
INTRODUCTION 

Irreparable massive rotator cuff tears are a serious, painful prob-
lem that can significantly impact daily life. Routine tasks such as 
bathing, dressing, sleeping, housework, meal preparation, over-
head activities, and work present challenges. These types of tears 
can be difficult to repair completely and have a high risk of 
re-rupture, leading to poor postoperative results. For elderly pa-
tients with fewer functional requirements, several surgical op-
tions are available; but these options are not as suitable for 
younger patients who have higher functional requirements. 
Younger patients can only be treated with tendon transfer or 
patch augmentation. Reverse total shoulder arthroplasty is effec-
tive in elderly patients with severe rotator cuff tears but has a 
high rate of complications and failure in younger, active patients 
under the age of 65. For this group, this procedure is not a long-
term solution [1]. 

Irreparable massive rotator cuff tears can significantly impact daily life; and these types of tears can be difficult to repair completely, espe-
cially in younger patients who are more active and have higher functional requirements. Since its introduction by Mihata and the col-
leagues, superior capsular reconstruction (SCR) has gained popularity in the treatment of irreparable massive rotator cuff tears and has 
shown promising short-term results. A variety of studies have focused on the clinical and biomechanical outcomes of this procedure. This 
article reviews the biomechanics, indications for the surgical procedure, graft options, surgical technique, and rehabilitation from SCR. 
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Superior capsular reconstruction (SCR), a surgical technique 
using autologous tissue or allograft that was first proposed by 
Mihata et al. [2], has gained popularity in treatment of irrepara-
ble rotator cuff tears and has shown promising short-term re-
sults. Many research efforts have focused on the clinical and bio-
mechanical outcomes of this procedure. One prior study indicat-
ed that the procedure has the potential to decrease pressure on 
the acromion, enhance humeral translation, and yield favorable 
clinical outcomes in the short term [3]. The purpose of this arti-
cle is to review the biomechanics associated with the procedure; 
indications for performing the procedure; graft type, thickness, 
size, and tensioning; surgical technique; and rehabilitation from 
the procedure. 

BIOMECHANICS 

In the glenohumeral joint, rotator cuff muscles and the deltoid 
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muscle cooperate to maintain the shoulder joint balanced. The 
rotator cuff helps stabilize the joint and prevents the humeral 
head from moving upwards when the deltoid muscle contracts. 
A massive tear in the rotator cuff can disrupt the balance of forc-
es in the shoulder, causing superior humeral head migration and 
altering the amount and direction of force at the shoulder joint. 
This imbalance in the shoulder joint due to a massive tear can 
make lifting and moving the arm difficult and decrease the over-
all function of the shoulder joint. If the imbalance continues, fur-
ther damage to the rotator cuff and degeneration of the shoulder 
joint are the result [4]. 

Beneath the rotator cuff, a thin layer of continuous collagen 
sheet, the superior capsule, is present. This capsule extends from 
the glenoid labrum medially to the humerus laterally. A previous 
anatomical study showed that maximum capsular thickness 
should be 9.1 mm at its attachment to the greater tuberosity for 
stabilizing superior humeral head translation [5]. Ishihara et al. 
[6] previously demonstrated that the capsule also plays a signifi-
cant role in glenohumeral joint function. The capsule is also 
completely torn in cases of massive rotator cuff tear, causing the 
superior migration of the humeral head. Therefore, reconstruct-
ing the superior capsule through SCR is an appropriate way to 
restore superior stability in the glenohumeral joint. 

