
Massive retracted rotator cuff tears represent a therapeu-
tic dilemma, particularly in young and middle-aged pa-
tients who are not appropriate for a reverse total shoulder 
replacement.1-3) Operative options then available to the 
patient and surgeon are graft repair or reconstruction, 
superior capsular reconstruction, or tendon transfer. Prior 
studies have reviewed dermal allograft as an augment to 
rotator cuff repair; however, augmentation is not possible 

in many cases as the rotator cuff cannot be mobilized and 
repaired onto its footprint on the greater tuberosity.4,5) 
Therefore, in such circumstances, interposition grafting 
using human dermal allograft is a viable therapeutic op-
tion. Interposition graft has previously been shown to suc-
cessfully improve patient’s functional ability and decrease 
pain, without subjecting the patient to the morbidity of 
tendon transfers or reverse total shoulder arthroplasty.6,7) 
We aim to determine the outcomes of such cases after der-
mal allograft interposition graft both clinically and radio-
logically using magnetic resonance imaging (MRI).
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METHODS 
We present a single-center, two-surgeon, case series of pa-
tients treated by the senior authors at Gold Coast Health 
Campuses between December 2013 and May 2015. Retro-
spective analysis of those who underwent open rotator cuff 
repair using human acellular dermal allograft (GraftJacket; 
Wright Medical, Memphis, TN, USA) for massive rotator 
cuff tears identified on preoperative MRI assessment was 
conducted. The Gold Coast Health Human Research Eth-
ics Committee approved this study with consent waived 
for the retrospective imaging and clinical review (No. 
HREC/16/QGC/175).

Inclusion and Exclusion Criteria
Patients with a minimum of 6 months of follow-up who 
underwent the described treatment for massive rotator 
cuff tear (defined as greater than 5 cm in the anteropos-
terior dimension or involving two or more tendons as per 
the Snyder Classification8)) were included. All patients 
were between 21 and 60 years of age at the time of surgery.

Patients had preoperative MRI demonstrating mas-
sive rotator cuff tears, were symptomatic, had failed pre-
vious conservative management, and had a functioning 
deltoid. All were agreeable and able to complete the func-
tional assessments. Any patient with glenohumeral joint 
arthritis was excluded. Any patient who was found to have 
a tear amenable to primary repair was excluded. Patients 
with failed prior primary repair were included; one patient 
had a previous rotator cuff repair 12 years prior at another 
institution.

Operative Technique
The patients were anaesthetized using general anesthetic 
as well as an infraclavicular block under ultrasound scan 
guidance. They were placed in the beach chair posi-
tion using the spider T max table with a pneumatic arm 
holder (Smith and Nephew, Andover, MA, USA). An ar-
throscopic assessment was performed via standard poste-
rior, anterior, and lateral portals. Careful assessment of the 
chondral surfaces was performed to exclude significant 
osteoarthritis. The rotator cuff was carefully examined, 
and mobilization was attempted. If a massive irreparable 
rotator cuff tear was confirmed, the procedure was then 
converted to an open procedure via a deltoid splitting ap-
proach to allow adequate exposure and facilitate secure 
fixation to the medial residual tendinous stump. After 
further mobilization of the supraspinatus, partial repair of 
the infraspinatus was incorporated into the repair if pos-
sible. The GraftJacket was rehydrated and prepared as per 

manufacturer’s instructions, pretensioned before insertion, 
and subsequently secured as a single layer to the lateral 
edge of the residual supraspinatus and infraspinatus us-
ing multiple interrupted nonabsorbable braided sutures. 
It was then positioned onto the greater tuberosity. The 
dermal surface was applied to the footprint and secured 
using a double-row transosseus equivalent using three 
medial and two lateral 5.5-mm Healix Advance knotless 
anchors (Mitek; Depuy Synthes, Raynham, MA, USA). 
Graft was positioned under slight tension with the arm 
in zero degrees of abduction and neutral rotation. Then, 
3 mL of 0.3 mg/mL bioengineered recombinant human 
platelet-derived growth factor-BB (rhPDGF-BB, Wright 
Medical) was prepared as per manufacturer instructions 
and injected around the repair site. Open resection of the 
AC joint was performed in four patients using an oscillat-
ing saw. Biceps tenotomy was performed in three patients 
and tenodesis in one patient. The long head of biceps was 
noted to have previously ruptured in two patients and was 
left intact in one patient. After layered closure, shoulder 
immobilizer was fitted. A standard postoperative protocol 
was followed.

