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INTRODUCTION

Arthroscopic Bankart repair using suture anchors is a widely 
accepted method for restoring the labrum to the glenoid rim.1,2 
Improvements in both arthroscopic technique and implant 
quality have significantly improved clinical outcomes associ-
ated therewith.3 However, traditional knot-tying suture anchors 
are highly dependent on knot security, which raises concerns 
for quality, consistency, and other technical challenges posed 

by the procedure. Concerns have also been raised in regards to 
harmful abrasion to both cartilage surfaces of the glenohumeral 
joint from knots and other suture materials.4-6 Meanwhile, knot-
less suture anchors confer advantages of being easier to employ 
with new devices and less concerns for cartilage abrasion due 
to low profile suture materials and no knots all while providing 
adequate knot security and tension.4

Several studies have reported that re-dislocation rates and 
clinical outcomes are similar with the use of knot-tying and knot-
less suture anchors in arthroscopic Bankart repair.7-10 In a study 
by Wu, et al.,10 the knotless suture anchor group had lower recur-
rent subluxation rates than the knot-tying suture anchor group, 
while re-dislocation rates were similar between the groups dur-
ing a mean follow-up of 5 years. However, other studies have 
reported inferior results with knotless suture anchors, compared 
to knot-tying suture anchors.11-13 These reports, however, may 
be outdated with newer and better technique for knotless an-
chors now available. Indeed, in a biomechanical study by Nho, 
et al.,13 knotless suture anchors required less single load to 
achieve a displacement of 2 mm than knot-tying suture anchors. 
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As more clinical studies comparing the use of knot-tying and 
knotless suture anchors are being performed, more evidence 
supporting the use of knotless suture anchors is emerging. This 
study aimed to compare clinical scores and re-dislocation rates 
between knot-tying and knotless suture anchors in arthroscopic 
Bankart repairs. We hypothesized that re-dislocation rates and 
clinical scores would be similar between knotless suture an-
chors and knot-tying suture anchors.

MATERIALS AND METHODS

Patient selection
This retrospective, non-randomized, comparative study was ap-
proved by our Institutional Review Board (IRB No. SMC 2019-
07-017-005), and the requirement for informed patient consent 
was waived. We enrolled consecutive patients who underwent 
arthroscopic Bankart repair at our center from January 2011 to 
August 2017. All patients included in this study had a history 
of anterior shoulder dislocation due to trauma. In all patients, 
the presence of a Bankart lesion was confirmed using MRI. Pa-
tients with a bony Bankart lesion requiring an additional proce-
dure for bone fixation, those with a glenoid bone loss of >20%, 
those with a concomitant rotator cuff tear, those with humeral 
avulsion of the glenohumeral ligament, those with revision case, 
those with compensation, and those who were followed up for 
<2 years were excluded.

The patients were divided into a knot-tying or knotless group 
depending on the type of suture anchor used. The classical knot-
tying technique was performed from 2011 to 2014, while the 
knotless method using knotless suture anchors (PushLoc, Ar-

threx, Naples, FL, USA) was performed from March 2015.

Surgical procedure
All surgical procedures were performed by a single senior sur-
geon. After induction of general anesthesia, the patient was 
placed in a semi-lateral decubitus position with a 30° posterior 
tilt. Three standard portals were used: the posterior portal served 
as a viewing portal, while the anteroinferior and anterosuperior 
portals served as working portals. Diagnostic arthroscopy was 
performed to identify anteroinferior glenoid lesions and Hill–
Sachs lesions. Concomitant lesions, such as rotator cuff tears, 
SLAP lesions, and biceps lesions, were also evaluated. After di-
agnostic arthroscopy, the capsulolabral complex was mobilized, 
and the labral edge was debrided using a motorized shaver. All 
of the capsulolabral complex was mobilized to the 7 o’clock po-
sition (Right shoulder) (Fig. 1A). This was identical in both the 
knot-tying and knotless groups. The anterior glenoid neck was 
decorticated using rasps and burrs. Additional troughs were 
made along the margin of the glenoid at sites planned for use 
in reattaching the labrum.14

The first suture anchor was inserted into the anterior glenoid 
approximately at the 5:30–6 o’clock position and 1–2 mm from 
the glenoid rim. Either double-loaded SutureTak (Arthrex) or 
Bio Mini-Revo (Linvatec, Largo, FL, USA) suture anchors were 
used. In order to decrease the inferior pouch, a mattress stitch 
was used as the most inferior stitch and secured using a non-
sliding knot tying technique (Revo knot) (Fig. 1B). 

