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Background: Biomechanical studies have demonstrated that arthroscopic rotator cuff repair using a linked double-row equivalent
construct results in significantly higher load to failure compared with conventional transosseous-equivalent constructs.

Purpose: To determine the patient-reported outcomes (PROs), reoperation rates, and complication rates after linked double-row
equivalent rotator cuff repair for full-thickness rotator cuff tears.

Study Design: Case series; Level of evidence, 4.

Methods: Consecutive patients who underwent linked double-row equivalent arthroscopic rotator cuff repair with minimum 2-year
follow-up were included. The primary outcome was the American Shoulder and Elbow Surgeons (ASES) score at final follow-up.
Secondary outcomes included the Simple Shoulder Test (SST), shortened Disabilities of the Arm, Shoulder and Hand (QuickDASH)
questionnaire, visual analog scale (VAS), reoperations, and complications. Clinical relevance was defined by the minimally clinically
important difference (MCID). Comparisons on an individual level that exceeded MCID (individual-level scores) were deemed
clinically relevant. Comparisons between preoperative and postoperative scores were completed using the Student t test. All P
values were reported with significance set at P < .05.

Results: A total of 42 shoulders in 41 consecutive patients were included in this study (21 male patients [51.2%]; mean age, 64.5 ±
11.9 years; mean follow-up, 29.7 ± 4.5 months). All patients (100%) completed the minimum 2-year follow-up. The rotator cuff tear
measured on average 15.2 ± 8.9 mm in the coronal plane and 14.6 ± 9.8 mm in the sagittal plane. The ASES score improved
significantly from 35.5 ± 18.2 preoperatively to 93.4 ± 10.6 postoperatively (P < .001). The QuickDASH (P < .001), SST (P < .001),
and VAS (P < .001) scores also significantly improved after surgery. All patients (42/42 shoulders; 100%) achieved clinically rel-
evant improvement (met or exceeded MCID) on ASES and SST scores postoperatively. There were no postoperative complications
(0.0%) or reoperations (0.0%) at final follow-up.

Conclusion: Arthroscopic repair of full-thickness rotator cuff tears with the linked double-row equivalent construct results in
statistically significant and clinically relevant improvements in PRO scores with low complication rates (0.0%) and reoperation rates
(0.0%) at short-term follow-up.
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Rotator cuff disease is one of the most common causes of
shoulder dysfunction, with prevalence rates ranging from
13% to 50% with increasing age.45,46 The rotator cuff func-
tions to provide active shoulder motion and dynamic gleno-
humeral stability. As such, anatomic repair of symptomatic
rotator cuff tears is often necessary to restore normal shoul-
der biomechanics.13,19 Despite several advances in rotator
cuff repair over the past several years, studies1,5,15,17,18,22,31

have demonstrated inconsistent outcomes, with failure
rates of up to 94% in some patient populations.

In order to improve success rates, several techniques
have been described for rotator cuff repair. Biomechanical
studies2,23,29,32,34-36 have demonstrated that double-row,
transosseous-equivalent repairs are superior to single-row
repairs that only provide partial footprint restoration.
These biomechanical advantages have also translated to
improved clinical function and histologic healing in
patients undergoing double-row rotator cuff repair.8,11,30

However, these come at a higher cost because of the
increased number of anchors used.

In order to reduce cost and anchor usage and improve
construct strength, several studies have reported on the
biomechanical advantages of medial row linkage in rotator
cuff repair; the medial anchor linkage functions to provide
increased load sharing, contact area, and stability of the

The Orthopaedic Journal of Sports Medicine, 8(7), 2325967120938311
DOI: 10.1177/2325967120938311
ª The Author(s) 2020

1

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (https://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium, provided the original author and source are
credited. You may not alter, transform, or build upon this article without the permission of the Author(s). For article reuse guidelines, please visit SAGE’s website at
http://www.sagepub.com/journals-permissions.

