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Background: Single-row (SR) and double-row repair techniques have been described to treat rotator cuff tears. We present
a novel surgical strategy of arthroscopic-assisted mini-open repair in which a locking-loop suture bridge (LLSB) is used.

Purpose: To compare the functional outcomes and repair integrity of LLSB technique to the SR technique for arthroscopic-
assisted mini-open repair of small to medium rotator cuff tears.

Study Design: Cohort study; Level of evidence, 3.

Methods: Included were 39 patients who underwent LLSB repair (LLSB group) and 44 patients who underwent SR suture anchor
repair (SR group) from 2015 to 2018. We evaluated all patients preoperatively and at 3, 6, 12, and 24 months postoperatively using
the visual analog scale (VAS) for pain, Oxford Shoulder Score (OSS), and American Shoulder and Elbow Surgeons (ASES) score.
Also, shoulder sonography was performed at 12 months postoperatively to evaluate repair integrity using the Sugaya classification
system. The independent-sample t test was used to analyze functional outcomes (VAS, OSS, and ASES scores), and the Fisher
exact test was used to analyze postoperative sonography results.

Results: Patients in both the LLSB and SR groups saw a significant improvement on all 3 outcome measures from preoperatively
to 24 months postoperatively (P < .001 for all). However, when comparing scores between groups, only the scores at 3 months
postoperatively differed significantly (VAS: P ¼ .002; OSS: P < .001; ASES: P ¼ .005). Shoulder sonography at 12 months
postoperatively revealed no significant difference in repair integrity between the LLSB and SR groups (retear rate: 10.26% and
6.82%, respectively; P ¼ .892).

Conclusion: Better outcome scores were seen at 3-month follow-up in the LLSB group, with no difference in retear rates com-
pared with the SR group at 12 months postoperatively. The LLSB technique was found to be a reliable technique for rotator cuff
repair of small- to medium-sized tears.

Keywords: rotator cuff tear; single-row repair; suture bridge technique; sonography; knotless suture anchor; arthroscopic-
assisted mini-open

Rotator cuff disease is a common cause of shoulder pain.42,45

Rotator cuff repair is currently among the most performed
shoulder surgical procedures,19 and its incidence is rising
rapidly.11,46 Techniques for rotator cuff repair have evolved
from open techniques to arthroscopically assisted mini-open
techniques and all-arthroscopic techniques,8 and suture

anchors are currently the most commonly used implants in
rotator cuff repair. Suture anchor repair can primarily be
divided into single-row (SR) or double-row techniques; these
2 types of techniques have constituted the basis for various
other techniques such as the modified Mason-Allen suture
bridge technique, knotless suture anchor technique, trans-
osseous tunnel technique,7 and cruciate ligament repair
techniques.31 Compared with SR or double-row techniques,
these modified techniques can enhance restoration of the
footprint contact area and pressure.6
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The senior author (P-.W.W.) has performed a novel mod-
ified arthroscopic-assisted mini-open technique called
locking-loop suture bridge (LLSB) repair, which is based
on the knotless suture anchor technique,31 and compared
its outcomes with those of SR repair. We assumed that the
proposed LLSB technique could provide superior restora-
tion of the footprint contact area and pressure, similar to
double-row repair, as this technique is a type of the modi-
fied Mason-Allen suture bridge technique. However, it
requires the same number of suture anchors as SR repair,
making it economical.

Therefore, the purpose of our study was to introduce a
novel LLSB technique, which combines the benefits of
both SR and double-row repair in that it has satisfactory
clinical outcomes and depends on only 1 or 2 suture
anchors, offering more surgical options for both surgeons
and patients. We hypothesized that this technique would
show positive clinical outcomes with repair integrity and
high patient satisfaction.

