
266    The American Journal of Orthopedics ®  November/December 2017� www.amjorthopedics.com

An Original Study

Superior Capsular Reconstruction: Clinical  
Outcomes After Minimum 2-Year Follow-Up
Alan M. Hirahara, MD, FRCSC, Wyatt J. Andersen, ATC, and Alberto J. Panero, DO

C onventional treatments for irreparable mas-
sive rotator cuff tears (RCTs) have ranged 
from nonoperative care to débridement and 

biceps tenotomy,1,2 partial cuff repair,3,4 bridging 

patch grafts,5 tendon transfers,6,7 and reverse total 
shoulder arthroplasty (RTSA).8,9 Superior capsu-
lar reconstruction (SCR), originally described by 
Mihata and colleagues,10 has been developed as 
an alternative to these interventions. Dr. Hirahara 
modified the technique to use dermal allograft 
instead of fascia lata autograft.10,11

Biomechanical analysis has confirmed the 
integral role of the superior capsule in shoulder 
function.10,12-14 In the presence of a massive RCT, 
the humeral head migrates superiorly, causing sig-
nificant pain and functional deficits, such as pseu-
doparalysis. It is theorized that reestablishing this 
important stabilizer—centering the humeral head 
in the glenoid and allowing the larger muscles to 
move the arm about a proper fulcrum—improves 
function and decreases pain.

Using ultrasonography (US), radiography, mag-

Abstract
Superior capsular reconstruction (SCR) is performed 
to reduce the pain and disability caused by irreparable 
supraspinatus rotator cuff tears (RCTs). In this article, we 
discuss 9 cases of irreparable rotator cuff tears man-
aged with arthroscopic SCR with dermal allograft. At 
minimum 2-year follow-up (mean, 32.38 months), the 
patients were prospectively evaluated on the American 
Shoulder and Elbow Surgeons (ASES) shoulder index, 
a visual analog scale (VAS) for pain, acromial-humeral 
distance, and ultrasonography. Patients were compared 
before and after surgery and against historical controls 
who underwent repair of massive RCTs.

From before surgery to 2 years after surgery, mean 
ASES score improved significantly (P < .00002), from 
43.54 to 86.46, and mean VAS pain score decreased 
significantly (P < .00002), from 6.25 to 0.38. For the 

historical controls at final follow-up, mean ASES score 
was 70.71 (P = .11), and mean VAS pain score was 3.00 
(P < .05). Mean acromial-humeral distance improved 
from 4.50 mm before surgery to 8.48 mm immediate-
ly after surgery (P < .0008) and 7.60 mm 2 years after 
surgery (P < .05). Ultrasonography revealed pulsatile 
vessels within the allograft tissue between 4 and 8 
months after surgery. One patient underwent reverse 
total shoulder arthroplasty (RTSA) for anterior escape; 
another had the graft rupture after a motor vehicle 
accident.

Our data showed SCR with dermal allograft effec-
tively restored the superior restraints in the glenohu-
meral joint and yielded outstanding clinical outcomes 
even after 2 years, making it an excellent viable alter-
native to RTSA.
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Take-Home Points

◾◾ The SCR is a viable treatment option for massive, irreparable 
RCTs.

◾◾ Arm position and exact measurement between anchors will 
help ensure proper graft tensioning.

◾◾ Anterior and posterior tension and margin convergence are 
critical to stabilizing the graft.

◾◾ Acromial-humeral distance, ASES, and VAS scores are improved 
and maintained over long-term follow-up.

◾◾ The dermal allograft should be 3.0 mm or thicker.
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netic resonance imaging (MRI), clinical outcome 
scores, and a visual analog scale (VAS) for pain, we 
prospectively evaluated minimum 2-year clinical 
outcomes of performing SCR with dermal allograft 
for irreparable RCTs.

Methods
Except where noted otherwise, all products men-
tioned in this section were made by Arthrex.