SURGICAL INDICATIONS 

There have been few SCR studies, and thus the indications for 
SCR surgery have not been thoroughly established. However, 
based on current evidence, SCR is a viable option for patients 
with massive and irreparable rotator cuff tears with severe muscle 
atrophy and fat infiltration. These patients should have minimal 
to no rotator cuff arthropathy (Hamada grade 1, 2). Young pa-
tients in whom RSA is not an acceptable option, particularly 
those with minimal rotator cuff tear arthropathy (Hamada grade 
1, 2) in whom rotator cuff repair was unsuccessful, are candidates 
for SCR. Mihata et al. [7] demonstrated that SCR was able to re-
verse preoperative pseudoparalysis in patients with irreparable 
rotator cuff tears. Therefore, patients with preoperative pseu-
doparalysis who are not suited for RSA could be potential candi-
dates for SCR. However, SCR is not recommended for patients 
who have severe cuff tear arthropathy (Hamada grade ≥ 3) or 
who have a non-functional deltoid muscle. When patients have 
severe cuff tear arthropathy, a SCR will not restore the glenohu-
meral joint space; affected patients can be better served with 
shoulder arthroplasty [8]. If deltoid function is insufficient, the 
force generated by the deltoid is weakened; and, as a result, the 
humeral head moves downward, the stability of the glenohumer-

al joint is damaged, and the acromiohumeral distance is widened. 
Thus, a functional deltoid is essential for SCR [9]. Further study 
is especially needed for elderly patients with irreparable rotator 
cuff tears without severe cuff tear arthropathy. 

GRAFT TYPE 

Mihata et al. [2] initially reported using a fascia lata autograft for 
SCR. This method showed promising early results, but the thick-
ness of the fascia lata graft was not sufficient and required dou-
bling of the construct. Additionally, concerns were raised regard-
ing potential complications at the donor site resulting from the 
large incision required for graft harvesting. Acellular dermal al-
lografts have been suggested as an alternative. These are poten-
tially stronger and virtually eliminate donor site morbidity [10]. 
Acellular dermal allografting has minimal immunologic risk, and 
these grafts have been shown to integrate well, provide a scaffold 
for neovascularization, and maintain structural integrity. The ad-
vantages of this graft include no donor site morbidity, ease of 
preparation, thickness and strength of the construct, and biologic 
incorporation. Several studies have reported on the biomechani-
cal properties and clinical outcomes of these grafts. In a cadaveric 
study comparing two different types of grafts for use in SCR, a 
fascia lata allograft totally restored superior stability in the shoul-
der joint; however, an acellular dermal allograft only partially re-
stored the stability [11]. Another biomechanical study compared 
the use of two different thicknesses of acellular dermal allografts 
in SCR. In this study, a graft with a thickness of 6 mm demon-
strated superior restoration of joint position and forces compared 
to a graft with a thickness of 3 mm [12]. A third study compared 
three different types of grafts, fascia lata allograft, double layered 
acellular dermal allograft, and single layered acellular dermal al-
lograft, used in SCR and found that all three were able to restore 
superior humeral translation and subacromial contact pressure 
and varying glenohumeral abduction angle. The fascia lata al-
lograft and double layer dermal allograft were, however, more ef-
fective than the single layer dermal allograft [13]. Furthermore, 
the utilization of a 6-mm-thick dermal allograft proved to be 
equally effective as a fascia lata allograft in terms of restoring the 
subacromial space and minimizing peak subacromial contact 
pressures [14]. Mihata et al. [15] conducted a study to evaluate 
the clinical and radiological outcomes of SCR after 5 years of fol-
low-up. The results showed that SCR was successful in restoring 
shoulder function and allowing patients to return to sports and 
work. None of the patients who experienced successful healing of 
the graft exhibited worsening of cuff tear arthropathy. However, 
three patients who experienced graft failure showed progression 
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of cuff tear arthropathy by the end of the 5-year follow-up period 
[15]. In a recent systematic review, five studies were analyzed. In 
two, the patients underwent a fascia lata autograft procedure; in 
the other three, the patients received an acellular dermal al-
lograft. All the studies showed statistically significant improve-
ments in active elevation, American Shoulder and Elbow Sur-
geons (ASES) score, and Constant score after a mean follow-up 
of 12 to 48 months postoperatively. The graft tear rate in those 
receiving a fascia lata autograft ranged from 5% to 32%, while the 
graft tear rate in those receiving an acellular dermal allograft 
ranged from 20% to 75% [16]. Another systematic review ana-
lyzed nine clinical studies involving the use of fascia lata auto-
grafts and human dermal allografts for SCR. The fascia lata auto-
graft studies showed improvements in the ASES score, forward 
elevation, external rotation, and acromiohumeral distance. Acel-
lular dermal allograft studies showed improvements in forward 
elevation, acromiohumeral distance, ASES score, and visual ana-
log scale score [17]. Recently, some groups reported studies relat-
ed to a new graft type based on the fascia lata autograft rein-
forced with a non-resorbable suture mesh that precludes the need 
for large amounts of fascia lata autograft. These studies showed 
improvements in clinical outcome scores and the range of mo-
tion [18]. Dermal allograft and fascia lata autograft for SCR 
showed similar improvements in results, and the rates of graft 
tear and reoperation were clinically similar. One notable disad-
vantage of fascia lata autograft is donor site morbidity, and recent 
advances such as minimally invasive harvesting have reduced the 
rates of donor site morbidity. Donor site morbidities include 

