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Outcomes After Arthroscopic Rotator Cuff
Repair Using Margin Convergence Versus
Superior Capsular Reconstruction

Should Candidates for Margin Convergence Be Treated
With Superior Capsular Reconstruction?

Michael Ciccotti,*† MD, Marilee P. Horan,* MPH, Philip-C. Nolte,*‡ MD, MA,
Bryant P. Elrick,* MD, MS, and Peter J. Millett,†§ MD, MSc
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Background: Both margin convergence rotator cuff repair (MC-RCR) and superior capsular reconstruction (SCR) result in
improved clinical outcomes in the treatment of massive rotator cuff tears (RCTs). The question remains whether it is better to
perform MC-RCR using native, albeit occasionally deficient, tissues or to perform primary SCR.

Purpose/Hypothesis: To compare the clinical results of MC-RCR versus SCR for the treatment of massive RCTs. It was
hypothesized that SCR would yield better outcomes.

Study Design: Cohort study; Level of evidence, 3.

Methods: Included were patients who underwent arthroscopic MC-RCR or SCR for massive RCTs performed by a single surgeon
between 2014 and 2019. MC-RCR was performed if it was technically possible to close the defect; otherwise, SCR was performed.
Outcomes were assessed at 6 months and then annually using American Shoulder and Elbow Surgeons; Single Assessment
Numerical Evaluation; shortened version of Disabilities of the Arm, Shoulder and Hand; 12-Item Short Form Health Survey Physical
Component Summary; and patient satisfaction scores. The minimal clinically important difference (MCID), substantial clinical
benefit (SCB), and Patient Acceptable Symptom State (PASS) were compared between groups. Revision surgeries and compli-
cations were reported.

Results: Included were 46 patients in the MC-RCR group (mean age, 59 ± 8 years) and 46 patients in the SCR group (mean age, 57
± 7 years); 29 patients in each group were available at 2-year follow-up. Preoperative outcome scores were not significantly dif-
ferent between groups. Within groups, all outcome scores improved from pre- to postoperatively (P < .05), with no significant
differences in postoperative scores or patient satisfaction between groups. No significant between-group differences were noted
in the percentage of patients who reached the MCID, SCB, and PASS (MCID, 92.3% vs 84.6%; SCB, 80.8% vs 80.8%; and PASS,
66.7% vs 66.7%). SCR had a significantly lower survivorship rate compared with MC-RCR (84.7% vs 100%) (P ¼ .026).

Conclusion: Both MC-RCR and SCR provided similar improvement in outcomes; however, SCR resulted in a significantly lower
survivorship rate at 2 years postoperatively. If an RCT is technically repairable, we recommend that it be repaired primarily, even if
MC techniques are needed to close the defect. SCR remains a good option for massive RCTs that are not technically repairable.
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Rotator cuff tears (RCTs) are extremely common, with
estimated prevalence as high as 25% in patients in the sev-
enth decade of life and >50% by the ninth decade of life.50

Prior studies have demonstrated that these tears progress
in size even in asymptomatic patients, with larger tears

progressing more quickly and correlating with increasing
shoulder pain and dysfunction.23,31,43 With many tears pro-
gressing in both size and symptoms over time, massive
RCTs are estimated to comprise up to 40% of all RCTs.3

Despite the improved visualization, pattern recognition,
and mobilization afforded by modern arthroscopic techni-
ques, large to massive RCTs remain technically difficult to
manage as a result of retraction, scarring, and atro-
phy.5,29,51,52 Longitudinal tear patterns such as U-shaped
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tears pose a particular technical challenge because of the
high strain that develops with attempted anatomic repair,
putting the repair at risk of failure.6,15,19,51 Numerous man-
agement strategies have been proposed for massive RCTs,
including nonoperative management, debridement and
biceps tenodesis/tenotomy, partial repair, medialized
repair, tendon transfer, and reverse total shoulder arthro-
plasty (RTSA).jj

Although McLaughlin first described side-to-side sutures
to assist with repair of U-shaped tears in 1944, Burkhart
popularized “margin convergence” (MC) in the 1990s.4,33 A
number of cadaveric biomechanical studies have demon-
strated that MC techniques can allow surgeons to overcome
the high strain of reducing massive, U-shaped RCTs.4,20,32

This technique allows some U-shaped massive tears to be
repaired in circumstances in which anatomic reduction of
the tendons to the tuberosity would otherwise be techni-
cally impossible or generate such strain as to invite failure.
Rotator cuff repair using MC (MC-RCR) has demonstrated
improved postoperative outcomes and benefit while main-
taining the patient’s native tissue.2,5,24 More recently,
Mihata et al36,37 introduced superior capsular reconstruc-
tion (SCR) using fascia lata autograft, and their technique
has been further modified for the use of dermal allograft
(DA) for the management of massive RCTs.1,40 A number of
studies have demonstrated good to excellent short- and
midterm clinical and radiographic results with SCR.12,26,40

Candidates for anatomic RCR using MC or SCR have sub-
stantial overlap, and to our knowledge, no previous study
has directly compared the outcomes of the 2 procedures.

