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Background: Biologic technologies can potentially augment existing arthroscopic rotator cuff repair to
improve retear rates and postoperative outcomes. The purpose of this study was to evaluate healing rates
and clinical outcomes of full-thickness rotator cuff repairs augmented with a bioinductive bovine
collagen implant.
Methods: In this prospective multicenter study, investigators enrolled 115 patients (mean age, 60.4
years) with full-thickness rotator cuff tears. There were 66 (57.4%) medium (1-3 cm) tears and 49 (42.6%)
large (3-5 cm) tears. Eligible patients consisted of those �21 years of age with chronic shoulder pain
lasting longer than 3 months and unresponsive to conservative therapy. Patients underwent single- or
double-row repair augmented with a bioinductive bovine collagen implant. At the baseline, 3 months,
and 1 year, magnetic resonance imaging was performed and patients were assessed for American
Shoulder and Elbow Surgeons (ASES) Shoulder Score and Constant-Murley Score (CMS). The primary
failure end point was retear, classified as any new full-thickness defect observed on magnetic resonance
imaging.
Results: There were 13 retears (11.3%) at 3 months, with an additional 6 (19 total [16.5%]) found at 1 year.
In large tears, double-row repair had a significantly lower rate of retear at 3 months (P ¼ .0004) and 1
year (P ¼ .0001) compared with single-row repair. ASES and CMS scores significantly improved between
the baseline and 1 year for medium and large tears. At 1 year, the minimally clinically important dif-
ference for ASES and CMS was met by 91.7% (95% CI: 84.9-96.1) and 86.4% (95% CI: 78.2-92.4) of patients,
respectively. Patients without retear and those <65 years of age had significantly better CMS scores at 1
year when compared with those with retear and those �65 years (P < .05). There was no statistically
significant difference in outcomes based on treatment of the biceps tendon. Of 9 reported reoperations in
the operative shoulder, only 2 were considered potentially related to the collagen implant.
Conclusion: Interim results from this prospective study indicate a favorable rate of retear relative to the
literature and improvement in clinical function at 1 year after adjunctive treatment with the study
implant augmenting standard arthroscopic repair techniques.

© 2020 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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Despite the generally beneficial results observed with arthro-
scopic rotator cuff repair,19 the continued risk of postoperative
retears remains a challenge, especially as their presence can nega-
tively affect clinical and functional outcomes.23,28,38,47 Surgeonsmust
consider the underlying biologic variables that might predispose a
patient to significant risk of retear when deciding whether to pro-
ceed with arthroscopic rotator cuff repair or an alternative
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intervention for the symptomatic patient. Microvascular changes
associated with patient age, chronicity and size of the tear, and
chronic disease states affect the quality of biologic healing at the
tendon-bone interface,24,33,39 with suboptimal healing reducing the
mechanical strength of the construct, thereby leading to potential
retear. Retear rates can be impressively high, with a randomized
study of 136 full-thickness tears reporting an overall 2-year retear
rate of 46.4%9 and another large study reporting up to a 53% retear
rate.46

The need for an improved biologic environment for tendon
healing led to the development of a bioinductive resorbable bovine
collagen scaffold for rotator cuff repair augmentation, which has
shown promising clinical performance to date.2,5e7,34,41,46 In a 2013
analysis, a highly porous collagen implant induced the formation of
mature tendon-like tissue and increased rotator cuff tendon
thickness in a sheep model.48 Further histology data obtained from
biopsies of patients undergoing rotator cuff repair augmented with
this implant indicated cellular incorporation, tissue formation and
maturation, implant resorption, and no evidence of inflammatory
response or foreign body reaction.2 Magnetic resonance imaging
(MRI) testing concluded that full-thickness tear repairs augmented
with the implant had an increase in tendon thickness compared
with published average normal values from 3 months post-
operatively.7 This increased tendon thickness persisted through
follow-up at 6, 12, and 24 months (P < .01 vs published average
normal values at all time points). Multiple clinical studies of
augmented full-thickness tear repairs have reported that this
collagen implant results in significant improvements in post-
operative shoulder function and pain compared with the preoper-
ative baseline.7,34,46

A prospective study was conducted to assess the safety and ef-
ficacy of this bioinductive collagen implant in the arthroscopic
treatment of full-thickness rotator cuff tears in a large population
across multiple centers. It was hypothesized that the use of this
implant adjunctive to single- or double-row repair would lead to
reduced retear rates as compared with traditional methods of
repair. A secondary analysis of factors thought to influence retear
rates was conducted to determine the potential efficacy of this
implant in at-risk populations.

Methods

Study design

A prospective study was conducted by 9 surgeons at 9 centers in
the United States between October 2014 and January 2019. Study
patients will be followed up for 2 years. Interim results at 1 year are
presented herein.

Patients met inclusion criteria if they were �21 years of age,
spoke English, gave consent for participation in the study, had a
medium or large full-thickness tear primarily of the supraspinatus
tendon planned for surgical repair involving the implant, and
chronic shoulder pain lasting longer than 3 months that was un-
responsive to conservative therapy including pain medication,
physical therapy, injections, and other treatments. The decision to
indicate use of the implant was left to the discretion of the indi-
vidual surgeon (ie, no criteria were used to direct “implant” vs. “no
implant” before enrollment).

