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Background: Previous studies on subacromial spacer (SAS) insertion have been limited to case series that did not compare the
effectiveness of this technique with other techniques.

Hypothesis: Outcomes after SAS insertion for the treatment of irreparable massive rotator cuff tears (IMRCTs) will be similar to
those of other techniques.

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

Methods: This retrospective study was based on data collected from patients who underwent correction of IMRCTs between
January 2010 and October 2017. Group 1 patients (n = 17) received SAS insertion with or without partial repair; group 2 patients (n
¼ 36) were treated with other techniques (isolated partial repairs or bridging grafts). Preoperative tear size and global fatty
degeneration index values were evaluated. Range of motion, visual analog scale for pain, American Shoulder and Elbow Surgeons
(ASES) score, Constant score, Simple Shoulder Test (SST), Disabilities of the Arm, Shoulder and Hand score, and acromiohumeral
distance (AHD) were assessed preoperatively and at final follow-up at least 2 years after the surgery (range, 24-60 months). In both
groups, ultrasonographic examination was performed at 3 and 6 months postoperatively, and magnetic resonance imaging (MRI)
was performed at 1 year.

Results: Tear size and preoperative global fatty degeneration index were not significantly different between the groups (all P > .05).
There were no differences in functional scores between the groups at final follow-up (all P> .05). AHD was maintained at final follow-up
in group 1 (mean ± SD: 6.2 ± 2.1 mm [postoperatively] vs 6.7 ± 2.3 mm [final follow-up]; P¼ .678), and there was no difference compared
with group 2 (7.2 ± 3.2 mm; P¼ .244). Patients with retears in group 2 (23 of 36, 63.9%) had lower ASES (P¼ .041) and SST (P¼ .027)
scores at final follow-up when compared with patients in group 1. Six patients (35.3%) in group 1 had partial repairs; these patients had
better external rotation at 90� (P¼ .047), better SST scores (P¼ .036), and higher AHDs at final follow-up (P¼ .046) than those in group 1
who had no repair. Three patients (50%) showed retears of partially repaired tendons on MRI. Of 13 patients (76.5%) in group 1 with
postoperative MRI, 12 (92.3%) showed fibrotic tissue in the subacromial space not seen preoperatively.

Conclusion: There was no difference in outcomes between SAS and the other reconstruction methods for treating IMRCTs.
However, given the high retear rate associated with other techniques and poor functional outcomes after retear, SAS insertion
could be a viable option for treating IMRCTs.
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Clinical outcomes after rotator cuff repairs have improved
overall owing to the recent developments in surgical tech-
niques and devices.8,37 However, the postoperative retear
rate is still approximately 40% for massive rotator cuff
tears (MRCTs), which are defined as tears �5 cm or those

that involve >2 tendons.8,37 It has also been reported that
the possibility of retear after rotator cuff tendon repair
increases as the size of tear increases and that approxi-
mately 30% of rotator cuff tears are irreparable because
they were severely retracted.3

Various surgical methods have been attempted to treat
irreparable tears.25 These methods include superior capsu-
lar reconstruction,20 which has drawn attention recently,
bridging grafts with the long head of the biceps tendon
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(LHBT) or biological tissues,28,29 tendon transfer,22 partial
repair,23 tuberoplasty,26 or, as a last resort, reverse shoul-
der arthroplasty. However, only a few studies have evalu-
ated clinical outcomes after superior capsular
reconstruction.4,20 Hu et al16 reported that superior capsule
plays a negligible role in preventing superior translation of
the humeral head. Several studies have shown high failure
rates and less satisfactory functional outcomes with the use
of bridging grafts.28,36 The results of other surgical techni-
ques, such as tendon transfer, partial repair, and tubero-
plasty, remain controversial and limited.1,8,11,19,26

Therefore, it is challenging for shoulder surgeons to deter-
mine the appropriate surgical technique for patients who
have irreparable rotator cuff tears and are too young to
undergo reverse shoulder arthroplasty.

The insertion of biodegradable subacromial spacers
(SASs; InSpace Balloon System, Orthospace) has drawn
much attention recently. The spacer, fabricated from a
copolymer substance (L-lactide-co-e-caprolactone),32

expands the acromiohumeral distance (AHD) by inserting
a balloon that plays an auxiliary role in the force couple.
This procedure has mainly been used in patients with irrep-
arable MRCTs (IMRCTs).33 Several recent studies have
reported that SAS insertion led to satisfactory functional
improvements.5,33,38 Moon et al21 did a systematic review of
SAS insertion and concluded that patients who had SAS
insertion for the treatment of IMRCTs had satisfactory out-
comes at the 2- to 3-year follow-up, with a low rate of com-
plication. However, 1 study showed unsatisfactory
outcomes after SAS insertion.30

There are also some biomechanical studies on SAS
insertion. Singh et al35 showed that SAS restored the
humeral head position from the superiorly migrated loca-
tion. Chevalier et al6 applied this technique on 6 cadaveric
specimens and reported that it reduced peak and mean
subacromial space pressures in abduction-adduction.
Therefore, some surgeons use it as an internal splint to
protect the repair site until the rotator cuff is fully
healed.38 However, there are no current standard proto-
cols for SAS insertion, including whether concomitant par-
tial repair or tuberoplasty is necessary, which size is
better, and so on.

