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Introduction: When rotator cuff tears occur after a primary repair at the footprint, they often fail medially at the myotendinous junc-
tion, also called type II tears. These are difficult tears to treat, and little research has been published on how to address tears at the
myotendinous junction and the clinical outcomes of the revised repairs. The purpose of this study is to evaluate the outcomes of
type II rotator cuff tears repaired with a dermal allograft augmentation.

Materials and methods: We conducted a retrospective chart review of 9 patients with a type II rotator cuff tear medially at the myo-
tendinous junction, arthroscopically repaired and augmented with acellular dermal allograft by a single surgeon. Two-year follow-up
was obtained to evaluate pain, function, range of motion, and structural integrity of the repair via ultrasound.

Results: Of all 9 patients, the mean visual analog scale preoperatively was 5.1 (standard error, +-2.1). With 9 patients having 2-year
follow-up, the mean visual analog scale score continued to improve to 1.9 (standard error, +2.4). At 2 years, the mean American Shoul-
der and Elbow Surgeons based on 8 patients was 76.1, and the mean Short Form 36 for all 9 patients was 78.7. All 9 patients with 2-year
follow-up had an intact repair on ultrasound read by a musculoskeletal fellowship-trained radiologist.

Discussion: Based on the early outcome data, patient satisfaction scores, and intact repairs visualized on ultrasound at 2 years post-
operatively, the use of acellular human dermal matrix augmentation appears to be an efficacious and worthwhile treatment option
for patients with recurrent rotator cuff tears at the medial myotendinous junction.

Level of evidence: Level IV; Case Series; Treatment Study
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Musculotendinous injuries of the rotator cuff have been
classified as medial tears of the cuff that occur primarily
from trauma or secondarily after a previous rotator cuff

repair at the bony footprint. The latter is classified as a type
II failure and has been hypothesized to occur due to knot
placement with friction or impingement of the knot on
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musculotendinous junction tissue, stress concentration
medially, or strangulation of tissue leading to failure.'”

Rupture of the myotendinous junction usually affects the
infraspinatus muscle,'*'>'*** but this pathology also
occurs in the supraspinatus muscle.””” These injuries have
been sparsely described in the literature and involve
patients with previously undiagnosed rotator cuff tears.
These types of tears can be diagnosed via ultrasound or
magnetic resonance imaging (MRI).”**’

Previous studies have shown that older age, larger tear
size, and poorer muscle quality are all associated with
poorer healing after rotator cuff repair.”>*!20-2223
Tashjian et al demonstrated that increased tendon retrac-
tion, fatty infiltration, and a more medialized preoperative
musculotendinous junction position are all associated with
inferior healing after single-row rotator cuff repair. In their
study, if the musculotendinous junction was lateral to the
glenoid face before the surgical repair, there was over a
90% chance of healing, whereas if the musculotendinous
junction was medial to the glenoid face, the chances of
healing were approximately 50%.'®**'

New methods of tendon repair have been developed to
improve outcomes in a revision rotator cuff repair setting.
Precisely, rotator cuff augmentation using biologic patches
has been proposed as a method to improve repair integrity,
particularly when tendon quality is less than optimal.
Although the most appropriate materials for the augmen-
tation of rotator cuff repairs have not yet been defined,
preliminary biomechanical and clinical evidence suggests
that rotator cuff augmentation may be an effective method
for the treatment of massive, retracted rotator cuff
tears, 1:36:13:17.21

To our knowledge, there has been no literature published
to date describing the use of dermal allograft augmentation
of a type II rotator cuff tears at the myotendinous junction
during revision surgery. The aim of this investigation was to
analyze the outcomes of patients with type II rotator cuff
tears at the myotendinous junctions after previous surgical
repair, who were revised with augmentation using dermal
allografts, specifically: (1) to identify the clinical and
functional outcomes of these patients at various post-
operative intervals for 2 years, and (2) to identify the
structural integrity of the type II tear repair with dermal
allograft at 2 years postoperatively via ultrasound, and
correlate clinically. The hypothesis of the authors is that
patients in a small case series of a single surgeon’s method
would have improved pain and function, would return to
work or presurgical activity level, and would have an intact
allograft augmentation of the rotator cuff visualized at 2
years postoperatively on ultrasound.

