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Abstract 

Background  Arthroscopic Bankart repair is the most common procedure in patients with anterior shoulder instabil‑
ity. Various repair techniques using suture anchors have been used to improve the strength of fixation and surgical 
outcomes in arthroscopic Bankart surgery. However, evidence regarding which method is superior is lacking. This 
systematic review and meta-analysis study was designed to compare the biomechanical results of simple versus hori‑
zontal mattress versus double-row mattress for Bankart repair.

Methods  A systematic search of the MEDLINE, Embase, and Cochrane Library databases was performed to iden‑
tify comparative biomechanical studies comparing the simple, horizontal mattress, and double-row techniques 
commonly used in Bankart repair for anterior shoulder instability. Biomechanical results included the ultimate load 
to failure, stiffness, cyclic displacement, and mode of failure after the ultimate load. The methodological quality 
was assessed based on the Quality Appraisal for Cadaveric Studies (QUACS) scale for biomechanical studies.

Results  Six biomechanical studies comprising 125 human cadavers were included in this systematic review. In bio‑
mechanical studies comparing simple and horizontal mattress repair and biomechanical studies comparing simple 
and double-row repair, there were no significant differences in the ultimate load to failure, stiffness, or cyclic displace‑
ment between the repair methods. The median QUACS scale was 11.5 with a range from 10 to 12, indicating a low risk 
of bias.

Conclusion  There was no biomechanically significant difference between the simple, horizontal mattress, and dou‑
ble-row methods in Bankart repair. Clinical evidence such as prospective randomized controlled trials should be 
conducted to evaluate clinical outcomes according to the various repair methods.

Level of evidence  Systematic review, Therapeutic level IV.

Keywords  Bankart repair, Simple, Horizontal mattress, Double row, Biomechanical results

Background
 Both conservative and surgical treatments may be applied 
in patients with anterior shoulder instability [1–3]. Dur-
ing Bankart repair surgery, it is important to restore the 
labrum, which is one of the key structures contributing 
to shoulder instability, to the rim of the glenoid [4, 5]. In 
the past, open procedures using bone tunnels have been 
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performed [6], but arthroscopic Bankart repair surgery is 
currently performed to obtain improved visualization of 
labrum and adjacent structure [7–9].

In arthroscopic Bankart repair, a suture anchor is used 
to form a secure knot that attaches the labrum to the 
rim of the glenoid [4]. Although arthroscopic Bankart 
repair is the most common procedure, with few compli-
cations and good functional outcomes, the postopera-
tive recurrence rate can still reach approximately 20% [8, 
10]. As chronic instability and early onset osteoarthritis 
may arise when labral fixation fails and re-dislocation 
occurs after surgery [11], various repair techniques have 
been developed and performed to improve the strength 
of fixation and surgical outcomes [5, 12, 13].

Cadaveric studies comparing simple and mattress 
repair techniques which are mainly used in Bankart 
repair have reported that the biomechanical strength of 
the two methods did not show significant difference [7, 
14, 15]. In addition, studies comparing simple single-row 
and double-row repair techniques have shown different 
results [5, 7]. Judson et al. reported that there was no dif-
ference in the load to failure, cyclic displacement, and 
cyclic stiffness between the two techniques [7]. However, 
McDonald et al. reported that double-row repair resulted 
in a more secure fixation than simple single-row repair 
[5]. Therefore, a clear consensus is yet to be reached.

Biomechanical evidence for the repair technique 
is needed to allow clinicians to fix the labrum more 
firmly during Bankart repair surgery, but, currently, no 
systematic review data is available. The purpose of this 
study was to conduct a meta-analysis of the current 
literature comparing the simple, horizontal mattress, 
and double-row techniques commonly used in Bankart 
repair for anterior shoulder instability. The hypothesis 
was that the simple repair method would not show 
lower biomechanical strength than the horizontal mat-
tress or double-row methods in Bankart repair.

Methods
Literature search
This systematic review and meta-analysis was performed 
in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-analyses (PRISMA) guide-
lines and algorithms [16]. The protocol for review was 
registered in the International Prospective Register of 
Systematic Reviews (PROSPERO, registration no. CRD).

