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Knotless versus knotted arthroscopic Bankart
repairs for anterior shoulder instability:
a systematic review and meta-analysis
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Abstract

Background Arthroscopic Bankart repair can be performed via a more contemporary knotless procedure or a more
traditional knotted procedure. Nonetheless, comparisons between these two techniques remain controversial.

Methods Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines,

a comprehensive search of PubMed, EMBASE, Cochrane Library, Scopus, and Web of Science was conducted.
Randomized controlled trials (RCTs) and cohort studies directly comparing the knotless and knotted arthroscopic
Bankart procedures were included. The primary outcomes were rates of recurrent instability and revision surgeries.
Secondary outcomes encompassed number of anchors, operative time, improvements in functional scores including
Rowe score and Constant-Murley score (CMS), pain level assessed by the visual analogue scale (VAS) score, range of
motion (ROM), adverse events, and radiological results. Quality assessment was performed using RoB2 and MINORS
tools. Meta-analysis pooled RCT data using Review Manager 5.4.1, and non-pooled outcomes from cohort studies or
limited RCT data were reported separately.

Results This meta-analysis included nine studies with a total of 729 patients. Pooled data from three RCTs
demonstrated no significant differences between the two techniques in terms of re-dislocation (P=0.78), recurrent
anterior subluxation and positive apprehension test (P=0.78), revision surgery (P=0.94), number of anchors used
(P=0.26), or improvements in Rowe score (P=0.15). For outcomes not suitable for pooling, qualitative analysis of
trends indicated comparable outcomes between the groups, except a slightly reduced operative time in the knotless
repair group. Adverse events were infrequently reported and occurred at similar rates in both groups. Limited
radiological data from one RCT showed no significant differences in MRI parameters at the 24-month follow-up.

Conclusion Both techniques demonstrate comparable clinical outcomes. The only potential advantage of the
knotless technique is a possible reduction in operative time, though its clinical significance remains uncertain. Given
the limitations of the evidence, these findings should be interpreted cautiously.
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Background

Although debates remain regarding the optimal surgical
technique for different patient populations, many sur-
geons regard Bankart repair as the cornerstone proce-
dure for managing anterior shoulder instability [1, 2]. For
patients without significant bone defects, arthroscopic
Bankart repair has demonstrated high success rates in
restoring stability, improving functional scores, and facil-
itating return to sports [3-5].

The traditional knotted suture anchor technique pro-
vides strong fixation and precise suture tension con-
trol, critical for labral reattachment [1, 6-9]. However,
it is challenged by the complexity of arthroscopic knot-
tying and potential knot-related complications [10-16].
In response, the knotless technique has emerged with
promising outcomes [17-28], enhancing efficiency and
replicability by avoiding knot-tying [21, 22, 26]. Despite
these advantages, the knotless technique is limited by
difficulties in achieving optimal suture tension control,
uncertainties regarding long-term stability, and higher
implant costs [29-33].

Evidence comparing these techniques remains incon-
clusive. Previous systematic reviews have highlighted
their advantages and limitations but were constrained
by inconsistent methodologies and limited comparative
studies [28-33]. Despite three randomized controlled
trials (RCTs) [34—36] suggesting comparable outcomes
between knotless and knotted techniques in Bankart
repairs, their limited sample sizes and the presence of
conflicting cohort studies highlighted the need for a sys-
tematic review and meta-analysis to clarify their compar-
ative effectiveness.

This study aims to compare the effectiveness of knot-
less and knotted arthroscopic Bankart repairs in treat-
ing anterior shoulder instability without significant bone
defects. We hypothesize that the two techniques yield
comparable clinical outcomes.

Methods

Literature search

In rigorous adherence to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [37], this systematic review and meta-
analysis was conducted. The study was preregistered
in The International Prospective Register of System-
atic Reviews (PROSPERO) under the registration ID
CRD42024586135. A comprehensive literature search
comprising PubMed, EMBASE, Cochrane Library, Sco-
pus, and Web of Science databases was carried out by
two independent reviewers (C.W., and M.D.). The library

includes all records up to April 1st, 2025. The principal
search terms were as follows: (“Knotless” OR “Knot-free”)
AND (“Knotted” OR “Knot-typing”) AND (“anterior
shoulder instability” OR “shoulder instability” OR “gle-
nohumeral instability” OR “recurrent shoulder instabil-
ity”) AND (“Bankart” OR “Anteroinferior labral repair”).
These terms were adapted as needed to meet the specific
requirements of each database (Supplementary Table
1). Any discordance during the search was resolved by
engaging a third researcher (L.L.) for consultation.

