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Excellent Functional Outcomes and Low ®
Complication Rates Following Knotless Arthroscopic
Bankart Repair: A Systematic Review of Clinical and

Biomechanical Studies
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Purpose: To provide a comprehensive review of the current clinical and biomechanical evidence for the use of knotless
suture anchors during arthroscopic Bankart repair. Methods: A comprehensive search of 5 electronic databases from
inception to July 2020 was performed for clinical and biomechanical studies in English evaluating outcomes following
arthroscopic Bankart repair using knotless suture anchors. Two independent reviewers assessed articles for inclusion. Risk
of bias was assessed using the Methodological Index for Non-Randomized Studies (MINORs) criteria. Clinical outcomes of
interest and key findings from biomechanical studies were summarized. Results: Ten clinical studies (430 knotless re-
pairs), including 4 cohort studies directly comparing knotless (N = 117) to knot-tying repairs (N = 192), were deemed
eligible. Four biomechanical studies were also identified. Heterogeneity and the lack of randomized studies precluded data
pooling and quantitative meta-analysis. Rates of redislocation ranged from 2.2% to 14.7% and 1.5% to 23.8% for knot-
tying and knotless repair, respectively. Both knot-tying and knotless repair demonstrated excellent postoperative func-
tional outcome, as assessed by visual analog scale, Constant-Murley, Rowe, and QuickDASH scores, with 80% to 94% of
patients returning to sports participation. Biomechanical studies showed similar stiffness and load to failure between knot-
tying and knotless repairs, with the most common mode of failure being retear at the suture—soft tissue interface.
Conclusions: Current level II to IV clinical and biomechanical evidence supports knotless arthroscopic Bankart repair as
an effective procedure with excellent functional outcomes and low rates of complication and reoperation. Level of
Evidence: Level IV, systematic review of level II to IV studies.

Arthroscopic Bankart repair using suture anchors is
a widely accepted method of restoring labral
anatomy, with results similar to that of open stabiliza-
tion.'” The benefits of arthroscopic surgery include
faster return to activity, smaller surgical scars, improved
range of motion, and shorter hospital stay.’
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Two techniques of capsulolabral repair with different
suture anchor designs have been described in the
literature: a traditional arthroscopic knot-tying tech-
nique and a knotless technique. While both are widely
used, knotless suture anchors are becoming increas-
ingly popular due to their potential to mitigate com-
plications associated with arthroscopic knot tying such
as knot migration and soft tissue irritation from a high-
profile knot. Another proposed advantage of knotless
repair is improved efficiency and reproducibility sec-
ondary to avoiding the technical challenge of arthro-
scopic knot tying and subsequent improved workflow.*

The current available clinical outcome data on knotless
arthroscopic Bankart repair are limited to small, single-
center series. Furthermore, there remains a lack of
consensus and clinical equipoise regarding the use of
traditional knot-tying vs knotless techniques. The pur-
pose of this study was to provide a comprehensive review
of the current clinical and biomechanical evidence for the
use of knotless suture anchors during arthroscopic
Bankart repair. We hypothesized that arthroscopic
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Bankart repair using knotless suture anchors will provide
excellent functional outcomes and low rates of compli-
cation and reoperation.

Methods

Literature Search

A systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines.” Studies were identified us-
ing the following electronic databases: MEDLINE,
MEDLINE In-Process, EMBASE, Cochrane Database of
Systematic Reviews, and Cochrane Controlled Trials
Register. The databases were searched from inception
to July 2020 using the following MeSH headings and
text keywords: shoulder, suture, knots, anchors, knot-
less, bioknotless, and traditional knot. The full elec-
tronic search strategy is presented in the Appendix. The
cited literature in the included studies was also
reviewed to identify any additional relevant articles not
found in our initial literature search.

Inclusion and Exclusion Criteria

All studies reporting clinical outcomes among patients
aged 16 years and older following knotless arthroscopic
Bankart repair with a minimum 2-year follow-up were
included. Given the relative novelty of knotless suture
anchors and the scarcity of level I evidence available,
we chose to include nonrandomized studies. In addi-
tion, biomechanical studies comparing knot-tying and
knotless Bankart repair were included. Studies were
excluded if they evaluated patients with bony Bankart

Table 1. Inclusion and Exclusion Criteria

X. Y. MEI ET AL.

lesions, significant glenoid or humeral head bone loss,
SLAP tears, humeral avulsion of glenohumeral liga-
ment lesions, open Bankart repairs, or revision pro-
cedures. Review articles, technical descriptions, studies
with less than 2 years of clinical follow-up, and studies
with a sample size <10 patients were also excluded. A
full description of inclusion and exclusion criteria is
presented in Table 1.