slightly lower functional scores of the affected thigh, subjective 
loss of strength, and local complications [19]. These results sug-
gest that donor site morbidity after fascia lata autograft is an im-
portant consideration when choosing graft type but should not 
disqualify the use of fascia lata autograft for SCR. The previous 
studies regarding graft type are summarized in Tables 1 and 2 
[16,18,20-35]. 

GRAFT THICKNESS AND SIZE 

A previous study reported that the thickness of the superior cap-
sule ranged from 4.1 to 9.1 mm [5]. Biomechanically, using a fas-
cia lata allograft that was either 4-mm- or 8-mm-thick reduced 
subacromial peak pressure. However, only an 8-mm-thick fascia 
lata allograft was successful in decreasing the superior translation 
of the shoulder joint [36]. A human dermal allograft with 6-mm 
thickness had equivalent results in terms of maximum abduction 
angle, subacromial peak pressure, superior translation, and cu-
mulative force of the deltoid muscle compared to the normal 
state. However, comparing 3-mm-thick to 6-mm-thick allografts, 
there were significant differences in superior translation of the 
glenohumeral joint [12]. Also, a single 6-mm-thick acellular der-
mal allograft was just as effective as a 8-mm-thick fascia lata al-
lograft in terms of peak subacromial pressures and acromiohu-
meral distance [14]. The results showed that the thickness of the 
graft material affects the amount of superior translation of the 
humeral head, and a graft thickness of 6 mm or more is optimal. 

Table 1. Summary of previous clinical studies using tensor fascia-lata autograft for superior capsular reconstruction 

Study Graft type Graft thickness 
(mm)

Graft tensioning  
(position of shoulder 

during fixation)
Margin convergence Fixation technique

Mihata et al. (2018) [20] Tensor fascia lata autograft 6–8 30°–45° Abduction Yes (anterior, posterior) Med, 2 anchors; Lat, 2 
by 2 double row

Yoon et al. (2018) [21] Tensor fascia lata autograft NA NA Yes (anterior, posterior) Med, 2 anchors; Lat, 2 
by 2 double row

Lee and Min (2018) [22] Tensor fascia lata autograft 6 30° Abduction Yes (posterior) Med, 2 anchors; Lat, 2 
anchors single row

Lim et al. (2019) [23] Tensor fascia lata autograft > 6 NA Yes (posterior) Med, 2 or 3 anchors; 
Lat, 2 by 2 double row

Gracitelli et al. (2019) [24] Tensor fascia lata allograft 4–6 45° Abduction Yes (posterior) Med, 2 anchors; Lat, 2 
anchors single row

de Campos Azevedo et al. 
(2020) [16]

Tensor fascia lata autograft 5–8 10° Abduction Yes (anterior, posterior) Med, 2 anchors; Lat, 2 
by 2 double row

Kholinne et al. (2020) [25] Tensor fascia lata autograft 
with mesh

> 6 NA Yes (anterior, posterior) Med, 3 anchors; Lat, 2 
by 2 double row

Polacek et al. (2020) [18] Tensor fascia lata autograft 
with mesh

6–8 30° Abduction Yes (anterior, posterior) Med, 2 anchors; Lat, 2 
by 2 double row