Because such controversy exists, the question arises:
Which method is optimal for treating IMRCTs? However,
most previous studies on SAS insertion have been limited to
case series that did not analyze the effectiveness of this
technique in comparison with other techniques. Therefore,
the objective of the current study was to analyze clinical
and radiographic results to compare the effectiveness of
SAS insertion with that of other reconstruction methods

in the treatment of IMRCTs. We hypothesized that the out-
comes after SAS insertion would be similar to those of other
techniques in the treatment of IMRCTs.

METHODS

Patient Enrollment

Between January 2010 and October 2017, a total of 3096
consecutive patients were surgically treated for rotator cuff
tears at our institutions. Among 843 patients (27.2%) who
had MRCTs, 68 (2.2%) had MRCTs that could not be mobi-
lized and reattached to the greater tuberosity, owing to
considerable retraction of the rotator cuff tendon. The med-
ical records of these 68 patients were then evaluated in this
retrospective cohort study, and patients were divided into 2
groups as noted below and in Figure 1. Data collection and
all protocols were approved by the institutional review
board of Seoul National University Bundang Hospital.

Group 1: SAS (InSpace). For 19 of the 68 patients with
IMRCTs, biceps augmentation could not be performed
because of concomitant complete biceps rupture or poor
tendon quality. These patients underwent SAS insertion
from May 2016 to October 2017. Of the patients with mini-
mum 2-year follow-up, 17 (89.5%) were allocated to group 1.

Group 2: Other Reconstruction Methods. Among 35
patients with IMRCTs and intact biceps tendons, arthro-
scopic rotator cuff repair with the LHBT as the bridging
graft was performed. Of those 35 patients, 9 were
excluded from the analysis: 8 were lost to follow-up, and
1 had considerable pain in the contralateral shoulder,
which would have affected postoperative rehabilitation,
as it is highly dependent on the use of the opposite arm.
For 10 patients with concomitant complete biceps rup-
ture, rotator cuff repair with an allogenic dermal patch
graft was performed. Among these 10 patients, 2 were
lost to follow-up. For 5 patients who had complete biceps
tendon tear and did not want an allogenic dermal patch
graft, the senior author (J.H.O.) performed isolated par-
tial repair without any graft. Two of these patients were
lost to follow-up, and another patient was excluded after
undergoing reverse total shoulder arthroplasty because
of worsening pain and poor functional outcomes at 6
months after the surgery.

Patch grafts or isolated partial repairs were performed in
the included patients for 2 possible reasons: (1) the biceps
tendon could not be used for augmentation because of com-
plete rupture; (2) the SASs were not available at that time
in our country. Ultimately, 36 patients who underwent
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surgery between January 2010 and January 2017 were
enrolled and allocated to group 2.

Surgical Procedure

All surgical procedures were performed by the senior
author. For surgery, each patient was placed in the lateral
decubitus position with traction to the involved arm while
under general anesthesia. With the posterior portal as the
viewing portal, intra-articular pathologies, including
biceps lesions, were evaluated. After a glenohumeral
inspection, subacromial bursectomy was performed. The
coracoacromial ligament was dissected if there was fraying
or tearing of the ligament. Acromioplasty was performed if
there was a subacromial spur and the thickness of acromion
was>7 mm, according to a previous study in which patients
with full-thickness rotator cuff tears had thicker acro-
mions.24 Then, the reparability of the torn rotator cuff was
assessed. If the torn end of the rotator cuff could not be
attached to the footprint, intra- and extra-articular
releases were performed to allow for greater mobilization
of the tendon. In cases where the torn tendon could not be
attached even with sufficient release and medialization, an
SAS insertion or other reconstruction method was per-
formed (biceps augmentation, patch graft augmentation,
or isolated partial repair). Before each procedure, the
anterior-posterior dimension and medial retraction of the
torn rotator cuff tears were measured with a probe with 5-

mm markings (AR-10010; Arthrex) after the torn end was
debrided.

In patients undergoing SAS insertion (Figure 2),
bursectomy and acromioplasty were performed. Initially,
the senior author did not perform partial repairs, to follow
the manufacturer’s instructions. After 2 episodes of postop-
erative new-onset pseudoparalysis (PNOP),17 however,
every effort was made to perform the partial repairs to
regain the force couple. The spacer size (small, medium,
or large) was selected per the distance from 1 cm medial
to the glenoid apex to the lateral border of the greater
tuberosity (Table 1).31 If the distance between the glenoid
rim and the lateral border of the greater tuberosity fell
between 2 spacer sizes (eg, 45 mm), the larger spacer size
was chosen. After satisfactory balloon inflation, the device
was sealed, and the delivery system was removed. The
shoulder was passively moved through its full range of
motion (ROM) to confirm proper SAS placement.