Materials and methods

Institutional review board approval was obtained before the
initiation of this retrospective case series study. Between January

2012 and December 2015, a retrospective case series review was
performed. Nine patients with full thickness myotendinous tears
who previously underwent rotator cuff repair were revised with
the use of acellular dermal allograft by a single surgeon. Patients
over age 18, with a minimum of 2 years of follow-up, and who
underwent previous rotator cuff repair at the bony footprint were
included and underwent an open, primary repair of muscu-
lotendinous rotator cuff tear augmented with dermal allograft.
Patients who were pregnant, who already underwent revision
surgery with dermal allograft augmentation, who sustained addi-
tional shoulder trauma after index procedure, who had insufficient
follow-up, and who had malignancy and/or were felt to have
confounding diagnosis at the discretion of the investigator were
excluded. Treatment failure was declared when subsequent
revision cuff repair or reverse total shoulder arthroplasty was
performed after the initial revision with dermal allograft. Patients
with a minimum of 2 years of follow-up were then consented
appropriately for clinical follow-up and study participation.
Information collected for analysis included demographic data
(age, sex, body mass index), surgical history (ie, previous rotator
cuff repairs), patient satisfaction questionnaire, activity level, re-
turn to work or sport, standard shoulder examination, and post-
operative x-rays compared with contralateral. At least 2-year
follow-up ultrasounds were performed and interpreted by a board-
certified musculoskeletal radiologist to evaluate the integrity of
the revised rotator cuff with dermal allograft. Clinical outcome
scores were collected pre- and postoperatively and included Short
Form 36, American Shoulder and Elbow Surgeons (ASES),
Constant Shoulder score, and visual analog scale (VAS) pain
scores. These same patients were assessed by the senior surgeon
and postgraduate year 3 or 4 orthopedic surgery resident during
follow-up visits. Functional failures were defined as patients with
satisfaction scores of 6 or less.

Surgical technique

Patients with suspected type II tears of the rotator cuff after pre-
vious rotator cuff repair, which occur primarily medial to the
footprint at the myotendinous junction on MRI, were consented
for arthroscopy and then arthroscopy vs. open rotator cuff repair
with potential dermal allograft augmentation. All patients
included in this study were found to have tears of the supra-
spinatus and partial tears of the infraspinatus at the myotendinous
junction and were treated with diagnostic arthroscopy and then
mini open rotator cuff repair with the deltoid-splitting approach.
First, a repair was performed using traditional anchors on the most
medial aspect of the bony footprint when possible and/or a side-to-
side conversion sutures depending on the shape of the tear.
Because of the location of these tears, the tissue quality was felt to
be poor with too much tension on the repair, and a traditional
dermal allograft patch was used to augment the repair. A bridging
technique was not used for any of the patients in this case series.
The graft was sized to cover the rotator cuff tear and deficient
tissue with 1 cm of graft overlap in all directions. It was then
incorporated in the stiches of the rotator cuff repair medially and
then laterally to create a patch-like construct over the top of the
graft and sewn in laterally with suture to the periosteum or with
anchors, as demonstrated in Fig. 1. A schematic illustration of the
construct configuration is demonstrated in Fig. 2. The epidermal
side of the graft was placed so it was visualized superiorly and the
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Figure 1  An intraoperative photograph demonstrating a bird’s-
eye view of the completed repair and augmentation. Medial row
suture anchors are placed at the medial aspect of the rotator cuff
footprint, through the medial side of the musculotendinous junc-
tion tear and acellular dermal allograft. These sutures are secured
with a lateral row of anchors, in a crisscross pattern for
compression of the graft to the myotendinous junction tear.
Finally, a circumferential baseball stitch was performed to aid in
securing the graft to the tendon and musculotendinous junction
below.

graft repair and augmentation were reinforced with a running
baseball suture circumferentially. A traditional closure was per-
formed. Postoperatively patients were kept in an abduction sling
for 4 weeks and allowed to do active pendulum exercises 3 times
daily. Then they were progressed to formal physical therapy.
Initially passive exercises were begun. Range of motion excesses
were allowed, followed by light resistance exercises at 6 weeks,
and strengthening exercises were advanced slowly as tolerated. At
4-6 months, they were allowed to return to all activities without
restriction.