Clinical outcomes of interest were visual analog scale
(VAS) pain score, Constant-Murley score, Rowe
shoulder score, QuickDASH score, and rates of recur-
rent instability, anchor pull-out, reoperation, and re-
turn to sport percentage.

Study Selection and Data Abstraction

All abstracts and titles were reviewed independently in
an unbiased standardized manner by 2 authors (X.Y.M.
and U.S.). The abstracts were sorted by predefined in-
clusion criteria and classified as relevant, possibly rele-
vant, or irrelevant. Full-text review of the “possibly
relevant” studies was done for further clarification.
Disagreement between reviewers was resolved through
discussion and consensus with the senior author (J.A.).

The following data were extracted from each clinical
study meeting the inclusion criteria: study design, patient
sample and characteristics (including mean age, male to
female ratio), preoperative differences between cohorts,
outcomes studied, and measures of association between
intervention and various outcomes, including P values.
Data extracted from biomechanical studies include study
design, implants used, construct stiffness, load to failure,
failure mode, and main study conclusions.

Characteristic Inclusion Exclusion
Patients Adult (skeletally mature) patients ages 16 years and older Pediatric patients
Diagnosis of soft tissue Bankart lesion Open surgery
Undergoing arthroscopic surgical repair Revision surgery
Bony Bankart lesion
Significant glenoid/humeral head bone loss
SLAP tears
HAGL lesions
Outcomes Constant score N/A

Rowe score
Visual analog scale pain score
Patient satisfaction
Postoperative range of motion
Resubluxation/redislocation
Reoperation

Study design

Bankart repair

Case series (level IV studies) describing knotless Bankart

repair

Biomechanical studies comparing knot-tying and knotless

Bankart repair

Randomized (level I) and nonrandomized (levels II-1II)
comparative studies comparing knot-tying and knotless

Case series (Level IV studies) describing traditional knot-tying
Bankart repair

Case reports

Commentaries or editorials

Review articles

Meta-analyses/systematic reviews

Postoperative follow-up <2 years

HAGL, humeral avulsion of glenohumeral ligament; N/A, not applicable.
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Fig 1. Flow diagram demonstrating the selection of studies for the systematic review.

Methodological Quality Assessment and Risk of
Bias

Two authors (X.Y.M. and U.S.) independently rated
the methodological quality of each included clinical
study using the Methodological Index for Non-
Randomized Studies (MINORS) criteria,® which is a
validated 8- or 12-item checklist designed to analyze
the quality of noncomparative and comparative, non-
randomized, surgical studies. Each checklist item is
scored from 0 to 2 based on whether it is not addressed,
partially addressed, or completed addressed by the
study in question.

Statistical Analysis

Descriptive statistics were used to summarize patient
demographic characteristics and outcome measures.
Forest plots were constructed to visualize outcomes of
interest across studies. Data heterogeneity was quantified
using the I” statistic. An I* value of 0% represents no
heterogeneity, and values of 25%, 50%, and >75%
represent low, moderate, and high levels of heterogene-
ity, respectively.” All statistical analyses were performed

using Cochrane Review Manager Version 5.3 (Cochrane
Collaboration).

Results

Study Characteristics

The initial search yielded 3940 citations following the
exclusion of duplicates. Ten clinical studies and 4
biomechanical studies were deemed eligible following
this rigorous review process. The process of study se-
lection is included in Fig 1.

Four cohort studies directly comparing knot-tying and
knotless Bankart repair and 6 case series evaluating
knotless repair met inclusion criteria. A total of 192 knot-
tying and 430 knotless arthroscopic Bankart repairs were
included. Surgical date ranged from 1999 to 2011, and
sample size ranged from 20 to 102 patients. Mean re-
ported age ranged from 22 to 26.7 years, with 85.5%
(532/622) male patients. Mean duration of follow-up
ranged from 2.3 to 8 years. Knot configurations used in
knot-tying repair included horizontal mattress,® sliding
hangman'’s knot with alternating half-stitches,”'’ and



