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Background: Full-thickness rotator cuff tears (FTRCTs) represent a common shoulder injury that, if untreated, can progress in size,
become increasingly painful, and inhibit function. These lesions are often surgically repaired, with double-row arthroscopic repair
often preferred for larger tears. Biological augmentation technologies have been developed to improve rates of postoperative radio-
graphic retear and enhance patient-reported outcomes after surgical FTRCT repair. This study sought to confirm that augmented repair
with a bioinductive bovine collagen implant results in favorable retear rates and patient outcomes with follow-up to 2 years.
Methods: A prospective multicenter cohort study was undertaken to determine the efficacy and safety of augmenting single- or double-
row arthroscopic repair of FTRCTs with a bioinductive bovine collagen implant. Of 115 adult patients participating, 66 (57.4%) had
medium (1-3-cm) tears and 49 (42.6%) had large (3-5-cm) tears. Magnetic resonance imaging and patient-reported outcomes (American
Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form [ASES] and Constant-Murley Score [CMS]) were performed
and recorded at baseline, 3 months, 1 year, and 2 years.
Results: Mean duration of follow-up was 2.1 years (range, 1.5-2.9 years). Between baseline and 2-year follow-up, mean total thickness
of the supraspinatus tendon increased by 12.5% for medium tears and by 17.1% for large tears. Radiographic retear was noted in 7 of 61
available patients (11.5%) with medium tears, and in 14 of 40 patients (35.0%) with large tears. In both groups, these tears primarily
occurred before the 3-month follow-up visit (13 of 21 [61.9%]). Radiographic retear with the supplemented double-row (DR) repair
technique was 13.2% overall (12 of 91 DR patients; 11.3% for medium tears and 15.8% for large tears). The minimal clinically impor-
tant difference was achieved by >90% of patients with both medium and large tears for both ASES and CMS. There were 2 serious
adverse events classified by the treating surgeon as being possibly related to the device and/or procedure (1 case of swelling/drainage
and 1 case of intermittent pain). Nine patients (7.8%; 4 medium tears and 5 large tears) required reoperation of the index rotator cuff
surgery.
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Conclusion: Final 2-year data from this study confirm that using this implant in augmentation of arthroscopic double-row repair of
FTRCTs provides favorable rates of radiographic retear and substantial functional recovery. The relative safety of the device is also
further supported.
Level of Evidence: Level IV; Case Series; Treatment Study
� 2022 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.
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Full-thickness rotator cuff tears (FTRCTs) are a
frequently encountered shoulder injury, which are more
common in men, older patients, and those with predispos-
ing risk factors such as muscle atrophy, metabolic disor-
ders, and/or history of smoking.1,2,22,32,51 FTRCTs can have
an adverse clinical prognosis if left untreated, as they
usually do not heal spontaneously and often increase in size
over time.32 Progression tends to occur in approximately
half of symptomatic FTRCTs within 2 years, and at a faster
rate in larger tears (>1-1.5 cm).60 The risk of muscle
degeneration and accompanying pain increases as these
tears progress and enlarge.34

In recent years, arthroscopic-assisted repair has become
the gold standard for treatment of FTRCTs.26,35 Evidence
suggests outcomes following arthroscopic repair are largely
favorable,28 and that surgical intervention in these tears
may offer health care systems long-term benefits in the
form of reduced costs.49 As described in the American
Academy of Orthopaedic Surgeons (AAOS) Clinical
Practice Guidelines (CPG),3 prospective randomized
controlled trials38,48 have shown clinically significant
improvement in objective and subjective outcomes for both
nonoperative intervention and surgical repair of FTRCTs.
Although noting that strong evidence supports nonoperative
management, the authors of the CPG also state that these
tears often still increase in size and that substantial numbers
of patients go on to experience muscle atrophy and fatty
infiltration. The CPG offers a similar caveat in that
although surgical repair resulted in superior outcomes
compared to nonoperative therapy in symptomatic small-to-
medium FTRCTs (strong evidence), the difference between
groups did not meet the threshold considered to be of
minimal clinically important difference (MCID).