Two independent reviewers (J-H. K and M-S.K) sys-
tematically searched for articles in the PubMed (MED-
LINE), EMBASE, and Cochrane Library from study 
inception to March 1, 2022, using an a priori search 
strategy. The following keywords were used in the search: 
“shoulder,” “capsulolabral,” “Bankart,” “horizontal mat-
tress,” “simple,” “double row,” “single row,” and “repair” 
aided using Boolean operators “AND” or “OR.” The bibli-
ographies of the initially retrieved studies were manually 
cross-checked to identify additional relevant articles that 
could have been missed by electronic searches. No lan-
guage restrictions were applied.

Study selection
Two reviewers (J-H. K and M-S.K) independently 
screened the titles and abstracts of the retrieved articles; 
full manuscripts were reviewed if the abstract provided 
insufficient data for inclusion in the study. Disagreements 
were resolved through discussion. Studies were included 
in the current analysis if they met the patients, interven-
tion, comparison, outcome, study design (PICOS) criteria 
(Table 1) [17].

The exclusion criteria were: (1) conference or (2) clini-
cal trial abstracts, (3) insufficient statistics or inability to 
reproduce statistics, (4) animal studies (5) concomitant 
procedures such as remplissage, (6) anatomical outcomes 
such as contact pressure or area. As only one clinical 
study was found according to a pilot systematic search, 
[18] only biomechanical studies were included for the 
current systematic review.

Assessment of Methodological Quality
The methodological quality was assessed by two review-
ers (J-H. K and M-S.K) based on the Quality Appraisal 
for Cadaveric Studies (QUACS) scale for biomechani-
cal studies, which consists of 13 items with a maximum 
score of 13 [19]. The QUACS scale is reliable and has a 
strong construct validity for biomechanical research [19]. 

Table 1  Inclusion and Exclusion criteria based on PICOa

a PICO population intervention comparison outcome

PICO Inclusion criteria Exclusion criteria

Population Human cadaver with Bankart lesion Animal study

Intervention Horizontal mattress suture repair or double-row suture repair Repair with remplissage

Comparison Simple suture repair or single-row suture repair

Outcome Biomechanical outcomes Anatomical outcomes such 
as contact pressure or area
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Publication bias was not assessed as it is generally not 
considered necessary if fewer than ten studies are being 
compared [20].

Data extraction
The same reviewers independently collected available 
data from the included studies, and any disagreement 
was resolved by discussion. The basic characteristics of 
the study (author, journal, year of publication, sample 
size, and LOE), details of patient characteristics (mean 
age, sex proportion, and mean bone mineral density), 
and details of the surgical technique for Bankart repair 
were collected. For outcome measurements in biome-
chanical studies, any of the variables reported in more 
than two studies were collected, such as the ultimate 
load to failure, stiffness, cyclic displacement, and mode 
of failure after the ultimate load. For papers with miss-
ing data, we attempted to contact the author of the 
article first; if this failed, we calculated the missing 
values from other available data using formulas in the 
Cochrane Handbook for Systematic Reviews of Inter-
ventions [20].

Statistical analysis
The primary outcome of the systematic review was to 
evaluate Bankart repair using various techniques. If 
possible, a meta-analysis was performed to show the 
standardized mean difference (SMD) with 95% con-
fidence interval (CI) for continuous variables and the 
odds ratio (OR) with 95% CI for dichotomous variables. 
If a meta-analysis was not possible due to a lack of vari-
ables, a qualitative description of the outcome was per-
formed. Heterogeneity was assessed by estimating the 
proportion of between-study inconsistencies due to 
actual differences between studies using the I2 statistic 
[20]. A random-effects meta-analysis was performed 
to pool the outcomes across the included studies. For-
est plots were used to show outcomes, the pooled esti-
mate of effect, and the overall summary effect of each 
study, and were constructed using RevMan version 5.4 
(Copenhagen, The Cochrane Collaboration). Statistical 
significance was set at P < .05.

