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Background: Massive, irreparable rotator cuff tears (RCTs) are a challenging clinical problem in young patients. In recent years, ar-
throscopic superior capsular reconstruction (ASCR) is a popular treatment in the massive, irreparable RCTs. However, studies reporting 
clinical results of ASCR are rare in the literature.
Methods: Between 2013 and 2015, six patients underwent ASCR. One patient treated with dermal allograft, while five patients with au-
togenous fascia lata graft. Demographic data, as well as preoperative and last follow-up clinical data including pain, range of motion (ROM), 
strength, American Shoulder and Elbow Surgeons system, the Constant system, the University of California at Los Angeles system, the 
Simple Shoulder Test, and the Shoulder Pain and Disability Index system were obtained. Acromiohumeral distances and Hamada clas-
sification were measured on standard anteroposterior x-ray.
Results: All patients were men, and the average age was 59.5 ± 4.18 years (range, 53–65 years).The minimum follow-up was 18 
months with a mean follow-up was 27.33 ± 7.58 months (range, 18–36). All patients had postoperative improvement in pain scores 
and functional scores. The ROM and strength did not improve after surgery. The Hamada score progressed of radiographic stage in 2 pa-
tients. In the case of dermal allograft, there was graft failure 6 weeks after ASCR. 
Conclusions: Our results support the ASCR as a viable treatment for surgical salvage in massive, irreparable RCTs. This treatment option 
may provide patients with decreased pain and increased function. And studying our case of dermal allograft failure provides opportuni-
ties to decrease graft failure in ASCR using dermal allograft.
(Clin Shoulder Elbow 2018;21(2):59-66)
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Introduction

Massive, irreparable rotator cuff tears (RCTs) are a complex 
and difficult problem for many orthopedic surgeons. The appro-
priate treatment for massive irreparable RCTs is a subject of de-
bate. A surgeon can decide the treatment from debridement,1) 
partial rotator cuff repair,2,3) latissimus dorsi tendon transfer,4,5) 
pectoralis major tendon transfer,6) graft interposition,7,8) and bio-
degradable spacer interposition.9,10) The variety of these proce-

dures demonstrates the lack of consensus on the optimal treat-
ment of massive, irreparable RCTs. When arthroscopic options 
are not viable, some surgeons will choose reverse total shoulder 
arthroplasty (RTSA).11) RTSA is an excellent treatment option for 
RCTs with and without arthritis in elderly patients.12) However, 
RTSA is not an optimal or reasonable option in young and active 
patients.13) Arthroscopic superior capsular reconstruction (ASCR) 
is a new surgical treatment developed by Mihata et al.14) with the 
aim of restoring the superior glenohumeral joint instability in the 
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massive, irreparable RCTs. The clinical results on ASCR to date 
was also published by Mihata et al.15) with 24 shoulders with a 
mean follow-up of 31 months. Autogenous fascia lata graft was 
used in this report. In the last several years, multiple surgeons 
have described technique for ASCR using dermal allograft.16-18) 
However, studies reporting clinical results of ASCR with dermal 
allograft or autogenous fascia lata graft are still rare in the litera-
ture.

The purpose of this retrospective case series was to show the 
clinical and radiographic results of the ASCR in the treatment of 
massive, irreparable RCTs.

Methods

Study Design
This retrospective outcome study is a case series performed in 

single institute. Between January 2013 and December 2015, all 
patients who had undergone ASCR were included. All patients 
were fully informed on the characteristics of treatment and gave 
their written informed consent. The decision to perform surgery 
was made after failure of conservative treatment for at least 6 
months. The inclusion criteria were massive, irreparable RCTs 
treated with ASCR at our institution. The indications for ASCR 
was: RCTs with fatty infiltration of muscles (Goutallier grade 
≥3),19) no osteoarthritis (<grade 3 in the Hamada classifica-
tion).20,21) And torn tendon cannot be repaired to their insertion 
on the tuberosities despite conventional techniques intraopera-
tively. The exclusion criteria were a history of trauma, cancer, 
symptomatic cervical spine problems, infection, patient age >65 
years and the absence of the last follow-up data.