Table 2. Demographic and Outcome Data

of the Included Clinical Studies

Study Design Mean Mean Anchor Reoperation
(Level Date of KT, KL, Age, Mean Follow-up, Mean Constant Rowe Mean VAS Recurrent Pullout for Instability
Study (Year) of Evidence)  Surgery No. No. M:F (Range), y (Range) Score Score (Maximum 10) Instability (%) (%) (%)
Ng et al.'? Prospective  2007-2011 45 42 77:11 21 (17-31) 2.7y (2.0-3.7y) KT: 64 to 92 NR KT: 2.5 to 0.7 KT: 1 (2.2%) None KT: 1 (2.2%)
(2014) cohort (II) (P =.024) (P=.017) KL: 1 (2.4%) KL: 1 (2.4%)
KL: 62 to 89 KL: 2.8 t0 0.9
(P =.019) (P=.011)
Kocaoglu Prospective  2004-2006 18 20 26:12 23 (17-32) 40 mo (26-56 mo) NR KT: 41 to 92 NR KT: 1 (5.6%) None KT: 1 (5.6%)
etal.” (2009)  cohort (IT) (P = .0032) KL: 1 (8.3%) KL: 1 (8.3%)
KL: 43 to 91
(P = .0038)
Wu et al.® Retrospective NR 68 34 89:13 22.5 48 25y NR KT: 92.2 KT: 0.8 post KT: 10 (14.7%) None KT: 10 (14.7%)
(2020) cohort (IIT) postoperatively  operatively KL: 3 (8.8%) KL: 1 (2.9%)
KL: 90.5 KL: 1.3
postoperatively postoperatively
Cho et al."! Retrospective 2001-2002 61 21 75:7 24 (16-42) 29 mo (24-42 mo) KT: 621091 KT:45t093 KT:2.3t00.4 KT: 3 (4.9%) None KT: 1 (1.6%)
(2006) cohort (IIT) (P < .001) (P < .001) (P < .01) KL: 5 (23.8%) KL: 4 (19.0%)
KL: 66 to 86  KL: 42 to 86 KL: 3.2 to 1.7
(P < .001) (P < .001) (NS)
Alentorn-Geli Case series (IV) 2002-2009 - 57 57:0 22 (16-28) 8y (5-10y) NR 80 post NR 6 (10.5%) None 4 (7.0%)
et al."” operatively
(2016)
Stein et al.'>  Case series (IV) 2006-2007 - 47 39:8 26.9 32 mo 67.1 to 94.0 61.6 t0 95.9 NR 5 (10.6%) None 5 (10.6%)
(2011) (P < .001) (P < .001)
Park et al.'® Case series (IV) 2001-2005 - 69 57:12 26 (17-51) 40 mo (23-60 mo) NR 43.1 to0 93.8 3.4t0 0.9 1 (1.5%) 2 (2.9%) 1 (1.5%)
(2009) (P < .01) (P < .01)
Thal et al.'>  Case series (IV) 1998-2003 - 73 57:16 26.7 (16-64)  NR (2-7 y) NR 41 t0 93.4 NR 5 (6.9%) None 4 (5.5%)
(2007) (P < .001)
Hayashida Case series (IV) 2000-2002 - 47 38:9 26 (16-49) 28 mo (24-38) NR 31 to 91 NR 3 (6.4%) 1(2.1%) 1(2.1%)
etal.'” (P < .001)
(2006)
Garofalo Case series (IV) 1999-2000 - 20 17:3 23.2 (24-34) 43 mo (36-48 mo) 92 post 93 post 3 patients had 1 (5.0%) None None
et al.'” operatively operatively 1-2/10 post
(2005) operatively

KL, knotless Bankart repair; KT, knot-tying Bankart repair; NR, not reported; NS, not significant; VAS, visual analog scale.
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Table 3. Risk of Bias Assessment: Methodological Index for Non-Randomized Studies (MINORS) Score and Subscale

Statistical
Analyses
Adapted

Baseline

Gold
Sample Size Standard Contemporary Equivalence to Study

Prospective

Unbiased
Appropriate Evaluation of Appropriate

Prospective

Cumulative Clearly

Loss to

Data
Collection

Stated Consecutive

Aim

MINORS

Design

of Groups

Follow-up Follow-up Calculation Control Groups

Score Patients Endpoint Endpoints

21

Study (Year)

Ng et al.'” (2014)

19

16

20

Kocaoglu et al.” (2009)
Wu et al.® (2020)

Cho et al."' (2006)

Alentorn-Geli et al.'*

(2016)
Stein et al.'? (2011)

Park et al.'® (2009)

13
12
13
10

Thal et al."” (2007)

KNOTLESS ARTHROSCOPIC BANKART REPAIR

Hayashida et al."” (2006)

11

Garofalo et al.'” (2005)
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nonsliding Revo knot with alternating half-stitches."’
Most knotless anchors used are PEEK (polyether ether
ketone) anchors manufactured by Arthrex (Push-
Lock)®'%'? or Depuy (Mitek Bioknotless).""'*'* Three
case series on knotless repair used metallic knotless an-
chors manufactured by Depuy.'”’” A summary of
included clinical studies is presented in Table 2.