Inclusion and exclusion criteria

Inclusion criteria: (1) confirmed anterior shoulder insta-
bility patients with recurrent dislocations (>2); (2) ran-
domized controlled trials (RCTs) and cohort studies; (3)
direct comparison of knotless and knotted arthroscopic
Bankart repair.

Exclusion criteria: (1) other shoulder conditions such
as rotator cuff tear, infection, tumor, or severe osteoar-
thritis; (2) prior shoulder surgery; (3) isolated superior
labrum anterior to posterior (SLAP) lesions; (4) isolated
posterior or multidirectional shoulder instability; (5) sur-
gical technique was not clearly described, or bony recon-
structive procedures were used to address significant
glenoid defects or Hill-Sachs lesions; (6) neuromuscular
diseases, including seizure disorders; (7) non-English
documentation.

Data extraction

Two researchers (C.W. and M.D.) independently
extracted data from the studies selected, resolving any
discrepancies with the aid of a third author (L.L.). The
information extracted encompassed first author, year
of publication, study location, level of evidence (LOE),
sample size, participant demographic data (mean age and
gender), follow-up durations, surgical techniques, and
rehabilitation protocols.

The primary outcomes were rates of recurrent instabil-
ity and revision surgeries. Secondary outcomes encom-
passed operative time, number of anchors, improvements
in functional scores including Rowe score, Constant-
Murley score (CMS), pain level assessed by the visual
analogue scale (VAS) score, range of motion (ROM)
including forward flexion and external rotation, adverse
events, and radiological results.

Quality assessment

Two researchers (C.W., and M.D.) assessed the meth-
odological quality of the selected studies independently,
using the revised Cochrane Risk of Bias 2 (RoB2) tool for
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RCTs [38] and the Methodological Index for Non-Ran-
domized Studies (MINORS) for cohort studies [39]. Each
RCT was assessed across five domains of bias: random-
ization process, deviations from intended interventions,
missing outcome data, measurement of the outcome,
and selection of the reported result. Each domain was
rated as “low risk,” “unclear risk,” or “high risk” A study
was classified as “poor” if any domain was rated as high
risk, “excellent” if all domains were low risk, or “good”
if no high risk but at least one domain was unclear risk.
MINORS scores were categorized as follows: 0-8 (poor),
9-12 (good), and 13-16 (excellent). When differences
arose among the researchers, a third investigator (L.L.)
was brought in to make the final decision.

Statistical analysis

Statistical analyses were conducted using Review Man-
ager V.5.4.1 (The Cochrane Collaboration, Software
Update, Oxford, UK). For the meta-analysis, only data
from RCTs were pooled to estimate the Weighted Mean
Difference (WMD) for continuous variables and the
pooled Odds Ratio (OR) for dichotomous variables,
with associated 95% Confidence Intervals (ClIs). Hetero-
geneity among RCTs was quantified using Cochrane’s
Q statistic and I” statistic, with an I? value <50% consid-
ered indicative of low heterogeneity, prompting the use
of a fixed-effects model, and an I? value > 50% leading to
a random-effects model. For outcomes where pooling
was not feasible due to limited RCT data or inclusion
of cohort studies, results from individual studies were
reported separately. Forest plots were generated to visu-
alize pooled effect sizes from RCTs. Statistical signifi-
cance was defined as P<0.05.

Results

Characteristics of the included studies

Initially, the search across PubMed, EMBASE, Scopus,
The Cochrane Library, and Web of Science resulted in 56
studies. From this pool, 26 duplications were removed,
leaving 30 publications for title and abstract screening.
This screening further brought the count down to 16
after disregarding 14 studies for full text and reference
review. Seven studies were subsequently excluded, cul-
minating in a final inclusion of nine studies. These com-
prised of three RCTs [34-36], two prospective cohort
studies [40, 41], and four retrospective cohort studies
[42-45], including 729 patients (Fig. 1). Table 1 presents
the characteristics of these patients.

The knotless group had 349 patients (shoulders), while
the knotted group included 380 patients (shoulders). The
mean age of the knotless group was 25.3+10.2 years,
and the knotted group was 26.1+9.7 years (P=0.85).
The knotless group comprised 282 males and 67 females
(80.8% male), whereas the knotted group included 317
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males and 63 females (83.4% male) (P=0.36). The mean
follow-up period for the knotless group was 31.5+12.8
months, and for the knotted group, it was 36.6+15.9
months (P=0.10). Surgical details and rehabilitation pro-
tocols from the selected studies are shown in Table 2.