In the knot-tying group, the second and third anchors were 
inserted at the 4:30 and 3 o’clock positions, respectively, in the 
same manner as the first anchor. Additional anchors were placed 
as necessary up to the 1 o’clock position (Fig. 1B). A minimum of 

Fig. 1. (A) All of the capsulolabral complex was mobilized to the 7 o’clock position. The most inferior suture anchors was inserted at the 5:30–6 o’clock po-
sition, and a mattress stitch was used. (B) Additional anchors were inserted at the 4:30, 3, and 1 o’clock positions.
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three-four suture anchors were used for each patient. Depend-
ing on the tissue, either a mattress stitch or a simple stitch was 
used and secured using a non-sliding knot tying technique 
(Fig. 2A). In the knotless group, the most inferior suture anchor 
was a knot-tying suture anchor secured using a mattress stitch 
in the same manner used in the knot-tying group. PushLock 
(Arthrex) anchors were used for the remaining anchors. The la-
brum was sutured with Fiberwire (Arthrex) using a simple stitch 
for 4:30 and 3:00 anchors with both ends of the suture fixed us-
ing a PushLock anchor (Fig. 2B). 

Postoperative rehabilitation
All patients underwent the same rehabilitation protocol. A sling 
with an abduction pillow conferring 20° abduction with a neu-
tral rotation was applied for 6 weeks postoperatively; during this 
period, the patients were not allowed to perform any passive or 
active range of motion (ROM) exercises. After 6 weeks of immo-
bilization, the sling and pillow were removed, and gentle pas-
sive ROM exercises were started. As the patients gained confi-
dence and started to achieve nearly full passive ROM, they were 
allowed to perform active or active-assisted motion exercises. 
Strengthening exercises were started 13 weeks after the surgery 
using graduated elastic bands; the previous stretching exercises 
were continued. Six months after the surgery, all other activities, 
including sport activities, were allowed if the patient experienced 
only minimal pain. 

Clinical evaluation
The preoperative demographic data and operative findings for 
each patient were collected. Clinical evaluations were performed 
the day before surgery; at 6 months, 1 year, and 2 years postoper-
atively; and during the final follow-up. The pain visual analogue 
scale (pVAS), functional visual analogue scale (fVAS), American 
Shoulder and Elbow Society (ASES), and Rowe score and ROM 

were collected. The clinical scores were collected by a single 
physiotherapist who was unaware of this study. ROM was mea-
sured by the surgeon during regular follow-up using the follow-
ing maneuvers: forward elevation, external rotation at the side, 
and internal rotation using the vertebral level method. For sta-
tistical analysis, we converted the buttocks to 1, L5-L1 to 2–6, 
and T12-T4 to 7–15. Any history of re-dislocation and subjective 
anterior apprehension were investigated. Subjective anterior 
apprehension was defined as an apprehension or pain report-
ed by the patient during 90° abduction and maximal external 
rotation of the shoulder.

Statistical analysis
In a previous study,15 the standard deviation of postoperative 
Rowe score was 7.0, and the minimal clinically important dif-
ference was 9.7. A sample size of 32 subjects for each group was 
sufficient to detect five different Rowe score with an α-error of 
0.05 and 80% statistical power.

The preoperative and postoperative values of the measured 
variables were analyzed using the paired t-test. To compare re-
sults between the two groups, the chi-square test was used for 
categorical variables, while two sample t-tests or the Wilcoxon 
rank sum test were used for continuous variables. To compare 
postoperative Rowe score between the two groups, an equiva-
lence test was performed with a clinical margin of 9.15 A Cox 
proportional hazards model was used to analyze re-dislocation 
and subjective anterior apprehension rates while considering 
differences in follow-up periods. The Cox proportional hazards 
model was used to adjust demographic and preoperative data 
that differed significantly between the two groups. Sufficient 
statistical power (>0.80) was required to perform these com-
parisons. A p value of <0.05 was considered statistically signif-
icant. All statistical analysis was performed using SAS version 
9.4 (SAS institute, Cary, NC, USA).