Methodologic Quality Assessment and Risk of Bias

Four cohort studies and 6 case series underwent
methodologic quality assessment using MINORS
criteria. This is summarized in Table 3. All studies
clearly stated the primary aim and had appropriate
length of follow-up. All comparative studies had
contemporary control groups with equivalent baseline
patient characteristics and performed appropriate sta-
tistical analyses. No studies prospectively calculated
sample size or evaluated clinical endpoints in a blinded
fashion. Approximately half the studies were retro-
spective in nature and had greater than 5% loss to
follow-up. The mean cumulative MINORS score was 19
of 24 (16-21) for comparative studies and 11.2 of 16
(8-13) for case series. Data pooling and quantitative
meta-analysis were not possible due to the low level of
evidence and heterogeneity across studies.

Recurrent Instability and Reoperation

All 10 clinical studies,”'” involving 192 knot-tying
and 430 knotless repairs, reported rates of recurrent
instability and reoperation. Forest plots summarizing
consistently reported outcomes from individual studies
with corresponding effect sizes are presented in Fig 2
and Fig 3. Rates of redislocation ranged from 2.2% to
14.7% and 1.5% to 23.8% for knot-tying and knotless
repair, respectively. Rates of reoperation for instability
ranged from 2.2% to 14.7% and 0% to 19.0% for knot-
tying and knotless repair, respectively. There was
moderate heterogeneity across studies for both recur-
rent instability (I = 42%) and reoperation for insta-
bility (I = 37%).

Two of the 4 cohort studies comparing knot-tying and
knotless repair”'’ reported no difference in the rate of
redislocation between groups. Cho et al.'' reported
significantly higher redislocation rates in their knotless
group compared to their knot-tying group (23.8% vs
4.9%, P = .012). Of note, their study cohort underwent
surgery at an earlier time period (2001-2002) using a
different design of knotless suture anchor in comparison
to the other studies included in this review. Conversely,
Wu et al.® reported significantly higher rates of
resubluxation (28% vs 9%, P = .039) but not redis-
location (15% vs 9%, P > .05) or reoperation (18% vs
3%, P > .05) in the knot-tying group as compared with
the knotless group.

Patient risk factors for recurrent instability such as
glenoid bone loss and large Hill-Sachs lesions are not
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Proportion

Study or Subgroup 1V, Random, 95% CI

X. Y. MEI ET AL.

Proportion
1V, Random, 95% CI

KL - Alentorn et al. 2016
KL - Cho et al. 2006

KL - Garofalo et al. 2005
KL - Hayashida et al. 2006
KL - Kocaoglu et al. 2009
KL - Ng et al. 2014

KL - Park et al. 2009

KL - Stein et al. 2011

KL - Thal et al. 2007

KL - Wu et al. 2020

KT - Cho et al. 2006

KT - Kocaoglu et al. 2009
KT - Ng et al. 2014

KT - Wu et al. 2020

0.10 [0.03, 0.18]
0.24 [0.06, 0.42]
0.05 [-0.05, 0.15]
0.06 [-0.01, 0.13]
0.08 [-0.04, 0.20]
0.02 [-0.02, 0.07]
0.01 [-0.01, 0.04]
0.11[0.02, 0.19]
0.07[0.01, 0.13]
0.00 [-0.10, 0.10]
0.05 [-0.01, 0.10]
0.06 [-0.05, 0.16]
0.02 [-0.02, 0.06]
0.15 [0.06, 0.23]

Fig 2. Forest plot demon-
strating reported rates of
redislocation across
included studies. KL, knot-
less Bankart repair; KT,
knot-tying Bankart repair.

Heterogeneity: Tau? = 0.00; Chi? = 22.27, df = 13 (P = 0.05); I = 42%
Test for overall effect: Z = 4.53 (P < 0.00001)

consistently reported by the included studies. Most
studies considered glenoid bone loss >20% to 25% and
off-track engaging Hill-Sachs lesions to be contraindi-
cations to arthroscopic Bankart repair. The presence of
Hill-Sachs lesions was reported by 5 studies and ranged
from 59% to 100%.%”'”'*'7 No knot-related compli-
cations such as soft tissue irritation or chondral abrasion
have been reported by the included studies.

Anchor Pullout

Two studies involving an older-design, all-metal
knotless suture anchor (Depuy Mitek) reported anchor
pullout as a complication. Hayashida et al.'” reported 1
patient (2.1%) with radiographically diagnosed anchor
pullout 2 months postoperatively. There was no pre-
ceding trauma or dislocation, and the patient was
asymptomatic with the exception of subjective shoulder
stiffness. The patient underwent arthroscopic removal
of the loose suture anchor. Intraoperative assessment
revealed slight backing out of the anchor into the
glenohumeral joint with subsequent humeral head
cartilage damage by the tail of the anchor. The

Proportion

capsulolabral repair, anchor loop, and the anchor itself
were found to be intact. The authors postulated inad-
equate depth of insertion and failure to stress the an-
chor to ensure secure fixation after insertion as possible
causes of failure.