Quality assessment

The quality of the included RCTs was evaluated employ-
ing the revised ROB-2 tool, as illustrated in Fig. 2. The
three RCTs were classified as one [34] excellent and
two good [35, 36]. We assessed the quality of the cohort
studies employing the MINORS criteria, the outcomes
of which are shown in Table 3. The six cohort studies
included four excellent [40, 41, 44, 45] and two good [42,
43].

Pooled outcomes from RCTs

Three RCTs involving 209 patients reported postop-
erative re-dislocation. There was no notable difference
between the knotless group (4/103, 3.9%) and the knot-
ted group (5/106, 4.7%) (OR, 0.83; 95% CI, 0.23 to 2.95;
I’=0%; P=0.78) (Fig. 3).

Three RCTs involving 209 patients reported recur-
rent anterior subluxation and positive apprehension test.
There was no notable difference between the knotless
group (6/103, 5.8%) and the knotted group (5/106, 4.7%)
(OR, 1.19; 95% CI, 0.34 to 4.16; I’=0%; P=0.78) (Fig. 4).

Three RCTs involving 209 patients reported revision
surgery rates. There was no notable difference between
the knotless group (2/103, 1.9%) and the knotted group
(2/106, 1.9%) (OR, 1.08; 95% CI, 0.15 to 7.88; I’=0%;
P=0.94) (Fig. 5).

Three RCTs involving 209 patients reported anchor
numbers. There was no notable difference between the
knotless group and the knotted group (WMD, -0.06; 95%
CI, -0.17 to 0.05; I’=0%; P=0.26) (Fig. 6).

Two RCTs involving 122 patients reported Rowe score
improvements. There was no notable difference between
the knotless group and the knotted group (WMD, 5.00;
95% CI, -1.86 to 11.86; I’=0%; P=0.15) (Fig. 7).

Non-Pooled outcomes

Table 4 presents individual outcomes that could not be
fully pooled, encompassing re-dislocation, recurrent
anterior subluxation and positive apprehension, revi-
sion surgery, operative time, CMS, VAS, forward flexion,
and external rotation. The data are derived from six non-
RCTs [40-45] and one RCT [35].

Adverse events

Among the nine included studies, three [34, 36, 41]
reported adverse events or complications associated with
knotless and knotted arthroscopic Bankart repair. Lobo
et al. [34] observed three complications, comprising



Wang et al. BMC Musculoskeletal Disorders (2025) 26:571

Fig. 1 PRISMA flow chart of literature retrieval

Table 1 Characteristics of the included studies
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First author Year Country LOE Patients (shoul- Age,y Sex (M/F) Follow-up period, m
ders), n Mean =SD (Range) Mean =SD (Range)
Knotless Knotted Knotless Knotted Knotless Knotted Knotless Knotted
Cho 2006 Korea m 2120 61(61) 26+ 24+ 18/3 57/4 29 + - (24-41)
-(19-42) -(16-38)
Kocaoglu 2009 Turkey 1l 20 (20) 18 (18) 23+-(17-32) 26/12 40+6 (26-56)
Ng 2014 Singapore Il 42 (42) 45 (45) 21+ 211+ 37/5 40/5 324 +-(24-44.4)
-(18-31) -(17-29)
Wu 2020 USA Il 34 (34) 68 (68) 227498 224+96  30/4 59/9 57.6+30
Lobo 2021 Brazil | 27 (27) 24 (24) 326+11.1 3124101 16/11 20/4 24
Shim 2021 Korea 1l 54 (54) 61 (61) 27+9 26+ 11 47/7 55/6 30+6 54+23
Saccomanno 2022 ltaly I 34 (34) 37 (37) 245+12.1 27+78 30/4 33/4 435+69 45+104
Johnson 2023 USA Il 86 (86) 36 (36) 2569+12.07 2339+857 60/26 31/5 24.24+13.06 1690+10.53
Minkus 2024 Germany, 1 31 (31 30 (30) 24+6.7 29+89 25/6 21/9 24
Switzerland

