
INTRODUCTION 

Irreparable massive rotator cuff tears cause pain, loss of function, 
and a decrease in range of motion, which cause serious distur-
bances in daily life [1,2]. In addition, since repairing irreparable 
massive rotator cuff tears have difficulty in complete footprint 
coverage and a high frequency of re-rupture, the postoperative 
clinical results often are unsatisfactory [3,4]. For this reason, in 
elderly patients with relatively few functional requirements, there 
are various surgical options for massive rotator cuff tears, such as 
debridement, biceps tenotomy/tenodesis, partial repair, tendon 
transfer, and reverse total shoulder arthroplasty (RTSA) [5-7]. 
However, since young patients are active and have relatively high 
functional requirements, these surgical options are limited to 
tendon transfer and patch augmentation [8,9]. In addition, al-
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though previous studies have reported that RTSA has good clini-
cal result in elderly patients with massive rotator cuff tears, RTSA 
in active young patients under the age of 65 demonstrates rela-
tively high complications and failure rates, and it is not an opti-
mal surgical option in terms of longevity [10-12]. 

Mihata et al. [13,14] first proposed superior capsular recon-
struction (SCR) using autologous tissue for irreparable massive 
rotator cuff tears, and they reported good clinical results in short-
term follow up. Since then, SCR has been increasingly used for 
irreparable massive rotator cuff tears, and various studies have 
been published on clinical outcomes, biomechanical outcomes, 
surgical techniques, and graft types. A previous systematic review 
reported that SCR reduced acromial contact pressure, produced 
superior humeral translation, and improved short-term clinical 
outcomes [15,16]. However, biologic healing at the contact sur-
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face between graft and bone is the most important factor to im-
prove mid- and long-term outcomes of SCR [16,17] . Therefore, 
for optimal biologic healing, selection of an optimal graft and ap-
propriate surgical technique must be considered. For this reason, 
this article reviews the optimal graft and surgical options for im-
proving clinical outcomes in SCR.  

GRAFT OPTIONS 

Mihata et al. [13] originally used a fascia lata autograft to recon-
struct the superior capsule. Although their early results are 
promising, the fascia lata graft is thin, requiring doubling of the 
construct and a relatively large donor incision for harvesting. As 
an alternative, acellular dermal allografts were proposed for their 
theoretical advantages of reduced donor site morbidity, shorter 
associated operative times, ease of preparation, and strength of 
the graft [18,19]. Most of the previously reported studies de-
scribed SCR using fascia lata graft or dermal allograft (Table 1) 
[20-29], Various biomechanical studies and clinical results report 
their use in SCR. Recently, however, various other autografts, al-
lografts, xenografts, and synthetic grafts have been used in SCR, 
and the clinical results have been reported (Table 2) [30-34]. 

Tensor Fascia vs. Dermal Allograft 
In a biomechanical cadaveric study comparing a fascia lata graft 
and a human dermal graft, single-layered human dermal al-
lografts partially restored superior glenohumeral stability, where-
as a fascia lata allograft completely restored superior glenohu-
meral stability [35]. A biomechanical comparison on the effect of 
SCR using a 3- and 6-mm-thick acellular dermal allograft 
demonstrated that SCR with a 6-mm-thick acellular dermal al-
lograft better restored normal glenohumeral joint position and 
forces compared with a 3-mm-thick graft [36]. A biomechanical 
characterization of SCR using a fascia lata allograft, double layer 
dermal allograft, and single layer dermal allograft revealed that 
all three graft types can restore superior translation and subacro-
mial contact pressure depending on the glenohumeral abduction 
angle, and fascia lata and double layer dermis can be more effec-
tive than single layer dermis [37]. SCR with a single 6-mm-thick 
acellular dermal allograft is non-inferior to fascia lata regarding 
subacromial space distance and peak subacromial contact pres-
sures while restoring the superior stability of the glenohumeral 
joint compared to an intact joint [38]. 

Mihata et al. [39] reported the functional and radiographic re-
sults of SCR after 5 years of follow-up. Healed arthroscopic supe-
rior capsule reconstruction restored shoulder function and re-
sulted in high rates of return to recreational sport and work. 