Similarly, Park et a reported anchor pullout
requiring arthroscopic removal in 2 patients (2.9%).
Intraoperative assessment during revision surgery
revealed focal humeral head articular damage second-
ary to protruded anchor tails. Although not firmly
fixed, the protruded anchors were not freely movable
and not loose enough to be removed without effort.
Furthermore, the authors found perianchor lucency on
plain radiographs to be a risk factor for impending an-
chor pullout and redislocation.

11()

VAS

Five studies, involving 174 knot-tying and
186 knotless repairs, reported either a significant
improvement from preoperative to postoperative or
excellent postoperative VAS pain scores. The mean VAS
score ranged from 2.3 to 2.5 preoperatively and 0.4 to

8,10,11,16,17

Proportion

Fig 3. Forest plot demon-
strating reported rates of
reoperation for instability
across included studies. KL,
knotless Bankart repair; KT,
knot-tying Bankart repair.

Study or Subgroup

IV, Random, 95% CI

IV, Random, 95% CI

KL - Alentorn et al. 2016

KL - Cho et al. 2006

KL - Garofalo et al. 2005
KL - Hayashida et al. 2006
KL - Kocaoglu et al. 2009

KL - Ng et al. 2014
KL - Park et al. 2009

KL - Stein et al. 2011

KL - Thal et al. 2007
KL - Wu et al. 2020
KT - Cho et al. 2006

KT - Kocaoglu et al. 2009

KT - Ng et al. 2014
KT - Wu et al. 2020

0.07 [0.00, 0.14]
0.19 [0.02, 0.36]
Not estimable
0.02 [-0.02, 0.06]
0.08 [-0.04, 0.20]
0.02 [-0.02, 0.07]
0.01 [-0.01, 0.04]
0.11[0.02, 0.19]
0.06 [0.00, 0.11]
0.03 [-0.03, 0.09]
0.02 [-0.02, 0.05]
0.06 [-0.05, 0.16]
0.02 [-0.02, 0.06]
0.15 [0.06, 0.23]

M'H!”‘*

Heterogeneity: Tau? = 0.00; Chi? = 19.16, df = 12 (P = 0.08); I> = 37% t t
Test for overall effect: Z = 4.03 (P < 0.0001) ’
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Table 4. Summary of the Included Biomechanical Studies

No. of
Cadaver
Study (Year) Shoulders Study Design KT KL Stiffness (N/mm) Load to Failure (N) Failure Mode Conclusions
Lacheta et al.” 30 12 pairs of shoulders Two knotted  Three knotless KT simple: 40 £+ 21 KT simple: 614 + 193 Less suture slippage No difference in
(2020) randomized to 1.8-mm 1.8-mm KT mattress: 42 £+ 16 KT mattress: 819 + 263 with knotless biomechanical
knot-tying vs FiberTak FiberTak KL simple: 36 £ 16 KL simple: 696 + 135 repair (11% vs properties between
knotless repair anchors anchors KL mattress: 53 £ 28 KL mattress: 714 + 178 30%) knot-tying repair,
(contralateral (Arthrex) (Arthrex) Native labrum: 64 + 22 Native labrum: 688 + 242  Less soft tissue knotless repair, and
side): half simple failure with uninjured labrum
stitch, half mattress stitch
horizontal (36% vs 47%)
mattress stitch
Remaining 6
shoulders left
intact to test
strength of native
labrum
Martetschlager 18 6 pairs of shoulders N/A Three knotless  Suture: 86.9 + 112 Suture: 400 £+ 267 More glenoid No difference in
et al.'® randomized to 2.9-mm Tape: 72.4 + 78 Tape: 356 + 328 labrum biomechanical
(2014) knotless suture vs BioComposite Native labrum: 113 + 133 Native labrum: 535 £ 465  detachment in properties between
knotless suture PushLock repair groups knotless suture
tape repair anchors compared to repair, knotless tape
Remaining 6 loaded with native (66.7% vs repair, and
shoulders left No. 2 16.7%; P = .012) uninjured labrum
intact to test FiberWire vs Failure mode
strength of native LabralTape analysis suggests
labrum (Arthrex) repaired
capsulolabrum
complex is likely
weaker than native
attachment
Ranawat 16 8 pairs of shoulders Two knotted  Two Bioknotless KT: 19.8 £+ 9 KT: 96.9 + 95 Both repair methods No difference in
et al.”’ randomized to Bio-Suture anchors KL: 209 £ 6 KL: 125.3 £ 67 fail more biomechanical
(2013) knot-tying vs Tak anchors (Mitek) frequently at properties between
knotless repair (Arthrex) suture-tissue knot-tying and
(contralateral interface than knotless repairs
side) anchor-bone
interface
(continued)
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0.8 postoperatively in the knot-tying group and from
2.8 to 3.4 preoperatively and 0.9 to 1.7 postoperatively
in the knotless group. All improvements in mean VAS
score were statistically significant except for the knot-
less group in Cho etal."' (3.2t0 1.7, P> .05). Wu et al.?
reported a higher VAS score at rest in the knotless
repair group (0.7 vs 0.1, P = .021). Other comparative
studies did not find any statistically significant differ-
ence between groups.