Rehabilitation
During the first three postoperative weeks, patients 
were allowed to perform pendular and passive shoulder 
range of motion (ROM) exercises, but between exercises, 
patients were instructed to keep their arm in a simple 
shoulder immobilizer similar to a broad arm sling. From 
3 weeks, patients were allowed to do isometric exercises 
and active assisted ROM exercises. From 6 weeks, patients 
could progress to rotator cuff strengthening exercises in a 
controlled, gradual manner. 

Outcome Measures
Radiological outcome
Our primary outcome was MRI appearance of an intact 
graft. Failure was defined as any retear of the cuff or loss 
of continuity of the graft at any point. MRI evaluation 
of the repair was undertaken 6 months postoperatively; 
preoperative and 6 month postoperative MRI assessments 
were available for all patients. Assessment was performed 
via consensus by two fellowship-trained musculoskeletal 
radiologists with two and five post-fellowship experience 
each. Goutallier, Tangent, Patte, Thomazeau, and Sagaya 
classifications were all determined from pre- and post-
operative images when appropriate. Anterior to posterior 
rotator cuff defect at the lateral margin of the acromion, 
and maximal lateral to medial tendon retraction were re-
corded. The location of graft failure was documented as 
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anterior, posterior, medial, lateral, or central.

Clinical outcome
All eligible patients were evaluated in the clinical setting. 
Formal clinical evaluation was performed at a mean of 1 
year postoperatively, which included strength of abduc-
tion, external rotation, belly press, and lift-off tests per our 
standard shoulder assessment protocol. Oxford, Constant, 
and Disabilities of the Arm, Shoulder and Hand (DASH) 
scores were assessed. Strength was measured using an 
analog hydraulic push-pull dynamometer (Baseline Evalu-
ation Instrument, White Plains, NY, USA) and recorded in 

pounds; a mean of three attempts was then expressed as a 
percentage of the contralateral side. All patients were also 
asked in plain language if they were happy with the sur-
gery.

RESULTS

Eight consecutive patients (seven males and one female) 
underwent rotator cuff repair using dermal allograft in 
an interpositional method. Of these eight, one patient 
encountered an early surgical infection and subsequently 
had the interposition graft removed; this patient declined 
further follow-up.

Of the seven included patients, one patient emigrat-
ed after MRI, as such no formal clinical assessment was 
available; another declined strength measurement and as 
such complete Constant score could not be obtained. The 
mean age at the time of surgery was 54 years. Of the seven 
patients, six were male and all had their right side treated. 
Only one patient was left-hand dominant. Fifty percent of 
the patients were no longer working. For one patient, the 
surgery was a revision of a prior double-row repair, one 
patient was diabetic, one patient was a smoker at the time 
of operation and follow-up, and three were ex-smokers 
preoperatively. This data is summarized in Table 1.

MRI Outcomes
MRI assessment of the interposition graft showed that 
only 14% were completely intact 6 months postoperatively. 
An intact graft is shown in Fig. 1. MRI demonstrated the 
location of the graft failure (Table 2). In the majority of 
cases the failure occurred at the posterior and medial mar-
gins (Fig. 2), indicating failure of the graft to integrate into 

Fig. 1. Proton density fat-saturated sagittal magnetic resonance image 
demonstrates the typical uniform thin low signal appearance of an intact 
GraftJacket (arrowhead) traversing the massive rotator cuff tear.

Table 2. Defect Measurement and Location of Graft Failure as Seen on MRI for Each Patient

Patient no.
Anterior to posterior defect (mm), 

supraspinatus/infraspinatus Lateral to medial defect (mm)
Location of graft failure

Preoperative Postoperative Preoperative Preoperative

1 36.5 26.2 37.4 34 Posterior and medial margins

2 53.7 25.9 46.8 45.8 Posterior and medial margins

3 25.3 16.6 23 17 Central, posterior and medial margins

4 37.1 12.8 50.2 23.5 Posterior and medial margins

5 32.2 19.8 45.6 24.3 Posterior margin

6 27.7 0 54.5 0 Intact

7 43 30.7 36.1 36.9 Anterolateral, anterior and posterior margins

MRI: magnetic resonance imaging.
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the cuff and a failure of the sutures, rather than the inser-
tional anchorage. MRI findings are shown in Figs. 3 and 4. 