Surgical Technique

The surgical technique used here was described by 
Hirahara and Adams.11 ArthroFlex dermal allograft 
was attached to the greater tuberosity and the gle-
noid, creating a superior restraint that replaced the 
anatomical superior capsule (Figures 1A, 1B). Some 
cases included biceps tenotomy, subscapularis re-
pair, or infraspinatus repair. Mean number of anchors 
used was 6.13 (range, 4-8). A SpeedBridge construct, 
which was used for the greater tuberosity, had 2 
medial anchors with FiberWire and FiberTape at-
tached. The medial and lateral anchors typically used 
were 4.75-mm BioComposite Vented SwiveLocks; 
in 1 case, significant bone defects were found after 
removal of previous anchors, and 6.5-mm corkscrew 
anchors were medially augmented with QuickSet 
cement. A double pulley using the FiberWire eyelet 
sutures from the medial row anchors was fixated 
into the anterior anchor in the lateral row.

Medial fixation was obtained with a PASTA 
(partial articular supraspinatus tendon avulsion) 
bridge-type construct15 that consisted of two 
3.0-mm BioComposite SutureTak anchors (placed 
medially on the glenoid rim, medial to the labrum) 
and a 3.5-mm BioComposite Vented SwiveLock. In 
some cases, a significant amount of tissue was 
present medially, and the third anchor was not 
used; instead, a double surgeon knot was used to 
fixate the double pulley medially.

Posterior margin convergence (PMC) was per-
formed in all cases. Anterior margin convergence 
(AMC) was performed in only 3 cases.

Clinical Evaluation

All patients who underwent SCR were followed 
prospectively, and all signed an informed consent 
form. Between 2014 and the time of this study, 
9 patients had surgery with a minimum 2-year 
follow-up. Before surgery, all patients received a 
diagnosis of full-thickness RCT with decreased 
acromial-humeral distance (AHD). One patient 
had RTSA 18 months after surgery, did not reach 
the 2-year follow-up, and was excluded from the 

data analysis. Patients were clinically evaluated 
on the 100-point American Shoulder and Elbow 
Surgeons (ASES) shoulder index and on a 10-point 
VAS for pain—before surgery, monthly for the first 
6 months after surgery, then every 6 months until 
2 years after surgery, and yearly thereafter. These 
patients were compared with Dr. Hirahara’s histor-
ical control patients, who had undergone repair of 
massive RCTs. Mean graft size was calculated and 
reported. Cases were separated and analyzed on 
the basis of whether AMC was performed. Student 
t tests were used to determine statistical differ-
ences between study patients’ preoperative and 
postoperative scores, between study and historical 
control patients, and between patients who had 
AMC performed and those who did not (P < .05).

Imaging

For all SCR patients, preoperative and postoperative 
radiographs were obtained in 2 planes: anterior- 

Figure 1. Intraoperative arthroscopic subacromial space viewed from the posterolateral 
portal. (A) Before superior capsular reconstruction graft implantation, the massive ro-
tator cuff tear (thick dashed yellow arrow) is retracted past the glenoid (solid red arrow) 
from anatomical insertion on the humeral head (thin dashed blue arrow). (B) Dermal 
allograft anchored in place restores the superior capsule.

A B

Figure 2. On anterior-posterior radiographs in neutral rotation, acromial-humeral 
distance is (A) decreased (yellow line) before surgery and (B) increased (red line) after 
surgery. Measured from the most inferior aspect of the acromion in a straight vertical 
line to the most proximal aspect of the humerus.

A B
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posterior with arm in neutral rotation, and scap-
ular Y. On anteroposterior radiographs, AHD was 
measured from the most proximal aspect of the 
humeral head in a vertical line to the most inferior 
portion of the acromion (Figures 2A, 2B). Student 
t tests were used to identify statistical differences 
(P < .05) between preoperative and postoperative 
groups for radiographs obtained immediately after 
surgery and most recent radiographs at time of 
study (minimum 24 months after surgery). US, 
performed by either Dr. Hirahara or Dr. Panero in 
the same clinic with the same machine (X-Porte; 
FujiFilm SonoSite), was used to assess patients 
1 month after surgery, between 4 months and 
8 months after surgery, and 1 year and 2 years 
after surgery. MRI was ordered if there was any 
concern about the reconstruction.