Results

Patients included those over age 18 with previous rotator
cuff tear at the footprint who underwent initial direct sur-
gical repair and sustained a second tear postoperatively
occurring at the myotendinous junction. These were then
fixed by the same surgeon and augmented with dermal
allograft. In total, 9 patients were identified in the study.
There were 5 females and 4 males between the ages 43 and
63 (mean, 55), see Table I. Body mass index ranged from
23.6 to 36.0 (mean, 28.5). One patient was a current
smoker, and 2 patients were former smokers. See Table I
for demographics.

The mean VAS preoperatively was 5.1 (standard error
[SE], +2.1), with a median of 6/10 before revision surgery.
At 2-month follow-up, the mean VAS score improved to 2.1
(SE, £2.1), with a median of 2/10. All 9 patients had a
minimum of 2-year follow-up. At 2 years postoperatively,
the mean VAS score continued to improve to 1.9 (SE,
+2.3), with a median of 1/10. At the 2-year follow-up,
Qualitative Constant Shoulder scores ranged from good to
excellent postoperatively. The mean ASES was 76.1 based
on 8 patients. The mean Short Form 36 score was 78.7. The
mean Quantitative Constant Shoulder score was 8 (range,
—9 to 19), all with good to excellent Qualitative Constant
Shoulder scores at 2 years postoperatively. See Table II for
a list of pre- and postoperative pain and functional scores
by patient. Three patients reported recalling difficulty
returning to work, school, or previous level of activity. No
patients remained on pain medications at 2 years. No
patient had an effusion, erythema, edema, or wound healing
problems, and all remained neurovascularly intact.

Range of motion at 2 years postoperatively was well
within functional ranges. The mean active forward flexion
was 176° (range, 160°-180°). The mean active abduction
was 173° (range, 145°-180°). The active cross-arm adduc-
tion was 45° for all 9 patients. The mean active external
rotation with the arm adducted to the side was 48° (range,
15°-65°). The mean active external rotation with the
shoulder in 90° of abduction was 84° (range, 60°-90°). The
mean active internal rotation in 90° of abduction was 67°
(range, 30°-90°). Postoperatively, all 9 patients had a
negative empty can, belly press, and lift-off test. Of 9 pa-
tients, 8 had 5/5 infraspinatus strength postoperatively and
1 had 3/5 infraspinatus strength. The median supraspinatus
strength testing was +4/5 and the mode was 5/5 (range, 3/
5-5/5). See Table III for pre- and postoperative strength and
postoperative range of motion.

One of 9 patients sustained complications. The patient
experienced transient swelling about the elbow and ulnar
nerve paresthesias associated with sleep and work. This
resolved with conservative management and did not prevent
the patient from returning to work. The patient did not
require ulnar nerve decompression or transposition.

Nine patients had 2-year clinic follow-up for pain,
function, and range of motion. In addition, they underwent
an ultrasound to evaluate integrity of the revision rotator
cuff repair with dermal allograft. All ultrasounds were
performed by a single radiologist who is fellowship trained
in musculoskeletal radiology. All 9 patients were found to
have an intact rotator cuff repair after dermal allograft
augmentation at 2 years postoperatively. Preoperative MRI
and postoperative ultrasounds of 1 patient are shown in
Fig. 3, A-C, respectively. None of the patients required a
reverse total shoulder or tendon transfer for persistent pain
or lack of function. With 4 years of follow-up on 1 patient,
she did sustain a subsequent rotator cuff tear after dermal
allograft augmentation. This was sustained in a traumatic
nature and occurred at the bony footprint, not at the
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Figure 2

A medical illustration demonstrating the surgeon’s construct using a coronal cross-section view. Medial row suture anchors are

placed at the medial aspect of the rotator cuff footprint, through the medial side of the musculotendinous junction tear and acellular dermal
allograft. These sutures are secured with a lateral row of anchors, in a crisscross pattern for compression of the graft to the myotendinous
junction tear. Finally, a circumferential baseball stitch was performed to aid in securing the graft to the tendon and musculotendinous

junction below.