Clinical Outcome Measurement
The same orthopedic team performed pre- and postopera-

tively clinical outcome evaluation. For evaluation, each patient 
completed a questionnaire that consisted of standardized 
outcome assessments preoperatively and postoperatively. Post-
operative measurements at last follow-up were compared to 
preoperative measurement. Clinical outcome measures include 

(1) pain, (2) range of motion (ROM), (3) muscle strength, and 
(4) 5 commonly used functional scores. A visual analogue scale 
(VAS) was used to evaluate pain at rest, with motion, at night, 
and worst pain. Our team used a 10-cm scale marked from ‘no 
pain’ to ‘unbearable pain’. Mean pain scores were calculated 
and compared. In addition, a score for the worst pain was also 
recorded. ROM was measured with a goniometer in active for-
ward flexion, abduction, external rotation with the arm at the 
side, and internal rotation. Internal rotation was measured using 
vertebral levels, and these were translated into numbers from 1 
for the buttocks to 17 for T2. The strength of the supraspinatus 
(forward elevation in the scapular plane), that of the infraspinatus 
(external rotation with the arm at the side), and that of the sub-
scapularis (SB; internal rotation with the arm at the side) were 
measured with a hand held electronic scale (CHS; CAS Corp, 
Yangju, Korea). The functional scoring systems used were the 
American Shoulder and Elbow Surgeons (ASES) system, the Con-
stant system, the University of California at Los Angeles (UCLA) 
system, the Simple Shoulder Test (SST), and the Shoulder Pain 
and Disability Index (SPADI) system. 

Radiographic Evaluation
Shoulder x-rays were performed for all patients preopera-

tively and at the last follow-up. Postoperative radiographs were 
taken at the time of the last follow-up of the patient. All patients 
underwent a preoperative computed tomographic arthrography 
or magnetic resonance imaging to evaluate rotator cuff tendon 
according to the Cofield type and fatty infiltration according 
to the Goutallier grade.22) Goutallier grade was measured in 
supraspinatus, infraspinatus, and SB tendon. Acromiohumeral 
distances (AHD) and Hamada classification were measured on 
standard anteroposterior (AP) x-ray. AHD was measured the 
space between the tangent to the densified inferior edge of the 
acromion and the parallel tangent to the superior part of the hu-
meral head.23) Glenohumeral joint arthritis was classified accord-
ing to Hamada et al.20)

Fig. 1. Preparation of autogenous fascia lata graft.
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Operative Technique
All arthroscopic surgeries were performed with patients in 

the lateral decubitus position under general anesthesia. Briefly, 
systematic glenohumeral joint and subacromial space explora-
tion were performed, and lesions were managed as necessary. 
The RCT was carefully evaluated, and AP size, mediolateral (ML) 
retraction, number of involved tendons, visual tendon grade, 
excursion, and presence of the SB tear were examined.24,25) If 
the torn tendon is too retracted and can’t be mobilized without 
excessive tension, we performed with ASCR. We repaired the 
SB torn tendon completely. The greater tuberosity and the supe-
rior glenoid were debrided, and only a minimal layer of cortical 
bone was removed. A measuring probe is used to examine the 
size of the superior capsule defect. A segment of autogenous 
fascia lata or dermal allograft two or three times greater in size 
than the capsular defect was prepared (Fig. 1). The 2 mm thick 
dermal allograft was used when the patient did not want to use 
autograft and had skin problems. Two suture anchors were in-
serted in the 11 o’clock and 1 o’clock position of the superior 
glenoid. The glenoid sutures were tied down to the anchors after 
passing the graft. Next, the lateral aspect of the graft is secured 
to the rotator cuff footprint using a double-row suture bridge 
technique with a total of four suture anchors. Using side-to-side 
sutures with ethibond, the graft is then secured in the AP plane 
to the remnants of infraspinatus, supraspinatus and SB tendon.