https://doi.org/10.1177/2325967120938311
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


repair.3,7,12,16,24,37 However, these techniques often require
arthroscopic knot tying to link the 2 medial anchors. This
knot prevents the linked sutures from sliding freely, thus
inhibiting load sharing and proper tensioning between the
2 anchors of the medial row.37

A linked double-row equivalent rotator cuff repair has
been developed to maintain the potential advantage of
linked medial row anchors and allow for adequate tension-
ing and force distribution across the repair. A recent bio-
mechanical study using bovine tendons demonstrated that
this linked double-row equivalent construct had signifi-
cantly higher load to failure and increased survivorship
with cyclic loading compared with conventional
transosseous-equivalent techniques.41 Despite the biome-
chanical advantages, there are limited data on the clinical
outcomes using these anchors. The purpose of this study
was to determine the patient-reported outcomes (PROs),
reoperation rates, and complication rates after linked dou-
ble-row equivalent rotator cuff repair for full-thickness
rotator cuff tears. We hypothesized that this technique
would result in statistically significant and clinically rel-
evant improvement in PROs, with low reoperation and
complication rates.

METHODS

Institutional review board approval was obtained for this
retrospective review of consecutive patients who under-
went linked double-row equivalent arthroscopic rotator cuff
repair from April 2015 to April 2016 by a single fellowship–
trained orthopaedic surgeon (J.D.). Patients with clinical
signs and imaging findings consistent with a diagnosis of
full-thickness supraspinatus and/or infraspinatus tear and
who had completed 2-year minimum follow-up were
included in the study. All (100%) patients were initially
treated nonoperatively with activity modification, home
exercise program, or formal physical therapy depending
on patient preference for a minimum of 6 weeks after pre-
sentation. Patients who continued to have pain or func-
tional deficits were then indicated for surgical repair of
their rotator cuff. Patients with irreparable rotator cuff
tears were excluded from this study, as they did not
undergo rotator cuff repair. Patients with complete or
incomplete subscapularis and/or teres minor tears were
also excluded.

Surgical Technique

All patients were positioned in the lateral decubitus position
and underwent diagnostic shoulder arthroscopy, with con-
firmation of full-thickness supraspinatus and/or infraspina-
tus tears. A subacromial decompression was performed
followed by preparation of the rotator cuff footprint. The
rotator cuff was repaired according to a previously described
method.41 Two double-loaded 5.5-mm suture anchors (Stabi-
lynx) were inserted at the articular margin of the greater
tuberosity (1 anterior and 1 posterior) to function as the
medial row. Each anchor is double loaded with nonabsorb-
able No. 2 braided polyester suture. One suture from each
anchor was removed, leaving each anchor with a single
suture to be used during the rotator cuff repair.

A pass was made with 1 suture from either anchor
approximately 5 mm medially into the rotator cuff using
an arthroscopic suture passer (Figure 1). The sutures have
a loop where the suture from the other anchor can be shut-
tled through. The suture with the loop was pulled, and the
contralateral suture was shuttled through the path of that
suture pass and then through the suture anchor, thereby
creating a knotless medial bridge (Figure 2). Next, the
suture ends that remained were each passed approximately
5 mm lateral to the anchors. The lateral suture ends
were then tied using an arthroscopic sliding knot, thereby
creating a lateral knotted bridge in a double-row configu-
ration (Figure 3). The end result was a knotless medial

Figure 1. A pass is made with 1 suture from either anchor
approximately 5 mm medially into the rotator cuff. One of
these sutures has a loop where the suture from the other
anchor can be shuttled through.
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bridge with a lateral knotted bridge over the rotator cuff
tendon. The lateral knot functions as the final tensioner.

The postoperative protocol was standardized for all
patients. The patients were placed in a sling with abduction
pillow for 6 weeks. Physical therapy was started at 2 weeks
postoperatively, beginning with passive range of motion
and then progressing to active assisted range of motion and
active range of motion at 2 weeks, 4 weeks, and 8 weeks,
respectively. Strengthening was started 3 months after
surgery. Patients were cleared for all activities by 6 months
postoperatively.