The purpose of this study was to compare the clinical
results of MC-RCR and SCR for the treatment of massive
RCTs. Given the good to excellent early results achieved
with SCR, we hypothesized that SCR would yield better
clinical outcomes.

METHODS

All patients with massive RCTs who underwent RCR using
MC-RCR or SCR using a DA performed by a single surgeon
(P.J.M.) between 2014 and 2019 were included. Massive
RCT was defined as a tear involving �2 tendons of the
posterosuperior rotator cuff as documented in the operative
report. Preoperative diagnosis of RCT was made via clinical

examination and magnetic resonance imaging (MRI) with
attention to tendon retraction, muscle atrophy, and fatty
infiltration (Goutallier/Fuchs classification).14,17 Surgery
was indicated through joint decision making with the
patient to treat persistent pain, loss of strength, and
impaired function of the affected arm. Preoperatively, all
patients provided informed consent to undergo either RCR
or SCR depending on the technical repairability of their
tear as assessed intraoperatively. Tear patterns and tech-
nical reparability of the RCT were confirmed at the time of
diagnostic arthroscopy. Concomitant subscapularis pathol-
ogy was not an absolute contraindication to either treat-
ment, and subscapularis tendon repair was performed in
conjunction with treatment of the posterosuperior cuff
pathology when indicated. MC-RCR was performed if the
tear was a technically repairable U-shaped tear, and SCR
using DA was performed if it was not technically repair-
able. Patients in whom MC or MC to bone was utilized to
assist in the repair of L-shaped and reverse L-shaped tears
were excluded.

Surgical Technique

All surgeries were performed by a single surgeon utilizing
uniform technique for both procedures being studied. In all
cases, after standard posterior and anterosuperior portals
were established, diagnostic arthroscopy including evalua-
tion of the RCT was performed, and repairability or irrepar-
ability was confirmed. If necessary, the subscapularis
tendon was repaired using �1 knotless suture anchors
(4.75-mm SwiveLock; Arthrex). Subscapularis repair was
performed in both groups when indicated and did not by
itself determine treatment of the posterosuperior RCT. All
patients ended up with effective treatment of the long head
of the biceps tendon. Patients either underwent biceps
tenodesis at the time of SCR or MC-RCR or did not require
further treatment of the biceps because (1) it was previ-
ously tenodesed or tenotomized at an earlier surgery or
(2) it was found to be ruptured at the time of SCR or MC-
RCR and was asymptomatic, thus not requiring further
treatment. If biceps tenodesis was performed at the time
of MC-RCR or SCR, an intra-articular biceps tenotomy and
later mini-open subpectoral biceps tenodesis using a 7-mm
(female patient) or 8-mm (male patient) interference screw
(Arthrex) was performed. The presence or absence of these
concomitant procedures was noted for each patient.jjReferences 8, 9, 12, 16, 21, 25, 26, 30, 36, 39, 40, 42, 44, 47, 49.
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If the tear was determined to be a technically repairable
U-shaped tear, MC-RCR was performed. Soft tissue releases
were performed anteriorly, superiorly, and inferiorly to opti-
mize tendon mobility as necessary. A suture-passing device
was utilized to pass No. 2 FiberWire sutures (Arthrex) in an
MC fashion from medial to lateral to effectively convert the
U-shaped tear to a crescent tear. The MC sutures were not
tied immediately so as not to obscure the articular margin at
the edge of the rotator cuff footprint. After medial-row
suture anchors were placed along this articular margin,
MC sutures were tied sequentially from medial to lateral.
The number of MC sutures utilized in each repair was noted.
We then proceeded with our standard technique for double-
row anatomic RCR to the footprint.