Postoperative Protocol
The shoulder was protected by an abduction brace for 6 

weeks after surgery. Shrugging, protraction, and retraction of 
shoulder girdles; intermittent exercise of the elbow, wrist, and 
hand; and external rotation of the arm to neutral with the brace 

were encouraged as tolerated, usually immediately after surgery. 
Further passive ROM and active assisted ROM exercises were al-
lowed after the patient was gradually weaned off the abduction 
brace after 6 weeks. Patients began strengthening exercises after 
3 months. Light sports activities, such as jogging, were allowed 
after 3 months, and full return to sports was allowed after 6 to 9 
months according to individual recovery.

Statistical Analysis
Data analysis was conducted with IBM SPSS Statistics ver. 

20 for Windows (IBM Co., Armonk, NY, USA). The Wilcoxon 
signed-rank test was used for comparison given the small sample 
size. A p-value less than 5% indicated a statistical significant dif-
ference.

Results

Baseline Patient Characteristics
Between January 2013 and December 2015, 6 patients 

underwent ASCR with autogenous fascia lata graft or dermal 
allograft. All patients were men, and the average age was 59.5 
± 4.18 years (range, 53–65 years). The average follow-up was 
27.33 ± 7.58 months (range, 18–36 months). The preoperative 
tear size was measured intraoperatively (AP: 47.00 ± 10.54 mm, 
ML: 44.83 ± 3.19 mm). No other intraoperative or postoperative 
complications like infection, hematoma or neurological problems 
occurred. Demographic data are summarized in Table 1.

Clinical Outcomes
At the last follow-up, VAS pain scores at rest, during motion, 

at night, and mean pain scores significantly decreased compared 

Table 1. Baseline Characteristics of Patients

Case 
No.

Age 
(yr) Sex Domi­

nance

Tear size (mm) Cofield 
type

Boileau 
stage

Involved 
tendon

SB grade* 
/treatement

Tendon† 
grade

Excur­
sion‡

Hamada
classification

Goutallier
grade

(SS/IS/SB)
Graft

Follow-
up 

(mo)AP ML

1 61 Male Yes 38 42 Large IV SS, IS C C 1 3/2/1 TFL autograft 18

2 59 Male Yes 55 45 Massive IV SS, IS C C 2 3/2/1 TFL autograft 32

3 57 Male Yes 60 47 Massive IV SS, IS C C 2 3/4/1 TFL autograft 31

4 65 Male Yes 54 42 Massive IV SS, IS, SB 3/repair C C 2 3/2/2 Dermal  
allograft

36

5 62 Male No 35 43 Large IV SS, IS C C 1 3/2/1 TFL autograft 18

6 53 Male Yes 40 50 Massive IV SS, IS, SB 3/repair C C 2 3/3/1 TFL autograft 29

AP: anteroposterior, ML: mediolateral, SS: supraspinatus, IS: infraspinatus, SB: subscapularis, TFL: tensor fascia lata. 
*SB tear was graded according to the Nove-Josserand classification in Pfirrmann et al.25) Grading: 0 = normal tendon; 1 = tear less than one-quarter; 2 = tear more 
than one-quarter but not complete; 3 = complete tear.
†Tendon grade assesses rotator cuff quality using 3 gross tendon criteria: (1) fraying over half of the tendon thickness, (2) delamination of the supraspinatus ten­
don, and (3) thinning of less than half of the normal thickness. The grades are as follows: A, none of these criteria were met; B, fraying or delamination was iden­
tified; and C, both fraying and delamination or thinning regardless of the other criteria.
‡Excursion evaluates the lateral displacement of the tear end by manual pulling. Grading: A = over the ridge of the greater tuberosity; B = within the original foot­
print in the greater tuberosity; C = cannot be reduced to the original footprint.
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with those before surgery (p=0.045, 0.042, 0.041, 0.028, re-
spectively). No difference was found in worst pain score (Table 2).