Conclusions
knotless repair with

cyclical loading up

to 25 N
Knotless repair may

have lower
be more prone to

biomechanical
properties between
knot-tying and
ultimate load to
failure than knot-
tying repair (may
failure after
macrotraumatic
event)

Constant-Murley Score

Four studies,'*'*'” involving 106 knot-tying and 130
knotless repairs, reported either a significant improve-
ment from preoperative to postoperative or excellent
postoperative Constant scores. The mean Constant
score ranged from 62 to 64 preoperatively and 91 to 92
postoperatively in the knot-tying group and from 62 to
67.1 preoperatively and 86 to 94 postoperatively in the
knotless group. All improvements in mean Constant
score were statistically significant. No statistically sig-
nificant difference between knot-tying and knotless
groups was found.'%"!

Failure Mode
No consistent trend No difference in

Load to Failure (N)

SSA: 184 £+ 65
HMA: 189 + 65

DSA: 217 + 62
KSA: 103 £+ 53

Rowe Shoulder Score

Nine studies,””'"""” involving 147 knot-tying and
388 knotless repairs, reported either a significant
improvement from preoperative to postoperative or
excellent postoperative Rowe shoulder scores. The
mean Rowe score ranged from 41 to 45 preoperatively
and 92 to 93 postoperatively in the knot-tying group
and from 31 to 61.6 preoperatively and 80 to 95.9
postoperatively in the knotless group. All improve-
ments in mean Rowe score were statistically significant.
No statistically significant difference between knot-
tying and knotless groups was found.*”"!

Stiffness (N/mm)

SSA: 35+ 6
HMA: 62 + 48

DSA: 36 + 8
KSA: 39 + 14

KL
Two 2.9-mm
PEEK
PushLock
anchors
(Arthrex)

QuickDASH Score

Two studies,®'" involving 68 knot-tying and 91
knotless repairs, reported excellent postoperative
QuickDASH scores. Wu et al.® reported mean post-
operative QuickDASH scores of 3.0 and 4.1 in knot-tying
and knotless groups, respectively, with no difference
between groups. Similarly, Alentorn-Geli et al.'"* re-
ported a mean postoperative QuickDASH score of 2.3.

KT

Two 3.0-mm

PEEK
SutureTak
anchors
(Arthrex)

Return to Sport

Four studies,®'*"'*'” involving 68 knot-tying and 180
knotless repairs, reported return-to-sport percentages
ranging from 80% to 94% among both repair tech-
niques. The type of sport involved included both
noncontact sports such as tennis and swimming, as well
as contact sports such as soccer and American football.

Study Design
single-loaded
simple stitch
repairs (SSAs)
5 knot-tying
mattress repairs
(HMAs)

horizontal
repairs (DSAs)

10 knotless
repairs (KSAs)

10 knot-tying
5 knot-tying
double-loaded
simple stitch

30

No. of
Cadaver
Shoulders

Biomechanical Studies
Four biomechanical studies involving a total of 94
cadaveric shoulder specimens were included. Most

KL, knotless Bankart repair; KT, knot-tying Bankart repair; N/A, not applicable.

Study (Year)

Nho et al.'”
(2010)

Table 4. Continued
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studies found no difference in biomechanical properties
between knot-tying repair, knotless repair, and unin-
jured native labrum. In addition, the studies found that
failure most frequently involved a retear at the repaired
capsulolabral junction. Study design and main findings
of the 4 biomechanical studies™'®?’ included in this
review are summarized in Table 4.

Lacheta et al.” compared the biomechanical proper-
ties of knot-tying and knotless Bankart repairs using
No. 2 FiberWire suture in either simple interrupted or
horizontal mattress knot patterns in a 2-by-2 factorial
design study involving 30 cadaveric shoulders. They
found no differences in stiffness and load to failure
between knot-tying repair, knotless repair, and unin-
jured labrum, regardless of suture pattern. Failure
mode analysis revealed less suture slippage with knot-
less repair (11% vs 30%) and less soft tissue failure
with the mattress suture pattern (36% vs 47%).

Martetschliger et al.'® compared knotless Bankart
repair using No. 2 FiberWire suture vs suture tape. The
authors found no differences in stiffness and load to
failure between the 2 repair techniques and uninjured
labrum. However, failure mode analysis showed more
labral detachment in the repair groups compared with
uninjured labrum (66.7% vs 16.7%), suggesting that
the repaired capsulolabrum complex is likely still
weaker than native, uninjured labrum despite similar
performance on biomechanical testing.