Radiographic retear* following initial arthroscopic
repair also remains a concern, although the heterogeneous
nature of tear types and sizes, patient characteristics, and
surgical interventions included in various clinical studies of
arthroscopic repair makes it difficult to establish the ex-
pected risk for this adverse postoperative outcome. Radio-
graphic retear rates following arthroscopic repair of
medium to large FTRCTs have been reported to range from
) ‘‘Radiographic retear’’ is a term commonly used in the literature to

describe those tears uncovered on postoperative ultrasonography or mag-

netic resonance imaging. Such tears are not always considered a clinical

failure, as the retears are often asymptomatic.31
10% to 53% at 1- to 2-year follow-up.16,17,27,37,50 Such
radiographic retears can ultimately prove also to be clinical
retears and significantly affect postoperative clinical out-
comes, patient satisfaction, and strength,36,65 ultimately
necessitating revision surgery.39

The continued difficulty in improving clinical outcomes
and radiographic retear rates is thought to be due in large
part to underlying structural issues present at the site of
these tears, such as decreased blood flow, impaired tissue
and tendon quality, and insufficient attachment.39,52 To
address these issues, surgeons and researchers have devel-
oped biologic technologies that aim to create an enhanced
postoperative healing environment, thereby increasing the
likelihood that arthroscopic rotator cuff repair will lead to
successful outcomes.7,8,12,15,47

Among this class of new biological technologies is a
highly porous collagen implant designed to be arthro-
scopically placed over the bursal surface of the supra-
spinatus tendon. Previous clinical studies have found that
this implant produces favorable patient-reported outcomes
and radiographic retear rates in a diverse group of patients
with rotator cuff tears.10,11,13,14,44,45,54,55,61 A report of the
largest series of patients with FTRCTs treated with this
implant noted that significantly improved outcomes
occurred despite underlying tear size.45 Nonetheless, these
findings were derived from a real-world multicenter regis-
try with only a 1-year final follow-up. This period overlaps,
but does not fully align with, the average range by which
many retears are thought to occur.18 Furthermore, although
most outcome scores are thought to stabilize within 1 year
following rotator cuff repair surgery,24 there is evidence to
suggest improvements can continue beyond this point.23

With these factors in mind, a prospective study was
designed and conducted to assess the safety and efficacy of
this bioinductive collagen implant in the arthroscopic
treatment of FTRCTs in a large population across multiple
centers with a final follow-up of 2 years.

The primary aim of this study was to evaluate change in
tendon thickness, bioinduction of new tissue, and the rate of
radiographic retear following the use of this implant as an
adjunct to surgical repair in the treatment of supraspinatus
tendon tears. Its secondary aim was to determine the
functional improvements and safety associated with the use
of this device. It was hypothesized that the favorable results
observed at a 1-year interim analysis14 would be main-
tained at final follow-up.



2534 B.D. Bushnell et al.
Methods

Study design

Between October 2014 and January 2019, a total of 9 surgeons at
9 different centers in the United States prospectively enrolled
patients in this study. Enrollment limit was determined by total
enrollment between full-thickness and partial-thickness arms. The
decision to indicate use of the implant was left to the discretion of
the individual surgeon before enrollment. Patients were eligible
for inclusion if they were �21 years of age, had medium (1-3 cm)
or large (3-5 cm) FTRCTs often including the supraspinatus
tendon planned for surgical repair, and chronic shoulder pain
lasting longer than 3 months that was unresponsive to conservative
therapy includingdbut not limited todpain medication, physical
therapy, and injections.

Conversely, patients were excluded if they had massive rotator
cuff tears (�5 cm), acute rotator cuff tears <12 months from
injury, or if the index shoulder had undergone previous rotator cuff
surgery or had evidence of instability, calcification, chon-
dromalacia (�grade 3), and fatty infiltration (�grade 2). Patients
were also excluded if they had a history of heavy smoking (>1
pack/day) within the last 6 months; genetic collagen disease;
insulin-dependent diabetes; auto-immune, 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.

All patients provided voluntary informed consent before
enrollment within the study, which was performed in compliance
with the ethical principles of the Declaration of Helsinki.

Patients underwent a noncontrast magnetic resonance imaging
(MRI) scan of the affected shoulder within 60 days prior to sur-
gery to confirm they had FTRCTs, in line with the study’s eligi-
bility criteria. These MRI scans were performed using a standard
protocol, and in addition to any previous nonprotocol MRI scans
when necessary. During surgery, tear type was reconfirmed visu-
ally on arthroscopy with a calibrated probe, with only FTRCTs
recorded by the investigators as meeting the Cofield grade19 for
medium or large included in the subsequent analysis.