No significant difference between before and after surgery 
was found for active forward flexion, abduction, external rota-
tion with the arm at the side, and internal rotation (all p>0.05) 
(Table 3).

Among patients, 2 patients (case 5, 6) did not check the 

strength with a hand held electronic scale. Strength of the su-
praspinatus, infraspinatus, and SB muscles were not significantly 
different among 4 patients before and after surgery (all p>0.05) 
(Table 4). 

Functional Outcomes
Significant differences were seen in the Constant, ASES, 

Table 3. Change in ROM after Arthroscopic Superior Capsular Reconstruction

Case No.
Preoperative active ROM (°) Postoperative active ROM (°)

FF Abd. ER0 IR0 FF Abd. ER0 IR0

1 165 180 45 11 160 175 45 11

2 180 180 45 9 170 175 35 10

3 180 180 -20 11 170 175 -5 11

4 140 130 25 9 130 140 25 7

5 75 45 40 12 170 170 75 12

6 170 175 45 11 160 160 30 6

Mean 151.67 148.33 30.00 10.50 160.00 165.83 34.17 9.50

SD 40.33 54.28 25.69 1.22 15.49 13.93 26.16 2.43

ROM: range of motion, FF: forward flexion, Abd.: abduction, ER0: external rotation 0°, IR0: internal rotation 0°, SD: standard deviation.

Table 4. Change in Strength after Arthroscopic Superior Capsular Reconstruction

Case No.
Strength of SS Strength of IS Strength of SB

Preoperative Final Preoperative Final Preoperative Final

1 0 5.7 5.9 9.5 10.2 11.5

2 6.7 7.2 5.6 6.8 8.4 15.9

3 8.4 8.3 0 0 8.2 13.6

4 3.4 5.4 2.9 4.3 3.9 8.8

Mean 4.63 6.65 3.60 5.15 7.67 12.45 

SD 3.72 1.35 2.75 4.04 2.67 3.02

SS: supraspinatus, IS: infraspinatus, SB: subscapularis, SD: standard deviation.

Table 2. Change in VAS Pain Scores after Arthroscopic Superior Capsular Reconstruction

Case 
No.

Pain at rest
p-value

Pain during motion
p-value

Pain at night
p-value

Mean pain
p-value

Worst pain
p-value

Preoperative Final Preoperative Final Preoperative Final Preoperative Final Preoperative Final

1 3 0 3 1.67 3 0 3 0.56 4 2

2 2 0 3.33 0 3 0 2.78 0 5 1

3 5 1 5 1.33 4 2 4.67 1.44 6 7

4 3 0 5.67 5.33 7 5 5.22 3.44 10 7

5 2 0 0 0 0 0 0.67 0 3 2

6 3 4 8.67 5 5 4 5.56 4.33 9 7

Mean 3.00 0.83 0.045 4.28 2.22 0.042 3.67 1.83 0.041 3.65 1.63 0.028 6.17 4.33 0.058

SD 1.10 1.60 2.92 2.40 2.34 2.23 1.86 1.85 2.79 2.94

VAS: visual analogue scale, SD: standard deviation.
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UCLA, SST, and SPADI scores (all p<0.05). At final follow-up 
after surgery, all scores were more improved than those before 
surgery in all 6 patients (Table 5).

Radiographic Results
AHD in x-ray were not different significantly between be-

fore and after surgery. The AHD was mean of 4.79 ± 2.25 mm 
at preoperatively and decreased to 3.75 ± 2.75 mm at final 
follow-up. Only 1 patient showed the improvement after sur-
gery (Fig. 2). Concerning the Hamada score, 4 patients had no 
change and 2 patients progressed arthritis (Hamada score 5, 5, 
respectively) (Table 6). In the case of dermal allograft, AHD de-
creased and head collapsed during 3 years follow-up (Fig. 3A). 
The dermal allograft appeared to resorb or melt after 6 weeks 
(Fig. 3B). 

