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Arthroscopic superior capsular reconstruction for irreparable
rotator cuff tears
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Irreparable rotator cuff tears are difficult to treat and present a challenge for orthopedic surgeons. Among the various
treatments of irreparable cuff tear, superior capsular reconstruction has recently been introduced and used as a treatment strategy to preserve the glenohumeral joints biomechanics. Superior capsular reconstruction with autogenous fascia lata is a treatment option to restore the function of the glenohumeral joint by restoring the force couple of the rotator
cuff and repositioning the superiorly migrated humeral head to the center of the glenohumeral joint, thereby delaying
the time of reverse total shoulder arthroplasty replacement. Although there are many other graft materials, such as acellular dermal matrix, there is a need to confirm the long term outcomes of the superior capsular reconstruction.
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INTRODUCTION
The definition of irreparable rotator cuff tears may be
confused with that of massive rotator cuff tears. Irreparable rotator cuff tears refer to rotator cuff tears in
which anatomical reduction of the lateral margin of the
ruptured tendon cannot be achieved on the footprint
of the greater tuberosity despite adequate soft tissue
release [1,2]. These tears are mostly chronic, and are accompanied by muscle atrophy and fatty degeneration [3].
Irreparable rotator cuff tears are rare, however they are
difficult to treat.
There are many ways to treat irreparable rotator cuff
tears. With respect to the treatment of elderly patients,
reverse shoulder arthroplasty has been introduced and
satisfactory clinical outcomes have been reported. Treatment strategies for preserving the glenohumeral joint
include surgical or non-surgical treatments. Surgical options include subacromial bursectomy, biceps long head
tenotomy or tenodesis [4], rotator cuff partial repair [5],
supraspinatus advancement [6], lower trapezius tendon
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transfer [7], latissimus dorsi tendon transfer [8], pectoralis major tendon transfer, and subacromial spacer insertion [9].
Recently, superior capsular reconstruction has been
introduced as a one of treatment option for irreparable
rotator cuff tear. Anatomical studies have shown that the
superior capsule of the glenohumeral joint is attached
to a significant portion of the greater tuberosity of the
humerus (30%–61%) and biomechanical studies have revealed that it plays an important role in the static stability
of the glenohumeral joint [10]. Since Mihata et al. [11]
introduced superior capsular reconstruction using the
autogenous fascia lata, which is a surgical method restoring the center of rotation of the shoulder joint, a different
allograft materials such as an acellular dermal allograft, a
replacement of the autogenous fascia lata, has also been
used recently [11,12].
This article reviewed the anatomical and biomechanical role of the superior capsule of the shoulder joint, and
investigated the surgical techniques, fixation methods,
differences graft materials, and clinical outcomes of su-
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perior capsular reconstruction.

BIOMECHANICAL CHANGES OF THE
GLENOHUMERAL JOINT AFTER ROTATOR
CUFF TEAR
The motion of the shoulder joint consists of the combination of the glenohumeral joint and scapulothoracic
movements. In the normal shoulder joint, both the sagittal and coronal planes are maintained by the synergistic
effect of the force couple of the rotator cuff muscle and
the deltoid muscle. In massive posteroinferior rotator
cuff tears, the force couple of the coronal plane is lost and
the fulcrum of the normal shoulder joint is damaged. The
progression of the rotator cuff tear causes the disruption
of balance of axial forces in the sagittal plane, leading to
the superior migration of the humeral head. Therefore,
more force is needed for forward flexion of the arm, and
since the damaged rotator cuff cannot contribute to load
sharing, the tensile load of the remaining rotator cuff is
increased, which results in the tear progression of the remaining rotator cuff [13,14].
In addition, superior migration of the humeral head
during abduction causes an impingement between the
inferior aspect of the acromion and the greater tuberosity.
This impingement leads to the retraction of the torn supraspinatus tendon medially, which makes the tear more
extensive. The superior translation of the humeral head
generates shearing force that causes the cartilage damage
of the head, which results in rotator cuff arthropathy [15].