If the tear was deemed technically irreparable on diag-
nostic arthroscopy, SCR was performed. A motorized rasp
was utilized to prepare the bony surfaces of the greater
tuberosity and the superior glenoid. The superior labrum
was preserved if it remained in good condition; otherwise, it
was debrided. An arthroscopic measuring device was then
used to determine the dimensions of the DA in both the
anteroposterior (AP) and the mediolateral directions. A
3 mm–thick human acellular DA was sized to incorporate
7- to 8-mm coverage medially on the superior glenoid and
15- to 18-mm coverage laterally over the anatomic rotator
cuff footprint on the greater tuberosity.

The first superior glenoid anchor (3.0-mm SutureTak;
Arthrex) was inserted at the 12-o’clock position using a
Neviaser portal with care to avoid violating the articular
surface of the glenoid face. The sutures from this anchor
were shuttled through the anterolateral portal and stitched
through the middle and medial aspect of the graft while it
remained outside the shoulder joint. Two additional
sutures were placed on the anterolateral and posterolateral
aspects of the graft. The graft was then shuttled into the
shoulder through the anterolateral portal assisted by an
arthroscopic knot pusher. After appropriately unfolding
and orienting the graft, the surgeon tied the first glenoid
anchor to secure the graft in place while achieving addi-
tional fixation with additional suture anchors (3.0-mm
SutureTak) placed at the 10-o’clock and the 2-o’clock posi-
tions. The sutures from these anchors were passed through
the medial edge of the graft and tied to complete fixation of
the graft on the glenoid side.

Next, the lateral fixation to the anatomic footprint on the
greater tuberosity was performed via a crossing, knotless,
double-row anchor reconstruction using 4 to 6 anchors
(4.75-mm Swivelock); 2 to 3 anchors were placed medially,
just lateral to the articular surface, and 2 to 3 anchors were
placed 1.5 to 1.8 cm laterally to this medial row.

Finally, the tendon of the infraspinatus or the teres minor
was secured to the graft posteriorly in the coronal plane
utilizing side to side sutures. Anterolaterally, the subscap-
ularis was secured to the anterolateral aspect of the graft,
although the DA was not secured to the rotator interval
medially. Laterally, the coronal edges of the graft can be
secured in MC to bone configurations using the No. 2 Fiber-
wire tip retention sutures from the medial row anchors on
the humeral side.

Postoperative Rehabilitation

Postoperatively, MC-RCR arms were immobilized in a sling
with early limited passive range of motion (ROM) only until
week 6. At that point, full passive ROM was permitted, and
patients began active-assisted ROM for another 2 to 3
weeks. Once active-assisted shoulder movement was per-
formed pain-free, patients were cleared for active move-
ment. At 8 to 10 weeks postoperatively, strengthening of
the rotator cuff was initiated. If patients underwent a
biceps tenodesis, passive and active elbow flexion were ini-
tiated immediately but resisted elbow flexion was avoided
for the first 6 weeks. Patients were usually cleared for full
activities beginning at 14 to 16 weeks.46

Postoperatively, SCR arms were immobilized in
an abduction pillow for a minimum of 6 weeks. Then, at
6 weeks, patients were started on full passive and active-
assisted ROM as tolerated. At 10 to 12 weeks postopera-
tively, full active ROM was permitted, and strengthening
exercises were begun. Return to full activity and recrea-
tional activities without restriction was allowed approxi-
mately 3 months postoperatively.41

Patient Characteristics and Clinical Assessment

Institutional review board approval was obtained prior to
the initiation of this retrospective analysis of prospectively
collected data. Descriptive data including age and sex,
number of prior surgeries on the operative shoulder, and
concomitant procedures performed were collected.

Reoperation and Complications

Any complications or clinical failures were reported. Clini-
cal failure was defined as the need for revision surgery or
conversion to RTSA.

Radiographic Assessment

Radiographic evaluation included plain radiographs in
3 planes (AP, scapular Y, and axillary views). Preoperative
MRI scans were evaluated for all patients, and postoperative
MRI scans were evaluated whenever available. Radiographic
evaluation included measurement of the acromiohumeral
distance (AHD), acromial index (AI), Hamada score, critical
shoulder angle (CSA), and superior capsular distance (SCD)
using standard described techniques. The AHD was mea-
sured as the shortest distance between a radiodense line on
the inferior acromial cortex and a line parallel to it tangent to
the humeral head on AP radiograph. The AI was calculated
as the ratio of the distance from the plane of the glenoid to the
lateral edge of the acromion over the distance from the plane
of the glenoid to the lateral cortex of the humeral head on AP
radiograph. The Hamada score was determined based on the
classification scheme proposed by Hamada et al18 on AP
radiograph. The CSA was measured as the angle formed by
a line from the supraglenoid tubercle to the infraglenoid
tubercle and a line from the infraglenoid tubercle to the lat-
eral edge of the acromion on AP radiograph. The SCD was
measured on AP radiograph according to the description by
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Pennington et al.39 Preoperative MRI evaluation determined
the Goutallier grade on T1-weighted sagittal sequences. The
tendon stump length was measured according to the descrip-
tion by Meyer et al.34

