
A massive rotator cuff tear (RCT) refers to a tear exceed-
ing 5 cm or involving 2 or more rotator cuff tendons.1) In 
cases of extensive damage, traditional repair to the native 
attachment site is often not feasible due to tendon retrac-
tion, muscle atrophy, and fatty infiltration.2) Even if repair 
is attempted, the re-tear rate is very high, ranging from 
25% to 41%.3-6) If the tear cannot be repaired, it is classified 
as an irreparable RCT. 

Reverse total shoulder arthroplasty is a suitable ap-
proach for treating irreparable RCTs in elderly patients.7) 
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However, this method is generally discouraged for young-
er, more active individuals due to concerns about compli-
cations and long-term survival.8) In younger patients with 
preserved glenohumeral joint cartilage and irreparable 
lesions, various strategies have been explored, such as 
arthroscopic debridement9) with or without biceps te-
notomy or tenodesis,10,11) partial rotator cuff repair,12) patch 
augmentation,13-15) supraspinatus advancement,16) biode-
gradable spacer interposition (subacromial balloon),17,18) 
and tendon transfer.19) However, these treatments exhibit 
variable outcomes, lacking a definitive gold standard due 
to challenges in achieving effective results, functional res-
toration, and pain relief.4,20)

An irreparable RCT may ultimately lead to sub-
acromial contact of the humeral head, resulting in cuff 
tear arthropathy.21) The stages of cuff tear arthropathy are 
primarily defined by the Hamada classification (grades 
1–5),22) based on the acromiohumeral distance (AHD).23) 
Grade 3 is characterized by a concave deformity at the 
acromial undersurface or “acetabulization.” Grade 4 ad-
ditionally involves narrowing of the glenohumeral joint, 
while grade 5 is characterized by humeral head collapse. 

Mihata et al.24,25) introduced superior capsular re-
construction (SCR), a technique involving attaching an au-
togenous tensor fascia lata (TFL) graft to the glenoid and 
greater tuberosity. SCR stabilizes the glenohumeral joint, 
prevents superior migration of the humeral head, and re-
verses pseudoparesis.26) This provides a passive biological 
constraint to superior humeral head migration, thus res-
toration of a stable fulcrum.27) Although early SCR studies 
have reported improved pain and function with minimal 
complications,28) subsequent research has indicated vary-
ing rates of graft re-tear and revision surgeries.29,30) Factors 
contributing to these different outcomes include graft type 
(autograft or allograft), surgical expertise, and indications. 

Several studies have identified poor prognostic fac-
tors for SCR. In a study of 35 patients, Ohta et al.31) identi-
fied that Hamada grade ≥ 4, age ≥ 80 years, and male sex 
as risk factors for re-tear after SCR using autogenous TFL 
or iliotibial band graft. Gilat et al.32) found that female sex 
and accompanying subscapularis tears were linked to clini-
cal failure with decellularized dermal allograft in a study of 
54 shoulders. In a case-control study of 46 shoulders, Lee 
et al.33) reported that preoperative subscapularis atrophy or 
humeral side re-tear of the graft negatively affected clinical 
outcome for arthroscopic SCR using autogenous TFL or 
dermal allograft. 

However, there is a lack of consensus regarding SCR 
indications based on preoperative arthritis severity or 
Hamada grade. This study assessed the clinical and radio-

logical outcomes following SCR, stratified by preoperative 
arthritis severity. The hypothesis was that the severity of 
preoperative arthritis would affect the clinical and radio-
logical outcomes of SCR. 

METHODS
The approval of institutional review board and informed 
consent was waived due to retrospective systematic review.

Literature Search
Two independent reviewers (THP and JL) comprehensive-
ly searched online databases, including PubMed, Embase 
(Elsevier), and Google Scholar. In PubMed, the search 
employed the terms “superior capsular reconstruction,” 
“superior capsule reconstruction,” and “ASCR.” In Embase, 
the abstracts and titles were explored using the combina-
tion “(superior capsular reconstruction) OR (superior cap-
sule reconstruction).” For Google Scholar, the search in-
volved the combinations “(superior capsule reconstruction 
OR superior capsular reconstruction) AND osteoarthritis.” 
The search was limited to studies published between 2008 
and 2022.