Fig. 2. Arthroscopic Bankart repair using knot-tying (A) vs. knotless (B) anchors.
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RESULTS

Sixty-one patients in the knot-tying group and 54 patients in the 
knotless group were ultimately included in this study (Fig. 3). Of 
the 115 patients, 102 were male and 13 were female. The mean 
patient age was 27 years (range: 17–60), and the mean follow-
up period was 43 months (range: 24–99).

Of the 115 patients, 81 (37 in knot-tying group and 44 in knot-
less group) were available for final follow-up at our outpatient 
clinic at a minimum of 2 years postoperatively. The other 34 pa-
tients were followed up through a telephonic survey. Dislocation 
history, subjective anterior apprehension, and pVAS, fVAS, and 
ASES scores were analyzed in all patients, including those sur-
veyed over the telephone. ROM and Rowe score were analyzed 
in the 81 patients who visited the outpatient clinic for the last 
follow-up. 

The demographic data of all patients are summarized in Ta-
ble 1. The follow-up period of the knot-tying group was signif-
icantly longer than that of the knotless group, and the propor-
tion of heavy workers was significantly higher in the knotless 
group than in the knot-tying group. The preoperative and op-
erative data are summarized in Table 2. The concomitant rem-
plissage procedures performed were significantly higher in the 
knotless group than in the knot-tying group. 

Clinical scores and ROM
The preoperative and postoperative clinical scores of all patients 
are summarized in Table 3. Clinical scores improved significantly 
after surgery. The preoperative and postoperative clinical scores 
and ROM measurements of each group are summarized in Ta-
ble 4. There were no statistically significant differences in post-
operative clinical scores between the two groups. The postop-
erative Rowe score between the two groups were also similar 
(statistical power: 0.934) because of performing an equivalence 
test using a clinical margin of 9.

Re-dislocation and subjective anterior apprehension
Re-dislocation occurred in 10 patients (8.7%), and subjective 

anterior apprehension was observed in 23 patients (20.0%). 
Of the 10 patients who experienced re-dislocation, five under-
went revision surgery: revision arthroscopic Bankart repair was 
performed on 2 patients, while the Latarjet procedure was per-
formed on the remaining 3 patients.

As shown in Table 2, there was a significant difference be-
tween the two groups in the number of patients who underwent 
a remplissage procedure. The proportion of patients with a first-
time dislocation injury was not significantly different between 
the two groups. However, we considered first-time dislocation 
as an important variable. Adjustment was performed for this. 
A Cox proportional hazards model was used to adjust for rem-
plissage procedures and first-time dislocation injuries, and there 
was no difference between the two groups after adjustment (Ta-
ble 5). The subjective anterior apprehension rate in the knot-
less group was higher than that in the knot-tying group (hazard 
ratio: 2.523); however, there was no statistically significant dif-
ference between the two groups.

DISCUSSION

We compared re-dislocation rates and clinical scores between 
knot-tying and knotless groups. The re-dislocation rates of the 
knot-tying and knotless groups were 9.8% and 7.3%, respective-
ly. There were no statistically significant differences in the re-
dislocation rates and postoperative clinical scores between the 

Table 1. Patient Demographic Data

Knot-tying group
(n=61)

Knotless group
(n=54)

p value

Sex, male/female 55/6 47/7 0.597
Age, yr 26±11 27±9 0.273
Follow-up period in months 54±23 30±6 <0.001
Dominant arm involvement 38 (62) 29 (54) 0.351
Heavy labor worker 33 (54) 40 (74) 0.026
Athlete 5 (8) 2 (4) 0.444
Values are presented as n (%) or means±standard deviations.

Fig. 3. Flowchart for patient selection.

Arthroscopic Bankart repair using 
Knot-tying suture anchors

n=84

Exclusion: revision (n=7), 
humeral avulsion (n=1)

Follow-up <2 years
n=15

Knot-tying group
n=61

Knotless group
n=54

Exclusion: revision (n=8), 
compensation (n=1)

Follow-up <2 years
n=7

Arthroscopic Bankart repair using 
Knotless suture anchors

n=70
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two groups.
The incidence of re-dislocation is an important outcome since 

shoulder dislocation is the primary indication for performing 
Bankart repairs. Other studies6,9,10,16 have reported a 2–13% re-
dislocation rate with the use of knotless suture anchors. In a pre-
vious study by Wu, et al.,10 34 patients in the knotless suture an-
chor group were followed for an average of 4.8 years, and a re-
dislocation rate of 9% was noted. In a study by Ng and Kumar,9 
1 of 42 patients in the knotless suture anchor group experienced 
re-dislocation. In our study, the average follow-up period was 30 
months, and the re-dislocation rate was 7.3%. Using one knot-
tying suture anchor with two or three knotless suture anchors 
in the knotless group, we obtained re-dislocation rates that were 
comparable with other studies. 