Table I  Patient demographics
Age Sex BMI Occupation Smoker Tear on MRI

1 59 F 36.0 House keeper Never Supraspinatus

2 50 F 25.8 Legal assistant Never Supraspinatus

3 46 F 25.7 Custodian Current Supraspinatus

4 59 M 33.0 Maintenance Never Supraspinatus

5 52 F 24.1 Broadcasting Never Supraspinatus, Infraspinatus
6 43 M 26.1 Farmer Never Supraspinatus

7 63 M 32.3 IT Former Supraspinatus

8 63 M 23.6 House keeper Former Supraspinatus

9 60 F 29.5 Factory worker Never Supraspinatus, Infraspinatus

BMI, body mass index; MRI, magnetic resonance imaging.

myotendinous junction repair. She underwent a third rotator
cuff repair and clinically has been doing well with the
limited follow-up.

Discussion

Literature regarding rotator cuff tears at the myotendinous
junction is sparse. Usually, the infraspinatus is involved, but
the supraspinatus can be affected as well.”*” This specific
type of tear may not be well described due to these patients
going undiagnosed. Tears at the myotendinous junction often

occur in older patients with large rotator cuff tears with poor
muscle quality or fatty infiltration who subsequently undergo
an arthroscopic rotator cuff repair.”>*%'12%-2223 A previ-
ously proposed technique for revision rotator cuff repair uses
dermal allograft as an augment for tendon repair. Preliminary
biomechanical studies have shown this to be a potential
option that is successful with good clinical outcomes in a
particular problem that is technically difficult to treat. Clin-
ical studies have shown dermal allograft or a biologic patch to
be effective in improving pain and function in revision rotator
cuff repairs. To our knowledge, this is the first study to
evaluate the use of dermal allograft in revision rotator cuff
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Table II  Pre- and postoperative VAS and functional scores
Pre-VAS 2-month VAS 2-year VAS 2-year ASES 2-year SF-36 2-year Quantitative 2-year Qualitative
Constant Shoulder Constant Shoulder
1 6 0 6 60 77 3 Excellent
2 6 0 1 57 83 3 Excellent
3 5 3 6 X 29 12 Good
4 6 5 1 87 61 12 Good
5 8 1 2 87 89 14 Good
6 1 2 1 95 93 -9 Excellent
7 5 0 0 92 94 19 Good
8 2 2 0 97 93 13 Good
9 7 6 0 95 89 5 Excellent

VAS, visual analog scale; ASES, American Shoulder and Elbow Surgeons; SF-36, Short Form 36.

Table III  Pre- and postoperative strength and postoperative range of motion
Pre-supraspinatus 2-year supraspinatus 2-year 2-year 2-year 2-year external 2-year external 2-year internal
strength strength forward  abduction cross-arm rotation rotation rotation

flexion adduction (at side) (90° abduction) (90° abduction)

1—-4 —4 180 180 45 65 90 65

2 3 +4 180 180 45 65 90 50

3 3 =5 160 160 45 15 90 30

4 3 5 160 145 45 35 75 90

5 3 3 180 180 45 35 60 70

6 3 5 180 180 45 65 90 90

7 3 —4 180 180 45 30 90 30

8 3 +4 180 180 45 65 90 90

9 4 5 180 170 45 60 70 90

repairs for type Il tears, as described by Zarin and Ciullo, at
the myotendinous junction, and also investigates the integrity
of the repair postoperatively, correlating patient pain and
function.'-'?' 7!

Nine were reachable and agreed to be evaluated. All
patients at that time were at least 2 years from their revision
rotator cuff repair. All 9 patients (100%) who were avail-
able underwent ultrasound evaluation by a fellowship-
trained musculoskeletal radiologist to assess integrity of
the rotator cuff repair with dermal allograft. One hundred
percent of those patients’ cuffs augmented with allograft
remained intact at the 2-year mark or beyond. The patients
were also evaluated with pain and functional scores. The
results of these patient-reported outcomes were very
encouraging. Not only was the dermal allograft augment
visualized intact in type II rotator cuff tears using
ultrasound, but they also profoundly improved function and
provided pain relief immediately postoperatively and 2
years postoperatively.