Inclusion and Exclusion Criteria 
The inclusion criteria were (1) clinical studies of levels 1 
to 4 investigating irreparable RCT with a size ≥ 5 cm or 
involving ≥ 2 tendons, (2) clearly defined SCR procedures, 
(3) documented Hamada grade, (4) use of autograft or al-
lograft, (5) use of arthroscopic and/or open surgical tech-
niques, (6) postoperative assessment of functional out-
comes using the American Shoulder and Elbow Surgeons 
(ASES) score, visual analog scale for pain (pVAS), or active 
range of motion (ROM), (7) postoperative radiographic 
assessment at least 1 year after surgery, and (8) publication 
in English from 2008 to 2022.

The exclusion criteria were (1) non-clinical studies, 
such as technical notes, cadaver, animal, and biomechani-
cal studies, as well as reviews or meta-analyses, (2) case 
reports (evidence level V) with fewer than 5 patients, (3) 
abstracts, commentaries, and editorial letters, (4) use of 
biceps long head graft, xenograft, or synthetic graft, (5) 
studies lacking ASES score or pVAS, and (6) postoperative 
radiographic follow-up of less than 1 year. 

Study Identification and Data Extraction
Two authors (THP and HK) independently assessed the 
retrieved studies by title and abstract. Subsequently, a full-
text review was conducted based on the inclusion criteria. 
In case of disagreement, a senior author (HSS) reviewed 
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the article and made the final decision. 

Risk of Bias Assessment
Two authors (THP and JL) independently assessed the 
methodological quality of each study using the Method-
ological Index for Nonrandomized Studies (MINORS).34) 
The questionnaire items were scored as follows: 0 for un-
reported information, 1 for inadequately reported infor-
mation, and 2 for adequately reported information, with a 
maximum possible score of 16 for non-comparative stud-
ies. Studies with MINORS scores of 13–16 for non-com-
parative studies and 21–23 for comparative studies were 
considered to have a low risk of bias, whereas studies with 
MINORS scores ≤ 12 for non-comparative studies and ≤ 
20 for comparative studies were considered to have a high 
risk of bias.34) Any discrepancies in scoring were resolved 
through consensus between the 2 authors. 

Outcome Measures
Patients’ demographic data included age and sex, while 
radiological data were Hamada grade and AHD. Clini-
cal data consisted of ASES score, pVAS, and active ROM. 
ROM measurements included forward flexion (FF), 
abduction (Abd), external rotation (ER) in the neutral 
position, and internal rotation (IR). The vertebral-level 
method (lesser tuberosity: 0, greater tuberosity: 1, buttock: 
2, sacrum: 3, L5: 4 to T1: 20) was used to measure internal 
rotation.35) 

Statistical Analysis
Statistical analyses were performed using R version 4.3.2 
(R Foundation for Statistical Computing). In each study, 
changes in the dependent variable according to the pre-

operative Hamada grade were calculated through linear 
regression analysis. The dependent variables in the regres-
sion model were the differences in ASES score, pVAS, 
ROM (FF, Abd, ER, IR) and AHD between pre- and 
postoperative stages. The beta coefficients and their confi-
dence intervals were calculated from the linear regression 
analysis. The calculated beta coefficient represents the 
change in the dependent variable for each 1-grade increase 
in Hamada grade. 

RESULTS
Study Identification 
After eliminating duplicate papers, 700 studies were 
screened. The titles and abstracts were meticulously re-
viewed to exclude irrelevant studies. Following a compre-
hensive evaluation of the full-text versions of pertinent 
studies, 21 studies that satisfied the inclusion criteria were 
included (Fig. 1). Among these studies, we were able to 
directly extract Hamada grade from the tables of 4 stud-
ies.25,36-38) In addition, we obtained raw data including 
Hamada data from the corresponding authors of 3 other 
studies.33,39,40) Consequently, a systematic review was con-
ducted on data from 136 shoulders derived from a total of 
7 studies.25,33,36-40) Further details of the risk of bias assess-
ment are provided in Table 1. 

Demographics and Grafts
To provide an overview of the included studies, Table 2 
summarizes the 7 studies. The study group consisted of 80 
males and 56 females, with a mean age (± standard devia-
tion) of 64.2 ± 6.6 years. Hamada grade ranged from grade 
1 to 4, with 45 patients having grade 1, 65 patients with 

Fig. 1. Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses 
(PRISMA) flow diagram.