The subjective anterior apprehension rates in our study were 
18% and 22% in the knot-tying and knotless groups, respective-
ly. In a study by Wu, et al.,10 the positive apprehension test rates 
were 28% and 9% in the knot-tying and knotless groups, respec-
tively. Furthermore, the knot-tying group had a higher sublux-
ation rate than the knotless group. Although we included sub-
jective apprehension, subjective anterior apprehension rates in 
our study were comparable to those reported in other studies. 
Nevertheless, subjective anterior apprehension was more com-
monly noted in the knotless group than in knot-tying group, al-
though the difference was not statistically significant. Also, the 
occurrence of re-dislocation tended to occur earlier in the knot-
less group. In our study, the proportion of patients working as 
heavy workers was higher in the knotless group than in the knot-
tying group; this factor may have affected the increases in re-dis-
location and apprehension. A remplissage procedure was also 

performed more often in the knotless group, which is likely due 
to the new trend toward remplissage on Bankart repair and 
broader indications during the period of knotless repair. This 
also thought to have been related to more severe cases of Hill–
Sachs lesions than in the knot-tying group. While the remplis-
sage procedure is advantageous for stability, humeral bone de-
fects are disadvantageous.17 This factor may also have increased 
the re-dislocation and apprehension rates.

There were several biases in comparing re-dislocation rates 
in our study. In a previous study on the long-term outcomes of 
arthroscopic Bankart repair,18 a re-dislocation rate of 64% was 

Table 2. Patient Preoperative and Operative Data

Knot-tying group (n=61) Knotless group (n=54) p value
Period from first dislocation to operation in months [median (25–75%)] 37 (14–74) 26 (10–63) 0.436
Total number of dislocations [median (25–75%)] 6 (3–10) 4 (2–10) 0.228
Patients with first-time shoulder dislocation 8 (14) 12 (23) 0.535
Operation time, min 64±15 60±14 0.195
No. of anchors 3.8±0.6 4.0±0.3 0.057
No. of stitches 4.9±0.7 4.8±0.7 0.634
Concomitant remplissage procedure performed 13 (21) 25 (46) 0.004
Glenoid bone loss of <20% 23 (38) 20 (36) 0.831
Concomitant SLAP lesion 1 (2) 1 (2) 0.726
SLAP, superior labrum from anterior to posterior.
Values are presented as n (%) or means±standard deviations.

Table 3. Preoperative and Postoperative Clinical Scores for All Patients

pVAS fVAS ASES Rowe*
Preoperative 4.1±4.5 5.5±2.8 62±20 35±18
Final follow-up 1.1±1.3 8.1±1.2 86±13 91±9.5
p value <0.001 <0.001 <0.001 <0.001
pVAS, pain visual analog scale; fVAS, functional visual analog scale; ASES, 
American Shoulder and Elbow Society. 
Values are presented as means±standard deviations.
*Data of 81 patients, excluding those followed up through a telephonic survey.

Table 4. Preoperative and Postoperative Clinical Data for Each Group

Knot-tying group Knotless group p value
pVAS

Preoperative 4.3±3.1 3.8±5.7 0.070
Final follow-up 1.0±1.4 1.3±1.2 0.115

fVAS
Preoperative 5.4±3.1 5.6±2.4 0.883
Final follow-up 8.2±1.2 8.0±1.1 0.399

ASES
Preoperative 58±22 66±16 0.056
Final follow-up 87±15 85±11 0.065

Rowe*
Preoperative 38±20 33±17 0.326
Final follow-up 92±9 90±10 0.087

ROM* (forward elevation), °
Preoperative 155±21 164±13 0.003
Final follow-up 164±8 165±8 0.475

ROM* (external rotation), °
Preoperative 56±18 66±10 0.002
Final follow-up 65±21 63±13 0.793