For those who had bridging augmentation with auto-
genic LHBTs (Figure 3), tenotomy was performed from the
anchor of the biceps tendon at the superior labrum. Next,
the footprint was prepared by creating bleeding bony sur-
faces. After tendon mobilization, we selected the portion of
the rotator cuff where the biceps graft would be needed.
That portion corresponded to the most retracted and non-
mobilized part of the rotator cuff tendon, which showed the
largest gap between the torn rotator cuff tendon and the
footprint. Anteriorly and posteriorly, the well-mobilized

Surgically treated for rotator cuff tears 
Between January 2010 and October 2017 (n = 3096)

Massive rotator cuff tears (n = 843, 27.2% (843/3096))

Irreparable rotator cuff tears (n = 68, 2.2% (68/3096))

Subacromial spacer insertion (n = 18) Biceps augmentation (n = 35)

Patch graft (n = 10)

Partial repair (n = 5)

Excluded (n = 9)

Excluded (n = 2)

Excluded (n = 3)

Excluded (n = 2)

One patient had the surgery of inserting patch graft first. Due to aggravation of shoulder pain, 
this patient had subacromial spacer insertion 2 years after the first surgery.

Group II (n = 36)Group I (n = 17)

Figure 1. Flowchart depicting included and excluded patients.
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tendon was repaired in a single-row manner first. Usually,
the middle-retracted tendon was impossible to mobilize to
the footprint, and 1 limb of the suture was penetrated
through the posterior part of the irreparable tendon, while
the other matching limb of sutures was passed through the
most distal part of the tenotomized biceps tendon. Simi-
larly, the biceps tendon was interposed between the
retracted tendon and footprint in a matrix suture pattern.
Rotator cuff repair with biceps bridging augmentation was
usually performed with 2 or 3 anchor sutures.

In patients undergoing bridging augmentation with an
allogenic dermal patch graft (Figure 4), the same procedure
was performed as for biceps augmentation to prepare the
bone bed at the greater tuberosity. The graft (MegaDerm,
L&C Bio Co; CGDerm, CGBio Co, Dae-woong Pharm) was
cut 1 cm larger than the footprint defect. After partial
repair of the well-mobilized tendon, we measured the size
of the irreparable rotator cuff defect. Then, 4 to 6 different-
colored FiberWires (Arthrex) were used to penetrate the
retracted rotator cuff tendon for corner stitches. The
threads that were located at the articular side were pulled
out through the lateral cannula. Then, the allogenic dermal
patch was penetrated with the threads at the matching site
of the torn rotator cuff. Next, the graft was introduced into
the subacromial space. One thread from the rotator cuff
and the other from the allogenic patch graft were retrieved
and tied sequentially. Finally, suture anchors were
inserted to the footprint, and a single-row repair of the
patch graft was performed under minimal tension with
>60� of shoulder abduction. Sometimes further side-to-
side sutures were placed between the rotator cuff and the
patch for additional fixation.

In patients undergoing an isolated partial repair
(Figure 5), coracoacromial ligament release, subacromial

bursectomy, acromioplasty, and footprint preparation were
performed as in other methods. The less retracted anterior-
to-posterior margins of the torn rotator cuff tendons were
repaired. Marginal convergence of the far-retracted tendon
was performed, but it was impossible to attach to the
footprint.

Rehabilitation

Patients who had SAS insertion without partial repairs had
their shoulders supported in neutral rotation in a sling, and
active assistive exercises were encouraged immediately
after surgery. In patients with partial repairs, braces (Acro
Assist 50A1; Ottobock) with abduction pillows were pre-
scribed for 4 weeks. These patients could remove the brace
intermittently for passive shoulder exercises (forward flex-
ion [FF], abduction, and external rotation [ER]) in the
supine position starting on postoperative day 2. Active
shoulder exercises were initiated after 4 weeks in these
patients. Muscle strengthening exercises were allowed
after 2 months with TheraBands (The Hygienic Corp).
Sporting activities were allowed at 5 to 6 months
postoperatively.

Among patients who had biceps augmentation, patch
augmentation, or isolated partial repair, no passive shoul-
der motions were allowed during the first 6 postoperative
weeks. Active-assisted ROM was initiated at 6 weeks after
surgery. Muscle strengthening exercises were initiated at 3
months after surgery.

Outcome Assessment

Regarding functional outcomes, preoperative and final
visual analog scale (VAS) scores for pain were assessed.
VAS scores for patient satisfaction were also assessed at
the final follow-up at least 2 years after the surgery (range,
24–60 months). The American Shoulder and Elbow Sur-
geons (ASES) score, Constant score, Simple Shoulder Test
(SST), and Disabilities of the Arm, Shoulder and Hand
(QuickDASH) score were evaluated preoperatively and at
the final follow-up. In terms of ROM of the shoulder, active
FF, ER at the side, ER at 90�, and internal rotation (IR)
were evaluated preoperatively and at the final follow-up.

For the anatomic evaluations, fatty degeneration was
evaluated preoperatively by a blinded musculoskeletal

Figure 2. (A) After arthroscopic evaluation through the posterior viewing portal of this massive rotator cuff tear of the right shoulder,
(B) a partial repair was performed (as in all similar cases, if possible). (C) After rechecking, the remaining rotator cuff tendon could
not be reattached to the footprint, and therefore (D) a subacromial spacer was inserted.

