
Test for overall effect (common effect): z = -3.85 (p < 0.001) 0.01 0.1 1 10 100
Test for overall effect (random effects): z = -1.67 (p = 0.10) WhiteRed vs Red-Red
(b) Female Male
Study Female failures Total Females Male failures Total Males Odds Ratio OR 95%-Cl Weight P-Value
Muench, 2022 0 13 6 27 8.16 [0.42;156.88] 39% 0.16
Thaunat, 2020 7 26 1 70 0.51 [0.17; 1.49] 652% 0.22
Moses, 2017 4 17 8 4 1.00 [0.25; 395] 309% >0.99
Common effectmodel " 56 25 131 0.96 [0.44; 2.06] 100.0%
Random effects model _ N 0.84 [0.34; 2.08]
Heterogenetty: /* = 36.8%, t° = 0.0943, %5 = 3.16 (p = 021) f ! y !
Test for overall effect (common effect): z=-0.12 (p = 0.91) 001 01 1 10 100
Test for overall effect (random effects): z=-0.38 (p = 0.70) Female vs Malke
( ) LBHMR MBHMR
Study LBHMR failures TotalLBHMRs MBHMR failures Total MBHMRs Odds Ratio OR 95%-Cl Weight P-Value
Dzidzishvili, 2026 0 10 4 24 ———— 461 [023;93.98] 17% 032
Bae, 2026 3 34 8 40 o 258 [063;10.64] 76% 0.19
von Essen, 2025 27 140 98 276 . 3 230 [142; 3.75] 67.3% <0.001
Screpis, 2025 1 21 3 34 —ﬁi— 1.94 [0.19;19.93] 33% 058
Faur'e, 2025 4 19 3 12 1.25 [023; 691] 68% 080
Muench, 2022 2 16 4 24 140 [022; 8.72] 58% 072
Moses, 2017 1 13 11 38 T 489 [057;42.27] 31% 0.15
Moatshe, 2017 0 9 0 29 ! 00% ;
Feng,2008 1 9 6 58 —'—i— 092 [0.10; 8.71] 45% 094
1
Common effect model 39 271 137 535 > 2.24 [1.50; 3.36] 100.0%
Random effects model . > 2.20 [1.47; 3.30]
Heterogeneity: /“=0.0%, t“=0,75=2.08(p = 0.96)
Testfor overall effect (common effect): z=3.93 (p < 0.001) 01 0512 10
Testfor overall effect (random effects): z=3.81 (p < 0.001) Lateral vs Medial

FIGURE 4 Forest plots of subgroup analyses evaluating factors associated with bucket-handle meniscal repair (BHMR) failure. (a)
Comparison of tears located in the white-red versus red-red vascular zones; (b) Comparison of failure rates between female and male patients;
(c) Comparison of lateral (LBHMR) versus medial (MBHMR) repairs. Cl, confidence interval; LBHMR, lateral bucket-handle meniscal repair;
MBHMR, medial bucket-handle meniscal repair.

Concomitant ACLR BHMRs Isolated BHMRs Weight
Study Concomitant ACLR BHMR failures Concomitant ACLR BHMRs Isolated BHMR failures Isolated BHMRs 0Odds Ratio OR 95%-Cl  (common) P-value
Bae, 2026 8 39 3 35 036 [0.09; 150] 41.7% 0.16
Turcotte, 2021 3 10 6 10 350 [0.55; 22.30] 72% 0.18
Samuelsen, 2018 4 25 4 15 191 [0.40; 9.14] 133% 042
Moses, 2017 7 28 5 23 083 [0.23; 3.09] 29.8% 0.78
Yimaz, 2016 1 40 0 22 059 [0.02; 1497] 64% 075
Espejo, 2014 0 16 4 6 5940 [2.40;1472.31] 06% 0.01
Feng, 2008 3 62 0 1 g 567 [0.19; 16598] 1.0% 0.31
Common effect model 26 220 22 112 » 137 [0.74; 256] 100.0%
Random effects model _ . # 161 [0.58; 445]
Heterogeneity: /“ = 46.9%, ©° = 0.7858, 75 = 11.29 (o = 0.08)
Test for overall effect (common effect): z = 1.00 (p = 0.32) 0.001 01 1 10 1000
Test for overall effect (random effects). z = 0.92 (p = 0.36) Concomitant ACLRBHMRs vs Isolated BHVIRs