Results
The Table provides an overview of the study 
results. Eight patients (6 men, 2 women) met the 
final inclusion criteria for postoperative ASES and 
VAS data analysis. Mean age at time of surgery 
was 61.33 years (range, 47-78 years). Of the 8 
surgeries, 7 were performed on the dominant arm. 
Mean number of previous rotator cuff surgeries 

was 1.50 (SD, 0.93; range, 0-3). Mean follow-up 
was 32.38 months (range, 25-39 months). For 1 
patient, who lived out of state, a postoperative 
radiograph, a 2-year ASES score, and a 2-year VAS 
pain score were obtained, but postoperative US 
could not be arranged.

From before surgery to 2 years after surgery, 
mean ASES score improved significantly (P < 
.00002), from 41.75 (SD, 12.71; range, 25-58) to 
86.50 (SD, 12.66; range, 63-100) (Figure 3), and 
mean VAS pain score decreased significantly (P < 
.00002), from 6.25 (SD, 1.56; range, 4-8.5) to 0.38 
(SD, 1.06; range, 0-3) (Figure 4). 

The historical control patients’ mean (SD) 
postoperative VAS pain score, 3.00 (3.37), was 
significantly (P < .05) higher than that of the study 
patients, 0.38 (1.06). However, there was no signif-
icant difference in the 2 groups’ mean (SD) ASES 
scores: historical control patients, 70.71 (29.09), 
and study patients, 86.50 (12.66).

AHD was measured on a standard anteropos-
terior radiograph in neutral rotation. The Hamada 
grading scale16 was used to classify the massive 
RCTs before and after surgery. Before surgery, 4 
were grade 4A, 1 grade 3, 2 grade 2, and 1 grade 
1; immediately after surgery, all were grade 1 

Table. Overview of Preoperative and Postoperative Data for Patients Who Met 2-Year Follow-Up

Patient
Previous Rotator 
Cuff Surgeries, n

Preoperatively 
Determineda

ASES Scoreb VAS Pain Scoreb AHD, mmHamada Goutallier 

Grade Stage Pre Post Pre Post Pre
Imm  
Postc

2 Years  
Postb

1 2 3 4 58 97 5 0 2.0 8.4 11.0

2 1 2 2 25 77 6 0 3.5 9.6 9.0

3 2 4A 3 53 92 4 0 7.9 8.3 4.6

4 0 2 4 33 100 8 0 5.9 8.2 8.0

5 3 4A 3 38 63 6.5 3 1.7 6.0 6.0

6 1 4A 2 34 90 8.5 0 3.0 9.4 8.3

7 1 1 4 58 95 5 0 6.0 8.0 —

8 2 4A 4 35 78 7 0 6.0 10.0 7.0

Mean 1.50 3.00 3.25 41.75 86.50f 6.25 0.38f 4.50 8.48e 7.70d

SD 0.93 1.20 0.89 12.71 12.66 1.56 1.06 2.25 1.25 2.08

aHamada grade of massive rotator cuff tear and Goutallier stage of rotator cuff muscle (supraspinatus) degeneration. bAt final follow-up. cFirst radiograph after surgery. dP < .05. 
eP < .0008. fP < .00002.
Abbreviations: AHD, acromial-humeral distance; ASES, American Shoulder and Elbow Surgeons; Imm, immediate; Post, postoperative; Pre, preoperative; SD, standard deviation; 
VAS, visual analog scale.
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(AHD, ≥6 mm). Two years after surgery, 1 patient 
had an AHD of 4.6 mm after a failure caused by a 
fall. Mean (SD) preoperative AHD was 4.50 (2.25) 
mm (range, 1.7-7.9 mm). Radiographs obtained im-
mediately (mean, 1.22 months; range, 1 day-2.73 
months) after surgery showed AHD was signifi-
cantly (P < .0008) increased (mean, 8.48 mm; SD, 
1.25 mm; range, 6.0-10.0 mm) (Figure 5). The case 
of the out-of-state patient with only an immediate 