TABLE 1
Subacromial Spacer Size and Instructed Inflation Volumes

Size
Width,

mm
Length,

mm
Maximal

Volume, mL
Instructed

Volume, mL

Small 40 50 15-17 9-11
Medium 50 60 22-24 15-16
Large 60 70 40 22-24
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radiologist (not involved in the current study) using the
Goutallier classification system.13 The interpretations were
provided by a senior radiologist who had >14 years of expe-
rience. The mean global fatty degeneration index (GFDI) of
the supraspinatus, infraspinatus, subscapularis, and teres
minor tendons was calculated. The status of the SAS was
assessed at 3 and 6 months postoperatively with ultraso-
nography (USG). The healing status of tendons that were
partially repaired with SAS and the status of the SAS itself
were evaluated at 1 year postoperatively on magnetic

resonance imaging (MRI). The retear rates of the other
reconstruction methods were evaluated at 3 and 6 months
postoperatively with USG and 1 year postoperatively via
USG or MRI by a blinded musculoskeletal radiologist not
involved in this study. Rotator cuff integrity was evaluated
on USG in patients who could not afford the cost of MRI or
who were unable to undergo MRI because of implanted mag-
netic devices, such as pacemakers. The AHD was calculated
to determine whether it increased or remained the same
from preoperatively to final follow-up. To assess the

Figure 4. (A) After arthroscopic evaluation through the posterior viewing portal of this massive rotator cuff tear of the right shoulder,
(B) FiberWires were used to suture the corner of the torn end of the remaining cuff, and an articular-side suture was retrieved
through the lateral arthroscopic portal. (C) The sutured allogenic dermal patch graft was inserted into the subacromial space
through a lateral portal, and a simple suture was placed onto the rotator cuff. (D) The lateral end of the patch was then sutured to the
footprint with an anchor suture.

Figure 5. (A) After arthroscopic evaluation through the posterior viewing portal of this massive rotator cuff tear of the right shoulder,
an isolated partial repair was performed to attach the (B) subscapularis and (C) infraspinatus, if possible. (D) After repair, the
remaining rotator cuff tendon could not be reattached to the footprint.

Figure 3. (A) After arthroscopic evaluation through the posterior viewing portal of this massive rotator cuff tear of the left shoulder,
(B) the bone bed was prepared to promote bone-to-cuff healing with medialization. (C) After anchor insertion, the threads were
inserted through the retracted rotator cuff tendon, and matching sutures penetrated the biceps tendon. (D) Knots were tied for
biceps tenodesis, and then simple sutures were placed for the rotator cuff repair.

The Orthopaedic Journal of Sports Medicine Balloon vs Other Techniques for Irreparable Massive RCTs 5



efficiency of the SAS insertion in group 1, we compared the
results to those of group 2 both with and without retear. To
evaluate the effect of SAS insertion with partial repair, these
patients were compared with patients who underwent SAS
insertion without partial repair.

Statistical Analysis

According toaprevious studyonpostoperative improvements
in ASES scores among patients who had bicepsaugmentation
for IMRCT,28 a power analysis showed that the minimum
sample size was 14 to show an equivalent improvement in
ASES score with statistical power of 0.90 (a ¼ 5%). Based
on an assumed 20% dropout rate, 18 patients were needed
in each group. All statistical analyses were performed with
SPSS software (v 21.0; SPSS Inc). The Mann-Whitney U test
was used to compare the difference between the groups’ con-
tinuous variables. The patient demographics were analyzed
with a chi-square test for categorical variables to assess the
difference between the groups. The Wilcoxon signed-rank
test was used to evaluate differences between the pre- and
postoperative variables in a group.

RESULTS

Demographic data are shown in Table 2. The only statisti-
cal difference was found in operative times (mean ± SD:
group 1, 80.3 ± 23.5 minutes; group 2, 134.6 ± 35.0 minutes;
P < .001).

Perioperative Details in Group 1 Cases

Regarding LHBT lesions, 5 patients had complete rupture,
and 1 had a tenotomy in a previous surgical procedure.
Among 8 patients who had partial tears of the LHBT, 3 had
soft tissue tenodesis to the rotator interval, and 5 had tenot-
omy at the time of surgery. Three patients had intact biceps
tendons, and no procedures were performed, as there were
no biceps-related symptoms. Partial repair was performed
in 6 patients; it was impossible in the others.

Large-sized spacers were inserted in 10 patients,
medium-sized in 6, and small-sized in 1. In 14 patients, the
balloons were located centrally above the greater tuberos-
ity, as confirmed by USG at 1 day after the surgery. In 1
patient, the balloon was located slightly anteriorly, and in 2
patients, it was located slightly posteriorly. At 6 months
postoperatively, the balloons were collapsed and mostly
absorbed in all patients. PNOP was diagnosed in 2 patients
in group 1, both of whom recovered at 6 months after sur-
gery. In both patients, the torn subscapularis was not
repaired during the SAS insertion; no PNOP was observed
in patients with an intact or repaired subscapularis. One
patient complained of pain secondary to synovitis for the
first 6 postoperative weeks but recovered afterward.