PHYSICAL EXAMINATION AND RADIOLOGICAL
FINDINGS OF IRREPARABLE ROTATOR CUFF
TEAR
The resisted external rotation tests are used to examine
the rupture of the supraspinatus tendon, infraspinatus
tendon, and teres minor tendon. A positive hornblower’s
sign indicates a tear progression involving the teres minor tendon. The function of the subscapularis tendon
are examined by the bear hug, belly press or lift-off tests.
The muscle atrophy of the supraspinatus tendon and
infraspinatus tendon, pseudoparalysis, and the anterosuperior escape of the humeral head are detected by
inspection in patients with irreparable rotator cuff tear
[12]. Pseudoparalysis is defined as the state in which the
patient cannot perform active forward flexion but can
perform passive forward flexion. The pseudoparalysis of
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the shoulder joint indicates that the disruption of force
couple in the coronal and sagittal planes has occurred as
the rotator cuff tear progressed.
On plain radiographs, acetabularization of the greater
tuberosity of the humerus and adaptive changes of the
inferior aspect of the acromion can be observed in the
rotator cuff arthropathy of the shoulder joint. Some of
these patients may be able to perform forward flexion of
the arm using the deltoid muscle without pseudoparalysis. The degree of fatty degeneration, degree of muscle
atrophy, and patterns of rotator cuff tears are assessed on
magnetic resonance imaging (MRI) [12].

ARTHROSCOPIC SUPERIOR CAPSULAR
RECONSTRUCTION
Arthroscopic portals
Positioning the patient in the lateral decubitus position is
convenient for harvesting the autogenous fascia lata from
the thigh. The arthroscopic portals used for superior capsular reconstruction are generally the same as those used
for rotator cuff repairs. They include the posterior portal
used to position sutures of the suture anchors and introduce surgical instruments, the posterolateral portal used
to introduce the arthroscope, the lateral portal used for
suturing and insertion of the graft, and the anterior portal
used to introduce surgical instruments. In general rotator
cuff tears, only one hole is made on the lateral border of
the acromion for the insertion of suture anchors; however, in superior capsular reconstruction, an additional
Neviaser portal needs to be made to insert the suture anchor on the superior glenoid.

Measurement of the size of the rotator cuff tear
Subacromial bursal tissue around the rotator cuff tear,
and degenerative portion of the torn rotator cuff tendon
are removed simultaneously. Then bices tenotomy is performed, and the insertion area of the biceps tendon (the
portion between 1 o’clock and 10 o’clock positions of the
labrum) is decorticated to facilitate graft attachment. The
cortical bone of the footprint of the humeral head is also
decorticated to enhance healing of the graft to the footprint. After complete exposure of the rotator cuff tear, the
mediolateral defect size is measured as the distance from
the superior glenoid to the lateral aspect of the greater tuberosity, and the anteroposterior defect size is measured
as the length of the anteroposterior margin of the rotator
cuff tear (Fig. 1).
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Fig. 1. (A) Irreparable rotator cuff tear of right shoulder. View from the posterolateral portal. (B) Measurement of the distance from the superior glenoid
to the footprint of the greater tuberosity. (C) Measurement of the length of anterior and posterior margins of the rotator cuff.

Fig. 2. Autogenous fascia lata graft by
folding three times.

Fascia lata harvesting
Determining the appropriate graft size is the most important factor in superior capsular reconstruction. The
graft with a sufficient size should be made by measuring
the length from the superior glenoid to the lateral aspect
of the greater tuberosity of the humerus. The graft were
harvested 15 mm larger than the mediolateral defect size
in order to make it possible to suture a 10 mm part of the
graft on the superior aspect of the glenoid and additionally suture a 5 mm part of the graft with the remaining rotator cuff. A short graft in the mediolateral direction leads
to tear of the graft because the contact area between the
superior aspect of the glenoid and the footprint of the
great tuberosity becomes small and excessive tension
is applied to the joint. The appropriate thickness of the
autogenous fascia lata is 6 to 8 mm and since the average thickness of one layer of the fascia lata is 3 to 4 mm,
the fascia lata is folded 2 or 3 times to create a graft (Fig.
2). When a thick fascia lata graft is needed, it can be obtained by harvesting a thick fascial band extended posteriorly from the fascia lata. Current available allografts are
thinner than autogenous fascia lata grafts, so two to three
layers of allografts may be needed to create a graft with a
www.e-aosm.org

thickness of 6 to 8 mm.

