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Review Article

Introduction

Rotator cuff tears are the most common shoulder pathology 
to cause disability and constitute a major portion of ortho-
pedic care [6]. Rotator cuff tears account for nearly 4.5 mil-
lion physician visits annually, and 54% of patients above 
the age of 60 years have a tear apparent on imaging [31]. 
Massive rotator cuff tears (MRCTs) make up 20% of all 
rotator cuff tears and 80% of all recurrent tears [5,32]. 
These tears are classically defined as over 5 cm in the coro-
nal plane or a tear that compromises 2 or more tendons of 
the rotator cuff [8,16].

Massive rotator cuff tears present a treatment challenge 
as there are multiple treatment modalities available 
including shoulder replacement [36], partial [3] or complete 
[15,26] repair, tendon transfer [7], graft augmentation [24], 

or debridement alone [3]. Reverse total shoulder arthro-
plasty has gained popularity due to the fear of poor outcomes 
and primary repair failure when treating MRCT [1,13,23,40]. 
However, these studies did not take into account the long-
term results of primary repair, an especially important con-
sideration with a younger patient population. Reverse total 
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Abstract
Background: With an increase in the treatment options available for massive rotator cuff tears, understanding the long-
term outcomes of the chosen modality is important.
Questions/Purpose: The purpose of this study was to systematically review the available literature on repair of massive 
rotator cuff repairs and learn the longevity of outcomes, the failure rate, outcomes after failure, and any contributing 
factors to poor outcomes or failure.
Methods: We conducted a systematic review of the MEDLINE, Cochrane, and Embase databases to find studies that 
investigated the long-term results of repair of massive rotator cuff repairs. Studies were excluded if they did not stratify 
results of massive tears, provide a definition for a massive rotator cuff tear, or report isolate patients with long-term 
follow-up.
Results: Six studies met the inclusion criteria, for a total of 472 shoulders; average patient age was 57.6 years. Follow-up 
ranged from 119 to 240 months. Outcome scores improved significantly following repair and were maintained throughout 
follow-up. The repair failure rate across studies was 39.2%. Patients who suffered retear had significantly worse outcome 
scores than patients with intact tendons at long-term follow-up.
Conclusions: The existing literature on long-term follow-up after massive rotator cuff repair is scarce and not of high 
level of evidence. This review found repair of massive rotator cuff tears leads to long-term maintained improvements in 
outcome measures. Failure of repair is quite common, but results following failure are superior to preoperative outcomes.
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shoulder replacements in younger patients can lead to 
reduced range of motion, potential need for revision, and a 
significant impact on normal activities.

To evaluate the long-term outcomes of primary repair of 
MRCTs, we aimed to systematically review the literature to 
learn the longevity of outcomes, the rupture rate, outcomes 
after rupture, and any contributing factors to poor outcomes 
or failure. We hypothesize that the failure rate, while high, 
would not be shown necessarily to prognosticate poor 
outcomes.

Methods

This systematic review was performed on the published 
outcomes of MRCT repair with a minimum of 10-year fol-
low-up while following the Preferred Reporting Items for 
Systematic Reviews and Meta-analyses: the PRISMA state-
ment (http://www.prisma-statement.org/).

With the assistance of a medical librarian a comprehen-
sive search of online databases was conducted on July 13, 
2020, which included PubMed, Cochrane, and EMBASE 
databases. The key terms included for the PubMed search 
query were as follows: “Rotator Cuff Injuries”[Mesh] OR 
“Rotator Cuff/surgery”[Mesh] OR “Rotator Cuff Tear 
Arthropathy”[Mesh] OR “Rotator Cuff Tear Arthropathy/
surgery”[Mesh] OR massive cuff tear arthropathy[tiab] OR 
massive rotator cuff tear injuries[tiab] OR massive rotator 
cuff tear*[tiab] OR massive cuff tear*[tiab]. Full search cri-
teria for the 3 databases ares available in the Supplemental 
Appendix. This search yielded a total of 5114 results across 
the PubMed, Cochrane, and Embase databases.