Functional Assessments

In group 1, the preoperative VAS score for pain was 6.5 ±
1.8 and decreased after surgery to 1.8 ± 2.5 (P < .001). The

satisfaction VAS score was 7.3 ± 2.5 at the final follow-up.
The ASES score increased from 44.7 ± 12.5 to 80.2 ± 18.6
(P ¼ .001), the Constant score increased from 52.6 ± 10.5 to
60.3 ± 7.0 (P ¼ .011), the SST improved from 2.9 ± 2.2 to 8.3
± 4.0 (P ¼ .002), and the QuickDASH score improved from
40.4 ± 16.1 to 10.7 ± 9.9 (P ¼ .019) after surgery. In group 2,
the preoperative VAS score for pain was 6.2 ± 2.6 and
decreased postoperatively to 2.2 ± 2.8 (P < .001). The sat-
isfaction VAS was 7.3 ± 2.4 at the final follow-up. The ASES

TABLE 2
Demographic Data of Patientsa

Variable
Group 1
(n ¼ 17)

Group 2
(n ¼ 36) P

Age, y 61.7 ± 8.1 65.4 ± 5.7 .069
Male:female 12:5 18:18 .138
Pseudoparalysis 2 4 .533
Positive ER lag sign 3 5 .846
Previous rotator cuff repair

history
6 2 .213

Dominant hand
(right:left:both)

16:1:0 30:5:1 .711

Surgical side (right:left) 11:6 24:12 .899
Fatty degeneration

Supraspinatus 3.5 ± 0.5 3.7 ± 0.6 .076
Infraspinatus 2.7 ± 1.3 2.8 ± 1.2 .888
Subscapularis 1.8 ± 1.3 2.0 ± 1.8 .868
Teres minor 0.5 ± 0.6 0.8 ± 0.6 .082

GFDI 2.0 ± 0.8 2.3 ± 0.7 .372
Operation time, min 80.3 ± 23.5 134.6 ± 35.0 <.001
Mean follow-up period, mo 24.4 30.1 .451
Intraoperative tear size, cm

AP 3.9 ± 0.8 3.7 ± 0.9 .707
Retraction 4.0 ± 0.6 3.9 ± 0.8 .720

Torn tendons .788
SSP þ SSC 1 2
SSP þ ISP 3 10
SSP þ ISP þ SSC 13 24

Subscapularis full-
thickness tear

9 (52.9%) 15 (41.7%) .718

Preoperative clinical scores
Pain VAS 6.5 ± 1.8 6.2 ± 2.6 .318
ASES score 44.7 ± 12.5 56.8 ± 19.9 .155
Constant score 52.6 ± 10.5 51.6 ± 20.2 .537
Simple Shoulder Test 2.9 ± 2.2 3.8 ± 2.7 .438
QuickDASH 40.4 ± 16.1 46.1 ± 16.2 .211

Preoperative ROM
Forward flexion, deg 134.1 ± 40.0 129.3 ± 48.0 .711
External rotation at

side, deg
39.1 ± 22.2 37.2 ± 19.3 .634

External rotation at
90�, deg

59.4 ± 18.0 66.8 ± 23.8 .097

Internal rotationb T10.7 ± 2.8 T10.2 ± 3.1 .787

aValues are presented as mean ± SD or n (%). Bolded P value
indicates statistically significant between-group difference (P <
.05). AP, anterior to posterior; ASES, American Shoulder and
Elbow Surgeons; ER, external rotation; GFDI, global fatty degen-
eration index; ISP, infraspinatus; QuickDASH, Disabilities of the
Arm, Shoulder and Hand; ROM, range of motion; SSC,
subscapularis; SSP, supraspinatus; VAS, visual analog scale.

bInternal rotation as measured by the level of vertebral spinous
process that could be reached with the patient’s thumb.
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score increased from 56.8 ± 19.9 to 72.0 ± 25.6 (P ¼ .047),
the Constant score increased from 51.6 ± 20.2 to 63.0 ± 17.4
(P ¼ .021), and the QuickDASH score improved from 46.1 ±
16.2 to 17.4 ± 21.5 (P ¼ .003) after surgery. The SST
improved from 3.8 ± 2.7 to 6.7 ± 4.1, but the difference was
not significant (P ¼ .115). At the final follow-up, there were
no significant differences in scores between the groups
(Table 3).

Range of Motion

In group 1, all ROM improved pre- to postoperatively except
FF (FF: 134.1� ± 40.0� to 143.4� ± 27.5�, ER at side: 39.1� ±
22.2� to 51.3� ± 21.3�, ER at 90�: 59.4� ± 20.1� to 81.9� ±
25.1�, and IR: T10.7 ± 2.8 to T9.0 ± 1.7: P ¼ .505, .008, .004,
and .005, respectively). Pseudoparalysis resolved in 1
patient, and the ER lag sign disappeared in 2. In group 2,
all ROM increased except FF and IR (FF: 129.3� ± 48.0� to
140.7� ± 16.4�, ER at side: 37.2� ± 19.3� to 54.0� ± 24.3�, ER
at 90�: 66.8� ± 23.8� to 83.0� ± 23.0�, and IR: T10.2 ± 3.1 to
T9.3 ± 2.5; P¼ .563,<.001, .006, and .925). Pseudoparalysis
resolved in 4 patients, and the ER lag sign disappeared in 3.
At the final follow-up, ROM was not significantly different
between the groups (Table 3).

Radiological Assessments

Overall, 13 of the 17 patients (76.5%) in group 1, including
all 6 patients who had partial repair, had MRI evaluations
at 1 year postoperatively. Among the 6 partial repair
patients, 3 (50%) showed retears of the partially repaired
tendons on postoperative MRI. Twelve patients (92.3%)
showed fibrotic tissue in the superior subacromial space
that was not seen on the preoperative MRI (Figure 6).