Results
Identification of studies
The initial electronic search yielded 1737 studies. After 
removing 444 duplicates, 1293 studies remained. Of 
these, 1255 were excluded after reading the title or 
abstract and 31 were excluded after a full-text review. 
Ultimately, six biomechanical studies [5, 7, 14, 15, 21, 22] 
were included in this systematic review (Fig. 1).

Assessment of methodological quality
The QUACS scale was used to assess biomechanical 
studies, with a maximum score of 13 points. The median 
QUACS scale was 11.5 with a range from 10 to 12, indi-
cating a low risk of bias (Table 2).

Study characteristics
All six biomechanical studies were controlled laboratory 
studies. Of these six studies, three [14, 15, 21] compared 
horizontal mattress repair with simple repair, two [5, 
22] compared double-row repair with simple single-row 
repair, and one [7] compared horizontal mattress repair, 
simple single-row repair, and double-row repair. The 
median QUACS scale for assessment of methodological 
quality was 11.5 with a range from 10 to 12, indicating 
a low risk of bias (Table  2 and Supplementary table). A 
total of 125 human cadavers with Bankart lesions were 
included in the final analysis. Detailed characteristics 
of the included biomechanical studies are presented 
in Table  2. All six biomechanical studies used 3.0  mm 
bioabsorbable suture anchors (Arthrex) and the No. 2 
FiberWire suture material (Arthrex) for Bankart repair. 
Further, two studies [15, 22] used two anchors and four 
[5, 7, 14, 21] used three anchors. The detailed anchor 
characteristics used in the biomechanical studies are pre-
sented in Table 3.

Horizontal mattress repair versus simple repair
Four biomechanical studies [7, 14, 15, 21] compared the 
stability after Bankart repair between horizontal mattress 
and simple stitch configurations. Of these four studies, 
three [7, 14, 15] reported the ultimate load to failure, and 
there was no significant difference between the two tech-
niques (SMD, 0.22; 95% CI, -0.47 to 0.91; I2, 0%; Z = 0.63; 
P = .53) (Fig. 2A). Three studies [7, 14, 15] also reported 
stiffness, and no significant difference was found between 
the two techniques (SMD, 0.12; 95% CI, -0.56 to 0.81; 
I2, 0%; Z = 0.35; P = .72) (Fig.  2B). Of the four studies, 
two [7, 15] reported cyclic displacement, and there was 
no difference between the two techniques (SMD, -0.08; 
95% CI, -0.92 to 0.76; I2, 0%; Z = 0.19; P = .85) (Fig. 2C). 
All four studies [7, 14, 15, 21] reported the failure mode 
after the ultimate load. The pooled incidence of suture or 
knot failure showed no significant difference between the 
two techniques (OR, 1.22; 95% CI, 0.37 to 4.05; I2, 34%; 
Z = 0.32; P = .75) (Fig. 2D).

Double‑row repair versus simple single‑row repair
Three biomechanical studies [5, 7, 22] compared the stabil-
ity after Bankart repair between the double-row and simple 
single-row repair techniques. Of these, two studies [5, 7] 
reported the ultimate load to failure, showing no significant 
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difference between the two techniques (SMD, 0.44; 95% CI, 
-0.47 to 1.34; I2, 16%; Z = 0.95; P = .34) (Fig. 3A). Two stud-
ies [5, 7] further reported stiffness, with no significant dif-
ference found between the two techniques (SMD, 0.58; 95% 
CI, -0.25 to 1.40; I2, 0%; Z = 1.37; P = .17) (Fig. 3B). For cyclic 
displacement, two studies reported no significant difference 
between the two techniques (SMD, -1.0; 95% CI, -3.63 to 
1.62; I2, 92%; Z = 0.75; P = .45) (Fig. 3C).

Discussion
In this study, the simple repair method did not show 
lower biomechanical strength than the horizontal mat-
tress or double-row methods during Bankart repair. 

Furthermore, the ultimate load to failure, stability, and 
cyclic disposition showed no significant differences 
between the three repair techniques.