Ranawat et al.”’ compared knot-tying and knotless
repair in 16 cadaveric shoulders and found no differ-
ences in stiffness and load to failure. Interestingly,
failure mode analysis showed that both repair methods
fail more frequently at the suture-tissue interface than
at the anchor-bone interface.

Finally, Nho et al."” compared biomechanical proper-
ties and modes of failure of 3 types of knot-tying repair
(single-loaded simple stitch, horizontal mattress, and
double-loaded simple stitch) with knotless repair in 30
cadaveric shoulders. The authors examined both ulti-
mate load to failure (defined as anchor pullout, suture
tear, or tear at the glenolabral junction or capsulolabral
tissue), as well as load to 2-mm displacement of the
repair. The repairs were stressed to failure both without
cyclical loading, as well as following 100 cycles of cyclical
loading from 5 to 25 Newtons, which was thought to
more closely emulate shoulder biomechanics in the
clinical setting. The authors found decreased load to
2-mm displacement without cyclic loading and
decreased ultimate load to failure following cyclical
loading in the knotless repair group. The authors
concluded that knotless repair may be more prone to
failure after a macrotraumatic event in the early post-
operative period. The mode of failure in the knotless
repair group was anchor pullout in 40% of cases and
tear at the capsulolabral junction in 60% of cases.
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Discussion

The principal finding from this investigation was that
current level II to IV clinical evidence supports knotless
arthroscopic Bankart repair as a safe and effective
procedure with excellent postoperative functional
outcome scores and low rates of recurrent instability
and reoperation. Furthermore, current biomechanical
evidence demonstrated no significant difference in
stiffness and load to failure between knot-tying and
knotless anchors, with the most common form of
knotless anchor failure being retear at the capsulolabral
junction.

The number of suture anchors required for successful
arthroscopic Bankart repair has been well studied in the
literature, with most studies recommending placing a
minimum of 3°' or 4% anchors to minimize risk of
recurrent instability. Most studies included in our sys-
tematic review reported using 3 to 4 anchors, with the
exception of Garofalo et al.,'” who used 2 anchors in
40% (8/20) of their patients and reported a 5% (1/20)
incidence of recurrent instability. The relatively low
rate of recurrent instability across studies supports the
current consensus of using a minimum of 3 to 4 suture
anchors.

The knot in suture repairs is consistently the weakest
point in the capsulolabral repair construct.”> To com-
pound matters, considerable variations in knot strength
exist between arthroscopic knots tied by surgeons. The
literature has shown variation in knot strength to be a
multifactorial phenomenon that is affected by both
biomechanical factors such as suture material and knot
configuration, as well as intrinsic variations in surgeon
performance. Kuptniratsaikul et al.”* compared the
loop security of the Weston, Chula, SMC, and Ten-
nessee sliding knots using MagnumWire, Hi-Fi, and
FiberWire sutures and found considerable variation in
loop security across different knot-suture combinations.
Similarly, Hassinger et al.”” found significant differ-
ences in loop security and knot security across 10
commonly used arthroscopic knots tied using the same
suture material, suggesting that biomechanical factors
such as knot type and suture material contribute to
variation in knot strength. Furthermore, Hanypsiak
et al.”® found not only considerable variations in knot
strength between different surgeons but also inconsis-
tency in tying 5 knots consecutively within individual
surgeons. This inability to consistently tie high-quality
arthroscopic knots has been identified as a drawback
of knot-tying Bankart repair that would be remedied
with knotless anchors.

The biomechanical strength of the conventional knot
has been demonstrated to be superior to knotless
technique in ex vivo studies.”” However, disadvantages
of the traditional knot-tying technique include tech-
nical difficulty, high profile of the knot, and potential
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abrasion injury to the articular surface and surrounding
soft tissues by the knot itself.”** Conversely, knotless
suture anchors are technically less demanding and a
reproducible means to repair labral injuries. The major
drawbacks, however, in knotless technique are late
disengagement of the anchor from the glenoid, as
demonstrated in biomechanical studies,”” and gap for-
mation between bone and soft tissues in cadaveric
studies.”’ Moreover, the knotless technique is limited to
the implant device as it is typically available in a single-
suture configuration. Additional soft tissue fixation
would require insertion of another anchor, making
knotless anchors less amenable to bone-sparing tech-
nique and adding further monetary costs to the case.

