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Superior Capsule Reconstruction Is a Viable Option =~ ®
for Patients with Symptomatic, Isolated, and
Irreparable Supraspinatus Tears

Ben Gabbott, M.R.C.S., Yemi Pearse, F.R.C.S., Magnus Arnander, F.R.C.S., and
Duncan Tennent, F.R.C.S.

Purpose: To evaluate the outcome of superior capsular reconstruction for isolated subscapularis tears using a decellu-
larized porcine allograft as a superior capsular reconstruction. Methods: Patients who had symptomatic tears of supra-
spinatus who had failed to improve a conservative rehabilitation program were included. Previous surgery to the shoulder
was not a bar to inclusion. Patients were assessed preoperatively and postoperatively with the Oxford Shoulder Score
(OSS), the single assessment numeric evaluation (SANE) score, as well as clinically assessed for their shoulder range of
motion (ROM). Patients were followed up with in-person clinic appointments for the first year, followed by a postal
questionnaire and telephone consultation at a minimum of 2 years following surgery. Results: Twenty patients (11 males
and 9 females) with a mean age of 67.5 years were included (range: 54-72 years). The average follow-up period was 31
months (24-50). The mean improvement in OSS was 14 points (P < .001), SANE score was 27 points (P < .01). Significant
improvements in mean ROM were recorded (flexion 80.7°; P < .001; abduction: 81°; P < .001; external rotation: 31°; P <
.001). Six patients suffered SCR failures diagnosed by magnetic resonance imaging, despite this they still recorded im-
provements in recorded OSS, SANE and ROM (excluding external rotation). Patient demographics for failed superior
capsule reconstruction (SCR) highlighted smoking and revision surgery as risk factors. Conclusions: SCR appears to be a
viable option for patients with symptomatic, isolated, and irreparable tears of the supraspinatus. Our results demonstrate
that there are significant improvements in outcome scores and active range of motion, even in the subgroup in whom
postoperative structural failure of the SCR was identified. We recommend caution in patients who have previously failed
rotator cuff repair and in heavy smokers. Level of Evidence: Level IV, therapeutic case series.

Introduction
ears of the superior rotator cuff are common and, if
large enough, disrupt the force couples of the gle-
nohumeral joint, resulting in pain and dysfunction.'”
In some cases, the tear is not repairable either because
of tendon retraction, tendon quality, or muscle fatty
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atrophy. In these cases, the options are traditionally
limited to tendon transfer, in the young and active,’
and reverse shoulder arthroplasty. However, with
arthroplasty being ill advised under the age of 70,’
there is a group of patients in whom neither of these
treatments offer a great option, with potentially high
complication rates."

In 2012, Mihata et al. described the concept of su-
perior capsule reconstruction.” The idea being that by
recreating the superior capsule between the glenoid
and the greater tuberosity, and then coupling the
anterior and posterior rotator cuff to it, the proximal
migration of the humeral head can be prevented to
allow the restoration of the force couple with the net
effect of improving the function of the shoulder.” In
2013, he described the results of this technique using a
fascia lata autograft.”® He subsequently published
several papers confirming good results in his expanding
patient cohort, with an increased follow-up.”"'’

Fascia lata grafts are difficult to harvest with the risk
of donor site morbidity,"' and an alternative was
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sought. Arthrex (Naples, FL) produced DX Matrix, a
decellularized porcine allograft, and an arthroscopic
technique by which it could be inserted was developed.
Given the good results reported by Mihata et al., it was
felt that this technique may provide a viable option for
this difficult to treat subpopulation.'?

The purpose of the study was to evaluate the outcome
of superior capsular reconstruction for isolated sub-
scapularis tears using a decellularized porcine allograft
as a superior capsular reconstruction. Our hypothesis,
SCR provides a treatment option for patients with iso-
lated tears of supraspinatus, who were at the upper end
of the age range where tendon transfer would be
considered but were below the age considered advisable
for RSTR, a range of 60-74 years.

The primary aim of the study was a SANE score and
OSS that achieved a mean clinically important differ-
ence (MCID).