METHODS

Study Design

After receiving institutional review board approval (No.
N202004066), we collected the data of patients who had
undergone a surgical intervention for a rotator cuff tear
at our hospital between January 1, 2015, and December
31, 2018, and had a follow-up period of �24 months (mean,
27.6 months [range, 24-30 months]). A total of 83 patients
were included in this prospective cohort study. Inclusion
criteria were as follows: (1) being aged between 40 and 80
years, (2) having a full-thickness supraspinatus or infraspi-
natus tendon tear of a small to medium size (tear diameter
<3 cm; DeOrio and Cofield13 classification), (3) having
grade 1 or 2 retraction (Patte37 classification), and
(4) having fatty degradation of grade 1 or 2 (Goutallier clas-
sification17) on magnetic resonance imaging (MRI). The
exclusion criteria were as follows: (1) undergoing combined
type 2 superior labral anterior to posterior (SLAP) repair,
(2) having a complete rupture of the subscapularis tendon,
(3) having neurological involvement, (4) undergoing a revi-
sion procedure, (5) having a partial-thickness rotator cuff
tear progress to a full-thickness lesion, (6) having advanced

arthritic changes in the glenohumeral joint, or (7) having
not fully repairable tears.

Surgical Technique

After receiving a clear explanation of the 2 types of surgical
techniques, including the difference between suture
anchors (knot-tying suture anchor for SR repair and knot-
less suture anchor for LLSB repair) and fixation methods,
the patients selected the type of technique. In total,
39 patients underwent LLSB repair (LLSB group), and
44 patients underwent SR suture anchor repair (SR group),
all performed by a single experienced surgeon (P-.W.W.)
using the arthroscopic-assisted mini-open technique.

Patients underwent surgery under general anesthesia in
the beach-chair position. Standard arthroscopic portals
were created: posterior, lateral, and anterior portals. By
first entering from the posterior portal, we conducted an
arthroscopic examination of the glenohumeral joint. The
arthroscope was then transferred to the subacromial
space. In all patients, a clear angle and image were
obtained through a radiofrequency device. After perform-
ing debridement using a mechanical shaver and radiofre-
quency device, the rotator cuff was cleaned to provide full
visualization of the rotator cuff tear. In addition, acromio-
plasty was performed in all participants with a bur to cre-
ate a wider space during rotator cuff repair. Procedures on
the biceps tendon were performed in cases of partial tears,
subluxations, and complete dislocations. Tenotomy was
performed in patients aged >55 years, and tenodesis was
performed in patients aged �55 years. When necessary,
biceps tenodesis was performed with one of the anterior
suture anchors above the rotator cuff. After arthroscopic
debridement and arthroscopic acromioplasty using the
mini-open technique, the deltoid muscle fibers were
reached by widening the lateral portal toward the acro-
mion’s anterolateral corner. The fibers of the deltoid muscle
were split through blunt dissection, and maximal visuali-
zation was established using a soft tissue retractor. Care
was taken to avoid damaging the axillary nerve running
close to the distal edge of the incision and to minimize
detachment of the deltoid muscle fibers from the lateral
part of the acromion. SR repair was performed using 1 or
2 knotted suture anchors (5.5-mm titanium Corkscrew FT
II suture anchor; Arthrex) and simple stitches.
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For LLSB repair in this study, the entrance stitch began
from the inferior edge of the torn tendon and exited on the
superior surface (Figure 1A). A throw was then created
horizontally from the superior to inferior surface of the ten-
don (Figure 1B). The needle was passed from the inferior to
superior medial edge to the throw that was just created
(Figure 1C). The needle was next shifted to the other
end of the stitch, and the entire process was repeated (Fig-
ure 1D), creating a locking loop (Figures 1E and 2A). When
the suture was completed, a knotless suture anchor
(4.75-mm PEEK [Polyetheretherketone] SwiveLock C
anchor with blue FiberTape Loop; Arthrex) was used to fix
the stitch (Figure 2, B and C).

The number of anchors to utilize was decided during sur-
gery in both groups. At the site of mini-open repair, the
subcutaneous layer was closed with inverted 4-0 absorb-
able, braided sutures and covered with Steri-Strip skin
closures (3M). The portals were closed in a similar fashion.

Rehabilitation

All patients followed the same rehabilitation protocol.
Patients wore a shoulder sling for 4 weeks postoperatively.
Mobilization exercises commenced on day 1. Removal of the
sling was allowed for bathing and dressing, and active finger,
wrist, and elbow motion and periscapular strengthening were

encouraged. At 1 to 4 weeks, passive external rotation with
the arm at the side was limited to 0�, and passive flexion or
abduction was limited to 90� while wearing the sling. The
sling was discontinued at 4 weeks after surgery, and active-
assisted range of motion exercises were performed at 4 to 8
weeks, progressing to full motion at 8 to 12 weeks. Advanced
strengthening exercises began at 12 weeks to gradual full
release.