While anchor pullout is possible with any type of
anchor, failure occurs more commonly at the suture-
tissue interface. A biomechanical study by Ranawat
et al.?” found significantly more failures at the suture-
tissue interface compared with pullout at the anchor-
bone interface (23/32 vs 9/32 anchors; P = .02). This
is consistent with findings from our systematic review,
which demonstrated a 0.7% (3/430) cumulative inci-
dence for anchor pullout among knotless suture an-
chors. Interestingly, all 3 cases of anchor pullout
occurred with all-metal anchors (Depuy Mitek) and
were coincidentally diagnosed by routine postoperative
plain radiographs in asymptomatic patients. Given that
no cases of pullout occurred with biocomposite an-
chors, there exists the possibility that this complication
may be associated with anchor design. The authors also
postulated inadequate depth of insertion and failure to
stress the anchor to ensure secure fixation after inser-
tion as possible causes of pullout. All 3 patients un-
derwent arthroscopic removal of the loose anchor and
had intraoperative finding of humeral head cartilage
damage from the backed-out anchor. All other patients
who underwent revision surgery for recurrent insta-
bility had retear of the repaired capsulolabral junction
with no evidence of anchor damage or pullout.
Together, these findings suggest that anchor pullout is a
serious complication associated with a high incidence of
glenohumeral chondrosis but is fortunately very rare
with modern biocomposite anchor designs.

Another proposed advantage of knotless suture an-
chors is potential cost-savings secondary to shorter
operative time. While no study to date on knotless
Bankart repair had examined operative time and
overall surgical cost, this topic is beginning to be
explored in the rotator cuff literature. A 2019 retro-
spective cohort study by Burns et al.’” evaluated the
surgical cost and clinical outcomes associated with 35
knot-tying and 54 knotless double-row arthroscopic
rotator cuff repairs. The authors found that despite
having higher implant costs ($2127 vs $1520; P < .01),
the knotless group had significantly lower overall sur-
gical cost ($3788 vs $4263; P < .01) due to significantly
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shorter operative time (43.5 vs 80 minutes; P < .001).
No statistically significant differences in functional
outcome were found between groups, as evaluated by
the VAS, Simple Shoulder Test, American Shoulder and
Elbow Surgeons, and University of California at Los
Angeles scores. Shorter operative time results in not
only significant cost-savings for the health care system
but may also decrease the side effects associated with
general anaesthesia such as nausea, vomiting, and
somnolence. Given the promising early results from the
rotator cuff literature, this issue warrants further
exploration in future Bankart repair studies.

The strengths of this study include its comprehensive
literature review, rigorous methodology, and the fact
that it addresses a clinical question that has demon-
strated clinical equipoise in the literature to date. At
present, there is insufficient evidence to support the use
of one type of anchor over another. Both traditional
and knotless suture anchors have demonstrated excel-
lent results in the current body of literature. Further
scientific investigation is warranted to determine if su-
periority of one technique exists. Given that the dif-
ferences in outcomes between traditional and knotless
groups across studies were small, a power analysis
would be useful to determine how many subjects
would be needed to appropriately power such a trial
and minimize the risk of type II error. Future research
addressing the issue of traditional vs knotless arthro-
scopic sutures should use a randomized study design to
evenly distribute random variation between treatment
groups, and it should include a large number of study
subjects from a diverse, generalizable population.
Appropriate subgroup analysis would be necessary to
study patients with varying demographic profiles and
activity levels to determine whether or not long-term
outcome is similar between traditional and knotless
groups.

Limitations

This systematic review has several limitations. First,
the studies included in this review are of low-quality
evidence. There were no level I randomized studies
and only 2 level I prospective cohort studies. As a
result, data pooling and quantitative meta-analysis
were not feasible without significantly increasing se-
lection bias. Second, the scarcity of studies comparing
knot-tying and knotless repair, as well as the small
sample size and nonrandomized nature of available
comparative studies, limited our ability to draw con-
clusions regarding the superiority of one technique over
the other. Third, the included studies had multiple
sources of heterogeneity, including pathology, patient
demographics, surgical technique, implants used, and
postoperative protocols. For instance, Kocaoglu et al.”
used both screw-in and malleted anchors, while other
studies only used a screw-in insertion technique.
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Similarly, earlier studies used metal anchors while
more recent studies primarily used bioabsorbable PEEK
anchors. Furthermore, there were variations across
studies in the patient-reported outcomes used to
evaluate postoperative function. The resulting hetero-
geneity was estimated to be moderate (37%-42%)
using the I” statistic. While exploration of the sources of
heterogeneity showed similar findings across all studies
without any obvious confounding wvariables, the
considerable heterogeneity nonetheless precluded data
pooling and formal meta-analysis. Last, we were unable
to explore the financial implications of knot-tying vs
knotless Bankart repair as none of the included studies
reported operative time.

Conclusions
Current level II to IV clinical and biomechanical evi-
dence supports knotless arthroscopic Bankart repair as
an effective procedure with excellent functional out-
comes and low rates of complication and reoperation.
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