LOE, level of evidence; M, male; F, female; USA, the United States of America

one case of joint stiffness in each group and one case of
acromioclavicular pain in the knotted group at 6 months
post-operation, with all cases resolved following physi-
cal therapy. Saccomanno et al. [36] and Minkus et al. [41]
reported no complications related to anchor material,

design, or other adverse events. The remaining six stud-
ies did not assess adverse events as an outcome, limiting
comprehensive evaluation. No instances of knot impinge-
ment or glenoid erosion, previously reported in the liter-
ature, were noted in the studies addressing this outcome.
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First author Positioning Portals Surgical details Rehabilitation protocol

Cho Beach chair Posterior, an- Bankart lesion debrided; anterior glenoid decorti- ~ Arm sling (3 weeks); passive ROM
position teroinferiorand  cated. Knotless anchors: utility loop technique for — (weeks 3-6); active ROM (after week 6).

anterosuperior  tissue tension. Knot-tying anchors: bone punch,
portals. nonsliding Revo knot, and additional anchors at 4
and 3 oclock.

Kocaoglu Beach chair Posterior, an- Labrum mobilized; glenoid decorticated. Knotless  Immobilizer (2 weeks), sling (4 weeks);
position terosuperior,and anchors: Push-lock at specific clock positions; passive forward elevation (2 weeks),

anteroinferior sliding hangman knot for capsulolabral fixation. external rotation (4 weeks); muscle
portals. South/north shift of the inferior capsular pouch strengthening (6 weeks); full activities
performed. (6 months); sports (4 months).

Ng Beach chair Posterior, an- Labrum mobilized; anterior glenoid neck decorti-  Sling (1 week); pendulum exercises
position terosuperior,and cated. PushLock anchors placed at 5:30-3 o’clock  (week 1), passive ROM (week 2), active

anteroinferior (right) or 6:30-9 o'clock (left). Sliding hangman mobilization (week 3); avoid external ro-

portals. knot used for fixation. tation (6 weeks) and combined move-
ments (12 weeks); no contact sports or
overhead activities (5 months).

Wu Beach chair Posterior portal;  Examination under anesthesia determined cap- Sling (4-6 weeks); active and active-
position two anterior sular shift. Knotless anchors (PushLock) and knot-  assisted ROM (weeks 6 onward); rotator

cannulas placed  tying anchors (Bio-SutureTak) placed per surgeon  cuff isometric exercises (6 weeks);

through the discretion (1 per cm of labral tear). proprioceptive and advanced strength-

rotator interval. ening (3 months); full athletic activities
(6 months).

Lobo Lateral decubi-  Anterior, an- Labrum mobilized and decorticated. Knotless an-  Sling (30 days); passive full ROM (21

tus position terosuperior,and  chors (PushLock) used with cinch stitch; SutureTak — days); active assisted ROM (30 days);
posterior portals. anchors inserted via anterior portal with a sliding  active resisted exercises (45 days);
knot. Fixation points started at 5 o'clock, progress-  nonimpact sports (3 months); impact
ing upward to complete labrum suturing. sports (5 months).

Shim Lateral decubi-  Anterior, an- Labrum mobilized and decorticated. Knotless an-  Sling (30 days); passive full ROM (21

tus position terosuperior,and  chors (PushlLock) used with cinch stitch; SutureTak — days); active assisted ROM (30 days);
posterior portals. anchors inserted via anterior portal with a sliding  active resisted exercises (45 days);
knot. Fixation points started at 5 o'clock, progress-  nonimpact sports (3 months); impact
ing upward to complete labrum suturing. sports (5 months).

Saccomanno Lateral decubi-  Anterior, an- Knotless anchors and double-loaded bioabsorb-  Sling (4 weeks); Phase 1: focus on full
tus position terosuperior,and able anchors were used. Surgical technique details  ROM (weeks 4-8); Phase 2: strengthen-

posterior portals. not described. ing (weeks 9-12); return to work or
sports (4-6 months).

Johnson Beach chairor  Posterior, an- Suture shuttle device used to shuttle suture/tape  Sling/immobilizer (4 weeks); home
lateral posi- terosuperior, and  through the capsule/labral complex. Knotless exercise program (hand, wrist, elbow
tion (surgeon anteroinferior anchors placed sequentially, tension verified,and ~ ROM, pendulums, day after surgery);
preference) portals. standard knot-tying techniques used for fixation.  physical therapy (2 weeks after surgery);

passive ROM (weeks 2-6); active ROM
(weeks 6-8); return to sports (4-6
months); contact sports (6 months).