Patients were excluded if they had massive rotator cuff tears
(> 5 cm), acute rotator cuff tears <12months from known injury, or
if the index shoulder had undergone previous rotator cuff surgery.
Patients were also excluded if there was clinical or imaging
evidence of instability, calcification, advanced chondromalacia
(� grade 3), and/or fatty infiltration (� stage 2). Additional exclu-
sion criteria included a history of heavy smoking (> 1 pack/day)
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within the last 6 months; genetic collagen disease; insulin-
dependent diabetes; autoimmune, immunodeficiency, or chronic
inflammatory disorders; an established hypersensitivity to bovine-
derived materials; pregnancy or plans to become pregnant during
the study; current involvement in any injury litigation or worker’s
compensation claims relating to the index shoulder; cognitive or
mental health status that interferes with study participation; and
oral steroid and injectable steroid use within last 2 months or 1
month, respectively, of enrollment.

This study was performed in compliance with the ethical prin-
ciples of the Declaration of Helsinki, and institutional review board
approval was obtained for each investigational site. All patients
provided voluntary informed consent before enrollment.

Study outcomes

Patients underwent a noncontrast MRI scan of the affected
shoulder within 60 days before surgery to determine whether they
had full-thickness tears meeting the eligibility criteria. This was
then reconfirmed intraoperatively during surgery. Only subjects
with full-thickness tears visually confirmed on arthroscopy with a
calibrated probe and recorded by the surgeons as meeting the
Cofield grade14 for medium (1-3 cm) or large (3-5 cm) tears were
included in this analysis. The duration of implantation of the
collagen implant, defined as the time from introduction of the
guide wire instrument into the subacromial space to completion of
last staple, was also recorded.

Formal postoperative data collection and imaging studies
occurred at 3 months and 1 year. At both points, MRI scans were
obtained to assess rotator cuff tendon integrity, with any observ-
able full-thickness defect (ie, loss in supraspinatus tendon conti-
nuity) classified as a retear. It should be noted that the diagnostic
reality and terminology around rotator cuff healing vs. retearing
remains a controversial area due to the relative inability to deter-
mine whether a cuff has truly retorn, simply never healed, or some
combination of both. In our study, we use the term ‘retear’ to
include rotator cuffs that have actually retorn after healing as well
as those that have not fully healed or failed to heal altogether
postsurgery.

Follow-up MRIs were also used to assess the presence or
absence of a visible boundary between the collagen scaffold/new
tissue and the supraspinatus tendon, as well as to measure tendon
thickness (Fig. 1). Patients were assessed for American Shoulder
and Elbow Surgeons (ASES) Shoulder Score and Constant-Murley
shoulder (CMS) score at the preoperative baseline, and again at
each postoperative follow-up visit. The minimal clinically impor-
tant difference was considered as 11.1 for ASES and 4.6 for CMS,
based on the analysis from Cvetanovich et al.15 Self-reported sub-
ject satisfaction with the outcome of the index surgery was recor-
ded using a 5-point Likert scale at all follow-up points, including in
those cases after revision surgery. Recovery was assessed by cu-
mulative days the index shoulder was in a sling, completed reha-
bilitation visits, return to work (employed patients only), and
return to normal daily activities. Surgeons monitored for and
recorded adverse events classified as either device or procedure
related, all serious adverse events, and the occurrence and timing of
revisions and additional shoulder operations.

Study device and surgical technique

The study implant (REGENETEN; Smith þ Nephew, Andover,
MA, USA) consists of 3 components: a resorbable implant made
from highly purified reconstituted collagen fibers derived from
bovine tendon and designed to completely resorb within 6 to 12
months; polylactic acid (PLDLA) tendon anchors designed to



Figure 1 Respective magnetic resonance imaging (MRI) cuts at the baseline, 3 months, and 1 year from Spectral Attenuated Inversion Recovery (SPAIR) sequences (a-c) and
transverse relaxation time (T2) sequences (d-f) of a study patient who had a 5-cm full thickness rotator cuff tear repaired with a double-row technique and a supplemental
bioinductive implant.
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completely resorb within 12 months; and polyetheretherketone
bone anchors that are not resorbable.

Patients were placed under general anesthesia. The gleno-
humeral joint was arthroscopically assessed. If deemed clinically
necessary, surgeons had the option to d�ebride fraying of the labrum
and perform biceps tenotomy or tenodesis, bursectomy and
acromioplasty, and release of the coracoacromial ligament and
d�ebride minor fraying of the cuff tendon. Arthroscopic rotator cuff
repair was performed by individual surgeon preference utilizing
either a single- or double-row technique (Fig. 2). Removal of the
periosteum lateral to the footprint was performed to ensure
adequate positioning and fixation of the collagen implant to bone.
The surgeon selected a collagen implant sized either 20 x 24 mm
(“medium”) or 25 x 30 mm (“large”) to cover the repaired rotator
cuff. Using proprietary, single-use disposable instruments, the
surgeon then arthroscopically delivered the implant over the
repaired tendon, secured the implant to the tendonwith the PLDLA
anchors and the implant to the greater tuberosity with the
polyetheretherketone bone anchors. Standard methods were used
for closure.