FIGURE 5 Forest plots comparing isolated BHMR versus Concomitant ACLR BHMR. ACLR, anterior cruciate ligament reconstruction;
BHMR, bucket-handle meniscal repair; Cl, confidence interval.

pressures compared to the lateral meniscus [66, 87]. in the white-red zone did not demonstrate a significant
The medial meniscus exhibits reduced mobility relative difference. Modern repair techniques, biologic augmenta-
to the lateral meniscus due to its firmer capsular and tion and variability in zone classification may partially
tibial attachments [41]. Arnoczky et al. and the more overcome vascular limitations. Classic experimental and
recent work by Crawford et al. indicate that peripheral clinical studies have demonstrated that tears extending
vascularity is broadly comparable between the medial into the avascular central third of the meniscus are asso-
(up to 42%) and lateral (up to 48%) menisci [7, 19]. ciated with markedly higher failure rates [13, 62, 64]. In

Interestingly, in our pooled subgroup analysis, failure contrast, the peripheral 25%-30% of meniscal tissue,
rates between tears located in the red-red zone and those corresponding to the ‘red-red’ zone, exhibits superior



healing potential [11, 31, 55, 57]. Foundational anatomic
work by Arnoczky [7] and Cooper [17] established that
vascular penetration in the adult meniscus is largely con-
fined to the peripheral third. Age-related vascular variation
may also influence outcomes. While the adult meniscus
demonstrates limited peripheral vascularity [16], children
and adolescents may retain more extensive vascular
penetration into inner zones, potentially explaining reports
of successful repairs regardless of tear location in younger
populations [8, 43, 45, 49, 62, 64].

Despite a higher pooled failure rate in isolated BHMRs
(24.3% vs. 14.9%), isolated repair was not associated with
significantly greater odds of failure compared with con-
comitant ACLR BHMRs. Although previous studies have
suggested improved healing when meniscal repair is per-
formed concomitantly with ACLR [13, 48, 63, 68, 84, 93],
our analysis did not identify a statistically significant dif-
ference in failure rates between the two groups. This
finding should be interpreted with caution, as more high-
quality studies are required to investigate this association.

Keyhani et al. [39] utilised a posterior arthroscopic
approach and demonstrated no failures following
BHMR, a finding that is consistent with the results re-
ported by Ahn et al. [1]. The likelihood of chondral
lesions and instrument damage may be decreased by
using posteromedial ports [39, 50]. Additionally, this
method eliminates the requirement for MCL needling or
valgus stress force to provide extra space [12, 15].
They also applied vertical mattress sutures to improve
meniscal healing through anatomical reduction [2, 15, 50].
However, further high-quality comparative studies are
necessary to determine whether the posterior approach
independently improves repair outcomes.

This study has several limitations which must be
acknowledged. First, the majority of included studies were
observational, introducing inherent risks of selection bias,
confounding and heterogeneity. Second, definitions of
failure varied across studies, often combining clinical,
radiological and reoperation criteria, which may have
contributed to outcome heterogeneity. Third, meta-
regression was performed at the study level rather than the
individual patient level, limiting causal inference. Addition-
ally, incomplete reporting of certain variables restricted
more granular analyses. Finally, although publication bias
was formally assessed when feasible, the possibility of
small-study effects cannot be entirely excluded.

CONCLUSION

BHMRs carry a substantial pooled failure rate of 21.5%
that increases over time, with medial tears demonstrat-
ing significantly higher failure risks than lateral repairs.
Notably, concomitant ACL reconstruction and tear vas-
cularity (red-red vs. white-red) did not significantly alter
failure odds. Given the observational nature and high
heterogeneity of the literature, high-quality prospective
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studies with standardised outcomes are urgently
needed. Clinically, these findings emphasise long-term
surveillance and thorough patient counselling regarding
re-tear risks, particularly for medial repairs.
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