postoperative (day after surgery) radiograph was 
included only in the immediate postoperative AHD 
data. As of this writing, radiographs were most 
recently obtained at a mean (SD) follow-up of 
27.24 (4.37) months (range, 24.03-36.57 months). 
Mean (SD) postoperative AHD was 7.70 (2.08) mm 
(range, 4.6-11.0 mm), which was significantly (P < 
.05) larger than the preoperative AHD. There was 
no significant difference between the immediate 
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Figure 3. American Shoulder and Elbow Surgeons shoulder index scores (100-point scale) for study patients, who underwent superior capsular recon-
struction (SCR) (blue squares), and historical control patients, who underwent repair of massive rotator cuff tears (red triangles).
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Figure 4. Visual analog scale pain scores (10-point scale) for study patients, who underwent superior capsular reconstruction (SCR) (blue squares), and 
historical control patients, who underwent repair of massive rotator cuff tears (red triangles). 
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postoperative and the 2-year postoperative AHD 
measurements (Figure 5).

Mean graft size was 2.9 mm medial × 3.6 mm 
lateral × 5.4 mm anterior × 5.4 mm posterior. Three 
patients had AMC performed. There was a signifi-
cant (P < .05) difference in ASES scores between 
patients who had AMC performed (93) and those 
who did not (77).

Ultrasonography

Two weeks to 2 months after surgery, all patients 
had an intact capsular graft and no pulsatile vessels 
on US. Between 4 months and 10 months, US 
showed the construct intact laterally in all cases, 
a pulsatile vessel in the graft at the tuberosity 
(evidence of blood flow) in 4 of 5 cases, and a pul-
satile vessel hypertrophied in 2 cases (Figures 6A, 
6B). After 1 year, all pulsatile vessels were gone. 
Between 25 months and 36 months, 5 patients 
had an intact graft construct. Two patients were in 
motor vehicle accidents during the postoperative 
period. One had an intact graft laterally, and the 
other had a ruptured midsubstance. In both cases, 
MRI was ordered.

Magnetic Resonance Imaging

Before surgery, 4 patients had Goutallier17 stage 
4 rotator cuff muscle degeneration, 2 had stage 
3 degeneration, and 2 had stage 2 degeneration. 
Throughout the follow-up period, US was as 
effective as MRI in determining graft integrity, graft 
thickness, and greater tuberosity fixation. There-
fore, the SCRs were assessed primarily with US. 
MRI was ordered only if a failure was suspected 
or if the patient had some form of trauma. A total 
of 7 MRIs were ordered for 5 of the 8 patients in 

the study. The graft 
was intact in 4 of the 
5 (Figures 7A-7C) and 
ruptured in the fifth. 
One patient fell just 
after surgery. The graft 
was intact, but the 
infraspinatus was torn. 
As this patient was 
doing well, there was 
no need for treatment. 
Two patients were in 
motor vehicle acci-
dents. One was found 
to have a detached 
glenoid-sided graft, but 
refused treatment be-
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Figure 5. Study patients’ mean acromial-humeral distance in millimeters before superior 
capsular reconstruction, immediately after surgery, and 2 years after surgery. Postopera-
tive measurements were taken on first radiographs within the month after surgery (*)  
(P < .0008) and on the most recent radiographs 2 years after surgery (ǂ) (P < .05).