Patients followed a rehabilitation program at the discretion of
the surgeon and consistent with standard practice for full-thickness
rotator cuff repair.

MRI interpretation

All MRI results were interpreted by a single board-certified,
musculoskeletal radiologist and also reviewed by the treating sur-
geon to determine implant boundaries, rotator cuff repair integrity,
and other findings.
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Statistical analysis

Descriptive statistics were used to summarize patient de-
mographic data, intraoperative surgical assessments, and patient
recovery outcomes. Matched-pair analyses were performed to
determine changes in retear rates. A subgroup analysis was per-
formed to determine the risk of retear among various cohorts:
repair technique (single-row vs double-row repair), age (< 65 years
vs � 65 years), sling time (� 6 weeks vs > 6 weeks). Clinical
outcome score (ASES and CMS scores) comparison between the
baseline and successive follow-up visits was performed with Wil-
coxon signed-rank analyses. A subgroup analysis was also per-
formed to determine whether the aforementioned cohorts (repair
technique, age, sling time), as well as those experiencing retear and
undergoing biceps treatment or not at index surgery, influenced
clinical ASES and CMS scores. Resulting P values were quoted and
95% two-sided confidence intervals (CIs) were generated where
appropriate. All statistical calculations were made using SAS soft-
ware (SAS Institute, Cary, NC, USA). Statistical significance was set
at P < .05.

Results

Of 115 enrolled patients, 1-year data were available for 114. The
one patient lost to follow-up had an established retear at 3 months,
and was therefore included in the primary 3-month analysis. One
subject missed an MRI at 3 months, but returned for the 1-year
follow-up and did receive an MRI at that point. Demographic/
clinical characteristics and operative details for this cohort of pa-
tients are provided in Tables IeIII, respectively.



Figure 2 Arthroscopic images of a full-thickness rotator cuff tear from the articular (a) and bursal (b) sides that was repaired using a double-row technique (c) and a supplemental
bioinductive implant (d).

Table I
Patient demographics and clinical characteristics (n ¼ 115)

Variable Value

Age (years)
Mean ± standard deviation 60.4 ± 8.0
Median (range) 60.0 (42-80)

Sex, N (%)
Female 39 (33.9%)
Male 76 (66.1%)

Body mass index, kg/m2

Mean ± standard deviation 28.1 ± 4.5
Median (range) 27.4 (18.2-42.0)

Duration of experienced pain in affected
shoulder (years)

Mean ± standard deviation (N) 2.50 ± 3.32
Median (range) 1.25 (0.17-20.0)

Shoulder treated, N (%)
Left 37 (32.2%)
Right 78 (67.8%)
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Retear

There were 13 retears (11.3%) at 3 months and 19 (16.5%) at 1
year. Retear rates for the various at-risk subgroups, classified by
tear type, are provided in Table IV. Of the subgroups assessed, only
surgical technique in large tears led to a significant difference, with
double-row repair having a statistically lower rate of retear when
compared with single-row repair at both 3 months (7.9% [3/38] vs
63.6% [7/11]; P ¼ .0004) and 1 year (10.5% [4/38] vs 72.7% [8/11];
P ¼ .0001).
MRI assessmentdscaffold resorption

Scaffold resorption data were available for 112 patients at 3
months and 113 patients at 1 year based on MRI results. At 3
months, a visible boundary between the collagen scaffold/new
tissue and the supraspinatus tendon was observed in 10 available



Table II
ASES scores by visit and revision status

Cofield classification Revision No revision Total

ASES score baseline
Medium
Mean 74 36.7 63.3
Median 83.3 36.7 70
Std 24.5 23.6 28.7
Min 33.3 20 20
Max 95 53.3 95
N 5 2 7
P value .1752

Large
Mean 47.5 56.7 52.1
Median 40 51.7 46.7
Std 18.9 16.3 17.1
Min 35 43.3 35
Max 75 80 80
N 4 4 8
P value .3094

Overall
Mean 62.2 50 57.3
Median 70 50.8 53.3
Std 25.1 19.4 23.1
Min 33.3 20 20
Max 95 80 95
N 9 6 15
P value .5165

ASES score month 3
Medium
Mean 58 75.8 63.1
Median 66.7 75.8 70
Std 23.3 5.9 21.0
Min 20 71.7 20
Max 80 80 80
N 5 2 7
P value .2410

Large
Mean 63.3 71.7 67.5
Median 60 72.5 63.3
Std 10.6 25.0 18.3
Min 55 41.7 41.7
Max 78.3 100 100
N 4 4 8
P value .5614

Overall
Mean 60.4 73.1 65.4
Median 63.3 75.8 66.7
Std 17.9 19.6 19.0
Min 20 41.7 20
Max 80 100 100
N 9 6 15
P value .1746

ASES score year 1
Medium
Mean 79.6 98.3 85.8
Median 81.7 98.3 97.5
Std 23.0 2.4 20.3
Min 55 96.7 55
Max 100 100 100
N 4 2 6
P value .6386

Large
Mean 82.5 95 87.9
Median 95 100 98.3
Std 27.4 8.7 21.1
Min 41.7 85 41.7
Max 98.3 100 100
N 4 3 7
P value .3681

Overall
Mean 81.0 96.3 86.9
Median 95 100 98.3
Std 23.5 6.5 19.9

(continued on next page)

Table II (continued )

Cofield classification Revision No revision Total

Min 41.7 85 41.7
Max 100 100 100
N 8 5 13
P value .1791

Generated: 06/10/2020 16:49:23 by PROs by retear.sas
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patients (8.9%) and was either not observed or could not be
determined in the remaining patients (91.1%). At 1 year, no such
boundary was observed or could not be determined in all available
patients (100%).