451 Embase + 563 PubMed + 8,960 Google
Scholar Studies identified initially

700 Studies after duplicates removed

700 Studies for title evaluation

412 Studies for full-text evaluation

21 Studies for further assessment

7 Eligible studies for analysis

288 Irrelevant studies

14 Without effective raw data

116 Studies without Hamada grade
6 Studies with xenograft

21 Studies with biceps long head
216 Nonclinical studies
32 Systematic review and meta-analysis
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grade 2, 22 patients with grade 3, and 4 patients with grade 
4. The preoperative AHD measured 4.8 ± 2.3 mm. The 
average anterior-to-posterior tear size was 39.6 ± 9.8 mm, 
and the average medio-lateral size was 42.7 ± 5.1 mm. 
Among 36 shoulders with subscapularis tears, 31 under-
went repair of the subscapularis during the SCR surgery. 
Regarding graft types, 2 studies25,37) used autogenous TFL, 
1 study used dermal allografts,40) and 2 studies used Achil-
les tendon allografts (1 with bone38) and 1 without bone39)). 
Two studies reported a comparison between autogenous 
TFL and a dermal allograft.33,36) 

Hamada Grade and Clinical Outcomes
The relationship between Hamada grade and the improve-
ment in ASES score before and after surgery was inves-
tigated using data from 6 studies (Fig. 2A). Four studies 
showed a negative beta coefficient value, while 2 studies 
showed a positive value. This suggests that increasing 
Hamada grade may correlate with less improvement in 
ASES score. However, none of the 6 studies demonstrated 
statistical significance (p > 0.05). 

Five studies were analyzed to investigate the rela-
tionship between Hamada grade and the improvement in 

pVAS (Fig. 2B). In all 5 studies, the beta coefficient values 
were negative. This suggests that as the Hamada grade 
progresses, there may be less improvement in pVAS. How-
ever, none of the 5 studies demonstrated statistical signifi-
cance (p > 0.05). Seven studies were analyzed to investigate 
the relationship between Hamada grade and FF ROM (Fig. 
3A). Among them, 6 studies showed a negative beta coef-
ficient value, indicating a tendency for FF improvement to 
decrease as Hamada grade progresses. However, none of 
the studies demonstrated statistical significance (p > 0.05). 

Three studies were analyzed to investigate the re-
lationship between Hamada grade and Abd ROM (Fig. 
3B). All 3 studies showed a negative beta coefficient value, 
indicating a tendency for Abd improvement to decrease 
as Hamada grade increases. However, none of the stud-
ies demonstrated statistical significance (p > 0.05). Seven 
studies were analyzed to investigate the relationship be-
tween Hamada grade and ER ROM (Fig. 3C). Among 
them, 5 studies showed a negative beta coefficient value, 
indicating a tendency for ER improvement to decrease as 
Hamada grade increases. However, none of the studies 
demonstrated statistical significance (p > 0.05). Six stud-
ies were analyzed to investigate the relationship between 
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Fig. 3. Forest plots showing the variation 
in range of motion (ROM) improvement 
according to Hamada grade. (A) Forward 
flexion (FF). (B) Abduction (Abd). (C) 
External rotation (ER). (D) Internal rotation 
(IR). The 95% CI for Kholinne et al. (2021) 
is omitted due to its excessively long 
range.
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Hamada grade and IR ROM (Fig. 3D). Among them, 4 
studies showed a negative beta coefficient value, indicat-
ing a tendency for IR improvement to decrease as Hamada 
grade increases. However, none of the studies demonstrat-
ed statistical significance (p > 0.05). 

Hamada Grade and Radiologic Outcomes
Seven studies were analyzed to investigate the relationship 
between Hamada grade and AHD (Fig. 4). Among them, 
6 studies showed a positive beta coefficient value, while 
1 study showed a negative value. Generally, the improve-
ment in AHD after surgery tended to increase with higher 
Hamada grades. One study reported by Lee et al.33) showed 
a positive beta coefficient and a p-value less than 0.05, 
indicating statistical significance. However, the remaining 
studies did not show statistical significance (p > 0.05). 