Preoperative and Postoperative Evaluations

Functional scores and the shoulder structure were evalu-
ated both preoperatively and postoperatively. Functional
scores included the Oxford Shoulder Score (OSS), the visual
analog scale (VAS) for pain, and the American Shoulder
and Elbow Surgeons (ASES) score. Postoperative evalua-
tions were conducted at 3, 6, 12, and 24 months. For the
structural evaluation, MRI and sonography were per-
formed preoperatively. Sonography was conducted at 12
months after surgery to evaluate the shoulder structure
using the Sugaya classification system,43 which is validated
for sonography based on research by Barth et al4 and Collin
et al.10 All evaluations except for sonography were per-
formed and recorded by the same clinical research nurse.
Sonography was performed by an experienced rehabilitation
physician (H-.C.C.) using a transducer (12-MHz PLT-1204

Figure 1. Locking-loop suture bridge technique. (A) The entrance stitch began from the inferior edge of the torn tendon and exited
on the superior surface. (B) A throw was then created horizontally from the superior to inferior surface of the tendon. (C) The needle
was passed from the inferior to superior medial edge to the throw that had just been created. (D) The needle was then shifted to the
other end of the stitch, and the entire process was repeated. (E) Completed locking-loop suture bridge repair.

Figure 2. Locking-loop suture bridge technique. (A) Locking-loop suture bridge repair on tendon edge. (B) Application of a knotless
suture anchor. (C) Final repair construct.
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BT linear transducer with Aplio 300; Toshiba). During
sonography, the patients were seated with the affected arm
hanging free by the side of the trunk. The rotator cuff repair
site was examined in 3 planes: axial, sagittal, and coronal.
The tendons of the supraspinatus and infraspinatus were
examined with the arm in adduction and internal rotation.
The integrity of the repaired rotator cuff was classified into
5 types as described by Sugaya et al43 based on frontal,
sagittal, and transverse sonographic images only. The
sonographic examiner was blinded to the results of the func-
tional outcomes, and the clinical examiner was blinded to
the results of shoulder sonography.

Statistical Analysis

The functional outcomes (VAS, OSS, and ASES scores)
were assessed using continuous variables, which are pre-
sented as the mean with standard deviation; the differences
in outcomes between patients in the LLSB group and those
in the SR group were analyzed using an independent-
samples t test. The Fisher exact test was used to analyze
postoperative sonography results, which were assessed
using categorical variables presented as percentages. Dif-
ferences were considered significant when P < .05. Data
were processed and analyzed using R 3.5.2 (R Core Team).

RESULTS

A total of 83 patients participated in the study, 39 of whom
were in the LLSB group and 44 were in the SR group
(Figure 3). In each shoulder, the preoperative tear size was
measured by a probe during arthroscopic surgery according
to the DeOrio and Cofield classification13 and classified as
small (<1 cm) or medium (1-3 cm). The tear pattern of
either crescent shaped (short and wide) or longitudinal

(long and narrow)12 was examined by a grasper and then
recorded. Patient demographics and tear characteristics
are summarized in Table 1.

At all 4 postoperative time points, the VAS, ASES, and
OSS scores improved significantly compared with preoper-
atively (P < .001 for all) (Appendix Table A1). When

Locking loop suture bridge 
group (n = 39)

Pa�ents treated with rotator cuff repair 
for supraspinatus/infraspinatus tear, 

2015-2018 (n = 153)

Single-row suture 
group (n = 44)

Underwent locking loop suture 
bridge technique (n = 73)

Underwent single-row suture 
anchor technique (n = 80)

Pa�ents excluded (n = 19)
(1) Combined SLAP 2 tear (n = 2)
(2) Complete ruptured subscapularis (n = 3)
(3) Revision opera�on (n = 2)
(4) Partial-thickness to full-thickness (n = 5)
(5) Glenohumeral joint arthri�c change (n = 2)
(6) Not fully repairable (n = 5)

Lost to follow up (n = 15)

Pa�ents excluded (n = 20)
(1) Combined SLAP 2 tear (n = 3)
(2) Complete ruptured subscapularis (n = 4)
(3) Revision opera�on (n = 3)
(4) Partial-thickness to full-thickness (n = 5)
(5) Glenohumeral joint arthri�c change (n = 2)
(6) Not fully repairable (n = 3)

Lost to follow up (n = 16)

Figure 3. Strengthening the Reporting of Observational Studies in Epidemiology patient flowchart. SLAP, superior labral anterior to
posterior.