Clinical outcomes

Significant improvements were observed for medium and large
full-thickness tears in ASES and CMS scores from the baseline to 1
year (P < .001; Table V). The minimal clinically important difference
for ASES and CMSwasmet at 1 year by 91.7% (95% CI: 84.9-96.1) and
86.4% (95% CI: 78.2-92.4) of patients, respectively.

Of the subgroups assessed for clinical outcomes, classified by
tear type, age < 65 years and lack of retear both showed statistical
significant improvements in CMS scores at 1 year compared with
those � 65 years and with retear, respectively (Table V). An addi-
tional subgroup analysis of patients undergoing biceps treatment
or not at index surgery indicated no statistically significant differ-
ence between the groups in ASES (P¼ .4582) or CMS scores (P¼ .38)
at 1 year.

Subject satisfaction

At 1 year, 110 of 114 patients (96.5%) reported that they “agreed/
strongly agreed” that they were satisfied with surgery and 4 (3.5%)
that they “disagreed/strongly disagreed.” All 113 patients who
responded said they would recommend the procedure to a friend.

Recovery

Patients reported a mean sling time of 38.7 days (SD, 18.3) and
mean of 22 days (SD, 12.45) spent in physical therapy. After surgery,
the mean time to return to work was 44.1 days (SD, 64.8) and to
return to normal activities was 124.6 days (SD, 60.6).

Safety

There were 9 reoperations (7.8%) of the index shoulder, which
occurred at a mean of 162.3 days (SD, 94.1) after surgery. Seven of
the 9 reoperations consisted of revision rotator cuff repair for
symptomatic recurrent or persistent rotator cuff tears: 1 in a pa-
tient with prior history of poor healing, 1 in a patient with trau-
matic injury, 3 in subjects whowere postoperatively noncompliant,
and 2 in subjects who had recurrent retears for unknown reasons
(including one subject who also had an intratendinous failure of the
cuff medial to the tear site). None of these cases were designated by
the treating surgeon to be potentially related to the collagen
implant.

Two additional reoperations occurred during the follow-up
period, which were considered possibly related to the implant or
the procedure, suture anchors, or tendon and bone fixation an-
chors. In the first, the patient developed swelling and drainage in
the operated shoulder 6 weeks after surgery and was treated with
intravenous antibiotics for suspected infection. The patient was



Table III
CMS scores by visit and revision status

Cofield classification Revision No revision Total

CMS score baseline
Medium
Mean 69.6 44.1 61.1
Median 75.8 44.1 72.9
Std 19.3 41.2 27.1
Min 41.6 15 15
Max 85.0 73.2 85.0
N 4 2 6
P value .4875

Large
Mean 41.8 43.2 42.5
Median 38.1 38.9 38.1
Std 10.6 18.2 13.8
Min 34 27 27
Max 56.8 68 68
N 4 4 8
P value .8852

Overall
Mean 55.7 43.5 50.4
Median 49.2 38.9 43.3
Std 20.7 23.2 21.8
Min 34 15 15
Max 85.0 73.2 85.0
N 8 6 14
P value .2720

CMS score month 3
Medium
Mean 66.3 52.0 56.8
Median 66.3 52.0 52.9
Std . 1.2 8.3
Min 66.3 51.2 51.2
Max 66.3 52.9 66.3
N 1 2 3
P value .5403

Large
Mean . 75 75
Median . 75 75
Std . . .
Min . 75 75
Max . 75 75
N 0 1 1
P value N/A

Overall
Mean 66.3 59.7 61.3
Median 66.3 52.9 59.6
Std . 13.3 11.3
Min 66.3 51.2 51.2
Max 66.3 75 75
N 1 3 4
P value 1.000

CMS score year 1
Medium
Mean 62.6 77.0 67.4
Median 63.9 77.0 71.1
Std 14.8 6.5 14.0
Min 44.3 72.4 44.3
Max 78.2 81.6 81.6
N 4 2 6
P value .2472

Large
Mean 67.6 83.4 74.4
Median 71.6 81 78.5
Std 13.9 4.2 13.2
Min 48.8 81 48.8
Max 78.5 88.2 88.2
N 4 3 7
P value .0497

Overall
Mean 65.1 80.8 71.2
Median 67.6 81 77.8
Std 13.5 5.6 13.5

(continued on next page)

Table III (continued )

Cofield classification Revision No revision Total

Min 44.3 72.4 44.3
Max 78.5 88.2 88.2
N 8 5 13
P value .0156

Generated: 06/10/2020 16:49:56 by PROs by retear.sas.