Methods
Institutional Review Board approval was not required
for this study, as the technique is already previously
documented and established. This body of work was
considered an audit of its implementation into a new
trust.

Patient selection

All patients had symptomatic, degenerative tears of
supraspinatus, experiencing symptoms for a minimum
of 1 year. On examination of magnetic resonance im-
aging (MRI), they all demonstrated retraction to the level
of the glenoid and Goutalier grade 3 or 4 fatty infiltration
of the muscle belly. The subscapularis and infraspinatus
were either intact or only partially torn, and therefore, it
was believed to be repairable. There was no evidence of
glenohumeral arthritis on the MRI scan.

All patients had failed to improve satisfactorily with a
therapist-supervised rehabilitation program that
included anterior deltoid recruitment, and had sought a
surgical option. No other surgery had been undertaken.
All patients had received one steroid injection as part of
the conservative rehabilitation. As injections may be
administered in the community, it was not possible to
have full information of any other injections they may
have received prior to referral.

All patients were assessed preoperatively with an
Oxford Shoulder Score (OSS), the single assessment
numeric evaluation (SANE) score, along with a clinical
assessment of their shoulder range of motion. The
MCID for the OSS is 6 and the SANE is 27." >

Patients were followed up with face-to-face clinic
appointments for the first year, followed by postal
questionnaire and telephone consultation at a mini-
mum of 2 years following surgery. The telephone
consultation included a brief history and symptom
check. It also included a range of motion examination.
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Fig 1. Diagram of the measurements for graft sizing. A-D:
graft marks corresponding to anchor positions. A: Posterior
glenoid; B: Anterior glenoid; C: Posterior tuberosity medial
anchor; D: Anterior tuberosity medial anchor. Measurements
indicate the additional size of the graft which was added to the
measurements for cutting.

This was achieved by explaining to the patient how a
range of motion is measured in a shoulder before asking
the patient to perform each movement (abduction /
flexion / external rotation / behind the back internal
rotation) in front of a mirror and to self-report their
active range of motion. If any patient failed to improve,
as anticipated, or was considered a potential “failure”,
MRI scans were obtained, but MRI was not routinely
performed on all patients.

All patients were reviewed and recruited preopera-
tively by the lead surgeon (D.T.). Postoperative data
collection was performed by a junior research fellow
and a specialist physiotherapist (B.G.).

Surgical Procedure

All surgery was undertaken by the senior author
(D.T.). The patients were placed in the lateral decubitus
position with the arm abducted to 30°. All operations
were performed under a general anesthetic with an
interscalene block. A standard posterior portal was made,
and a diagnostic arthroscopy was performed. If a patient
was found to have a repairable supraspinatus, then the
planned procedure was changed to a repair of the rotator
cuff, and these patients were not included in this cohort
report. Likewise, If the subscapularis or infraspinatus
were found to be irreparable, then no attempt was made
to undertake the SCR procedure. Patients who did un-
dergo the SCR technique had the procedure described by
Hirahara and Adams'’ performed.

Using a shaver, the soft tissues over the superior gle-
noid between 10 and 2 o’clock and the supraspinatus
footprint were debrided, and a biceps tenotomy was
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Fig 2. Diagram demonstrating the arrangement of sutures in
the final construct, superior view.

performed if the biceps tendon was present. The bone in
both regions was then decorticated with the shaver. Two
2.9-mm Biocomposite SutureTak anchors (Arthrex,
Naples, FL) were inserted at the anterior and posterior
aspects of the prepared glenoid neck 5 mm from the
articular surface. Following this, two 4.75-mm Bio-
composite SwiveLock anchors loaded with FiberTape
suture (Arthrex) were inserted in the greater tuberosity
footprint just behind the articular margin at the anterior
and posterior aspects. The distances between the 4 an-
chors were measured. A margin of 5 mm was added to
the anterior and posterior sides of the glenoid. Ten mil-
limeters was added on the lateral side to complete the
sizing (Fig 1). DX Matrix graft was cut to produce 2
pieces of the same size, giving a combined graft thickness
of 6 mm. This is comparable to the fascia lata graft,
originally described by Mihata et al.” In the first 4 cases, a
circumferential 2.0 Vicryl (Ethicon, Edinburgh) mattress
stitch was used to produce a double thickness of graft.
After this, Dermabond glue (Ethicon, Edinburgh, UK)
was used to join the 2 layers. The positions of the suture
anchors were marked on the graft.