Minkus Lateral decubi-  Posterior, an- Suture-first technique with knotless (PushLock) Sling in internal rotation (6 weeks);

tus position

teroinferior, and
anterosuperior
portals.

and all-suture (Juggerknot) anchors; FiberWire
shuttled through the labrum using a cinch stitch.
Drill holes at 5-6 o'clock position, with two ad-
ditional anchors for refixation. Mattress stitch and
sliding knot used for final fixation.

limited passive ROM (first 3 weeks: 60°
flexion/abduction, 0° external rotation;
following 3 weeks: 90° flexion/abduc-
tion); active ROM (week 7); muscle
strengthening (after active ROM).

ROM, range of motion; PDS, polydioxanone suture; PEEK, polyether ether ketone

Radiological outcomes

Among the nine studies, only one [34] with 51 patients
outcomes. A

reported postoperative

24-month follow-up revealed no significant difference
between the two groups in magnetic resonance imaging
(MRI) parameters, including anterior and inferior labrum
glenoid height index (LGHI), anterior and inferior labral

radiographic

slope, labial morphology, or osteolysis (P=0.052, 0.115,

Discussion

0.348, 0.501, 0.702, and 1.000 respectively).

This meta-analysis evaluated nine studies involving 729
patients to compare knotless and knotted arthroscopic
Bankart repair procedures for anterior shoulder instabil-

ity. Pooled data from three RCTs showed no significant
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Fig. 2 Risk of bias graph (A) Graph of the risk of bias summary for the included studies; (B) Graph of the risk of bias for each included study

Table 3 Evaluation of quality in non-randomized studies using the MINORS criteria

First Year Study A Inclusion Prospec- End points Unbiased Follow-up pe- Lossto Prospec- Total
author design clearly of con- tive col- appropriate assessment riod appropri- follow-up tive cal-
stated secutive lectionof totheaimof ofthestudy atetotheaim lessthan culation
aim patients  data the study end point of the study 5% of the
study
size.
Cho 2006 RCS 2 2 0 2 2 2 1 0 11
Kocaoglu 2009 PCS 2 2 2 2 2 2 1 1 13
Wu 2020 RCS 2 2 0 2 2 2 1 2 13
Shim 2021 RCS 2 2 0 2 2 2 1 2 13
Johnson 2023 RCS 2 2 0 1 1 2 1 0 9
Minkus 2024 PCS 2 2 2 2 2 2 1 0 13

MINORS, Methodological Index for Non-Randomized Studies; RCS, retrospective cohort study; PCS, prospective cohort study; LOE, level of evidence. The MINORS
criteria are scored as follows: 0 points if not reported, 1 point if reported but inadequate, and 2 points if reported and adequate. The highest possible score is 16

differences in re-dislocation (P=0.78), recurrent ante-
rior subluxation or positive apprehension test (P=0.78),
revision surgery (P=0.94), number of anchors (P=0.26),
or Rowe score improvements (P=0.15). For outcomes
not suitable for pooling, qualitative trends from Table 4
indicated comparable stability and functional outcomes
between the two techniques, with a slightly reduced

operative time in the knotless group. Adverse events
were rarely reported, with comparable rates between
groups. Limited radiological data from one RCT showed
no notable differences in MRI parameters at 24-month
follow-up.

Previous systematic reviews have explored knotless
and knotted arthroscopic Bankart repairs with varying
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Re-dislocation Knotless

_ Study or Subgroup
Ng 2014 1 42
Lobo 2021 0 27
Saccomanno 2022 3 34
Total (95% Cl) 103

Total events 4
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Knotted
Events Total Events Total Weight

1 45 17.8%
2 24 49.1%
2 37 331%

106 100.0%
5
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Heterogeneity: Chi? = 1.66, df = 2 (P = 0.44); I>=0%
Test for overall effect: Z = 0.29 (P = 0.78)

Risk of bias legend

(A) Randomization process

(B) Deviations from the intended interventions
(C) Missing outcome data

(D) Measurement of the outcome

(E) Selection of the reported result

Odds Ratio Odds Ratio Risk of Bias
M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI ABCDE
1.07 [0.06, 17.72] 2014 (115X )
0.16 [0.01, 3.59] 2021 * = (111 71)
1.69[0.27, 10.81] 2022 — @000
0.83 [0.23, 2.95] f
001 0.1 1 10 100

Favours [Knotless] Favours [Knotted]

Fig. 3 Meta-analysis of rate of re-dislocation. The blue squares represent the effect estimate of the individual studies and the horizontal lines indicate
the confidence interval, and the dimension of the square reflects the weight of each study. The black diamond represents the combined point estimate

and confidence intervals

Knotted

Subluxation/positive apprehension Knotless

Odds Ratio Risk of Bias

Ng 2014 0 42 0 45

Lobo 2021 4 27 2 24 40.0%
Saccomanno 2022 2 34 3 37 60.0%
Total (95% Cl) 103 106 100.0%
Total events 6 5