Med: medial, Lat: lateral, NA: not available.
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GRAFT TENSIONING 

Graft tensioning is important for proper glenohumeral contact 
fixation. According to recent studies, the ideal abduction angles 
during graft fixation vary depending on the type of material 
used. The method of graft tensioning involves abduction of the 
glenohumeral joint while performing the fixation process [36]. 
Mihata et al. [36] reported that an arm abduction angle ranging 
from 15° to 45° during reconstruction are important for success-
ful reconstruction of the superior capsule. Different abduction 
angles using acellular dermal allografts have been reported; the 
best angle and graft tension for SCR has yet to be determined 
[10]. In a biomechanical study, Adams et al. [37] showed that 
when the SCR was tensioned at 15° of glenohumeral abduction, 
the deltoid muscle required similar amounts of force to abduct as 
in the intact state. Dyrna et al. [38] conducted a study involving 
10 cadaveric shoulders and found that using a tensioned graft for 
SCR resulted in a statistically significant increase in maximum 
shoulder abduction compared to a non-tensioned graft. Howev-
er, the maximum abduction achieved was still less than that of an 
intact shoulder. Specifically, using a tensioned SCR helped to re-
store a maximum abduction of 81% of the normal range of mo-
tion [38]. 

In practice, many surgeons follow Mihata et al.'s guidance to 
fix SCR grafts at shoulder abduction angles ranging from 10° to 

45°. However, there is insufficient clinical evidence to determine 
the best abduction angle to use for different types of SCR grafts. 

SURGICAL TECHNIQUES 

Since Mihata et al.’s technique [2] was first described, various 
techniques have been developed for SCR. An arthroscopic proce-
dure was developed to confirm the rotator cuff tear pattern and 
severity, especially the extent of retraction and mobility of the ro-
tator cuff tendon. After the rotator cuff tear is determined to be 
irreparable, acromioplasty is performed to create a smoother 
surface and prevent potential damage to the repaired tissue after 
the surgery. Mihata et al. [2] recommend including acromioplas-
ty during SCR as acromioplasty can decrease the subacromial 
contact area. However, according to other studies, acromioplasty 
is not always necessary in SCR and was not conducted in all 
studies [39]. Surgeons may choose to perform acromioplasty if 
there is evidence of abrasion below the acromion. The subscapu-
laris needs to be examined and, if necessary, repaired. Then, ei-
ther a biceps tenodesis or tenotomy is performed. All soft tissues 
around the superior glenoid and footprint of the greater tuberos-
ity are debrided. After performing decortication around the foot-
print of the greater tuberosity, graft sizing is conducted with the 
shoulder abducted. Two suturing devices are placed in the upper 
part of the glenoid. The initial anchor in the glenoid is inserted 

Table 2. Summary of previous clinical studies using acellular dermal allograft for superior capsular reconstruction 

Study Graft type Graft thickness 
(mm)

Graft tensioning  
(position of shoulder 

during fixation)
Margin convergence Fixation technique

Petri et al. (2015) [26] Acellular dermal allograft 3 NA Yes (anterior, posterior) Med, 3 anchors; Lat, 2 
by 2 double row

Sutter et al. (2017) [27] Acellular dermal allograft 3.5 30° Abduction Yes (posterior) Med, 2 anchors; Lat, 2 
by 2 double row

Andersen et al. (2017) [28] Acellular dermal allograft 1.5, 3.5 NA Yes (anterior, posterior) Med, 2 anchors; Lat, 2 
by 2 double row

