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Abstract
Background Margin convergence has been shown to re-
store muscle tension in a cadaveric model of a rotator cuff
tear. However, the clinical utility of this technique remains
uncertain for patients with pseudoparalysis caused by an
irreparable rotator cuff tear.
Questions/purposes (1) For patients with massive irrepa-
rable rotator cuff tears, in what proportion of patients does
margin convergence reverse pseudoparalysis? (2) In pa-
tients with massive irreparable rotator cuff tears, does
margin convergence improve American Shoulder and
Elbow Surgeons (ASES) scores? (3) What is the survi-
vorship free from MRI evidence of retear after margin
convergence?
Methods Between 2000 and 2015, we treated 203 patients for
pseudoparalysis with a rotator cuff tear. Pseudoparalysis was

defined as active elevation less than 90° with no stiffness,
which a physical therapist evaluated in the sitting position
using a goniometer after subacromial injection of 10 cc lido-
caine to eliminate pain. Of those, we considered patients who
underwent at least 3 weeks of unsuccessful nonoperative
treatment in our hospital as potentially eligible. Twenty-one
percent (43 of 203)who either improved orwere lost to follow-
upwithin 3weeks of nonoperative treatment were excluded. A
further 12% (25 of 203) were excluded because of cervical
palsy, axillary nerve palsy after dislocation or subluxation, and
development of severe shoulder stiffness (passive shoulder
elevation < 90°). Repair was the first-line treatment, but if tears
were considered irreparable with the torn tendon unable to
reach the original footprint after mobilizing the cuff during
surgery, margin convergence was used. When margin con-
vergence failed, the procedure was converted to hemi-
arthroplasty using a small humeral head to help complete the
repair. Therefore, 21% (42 of 203) of patients treated with
regular repair (18% [36 of 203]) or hemiarthroplasty (3% [6 of
203]) were excluded. That left 93 patients eligible for consid-
eration. Of those, 13 patients were lost before the minimum
study follow-up of 2 years or had incomplete datasets, and 86%
(80 of 93)were analyzed (49men and 31women;mean age 68
6 9 years; mean follow-up 26 6 4 months). Seventy-six
percent (61 of 80) were not evaluated in the last 5 years. We
considered reversal of pseudoparalysis as our primary study
outcome of interest; we defined this as greater than 90° active
forward elevation; physical therapists in care measured this in
the sitting position by using goniometers. Clinical outcomes
were evaluated based on the ASES score from chart review,
active ROM in the shoulder measured by the physical thera-
pists, and the 8-month Kaplan-Meier survivorship free from
MRI evidence of retear graded by the first author.
Results Pseudoparalysis was reversed in 93% (74 of 80)
patients, and improvement in ASES scores was observed at
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the final follow-up (preoperative 226 10 to postoperative
626 21, mean difference 40 [95% CI 35 to 45]; p < 0.01).
The 8-month Kaplan-Meier survivorship free from MRI
evidence of retear after surgery was 72% (95% CI 63% to
81%). There were no differences in clinical scores between
patients with and without retears (intact ASES 646 24, re-
tear ASES 59 6 10, mean difference 6 [95% CI -5 to 16];
p = 0.27).
Conclusion Margin convergence can be a good option for
treating patients with pseudoparalysis and irreparable ro-
tator cuff tears despite the relatively high retear rates. The
proportion of pseudoparalysis reversal was lower in pa-
tients with three-tendon involvement. Further studies will
be needed to define the appropriate procedure in this group.
Level of Evidence Level IV, therapeutic study.

Introduction

Rotator cuff tears may prevent some patients from elevat-
ing the arm to 90°, a phenomenon referred to as pseudo-
paralysis [10, 23, 24]. Surgery for patients with
pseudoparalysis is generally satisfactory as long as the torn
tendons can be completely repaired [6, 8]; however,
pseudoparalysis associated with an irreparablemassive tear
is a challenging situation. Apart from reverse shoulder
arthroplasty, many authors have reported surgical options,
including partial repair, subacromial balloon, muscle
transfer, patch augmentation, or superior capsule re-
construction [2, 16, 18, 21, 23]. All of these procedures
have their own disadvantages, and which repair is the best
option remains controversial. Margin convergence is a
well-known technique to treat irreparable massive rotator
cuff tears [5, 15], and its efficacy in restoring muscle ten-
sion for force transmission has been proven in a cadaveric
model [11].