Heterogeneity: Chi? = 0.57, df = 1 (P = 0.45); I = 0%

Test for overall effect: Z = 0.27 (P = 0.78)

Risk of bias legend
(A) Randomization process

Odds Ratio
M-H, Fixed, 95%
Not estimable 2014
1.91[0.32, 11.52] 2021
0.71[0.11, 4.52] 2022

1.19 [0.34, 4.16]

ABCDE

001 01
Favours [Knotless]

/

10 100
Favours [Knotted]

(B) Deviations from the intended interventions
(C) Missing outcome data

(D) Measurement of the outcome

(E) Selection of the reported result

Fig. 4 Meta-analysis of rate of recurrent anterior subluxation and positive apprehension test. The blue squares represent the effect estimate of the in-
dividual studies and the horizontal lines indicate the confidence interval, and the dimension of the square reflects the weight of each study. The black

diamond represents the combined point estimate and confidence intervals

Revision surgery Knotless Knotted Odds Ratio Odds Ratio Risk of Bias
Stud M-H, Fix 95Y ABCDE
Ng 2014 1 42 1 45 50.3%  1.07[0.06, 17.72] 2014 (11 XX )
Lobo 2021 0o 27 0 24 Not estimable 2021 (11171
Saccomanno 2022 1 34 1 37 49.7% 1.09[0.07, 18.15] 2022

Total (95% Cl) 103 106 100.0% 1.08 [0.15, 7.88]

Total events 2 2
Heterogeneity: Chi? = 0.00, df = 1 (P = 0.99); I = 0%
Test for overall effect: Z = 0.08 (P = 0.94)

Risk of bias legend

(A) Randomization process

(B) Deviations from the intended interventions
(C) Missing outcome data

(D) Measurement of the outcome

(E) Selection of the reported result

10 100
Favours [Knotted]

001 01 1
Favours [Knotless]

Fig. 5 Meta-analysis of rate of revision surgery. The blue squares represent the effect estimate of the individual studies and the horizontal lines indicate
the confidence interval, and the dimension of the square reflects the weight of each study. The black diamond represents the combined point estimate

and confidence intervals

focuses and limitations. Morrissey et al. [32] conducted
a Level IV review of four studies with 148 patients. They
compared sliding and nonsliding knot techniques, find-
ing a slightly lower failure rate for sliding knots at 3.2%
versus 4.7%. Limited evidence quality prevented firm

conclusions. Matache et al. [33] performed a Level III
review of four cohort studies on knotless versus knotted
anchors for labral repair. They found inconclusive differ-
ences due to scarce comparative data. Mei et al. [29] con-
ducted a Level IV review of four cohort studies and six
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Anchor number Knotless Knotted Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI ABCDE
Ng 2014 405 42 405 45 27.3% 000[-021,0.21] 2014 00020
Lobo 2021 29 03 27 3 02 24 628% -0.10[-0.24,0.04] 2021 (1117
Saccomanno 2022 307 34 308 37 99% 000[-0.35035 2022 97200
Total (95% Cl) 103 106 100.0% -0.06 [-0.17, 0.05]

Heterogeneity: Chi? = 0.74, df = 2 (P = 0.69); 1> = 0%
Test for overall effect: Z=1.12 (P = 0.26)

Risk of bias legend

(A) Randomization process

(B) Deviations from the intended interventions
(C) Missing outcome data

(D) Measurement of the outcome
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Fig. 6 Meta-analysis of anchor number. The green squares represent the effect estimate of the individual studies and the horizontal lines indicate the
confidence interval, and the dimension of the square reflects the weight of each study. The black diamond represents the combined point estimate and
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indicate the confidence interval, and the dimension of the square reflects the weight of each study. The black diamond represents the combined point