After the search was initially performed, the titles of the 
articles were read to eliminate duplicates. The remaining 
3389 articles were screened for articles with follow-up of 
less than 10 years, articles without English translation avail-
able, containing less than level IV evidence, case reports, 
literature reviews, editorials, and abstracts without full-text 
availability. Following the exclusion of 499 articles, the 
remaining titles and abstracts were reviewed by 2 indepen-
dent authors (E.S.P., Y.U.). Inclusion criteria included arti-
cles that reported outcomes of patients being treated for an 
MRCT. Exclusion criteria included articles that reported 
less than 10-year follow-up and articles that did not contain 
details about MRCT. Any differences were resolved through 
discussion. The remaining studies were further screened to 
eliminate those that did not report results of primary rotator 
cuff tear or did not stratify results to isolate massive tear 
repair results. A total of 25 studies from the primary litera-
ture search and zero from a secondary literature search were 
selected for full-text review (Fig. 1).

The following demographic data were extracted: first 
author, year of publication, level of evidence, type of study, 
initial population size, number available for end point of 
follow-up, number of patients who suffered repair failure, 

patient report outcome measures (PROMs), and fatty infil-
tration. Multiple validated PROMs were extracted from the 
studies including the total Constant Score, the Simple 
Shoulder Test (SST), the Subjective Shoulder Value (SSV), 
American Shoulder and Elbow Society (ASES) score, and 
the Disabilities of the Arm, Shoulder and Hand (DASH) 
[2,11,17,18,30]. A subjective evaluation of outcomes was 
performed and described below. Included studies were eval-
uated for bias using the validated MINORS (methodologi-
cal index for non-randomized studies) criteria by 2 authors 
(E.S.P and Y.U.) [38]. Discrepancies in scoring were 
resolved through discussion. All included studies scored at 
least 75%.

To determine the average follow-up and age of included 
patients, retear rate and reoperation rate data were pooled 
across the studies. Due to study design, there was potential 
for inclusion of studies that are heterogeneous in clinical 
and methodological quality. Therefore, we quantitatively 
explored the heterogeneity through Cochrane Q and I2 val-
ues. Cochrane Q was less than the critical χ2 value (35.17), 
and thus suggested that there is homogeneity in the effect 
sizes of the included studies. I2 values for variables of inter-
est were also negative, which by convention is expressed as 
low heterogeneity, and confirmed the Cochrane Q value.

Results

Twenty-five studies were identified, with 19 not meeting 
the full inclusion criteria, leaving 6 for inclusion in this 
review (Fig. 1). The most common reasons for exclusion 
were lack of long-term follow-up, lack of subgroup analysis 
to isolate results of MRCTs, and lack of inclusion of defini-
tion of MRCT. Two of the included studies were of level III 
evidence [25,28] and 4 were of level IV evidence 
[9,10,33,47]. All studies performed complete rotator cuff 
repair and no studies performed partial repair. Studies 
mixed open, mini-open, and arthroscopic approaches. In 
addition, results of adjunctively performed biceps pathol-
ogy treatment or acromioplasty were not reported. There 
were a total of 472 shoulders that underwent primary repair 
of rotator cuff tears, with 336 massive tears that were avail-
able for long-term follow-up and thus included in this 
review (Table 1). The range of sample size was from 7 to 
130, with an average age of 57.6 years. Weighted average of 
follow-up was 139.4 (range: 119–240 months). A massive 
rotator tear was defined as 5 cm or more by one study [28] 
and by 2 torn tendons in the 5 other studies [9,10,25,33,47].

Four studies reported outcome scores preoperatively 
and at long-term follow-up [9,10,33,47], and 3 provided 
outcome scores at medium-term follow-up for the same 
cohort of patients [25,33,47] (Table 2). Three studies 
reported significantly higher total Constant scores at 
10-year follow-up compared with preoperative (P < .05) 
[9,10,47]. One study that investigated long-term outcomes 
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Fig. 1.  PRISMA flow diagram for study selection. PRISMA Preferred Reporting Items for Systematic Reviews and Meta-analyses.