Subjective Outcome Assessment/Patient-Reported
Outcomes

The following patient-reported outcome (PRO) scores were
collected preoperatively, 6 months postoperatively, and then
annually: American Shoulder and Elbow Surgeons (ASES)
score; Single Assessment Numerical Evaluation (SANE)
score; shortened version of Disabilities of the Arm, Shoulder
and Hand (QuickDASH) score; 12-Item Short Form Health
Survey (SF-12) Physical Component Summary; and patient
satisfaction (on a 1-10 scale, with 10 being the best). Addi-
tional optional questions assessed patients’ participation in
sports, both preoperatively and postoperatively. The mini-
mal clinically important difference (MCID), substantial clin-
ical benefit (SCB), and Patient Acceptable Symptom State
(PASS) for the ASES and SANE score outcome parameter
were reported.10

Statistical Analysis

Bivariate statistical analysis was used to address the pri-
mary aim of group comparisons between the MC-RCR and
SCR groups. Group comparisons were made with respect to

baseline covariates using the Mann-Whitney U test or
Fisher exact test for continuous or dichotomous variables,
respectively. The chi-square test was used to assess rela-
tionships between 2 categorical variables. The Mann-
Whitney U test was also used to compare PROs between
groups, and the Wilcoxon signed rank test was used to com-
pare baseline and postoperative scores. Continuous data
correlations were determined using Pearson (r) or Spear-
man (rho) analysis, depending on whether data were nor-
mally distributed. Survivorship analysis was performed
using Kaplan-Meier survival curves for progression to revi-
sion RCR or shoulder arthroplasty on the index shoulder as
an endpoint. Level of significance for univariate, paired t
tests, Wilcoxon rank sum, and categorical comparisons was
set at P < .05. All statistical analyses were performed using
SPSS Version 11.0 (IBM Corp).

RESULTS

Included in the study were 46 patients in the MC-RCR
group and 46 in the SCR group who were a minimum
6 months out from surgery, as shown in the flow diagram
(Figure 1).

The mean age of the MC-RCR group was 59 ± 8 years (22
women and 24 men), and the mean age of the SCR group
was 57 ± 7 years (14 women and 32 men) (Table 1). Con-
comitant subscapularis repair was performed in
10 patients in the MC-RCR group and 3 patients in the

SCR 
n=46 SCR surgeries at least 6 months out from surgery 

performed between 
10/2014 and 3/2019

n=40 SCR surgeries included in PRO analysis 

6/46 (13.0%) surgeries failed
•n=4 had RTSAs at 4, 8, 24 & 30 months postop
•n=2 were revised with SCRs at 4 & 6 months postop

SCR: 29/31 (93.5%) with minimum 2-y follow-up

MC-RCR 
n=46 U-shaped tears +MC 6 months out from surgery 

performed between 
5/2014 and 3/2019

RCR
n=493 surgeries at least 6 months out from surgery

447 Omitted
• Patients with L-shaped or reverse L-shaped cuff tears 
• No margin convergence in cuff repair

MC-RCR: 29/31 (93.5%) with minimum 2-y follow-up
Further surgery:
•1 patient had ORIF proximal humerus fracture 3.5 years postop
•1 patent had a revision biceps tenodesis 2 months postop

Omitted from 2+ year PRO analysis
• n=5 patients refused to participate
• n=4 patients less than 2 years out from surgery

Omitted from 2+ year PRO analysis
• n=5 patients refused to participate
• n=10 patients less than 2 years out from surgery

Graphs showing PROs early recovery over timeGraphs showing PROs early recovery over time

Figure 1. Flow diagram of the study groups. MC-RCR, margin convergence rotator cuff repair; ORIF, open reduction and internal
fixation; postop, postoperatively; PRO, patient-reported outcome; RCR, rotator cuff repair; RTSA, reverse total shoulder arthro-
plasty; SCR, superior capsular reconstruction.
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SCR group. While the MC-RCR group of patients had
100% survivorship at a minimum of 2 years, the SCR
group had a significantly lower survivorship rate of
84.7% (P ¼ .026) (Figure 2). In the MC-RCR group, 6 of
the 46 patients underwent concomitant biceps tenodesis.
In the SCR group, 26 of the 46 patients had undergone
concomitant biceps tenodesis. As noted, all patients either
underwent biceps tenodesis at time of SCR or MC-RCR or
did not require further treatment of the biceps because it
was previously tenodesed or tenotomized at an earlier sur-
gery or because it was found to be ruptured at the time of
SCR or MC-RCR and was asymptomatic, thus not requir-
ing further treatment.