estimate and confidence intervals

case series, reporting recurrence rates from 2.2 to 14.7%
for knotted repairs and 1.5-23.8% for knotless repairs.
They suggested knotless repairs might be effective but
noted weak evidence from non-comparative studies.
These reviews struggled with insufficient direct compari-
sons and lower-quality evidence, preventing meta-analy-
sis. A recent systematic review by Jain et al. [46] examined
nine studies with 720 patients, finding no clear difference
in clinical outcomes between techniques. Although their
findings align with ours, our study employs a distinct
approach. We performed the first meta-analysis of RCTs
for this comparison and analyzed non-randomized stud-
ies separately for improved precision [47]. Our criteria
required clear surgical technique descriptions, prompt-
ing us to exclude a database cohort study by Bents et
al. [48] from Jain et al’s review for lacking detail. With a
more recent search, we also included an additional con-
temporary study [41], bolstering the strength and timeli-
ness of our evidence. Biomechanical studies on knotless
and knotted suture anchors for labral repairs yield varied
results, with some demonstrating equivalence and oth-
ers highlighting differences. Some studies [49-51] found
no significant differences in first failure load, ultimate
load, stiffness, or elongation between the two anchor
types, while LeVasseur et al. [52] and Slabaugh et al. [53]

noted comparable capsular tension restoration and labral
height increases, with knotless anchors showing only
minor, non-significant advantages. Conversely, Leedle
and Miller [54] reported greater pullout strength for
knotless anchors, Nho et al. [55] observed lower displace-
ment loads for knotless designs despite similar ultimate
loads, and Ranawat et al. [56] identified a slightly higher
ultimate load for knotted anchors, though both predomi-
nantly failed at the suture-tissue interface. Sileo et al. [57]
further suggested knotted anchors outperformed knot-
less ones in SLAP repairs for higher failure loads. Despite
these biomechanical insights, our meta-analysis of clini-
cal outcomes revealed no significant differences in re-
dislocation rates or functional scores between knotless
and knotted Bankart repairs, indicating that laboratory
advantages may not translate into clinical benefits and
affirming both techniques as effective options.
Biomechanical studies have identified distinct failure
mechanisms for knotted and knotless suture anchors.
Failures associated with knotted anchors are primar-
ily related to knot security [55, 56]. Given the limited
working space in the inferior glenoid region, consis-
tently tying secure and well-tensioned knots during
arthroscopic Bankart repair can be technically challeng-
ing [28]. Previous laboratory studies have demonstrated
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Table 4 Summary of the non-pooled outcomes

Study LOE Knotless group Knotted group P
Re-dislocation

Cho Il 5/21(23.8%) 3/61 (4.9%) 0.012
Kocaoglu 1lI 1/20 (5%) 1/18 (5.6%) NR
Wu Il 3/34 (8.8%) 10/68 (14.7%) NR
Shim Il 4/54 (7.4%) 6/61 (9.8%) 0.710
Johnson Il 15/86 (17.4%) 4/36 (11.1%) 0379
Minkus Il 1/31(3.2%) 5/30 (16.7%) 0.041
Recurrent anterior subluxation and positive apprehension test
Kocaoglu I 0/20 (0%) 0/18 (0%) NR
Wu Il 10/34 (29.4%) 24/68 (35.3%) NR
Shim Il 12/54 (22.2%) 11/61 (18.0%) 0415
Revision surgery

Cho Il 4/21 (16.7%) 1/61 (1.6%) NR
Kocaoglu 1lI 1/20 (5.0%) 1/18 (5.6%) NR
Wu Il 1/34 (2.9%) 12/68 (17.6%) NR
Shim Il 2/54 (3.7%) 3/61 (4.9%) NR
Johnson Il 9/86 (10.5%) 3/36 (8.3%) 0379
Minkus Il 1/31 (3.2%) 4/30 (13.3%) NR
Operative time (minutes)

Ng Il 65+12,n=42 74+14,n=45 0325
Shim Il 60+14,n=>54 64+15,n=061 0.195
Johnson Il 89.86+£21.09,n=86 11264+2541,n=36 <0.001
Improvement of CMS

Cho Il 20+11,n=21 29+7,n=61 NR
Ng Il 27+8,n=42 28+9,n=45 NR
Reduction of VAS

Cho Il 15+£27,n=21 19+2.1,n=61 NR
Ng Il 19+23,n=42 1.8+2.1,n=45 NR
Shim Il 25+52,n=54 33+2.7,n=54 NR
Improvement of forward flexion

Cho Il 4+56,n=21 1£56,n=61 NR
Ng Il 3+38,n=42 2+3.5n=45 0.576
Shim Il 1+64,n=54 3+84,n=54 NR
Improvement of external rotation

Cho Il -4+138,n=21 -4+12.1,n=61 NR
Ng Il -4+12,n=42 -3+10,n=45 0.647
Shim Il -3+£11.8,n=54 -1+£19.7,n=54 NR