A systematic literature review of primary rotator cuff
repairs indicated a failure rate of approximately 20%.'”
Functional outcome is correlated with postoperative cuff
integrity and is attributed to the preservation or loss of force

coupling. Ladermann et al'* performed a systematic review
of failed rotator cuff repairs and demonstrated factors such
as poor tendon quality, poor muscle quality, and poor
greater tuberosity bone quality as being associated with
failures. In evaluating suspected rotator cuff failures, ul-
trasound is becoming a popular modality for a number of
reasons. Ultrasound is affordable and permits a dynamic
evaluation, whereas MRI images can be difficult to inter-
pret after a repair. Postsurgical repair MRI may show
intermediate signal within the repaired tendon caused by
granulation tissue that can persist for longer than 6 months.
This signal can be attributed to remodeling of the healing
tendon, a normal leakage of fluid into the subacromial
space where arthroscopic instruments were previously
passed, and artifact caused by metal anchors or high-
strength sutures. In the study by Ladermann, a combined
evaluation of revision rotator cuff repairs performed
arthroscopically and open had a patient satisfactory score of
70%, with a re-revision rate of 10%. The most important
factor in clinical outcome was preoperative range of
motion. Because of the quality and nature of the study, no
definitive recommendations could be advised for treatment
options of failed rotator cuff repairs. The options include
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Figure 3  (A) A preoperative coronal T2 image showing hyper-
intense signal at the myotendinous junction of the supraspinatus
muscle, indicative of a complete tear with the intact tendon
remaining laterally attached to the tuberosity at the footprint. (B)
Short-axis sonographic image of the supraspinatus tendon that
demonstrates the supraspinatus tendon intact inferiorly and the
respectively superficial dermal allograft is also intact. (C) Long-axis
sonographic image of the supraspinatus tendon of the same patient
postoperatively after dermal allograft augmentation. —: rotator cuff
footprint with the intact tendon attached to the footprint. —: supra-
spinatus tendon allograft. A native supraspinatus tendon fibers
inferior to the graft.

arthroscopic revision, augmented repairs, tendon transfers,
and reverse total shoulder arthroplasty, all of which are
determined by patient-specific factors. Unfortunately, few
studies of myotendinous junction repairs have been
described in the literature and therefore were not specif-
ically addressed in this systematic review.'”

In 2016, Millett et al'® redescribed Zarins and Ciullo’s
1983 original classification of rotator cuff tears at the
myotendinous junctions. Millett redescribes primary tears
at the musculotendinous junction as type I tears, which are
much less common than tears off the bone at the footprint.
The treatment of this type of tear involves a complex
bridging suture repair, with a medial and lateral row of
anchors, and sometimes debriding 1-2 mm of articular
surface on the humeral head is required. Type II would
describe those reviewed in this paper: chronic medial cuff
tears, with poor quality or too short of a medial tendon
however healthy muscle. These types of tears usually occur
as retears after a primary cuff repair at the cuff footprint. It
is speculated that these tears occur because the arthroscopic
knot placement causes abrasion or subacromial knot
impingement with medial stress concentration, resulting in
tendon strangulation and failure. The treatment of these
tears is recommended with a bridging repair with graft
augmentation. Augmentation aids in the strength and
integrity of the short or absent medial aspect of the tendon,
to assist with knot security. This can also be used to bridge
a tissue defect if there is insufficient excursion laterally of
the medial cuff, although the Food and Drug Administra-
tion has only approved this device for use in bridging less
than a 1-cm gap. Allografts have been shown to have better
outcome than xenografts. This technique can be performed
arthroscopically or open. Lastly, Millett describes a type III
tear as a medial tear with the retracted medial tendon and
atrophied muscle with fatty infiltration. Treatment for this
is an interposition graft such as a superior capsule recon-
struction, a latissimus dorsi tendon transfer, or reverse total
shoulder arthroplasty.'”