In group 2, retears were identified in 23 of the 36 patients
(63.9%) at 1 year after surgery. Fifteen of 26 patients (57.7%)
whohadbridginggraftswithautogenousbiceps tendonsdevel-
oped retears, and 6 of 8 patients (75%) who had bridging grafts
with allogenic dermal patches developed retears. Two patients
had isolated partial repairs, and both developed retears.

Regarding the AHD (Table 3), the mean distance in
group 1 was maintained (6.2 ± 2.1 mm preoperatively to
6.7 ± 2.3 at final follow-up; P ¼ .678). The patient who did
not recover from pseudoparalysis by the time of final follow-
up had a preoperative AHD of 4.9 mm that decreased to 3.0
mm by final follow-up. In group 2, the AHD decreased non-
significantly from 7.7 ± 2.4 mm to 7.2 ± 3.2 mm at final
follow-up (P ¼ .224). There was no difference in AHD
between groups 1 and 2 at final follow-up (P ¼ .244).

Group 1 vs Group 2 With Retears

Patients in group 2 who had retears (23 of 36 patients) had
a higher level of fatty degeneration of the teres minor (P ¼
.035) than those in group 1. Patients in group 1 showed
significantly better ASES (P ¼ .041) and SST (P ¼ .027)
scores than these group 2 patients, although ROM and
AHD values were not significantly different between the
groups (Table 4).

Among patients in group 2 with retears, the preoperative
VAS score for pain was 5.8 ± 2.2, which decreased to 2.4 ±
2.7 postoperatively (P ¼ .006). The satisfaction VAS score
was 6.7 ± 2.8 at the final follow-up. There were no improve-
ments in the functional scores at the final follow-up (ASES:
from 66.1 ± 14.7 to 66.1 ± 25.3, Constant: from 61.6 ± 9.0 to
60.4 ± 18.8, SST: from 4.4 ± 3.2 to 5.4 ± 4.2, and Quick-
DASH: from 46.2 ± 16.1 to 21.2 ± 25.5; P ¼ .859, .859,
.805, and .161, respectively). Only ER at side improved sig-
nificantly (FF: 126.2� ± 53.8� to 135.9� ± 45.4�, ER at side:
30.6� ± 21.0� to 49.4� ± 25.9�, ER at 90�: 66.4� ± 19.6� to
77.3� ± 29.4�, and IR: T10.7 ± 3.3 to T9.8 ± 2.6; P ¼ .775,
.003, .150, and .161). The AHD decreased nonsignificantly
from 8.2 ± 2.5 mm preoperatively to 7.1 ± 3.4 mm at final
follow-up among those in group 2 with retears (P ¼ .496).

Group 1 vs Group 2 Without Retears

At the final follow-up, there was no difference in functional
scores or ROM between patients in group 1 and those in
group 2 without retears. The AHD was not significantly
different between the groups (Table 5).

Group 1 With vs Without Partial Repair

Results of the comparison between group 1 patients with ver-
sus without partial repair are shown in Table 6. In terms of
functional outcomes, patients who had partial repairs had
higher SST scores at the final follow-up (P ¼ .036). Other
functional outcomes were not significantly different. ER at
side was better among patients with partial repairs (partial
repairvsno repair: 68.0 ± 11.0vs46.4 ± 23.4; P¼ .047), but the
other ROM values were not significantly different. The AHD
was higher in the patients who had partial repairs (partial
repair vs no repair: 7.1 ± 1.7 vs 6.0 ± 4.1 mm; P ¼ .046).

TABLE 3
Comparison of Final Outcomes Between the Groupsa

Variable Group 1 Group 2 P

Functional outcomes
Pain VAS 1.8 ± 2.5 2.2 ± 2.8 .479
Satisfaction VAS 7.3 ± 2.5 7.3 ± 2.4 .539
ASES score 80.2 ± 18.6 72.0 ± 25.6 .672
Constant score 60.3 ± 7.0 63.0 ± 17.4 .281
Simple Shoulder Test 8.3 ± 4.0 6.7 ± 4.1 .342
QuickDASH 10.7 ± 9.9 17.4 ± 21.5 .548

Range of motion
Forward flexion, deg 143.4 ± 27.5 140.7 ± 16.4 .245
External rotation at side, deg 51.3 ± 21.3 54.0 ± 24.3 .869
External rotation at 90�, deg 81.9 ± 25.1 83.0 ± 23.0 .827
Internal rotationb T9.0 ± 1.7 T9.3 ± 2.5 .847

AHD at final follow-up, mm 6.7 ± 2.3 7.2 ± 3.2 .244

aValues are presented as mean ± SD. AHD, acromiohumeral
distance; ASES, American Shoulder and Elbow Surgeons; Quick-
DASH, Disabilities of the Arm, Shoulder and Hand; VAS, visual
analog scale.

bInternal rotation as measured by the level of vertebral spinous
process that could be reached with the patient’s thumb.