In the SCR group, 2 patients underwent revision SCR,
and 4 progressed to RTSA at a mean of 16 months post-
operatively (range, 4-30 months); all patients had a com-
bination of persistent pain and subjective weakness. In
the MC-RCR group, 1 patient underwent later revision
biceps tenodesis, and 1 patient underwent open reduction
and internal fixation of a traumatic proximal humeral
fracture.

Imaging Findings

Although postoperative radiographs were obtained rou-
tinely for SCR, neither radiographs nor MRI scans were

obtained routinely as part of the postoperative protocol for
RCRs, limiting the number of films available for pre- to
postoperative comparison within the MC-RCR group. In
the SCR group, the mean AHD was 7.4 ± 2.9 mm preoper-
atively and 8.3 ± 3.2 mm postoperatively but was not sta-
tistically significant (P ¼ .060). Preoperatively, there was a
significant difference between the groups in terms of AHD
(Table 1). In the SCR group, for which routine postopera-
tive radiographs were obtained, postoperative AHD was
significantly positively correlated with satisfaction scores
(rho ¼ 0.462; P ¼ .035). Male and female patients were
noted to have significantly different AI and SCD regardless
of group (AI: male, 0.68 ± 0.07 vs female, 0.71 ± 0.06
[P ¼ .049]; SCD preoperatively: male, 54.9 ± 7.9 vs female,
43.2 ± 14.5 mm [P < .001]; SCD postoperatively: male, 56.4
± 6.3 vs female, 44.4 ± 5.0 mm [P < .001]). Although there
was a significant preoperative between-group difference in
SCD (MC-RCR: 44.8 ± 13.4 vs SCR: 56.3 ± 7.6 mm;
P < .001), the greater number of male patients in the SCR
group versus the MC-RCR group may have confounded
comparisons between the groups for SCD and AI. The
median preoperative supraspinatus Goutallier grade was
2 in the MC-RCR group and 3 in the SCR group
(P < .001) (Table 1). The mean tendon stump length was
greater in the MC-RCR group, although this difference was
not significantly different; however, there was a significant
difference between groups in the proportion of patients
with a preoperative tendon stump length <15 mm on MRI
scans (MC-RCR: 32.5% vs SCR: 50.0%; P ¼ .017).

Patient-Reported Outcomes

For final PRO analysis, all patients who were not 2 years
out from surgery or had undergone revision surgery were
removed from the analysis. Minimum 2-year follow-up was
obtained for 29 of 31 patients (93.5%) in the MC-RCR group

Survivorship Curve
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Figure 2. Comparison of survivorship rates between the MC-
RCR group (100%) and the SCR (84.7%) group. MC-RCR,
margin convergence rotator cuff repair; SCR, superior capsu-
lar reconstruction. Small blue dots are censored data points,
not known at last contact if these patients had an event of
interest or failure of the SCR surgery.

TABLE 1
Patient Characteristics and Preoperative

Radiographic Variablesa

MC-RCR
(n ¼ 46)

SCR
(n ¼ 46) P

Age, y 59 ± 8 57 ± 7 .201
Sex, % male 52.2 69.6 .134
Prior rotator cuff repairs, n,
mean (range)

0 (0-2) 1 (0-4) < .001

Preoperative radiographic
variables
Tendon stump length, mm 17.4 14.9 .089
Tendon stump length
<15 mm, %

32.5 50.0 .017

Goutallier grade, median
(range)

2 (1-3) 3 (2-4) < .001

Hamada grade, median
(range)