Graft fixation
Acromioplasty for 2 to 3 mm thickness of the acromial
portion including the anterior acromial spur and the
mediolateral acromial spur to prevent an impingement
between the graft and the acromion after surgery. The
2.9 mm all-suture anchors may be used for the superior
glenoid; however, 4.5 mm suture anchors are safe to use
because of the risk of the pullout of anchors especially in
patients with osteoporosis. The number of anchors used
for fixation on the superior glenoid is not yet known. A
biomechanical study which compared fixation techniques using 3 and 4 anchors reported that fixation with
3 anchors showed significantly superior pull-out strength
[16]. However, since there is no enough space in the superior aspect of the glenoid, two suture anchors are generally used. The suture anchors are inserted through the
Neviaser portal and the appropriate distance between
two suture anchors is approximately 1 cm. The 4.5 mm or
5.5 mm suture anchors are used for the footprint of the
greater tuberosity. If a suture anchor with triple loaded
is used, one strand of the suture is removed and used for
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additional side to side suture with the remaining rotator
cuff (Fig. 3). When suturing a graft to the footprint of the
greater tuberosity, it is common to use the suture bridge
technique for graft fixation to ensure firm fixation and a
wide contact area.
To insert the graft in the subacromial space, the sutures

Fig. 3. Insertion of suture anchors in the superior aspect of the glenoid
and the footprint of the greater tuberosity of the humerus.

of all suture anchors are passed through the lateral portal
avoiding tangling of sutures and then they are passed
through the graft outside the portal. After passing all sutures, the lateral portal is expanded sufficiently to allow
the graft to pass through it, and then the graft is inserted
(Fig. 4). Suturing is performed sequentially starting from
the glenoid portion.
An acellular dermal allograft can be used for superior
capsular reconstruction. The introduction of acellular
dermal allograft has reduced the burden for harvesting an autogenous fascia lata graft and operating time.
However, it has been reported that the use of an acellular
dermal allograft may increase retear rate because the average thickness of acellular dermal allografts is 3 mm and
is thinner than the autogenous fascia lata graft. Therefore,
in some cases, two acellular dermal allografts are used
by overlapping them. Acellular dermal allografts are also
used in combination with autogenous fascia lata, Achilles
tendon allografts or fascia lata allografts instead of single
acellular dermal allograft. When an acellular dermal allograft is inserted, the sutures for the glenoid portion are
inserted without tangling sutures by using the zip-line
shuttle technique [12] (Fig. 5). A zip-line pusher is one of
the techniques for avoiding tangling sutures. In this tech-
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Fig. 4. (A) Sutures of suture anchors
passed through the autogenous fascia
lata graft outside of the lateral portal. (B)
The graft was fixed in the glenohumeral
joint.

C

Fig. 5. (A) Superior capsular reconstruction using an acellular dermal allograft. Sutures were passed through the graft by the zip-line shuttle technique. (B)
Additional suturing of the allograft and the remaining rotator cuff. (C) Lateral fixation using the suture bridge technique and additional posterolateral
repair of the graft.
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nique, the sutures of the suture anchor inserted in the superior aspect of the glenoid is passed through the upper
part of the graft outside the joint. Then, as in the double
pulley technique, when one strand of different sutures
is stitched first and then the remaining paired suture is
pulled, the graft slides into the joint along the suture and
is positioned on the superior aspect of the glenoid. After
it is positioned on the glenoid, the other paired suture
is stitched inside the joint. Then, the remaining sutures
are used to additionally suture the graft to the remaining
rotator cuff to reinforcement the fixation on the superior
glenoid. This plays an important role in decreasing the
tension generated on the graft and decreasing the retear
rate by inducing healing of the graft to the glenoid effectively. The graft on the footprint of the greater tuberosity
of the humerus is fixed by passing the suture through
within the joint. The repair of the footprint side should be
done by the suture bridge method to obtain safe fixation.

Additional repair with remaining tendon
After the graft is fixed on the glenoid and the greater
tuberosity of the humerus, the graft and the remaining
posterior rotator cuff can be sutured if necessary. Mihata
et al. [11] recommended repair only the posterior rotator
cuff because the occurrence of postoperative stiffness
was often found when side to side repair was performed
in both the anterior and posterior portions. In the case of
superior capsular reconstruction without posterior repair,
maximum subacromial contact pressure was reduced,
but it was not possible to prevent superior translation of
the humerus head. However, when posterior repair was
performed, it was possible to completely restrain superior
translation. The biomechanical improvement of superior
capsular reconstruction can be enhanced by obtaining
continuity of the capsule in the transverse direction in addition to fixation of the superior glenoid and the greater
tuberosity of the humerus. Dynamic examinations also
showed that no superior translation of the humerus head
occurred during the rotation when posterolateral repair
was added [17]. These results suggest that suturing of the
graft to the remaining rotator cuff tendon during superior
capsular reconstruction improves postoperative stability
of the glenohumeral joint [18].
Anatomical studies showed that superior capsular reconstruction where posterior repair was not performed
resulted in loosening of the subscapularis tendon and
posterior rotator cuff during rotation motions. These results suggest that the addition of anteroposterior repair
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in arthroscopic superior capsular reconstruction can improve the function of the remaining rotator cuff. Although
no limitation on the range of motion of the shoulder joint
was observed after anteroposterior repair in anatomical
studies, the rotator interval is reduced by anterior repair,
this finding suggests that shoulder stiffness may occur
after surgery [17].