All patients underwent arthroscopic repair of their FTRCTs
augmented with the study implant (REGENETEN;
Smith & Nephew, Andover, MA, USA), a bovine collagen implant
made from highly purified reconstituted collagen fibers derived
from bovine tendon designed to completely resorb usually within
6 months.5 The surgical technique and rehabilitation program for
this cohort has been previously described.14

Study outcomes

The primary efficacy outcomes for this analysis were all radio-
graphic parameters and consisted of change in postoperative
supraspinatus tendon thickness, integration of the newly induced
tissue (as assessed by the presence or absence of a clear boundary
between the device and the underlying tendon), and analysis of
radiographic retear (defined as any new observable full-thickness
discontinuity in the tendon). Tendon thickness was measured at
the thinnest-appearing portion of the supraspinatus tendon on the
MR images. This would obviate concern for partial volume
averaging (which would exaggerate tendon thickness), and for the
device, which was not apparent and could not be differentiated
with no visible boundaries at follow-up. These radiographic out-
comes were assessed using MRI scans at baseline and the 3-
month, 1-year, and 2-year postoperative follow-up points. MRI
scans were interpreted by a single board-certified, musculoskeletal
radiologist for the official study results. The treating surgeon also
reviewed the scans to determine implant boundaries, rotator cuff
repair integrity, and other findings.

Secondary outcomes included change in the American
Shoulder and Elbow Surgeons Standardized Shoulder Assessment
Form (ASES) pain, function, and overall shoulder scores and the
Constant-Murley shoulder (CMS) score, from baseline to each
postoperative follow-up assessment. Patients provided self-
reported assessments of their satisfaction with the outcome of
index surgery on a 5-point Likert scale, as well as by responding
to whether they would recommend the study procedure to a friend.
Finally, the investigators assessed safety by evaluating and
recording any serious adverse events considered possibly related
to the device or procedure.

Statistical analysis

Demographic data and intraoperative surgical assessments were
summarized using descriptive statistics. Matched-pair analyses
were performed to determine changes in radiographic retear rates
and clinical outcomes (ASES and CMS scores) between baseline
and successive follow-up visits. The MCID was calculated using
the anchor method of 11.1 for ASES and 4.6 for CMS and
assessed by the percentage of patients who met or exceeded it.20

Resulting P values were quoted and 95% 2-sided confidence in-
tervals (CIs) were generated where appropriate. Relevant sub-
group analyses (tear size, repair technique) were performed with
the same statistical methods. Although every effort was made to
ensure capture of patients’ clinical and MRI data at each time
point, some patients were lost to follow-up and thus not included
in the calculations for any missed time point. All statistical cal-
culations were made using SAS software (SAS Institute, Cary,
NC, USA). Statistical significance was set at P < .05.
Results

One hundred fifteen patients with FTRCTs were enrolled in
this study (Table I), with data available for 114 (99.1%) at 1
year and 104 (90.4%) at 2 years. Mean duration of follow-
up was 2.1 years (range, 1.5-2.9 years).

MRI assessments

Medium vs. large tears
Between baseline and final follow-up at 2 years, mean total
thickness of the supraspinatus tendon increased by 12.5%
from 4.0 mm (standard deviation [SD] ¼ 1.424) to 4.5 mm
(SD ¼ 1.2) for medium tears (P ¼ .031), and by 17.1%
from 4.1 mm (SD ¼ 1.578) to 4.8 mm (SD ¼ 1.6) for large
tears (P ¼ .127).