TABLE 1
Patient and Tear Characteristicsa

LLSB Group
(n ¼ 39)

SR Group
(n ¼ 44) P Valueb

Age, y 58.41 ± 8.35 58.64 ± 6.95 .89
Sex >.99

Male 7 (17.95) 8 (18.18)
Female 32 (82.05) 36 (81.82)

Injured side .35
Left 12 (30.77) 19 (43.18)
Right 27 (69.23) 25 (56.82)

Tear size, cmc 1.58 1.36 .58
Small (<1 cm) 11 (28.21) 16 (36.36)
Medium (1-3 cm) 28 (71.79) 28 (63.64)

Torn tendon >.99
Supraspinatus 28 (71.79) 32 (72.73)
Infraspinatus 4 (10.26) 5 (11.36)
Combined 7 (17.95) 7 (15.91)

Tear pattern .30
Crescent 15 (38.46) 22 (50.00)
Longitudinal 24 (61.54) 22 (50.00)

Biceps tenotomy/tenodesis 32 (82.05) 30 (68.18) .23

aData are reported as mean ± SD or n (%). LLSB, locking-loop
suture bridge; SR, single-row suture anchor.

bValues were analyzed using the Student t test for continuous
variables.

CThe chi-square test for categorical variables for which there is
no standard deviation.
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comparing scores between the LLSB and SR groups at each
postoperative time point, only the scores at 3 months dif-
fered significantly (VAS: P ¼ .002; OSS: P < .001; ASES: P
¼ .005) (Table 2).

For the structural assessment, shoulder sonography was
performed on every patient at 12 months after surgery
using the Sugaya classification system. Table 3 sum-
marizes the results of shoulder sonography at 12 months
after rotator cuff repair. The overall rotator cuff retear rate
was 10.26% and 6.82% in the LLSB and SR groups,

respectively (P ¼ .892). Those with a retear on sonography,
3 of 4 in the LLSB group and 2 of 3 in the SR group, under-
went revision surgery. The other 2 participants were lost to
follow-up. A superficial stitch abscess was found in 2 cases
in the LLSB group and 3 cases in the SR group. There was
no need for a reoperation, and the stitch abscess was man-
aged with simple debridement during follow-up in the out-
patient department.

DISCUSSION

In this study, superior outcomes were found in the LLSB
group compared with the SR group in terms of VAS,
OSS, and ASES scores at 3 months after surgery (VAS:
P ¼ .002; OSS: P < .001; ASES: P ¼ .005). Thus, the
proposed LLSB technique of arthroscopic-assisted mini-
open repair was not inferior to SR repair in terms of
postoperative functional outcomes and repair integrity
in patients with small to medium rotator cuff tears.

Multiple factors affect rotator cuff healing, including gap
formation, stiffness, restoration of footprint contact area
and pressure, materials, and techniques.47 A previous
study25 suggested that double-row sutures result in more
favorable structural healing compared with SR sutures.
Sandow and Schutz40 demonstrated that arthroscopic rota-
tor cuff repair using transosseous knotless anchors pro-
vides satisfactory healing and anchor stability, enabling
the achievement of high functional recovery. Kim et al22

reported that superior bone ingrowth could be achieved
with open-construct PEEK anchors than with nonvented
biocomposite anchors at early healing stages. On the basis
of these findings, we believe that the proposed LLSB tech-
nique can provide favorable healing because of its similar
mechanics to double-row repair and its use of knotless
anchors.