Patients completed PRO scores before surgery and at
final follow-up. When the postoperative records were not
available through retrospective review, telephone inter-
views were conducted to gather subjective information and
PRO scores and inquire about any complications or further
surgery on the operative shoulder. PROs included the
American Shoulder and Elbow Surgeons (ASES) score,
Simple Shoulder Test (SST), shortened Disabilities of the
Arm, Shoulder, and Hand (QuickDASH) questionnaire,
and visual analog scale (VAS) for pain.

Patient characteristics were recorded preoperatively
and included age, sex, and tear size based on preoperative

magnetic resonance imaging. Surgical complications and
reoperations were recorded. The complications sought
included, but were not limited to, infection, bleeding, wound
dehiscence, pain, shoulder stiffness, nerve injury, deep-vein
thrombosis, fluid extravasation, hardware failure, and
death.6 Reoperation was defined as any return to the oper-
ating room. The primary outcome measure was the ASES
score at final follow-up. Secondary outcomes included the
QuickDASH, SST, VAS, reoperations, and complications.
Clinical relevance, when applicable, was defined by the min-
imally clinically important difference (MCID) for the ASES
(MCID 12) and SST (MCID 2).43 Comparisons on an indi-
vidual level that exceeded MCID (individual-level scores)
were deemed clinically relevant.

Statistical analysis was performed using R version 3.3.1.
Comparisons between preoperative and postoperative
scores were completed using the Student t test. All P values
were reported with significance set at P < .05.

RESULTS

A total of 42 shoulders in 41 consecutive patients were
included in the study (Table 1). All patients (100%) com-
pleted the minimum 2-year follow-up (9 by telephone inter-
view). There were 21 male patients (51.2%) and 20 female
patients (48.8%), with a mean age of 64.5 ± 11.9 years and
an average follow-up of 29.7 ± 4.5 months. The rotator cuff
tear measured on average 15.2 ± 8.9 mm in the coronal
plane and 14.6 ± 9.8 mm in the sagittal plane.

The preoperative and postoperative PRO scores are
shown in Table 2. The mean ASES score improved signifi-
cantly from 35.5 ± 18.2 preoperatively to 93.4 ± 10.6
postoperatively (P < .001). Scores on the QuickDASH
(P < .001), SST (P < .001), and VAS (P < .001) also signif-
icantly improved after surgery. All patients (42/42
shoulders, 100%) achieved clinically relevant improvement
(met or exceeded MCID) in ASES and SST scores postoper-
atively. There were no postoperative complications or reo-
perations at final follow-up.

DISCUSSION

In the current study, linked double-row equivalent arthro-
scopic rotator cuff repair resulted in statistically significant
and clinically relevant improvement in PROs, with low
complication and reoperation rates. Thus, all study hypoth-
eses were confirmed.

Figure 3. The suture ends that remained were each passed
approximately 5 mm lateral to the anchors. The lateral suture
ends were then tied using an arthroscopic sliding knot,
thereby creating a lateral knotted bridge in a double-row con-
figuration.

TABLE 1
Patient Characteristicsa

Age, y, mean ± SD 64.5 ± 11.9
Male sex, n (%) 21 (51.2)
Tear size (ML), mm, mean ± SD 15.2 ± 8.9
Tear size (AP), mm, mean ± SD 14.6 ± 9.8
Follow-up, mo, mean ± SD 29.7 ± 4.5

aAP, anterior-posterior; ML, medial-lateral.