Table I Patient demographics, clinical characteristics, and operative data

Variable Medium (n ¼ 66) Large (n ¼ 49) Total (n ¼ 115)

Age, yr
Mean � SD 59.9 � 8.4 61.0 � 7.5 60.4 � 8.0
Median (range) 60.1 (42-73) 60.9 (44-81) 60.3 (42-81)

Sex
Female 30 (45.5) 9 (18.4) 39 (33.9)
Male 36 (54.5) 40 (81.6) 76 (66.1)

Body mass index
Mean � SD 28.5 � 4.8 27.5 � 3.9 28.1 � 4.5
Median (range) 27.9 (18.2-42.0) 26.8 (18.6-38.8) 27.4 (18.2-42.0)

Duration of experienced pain in affected shoulder, yr
Mean � SD 2.44 � 3.73 2.57 � 2.70 2.50 � 3.32
Median (range) 1.25 (0.25-20.0) 1.25 (0.17-12.17) 1.25 (0.17-20.0)

Shoulder treated
Left 25 (37.9) 12 (24.5) 37 (32.2)
Right 41 (62.1) 37 (75.5) 78 (67.8)

Biceps procedures, n 71 55 126
None/debridement 42 (59.2) 27 (49.1) 69 (54.8)
Tenodesis/tenotomy 29 (40.8) 28 (50.9) 57 (45.2)

Repair technique
Single-row 13 (19.7) 11 (22.4) 24 (20.9)
Double-row 53 (80.3) 38 (77.6) 91 (79.1)

SD, standard deviation.

Unless otherwise noted, values are n (%).
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At the 3-month follow-up visit, a visible boundary was
identified between the device and the underlying supra-
spinatus tendon for only 8 patients (12.3%) with a medium
tear and only 2 patients (4.3%) with a large tear. There were
no visible boundaries identified at the final follow-up as-
sessments for any patient in any tendon tear type group.

From baseline to 2-year follow-up, 7 of 61 available
patients (11.5%) with medium tears and 14 of 40 patients
(35.0%) with large tears experienced radiographic retears
(P ¼ .0044) (Table II).

Between the 1- and 2-year follow-up visits, there were
only 2 new radiographic retears reported, both of which
occurred in patients with large tears. The majority of
radiographic retears in the large tear group occurred be-
tween baseline and 3 months (10 of 14), whereas 3 of 7
occurred during this time period in the medium tear group.

Single- vs. double-row repair
Rates of radiographic retear were higher in those under-
going rotator cuff repair with a single-row technique (9 of
24 [37.5%]) than a double-row technique (12 of 91
[13.2%]) (P ¼ .0061) (Table II).

Clinical outcome scores
Significant improvements were observed for medium and
large tears in ASES and CMS scores from baseline to 2
years. MCID was achieved by >90% of patients with both
medium and large tears for both ASES and CMS
(Table III).
Patient satisfaction survey results
At 2 years, 104 patients were available to respond to the
satisfaction questionnaire. Of these patients, 98 (94.2%)
strongly agreed to being satisfied with the outcome of the
study procedure, 3 (2.9%) agreed, 1 (1.0%) neither agreed
nor disagreed, and 2 (1.8%) strongly disagreed. All 104
patients (100%) asked if they would recommend the study
procedure to a friend said ‘‘yes.’’
Safety
There were no notable changes in the safety results since
the interim 1-year report. Two serious adverse events were
classified as being possibly related to the device and/or
procedure. One patient developed swelling and drainage in
the surgically treated shoulder approximately 6 weeks after
surgery. Biopsy and culture revealed a superficial, localized
infection. Following intravenous antibiotics, the patient
underwent extensive d�ebridement where suture remnants
and repair anchor were removed. The patient’s 15-day
cultures were negative and the patient symptomatically
improved, with lessening pain and improved range of mo-
tion, marking the full resolution of this serious adverse
event approximately 11 weeks after its onset. The patient’s
final clinical outcomes indicated a successful recovery, as
they exceeded the MCID for both ASES (from 45 at
baseline to 91.7 at 2 years) and CMS (from 41.6 at baseline
to 77.8 at 2 years).

The other patient presented with intermittent pain in the
treated shoulder at the 3-month postoperative visit. MRI



Table II Radiographic retear rates at all postoperative follow-up visits by tear size (medium and large) and repair technique (single-
row and double-row)

Medium, n (%) (n ¼ 66) Large, n (%) (n ¼ 49)

Single-row (n ¼ 13) Double-row (n ¼ 53) Single-row (n ¼ 11) Double-row (n ¼ 38)

3 mo 0 (0) 3 (5.7) 7 (63.6) 3 (7.9)
1 yr 1 (7.7) 6 (11.3) 8 (72.7) 4 (10.5)
2 yr 1 (7.7) 6 (11.3) 8 (72.7) 6 (15.8)