1 (1-3) 1 (1-3) .070

CSA, deg 34.6 ± 3.7 35.9 ± 4.3 .158
CSA >35�, % 43.2 52.5 .512
Acromial index 0.68 ± 0.06 0.70 ± 0.08 .201
AHD on MRI scan, mm 5.6 ± 2.2 5.6 ± 1.7 .954
AHD on plain radiograph,

mm
9.5 ± 2.9 7.2 ± 2.9 .001

AHD <6 mm, % 11.6 65.4 .006
SCD, mm 44.8 ± 13.4 56.3 ± 7.6 < .001

aData are reported as mean ± SD unless otherwise indicated.
Bolded P values indicate statistically significant difference
between groups (P < .05). AHD, acromiohumeral distance; CSA,
critical shoulder angle; MC-RCR, margin convergence rotator cuff
repair; MRI, magnetic resonance imaging; SCD, superior capsular
distance; SCR, superior capsular reconstruction.
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and 29 of 31 patients (93.5%) in the SCR group. The mean
follow-up times were 3.5 years (range, 2-5.9 years) in the
MC-RCR group and 2.8 years (range, 2-4.7 years) in the
SCR group. Preoperative PROs were not significantly dif-
ferent between the groups. Within each group, all PROs
significantly improved from pre- to postoperatively. Curves
demonstrating pre- and postoperative PROs for both
groups are presented in Figure 3, with data from minimum
2-year follow-up presented in Table 2.

The MC-RCR group had significantly higher SANE
scores at 6 months (76.3 vs 60.4; P ¼ .024) and at 2 years
(85.2 vs 72.6; P ¼ .019) compared with the SCR group (Fig-
ure 3). The MC-RCR group showed significantly better
QuickDASH scores at 1 year compared with the SCR group
(9.7 vs 22.7; P¼ .038). Since the SANE is a functional score,
this finding may demonstrate that the SCR group did not
recover as quickly early in the recovery process as the MC-
RCR group did. The ASES, SF-12 Physical Component
Summary, and final median satisfaction scores were not
significantly different between groups postoperatively.

A higher percentage of the MC-RCR group reached the
ASES MCID compared with the SCR group, but there was
no difference in the proportion reaching SCB or PASS
(MCID, 92.3% vs 84.6%; SCB, 80.8% vs 80.8%; and PASS,
66.7% vs 66.7%); none of the differences between the groups
was statistically significant. Similarly, a higher percentage
of patients reached the SANE MCID in the MC-RCR group
compared with the SCR group (MCID, 50% vs 57.1%; SCB,
50% vs 53.6%; and PASS, 64% vs 48%), but these differ-
ences were not statistically significant.

The distribution of Goutallier grades in each group is
presented in Figure 4, and PROs by Goutallier grade are
presented in Figure 5.

DISCUSSION

The most important finding of the current study is that
both MC-RCR and SCR resulted in significantly improved

PROs from pre- to postoperatively among patients without
failure. No significant postoperative differences were seen
at 2 years and beyond with very high satisfaction for both

Figure 3. Patient-reported outcome scores by group. In both groups, early and sustained recovery was seen from preoperatively
(Preop) to 6 months, 1 year, 2 years, and minimum 2 years postoperatively. ASES, American Shoulder and Elbow Surgeons score;
QuickDASH, shortened version of Disabilities of the Arm, Shoulder and Hand score; MC-RCR, margin convergence rotator cuff
repair; SANE, Single Assessment Numerical Evaluation score; SCR, superior capsular reconstruction. *Significant improvement
from baseline preoperative scores. §Significant difference at various time points between the 2 groups.

TABLE 2
Minimum 2-Year Follow-up PRO Comparisonsa

MC-RCR
(n ¼ 29)

SCR
(n ¼ 29) P, Group

ASES
Preoperative 60.5 ± 20.7 54.3 ± 16.3 .225
Minimum 2-y postoperative 85.4 ± 15 85.4 ± 16.5 .742
P, pre-post .001 >.001
DASES, pre-post 33.0 ± 20.8 33.2 ± 20 .795

SANE
Preoperative 58.3 ± 28 49.7 ± 26.6 .252
Minimum 2-y postoperative 82.3 ± 19.5 77.8 ± 19.3 .161
P, pre-post >.001 .001
DSANE, pre-post 28.9 ± 29.3 26.6 ± 35.4 .798

QuickDASH
Preoperative 31.0 ± 19 39.4 ± 16.8 .094
Minimum 2-y postoperative 14.3 ± 14.6 14.3 ± 15.3 .906
P, pre-post >.001 >.001

SF-12 PCS
Preoperative 43.7 ± 9.3 39.4 ± 6.7 .061
Minimum 2-y postoperative 49.0 ± 9.2 50.7 ± 7.3 .842
P, pre-post .006 >.001