ROM*† (internal rotation), °
Preoperative 11.5±3.5 12.1±3.1 0.377
Final follow-up 12.2±2.3 11.8±2.0 0.512

pVAS, pain visual analog scale; fVAS, functional visual analog scale; ASES, 
American Shoulder and Elbow Society; ROM, range of motion.
Values are presented as means±standard deviations.
*Data of 81 patients excluding those followed up through a telephone sur-
vey, †We converted the buttocks to 1, L5-L1 to 2-6, and T12-T4 to 7-15.
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recorded within the first 2 years, and all patients experienced 
re-dislocation within 5 years. In our study, the average follow-
up periods of the knot-tying and knotless groups were 54 and 
30 months (due to different cohort period), respectively, which 
is a statistically significant difference. To account for this, a Cox 
proportional hazards model was applied. Meanwhile, previous 
studies have shown that the use of the remplissage procedure 
can lower re-dislocation rates.19 In our study, a remplissage pro-
cedure was performed more often in the knotless group than in 
the knot-tying group. Also, having a first-time dislocation can 
also affect the re-dislocation rate,20,21 and there were more pa-
tients with first-time dislocations in the knotless group than in 
the knot-tying group, although this difference was not statistical-
ly significant. Cox proportional hazards model was performed 
to adjust for the use of the remplissage procedure and the pres-
ence of first-time dislocations, and there were no significant dif-
ferences in re-dislocation and positive anterior apprehension 
test rates after adjustment (Table 5). 

There was also a bias in collecting the results. About 30% of 
patients were investigated through telephone surveys. The knot-
tying group showed a higher rate of telephone surveys than the 
knotless group. However, we defined re-dislocation and appre-
hension subjectively, and we determined that it could be accu-
rately investigated through a telephone survey. There was no 
statistical difference in re-dislocation and subject anterior ap-
prehension rates when analyzed only in patients with outpa-
tient follow-up.

The use of knotless suture anchors has several advantages; 
it offers a simple but reliable fixation method, the knots are un-
exposed, and operation times are shorter.4,9,10,22 Our center start-
ed using knotless suture anchors in 2015. However, we were not 
certain on the mattress type stitch in the 6 o’clock position, 
where we used double load sutures: we did use a knot-tying 
suture anchor for the 6 o’clock position. Although we did not 
use knotless sutures for all anchors, there were no differences 
in re-dislocation rates. Several studies6,9,23 have also reported 
comparable re-dislocation rates and clinical outcomes between 
knotless and knot-tying suture anchors. Based on these results, 
our center has been performing Bankart repairs exclusively us-
ing knotless suture anchors since 2017. While we expected that 
operation times would be shorter in the knotless group, there 
was no statistical difference in the operation times between 
groups: perhaps, performing more remplissage procedures in 
the knotless group may have lengthened the operation times.

We observed statistically significant improvements in clinical 

outcomes in both groups, and there was no difference in preop-
erative and postoperative clinical scores between the two groups. 
In a study by Ng and Kumar,9 patients in the knotless group re-
ported an improvement in pVAS scores from 2.8 preoperatively 
to 0.9 postoperatively. In a study by Wu, et al.,10 the postopera-
tive pVAS and Rowe score in the knotless group were 1.3 and 
90.5, respectively. The clinical scores observed in our study were 
similar to those reported in other studies.9,10

Our study has several limitations. First, it has a retrospective 
design. Second, there were differences between the two groups 
regarding the follow-up period and the rate in which concomi-
tant remplissage procedures were performed. To reduce possi-
ble bias, we analyzed these variables after statistical adjustment 
was performed. However, after a longer follow-up period, the 
clinical results might differ. Third, knot-tying suture anchors were 
still used in the 6 o’clock position for patients in the knotless 
group; this makes the comparison of knotless with knot-tying 
suture anchors unclear. Finally, the level of sports activity for 
each patient was not accurately evaluated.

In conclusion, re-dislocation rates and clinical scores were 
similar with the use of knotless and knot-tying suture anchors 
in arthroscopic Bankart repairs. This study supports the use of 
knotless suture anchors in Bankart repair.
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Table 5. Postoperative Re-Dislocation and Subjective Anterior Apprehension

Knot-tying group Knotless group p value p value after adjustment*
Re-dislocation 6 (9.8) 4 (7.3) 0.710 0.539
Months to 1st dislocation 30±30 23±12
Subjective anterior apprehension 11 (18.0) 12 (22.2) 0.415 0.061
Values are presented as n (%) or means±standard deviations.
*Adjustment for remplissage procedure and first-time dislocation history using a Cox proportional hazards model.
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