Discussion

This study shows that ASCR is a reproducible procedure that 

leads to pain reduction and functional improvement in patients 
with massive, irreparable RCT. Since the report of Mihata et 
al.,14) ASCR is a recently-developed technique for the surgical 
treatment of massive, irreparable RCTs. So far there have been 3 
clinical studies, to our knowledge, that investigated clinical out-
comes of ASCR.15-17) In these three studies, ASES and AHD were 
commonly used to evaluate outcomes after ASCR. 

Mihata et al.15) showed that all measured clinical outcomes 
improved significantly: ASES scores improved from 23.5 to 92.9, 
Japanese Orthopaedic Association (JOA) score improved from 
48.3 to 92.6, and UCLA improved from 9.9 to 32.4. Denard et 
al.16) reported that ASCR with dermal allograft improved clinical 
outcomes significantly: ASES scores improved from 43.6 to 77.6, 
subjective shoulder value improved from 35.0 to 76.3. Hirahara 
et al.17) used dermal allograft and reported that ASES improved 
from 41.8 to 86.5. We also showed improvement in Constant, 
ASES, UCLA, SST, and SPADI scores following ASCR. Concern-
ing the pain outcome, the results of this study are in agreement 

Table 5. Change in Functional Outcomes after Arthroscopic Superior Capsular Reconstruction

Case 
No.

Constant score
p-value

ASES score
p-value

UCLA score
p-value

SST score
p-value

SPADI score
p-value

Preoperative Final Preoperative Final Preoperative Final Preoperative Final Preoperative Final

1 66 73.7 73.33 87.22 22 31 9 12 23.08 10

2 66.7 80.2 59.44 100 20 33 6 12 36.15 1.54

3 67.4 70.3 58.33 86.11 16 31 7 12 37.69 15.38

4 54.4 56.4 45.56 54.44 8 28 6 10 71.54 56.15

5 48 91 78.33 100 17 33 7 12 16.15 1.54

6 56.9 63 47.22 61.67 18 24 2 6 49.23 42.31

Mean 59.90 72.43 0.028 60.37 81.57 0.028 16.83 30.00 0.028 6.17 10.67 0.027 38.97 21.15 0.028

SD 7.31 11.23 12.16 17.63 4.41 3.16 2.11 2.21 18.02 20.81

ASES: American Shoulder and Elbow Surgeons, UCLA: University of California at Los Angeles, SST: Simple Shoulder Test, SPADI: Shoulder Pain and Disability 
Index, SD: standard deviation.

Table 6. Change in Acromiohumeral Distance and Hamada Classification 
after Arthroscopic Superior Capsular Reconstruction

Case 
No.

Acromiohumeral distance (mm)
p-value

Hamada classification

Preoperative Final Preoperative Final

1 7.1 7.5 1 1

2 3.42 1.43 2 2

3 6.3 5.9 1 1

4 3.2 1.3 2 5

5 6.92 5.1 1 1

6 1.82 1.3 2 5

Mean 4.79 3.75 0.058

SD 2.25 2.75

SD: standard deviation.