On MRI, the mean lateral to medial retraction was 
41.9 mm (range, 23 to 54.5 mm) preoperatively and 25.9 
mm (range, 0 to 45.8 mm) postoperatively. The mean an-
terior to posterior deficit was measured as 36.5 mm (range, 
25.3 to 53.7 mm) preoperatively and 18.85 mm (range, 0 
to 30.7 mm) postoperatively. In relation to the muscula-
ture and fatty infiltration, at the time of postoperative MRI 
assessment (6 months), no patient had a change to their 

Goutallier score. Preoperatively the mean supraspinatus 
Goutallier score was 2.57, and postoperatively it was again 
2.57. However, Goutallier, Tangent, Patte, Thomazeau, and 
Sagaya classifications could not be reliably applied to as-
sess the graft repair due to the nature of the preoperative 
condition, the repair technique, and their seemingly low 
sensitivity in this very specific situation.

Clinical Outcomes
Clinical outcomes are presented in Table 1. 

DISCUSSION

We cannot advocate the use of dermal allograft as an in-
terposition graft for the repair of massive rotator cuff tears 
based on our results. Functional scores (Oxford, Constant, 
and DASH scores) appeared to be satisfactory in that these 
scores were comparable to those in previous published 
literature reporting successful management of massive ro-
tator cuff tears7) and a high percentage of patients who had 
undergone the surgery were “happy;” however, our MRI 
findings suggest the interposition graft fails in 86% of cas-
es by 6 months. It has been thought that 1 year is required 
for the shoulder to fully recover; however, it appears the 
graft fails well before this milestone.6) This failure is clini-
cally reflected by the weakness shown, particularly with 
abduction. Few previous studies reviewing interpositional 
grafts measured power in a meaningful manner. We have 
demonstrated that the graft fails at the graft tendon junc-
tion, rather than at the site of anchorage. This is similar to 

GJ

C

SSc

SS

IS

Fig. 2. An axial diagrammatic representation of the most common site 
of GraftJacket (GJ) failure. The coracoid process (C), subscapularis (SSc), 
supraspinatus (SS), and infraspinatus (IS) are labelled for orientation.

C

SS

H

Fig. 3. Proton density fat-saturated axial magnetic resonance image 
demonstrates the typical anterior displacement of the dehiscent 
posterolateral GraftJacket margin (arrowheads) uncovering the humeral 
head (H). The coracoid process (C) and supraspinatus (SS) are labelled for 
orientation.

Fig. 4. Proton density fat-saturated sagittal magnetic resonance image 
demonstrates the GraftJacket (arrowhead) with the posterior deficit 
(arrow) commonly encountered with failure or dehiscence.
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studies looking at other tendinous repairs.9) 
Moore et al.10) had a failure rate of 100% seen on 

MRI at a mean follow-up of 31.3 months. Despite this, 
they too demonstrated improved functional scores in Uni-
versity of California, Los Angeles (UCLA) shoulder score. 
Previous studies that can provide a direct comparison to 
our data showed similar functional scores postoperatively: 
Modi et al.7) showed a mean Constant score of 42; Rhee 
and Oh11) showed a comparable QuickDASH score of 20.9 
± 3.6 and also a comparable retear or failure rate seen on 
MRI of 75% in their “bridging” group at 1 year postop-
eratively. We think that the functional scores and patient-
perceived improvement are due to the graft preventing 
proximal migration and abutment of the humeral head 
and are likely to be short-lived as the graft becomes thin, 
macerated, and tears away from the tendinous stump. This 
degeneration probably occurs due to impingement of the 
graft against the glenoid in the same way partial thickness 
articular surface rotator cuff tears occur.12) Further proof 
exists in that interpositional dermal allograft repairs per-
formed extra-articularly seem to have good outcomes, in 
pectoralis major repair amongst others.13,14) The intended 
purpose of the dermal allograft is for the graft to act as 
a scaffold for normal cellular integration; however, this 
clearly does not occur in the case of rotator cuff interpo-
sitional grafting.5,15,16) Another argument made by Ono et 
al.17) in their systematic review is that functional outcomes 
in bridging repairs “closes a hole” but there is “no attempt 
to restore the length” and as such recovery of power is not 
achieved. 