The Orthopaedic Journal of Sports Medicine Balloon vs Other Techniques for Irreparable Massive RCTs 7



DISCUSSION

The current study showed that SAS insertion and other
reconstruction methods were not significantly different

with respect to functional outcomes, ROM, and AHD at
final follow-up after surgery for IMRCTs. However, the
ASES and SST scores of patients who received SASs were
significantly higher than those of patients who had retears

Figure 6. Twelve of 13 patients (92.3%) in group 1 who had magnetic resonance imaging at 1 year after the surgery showed low
signal intensity fibrous filling in the subacromial space (red circle).
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after other reconstruction methods. Interestingly, the AHD
was maintained at final follow-up in patients who had SAS
insertion, even though the spacer collapsed and was
absorbed at 6 months after surgery. Furthermore, we found
that patients who had SAS insertion with partial repairs
experienced better functional outcomes and greater AHDs
than those who had no repair. Taken together, SAS inser-
tion with partial repair seems to be advantageous for
patients with IMRCTs.

Many studies have reported satisfactory outcomes after
SAS insertion.9,12,27,31-33,38 However, studies related to SAS
insertion to this point have been single case reports or case
series studies, and no studies have compared this method
with other surgical techniques. Senekovic et al33 conducted
a prospective study of biodegradable spacer insertion in 24
patients (20 patients with IMRCTs and 4 with reparable
rotator cuff tears). They reported that functional improve-
ment was maintained during at least 5 years of follow-up
and that 84.6% of patients were satisfied with their results.
The authors also reported that muscle strength signifi-
cantly increased for 6 months postoperatively and was
maintained until the final follow-up assessment. Deranlot

et al9 carried out a prospective study of biodegradable
spacer insertion in 39 patients with IMRCTs and reported
that the ROM and functional outcomes were improved at
least 1 year after surgery. In this regard, only 1 study has
reported unsatisfactory results30; in that prospective study,
only 6 patients showed improvement >10 points on the
Constant score, whereas 5 patients required reconversion
to a reverse total shoulder arthroplasty (at a median 9.8
months postoperatively) because of a lack of improvement
or worsening of symptoms. Moreover, the authors in that
study followed the manufacturer’s instructions and did not
perform subacromial bursectomy or acromioplasty with
partial repair.

Regarding complications, Senekovic et al33 reported that
synovitis occurred in 2 of their 24 patients after SAS inser-
tion. However, most studies indicated that the postopera-
tive results were generally good, with no complications.9,32

In our study, 17 patients who were evaluated for a mini-
mum of 2 years showed postoperative improvements in
function and ROM. Although we observed PNOP in 2
patients and synovitis in 1, all of them recovered, showing
that SAS insertion seems to have minimal risk of
complications.

TABLE 4
Comparison of Final Outcomes Between

Group 1 and Group 2 With Reteara

Variable
Group 1
(n ¼ 17)

Group 2
With Retear

(n ¼ 23) P

Preoperative tear size, cm
AP 3.9 ± 0.8 3.9 ± 1.0 .255
Retraction 4.0 ± 0.6 4.2 ± 0.9 .685

Preoperative fatty degeneration
Supraspinatus 3.5 ± 0.5 3.8 ± 0.4 .061
Infraspinatus 2.7 ± 1.3 2.8 ± 1.1 .900
Subscapularis 1.8 ± 1.3 1.4 ± 1.2 .452
Teres minor 0.5 ± 0.6 0.9 ± 0.7 .035

GFDI 2.0 ± 0.8 2.3 ± 0.6 .121
Final functional outcomes

Pain VAS 1.8 ± 2.5 2.4 ± 2.7 .433
Satisfaction VAS 7.3 ± 2.5 6.7 ± 2.8 .496
ASES score 80.2 ± 18.6 66.1 ± 25.3 .041
Constant score 60.3 ± 7.0 60.4 ± 18.8 .767
Simple Shoulder Test 8.3 ± 4.0 5.4 ± 4.2 .027
QuickDASH 10.7 ± 9.9 21.2 ± 25.5 .591

Final range of motions
Forward flexion, deg 143.4 ± 27.5 135.9 ± 45.4 .202
External rotation at side, deg 51.3 ± 21.3 49.4 ± 25.9 .737
External rotation at 90�, deg 81.9 ± 25.1 77.3 ± 29.4 .566
Internal rotationb T9.0 ± 1.7 T9.8 ± 2.6 .411

AHD at final follow-up, mm 6.7 ± 2.3 7.1 ± 3.4 .978

aValues are presented as mean ± SD. Bolded P values indicate
statistically significant between-group difference (P < .05). AHD,
acromiohumeral distance; AP, anterior to posterior; ASES, Amer-
ican Shoulder and Elbow Surgeons; GFDI, global fatty degenera-
tion index; QuickDASH, Disabilities of the Arm, Shoulder and
Hand; VAS, visual analog scale.

bInternal rotation as measured by the level of vertebral spinous
process that could be reached with the patient’s thumb.