Figure 6. Six months after surgery. (A) Short-axis ultrasonography of an intact allograft 
(red arrows). (B) Corresponding long-axis ultrasonography of the same intact allograft 
red arrows) using color Doppler, which allows for detection of directional blood flow 
within the yellow square. Vessels in the white circle are pulsatile, the red vessel lies in 
the subacromial space on bursal surface of the graft, and the blue vessel lies within the 
graft itself, suggesting the allograft tissue is vascularized and incorporating.
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Figure 7. Coronal T2-weighted magnetic resonance imaging. (A) Before surgery, a massive rotator cuff tear with retraction 
medial to the glenoid (red arrows) and a decreased acromial-humeral distance. (B) Four months after surgery, graft in 
place and attached medially and laterally (red arrows). (C) Two years after surgery, intact superior capsular reconstruction 
construct (red arrows) and preservation of improved acromial-humeral distance.
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cause symptoms were tolerable (this patient had 
been improving before the accident). The other 
patient, who had an MRI-confirmed rupture of the 
graft midsubstance, was considering revision SCR 
or RTSA.

Discussion
Mihata and colleagues10 published 2-year data 
for their reconstructive procedure with fascia lata 
autograft. In a modification of their procedure, 
Dr. Hirahara used dermal allograft to recreate 
the superior capsule.11 The results of the present 
2-year study mirror the clinical outcomes reported 
by Mihata and colleagues10 and confirm that SCR 
improves functional outcomes and increases AHD 
regardless of graft type used.

The outcomes of the SCR patients in our study 
were significantly better than the outcomes of the 
historical control patients, who underwent repair of 
massive RCTs. Although there was no significant 
difference in the 2 groups’ ASES scores, the con-
trol patients had significantly higher postoperative 
VAS pain scores. We think that, as more patients 
undergo SCR and the population sample increas-
es, we will see a significant difference in ASES 
scores as well (our SCR patients already showed a 
trend toward improved ASES scores).

Compared with RTSA, SCR has fewer risks and 
fewer complications and does not limit further sur-
gical options.8,9,18 The 9 patients who had surgery 
with a minimum 2-year follow-up in our study had 
4 complications. Six months after surgery, 1 pa-
tient fell and tore the infraspinatus and subscapu-
laris muscles. Outcomes continued to improve, 
and no issues were reported, despite a decrease 
in AHD, from 8 mm immediately after surgery to 
4.6 mm 2 years after surgery.

Two patients were in motor vehicle accidents. 
In 1 case, the accident occurred about 2 months 
after surgery. This patient also sustained a possible 
injury in a fall after receiving general anesthesia 
for a dental procedure. After having done very well 
the preceding months, the patient now reported 
increasing pain and dysfunction. MRI showed loss 
of glenoid fixation. Improved ASES and VAS pain 
scores were maintained throughout the follow-up 
period. AHD was increased at 13 months and 
mildly decreased at 2 years. Glenoid fixation was 
obtained with 2 anchors and a double surgeon 
knot. When possible, however, it is best to add 
an anchor and double-row fixation, as 3 anchors 
and a double-row construct are biomechanically 
stronger.19-24

The other motor vehicle accident occurred about 
23 months after surgery. Two months later, a graft 
rupture was found on US and MRI, but the patient 
was maintaining full range of motion, AHD, and 
improved strength. The 1.5-mm graft in this patient 
was thinner than the 3.5-mm grafts in the rest of 
the study group. This was the only patient who de-
veloped a graft rupture rather than loss of fixation.

If only patients with graft thickness >3.0 mm are 
included in the data analysis, mean ASES score 
rises to 89.76, and mean VAS pain score drops to 
0. Therefore, we argue against using a graft thinner 
than 3.5 mm. Our excellent study results indicate 
that larger grafts are unnecessary. Mihata and 
colleagues10 used fascia lata grafts of 6 mm to 8 
mm. Ultimate load to failure is significantly higher 
for dermal allograft than for fascia lata graft.25 In 
SCR, the stronger dermal allograft withstands 
applied forces and repeated deformations and has 
excellent clinical outcomes.