Table IV
Cumulative rotator cuff retears at 3 months and 1 year for subgroups of interest

Subgroups Medium tears (N ¼ 66) Large tears (N ¼ 49)

3 months 1 year 3 months 1 year

Repair technique
Single-row repair 0/13 (0%) 1/13 (7.7%) 7/11 (63.6%) 8/11 (72.7%)
Double-row repair 3/53 (5.7%) 6/53 (11.3%) 3/38 (7.9%) 4/38 (10.5%)
P value 1 1 .0004 .0001

Age
< 65 years 1/46 (2.2%) 4/46 (8.7%) 5/36 (13.9%) 6/36 (16.7%)
� 65 years 2/20 (10%) 3/20 (15%) 5/13 (38.5%) 6/13 (46.2%)
P value .2159 .425 .1039 .0577

Sling time
� 6 weeks 3/42 (7.1%) 6/42 (14.3%) 9/33 (27.3%) 11/33 (33.3%)
> 6 weeks 0/24 (0%) 1/24 (4.2%) 1/16 (6.3%) 1/16 (6.3%)
P value .2951 .4076 .1347 .0733
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subsequently taken to the operating room where extensive
d�ebridement was performed. Suture remnants and a repair anchor
were also removed out of an abundance of caution, and cultures
and biopsies were obtained. Surgical cultures at 15 days were
negative and the infection was determined by the treating surgeon
to be isolated to superficial structures. In the second, the patient
experienced intermittent pain in the treated shoulder. A 3-month
MRI indicated inflammatory changes and subsequent x-rays
showed osteopenia in the greater tuberosity region. Five and a half
months after the index surgery, the patient underwent aspiration in
the OR which yielded 3-4 ml of nonpurulent fluid. The patient then
underwent arthroscopic d�ebridement and lysis of adhesions was
performed. All biopsies and cultures taken at the time of surgery
yielded no growth. No additional procedures were performed, and
follow-up of this patient was still ongoing at the time of this
analysis.
Discussion

Symptomatic full-thickness rotator cuff tears are associated
with a worse clinical prognosis if left untreated rather than surgi-
cally repaired.29,36 Approximately half of symptomatic full-
thickness tears increase in size within 2 years, with tears larger
than 1-1.5 cm having a higher rate of progression.45 A long-term
study showed that over 8.8 years there was a mean increase of
tear size by 8.3 mm in the anterior-posterior plane and 4.5 mm in
themedial-lateral plane.35 Natural history shows that nonoperative
management can be associated with substantial muscle atrophy
(49%) and fatty infiltration (41%).35 Failed rotator cuff repair is also
associated with decreased strength and poorer clinical outcomes as
compared with intact or partially torn rotator cuffs.47

Several risk factors have been identified as contributing to
postoperative retear, ranging from the well-established to those
with comparatively less supportive evidence. As expected, the risk
of retear increases in tandem with the initial size of the full-
thickness tear, with separate studies reporting retear rates for
medium and large tears of 32% and 53%, respectively, at 1 year39

and of 22% and 50%, respectively, at 2 years.12 Older patient age



Table V
Clinical outcome scores at all follow-up points for medium and large tears overall, and for the subgroups of interest

Mean ASES shoulder
score (n; SD)

Medium tears Large tears

Baseline 3 months 1 year Baseline 3 months 1 year

Overall (n; SD) 52.4 (n ¼ 66; SD, 18.3) 65.2 (n ¼ 66; SD, 19.6) 94.3 (n ¼ 64; SD, 11.6) 48.0 (n ¼ 46; SD, 19.0) 67.9 (n ¼ 45; SD, 16.9) 93.1 (n ¼ 47; SD, 13.2)
P value* – <.001 <.001 – <.001 <.001

Subgroups
Repair technique
Single-row repair 52.1 (n ¼ 13; SD, 16.6) 67.9 (n ¼ 13; SD, 23.1) 96.0 (n ¼ 12; SD, 6.0) 55.0 (n ¼ 8; SD, 11.6) 80.5 (n ¼ 7; SD, 18.9) 88.5 (n ¼ 9; SD, 18.5)
Double-row repair 52.5 (n ¼ 53; SD, 18.8) 64.6 (n ¼ 53; SD, 18.8) 93.9 (n ¼ 52; SD, 12.6) 46.5 (n ¼ 38; SD, 20.0) 65.6 (n ¼ 38; SD, 15.8) 94.2 (n ¼ 38; SD, 11.7)
P valuey .9308 .6304 .3982 .1222 .0879 .4038

Age
< 65 years 48.8 (n ¼ 46; SD, 15.8) 64.1 (n ¼ 46; SD, 21.6) 94.2 (n ¼ 44; SD, 12.0) 45.6 (n ¼ 35; SD, 18.9) 68.4 (n ¼ 35; SD, 17.4) 93.2 (n ¼ 35; SD, 12.1)
� 65 years 60.8 (n ¼ 20; SD, 21.1) 67.8 (n ¼ 20; SD, 14.0) 94.5 (n ¼ 20; SD, 11.0) 55.6 (n ¼ 11; SD, 17.8) 66.2 (n ¼ 10; SD, 16.1) 92.6 (n ¼ 12; SD, 16.6)
P valuey .0293 .4068 .9134 .1267 .7056 .9101