Satisfaction, median (range) 10 (1-10) 10 (1-10) .930

aValues are presented as mean ± SD unless otherwise indicated.
Bolded P values indicate statistical significance (P < .05). ASES,
American Shoulder and Elbow Surgeons score; MC-RCR, margin
convergence rotator cuff repair; PCS, Physical Component Sum-
mary; pre-, preoperatively; post-, postoperatively; PRO, patient-
reported outcome; QuickDASH, shortened version of Disabilities of
the Arm, Shoulder and Hand score; SANE, Single Assessment
Numerical Evaluation score; SCR, superior capsular reconstruction;
SF-12, 12-Item Short Form Health Survey.
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procedures. However, MC-RCR resulted in significantly
fewer revision surgeries (P ¼ .026). Given prior good to
excellent clinical and radiographic results, we had hypoth-
esized that SCR would be the preferred strategy for man-
agement of massive RCTs. However, when a patient is a
candidate for both procedures with a technically repairable

U-shaped RCT, our results suggest that MC-RCR may be
the preferred treatment option rather than performing pri-
mary SCR. MC-RCR closes the tear defect and preserves
native tissue. Although SCR creates a static restraint that
suppresses cranial humeral head migration, reduces sec-
ondary subacromial impingement, and helps to restore

Figure 4. Distribution of Goutallier grades in each group. Missing are data for 2 patients in the MC-RCR group and 5 patients in the
SCR group. MC-RCR, margin convergence rotator cuff repair; SCR, superior capsular reconstruction.

Figure 5. Patient-reported outcome scores according to Goutallier grade. ASES, American Shoulder and Elbow Surgeons score;
MC-RCR, margin convergence rotator cuff repair; QuickDASH, shortened version of Disabilities of the Arm, Shoulder and Hand
score; SANE, Single Assessment Numerical Evaluation score; SCR, superior capsular reconstruction.
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force couples, it theoretically sacrifices any remaining func-
tion that might be harnessed from repair of the rotator cuff
muscles involved. MC-RCR is also less potentially costly
than SCR by eliminating the expense associated with an
allograft. Finally, if MC-RCR does go on to failure, SCR
remains a valid option, whereas the converse is not true.
If SCR is elected primarily, MC-RCR cannot later be per-
formed as a salvage; the only options remaining include
revision SCR, tendon transfer, or conversion to RTSA. For
these reasons, we advocate for treating technically repair-
able massive, U-shaped, RCTs with MC-RCR.

It is important to note that this is an evidence level 3
cohort study, retrospectively comparing prospectively col-
lected data. The final decision between MC-RCR and SCR
for all patients was made at the time of surgery based on
the technical repairability of the RCT. However, readers
will note that there were indeed some statistically signifi-
cant differences between those patients who underwent
MC-RCR versus those who underwent SCR. It is critical
to understand that the current study does not attempt to
argue that there were no differences between the groups as
would be the case in a randomized study. However, despite
these differences, there is a valuable conclusion to be
drawn. Although many patients with SCR may not be can-
didates for MC-RCR, many patients treated with MC would
be candidates for a primary SCR. Among patients who
would theoretically be a candidate for both procedures, pre-
operatively and intraoperatively the surgeon is faced with a
decision about which procedure to perform. We believe the
data presented in the current study are of value to the
surgeon faced with a tear that is a candidate for either
MC or primary SCR to aid in that decision making. The
data in this study suggested that if the tear is found to be
reparable at the time of surgery, repair should be per-
formed, even if MC techniques are required, rather than
electing to perform primary SCR. Furthermore, the differ-
ences between the groups may be instructive for surgeons
as they evaluate and indicate their own patients with mas-
sive RCTs. The group that ultimately was indicated for SCR
included a significantly greater proportion of patients who
had undergone prior RCR. Radiographically, the SCR
group included a greater proportion of patients with tendon
stumps measuring <15 mm, the critical value identified by
Meyer et al,33 and had a greater median preoperative
Goutallier grade. The distribution of Goutallier grade was
such that, for grade 2, there were 1.5 times as many
patients treated with MC-RCR as SCR. This relationship
was reversed for grade 3, where twice as many patients
were treated with SCR as MC-RCR. No patients with
Goutallier grade 4 changes were treated with MC-RCR.
In addition, patients with SCR had a smaller preoperative
AHD and a greater proportion of AHD <6 mm. Finally,
patients with SCR had a significantly greater preoperative
SCD. While a decision for repairability is ultimately made
based upon the diagnostic arthroscopy and the technical
skill of the surgeon, the above parameters can be consid-
ered by the surgeon preoperatively and intraoperatively.