Table 1.  Characteristics of included studies.

Study
Total rotator 

cuff tears
Massive tear 

definition
Massive 
tears, N Study type LOE

% 
male Age, y

Follow-up, 
mo

MINORS 
criteria, %

Collin et al [10] 130 2 tendon 130 Case Series IV 68 56.1 (26–79) 120 81
Paxton et al [33] 15 2 tendon 15 Case Series IV 67 74.6 (63–90) 127 75
Collin et al [9] 53 2 tendon 53 Case Series IV 64 54 (33–73) 240 88
Matsuba et al [28] 86 >5 cm 7 Retrospective Cohort III 53 60.4 ± 7.3 133 88
König et al [25] 165 2 tendon 108 Retrospective Cohort III 60 57.5 (45–74) 120 83
Zumstein et al [47] 23 2 tendon 23 Case Series IV 65 54 (42–67) 119 94

Massive tear definition refers to how massive rotator cuff tears were defined in each study.
MINORS methodological index for non-randomized studies, LOE level of evidence.
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of repair failure reported significantly higher ASES scores 
and lower visual analog scale (VAS) pain scores at 10-year 
follow-up (P < .05) [33]. König et  al reported ASES, 
DASH, and Constant scores at a follow-up of 60 to 72 
months and 108 to 120 months; they reported no signifi-
cance between the 2 time points for all scores [25]. 
Similarly, a study that evaluated results preoperatively and 
at 3.1 and 9.9 years after surgery found no differences 
between total Constant scores and SSV at the 2 time points. 
The same finding was true regardless of tear integrity with 
ASES and VAS having no significant differences between 
short-term follow-up and long-term follow-up in patients 
with ultrasound confirmed rotator cuff repair failure [33].

Complications following repair were not consistently 
reported. One study reported that 10 patients had postopera-
tive stiffness and 4 had infections [10]. Another study 
reported that 4 patients developed stiffness and 2 patients 
had a complication labeled as “other” [9].

Repair failure at long-term follow-up was evaluated 
using magnetic resonance imaging in 4 studies [10,28,47] 
and ultrasound in 1 study [33] (Table 3). All studies  
used validated methods of assessing cuff integrity 
[27,32,35,42,46]. Four studies reported rate of tear failure 

[9,10,28,47]. The pooled rate of repair failure was 39.2% 
(68/168) (Table 2); 48.4% (34/68) of patients had reopera-
tion after their repair failure.

Four studies reported outcome scores at long-term  
follow-up after repair failure [9,10,33,47] (Table 4). Total 
Constant scores were significantly lower in the 3 studies 
that compared repair integrity at long-term follow-up with 
those who had an intact repair [9,10,47]. Paxton et  al 
reported a mean total Constant score of 65.3 for those who 
had repair failure, which was comparable with the other 2 
studies [33]. Two studies reported results of the SSV, with 1 
showing significantly worse results in those who suffered a 
failure of tear and the other showing a value that approached 
significance [9,47]. Two studies reported the results of SST 
with one showing significantly worse results in retear. The 
score reported by Paxton et al in patients who had failure of 
tear was comparable with the 1 reported in intact patients by 
Collin et al [9,33].

Fatty infiltration was reported in 4 studies [9,10,33,47]. 
Magnetic resonance imaging was used to assess fatty infil-
tration based on the criteria described by Goutallier et  al 
and modified by Fuchs et al in all 4 of the studies [14,19]. 
Only 1 study reported preoperative fatty infiltration of the 

Table 2.  Outcome scores reported at different points in follow-up.