Petri et al'® published their outcomes of open repair of
revision rotator cuff tears medially at the myotendinous
junction, using a biologic patch for augmentation, not
bridging. They primarily evaluated clinical outcomes at 2
years. Their study included 13 shoulders with 1 previous
rotator cuff repair. None of their patients required further
surgery, and over a mean period of 2.5 years of follow-up,
the ASES score improved by more than 20 points. In their
results, they did not have a significant improvement in the
pain component of the ASES score; however, functionally
they improved from their baseline preoperatively. Their
results would suggest this to be an effective treatment based
on clinical outcomes and are also consistent with the
clinical findings of the outcomes of our study.'®

While collecting and analyzing data in this study and
preparing this manuscript, an article was published by
Hohn et al'’ out of South California Orthopedic Institute
with a similar aim to evaluate the use of an acellular human
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dermal matrix allograft as an augmentation for previous
failed arthroscopic rotator cuff repair. Their study included
a total of 28 patients, all of whom had undergone a previous
repair that subsequently failed. Unfortunately, the location
or type of retear was not classified in this paper, so it is
unclear if these were tears augmented for retears from the
bony footprint or augmented at the myotendinous junction,
as was the case in our study. Over a 2-year follow-up
period, 13 of 28 underwent postoperative imaging with
MRI and 4 of the 13 had sustained a retear of the revision
cuff repair. Their study included just 6 patients who had
both preoperative and postoperative outcome scores, which
demonstrated an improvement in the ASES score from 56
to 85 and the Single Assessment Numeric Evaluation score
from 42 to 76, respectively. This is the only other study, to
our knowledge, demonstrating patch augmentation for
retears at the myotendinous junction after a previously
arthroscopically repaired rotator cuff off the bony footprint,
also correlating postoperative imaging with outcomes. This
study highlights similar findings to our own, which
indicates a need for further research on patch augmentation
in this specific scenario, preferably with larger studies.'’

As early studies on the topic of retears at the myotendinous
junction of the rotator cuff muscles surface, they tend to be
small cohort studies that lend themselves to the ground work of
larger and more powerful studies. As in our study and the study
by Hohn et al in 2017, the studies included surgical repairs by a
single surgeon. As the ground work is laid to evaluate the
efficacy of the patch augmentation on pain and function, as
well as integrity of the graft with longer follow-up, it is
important to investigate various types of inclusion of the patch
graft or repair of the medial cuff tear. An article by Buess et al,”*
published also in 2017, describes their technique, which is
similar to the lead surgeon’s technique for using a bio-
absorbable patch to augment a medial rotator cuff tear after
failed arthroscopic primary repair. Their technique reportedly
adds a mere 30 minutes to the procedure and does not require
additional use of bone anchors, making it more cost effective.”
Although they have no published literature on outcomes of
their surgical technique, it offers orthopedic surgeons an
alternative to the technique described in this paper, to add to
their armamentarium depending on the type and character of
tear, and it lends itself to further encouragement of research on
outcomes of type II rotator cuff tears at the myotendinous
junction with revision repairs.

To our knowledge, there has been only 1 other small case
series published by Hohn et al that describes the use of dermal
allograft augmentation for myotendinous junction rotator
cuff tears for revision surgery for rotator cuff tears. The study
by Petri et al'® is only the second small case series to use a
dermal allograft in a similar manner, demonstrating that
patch augmentation for open revisions of massive rotator cuff
tears off the bone interface is promising and may provide
good scaffolding for healing in this environment.

The limitations of this study include the small study size
of 9 patients with follow-up of 2 years. In addition, the

design of this study was retrospective. Despite the limita-
tions, the authors believe that it will lay the foundation
ultimately for a larger, multicenter prospective randomized
study to evaluate clinical outcomes.

Conclusion

Based on the early outcome data and patient satisfaction
scores, the use of acellular human dermal matrix augmen-
tation appears to be an efficacious and therefore a worth-
while treatment option for patients with recurrent rotator cuff
tears at the medial myotendinous junction, which can be a
very technically difficult problem to treat. This study
revealed improved pain, function, and imaging with ultra-
sound demonstrated integrity of the biologic patch
augmentation at a minimum of 2-year follow-up.
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