However, several studies have reported similar func-
tional outcomes regardless of the technique used to treat
rotator cuff tears.24,47,48 Liu et al24 found no long-term
difference in primary or secondary outcomes between all-
arthroscopic and mini-open techniques; a significant differ-
ence was found only at 1 day and 1 month after surgery.
Yamakado47 reported no difference in clinical outcomes or
rotator cuff integrity between suture bridge and medially
based SR techniques at 1-year follow-up; postoperative
rotator cuff failure was observed only in the suture bridge
group, and incomplete healing was observed in the medially
based SR group. Zafra et al48 reported no difference in clin-
ical results between SR transtendon and double-row suture
bridge techniques for partial-thickness articular surface
rotator cuff tears at 6 or 32.5 months (final follow-up) after
surgery. These findings are consistent with our results;
that is, at 2-year follow-up, no significant between-group
difference in functional outcomes was observed, but at
3-month follow-up, the LLSB group exhibited more favor-
able outcomes than did the SR group.

Miller et al26 reported no retears at 6 months after
arthroscopic repair of massive rotator cuff tears. They
also classified the causes of retears into 2 categories:
“mechanical failure” in which retears occur in the early

TABLE 2
Shoulder Functional Scoresa

LLSB Group SR Group P Value

VAS
Preoperative 6.21 ± 1.67 5.98 ± 0.89 .177
3 mo 2.67 ± 1.38 3.85 ± 2.11 .002
6 mo 1.74 ± 1.36 1.93 ± 1.52 .276
12 mo 1.35 ± 1.11 1.87 ± 1.22 .349
24 mo 1.08 ± 0.79 0.93 ± 0.91 .294

P valueb < .001 < .001
OSS

Preoperative 21.65 ± 8.97 19.34 ± 9.58 .131
3 mo 37.31 ± 6.42 28.75 ± 8.68 < .001
6 mo 41.37 ± 6.55 38.81 ± 7.54 .052
12 mo 42.32 ± 5.82 41.18 ± 4.96 .169
24 mo 42.77 ± 4.97 42.03 ± 5.81 .269

P valueb < .001 < .001
ASES

Preoperative 50.53 ± 15.18 49.26 ± 14.81 .351
3 mo 68.15 ± 11.88 60.29 ± 15.05 .005
6 mo 80.64 ± 9.25 79.70 ± 14.09 .359
12 mo 89.62 ± 7.27 88.84 ± 8.73 .252
24 mo 91.12 ± 6.37 90.55 ± 7.16 .352

P valueb < .001 < .001

aData are reported as mean ± SD. Boldface P values indicate
statistically significant differences between groups (P < .05).
ASES, American Shoulder and Elbow Surgeons; LLSB, locking-
loop suture bridge; OSS, Oxford Shoulder Score; SR, single-row
suture anchor; VAS, visual analog scale.

bValues were compared from preoperatively to 24 months post-
operatively.

TABLE 3
Sugaya Classification43 of Rotator Cuff Integrity

at 12 Monthsa

LLSB
Group SR Group P Value

Type 2 (sufficient thickness and
partial high intensity from
within tendon)

22 (56.41) 25 (56.82) .892

Type 3 (insufficient thickness
without discontinuity)

13 (33.33) 16 (36.36)

Type 4 (minor discontinuity on
>1 slice, suggesting small tear)

4 (10.26) 3 (6.82)

aData are reported as n (%). LLSB, locking-loop suture bridge;
SR, single-row suture anchor.
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postoperative period (<3 months) and “biological failure” of
healing at the tendon-bone interface in which recurrent
tears happen later. In our study, the LLSB group exhibited
superior outcomes at 3 months after surgery; it may be
speculated that LLSB repair provided better initial
mechanical stability than SR suture anchor repair, but
after 3 months, both groups achieved biological healing,
and the difference attributed to a mechanical effect
gradually diminished.

Caldow et al6 reported that the average footprint contact
pressure and ultimate tensile strength after Mason-Allen
repair did not differ significantly from those after double-
row repair, but Mason-Allen repair had an inferior contact
area compared with double-row repair. Their results also indi-
cate that cruciate repair provided a better average footprint
contact area and pressure without a difference in ultimate
tensile strength than Mason-Allen repair. However, our tech-
nique can possibly achieve a similar contact area to double-
row repair because it is based on a modified version of the
traditional Mason-Allen technique, also mimicking cruciate
repair. Moreover, Park et al34,35 reported an improved mean
contact area and pressure between the tendon and the foot-
print with the suture bridge technique. Shin et al41 performed
modified Mason-Allen repair and observed similar outcomes
to those of double-row suture bridge repair. Kim et al23 deter-
mined that arthroscopic suture bridge repair results in similar
clinical outcomes and retear rates compared with double-row
repair. Although not statistically significant, they noted a
trend toward lower retear rates in the suture bridge group.
These findings support our hypothesis that the proposed
LLSB technique may provide good to excellent biomechanical
benefits in rotator cuff healing, especially in the short term.
Yet, long-term follow-up in our study revealed no significant
difference between the LLSB and SR groups. In addition, the
benefits, including pain relief, of a shorter recovery time may
increase patient satisfaction and facilitate the implementa-
tion of rehabilitation protocols, both of which improve
patients’ quality of life postoperatively.