The concept of margin convergence could be an option
for patients with pseudoparalysis caused by irreparable
rotator cuff tears because it is not a technically demanding
approach. As muscle degeneration is associated with irre-
versible retraction, we must examine whether the pro-
cedure can restore force to reverse pseudoparalysis in
patients with irreparable tears. The clinical functional
scores after this surgery should be examined in comparison
with those of other alternatives. A high possibility of retear
is expected in the tendon, which is likely to be poor quality.
The retear risk in patients with chronic cuff tears and
pseudoparalysis must be examined to better understand this
phenomenon.

Therefore, we asked: (1) For patients with massive ir-
reparable rotator cuff tears, in what proportion of patients
does margin convergence reverse pseudoparalysis? (2) In
patients with massive irreparable rotator cuff tears, does
margin convergence improve functional scores? (3) What

is the survivorship free from MRI evidence of retear after
margin convergence?

Methods

Although the study included patients treated before it was
approved by the board, each patient provided written in-
formed consent before their surgery to be included in any
treatment study.

Between 2000 and 2015, we treated 203 patients for
pseudoparalysis with rotator cuff tear. Pseudoparalysis was
defined as active elevation less than 90° with no stiffness,
which a physical therapist evaluated in the sitting position
using a goniometer after subacromial injection of 10 cc
lidocaine to eliminate pain. Of those, we considered pa-
tients who had at least 3 weeks of unsuccessful non-
operative treatment in our hospital as eligible for margin
convergence surgery. Twenty-one percent (43 of 203) of
patients who either improved or were lost to follow-up
within 3weeks of nonoperative treatment were excluded. A
further 12% (25 of 203) were excluded because of cervical
palsy, axillary nerve palsy after dislocation or subluxation,
and development of severe shoulder stiffness (passive
shoulder elevation < 90°). Repair was the first-line treat-
ment, but if tears were considered irreparable with the torn
tendon unable to reach the original footprint after mobi-
lizing the cuff during surgery, margin convergence was
used. When margin convergence was unsuccessful, the
procedure was converted to hemiarthroplasty using a
small humeral head to help complete the repair.
Therefore, 21% (42 of 203) of patients treated with reg-
ular repair (18% [36 of 203]) or hemiarthroplasty (3% [6
of 203]) were excluded, leaving 93 patients eligible for
consideration. Of that, 13 patients were lost before the
minimum study follow-up of 2 years or had incomplete
datasets, and 86% (80 of 93) were analyzed (Fig. 1).
Seventy-six percent (61 of 80) were not evaluated in the
last 5 years.

Clinical Assessment

We obtained American Shoulder and Elbow Surgeons
(ASES) scores and Japanese Orthopaedic Association
(JOA) scores preoperatively and at the most recent follow-
up. Shoulder elevation and external rotation were assessed
under both active and passive conditions with the patient in
the sitting position. These assessments were performed by
senior physical therapists in care (none were authors) using
large goniometers preoperatively and at the most recent
follow-up.

Plain radiographs were evaluated preoperatively to
determine the osteoarthritis stage based on the Hamada
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classification system [12]. In this system, Grade 1 is
associated with minimal radiographic changes and
Grade 2 is associated with narrowing of the subacromial
space to less than 6 mm. Patients with Grade 3 osteo-
arthritis exhibit erosion and acetabulization of the
acromion due to superior migration of the humeral head.
Grade 4 and Grade 5 osteoarthritis are associated with
glenohumeral arthritis and humeral head osteonecrosis,
respectively. Acromiohumeral distance was measured
on plain radiographs both preoperatively and at the final
follow-up.

MRIs were performed using an open-type scanner
(APERTO Eterna, Hitachi, Tokyo, Japan) before surgery
and 66 2 months after surgery. Fatty degeneration of the
supraspinatus was evaluated on preoperative images
using the grading system described by Goutallier et al.
[9]. This system classifies fatty degeneration into the
following five stages: Stage 0, completely normal mus-
cle without any fatty streaks; Stage 1, muscle with some
fatty streaks; Stage 2, increased fatty infiltration but still
more muscle than fat; Stage 3, equal parts fat and muscle;
and Stage 4, more fat than muscle. To evaluate repair
integrity, each repaired rotator cuff was classified into

one of five types in accordance with the system described
by Sugaya et al. [22]: Type I, sufficient thickness with
homogeneous low intensity (Fig. 2A); Type II, sufficient
thickness with partial high intensity; Type III, in-
sufficient thickness without discontinuity; Type IV,
minor discontinuity in more than one slice; and Type V,
major discontinuity (Fig. 2B). Type IV and Type V were

Fig. 1 Flowchart of included and excluded patients.