None of the 27 patients who experienced graft healing showed 
progression of cuff tear arthropathy, but all three patients with a 
graft tear had severe cuff tear arthropathy at 5 years postopera-
tively. A systematic review described two studies using only a 
fascia lata autograft and three studies using only a human dermal 
allograft, and the mean follow-up time ranged from 12 to 48 
months. All studies reported statistically significant and clinically 
important mean improvements in active elevation (range of 
means, 28°–56°), the Constant score (range of means, 12–47.1 
points), or the American Shoulder and Elbow Surgeons (ASES) 
score (range of mean, 29.3–56 points). In total, 218 shoulders un-
derwent postoperative magnetic resonance imaging. The graft 
tear rate reported in the studies using a fascia lata autograft (181 
shoulders) ranged from 5% to 32%, whereas the values reported 
in studies using a human dermal allograft (37 shoulders) ranged 
from 20% to 75% [40]. Another systematic review reported five 
fascia lata autograft clinical studies and four only-human dermal 
allograft clinical studies. Increases in ASES scores, forward eleva-
tion and external rotation values, and acromiohumeral distance 
(AHD) were found in all clinical fascia lata autograft studies. The 
human dermal allograft clinical studies reported increases in 
ASES scores, forward elevation values, and AHD but decreases in 
VAS scores [16]. 

Other Graft Materials 
In SCR, there are not many studies on grafts other than fascia 
lata and dermal graft. However, as with patch augmentation in 
massive rotator cuff tears, various types of grafts are being tried. 
Few reports on the clinical outcome of these various grafts exist, 
and the surgical techniques are still mostly introduced.  

Biceps autograft  
The long head of the biceps tendon (LHBT) is a local autograft; 
the patient does not have donor site morbidity. All procedures 
are performed on the same shoulder, reducing operative time 
and risk of infection. Preserved vascular supply of the transposed 
LHBT can improve healing progression of rotator cuff repair. 
There is no extra cost for an allograft or an artificial graft [31]. 
Few reports reveal the clinical outcome of SCR using LHBT, but 
it has been reported to have significant effects in several biome-
chanical studies [41,42]. Most reports describe the surgical tech-
nique of SCR using LHBT [31,43-46]. 

El-Shaa et al. [42] reported in a study of 10 cadaveric shoulders 
that SCR with an LHBT autograft is a feasible procedure that is 
biomechanically equivalent and potentially even stronger than 
SCR with a fascia lata autograft for prevention of superior hu-
meral migration. SCR with an LHBT autograft required 
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393.2% ± 87.9% (p = 0.029) of the force needed for superior hu-
meral migration in massive rotator cuff tear, while SCR with a 
fascia lata autograft required 194.0% ± 21.8% (p = 0.013). The 
LHBT reconstruction group trended toward a stronger recon-
struction when normalized to the torn condition (p = 0.059). Han 
et al. [41] reported a cadaveric study in seven shoulders. A modi-
fied SCR using LHBT both with and without side-to-side repair 
shifted the humeral head inferiorly at 30° and 60° of glenohu-
meral abduction, with the contact area further reduced at 60°. 
The techniques had comparable results for contact pressure and 
total rotational range of motion. They suggested that the LHBT 
with appropriate distal insertion on the greater tuberosity re-
stores shoulder stability in irreparable rotator cuff tears by 
re-centering the humeral head on the glenoid. 

Barth et al. [30] reported the clinical outcomes in 24 patients 
who underwent SCR with LHBT autograft. Twenty-four months 
after surgery, the group undergoing SCR with the LHBT showed 
improvement in absolute Constant score from 50 to 77, ASES 
from 45 to 80, Subjective Shoulder Score from 41% to 75%, the 
Simple Shoulder Test from 3.6 to 8.4, and the visual analog scale 
(VAS) from 5.2 to 1.4. In all cases, the p-value was < 0.001. The 
strength of the operated arm improved from 2.3 kg to 6.4 kg 
(p < 0.001), and 91.7% (22/24) of the SCR group remained healed 
on ultrasound. 

Semitendinosus tendon autograft 
Rosales-Varo et al. [47] proposed an open technique for SCR 
with an autologous semitendinosus tendon graft in a reverse 
V-shaped configuration (single fixation point on the glenoid and 
double fixation on the greater tuberosity). They found an im-
provement in Constant score from 49 (before SCR) to 77.25 (1 
year after the operation). The mean active flexion significantly 
increased from 99.3° to 142.5° (p < 0.01). The mean preoperative 
AHD increased from 5.25 (before surgery) to 8.18 (after SCR). 
There were no tears of the graft during follow-up [47]. The tech-
nique is safe and reliable and has some potential advantages re-
lated to cost and lesser morbidity than the fascia lata autograft. 
Moreover, the tendon length allows for different configurations 

(double strand, V shaped, reverse V shaped, or box shaped). Mi-
lano et al. [48] also reported an all-arthroscopic technique for su-
perior capsule reconstruction using a doubled semitendinosus 
tendon autograft in a box-shaped configuration. They only re-
ported the surgical technique, however, and not the clinical out-
come . 