Massive RCTs remain a commonly seen but challenging
entity for orthopaedic surgeons, and an optimized algo-
rithm for treatment has yet to be established given the

number and complexity of variables involved.23,31,43,50

Although some disagreement remains on what qualifies
as an irreparable tear, the feasibility of repair ultimately
hinges on the diagnostic arthroscopy, during which the torn
tendons can be directly visualized, manipulated, and mobi-
lized.17,18,38,45,48 Traditional attempts at repair aimed to
achieve translation of a retracted tendon to the anatomic
footprint, resulting in high strain and high failure.13 This
has been demonstrated specifically for massive longitudi-
nal, U-shaped tears, in which tendon to bone repair alone
results in high tension and a higher rate of failure.6,7 Fur-
thermore, attempted anatomic repair often results in less
than optimal coverage of greater tuberosity footprint. Yoo
et al51 demonstrated that a high retear rate of 45.5% with
this strategy during arthroscopic single-row repair of large
to massive RCTs.

MC was described by Burkhart et al4 in the 1990s in a
technical note providing the biomechanical basis for the
strain reduction achieved by this technique, theorizing that
reduced strain would lead to reduced activation of pain
receptors; that is, “no strain, no pain.” Biomechanical stud-
ies by Mazzocca et al32 and Hatta et al20 have demonstrated
that MC can reduce strain in adjacent tissue and stiffness
within the supraspinatus to reduce stress on the subse-
quent repair. Multiple clinical outcome studies have dem-
onstrated successful results.2,5,24 The current study is in
agreement with these studies that MC-RCR is a reliable
strategy for addressing massive U-shaped RCTs.

Due to expanding experience with the procedure, SCR
has become more commonly considered as an index proce-
dure, even for some technically repairable massive RCTs.
In 2013, Mihata et al36 proposed SCR with tensor fascia
lata, and the technique has been modified for use of acellu-
lar DA to reduce the increased morbidity and surgical time
associated with autograft harvest.35,37,40 A recently pub-
lished systematic review of the SCR literature identified 8
level 3 or 4 studies reporting on outcomes in 352 unique
patients (358 shoulders).1,11,12,22,27,28,35,39 Although there
was heterogeneous reporting of outcome measures, SCR
provided significant improvement in PROs and pain visual
analog scores with high satisfaction. Furthermore, there
was significant reported improvement in ROM and a high
rate of reversal of preoperative pseudoparalysis. Nonethe-
less, a relatively high rate of overall complications has been
reported, including 13% retear rate. Although these rela-
tively short-term findings may be promising, additional
research is necessary to determine the longevity of the
results achieved.

To our knowledge, there are no published, English-
language studies that have directly compared the results
of MC-RCR for massive, U-shaped tear and SCR. The cur-
rent study benefits from comprehensive, prospectively
gathered PROs in an effort to reduce bias. However, we
must also acknowledge limitations. Although SCR failures
that went on to be revised to RTSA were included for the
purpose of survivorship analysis, the affected patients were
excluded in terms of PROs because their postoperative
PROs reflected the results of the RTSA and not the index
SCR. It is possible that this may have biased the results in
favor of SCR. The comparisons were based on subjective
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short-term clinical outcomes; thus, conclusions cannot be
drawn regarding the performance of MC-RCR and SCR in
the mid- or long term. Our results were from a high-volume,
referral sports medicine facility and, thus, may not be uni-
versally generalizable. In addition, there is the risk that
selection bias may have affected the results, as patients
were not randomized to treatment. Furthermore, we
actively identified ways in which the groups did in fact
differ in hopes that this information might further aid sur-
geons’ decision making. The number of patients included,
although consistent with many similar studies, was rela-
tively small, due, at least in part, to the relatively novel
technique of SCR as a treatment for irreparable, massive
RCTs. As noted, routine postoperative radiographs and
MRI scans were not obtained routinely for RCRs, limiting
the ability to make comparisons of objective postoperative
radiographic outcomes. Although the postoperative reha-
bilitation protocols were similar for the 2 procedures, they
were not identical, and such differences may be related
theoretically to early term functional differences between
the 2 groups. The greatest future research need remains
continued reporting of mid- and long-term follow-up on
both treatment strategies.

CONCLUSION

Both MC-RCR and SCR provided significant improvements
in outcome scores pre- to postoperatively in patients with
massive rotator cuff tears, achieving good to excellent
results. While both MC-RCR and SCR provided similar
improvement in PROs, MC-RCR resulted in fewer reopera-
tions compared with SCR. If an RCT is technically repair-
able, our recommendation is that it be repaired primarily,
even if MC techniques are needed to close the defect. SCR
remains a good option for massive RCTs that are not tech-
nically repairable.
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