The glenoid sutures were then retrieved through a
laterally placed Passport cannula (Arthrex), and these
were passed as an anterior and posterior pair through
the graft in the premarked positions. One limb from the
anterior anchor was tied to one limb from the posterior
anchor and, by pulling on the free limbs, the graft was
drawn into the joint. After the first couple of cases, a
traction suture was added to the front and back of the
graft to aid in the introduction and control the graft in
the joint. Once the graft was seated on the glenoid, the
free limbs were tied.

The paired sutures from the two SwiveLock anchors
were then passed through the graft using a scorpion
suture passer (Arthrex). It was discovered early that
that the previously marked position on the graft often
did not correspond to the most appropriate tension, and
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Fig 3. Diagram illustrating the arrangement of anchors and
sutures in a lateral view.

therefore, the marks were used as a guide only. The
suture pairs were separated. One suture limb from the
anterior anchor and one limb from the posterior anchor
were then secured laterally using an additional 4.75-
mm SwiveLock anchor placed on the lateral humeral
shaft in line with the previously placed anterior anchor.
The process was repeated with an additional posterior
anchor in a transosseous equivalent technique (Figs 2
and 3). If there was a tear of either infraspinatus or
subscapularis that was repairable, this was performed
using the eyelet suture from the medial row anchor. All
patients had absent long head of biceps tendon, and no
additional procedures were undertaken.

The graft was then secured to the infraspinatus using
3 margin convergence sutures.

Postoperatively the patients were placed in a Donjoy
Ultrasling I (DJO, Dallas, TX) for 4 weeks, which
provided mild abduction of the arm, after which they
started gentle passive range of motion exercises before
progressing to active assisted exercises and then full
active motion once scapular control had been estab-
lished. The protocol was the same as that used for
typical rotator cuff repairs. Active resistance was not
permitted before 3 months.

Results

Patients were aged 54-74, the patient aged 54
declined tendon transfer and wished to have superior
capsule reconstruction. Twenty patients fulfilled the
selection criteria and were identified from a specialist
shoulder clinic. There were 11 men and 9 women with
a mean age of 67.5 years. No patients were excluded.

The patients were reviewed with postal questionnaire
and telephone consultation at a mean of 31 months
postoperatively (range: 24-50). No patients were lost to
follow-up. The data were analyzed using a Mann-
Whitney test (https://www.socscistatistics.com/tests/
mannwhitney/default2.aspx).

The mean preoperative OSS was 24 points (range: 0-
41). The mean improvement in OSS was 14 points
(range: 0-43; P < .001. This results in 70% achieving
MCID and 76% achieving the PASS threshold. The
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Table 1. Outcomes of Superior Capsule Reconstruction at 2 Years

Preop Mean Mean P Value
Preop Mean (SD)  Preop Range (SD) Preop Range Improvement (SD) Range (Mann-Whitney)
0SS 24 (12.4) 0-45 38.5 (12.5) 0-43 +14 (13.4) 0-43 P =.00104
SANE 38 (22.1) 0-75 70.6 (23.8) 25-100 +27 (32) 0-82 P =.00614
Flexion (°) 76.5 0-160 159 30-180 +81 (54) —-15-170 P < .00001
Abduction (°) 61 20-160 154 20-180 +82 (50) 13-160 P < .00001
External Rotation (°) 28 0-80 54 0-90 +31 (37.9) —-60-90 P = .01016

0SS, Oxford Shoulder Score; SANE, Single Assessment Numeric Evaluation; SD, standard deviation.

mean preoperative SANE score was 38 (range: 0-75)
and mean postoperative improvement of 27 points
(range: 0-82). P < .01. This results in 50% achieving
MCID, 38% reaching SCB, and 50% achieving the
PASS threshold.