Rehabilitation
No evidence based rehabilitation protocol for superior
capsular reconstruction has been introduced yet. The
rehabilitation therapy consists of four phases focused
on maximal protection, ranges of motion and muscle
endurance, muscle strength and return to pre-injury activities. Phase 1 of rehabilitation includes protection of
the surgical site, minimization of pain and inflammation,
and maintenance of motions of elbow and wrist joints.
The patient wears an arm sling with a pillow to support
the shoulder joint for 6 weeks. Phase 2 of rehabilitation
aims to manage pain, improve the durability of the graft,
restore the passive and active range of motion while establishing a normal scapulohumeral rhythm and returning to light functional activities of daily living. At 6 weeks
after surgery, the function of the deltoid muscle is activated, the external rotation function is restored, and the
humeral head is pressed downward through the balance
of strength between rotational movements to achieve
the dynamic stability of the shoulder joint. Phase 3 of
rehabilitation enables recovery of the functional range of
motion of the joint and enables higher level functional
activity. Strength exercises begin at 10 to 12 weeks after
surgery and resistance exercise and closed chain exercise
are progressively performed. In Phase 4 of rehabilitation,
plyometric and proprioceptive exercises are performed.

Clinical outcomes and complications
Mihata et al. [11] reported clinical outcomes of arthro
scopic superior capsular reconstruction with autogenous
fascia lata grafts in 23 patients with an irreparable rotator
cuff tear. The average forward flexion of the shoulder joint
was significantly increased from 84° preoperatively to
148° postoperatively, and the external rotation increased
from 26° to 40°. Acromiohumeral distance increased from
4.6 mm preoperatively to 8.7 mm postoperatively. During
the follow-up over 2 years, no graft failure was observed
in 20 patients (83.3%) and the American Shoulder and
Elbow Surgeons score improved from 23.5 to 92.9. In
this study, no postoperative complications such as nerve
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damage, infection, and pullout of suture anchors were
found.
Superior capsular reconstruction using acellular dermal allografts is also performed frequently and satisfactory clinical outcomes are reported. Denard et al. [19]
reported that satisfactory clinical results were obtained
in 75% of 59 patients who underwent superior capsular
reconstruction using 3 mm thick acellular dermal allografts for the irreparable rotator cuff tear. In radiologic
evaluation, the acromiohumeral interval was increased
from 6.6 mm preoperatively to 7.6 mm at 2 weeks postoperatively, however decreased again to 6.7 mm at 1-year
follow-up. In 55% of patients, the failure of acellular
dermal allografts was found on MRI taken at 1 year after
surgery. Recently, a short-term follow-up of 88 patients
who underwent superior capsular reconstruction with
an acellular dermal allograft for irreparable rotator cuff
tears showed satisfactory clinical outcomes and the increased acromiohumeral distance was maintained at 1
year after surgery [20]. Because there have not yet been
many reports of clinical outcomes of superior capsular
reconstruction using acellular dermal allografts, the rate
of retear is estimated to be higher than in the cases of
treatment with autogenous grafts.
To date, detailed reports or guidelines on preoperative
and postoperative administration or dosage of antibiotics to prevent infection after an autograft or allograft have
not yet been presented. Because pyogenic arthritis of the
shoulder joint due to a graft causes serious sequelae, the

authors use prophylactic antibiotics 1 day before and 5
days after surgery.
There is still a lack of research on long-term follow-up
results and the eventual fate of the graft. Systematic and
long-term studies are required to investigate whether
the graft is successfully engrafted, gets thinner over time,
maintains its role like a living joint capsular tissue without undergoing necrosis or absorption or simply acts as a
spacer.

CONCLUSION
Superior capsular reconstruction using autogenous fascia lata grafts is one of the treatment options for irreparable rotator cuff tears to preserve the glenohumeral joint
and to delay the time of reverse shoulder arthroplasty
replacement. The function of the glenohumeral joint are
recovered by restoring the force couple of the rotator cuff
and repositioning the superiorly migrated humeral head
to the center of the rotation. Currently, other various graft
materials, including acellular dermal allografts, are used.
However there is a need for additional clinical trials and
evaluation of long-term outcomes of superior capsular
reconstruction.
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