Table III Patient-reported clinical outcomes at baseline and all postoperative follow-up visits by tear size

Medium (n ¼ 66) Large (n ¼ 49)

Baseline 3 mo 1 yr 2 yr Baseline 3 mo 1 yr 2 yr

ASES pain
score (0-10)
n 66 66 66 63 49 49 48 41
Mean � SD 4.8 � 2.3 1.8 � 2.2 0.5 � 1.2 0.2 � 0.8 5.2 � 2.6 1.7 � 2.0 0.5 � 1.4 0.5 � 1.2
P value* d <.001 <.001 <.001 d <.001 <.001 <.001

ASES shoulder
function score (0-30)
n 66 66 64 63 46 45 47 41
Mean � SD 15.9 �

5.7
14.6 � 6.7 27.8 � 4.2 27.9 � 6.6 14.2 � SD,

6.4
15.6 � SD,
7.2

27.4 � 5.8 29.2 � 1.9

P value* d .197 <.001 <.001 d .571 <.001 <.001
ASES shoulder
score (0-100)
n 66 66 64 63 46 45 47 41
Mean � SD 52.4 �

18.3
65.2 � SD,
19.6

94.3 � 11.6 95.6 � 13.2 48.0 � 19.0 67.9 � 16.9 93.1 � 13.2 96.3 � 8.1

P value* d <.001 <.001 <.001 d <.001 <.001 <.001
Patients meeting
MCID for ASES shoulder score
n/n d 35/66 58/64 58/63 d 28/44 42/45 37/38
Percentage (95%
CI)

d 53.0 (40.3-
65.4)

90.6 (80.7-
96.5)

92.1 (82.4-
97.4)

d 63.6 (47.8-
77.6)

93.3 (81.7-
98.6)

97.4 (86.2-
99.9)

P value d .712 <.001 <.001 d .096 <.001 <.001
Constant-Murley
Score
n 64 21 61 58 46 13 46 37
Mean � SD 51.2 �

16.8
63.2 � 16.8 79 � 11.8 83.7 � 9.5 48.5 � 18.1 65.2 � 14.7 85.3 � 9.6 84.4 � 9.5

P value* d .002 <.001 <.001 d .032 <.001 <.001
Patients meeting
MCID for Constant-Murley Score
n d 16/21 52/60 56/58 d 9/11 41/43 32/34
Percentage (95%
CI)

d 76.2 (52.8-
91.8)

86.7 (75.4-
94.1)

96.6 (88.1-
99.6)

d 81.8 (48.2-
97.7)

95.4 (84.2-
99.4)

94.1 (80.3-
99.3)

P value d .027 <.001 <.001 d .065 <.001 <.001

ASES, American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form; SD, standard deviation; CI, confidence interval; MCID, minimum

clinically important difference.
* Change from baseline.
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revealed some inflammatory changes and a subsequent
radiograph suggested osteopenia in the region of the greater
tuberosity. The patient underwent aspiration and the ante-
rior half of the cuff appeared healed with good tissue
approximation, whereas the posterior half appeared failed
with a loose anchor. Adhesions were d�ebrided and tissue
was biopsied, revealing negative cultures. The patient was
offered a superior capsular reconstruction, but had not un-
dergone this procedure before being lost to follow-up be-
tween 1 and 2 years. Final follow-up data for ASES and
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CMS scores for this patient were not available, and it was
therefore not possible to determine whether they achieved
the MCID.

At 2-year follow-up, 9 of 115 patients (7.8%; 4 with a
medium tear and 5 with a large tear; 2 with single-row
repair and 7 with double-row repair) required reoperation
of the index rotator cuff surgery, which occurred at a mean
of 162.3 days (SD ¼ 94.1), with 195.8 days [SD ¼ 101.8]
for medium tears and 135.6 days [SD ¼ 88.9] for large
tears. The reasons for revision or additional surgery (mul-
tiple reasons/procedures possible) were new shoulder injury
or defect (3 [27.3%]; all large tears), worsening of previous
shoulder injury or defect (3 [27.3%]; 2 medium and 1 large
tears), and other (5 [45.5%]; 3 medium and 2 large tears).
Discussion