Study Variable Preoperative Short term (2–3 years) Medium term (5–7 years) Long term (9–10 years)

König et al [25] ASES — 23.3 ± 3.3 24.3 ± 1.7 21.7 ± 0.5
Constant Score — 66.6 ± 13.6 68.3±5.2 60.7±2.6
DASH — 22.3 ± 11.0 24.3 ± 10.1 25.0 ± 1.4

Paxton et al [33] VAS Pain 5.2 2.3 — 2.2
ASES 48.3 79.9 — 79.4
Constant Score — — — 65.3
SST — — — 9.2

Zumstein et al [47] Constant Score 51 70 — 71
SSV — 80 — 82

Collin et al [10] Constant Score 53.1 ± 15.9 — — 78.5 ± 11.3
Collin et al [9] Constant Score 44.5 ± 15.3 — — 68 ± 17.7

ASES American Shoulder and Elbow Society, DASH Disabilities of the Arm, Shoulder and Hand, SST Simple Shoulder Test, SSV Subjective Shoulder 
Value, VAS visual analog scale.

Table 3.  The number of patients who suffered repair failure in each study.

Study N Failure Reoperation Diagnosis Definition

Collin et al [10] 130 32/102 (31%) 19 (59.4%)a MRI Sugaya IV/V
Paxton et al [33] 15 — 2 (13.3%) Ultrasound Institutional
Collin et al [9] 53 17/36 (47%) 13 (68.4%)a MRI Sugaya IV/V
Matsuba et al [28] 7 4/7 (57%) — MRI Sugaya IV/V
König et al [25] 165 — — — —
Zumstein et al [47] 23 13/23 (57%) 0 (0%) MRI MRI Grading

The integrity of the rotator cuff at follow-up was evaluated by MRI in 4 studies [9,10,28,47] and by ultrasound in 1 study [33].
MRI magnetic resonance imaging.
aThese patients were excluded from final analysis.
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supraspinatus and infraspinatus and found that it had no 
impact on long-term outcome scores; however, only 2 
patients had greater than grade 2 fatty infiltration [10]. The 
average Goutallier classification [19] of fatty infiltration 
significantly progressed in both the supraspinatus and infra-
spinatus according to Zumstein et al (P = .004) [47]. When 
the repaired tendon was intact, there was significantly less 
progress when compared with those with a retear (P = .004) 
in the supraspinatus; however, this was not significant in the 
infraspinatus (P = .10) [47]. Collin et al reported advanced 
infiltration (Goutallier III/IV) in 15 shoulders (42%) in one 
of their studies, concluding that postoperative fatty infiltra-
tion of the supraspinatus can be used as a predictive mea-
sure for tendon retear 20 years after operation (P < .001) 
[9]. One study of patients with tear failure at 2 years had a 
severe fatty infiltration rate of 40% (6/15) and 53.3% 
(8/15) for the supraspinatus and infraspinatus, respectively, 
at 10 years [33].

Discussion

Massive rotator cuff tears are a treatment challenge for 
shoulder surgeons. The surgical options for managing an 
MRCT include shoulder replacement [36], partial [3] or 
complete [15,26] repair, tendon transfer [7], graft augmen-
tation [24], or debridement [3]. Primary repair has become 
a more studied treatment option for these injuries. However, 
these previous studies have concentrated on techniques and 
short-term outcomes while reporting high retear rates 
[15,45]. With arthroplasty gaining traction as a treatment 
choice for MRCT due to fears of repair failure, it is impor-
tant to evaluate the long-term outcomes of repair [13]. The 
purpose of this review was to evaluate the available evi-
dence on long-term outcomes and the impact of repair 
failure.

This systematic review has limitations. First, this study’s 
findings are not applicable to populations for which MRCT 
primary repair is not indicated. Repair is best suited for 
patients without evidence of arthritis, those who are not 
willing to undergo a joint-replacement procedure, or 
patients who have more labor-intensive lifestyles. Patients 
with associated conditions such as cuff tear arthropathy, 