Patellar tendon allograft 
Croom et al. [49] reported SCR using a patellar tendon allograft 
(PT-SCR) in a study of eight cadaveric shoulders. They compared 
rotational range of motion, superior translation, and subacromial 
contact pressure, which were measured in the following experi-
mental conditions: intact rotator cuff, massive rotator cuff tear, 
and PT-SCR. Application of the PT-SCR resulted in a decrease of 
superior translation compared with massive rotator cuff tear 
(p < 0.001). At 0° abduction/60° external rotation and 0° abduc-
tion/90° external rotation, massive rotator cuff tear showed sig-
nificantly greater peak subacromial contact pressure compared 
with the intact state (p < 0.006). At both of these positions, PT-
SCR was able to reduce peak pressure to lower than or no signifi-
cant difference from the intact state. There was no significant 
change in graft thickness, length, or width after testing. PT-SCR 
was able to reduce superior translation of the humeral head and 
peak subacromial contact pressure without restricting range of 
motion. Furthermore, there was no significant graft deformation 
during testing. They suggested that PT-SCR in this validated ca-
daveric model demonstrates favorable biomechanical properties 
and is a viable source of graft material for SCR. 

Achilles tendon-bone allograft 
Kim and Nam [33] reported arthroscopic SCR by the mini-open 
modified keyhole technique using an Achilles tendon–bone al-
lograft. Using a keyhole to reduce graft tear in the greater tuber-
osity, they focused on saving operative time and the surface, such 
that bone-to-bone healing was induced by the tendon-bone graft. 
In another study on anterior cruciate ligament reconstruction, 
healing and revascularization were induced by grafting the Achil-
les tendon-bone through bone tunneling. In this way, they con-
firmed that the Achilles tendon–bone graft had a good effect in 
SCR by creating a keyhole-shaped tunnel in the humeral head. 
An appropriate size and thickness can be achieved with the 
Achilles tendon through appropriate folding due to the large-
sized graft. Although there is a risk of additional fractures due to 
artificial hole formation, it can be difficult to rehabilitate because 
bone healing should occur within a particular time frame. How-
ever, they followed the same rehabilitation protocol as that used 
in the general SCR technique. 

Table 2. Graft options reported in SCR

Category Graft type
Autografts Fascia lata, biceps tendon, semitendinosus tendon
Allografts Human dermal matrix, fascia lata, Achilles tendon, 

semitendinosus tendon
Synthetic grafts Teflon Patch
Xenografts Acellular porcine dermal xenograft, DX reinforce-

ment matrix
SCR: superior capsular reconstruction.
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Xenograft 

Acellular porcine dermal xenograft 
Polacek [50] evaluated the short-term clinical outcomes and 
complications related to arthroscopic SCR with an acellular por-
cine dermal xenograft for treatment of irreparable massive rota-
tor cuff tears in a total of 20 shoulders in 19 patients with rotator 
cuff tear. He reported mean range of motion, and the Shoulder 
Pain and Disability Index score showed significant improvement 
from 51.3% to 10.4% at 1-year follow-up. Active abduction im-
proved from 65.4° to 149.3°, and active forward flexion improved 
from 68.6° to 151.4° at 1-year follow-up. However, the procedure 
had a 30% complication rate, including a 15% rate of immuno-
logic rejection of the xenograft [50]. 

DX reinforcement matrix 
Kalina et al. [32] reported the clinical outcome of SCR using the 
DX Reinforcement (Arthrex, Naples, FL, USA) at 1 year (range, 
6–18 months) in a total of 20 SCRs. The University of California–
Los Angeles score improved from 10 to 29, the ASES from 23.8 
to 73.2, and the VAS from 7 to 2. The mean active shoulder flex-
ion was 74° preoperatively and 161° postoperatively. The mean 
active abduction was 74° preoperatively and 161° postoperatively. 
The mean active external rotation of the shoulder joint was 20° 
preoperatively and 56° postoperatively. The mean active external 
rotation at 90° abduction was 21° preoperatively and 82° postop-
eratively. No complication specifically associated with use of xe-
nograft has been reported. 

Teflon patch 
Teflon felt has been used for conventional patch graft surgery 
[51-53] (tendon reconstruction for rotator cuff tears), as well as 
in thoracic and cardiovascular surgery [54]. Okamura et al. [34] 
investigated the clinical and radiographic outcomes and postop-
erative complications of SCR using a Teflon graft of either 1 or 3 
layers. They reported that SCR using a Teflon graft of either 1 or 
3 layers significantly improved the ASES and VAS scores and 
muscle strength in shoulder abduction, with low rates of graft 
tears and complications after surgery.  