Pre-OP Last follow-up

Fig. 2. Anteroposterior radiograph of right shoulder before and after ar­
throscopic superior capsular reconstruction with autogenous fascia lata graft. 
The acromiohumeral distance was 7.1 mm preoperatively (Pre-OP) and im­
proved to 7.5 mm at last follow-up.
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with the two studies16,17) Denard et al.16) was categorized as suc-
cessful outcomes if the ASES score was >50 at last follow-up 
and 17-point improvement after ASCR. Based on this criteria 
for successful treatment, they reported 67.8% were considered 
a success, Mihata et al.15) and Hirahara et al.17) can be consid-
ered 100%. When compared with other studies, the successful 
rate was 50% in our study. Two of six patients had a decrease in 
AHD, and the osteoarthritis progressed after ASCR (postoperative 
Hamada classification was 5). One of these two patients used a 
2 mm thick dermal allograft and one used an autologous fascia 
lata graft. Biomechanically, glenohumeral translation increases in 
all planes if there is a defect in superior cupsule.14) Therefore, it 
can be thought that graft failure occurred when AHD decreased 
and osteoarthritis progressed. In our case with dermal allograft, 
there was a decrease in AHD, and head was collapsed after 
postoperative 6 weeks. This can be thought of as two reasons. 
First, Mihata et al.26) reported that biomechanical study showed 
the SCR using a 8 mm thick graft restores superior stability. De-
nard et al.16) recommended using a 3 mm thick dermal allograft 
because the 1 mm thick graft showed only 40% success rate. 
Although we may not be using the 2 mm thick allodermal graft 
as the precise cause of failure, we can be thought that the graft is 
thinner than normal fascial lata graft and preoperative AHD was 
1.82, which was very narrow. Second, the possibility of an im-
mune reaction by allograft is not ruled out. Although we did not 
perform a morphological study, suspicious finding of infection 

were not seen when we performed aspiration and laboratory 
finding. Using allografts is related to a decreased operation time, 
no donor-site morbidity when compared to autograft. Allograft 
also has disadvantages, like the risk of the potential for immune 
reaction, and delayed graft incorporation.27) 

Mihata et al.15) and Denard et al.16) reported that ROM in-
creased significantly after ASCR. However, there was no signifi-
cant difference in our study. In the results of Mihata’s study,15) 
ROM was increased in all 13 patients in the preoperative ROM 
below 90 degrees, but only in 6 of 11 patients above 90 de-
grees. It is difficult to know the pseudoparalysis or limitation of 
motion preoperatively, because there were no results on ROM 
passively in their study. ROM is below 90 degrees preopera-
tively, which is considered statistically significant. In our study, 
most patients had similar or increased postoperative ROM, and 
1 patient with pseudoparalysis could see increased active ROM.

Of the three clinical studies, only Mihata et al.15) reported 
about the muscle strength after ASCR. They reported that 
shoulder abduction and external rotation strength were all im-
provements from manual muscle testing grade 3+ to 5- and 
the recovery of strength could produce better results compared 
to other surgical treatments for massive, irreparable RCT.15) Our 
cases showed that the strength of the SS and IS were increased 
in 3 of 4 patients. And among the 4 cases, strength of the SB was 
increased in the 3 patients without SB tear. 

There are some limitations of this study. First, the final follow-

Pre-OP

Immediate Post-OP

A

B

Post-OP 1 yr Post-OP 2 yr Post-OP 3 yr

Post-OP 1 yrPost-OP 6 moPost-OP 6 wk

Fig. 3. (A) Anteroposterior radiograph of right shoulder before and after arthroscopic superior capsular reconstruction with dermal allograft. The acromiohum­
eral distance was 3.2 mm preoperatively (Pre-OP) and decreased to 1.3 mm at last follow-up. (B) Computed tomography angiography imaging after surgery. Six 
weeks after surgery, graft was not in place. 
Post-OP: postoperative.
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up ranged from 18 to 36 months. Second, there was only one 
patient with ASCR with dermal allograft, which was too small to 
be evaluated for allograft. However, since the studies about the 
immune reaction have not been reported in failure for ASCR 
with allograft. In a future study, it will be necessary to study 
about the immune reaction by using the allograft.

Conclusion

In conclusion, our results support the ASCR as a viable treat-
ment for surgical salvage in massive, irreparable RCTs. This 
treatment option may provide patients with decreased pain and 
increased function. And studying our case of dermal allograft 
failure provides opportunities to decrease graft failure in ASCR 
using dermal allograft.
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