Figure 2. The suture with the loop was pulled, and the con-
tralateral suture was shuttled through the path of that suture
pass and then through the suture anchor, thereby creating a
knotless medial bridge.
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Several biomechanical studies3,7,12,16,37 have previously
demonstrated the utility of linked medial anchors in rotator
cuff repair. However, they are technically more demanding
and often require medial knots for the anchor linkage. The
present technique for rotator cuff repair utilizing a linked
double-row equivalent construct combines the advantages
of linked medial sutures with a double-row repair without
having to tie medial knots. As such, it has been shown to be
biomechanically superior to double-row repairs alone.41 Each
suture fromthe medial row anchor has a built-in loopat1 end.
This can be used to shuttle the end of 1 suture from 1 anchor
through the other anchor, creating a free-sliding running
suture through multipleanchors.The knotless linkage allows
equal load sharing across the repair by using the anchors as
pulleys to potentiate the strength of repair.3,9,10,16,20,24,42

Prior studies utilizing linked medial row anchors have
been limited to biomechanical studies and technique papers,
making the present study the first to report on clinical out-
comes after a linked double-row equivalent rotator cuff
repair. There were statistically significant improvements
in all PRO scores, with the ASES score significantly improv-
ing from 35.5 ± 18.2 preoperatively to 93.4 ± 10.6 postopera-
tively. This result is similar to previously published reports
investigating knotless double-row rotator cuff repairs
in patients with similar-sized rotator cuff tears at up to
2-year follow-up. All previous studies14,26,28,33 reported sig-
nificant improvement in ASES scores after surgery, which
ranged from 87.4 before surgery to 97.0 at final follow-up.

The improvements in PROs were also clinically relevant,
with 100% of patients achieving the MCID for the ASES
score and SST score. A 2019 study by Dukan et al14 had
similar results after a knotless suture bridge technique,
with 98.5% of patients achieving the MCID for the ASES
score. The MCID used in the present study is specific to
rotator cuff pathology, with a range from 12 to 17 points.43

This compares with the MCID of 6.4 points used in the
study by Dukan et al. Without the raw data, it is difficult
to determine whether the same number of patients in their
study would have reached the more stringent MCID guide-
lines for rotator cuff disease that were used in the current
study.

Despite these excellent clinical outcomes in double-row
repairs, there still remains a relatively high retear rate on
postoperative imaging that ranges from 5.9% to
22.7%.14,21,26,28,33,40 This is compared with single-row rota-
tor cuff repairs, which had a pooled failure rate of 40.2% in a
2014 meta-analysis by Xu et al.44 Additionally, these same

studies demonstrated equivalent or superior ASES scores in
the double-row groups compared with single-row groups,
indicating that patients with improved healing rates have
improved outcome scores compared with those that failed.44

Based on the superior biomechanical strength and excellent
PROs with the linked double-row equivalent technique, we
believe that the healing rate is equivalent or superior to that
of the conventional double-row rotator cuff repair. However,
this needs further investigation in comparative studies
using postoperative imaging.

There are limitations to this study. The study was retro-
spective and had a relatively small sample size, possibly
leading to selection bias. Despite the small population, the
current study was still able to detect statistically signifi-
cant improvement in patient outcomes that translated to
clinical relevance. All surgeries were performed by a single
fellowship–trained orthopaedic surgeon with extensive
experience in shoulder arthroscopy. Thus, the results of
this investigation may not be extrapolated to all patient
and surgeon populations. Additionally, we did not directly
compare the linked double-row equivalent repair with con-
ventional rotator cuff repairs. However, indirect compari-
son with previous studies using similar PRO measures
showed comparable improvement in scores postopera-
tively.4,25,27,38,39 The current study only included small to
large rotator cuff tears, so it is unclear if these outcomes
will extrapolate to massive rotator cuff tears. In addition,
we only evaluated clinical outcomes and did not assess the
retear rates after repair using imaging modalities. How-
ever, there were no clinical failures according to the PROs,
symptoms, and physical examination. Finally, 21.4% of the
patients could not be assessed in person at the 2-year fol-
low-up and were evaluated instead by telephone interview.

CONCLUSION

Arthroscopic repair of full-thickness rotator cuff tears with
the linked double-row equivalent technique results in sta-
tistically significant and clinically relevant improvements
in PRO scores, with low complication (0.0%) and reopera-
tion (0.0%) rates at short-term follow-up.
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