Sling time
� 6 weeks 54.5 (n ¼ 40; SD, 20.6) 67.1 (n ¼ 40; SD, 18.4) 94.9 (n ¼ 39; SD, 10.0) 50.6 (n ¼ 31; SD, 19.0) 69.2 (n ¼ 31; SD, 17.3) 93.7 (n ¼ 30; SD, 12.6)
> 6 weeks 49.3 (n ¼ 26; SD, 13.7) 62.3 (n ¼ 26; SD, 21.4) 93.3 (n ¼ 25; SD, 13.9) 42.4 (n ¼ 15; SD, 18.3) 65.1 (n ¼ 14; SD, 16.3) 92.1 (n ¼ 17; SD, 14.5)
P valuey .2265 .3501 .6338 .1700 .4534 .7051

Retear
Retear 63.3 (n ¼ 7; SD, 28.7) 63.1 (n ¼ 7; SD, 21.0) 85.8 (n ¼ 6; SD, 20.3) 52.1 (n ¼ 8; SD, 17.1) 67.5 (n ¼ 8; SD, 18.3) 87.9 (n ¼ 7; SD, 21.1)
No retear 51.1 (n ¼ 59; SD, 16.5) 65.5 (n ¼ 59; SD, 19.6) 95.1 (n ¼ 58; SD, 10.2) 47.1 (n ¼ 38; SD, 19.5) 68.0 (n ¼ 37; SD, 16.9) 94.0 (n ¼ 40; SD, 11.5)
P valuey .1788 .8758 .2998 .5815 .7891 .3404

Mean CMS (n; SD) Medium tears Large tears

Baseline 3 months 1 year Baseline 3 months 1 year

Overall 51.2 (n ¼ 64; SD, 16.8) 63.2 (n ¼ 21; SD, 16.8) 79.1 (n ¼ 61; SD, 11.8) 48.5 (n ¼ 46; SD, 18.1) 65.2 (n ¼ 13; SD, 14.7) 85.3 (n ¼ 46; SD, 9.6)
P value* – .002 <.001 – .032 <.001

Subgroups
Repair technique
Single-row repair 49.9 (n ¼ 12; SD, 12.9) 67.0 (n ¼ 11; SD, 17.2) 82.5 (n ¼ 10; SD, 5.5) 55.2 (n ¼ 11; SD, 14.5) 67.7 (n ¼ 8; SD, 13.1) 84.8 (n ¼ 10; SD, 5.5)
Double-row repair 51.5 (n ¼ 52; SD, 17.6) 59.0 (n ¼ 10; SD, 16.3) 78.4 (n ¼ 51; SD, 12.6) 46.4 (n ¼ 35; SD, 18.8) 61.2 (n ¼ 5; SD, 17.7) 85.4 (n ¼ 36; SD, 10.6)
P valuey .1187 .5024 .8079 .7122 .2886 .1098

Age
< 65 years 49.4 (n ¼ 44; SD, 16.8) 61.7 (n ¼ 17; SD, 18.1) 81.3 (n ¼ 41; SD, 12.4) 45.3 (n ¼ 33; SD, 16.6) 66.4 (n ¼ 9; SD, 15.2) 87.6 (n ¼ 34; SD, 7.7)
� 65 years 55.2 (n ¼ 20; SD, 16.3) 69.2 (n ¼ 4; SD, 9.0) 74.6 (n ¼ 20; SD, 9.1) 56.6 (n ¼ 13; SD, 20.0) 62.5 (n ¼ 4; SD, 15.3) 78.8 (n ¼ 12; SD, 11.8)
P valuey .0852 .6866 .0300 .2017 .2623 .0211

Sling time
� 6 weeks 51.6 (n ¼ 38; SD, 18.3) 62.2 (n ¼ 12; SD, 18.8) 79.1 (n ¼ 35; SD, 10.5) 49.9 (n ¼ 29; SD, 18.7) 67.5 (n ¼ 9; SD, 14.7) 84.9 (n ¼ 31; SD, 10.2)
> 6 weeks 50.7 (n ¼ 26; SD, 14.6) 64.5 (n ¼ 9; SD, 14.7) 79.1 (n ¼ 26; SD, 13.6) 46.1 (n ¼ 17; SD, 17.4) 60.0 (n ¼ 4; SD, 15.2) 86.1 (n ¼ 15; SD, 8.6)
P valuey .4884 .4386 .6774 .8315 .7521 .9990

Retear
Retear 61.1 (n ¼ 6; SD, 27.1) 56.8 (n ¼ 3; SD, 8.3) 67.4 (n ¼ 6; SD, 14.0) 42.5 (n ¼ 8; SD, 13.8) 75.0 (n ¼ 1; SD, NA) 74.4 (n ¼ 7; SD, 13.2)
No retear 50.2 (n ¼ 58; SD, 15.3) 64.2 (n ¼ 18; SD, 17.8) 80.3 (n ¼ 55; SD, 11.0) 49.8 (n ¼ 38; SD, 18.8) 64.4 (n ¼ 12; SD, 15.0) 87.3 (n ¼ 39; SD, 7.5)
P valuey .1314 .4031 .0272 .3174 .5167 .0067