The mean active flexion preoperatively was 83°
(range: 30-140) with a mean increased postoperative
range of 80.7° (range: 75-160; P < .001. Preoperative
abduction was a mean of 76.5° (range: 0-160) and
postoperatively improved by a mean of 81° (range: 15-
170; P < .001).

Mean preoperative external rotation was 28° (range:
0-80), and postoperatively improved by a mean of 31°
(—60-90; P < .001). The full data are presented in
Table 1.

Failures

There were 6 patients classified as failure in this
cohort. There are no clear measurements of what
constitutes failure; therefore, the reference for this was
a comparison with the clinical experience of recovery
from a conventional rotator cuff repair. If the patients
achieved the expected milestones in their recovery,
they were deemed “successful”; if they were failing to
achieve the milestones of full active abduction and
elevation by 6 months, then the procedure was
considered a “failure”. In addition, if the patient felt that
they had failed to improve to their expectations, the
procedure was considered a “failure”.

In one patient, the infraspinatus had failed post-
operatively, which accounts for the —60° improvement
in external rotation. She had already undergone a
revision of a previously failed rotator cuff repair to an
SCR and then lost external rotation, which became
apparent 6 months following the procedure. She was
subsequently revised to a reverse total shoulder
replacement.

One patient had a failure of infraspinatus diagnosed at
4 months following surgery when she lost active
external rotation. This was confirmed on an MRI, and
she underwent a L’Episcopo latissimus dorsi transfer to
restore external rotation. This was performed using the
technique described by L’Episcopo et al. for brachial
plexus palsy and popularized for rotator cuff failure by
Boileau et al.'®'” The SCR graft itself was intact.

Two patients failed rapidly, and when the MRI was
examined, it was evident that the graft never united
with the glenoid in one of the cases, and with the
greater tuberosity in the other. Both were heavy
smokers (more than 20 cigarettes per day for more than
10 years). Both had also previously failed arthroscopic
rotator cuff repair. None of the patients classified as a
clinical success smoked.

Two additional patients also “failed”. In one patient,
the graft did not unite on the glenoid side, and in the
other, it failed on the humeral side. Both were revisions
from previous unsuccessful rotator cuff repairs, but
neither patient smoked (Table 2).

Discussion

Our study suggests, patients aged 60—74 years, with
symptomatic isolated unreconstructable tears of supra-
spinatus, may have significant improvements in
outcome scores and active range of motion following a
superior capsule reconstruction.

Mihata et al. first described the biomechanics of the
superior capsule in 2012, with subsequent cadaveric
studies demonstrating the role of the superior
capsule.”” Further clinical studies by Mihata et al.*”
gave evidence that the theoretical outcomes were
supported in clinical practice. Since his original articles
were published, there has been an explosion in interest
in the procedure. As a consequence of this, 9 modified
techniques have been published,'®*” which have
included different graft materials, the use of the long
head of biceps, and partial repair of the retaining cuff
over the top of the graft. Since the first clinical article
was published in 2013, 5 systematic reviews*°~° have
also been written. Despite this, it is surprising that there
are very few published clinical follow-up studies.

Mihata et al. published an article series with 100 pa-
tients followed up to 8 years; however, other authors
have not been able to fully replicate his results, and the
fascia lata graft itself poses difficulties and complica-
tions.” Denard et al. described “satisfactory” results in
70% of a cohort of 59 patients followed out to a mean
of 17.7 months (12-29).”' Hiraha et al. reported out-
comes in 9 patients at a minimum of 2 years with im-
provements in ASES and VAS, and there were 2
failures.”” Woodmass et al. published the outcomes of



Table 2. Patient Demographics and Outcomes for Failed Superior Capsule Reconstructions

Abduction Change ER Change IR Change 0SS Change SANE Change Outcome

Flexion Change

Features

Case

No intervention

Revision

No intervention

35
No data as RTSR

10

No data as RTSR

90
No data as RTSR

Revision

No data as RTSR No data as RTSR Revised to RTSR

No data as RTSR

Revision: graft and

infraspinatus failed
Infraspinatus repaired: failed

Smoker: revision

Episcopo

115 40 30 17 -20
30

120

150
140

4

No intervention

65

20

No intervention

10 10

10
ER, external rotation; IR, internal rotation; OSS, Oxford Shoulder Score; SANE, Single Assessment Numeric Evaluation; RTSR, reverse total shoulder replacement.