It could also be argued that the other operative pro-
cedures performed, including subacromial bursectomy, 
biceps tenotomy, and acromioplasty, may be responsible 
for the patients’ improvement. We intend to follow these 
patients long-term and conduct histological analysis of any 
extracted repair.

There are several papers that have shown positive 
radiographic outcomes of interpositional rotator cuff re-
pairs: Bond et al.18) reported a healing rate of 82% as seen 
on MRI arthrogram at 1-year follow-up; however, what 
constituted “healed, intact, partial tear, and failed” was 
not well described. Generally, in the literature, there is a 
certain degree of discrepancy on what is defined as failure 
or retear in the reporting of the graft on postoperative im-
aging. For example, Badhe et al.19) regarded their porcine 
acellular graft as intact when it was seen clearly at the in-
sertion site over the greater tuberosity without comment-
ing on the tendinous remnant and graft interface and they 
documented a failure or retear rate of only 20%. Other 
studies also have poorly outlined descriptions of their im-

aging analysis. Most rely on ultrasound to assess the graft, 
which can be technically challenging and unfamiliar to 
most radiologists and/or ultrasonographers.20,21) Gupta et 
al.22) in 2012 used ultrasound at 3 years postoperatively to 
assess the interpositional human dermal allograft integ-
rity and noted 74% remained intact. Then again in 2013, 
Gupta et al.23) used ultrasound at 2 years postoperatively to 
assess their porcine dermal interpositional xenograft and 
noted 73% remained intact. In both studies, the ultrasound 
only assessed the graft tendon or graft-humeral interface; 
the mid-substance was not assessed for tear. According to 
Duchman et al.’s “overview” article,24) midsubstance tears 
relating to the interpositional technique have not been de-
scribed; however, we observed midsubstance tearing. Also 
in two separate studies, Gupta et al.22,23) reported that even 
those who had retear had improvement in pain and func-
tion; however, a rudimentary method of strength measure 
derived from the Modified Medical Research Scale was 
employed to evaluate power. Notably, in these studies, pa-
tients with high degree of fatty infiltration were excluded. 

Neumann et al.25) used the same criteria as Gupta 
et al.23) with regards to ultrasound assessment of the por-
cine dermal xenografts graft, showing 91.8% intact, 3.3% 
partial retear, and 4.9% complete rupture rate (cases were 
excluded from the analysis if they required arthroplasty 
within 1 year due to failure). They observed improvement 
even in those 8.2% who had failure. Audenaert et al.26) re-
ported on ultrasound assessment of synthetic interposition 
graft: 90% of grafts were intact. In both studies of Gupta et 
al.23) and the studies of Neumann et al.25) and Audenaert et 
al.,26) the patients were in their 60s. 

Jones and Snyder27) assessed human interpositional 
dermal allograft postoperatively by MR arthrogram. They 
demonstrated a 15% retear rate at 3 months and an ad-
ditional 26% retear rate at 1 year, and 41.5% of patients 
were lost to follow up by 1 year. Ono et al.’s review17) shows 
the variability of healing rates, 59% to 90%; despite this, 
they concluded bridging grafts may be considered. The 
high healing rates were reported by papers using synthetic 
grafts made of polyester (Dacron and Mersilene Mesh).

We acknowledge the small sample size as a weak-
ness of this study as well as the large range in clinical mea-
surements. However, we think that the consistent nature 
of the margins at which the grafts fail is noteworthy and 
analysis on human subjects has not been performed with 
this topic. We also note that this study lacks a comparable 
control group.

Six months postoperative MRI assessment of the 
graft appears to suggest early failure in the majority of 
cases, which can be correlated with the low results of 
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strength testing. Despite this, the functional outcomes ap-
pear comparable with those of previous studies that advo-
cate the use of dermal allograft. We believe the acceptable 
functional outcome will be short-lived given the MRI out-
comes. We will continue to follow up on these patients and 
review their long-term functional outcomes and pattern.

This research highlights the difficulty of treating 
massive rotator cuff tears. Our radiological findings pro-
vide further support that this treatment option has high 
failure rates for this difficult clinical condition. We have 

demonstrated a very high rate of failure and the low heal-
ing rates with this option. Superior capsular reconstruc-
tion may provide an improvement on this technique and 
we will await further reports on this technique.
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