Only 1 patient had a failure that required RTSA. 
VAS pain scores were lower and ASES scores 
were improved the first year after surgery, but 
then function deteriorated. The patient said there 
was no specific precipitating incident. Computed 
tomography arthrogram, ordered to assess the 
construct, showed anterior and superior sublux-
ation of the humeral head, even with an intact 
subscapularis tendon—an indication of underlying 
instability, which most likely caused the failure. 
Eighteen months after surgery, the patient was 
able to undergo RTSA. On further evaluation of this 
patient’s procedure, it was determined that the 
graft needed better fixation anteriorly.

Mihata and colleagues10,12,14 indicated that AMC 
was unnecessary, and our procedure did not re-
quire it. However, data in our prospective evaluation 
began showing improved outcomes with AMC. 
As dermal allograft is more elastic than fascia lata 
autograft,25 we concluded that graft tensioning is 
key to the success of this procedure. Graft tension 
depends on many factors, including exact mea-
surement of the distances between the anchors 
to punch holes in the graft, arm position to set the 
relationship between the anchor distances, and 
AMC and PMC. We recommend placing the arm in 
neutral rotation, neutral flexion, and abduction with 
the patient at rest, based on the size of the pa-
tient’s latissimus dorsi. Too much abduction causes 
overtensioning, and excess rotation or flexion- 
extension changes the distance between the 
glenoid and the greater tuberosity asymmetrically, 
from anterior to posterior. With the arm in neutral 
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position, distances between anchors are accurate-
ly measured, and these measurements are used 
to determine graft size.

Graft tension is also needed to control the 
amount of elasticity allowed by the graft and 
thereby maintain stability, as shown by the Poisson 
ratio, the ratio of transverse contraction to longitu-
dinal extension on a material in the presence of a 
stretching force. As applied to SCR, it is the ratio of 
mediolateral elasticity to anteroposterior defor-
mation or constraint. If the graft is appropriately 
secured in the anteroposterior direction by way 
of ACM and PMC, elongation in the medial-lateral 
direction will be limited—reducing the elasticity of 
the graft, improving overall stability, and ultimate-
ly producing better clinical outcomes. This issue 
was discussed by Burkhart and colleagues26 with 
respect to the “rotator cable complex,” which now 
might be best described as the “rotator-capsule ca-
ble complex.” In our study, this phenomenon was 
evident in the finding that patients who had AMC 
performed did significantly better than patients 
who did not have AMC performed. The ability of 
dermal allograft to deform in these dimensions 
without failure while allowing excellent range of 
motion makes dermal allograft an exceptional 
choice for grafting during SCR. Mihata25 also found 
dermal allograft had a clear advantage in providing 
better range of motion, whereas fascia lata auto-
graft resulted in a stiffer construct. 

Dermal allograft can also incorporate into the 
body and transform into host tissue. The literature 
has described musculoskeletal US as an effective 
diagnostic and interventional tool.27-31 We used it to 
evaluate graft size, patency, and viability. As can be 
seen on US, the native rotator cuff does not have 
any pulsatile vessels and is fed by capillary flow. 
Dermal allograft has native vasculature built into the 
tissue. After 4 months to 8 months, presence of 
pulsatile vessels within the graft at the greater tu-
berosity indicates clear revascularization and incor-
poration of the tissue (Figure 6B). Disappearance 
of pulsatile vessels on US after 1 year indicates 
transformation to a stabilizing structure analogous 
to capsule or ligament with capillary flow. US also 
showed graft hypertrophy after 2 years, supporting 
a finding of integration and growth.

Conclusion
In the past, patients with irreparable massive RCTs 
had few good surgical management options, RTSA 
being the most definitive. SCR is technically chal-
lenging and requires use of specific implantation 

methods but can provide patients with outstanding 
relief. Our clinical data showed that technically well 
executed SCR effectively restores the superior 
restraints in the glenohumeral joint and thereby 
increases function and decreases pain in patients 
with irreparable massive RCTs, even after 2 years.
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