Pogorzelski et al. (2017) [29] Acellular dermal allograft 3 NA Not available Not available
Denard et al. (2018) [30] Acellular dermal allograft 1–3 20°–30° Abduction Yes (anterior, posterior) Med, 2 anchors; Lat, 2 

by 2 double row
Tokish et al. (2018) [31] Acellular dermal allograft NA NA Yes (posterior) Med, 3 anchors; Lat, 2 

anchors single row
Altintas et al. (2018) [32] Acellular dermal allograft 2.5 NA Yes (anterior, posterior) Med, 3 anchors; Lat, 2 

by 2 double row
Laskovski et al. (2018) [33] Acellular dermal allograft 3.5 30° Abduction Yes (anterior, posterior) Med, 2 anchors; Lat, 2 

anchors single row
Pennington et al. (2018) [34] Acellular dermal allograft 3 45° Abduction Yes (anterior, posterior) Med, 3 anchors; Lat, 2 

by 2 double row
Burkhart et al. (2020) [35] Acellular dermal allograft 3 20°–30° Abduction Yes (anterior, posterior) Med, 2 anchors; Lat, 2 

by 2 double row
NA: not available, Med: medial, Lat: lateral.
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behind the edge of the remaining interval tissue or subscapularis, 
while the second glenoid anchor is inserted in front of the edge 
of the remaining infraspinatus or teres minor tissue. Then, two 
suture anchors are positioned next to the joint margin. For 
preparation of the graft, the graft is folded in half, creating a 
6-mm thickness with its fold oriented towards the back. Preci-
sion is ensured during hole creation in the graft using an 
11-blade scalpel, leaving approximately 3 to 5 mm of the graft at 
its respective edge. The graft is inserted into the subacromial area 
under the guidance of suture threads passed through the lateral 
portal. The medial portion of the graft is tied with a knot; and 
during the fixation, the medial edge of the graft is firmly attached 
to the glenoid neck inferior to any residual rotator cuff tissue. 
The lateral portion of the graft is secured using a double-row or 
single-row suture bridge technique. To our knowledge, no clini-
cal outcome studies have compared double-row to single-row 
SCR graft fixation for the lateral portion of graft. However, in one 
study in which single-row SCR graft fixation was used, a high 
magnetic resonance imaging graft failure rate and high reopera-
tion rate were observed. This suggests that greater tuberosity fix-
ation should be performed with an equivalent double-row tran-
sosseous fixation [22]. Margin convergence sutures are placed 
between the graft and the remaining infraspinatus or teres minor 
posteriorly and the interval tissue or subscapularis anteriorly. 
Anterior margin convergence can aid in graft tensioning, but the 
rotator interval tissues may sometimes be absent. Care should be 
taken not to over-constrain the shoulder anteriorly by attaching 
the graft to the subscapularis. This would be equivalent to closing 
the rotator interval. Posterior margin convergence is necessary to 
prevent subluxation of the humeral head and to allow restoration 
of the rotator cable. Furthermore, posterior or anterior margin 
convergence may increase the survival rate of graft by accelerat-
ing the vascularization, which results in graft structural strength 
reinforcement. Mihata et al. [2] suggested that using side-to-side 
suturing between the graft and the infraspinatus or subscapularis 
tendons is beneficial. However, a biomechanical study reported 
that SCR without additional side-to-side suturing did not signifi-
cantly reduce the superior translation of the glenohumeral joint. 

Nevertheless, the inclusion of side-to-side suturing resulted in 
the restoration of superior stability to a level comparable to that 
of the normal state [40].  

REHABILITATION 

After undergoing SCR, the rehabilitation protocol is similar to 
that of repairing massive rotator cuff tear. The shoulder is main-
tained in a stable position for a duration of 6 weeks using a 

shoulder abduction brace set at an angle of 30° to 45° of abduc-
tion [41]. Pendulum exercises with passive elevation are allowed 
6 weeks after surgery. If the expected range of motion is achieved 
at 3 months after surgery, then the next exercises need to focus 
on strengthening the rotator cuff and muscles around the shoul-
der. Complete participation in sports activities are permitted 
around 6 months after the surgical procedure [42]. 

CONCLUSIONS 

The treatment of irreparable rotator cuff tears remains challeng-
ing. SCR is a promising treatment option especially for certain 
indications. After its introduction by Mihata et al., various stud-
ies of its biomechanical properties and clinical outcomes have 
been conducted. Further research on long-term clinical outcomes 
and other contributing properties are needed to fully understand 
the factors that can affect SCR outcomes. 
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