Double-row suture bridge repair with arthroscopic surgery
has become the predominant procedure for rotator cuff tears
because it provides more contact area and pressure, a greater
footprint percentage, a high load to failure, reduced gap for-
mation at the repair site, and no increase in the retear
rate.23,41 However, double-row repair requires a longer oper-
ating time and a higher cost.1,15,34-36 In the present study,
arthroscopic-assisted mini-open repair with modified suture
bridging not only reduced the number of required suture
anchors to half of that required in double-row repair but
also reduced the stress of the greater tuberosity bone
base. These effects are similar to those achieved through
the double-row suture bridge technique.

We used an arthroscopic-assisted technique instead of an
all-arthroscopic technique because of the limitations of
LLSB repair. This is because if surgery were performed
through an all-arthroscopic technique, the limited space
would make it difficult for the needle to pass through and
create a locking loop. Previous studies have revealed no
difference in long-term functional outcomes or wound heal-
ing between all-arthroscopic and arthroscopic-assisted
techniques.5,21,24,28 Ozbaydar et al,29 for example, reported

the arthroscopic-assisted mini-open technique to be an
effective method for rotator cuff repair. The cost incurred
by the mini-open technique is also lower than that incurred
by the all-arthroscopic technique, although both techniques
produce equal outcomes.18

Of the patients in our study, 73% underwent tenotomy of
the long head of the biceps tendon with arthroscopic sur-
gery because of a type 2 SLAP lesion and partial tearing
with fraying or fibrillation of the tendon. This could cause
factors outside of rotator cuff injuries to be overlooked,
which may influence the prognosis of rotator cuff repair.
The possible complications arising from these factors would
not have been reduced if surgery were performed using the
traditional mini-open technique instead of an arthroscopic-
assisted mini-open technique.

The assessment of postoperative shoulder integrity through
sonography has become the preferred method because of its
convenience and ability to produce similar results to MRI.4,9,30

Moreover, for an SR group with metallic implants, using MRI
as an assessment tool may disturb the results. Although some
scholars have claimed sonography to be less sensitive than
MRI,10 sonography is currently widely used for the evaluation
of rotator cuff repair.3,15,27,33 In our study, shoulder sonogra-
phy was performed by a single rehabilitation physician, who
has experience with sonography of the shoulder of >10 years.
We also used sonography as an auxiliary diagnostic tool for
rotator cuff tears; however, sonography is limited for assess-
ments because of both its being operator dependent and its
learning curve.2,39

There are risk factors that influence the healing rate in
patients undergoing rotator cuff repair, especially in the
elderly.16 However, a study conducted by Park et al32

reported that patients aged >75 years with small to
medium rotator cuff tears showed similar healing rates
with those aged <60 years. Other studies supported that
rotator cuff repair provides good stability and functional
outcomes in elderly patients with full-thickness rotator cuff
tears, with comparable results in younger patients.14,38,44

Our study included patients aged 40 to 80 years with small
to medium full-thickness rotator cuff tears. Despite the
wide range in ages, similar results with the identical type
of rotator cuff tears make the current study compatible
with previous studies. However, there is evidence of higher
retear rates in octogenarians in whom the only factor affect-
ing the retear rate is the initial tear size.32

The minimal clinically important difference (MCID) is an
important metric to include in evaluations of outcomes and
has become more popular recently. A systematic review
conducted by Jones et al20 concluded that the MCIDs for
the ASES and OSS are 6.4-21.9 and 5-6.9, respectively.
Based on this result, in comparing between the groups, our
study achieved the MCID for both the ASES and OSS at
3-month follow-up (ASES: 7.89; OSS: 8.56). Moreover, in
comparing within the groups, the LLSB and SR groups also
achieved the MCID for both outcome measures at 3 months.
The MCIDs for the ASES and OSS in the LLSB group were
50.53-68.15 and 21.65-37.31, which increased by 9.62 and
15.66, respectively. The MCIDs for the ASES and OSS in
the SR group were 49.26-60.00 and 19.34-28.75, which
increased by 11.03 and 9.41, respectively.
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Limitations