In patients with anterior shoulder instability, various 
surgical methods, such as the trans-glenoid suture tech-
nique and bioabsorbable tack, have been performed in 
the past, but a high recurrence rate has been reported 
even after surgery [23, 24]. With the introduction and 
wide implementation of arthroscopic Bankart repair 
using suture anchors, several studies have reported lower 
recurrence rates and better clinical outcomes than before 
[25–28]. However, variable recurrence rates of up to 20% 
have been reported [29]. If instability occurs again after 

Fig. 1  PRISMA (Preferred Reporting Items for Systematic reviews and Meta-analyses) flow diagram showing the identification and selection 
of studies
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surgery, bone defects in the glenoid and humerus could 
increase due to recurrent dislocation, and osteoarthritis 
may occur [11, 30]. Indeed, Buck et  al. reported a pos-
sibility of atrophy of the rotator cuff muscle if revision 
Bankart repair is performed because of recurrent insta-
bility [31]. Therefore, various suture anchors and repair 
techniques should be used to firmly fix the torn labrum 
to the glenoid during surgical treatment [12, 14, 32].

Several studies have reported the use of various suture 
anchors during Bankart repair [33–35]. Lee et  al. com-
pared patients who used all-suture anchors during 
Bankart repair with those who used biodegradable suture 
anchors and reported no significant difference between 
the clinical outcomes and recurrence rates [35]. Further-
more, Jin et  al. reported that there was no difference in 
recurrence instability in patients who underwent Bankart 
repair using a biocomposite anchor and an all-suture 
anchor, and both patients showed satisfactory outcomes 
[34]. According to a systematic review that analyzed the 
clinical differences depending on the anchor material 

and type, there was no significant difference in the occur-
rence of recurrent instability after Bankart repair [36]. 
However, as no systematic review or meta-analysis has 
yet compared suture repair techniques in Bankart repair, 
there is a lack of evidence for clinical reference.

Common methods used during Bankart repair include 
the simple, horizontal mattress and the double-row tech-
nique. In this review, four studies comparing the biome-
chanical properties of the simple and horizontal mattress 
methods were analyzed [7, 14, 15, 21]. The pooled mean 
incidence rate of failure was 16.4% for the simple method 
and 20.8% for the horizontal mattress method, which was 
not statistically significant [7, 14, 15, 21]. In most of the 
included studies (3 of 4 studies), the pooled mean ulti-
mate load to failure (simple, 342.2  N vs. The horizontal 
mattress, 406.2 N), and stiffness (simple, 31.9 N/mm vs. 
horizontal mattress, 41.1 N/mm) also showed no differ-
ence [7, 14, 15]. In the case of cyclic disposition, it was 
reported that there was no difference between the two 
methods in two studies [7, 15]. Three biomechanical 

Table 2  General characteristics of the included biomechanical studiesa

BMD Bone mineral density, QUACS Quality Appraisal for Cadaveric Studies), AJSM American Journal of Sports Medicine, OJSM Orthopaedic Journal of Sports Medicine, 
CLS Controlled laboratory study, HM Horizontal mattress, DR double-row, SR single-row, NR not reported
a Values present as mean ± standard deviation (range) and number

Study Journal Year Study Design Technique: Sample Size Age, year Sex, M:F BMD, g/cm2 QUACS scale

Nho et al. AJSM 2010 CLS HM: 5
Simple: 5

59.0 ± 10.8
57.8 ± 13.6

4:1
2:3

0.67 ± 0.1
0.61 ± 0.1

11

Spiegl et al. AJSM 2014 CLS DR: 14
SR: 14

54.3
(44–64)

9:5 0.49 (0.46–0.61) 11

McDonald et al. Arthroscopy 2016 CLS DR: 6
SR: 6

61
(19–73)

NR NR 10

Judson et al. AJSM 2017 CLS HM: 6
DR: 6
Simple (SR): 6

63.3 ± 8.9 NR No difference 
among groups.