GRAFT THICKNESS AND SIZE 

In a previous cadaveric study, the thickness of the superior cap-
sule of the normal glenohumeral joint was reported from 4.1 mm 
to 9.1 mm [55]. Biomechanically, although both 4-mm- and 
8-mm-thick fascia lata allografts reduced subacromial peak pres-
sure after SCR, only the thicker 8-mm graft was able to decrease 

superior translation [56]. In an acellular dermal allograft, using a 
6-mm-thick graft demonstrated similar maximum abduction an-
gle, glenohumeral superior translation, subacromial peak contact 
pressure, and cumulative deltoid force compared with the intact 
state. When comparing the 3-mm- to the 6-mm-thick graft, sig-
nificant differences were found in glenohumeral superior trans-
lation [36]. When comparing the 6-mm-thick acellular dermal 
allograft and the 8-mm-thick fascia lata allograft, SCR with a sin-
gle, 6-mm-thick, acellular dermal allograft is non-inferior to a 
fascia lata tendon regarding subacromial space distance and peak 
subacromial contact pressures while restoring the superior stabil-
ity of the glenohumeral joint compared to the intact state [38]. 
These results reveal that graft thickness determines the degrees 
of superior migration through compression of the humeral head. 
So, to visualize this effect adequately, graft thickness should be at 
least 6 mm in SCR. 

GRAFT TENSIONING (FIXATION AN-
GLE) 

For optimal fixation, graft tensioning has been implicated to play 
a major role in glenohumeral contact properties and forces [56]. 
In addition, previous literature suggests differences in ideal ab-
duction angles during SCR graft fixation based on type of mate-
rial used intraoperatively [20,56]. One method for tensioning the 
graft is through abduction of the glenohumeral joint during fixa-
tion. Mihata et al. [56] suggested that 8 mm graft thickness and 
an arm position between 15° and 45° of shoulder abduction are 
the major aspects for sufficient reconstruction of the superior cap-
sule. Various abduction angles using dermal allografts have been 
described, ranging from 20° to 45° of clinical shoulder abduction 
[18,57]. However, the optimum graft tension for best results in 
SCR remains unclear. Adams et al. [58] reported that SCR with 
anterior and posterior margin convergence tensioned at 15° of gle-
nohumeral abduction showed similar deltoid abduction force re-
quirements to the native state in their biomechanical study. Dyrna 
et al. [59] reported in a biomechanical study of 10 fresh-frozen ca-
daveric shoulders that SCR using a graft fixed under tension (30 
to 35 N) demonstrated a significant increase in maximum shoul-
der abduction compared with a nontensioned graft (65.0°±12.6° 
vs. 54.1° ±16.1°, p =0.04). However, abduction remained signifi-
cantly less than in the intact state (79.8° ±5.8°, p =0.04). A ten-
sioned SCR restored a maximum abduction of 81% of the native 
condition. Clinically, most surgeons have performed SCR graft 
fixation at 10° to 45° shoulder abduction per Mihata's recommen-
dation [21-24]. But, there is a lack of clear clinical evidence for op-
timal abduction angle based on graft type in SCR. 
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MARGIN CONVERGENCE SUTURING 
(SIDE-TO-SIDE SUTURING) 

Mihata et al. [13] recommended side-to-side suturing between 
the graft and infraspinatus tendon or subscapularis tendon when 
performing SCR in irreparable rotator cuff tears. In biomechani-
cal studies, SCR without side-to-side suturing did not decrease 
glenohumeral superior translation, although subacromial peak 
contact pressure decreased [60]. Adding side-to-side suturing re-
stored superior stability to the intact level by achieving capsular 
continuity in the transverse direction. Total ROM did not de-
crease significantly after SCR with or without side-to-side sutur-
ing when the graft size matched the defect size [60]. 

ACROMIOPLASTY 

Although SCR can increase the AHD, friction can be induced on 
the undersurface of the graft and acromion through movement 
after surgery, and this can cause a tear in the graft. Mihata et al. 
[13] recommended acromioplasty during SCR for irreparable ro-
tator cuff tears. They also investigated the effects of acromioplas-
ty on shoulder biomechanics after superior capsule reconstruc-
tion for irreparable supraspinatus tendon tears [61]. Including 
acromioplasty decreased the subacromial contact area without 
increasing the subacromial contact pressure in SCR. Clinically, it 
is not necessary to perform acromioplasty in SCR, and acromio-
plasty was not necessarily performed in other studies. However, 
most surgeons performed acromioplasty if there was evidence of 
abrasion on the undersurface of the acromion [24,62,63]. 

CONCLUSION 

Since Mihata et al. [13] introduced SCR for irreparable rotator 
cuff tear several years ago, various studies on SCR have been 
conducted, and considerable progress has been made. The long-
term clinical results of SCR are insufficient, however, and further 
studies on the various factors necessary for the best results in ir-
reparable rotator cuff tear are needed. Knowledge of these vari-
ous factors that must be considered for a successful SCR will lead 
to a better life for patients with massive rotator cuff tears. 
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