LOE, level of evidence; NR, not reported

considerable variability in the mechanical strength of
arthroscopic knots, depending on the knot type and the
surgeon technique [58]. In comparison, knotless anchors
most commonly fail due to suture pull-through. Despite
these biomechanical differences, the findings of this
meta-analysis showed no significant difference in clini-
cal outcomes, including rates of recurrent instability and
revision surgery, suggesting similar clinical reliability
between the two techniques. The knotless technique has
been suggested to reduce the risk of knot-related compli-
cations such as knot migration and impingement, which
may potentially cause cartilage damage to the glenoid
or humeral head [16, 30, 32, 33]. However, none of the
included studies reported such complications in either
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group. Furthermore, the only study that performed post-
operative MRI found no signs of knot impingement in
either the knotted or knotless group. While knot-related
complications have been occasionally reported in pro-
cedures involving the rotator cuff or SLAP lesions [10,
11, 13-15], there is insufficient evidence to suggest that
such complications occur following arthroscopic Bankart
repair. Based on the current results and available litera-
ture, the knotless technique does not appear to provide
a clear advantage in terms of reducing postoperative
complications.

The only potential advantage identified in this study
was that the knotless technique may lead to a slightly
shorter surgical duration compared to the knotted tech-
nique, with an average difference of about 10 min based
on non-pooled operative time data. Although this reduc-
tion appears modest, its clinical significance remains
uncertain, as previous studies have associated increased
risks of complications, such as surgical site infection and
venous thromboembolism, with operative time increases
of 15 min or more [59, 60]. Interestingly, a 2019 retro-
spective cohort study comparing knotless and knotted
double-row arthroscopic rotator cuff repairs reported
that, despite higher implant costs in the knotless group,
the total surgical cost was significantly lower due to
reduced operative time [61]. This suggests that time sav-
ing may lead to overall cost benefits. While current evi-
dence does not demonstrate a clear clinical outcome
advantage or a consistent reduction in surgical duration
and associated risks for the knotless technique, we con-
sider that its lower technical complexity may help less
experienced surgeons save operative time, particularly in
procedures that extend beyond a standard Bankart repair.
Therefore, the choice between knotted and knotless tech-
niques may be best guided by surgeon experience, famil-
iarity with the technique, case-specific requirements, and
cost considerations, rather than by any demonstrated
clinical superiority of one method over the other.

This study has several limitations. First, the number
of eligible studies was limited due to the strict inclusion
criteria requiring direct comparisons between knotted
and knotless techniques. Second, not all included stud-
ies were RCTs, resulting in an overall level of evidence of
III. Moreover, not all studies achieved an excellent quality
rating, with some studies limited by methodological con-
straints, which to some extent undermines the reliability
of the overall evidence quality. Third, although baseline
characteristics were generally comparable, differences
in factors such as preoperative glenoid bone loss, surgi-
cal experience, rehabilitation protocols, and follow-up
durations were unavoidable. In addition, the use of the
Remplissage procedure varied among studies, which may
limit the applicability of the results to isolated Bankart
repair. Specifically, two studies [41, 44] explicitly reported
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performing Remplissage in cases with significant Hill-
Sachs lesions, one study [34] confirmed its absence,
and the remaining six studies [35, 36, 40, 42, 43, 45] did
not clarify whether Remplissage was used. Although no
adverse events were reported in the included studies,
complications such as knot impingement and glenoid
erosion have been documented in previous literature [10,
11, 16]. The absence of reported events in this review
may reflect incomplete reporting or insufficient follow-
up rather than a true absence of complications. Only one
study reported radiographic outcomes at 24 months, and
only one had a follow-up exceeding four years, which is
considered the minimum duration for evaluating the
effectiveness of arthroscopic Bankart repair [62]. Last,
some cohort studies were assessed as having a high risk
of bias in some domains, which may affect the reliability
of the non-pooled results. More high-quality studies with
longer follow-up are needed to validate these findings.

Conclusions

Both techniques demonstrate comparable shoulder sta-
bility, revision surgery rates, number of anchors used,
improvements in pain and function, ROM, adverse
events, and limited radiological outcomes at 24-month
follow-up. The only potential advantage of the knot-
less technique is a possible reduction in operative time,
though its clinical significance remains uncertain. Given
the limitations of small sample sizes, variable evidence
quality, and predominantly short-term follow-up, these
findings should be interpreted cautiously. Further high-
quality, long-term studies are needed to substantiate
these findings.
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