12

Lacheta et al. Arthroscopy 2020 CLS HM: 6
Simple: 6

56.4 (37–60) NR NR 12

Miskovsky et al. OJSM 2020 CLS HM: 25
Simple: 20

(30–50) NR NR 12

Table 3  Anchor characteristics of the included biomechanical studiesa

a Values present as mean ± standard deviation (range) and number

Study Anchor No. of 
Anchor

Position of Anchor Suture Material

Nho et al. 3.0 mm bioabsorbable suture anchor (PEEK Suture Tak, Arthrex) 2 4 and 5 o’ clock No. 2 FiberWire (Arthrex)

Spiegl et al. 3.0 mm bioabsorbable suture anchor (BioComposite SutureTak, Arthrex) 2 1:30 and 4:30 clock No. 2 FiberWire (Arthrex)

McDonald et al. 3.0 mm bioabsorbable suture anchor (BioComposite SutureTak, Arthrex) /
2.9 mm Pushlock (Arthrex) for DR technique

3 3, 4, and 5 o’clock No. 2 FiberWire (Arthrex)

Judson et al. 3.0 mm bioabsorbable suture anchor (Bio-SutureTak, Arthrex) /
2.9 mm Pushlock (Arthrex) for DR technique

3 2:30, 4, and 5 o’clock No. 2 FiberWire (Arthrex)

Lacheta et al. 3.0 mm bioabsorbable suture anchor (Bio-SutureTak, Arthrex) 3 3:30, 4:30, and 5:30 No. 2 FiberWire (Arthrex)

Miskovsky et al. 3.0 mm bioabsorbable suture anchor (Bio-SutureTak, Arthrex) 3 3, 4:30, and 6 o’clock No. 2 FiberWire (Arthrex)
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studies analyzing simple single-row and double-row 
repair were further included in analysis [5, 7, 22]. In 2 of 
3 studies, the pooled mean ultimate load to failure (sim-
ple single-row, 226.6  N vs. double-row, 301.5  N) [5, 7], 
stiffness (simple single-row, 23.9  N/mm vs. double-row, 
29.8 N/mm) [5, 7] and cyclic displacement (simple single-
row, 1.8 mm vs. double-row 1.0 mm) [7, 22] showed no 
significant difference. Based on this finding, this review 
suggests that the simple, horizontal mattress and double-
row methods during Bankart repair show similar bio-
mechanical properties. On the other hand, Spiegl et  al. 
reported that double row repair had smaller cyclic dis-
placement than single row repair, which is thought to be 
because their Cadaveric study was conducted on bony 
Bankart lesions, unlike the other two studies. Another 
Cadaveric study also reported that double row repair 
was more stable than single row repair in bony Bankart 
lesions [37]. However, since the outcome measurement 
(ultimate load to failure, stiffness, cyclic displacement 

Fig. 2  A-D Forest plot showing the standard mean differences in biomechanical outcomes comparing horizontal mattress suture with simple 
suture techniques. A Ultimate load to failure. B Stiffness. C Cyclic displacement. D Mode of failure. CI, confidence interval; IV, inverse variance; SD, 
standard deviation

Fig. 3   A-C Forest plot showing the standard mean differences 
in biomechanical outcomes comparing double-row repair 
with simple single-row repair techniques. A Ultimate load to failure. 
B Stiffness. C Cyclic displacement. CI, confidence interval; IV, inverse 
variance; SD, standard deviation
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and mode of failure) set in this meta-analysis was not 
analyzed in their study we did not include it.

This study has several limitations. First, we could find 
only one study comparing the biomechanical prop-
erties of the three repair methods (simple, horizontal 
mattress, and double-row). In addition, the number of 
studies analyzed in this systematic review was small. 
For example, four studies compared the biomechani-
cal properties of simple repair and horizontal mat-
tress repair, and only three studies compared simple 
single-row and double-row repair. Second, there was 
no clinical study that directly compared simple, hori-
zontal mattress, and double-row repair in a clinical set-
ting, and even the one clinical study comparing hybrid 
methods with a simple technique was a retrospective 
cohort design, and was not a randomized controlled 
study. In this regard, systematic review was not possi-
ble for clinical evidence.

Conclusion
Based on the systematic review and meta-analysis, the 
simple, horizontal mattress, and double-row methods 
in Bankart repair were biomechanically similar in terms 
of the ultimate load to failure, stiffness, and cyclic dis-
placement. However, clinical evidence such as prospec-
tive randomized controlled trials should be conducted 
to evaluate clinical outcomes according to the various 
repair methods.
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