DISCUSSION
ASES score, pVAS, and ROM (FF, Abd, ER, IR) demon-
strated overall trends of less improvement as the Hamada 
grade progresses (beta coefficient < 0). However, statistical 
significance was not demonstrated in all studies (p > 0.05). 
Greater improvement in AHD after surgery was observed 
in higher Hamada grades in 6 out of 7 studies. However, 
only 1 study demonstrated statistical significance.33)

Numerous studies have reported improvements in 
ASES score and pVAS after SCR surgery.41-43) However, 
there is limited literature reporting on the association be-
tween Hamada grade and outcomes of SCR. Takayama et 
al.44) studied autogenous TFL in 54 patients with massive 
RCT, and no discrepancies in postoperative ASES score 
or ROM were observed between Hamada grades 2 and 3. 
This study is consistent with our findings. Although our 
results indicated a trend of less ASES score, pVAS, and 
ROM improvement with progressing Hamada grade (beta 

coefficient < 0), none showed statistical significance. 
AHD has been utilized as a prognostic radiographic 

marker following rotator cuff repair, as it signifies the 
restoration of force couples. This results in increased gle-
nohumeral joint stability and improved shoulder biome-
chanics.3) Lee and Min45) studied arthroscopic SCR using 
autogenous TFL in 34 patients with massive RCTs and 
reported that the mean AHD was significantly higher in 
patients with graft thickness ≥ 6 mm than that in patients 
with graft thickness < 6 mm. In addition, a lack of im-
provement, or even minimal improvement, in AHD im-
mediately postoperatively after arthroscopic SCR was as-
sociated with poor graft survival and increased incidence 
of re-tear.45) According to our research findings, in 6 out of 
7 studies, there was a greater improvement in AHD after 
surgery as Hamada grade progressed. It is presumed that 
as the Hamada grade progresses, the preoperative AHD is 
narrower, resulting in a relatively greater improvement in 
AHD after surgery. 

The reason for the improvement in AHD after 
surgery is likely due to the thickness of the inserted graft. 
A thicker graft tends to increase AHD more, acting as a 
spacer between the humeral head and the acromion.31,42) 
The TFL autograft used by Mihata et al.25) had a thickness 
of approximately 6–8 mm, whereas dermal allografts used 
in SCR averaged around 3–4 mm in thickness. Accord-
ing to the systematic review reported by Abd Elrahman 
et al.,46) there was improvement in postoperative AHD in 
both groups, with a tendency toward greater improvement 
in the TFL autograft group than in the human dermal al-
lograft group. In our findings, it was observed that stud-
ies using autograft showed higher beta coefficient values 
compared to those using allograft, indicating that in the 
autograft group, the increase in AHD in relation to the 
degree in Hamada grade was greater. Compared to the 
group using allograft, the group using autograft exhibited 
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a greater degree of AHD improvement based on Hamada 
grade.

Although statistical significance was not demon-
strated, these findings suggest that SCR may still be con-
sidered in carefully selected patients with higher Hamada 
grades. In particular, younger and more active individuals, 
for whom arthroplasty may not yet be desirable, could rep-
resent a subgroup where SCR may be attempted. This im-
plication may help refine surgical indications and enhance 
clinical decision-making.

While this paper is based on studies meeting strict 
inclusion criteria, there are certain limitations. First, we 
primarily analyzed lower levels of evidence. All included 
articles are levels III or IV evidence, mostly retrospec-
tive case series lacking a control group, and therefore the 
strength of evidence is inevitably low. Second, there was 
considerable heterogeneity across indications, surgical 
techniques, graft types, and postoperative rehabilitation 
protocols, which may have introduced bias and reduced 
the reliability of the pooled results. Third, the articles 
included short-term follow-up results, typically span-
ning 1 to 2 years, thus lacking long-term follow-up data 
and restricting the evaluation of arthropathy progression 
after SCR. Fourth, the limited number of shoulders with 
Hamada grade 4 (n = 4) was insufficient for statistical sig-
nificance compared to other groups, and this point should 
be emphasized when interpreting the results. Finally, as-
sessing cuff tear arthropathy severity was solely based on 
Hamada grade, while the Samilson-Prieto classification,47) 
which categorizes the degree of arthritic changes of the 

glenohumeral joint, could not be analyzed.48) 
Despite various limitations, this paper has the fol-

lowing significance. To the best of our knowledge, this 
study may be the first to investigate the impact of Hamada 
grade on both clinical and radiological outcomes after SCR 
surgery. Given that the effect of Hamada grade on SCR 
surgical outcomes was not statistically significant, it could 
be inferred that SCR surgery may be considered a viable 
option for Hamada grades 3 and 4. There was no consis-
tent trend observed regarding the impact of the severity 
of arthritis on the improvement of ASES score. However, 
there was a trend of decreasing improvement in pVAS and 
FF after surgery as arthritis progressed. SCR could be a vi-
able option even in cases of Hamada grades 3 and 4.
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