Fig. 2. A-B (A) The tendon (white arrows) shows sufficient
thickness with homogeneous low intensity (Type I Sugaya
grade of retear), indicating that it is intact. (B) The tendon
(black arrows) shows a discontinuity to the bone (Type V
Sugaya grade of retear), indicating a retear.
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regarded as retears. Tendon involvement was assessed
on each operative recording.

All of the scoring systems of plain radiographs and
MRIs (Hamada, including acromiohumeral distance,
Goutallier stage, and Sugaya grade of retear) were evalu-
ated by the first author (HI) before knowing their clinical
results.

The mean time to follow-up was 266 4 months. There
were 49 men and 31 women, and the mean age was 686 9
at the time of surgery (Table 1).

Surgical Procedure and Postoperative Management

A mini-open approach that split the anterior deltoid was
used with the patient in the beach chair position under
general anesthesia. Adhesions around the rotator cuff
and capsular contractures were thoroughly released from
both the bursal and articular sides. Repair was the first-
line treatment, but the margin convergence technique
was used when the free tendon edge was unable to reach
the original footprint after mobilizing the cuff tendon
(Fig. 3A). If the long head of the biceps brachii (LHB)
tendon was intact, the anterior side of the cuff was at-
tached to it without tenotomy at its distal side (Fig. 3B).
Side-to-side repair of the anterior and posterior rotator
cuff was performed from the proximal site of the tear,
and the free margin of the cuff converged toward the
footprint (Fig. 3C). Pulling the humeral head downward
may simplify side-to-side repair because the distance
between the anterior and posterior tendons is relatively
short, but when this side-to-side repair is impossible, we
converted to hemiarthroplasty using a small humeral
head to help complete the repair. Lastly, the lateral free
edge was transosseously attached to the greater tuber-
osity (Fig. 3D), and coverage of the humeral head was
completed (Fig. 3E).

Postoperatively, the shoulder was kept in an abduction
brace for 4 to 6 weeks. Each patient was supervised by a
physical therapist. Patients began pendulum exercises and
assisted ROM exercises within several days after surgery.
Active exercises were started at 6 weeks. Strenuous in-
trinsic or extrinsic muscle training was initiated at
3 months, and all occupational or sports activities were
permitted at 6 months.

Primary and Secondary Study Endpoints

We considered reversal of pseudoparalysis as our pri-
mary study outcome of interest; we defined this as
greater than 90° active forward elevation, which physi-
cal therapists measured in the sitting position by using
goniometers.

Our secondary endpoints of interest were improve-
ment in ASES and survivorship free from MRI evidence
of retear. Pre- and postoperative ASES scores at final
follow-up were obtained from chart review, and the first
author (HI) graded retears on MRI at approximately
6 months after surgery.

Ethical Approval

The study protocol was approved by the institutional re-
view board of our hospital (No. J188).

Statistical Analysis

Data are presented as the mean 6 SD. We compared
findings between the retear and intact groups using un-
paired t-tests and between the preoperative and post-
operative settings using paired t-tests. Survivorship free
fromMRI evidence of retear was estimated using Kaplan-
Meier analysis because 13 patients were lost prior to the
minimum study follow-up or had incomplete datasets, and

Table 1. Patient demographics

Pseudoparalysis Number (n = 80)

Age in years, mean 6SD 68 6 9

Gender, % (n)

Men 61 (49)

Women 39 (31)

Mean symptom duration in weeks 6 6 14

Torn tendons, % (n)

SSP + ISP 51 (41)

SSP + SC 3 (2)

SSP + ISP + SC/TM 46 (37)

Torn LHB tendon, % (n) 19 (15)

Hamada grade, % (n)

1 13 (10)

2 55 (44)

3 26 (21)

4a 0 ( 0)

4b 6 ( 5)

5 0 (0)

Goutallier stage, % (n)

0/1 0 ( 0)

2 51 (41)

3 35 (28)

4 14 (11)

SC = subscapularis; SSP = supraspinatus; ISP = infraspinatus;
TM = teres minor; LHB = long head of the biceps brachii.
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MRI was not always taken at the same period after sur-
gery. The level of statistical significance was set to
p < 0.05.

Results

Reversal of Pseudoparalysis

Postoperatively, pseudoparalysis was reversed in 93% (74 of
80) of patients. Three tendons (the supraspinatus, the infra-
spinatus, and the subscapularis or the supraspinatus, the infra-
spinatus, and the teres minor) were affected in all six patients
with residual pseudoparalysis, all of whom also exhibited se-
vere fatty degeneration (Stage 3 or 4) (Table 2). In total, the
study included 46% (37 of 80) of patients with three affected
tendons and 49% (39 of 80) of patients with severe fatty de-
generation (35% [28of 80] of patients hadStage 3 and14% [11
of 80] of patients had Stage 4). Pseudoparalysiswas reversed in
84% (31 of 37) of patients with three-tendon involvement and
in 85% (33 of 39) of patients with severe fatty degeneration.