Biologic technologies have become quite popular recently,
as the orthopedic community seeks to improve post-
operative outcomes following rotator cuff repair by pre-
venting mechanical failure and enhancing functional and
subjective quality-of-life patient endpoints. Several bio-
logic options exist that can augment cuff repair, although
clinical data to support the efficacy of these interventions
remains in its early stages.47 The current prospective
analysis represents an effort to determine whether the
promise of preclinical data63 with one such technology, a
highly porous collagen implant, translates into clinical ef-
ficacy in patients undergoing arthroscopic repair for me-
dium and large FTRCTs, as has been shown in other
clinical studies.10,14,44,45,61

Results from the current analysis indicate the use of this
implant increased tendon thickness in medium and large
tears. This is in line with MRI results obtained in a series of
patients with medium tears by Bokor et al,10 who showed that
tendon thickness increased by 3 months and did not decrease
even up to 2 years. Furthermore, results from the current study
support earlier histologic animal data,63 which indicated that
the implant achieves robust integration with the host tissue
and bone interface and along the tendon. Taken together with
findings from the current study, these data comprise a growing
body of knowledge that consistent tendon thickening can be
achieved with the use of this implant.

The attainment of timely integration and increased
tendon thickness offers several theoretical advantages,
including restoration of the natural tendon-bone interface
and reduced strains on the rotator cuff.4,10,42 In turn, this
may provide enhanced healing conditions during the initial
postoperative period that could reduce the incidence of
mechanical failure (ie, radiographic retear) commonly
observed following arthroscopic repair of FTRCTs.

Radiographic retear rates from this study obtained at 1
year14 provided the initial indication that this implant does
indeed provide such enhanced healing conditions. Thirteen
(61.9%) of the radiographic retears noted in this cohort
occurred in the immediate postoperative period leading up
to the 3-month follow-up visit, more than half of which
(53.8%) followed single-row repair in large FTRCTs.
Human histology data obtained via biopsy5 indicate that this
implant exerts most of its biological effects within the
period following the initial 3-month postoperative window
up to around 6 months. At 3 months, the surface of the
implant shows increased collagen formation, maturation,
and organization. Remnants of the implant are still
observed, but invading fibroblasts have begun the process of
dissolution. At 6 months, comparatively, these remnants are
no longer observed, replaced instead by newly generated
tendonlike tissue. The dense, highly oriented collagen fibers
observed at the 6-month stage denote functional loading of
the new generated host tissue. Therefore, the timing of
radiographic retears in the current analysis seems to indicate
that the key contributor to failure in most cases was a failure
to achieve adequate mechanical fixation during arthroscopic
repair, and that the implant conferred its benefits during the
period when it was expected to be active (3-6 months). In
other words, the pattern of radiographic retear suggests that
tears that were initially healed tended to remain so.

The hypothesis that the implant facilitates induction of
tendon tissue, thereby enhancing the chances that the under-
lyingmechanical repairwill be successful, is further supported
by the final results of this study. Only 2 of the 21 radiographic
retears observed occurred between 1- and 2-year follow-up.
This is in line with the optimal postoperative expectations
reported in the published literature, which indicate that the
majority of radiographic retears are thought to occur within
10-15 months of initial surgery18 and become symptomatic
before 1 year.40 Radiographic retear rates at 2 years in our
series for all medium tears and large tears treated with double-
row repair ranged from 11.3% to 15.8%, which is well below
the mean 26.6% rate of radiographic retear at 2 years reported
in a meta-analysis of FTRCT studies by McElvany et al,43

although their study did include single-row repairs. It is also
consistent with or superior to rates reported elsewhere in the
literature for nonaugmented repair in a similar follow-up
period.9,16,17,30,58,59 Issues of study design heterogeneity
prevent an adequate comparison of meta-analysis data from
similarly sized FTRCTs repaired only with double-row tech-
nique. Longo et al41 recently reported a 12.7% retear rate for
FTRCTs repaired with this method, yet they did not provide
the follow-up period, which is a critical consideration when
comparing this endpoint.