Smoker: revision
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34 patients followed for a minimum of 6 months and a
mean of 12 months. They identified 22 failures (66%).
They also identified that subscapularis tears, fatty
infiltration of infraspinatus, and revision surgery, as
well as female gender were all associated with failure.””
Pennington et al. reported outcomes of 88 patients at a
minimum 12 month follow-up (16-28 months). They
reported 90% satisfaction with improvement in ASES
and VAS scores, as well as range of motion, strength
and acromio-humeral distance. In their study, 41% of
patients had undergone previous rotator cuff surgery,
and this did not appear to influence the outcome of
SCR. Interestingly, the lower limit of the age range was
27 years, with a mean age of 59, which is considerably
lower than the cohort in this series.'”

This study reports a large cohort with a minimum
follow up of 2 years. The results demonstrate that,
overall, there are significant improvements in outcome
scores and active range of motion, but that the results
are not consistent. We identified patients in whom the
procedure had failed clinically, and which was
confirmed radiologically. In agreement with the
Woodmass et al. study, but in contrast to Pennington
et al.’s study, 5 of the 6 failures were in patients who
had had previous rotator cuff repairs. None of the
“clinical” success group had had prior rotator cuff sur-
gery. We found significant improvements even in the
group in whom postoperative structural failure of the
SCR was identified on MRI; 4 of these 6 patients elected
not to undergo any further surgery.

Limitations

One of the difficulties in analyzing any of these
studies is that the reporting is not consistent. Inclusion
criteria vary, outcome measures are not uniform, and
follow-up is mostly short. There is little radiological
review, and the technique has evolved considerably
since it was first described. Fascia lata and long head of
biceps autograft has both been described, as well as the
DX matrix (porcine acellular; Arthrex) and Arthroflex
(human acellular; Lifenet, Virginia Beach, FL). In
addition, surgeons are using grafts from other sources.
Fixation techniques vary as well from the technique
described in this article. These include 3 glenoid an-
chors, knotless versions, and different suture configu-
rations. In addition, there is no agreement on the
optimal postoperative regime. All of these confounding
factors make comparison of the literature almost
impossible.

The use of the xenograft itself may be considered a
disadvantage, as it has lower reported healing rates
than other sources. At the time of the study, this was
the only graft available to us, and we feel that it is worth
reporting the outcomes using the graft. We must accept,
however, that it should not be inferred that equivalent
results will be achieved using allograft.
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There are a number of other limitations to this study.
First, there is no control group. As this is a new tech-
nique, which was not being proposed as an alternative
to any other existing procedure, there was not an
obvious control group, and all patients had failed to
achieve satisfactory outcomes with nonoperative
treatment. This study was designed to assess the
feasibility of using this technique in the local popula-
tion, as all of the published studies at the time were
from the originator surgeon. The data also represent a
learning curve with the procedure. The senior author
had 13 years” experience as an arthroscopic shoulder
surgeon and had undertaken the procedure in a
cadaveric setting multiple times prior to the study
commencing. Even then, refinements were made as
experience evolved (for example, the use of traction
sutures and the placing of the greater tuberosity an-
chor sutures). The authors do not believe that this
detracts from the findings of the study. No routine
postoperative imaging was undertaken, and this is
recognized as a limitation, but it was not felt
economically justifiable to perform MRIs on all of the
patients. Our study also has a small sample size;
however, it is in keeping with the sample sizes of other
published comparable articles.

Conclusion

SCR appears to be a viable option for patients with
symptomatic, isolated, irreparable tears of the supra-
spinatus. Our results demonstrate that there are sig-
nificant improvements in outcome scores and active
range of motion, even in the subgroup in whom post-
operative structural failure of the SCR was identified.
We recommend caution for use in patients who have
previously failed rotator cuff repair and in heavy
smokers.
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