Outcomes Scores

Margin convergence improved ASES scores (preoperative
226 10 to postoperative 626 21, mean difference 40 [95%
CI 35 to 45]; p < 0.01) (Table 3). Similarly, JOA scores
improved (preoperative 47 6 8 to postoperative 74 6 10,
mean difference 28 [95% CI 25 to 30]; p < 0.01). Active
elevation also improved (preoperative 38° 6 20° to post-
operative 110° 6 33°, mean difference 71° [95% CI 62° to
79°]; p < 0.01). However, there was no difference in active
external rotation (preoperative 33° 6 23° to postoperative
35°6 19°, mean difference 2° [95%CI -5° to 9°]; p = 0.54).

There was no difference in acromiohumeral distance
(preoperative 6.56 2.8 mm to postoperative 6.76 2.9 mm,
mean difference 0.1 mm [95% CI -1.1 to 1.4]; p = 0.98).

Survivorship Free from Retear

The 8-month Kaplan-Meier survivorship free from MRI
evidence of retear after surgery was 72% (95% CI 63% to
81%). All six patients with residual pseudoparalysis
exhibited retears on postoperativeMRI. Four of six patients
could not gain any elevation. In these patients, follow-up
radiographs revealed further superior migration of the hu-
meral head. Pseudoparalysis was reversed in the remaining
two patients until trauma occurred 6 to 12 months after the
surgery, again impairing elevation. Patients with and
without retears had no difference in outcome scores (intact
ASES 64 6 24, retear ASES 59 6 10, mean difference 6
[95% CI -5 to 16]; p = 0.27).

Discussion

Pseudoparalysis associated with an irreparable tear is a
challenging situation. Many authors have reported surgical
options, but all of them are technically challenging, costly,
or have their own disadvantages [2, 16, 18, 21, 23]. Margin
convergence is an easy technique to decrease the gap size in
massive rotator cuff tears with proximal side-to-side
stitches [5, 15], and it could be a reasonable treatment
option in this difficult-to-manage group of patients. The
current study showed that margin convergence was effec-
tive in reversing pseudoparalysis with improved ASES
scores in patients with pseudoparalysis and irreparable
rotator cuff tears despite the relatively high retear rates.

Limitations

The present study has some limitations. First, the study in-
cluded selection bias. After unsuccessful conservative
treatment, we treated patients with pseudoparalysis with
regular repair, margin convergence, or hemiarthroplasty

Fig. 3. A-E (A) An irreparable tear involving the supraspinatus and infraspinatus. Both tendons had retracted to the glenoid edge
and cannot be seen in this figure. The subscapularis remained attached to the lesser tuberosity but appeared to displace ante-
roinferiorly. The long head of the biceps brachii was intact, running along the superior part of the humeral head. (B) The sub-
scapularis is anchored to the long head of the biceps brachii. (C) The infraspinatus is sutured to the subscapularis augmented by the
long head in a side-to-side manner from the proximal site of the tear. (D) The free lateral edge of the cuff is attached to the facet of
the great tuberosity. (E) The humeral head was covered completely with the side-to-side stiches (arrow heads) and transosseous
sutures (black arrows); HH = humeral head; LHB = long head of the biceps brachii; SC = subscapularis; GT = greater tuberosity; LT =
lesser tuberosity; ISP = infraspinatus.
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with a small humeral head. The priority of the procedures
was consistently in this order, but wemust admit the inherent
risk of surgeon bias. Second, the study included transfer
bias. Fourteen percent (13 of 93) of patients were lost before
2 years of follow-up or had incomplete datasets. We con-
firmed from their medical records that all the lost patients
had pseudoparalysis reversal after surgery, but we did not
know whether their clinical courses were uneventful or not,
which could change our results. In addition, most patients
have not been evaluated in the last 5 years, and we cannot
deny that they must have had problems that have gone un-
reported. Third, there was no control group for comparison.
This means that we do not know whether our approach was
better than available alternatives such as partial repair,
subacromial balloon, muscle transfer, patch augmentation,
or superior capsule reconstruction. However, margin con-
vergence is a procedure with only the addition of several
stitches to a regular repair.We thought itmeaningful to show
that the technique has the potential to treat patients with
irreparable tears and pseudoparalysis. Lastly, assessor bias
must be considered. In particular, all of the scoring systems
(Hamada, including acromiohumeral distance, Goutallier,
and Sugaya grading of retear) were evaluated by a single
shoulder surgeon (the first author [HI]). This method of
evaluation may be acceptable for the identification of full-
thickness retears, which provided high interobserver re-
liability [14]; however, we must be careful using the data in
others with less reliability [4, 20]. Although we used it to
roughly identify patient characteristics in this study, our
method of radiographic evaluation would be inadequate for
future studies guiding treatment in special groups such as
patients with residual pseudoparalysis.