Our study has the following limitations. (1) The sample size
was relatively small; this might have caused statistical
bias, and a larger number of cases should be collected in
the future to compare these 2 patient groups. However, we
ensured that all procedures were performed by a single
surgeon. This was intended to produce identical diagnostic
indications and criteria, consistent surgical techniques,
and similar preoperative and postoperative assessment
results, which reduced bias in the study. (2) We collected
data from patients with small- to medium-sized tears;
therefore, the outcomes at 6-month follow-up were some-
what inconsistent. (3) We assessed patients for only up to 2
years after surgery. A longer follow-up period is necessary
to add strength to our findings. (4) We did not randomly
separate the patients into different groups. On the con-
trary, patients chose the surgical technique after we
described the methods. The difference between suture
anchors (knot-tying suture anchor for SR group and knot-
less suture anchor for LLSB group) and fixation techniques
produces different final patient costs in our health care
system. This might possibly result in a selection bias. (5)
The results might be influenced by some unpredictable fac-
tors, perhaps selection bias. Although both groups of
patients were evaluated preoperatively, there was no dif-
ference in either patient demographics or tear character-
istics. (6) Our novel technique provided mechanical
stability similar to that of double-row suture anchor
repair; however, our study compared the novel technique
with SR repair. We did not create a control group of
double-row repair because we no longer perform double-
row repair. Future studies should be conducted to compare
LLSB repair with other rotator cuff repair techniques.

CONCLUSION

Our data showed that the LLSB technique resulted in
better VAS scores and functional outcomes at 3-month
follow-up, with no difference in retear rates at 12 months
by sonography, compared with the SR technique. In conclu-
sion, the proposed LLSB technique is a reliable technique to
consider for rotator cuff repair of small to medium-sized
tears. Also, future randomized designed studies and biome-
chanical and histological studies may be important to
improve our knowledge of rotator cuff repair techniques.
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APPENDIX

APPENDIX TABLE A1
P Values for Differences in Functional Outcome Scores From Preoperatively to Postoperativelya

Group Variable Reference P Value (t Test) Power

LLSB 3-mo VAS Preoperative VAS <.001 1
LLSB 6-mo VAS Preoperative VAS <.001 1
LLSB 12-mo VAS Preoperative VAS <.001 1
LLSB 24-mo VAS Preoperative VAS <.001 1
LLSB 3-mo OSS Preoperative OSS <.001 1
LLSB 6-mo OSS Preoperative OSS <.001 1
LLSB 12-mo OSS Preoperative OSS <.001 1
LLSB 24-mo OSS Preoperative OSS <.001 1
LLSB 3-mo ASES Preoperative ASES <.001 1
LLSB 6-mo ASES Preoperative ASES <.001 1

(continued)
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Appendix Table A1 (continued)

Group Variable Reference P Value (t Test) Power

LLSB 12-mo ASES Preoperative ASES <.001 1
LLSB 24-mo ASES Preoperative ASES <.001 1
SR 3-mo VAS Preoperative VAS <.001 1
SR 6-mo VAS Preoperative VAS <.001 1
SR 12-mo VAS Preoperative VAS <.001 1
SR 24-mo VAS Preoperative VAS <.001 1
SR 3-mo OSS Preoperative OSS <.001 1
SR 6-mo OSS Preoperative OSS <.001 1
SR 12-mo OSS Preoperative OSS <.001 1
SR 24-mo OSS Preoperative OSS <.001 1
SR 3-mo ASES Preoperative ASES <.001 1
SR 6-mo ASES Preoperative ASES <.001 1
SR 12-mo ASES Preoperative ASES <.001 1
SR 24-mo ASES Preoperative ASES <.001 1

aASES, American Shoulder and Elbow Surgeons; LLSB, locking-loop suture bridge; OSS, Oxford Shoulder Score; SR, single-row suture
anchor; VAS, visual analog scale.
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