ASES, American Shoulder and Elbow Surgeons Shoulder Score; CMS, Constant-Murley Score; NA, not applicable; SD, standard deviation.
* P value for difference since previous visit within each group.
y P value for difference with comparator group at this follow-up visit.
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also increases the risk of retear.30,37,39 In a systematic literature
review, Hein et al noted that single-row repair had a significantly
higher retear rate compared with double-row repair (33% vs 10%, P
< .001) in large tears.18 Rehabilitation after rotator cuff repair with
early passive range of motion has also been thought to carry an
increased risk of retear when compared with delayed range of
motion, although this point remains debated.3

In patients with full-thickness tears, weak initial repair, inade-
quate healing, or structural failure of the repair increase the risk of
retear,27 which primarily occurs within 10 to 15 months after
arthroscopic repair.13 Biologic technologies can potentially
augment existing arthroscopic repair during this initial repair and
healing phase to reduce retear rates and improve postoperative
outcomes.7,46

In the current analysis, the adjunctive use of this implant and
arthroscopic repair led to a 16.5% rate of retear at 1 year in medium
and large full-thickness tears. In this study, the term “retear” in-
cludes both rotator cuffs that have retorn after healing and those
that have failed to heal after repair. A number of studies have
reported retear at approximately 1 year using various fixation
techniques, with rates ranging up to 76% for medium and large
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full-thickness tears.4,21,39,43,44 To the authors’ knowledge, the
United Kingdom Rotator Cuff Trial (UKUFF) remains the largest
prospective study of rotator cuff repair ever undertaken, making it
an ideal population for comparison. In assessing UKUFF data,
Rashid et al reported 1-year retear rates of 32% and 53% for medium
and large full-thickness tears, respectively,39 and Carr et al 2-year
retear rates of 46.4% for small to massive full-thickness tears.9

Ten of 12 retears of large tears (83.3%) (and 13 of all 19 retears
[68.4%]) occurred before 3-month follow-up, which is inconsistent
with the findings of a meta-analysis on the timing of retear.13 Chona
et al found that medium and large full-thickness retear rates
increased for roughly 15 months and 12 months, respectively,
before leveling off. Conversely, most retears in the present study
occurred before 3 months. Of 8 retears seen in the large tear/single-
row group, 7 (87.5%) occurred before the 3-month MRI. Although
our study was not designed to make conclusive determinations in
this area, review of the data does suggest that the early failures
herein could be due to the inability of the augmented repair to
overcome the anatomical challenge of the teardas the implant is
admittedly nonstructural. Likewise, the rate of late failures may be
reduced potentially as a result of the improved biology related to
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the implant. These theories should be investigated further in future
studies.

There is an ongoing debate in the literature whether early
mobilization after rotator cuff repair may contribute to
retear.20,22,26 Although 9 of the 11 (81.8%) retears that occurred in
subjects with mobilization � 6 weeks in our series occurred before
the 3-month MRI, there was no statistically significant difference in
retear rates when compared with those mobilized > 6 weeks (1/16
[6.3%]; P¼ .0733). Owing to small sample sizes in this subgroup, the
impact of early mobilization remains unclear.

Another noteworthy finding of the current analysis was the
significantly lower retear rates observed for double-row over
single-row repair for both medium and large tears (P ¼ .0004 and
P ¼ .0001, respectively). Double-row rotator cuff repair augmented
with a bioinductive graft led to an 11.3% and 10.5% retear rate at 1
year in patients with medium and large tears, respectively.
Although this is in linewith the 10% retear rates formedium tears in
the systematic literature review of Hein et al,18 it is notably below
the 24% rate they reported for large tears.

Single-row repairs were once the standard of care for rotator
cuff tears, but it is now believed that double-row repairs provide
more contact area between the tendon and bone, allowing more
fibers to engage in the healing process.11 A systematic review of
cadaveric and animal data reported that double rowwas associated
with greater restoration of the anatomic rotator cuff footprint when
compared with single-row repair.50

The clinical outcomes assessed in the present study also indi-
cated a favorable postoperative prognosis for full-thickness tears
repaired and augmented with the study implant, with significant
improvements noted in both medium and large tears between the
baseline and 1 year. ASES and CMS are the most commonly used
patient-reported outcome scores in rotator cuff studies.32 However,
studies incorporating these outcomes understandably comprise a
wide variety of indications, tear types, treatment modalities, and
follow-up timesdresulting in a heterogeneity of designs that
complicates the ability to offer a direct comparisonwith the current
findings. Nonetheless, a meta-analysis of 16 randomized controlled
trials (1,221 shoulders) of nontraumatic full-thickness arthroscopic
or miniopen rotator cuff repair by Gurnani et al17 reported that at 1
year, mean ASES and CMS scores improved on average by 38.6 and
29.5 points, respectively. Between the baseline and 1 year in the
current analysis, mean CMS improved by 27.9 and 36.8 formedium-
and large-sized tears, respectively, and mean ASES by 41.9 and 45.1,
respectively. These scores are therefore in range of or exceed the
threshold established in that meta-analysis.