Reversal of Pseudoparalysis

Margin convergence was useful in reversing pseudopar-
alysis in patients with massive rotator cuff tears. The success
rate for pseudoparalysis reversal ranged from 76% to 90%
after primary rotator cuff repair in patients with massive
rotator cuff tears [8, 19]. Pseudoparalysis could be reversed
after complete cuff repair, but reversal of pseudoparalysis
with partial repair was reportedly not as predictable [6, 8].
Trials are also ongoing using balloon interposition arthro-
plasty to widen the acromial space to restore shoulder bio-
mechanics, but the efficacy in reversing pseudoparalysis is
uncertain [21]. Superior capsule reconstruction, which is a
procedure using patch grafts, has recently gained popularity,
and its reversal rate is 90% to 95% [7, 17]. Birmingham and
Neviaser [3] achieved 100% reversal using latissimus dorsi
transfer for failed rotator cuff repair, but Aoki et al. [1]
reported 3 of 12 patients with postoperative elevation less
than 90°, indicating that the procedure was not always ef-
fective. Despite its simple approach, margin convergence
was compatible in the reversal of pseudoparalysis with
technically demanding procedures that require graft har-
vesting or muscle advancement.

Outcomes Scores

In patients withmassive rotator cuff tears, margin convergence
improved functional outcome scores at 2 years. The im-
provement inASES scores ranged from43 to 47 in two studies
on primary rotator cuff repair for massive tears causing pseu-
doparalysis [8, 19]. The improvement ranged from 37 to 56 in

Table 2. Patients with residual pseudoparalysis

Patient Age/gender Torn tendons LHB Hamada grade Goutallier stage

1 76/woman SC + SSP + ISP + 4b 4

2 78/woman SC + SSP + ISP + 3 3

3 71/man SC + SSP + ISP + 2 4

4 79/woman SSP + ISP + TM - 2 3

5 71/woman SC + SSP + ISP - 4b 4

6 76/man SC + SSP + ISP - 2 4

SC = subscapularis; SSP = supraspinatus; ISP = infraspinatus; TM = teres minor; LHB = long head of the biceps brachii.

Table 3. Pre- and postoperative shoulder scores and active ROM

Shoulder scores and ROM Preoperative Postoperative Mean difference (95% CI) p value

ASES 22 6 10 62 6 21 40 (35 to 45) < 0.01

JOA 47 6 8 74 6 10 28 (25 to 30) < 0.01

Active elevation in degrees 38 6 20 110 6 33 71 (62 to 79) < 0.01

Active ER in degrees 33 6 23 35 6 19 2 (-5 to 9) 0.54

ASES = American Shoulder and Elbow Surgeons; JOA = Japanese Orthopaedic Association; ER = external rotation.
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two studies on superior capsule reconstruction for patientswith
irreparable rotator cuff tears and pseudoparalysis [7, 17]. It
ranged from 18 to 25 in two studies on latissimus dorsi transfer
for irreparable rotator cuff repairs [3, 18]. The improvement in
ASES scores in the current study was 40 points. We could not
determine from improvement in ASES scores whether our
procedure is superior to the other alternatives, but we may say
that the procedure was a success because 96% (77 of 80) of
patients had a more than 15-point improvement that was re-
portedly the minimal clinically important difference in shoul-
der surgery [13].

Survivorship Free from Retear

Although approximately one-third of patientsmay experience a
retear, improvements in ASES scores remained the same be-
tween the groups with and without a retear at the final follow-
up. The risk of retear was compatible with the study by Kim
et al. [15], who reported on repair integrity after arthroscopic
margin convergence in patients with massive tears. Kim’s
study also showed that retears tended to be smaller than the
original size despite the high retear rate. In patients who
maintained arm elevationwith favorable functional scores after
retear, proximal side-to-side sutures might have remained in-
tact, keeping the effect of margin convergence, although repair
integrity at the insertion was affected.

Conclusion

Margin convergence can be a good option for treating patients
with pseudoparalysis and irreparable rotator cuff tears despite
the relatively high retear rates. The reversal rate of pseudo-
paralysis was lower in patients with three-tendon involvement.
Further studies will be needed to define the appropriate pro-
cedure in this group.
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