pseudoparalysis with or without anterior-superior escape, 
or lower demand lifestyles are more likely to be suited for 
treatment with reverse shoulder arthroplasty or debridement 
[36]. In addition, there is a paucity of literature on the long-
term outcomes of massive rotator cuff failure and an even 
more overwhelming lack of high-level evidence. For that 
reason, the articles in this study were all of level III and IV 
evidence. Many of the included studies did not report on all 
of the outcomes included in this review, leading conclu-
sions to be drawn from 1 or 2 studies at a time. While all 
massive tears in this review were reported as being repaired, 
there was a variety of surgical approaches and concurrent 
procedures; it is possible that this definition varied between 
authors and the intervention left a defect that could consti-
tute a partial rather than a total repair. This can be seen as a 
different treatment modality for the treatment of MRCT and 
would certainly skew comparison of results. Finally, while 
the definition for MRCT and fatty infiltration remained 
fairly constant, the integrity of the tendon was evaluated 
using the Sugaya criteria in 3 studies [9,10,28] and other 
methods in 2 studies [33,47].

Our results demonstrated that the treatment of MRCT 
with primary repair results in excellent outcomes at long-
term follow-up. The long-term repair failure rate was 39% 
across 5 studies. Repair failure led to lower outcome scores, 
though still appreciably greater than preoperative values. 
The outcomes at long-term follow-up changed minimally 
when compared with shorter-term follow-up. Fatty infiltra-
tion below grade 3 was not predictive of decreased out-
comes, but repair failure did lead to significantly increased 
fatty degeneration. Preoperative fatty infiltration was found 
to be significantly associated with repair failure at long-
term follow-up [9].

A previous long-term study on patient satisfaction after 
MRCT repair found that 80% of patients were not satisfied 
at 13-year follow-up [39]. The studies included in our 
review indicated that outcome scores significantly improve 
and are maintained in the long term. The overall rate of 
failure seen across the included studies was 39%, and 
although this is still a high retear rate it is much lower than 
previously reported (rates as high as 79% [20]). However, 
this included studies that investigated repair of chronic and 

Table 4.  Outcome scores in patients who had failure of their repair at long-term follow-up.

Collin et al [10] Paxton et al [33] Collin et al [9] Zumstein et al [47]

  Intact Failure Significance Failure Intact Failure Significance Intact Failure Significance

Constant Score — — 0.004 65.3 75 ± 11.1 57.8 ± 21.2 0.01 81 64 0.02
SSV Score — — — — 79 ± 16 64 ± 23 0.03 89.5 76.5 0.06
SST Score — — — 9.2 9.9 ± 2.0 7.3 ± 3.6 0.01 — — —

Paxton et al studied a cohort of patients who had repair failure.
SSV Subjective Shoulder Value, SST Simple Shoulder Test.
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retracted or irreparable rotator cuff tears [34,43] and on 
patients who had stage 3 and stage 4 fatty degeneration [4]. 
It has been well established that these factors of retraction 
[21,41,45] along with fatty degeneration [12,29,41,45] are 
highly predictive of poorer outcomes. One article included 
in our review found a significant association of long-term 
repair failure in patients and fatty degeneration of the 
supraspinatus at the time of repair [9]. The rate seen in our 
study is comparable with that of some studies; Sugaya et al 
reported 40% for MRCTs at 36-month follow-up when 
excluding patients with retracted tendons and severe fatty 
infiltration [40].

Patients who had repair failure showed significantly 
lower outcome measures for the Constant score, SSV, and 
SST [9,10,47], indicating that the known worsening in an 
unhealed or retorn rotator cuff tears [37] is still apparent at 
long-term follow-up. When comparing these values with 
preoperative scores, however, there is still an improvement 
in VAS pain, ASES, and Constant scores [9,10,33,47]. The 
benefit of partial repair has been established [3,22,34,44,45], 
and it is likely that patients are benefiting from having the 
partial portion of the repair intact.

In conclusion, repair of MRCTs leads to long-term 
maintained improvements in outcome measures. Failure of 
repair is quite common, although the results following fail-
ure are still superior to preoperative outcomes. The exist-
ing literature on long-term follow-up after massive rotator 
cuff repair is scarce and not of high level of evidence.
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