The mean postoperative ASES and CMS scores observed in our
series are also consistent with those reported in prior studies of
this implant in full-thickness tears. McIntyre34 reported that the
mean ASES score increased from 45.6 to 82.7 at 12 months of
follow-up (P < .001). Bokor et al7 showed that these benefits
persisted at 24 months of follow-up, with an increase in ASES
score from 44.6 to 87.8 (P < .001), and in the CMS from 50.7 to 78.0
(P < .001) compared with the preoperative baseline.

It is possible that the relatively low level of retear observed in
the current series contributed to the improved clinical outcome
scores at 1-year follow-up. There is ongoing debate onwhat impact
postoperative retear after rotator cuff repair has on clinical out-
comes.16 Separate studies of arthroscopic repair techniques have
noted comparable outcomes in those with and without retear,25,49

whereas others have observed significant differences in post-
operative clinical and functional assessments in those with
retear.9,23,28,38,47 The current results are aligned with the latter
group of studies in reporting that patients with retear had signifi-
cantly worse CMS scores at 1 year. Further comparative clinical
trials and meta-analyses of existing data sets are warranted to
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better elucidate the role of postoperative retear on clinical out-
comes and function.

Although there was a significant difference in retear between
single- and double-row repair observed in the present study, this
did not result in any clinically or statistically significant differences
in ASES or CMS scores between the groups. The American Academy
of Orthopaedic Surgeons recent Clinical Practice Guidelines on
managing rotator cuff injuries includes a meta-analysis of ran-
domized controlled trials using MRI to compare retear rates be-
tween single- and double-row repair. It concludes that strong
evidence supports lower retear rates after double-row repair than
after single-row repair for both partial- and full-thickness retears
after primary repair.1 Furthermore, double-row repair appears to
have limited advantages over single-row when all sizes of full-
thickness tears are taken together, and there is an apparent supe-
riority in double-row repairs of large full-thickness tears in terms of
select clinical outcomes (ASES and University of California, Los
Angeles scores), muscle strength, and range of motion.8,31

Despite the clear role of advanced age in increasing retear and
reducing function,40 it has been suggested that arthroscopic repair
still be considered a viable option for those > 65 years, specifically
when the tear is limited to the supraspinatus.10 Retrospective data
indicate that consistent improvements in function and pain can be
achieved in patients � 75 years nearly 5 years after undergoing
rotator cuff repair.42 Although the present study found that CMS
scores at 1 year did significantly favor those < 65 years, it also found
that mean ASES and CMS score achieved greater than minimal
clinically important difference in patients > 65 years, indicating no
reasonwhy relatively older patients with full-thickness tears would
not benefit from rotator cuff repair augmented with the study
implant.

Limitations

The present study has several limitations that should be
considered. First, although it was prospectively designed, it lacks a
control group by which to better measure its effects. Second,
leaving the decision to indicate use of the implant up to the indi-
vidual surgeon necessarily introduces some risk of selection bias.
Third, the analysis of retear rates and clinical outcomes for various
subgroups was not planned at the outset of this study. Power cal-
culations have been performed retrospectively on the observed
values, and for the single-row vs double-row subgroup analysis
powerwas calculated to be less than 15%. Similar power levels were
observed for the remaining subgroup analyses. Future studies
should include prospectively designed subgroup analyses with
appropriate power, potentially with randomized control groups, in
order to report with greater confidence, the impact of these patient
risk factors, demographic details, or surgical interventions. Finally,
future research should consider the “value proposition” of this
implant, with analysis of costs and risks vs. improved clinical out-
comes and benefits.

Conclusion

Interim results from this ongoing prospective trial indicate that
this bioinductive collagen implant may be an effective adjunctive
treatment for reducing retear rates in full-thickness rotator cuff tear
repairs, as compared with 1-year retear rates in the largest pro-
spective series yet reported in the current literature.39 In this study,
most retears occurred in the early healing period (<3 months),
which is before when histologic evidence shows maturation of the
newly generated tissue provided by the implant, suggesting a
component of early functional loading or inadequate repair tech-
nique contributing to early retear.2 Patients with large tears treated
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with double-row repair appeared to particularly benefit, with
retear rates considerably lower than that previously reported in the
literature for double-row repairs. That the rate of retear was com-
parable between medium and large tears treated with double-row
repair (11.3% vs 10.5%, respectively) is also notable, given that large
tears are usually associated with relatively inferior postoperative
healing compared with medium and small tears. Clinical outcomes
indicated a favorable postoperative improvement in pain and
function at 1 year. The safety and efficacy of the study implant was
evidenced by the low rate of reoperations attributable to the
implant. Further follow-up of this study cohort will determine if
these retear rates and clinical outcomes are maintained at 2 years,
and additional prospective, randomized studies are necessary to
determine the true efficacy of the study implant in augmenting
rotator cuff repair as compared with standard of care.
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