An exception to the otherwise successful results was the
disproportionately high rate of radiographic retear (72.7%)
occurring among patients with large FTRCTs repaired with a
single-row technique.At the start of the previous decade, there
was an active debate regarding the relative value of single-row
and double-row techniques in the repair of FTRCTs.21,53 In
more-recent years, clinical results have indicated that double-
row repair produces superior outcomes in large and massive
FTRCTs.25,57 This is especially true with regard to radio-
graphic retears in FTRCTS, which have been noted in meta-
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analyses to be significantly higher with single-row repair
comparedwith double-row repair,46,57 and in one study up to 5
times higher in the initial 6-month postoperative period.64 The
AAOSCPG note that there is limited data for FTRCTs alone.3

Although there is still no consensus around whether single-
row and double-row repair produce differing results in me-
dium tears (1-3 cm), FTRCTs larger than 3 cm are now
increasingly thought to benefit in repair quality and clinical
function when treated with double-row techniques,6 owing to
the superior biomechanical properties imparted by this tech-
nique.6,29 However, conducting sufficiently powered meta-
analyses of the long-term outcomes of double-row repair in
FTRCTs, including radiographic retear and reoperation, re-
mains challenging given the lack of studies segmenting results
based on tear size.56 Results from the current study highlight
the importance of securing adequate primary fixation at the
time of surgery as a means of reducing the risk of early
radiographic retear, even if these results do not solve the
debate over double vs. single row. Further studies are war-
ranted in the area of repair-row technique.

Perhaps a more clinically meaningful outcome for
assessing the success of FTRCT repair is the rate of reop-
eration. Unlike radiographic retear, which may be clinically
asymptomatic,31 reoperation necessarily implies that post-
operative performance was impaired enough to require a
subsequent surgical intervention. In the current series, we
observed a 7.8% rate of reoperation at 2-year follow-up.
Although the heterogeneity of designs of studies assess-
ing the surgical FTRCT also precludes a clear comparison,
this rate is below the 10.4% reoperation rate reported at 2
years in a recently conducted large cross-sectional analysis
of nearly 25,000 patients undergoing FTRCT repair.62

Final results from this analysis also confirm that patients
undergoing arthroscopic repair of FTRCTs experience
robust and sustained improvements in clinical outcomes,
with more than 90% of patients achieving or exceeding the
MCID for both ASES and CMS. MCID is considered the
best reflection of patient improvement and satisfaction
following orthopedic surgery.33 Achieving improved func-
tional outcomes is of increasing interest to health care
systems, given the significant economic impact of produc-
tivity loss with FTRCTs.49

Aswith the 1-year interim analysis, therewas no indication
from the final 2-year results that use of the implant led to any
noteworthy safety issues.With all novel surgical implants, it is
necessary to confirm that there are no allergic reaction, in-
flammatory responses, or foreign body reactions. Evidence of
the relative nonreactive nature of the implant was first sug-
gested in a 2017 histologic analysis byArnoczky et al5 and has
since been supported in many published clinical studies with
this device to date.10,11,13,14,44,45,54,55,61

Limitations

Results from the current study should be considered
alongside its potential limitations. First, the study was not
designed with a control group, which would have allowed
the isolation of and comparison with outcomes obtained
with arthroscopic repair without the augmenting implant.
Future studies should incorporate such comparative control
groups to better gauge the safety and efficacy of this
implant. Second, there is a risk of potential selection bias
given that the decision to use the implant in this study fell to
the discretion of the individual surgeons rather than by
randomization, a decision that could have impacted the ul-
timate findings. Third, only 2 surgeons performed single-
row repair of FTRCTs in this cohort, which presents a
more limited range of clinical experience in comparison
with that of double-row repairs. Given the substantially
higher rate of radiographic retear following single-row re-
pairs of FTRCTs,46,57,64 this limitation is particularly rele-
vant. Finally, there was a decrease of 10 patients with
follow-up data available between 1 and 2 years, likely due
to COVID-19 site restrictions blocking proper follow-up
appointments during that phase of the pandemic. Howev-
er, the overall follow-up rate for the cohort was 90% at 2
years, above the 85% threshold widely accepted as adequate
for clinical studies.
Conclusion
Final 2-year follow-up data from this prospective,
multicenter study indicate that the use of this bio-
inductive bovine collagen implant as an augmenting
therapy for arthroscopic double-row repair of FTRCTs
provides favorable rates of radiographic retear and
substantial functional recovery, in line with or exceeding
that observed with standard arthroscopic techniques for
FTRCTs. These results add to the growing body of ev-
idence in support of the clinical use of this
implant.10,11,13,14,44,45,54,55,61
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