TABLE 5
Comparison of Final Outcomes Between
Group 1 and Group 2 Without Reteara

Variable
Group 1
(n ¼ 17)

Group 2
Without
Retear

(n ¼ 13) P

Preoperative tear size, cm
AP 3.9 ± 0.8 3.5 ± 0.7 .394
Retraction 4.0 ± 0.6 3.8 ± 0.9 .394

Preoperative fatty degeneration
Supraspinatus 3.5 ± 0.5 3.5 ± 0.8 .404
Infraspinatus 2.7 ± 1.3 2.7 ± 1.3 .781
Subscapularis 1.8 ± 1.3 1.4 ± 0.7 .746
Teres minor 0.5 ± 0.6 0.5 ± 0.5 .394

GFDI 2.0 ± 0.8 2.2 ± 1.0 .109
Final functional outcomes

Pain VAS 1.8 ± 2.5 1.9 ± 3.0 .853
Satisfaction VAS 7.3 ± 2.5 8.0 ± 1.0 .792
ASES score 80.2 ± 18.6 78.5 ± 23.7 .856
Constant score 60.3 ± 7.0 63.8 ± 16.7 .238
Simple Shoulder Test 8.3 ± 4.0 7.6 ± 3.6 .643
QuickDASH 10.7 ± 9.9 17.6 ± 13.7 .212

Final range of motions
Forward flexion, deg 143.4 ± 27.5 141.0 ± 47.5 .201
External rotation at side, deg 51.3 ± 21.3 57.6 ± 21.8 .978
External rotation at 90�, deg 81.9 ± 25.1 90.0 ± 8.2 .871
Internal rotationb T9.0 ± 1.7 T8.8 ± 1.9 .856

AHD at final follow-up, mm 6.7 ± 2.3 7.8 ± 3.3 .629

aValues are presented as mean ± SD. AHD, acromiohumeral
distance; AP, anterior to posterior; ASES, American Shoulder and
Elbow Surgeons; GFDI, global fatty degeneration index; Quick-
DASH, Disabilities of the Arm, Shoulder and Hand; VAS, visual
analog scale.

bInternal rotation as measured by the level of vertebral spinous
process that could be reached with the patient’s thumb.
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Several studies have reported favorable clinical out-
comes after bridging grafts and partial repairs for
IMRCTs.2,7,18,29 However, when confined to patients with
a GFDI exceeding 2, the results seem to be unsatisfactory.
Cho et al7 reported that open or arthroscopic rotator cuff
repair with autologous LHBT resulted in healing in 64.3%

of patients; thus, autologous LHBT graft could be used for
repairing rotator cuff tears that could not be easily pulled
into their original footprint. However, the same research
group showed that the retear rate was 75% when the GFDI
exceeded 2.7 For bridging grafts with allogenic or xenogenic
patches, some studies have reported overall favorable out-
comes, improvement of functional outcomes, and satisfac-
tory retear rates (8.3%-27%).14,23 However, Soler et al36

showed unsatisfactory results, including a 100% retear
rate; thus, the controversy remains. Likewise, our previous
study showed a 54.2% retear rate for bridging grafts with
the LHBT and a 75% retear rate for bridging grafts with
allodermal patches for IMRCTs with GFDIs >2.28

Large rotator cuff tears have a high rate of LHBT pathol-
ogy.10 The high retear rate of bridging grafts with LHBTs
could be due to discordance between the macroscopic

appearance of the LHBT and the severity of the tendinopa-
thy.40 In terms of the high retear rate with allogenic dermal
patches, there are concerns regarding the lower mechanical
properties of allogenic grafts and the possibility of inflamma-
tion caused by DNA from an allogenic source.41 Regarding
partial repairs, Shon et al34 reported that about half of the
patients in their study were dissatisfied with their outcomes
at 2 years after surgery, which deteriorated over time. There-
fore, the effectiveness and use of partial repair remain contro-
versial. In our study, the GFDI was 2.3 in the patients who
were treated with other reconstruction methods for IMRCTs,
and the retear rate was 63.9% (23 of 36 patients). Moreover,
the ASES and SST scores at the final follow-up were lower in
patients who had retears as compared with those who under-
went SAS insertion. The loss of the repaired tendon’s integrity
and the higher degree of fatty degeneration of the teres minor
could have resulted in the lower functional outcomes in these
patients.39 Given the high retear rate and reduced functional
outcomes associated with retears after the other reconstruc-
tion methods, SAS insertion, which does not carry the same
riskof retear, canbeconsidereda favorableoption for IMRCTs.

Favorable outcomes after SAS insertion could be mainly
due to postoperative maintenance of the AHD. Chung et al8

conducted a multivariate analysis of 108 patients who
underwent arthroscopic repair for MRCTs and reported
that an AHD �4.1 mm could be a factor leading to postop-
erative functional deterioration. Therefore, we believe that
it is important to maintain the AHD in all operative cases.
In this study, although it was not significant, the AHD at
final follow-up was higher after SAS insertions and was
reduced after bridging grafts or isolated partial repairs.
As Gervasi et al12 noted, it was possible to confirm with
real-time imaging that the gap between the acromion and
humerus increased after balloon insertion. Therefore, the
SASs might have caused a lowering of the humeral head
and maintenance of the AHD in the present study.

Interestingly, among the 13 patients who had MRI evalua-
tions at 1 year after surgery, 12 (92.3%) showed new forma-
tion of fibrotic tissue in the superior subacromial space that
was not seen in the preoperative MRI. One study addressed
the possibilities of fibrotic tissue affecting the maintenance of
AHD after insertion of anSAS.15 This could beanother reason
for suppressing thehumeral headtomaintaintheAHDbythe
newly formed “scar-like superior capsule.” However, another
study on SASs showed that the AHD was reduced by 2.1 mm
as compared with the preoperative value, indicating that
imaging results were not satisfactory even if the rotator cuff
function may have improved.9 However, in that study, the
authors did not perform acromioplasty or partial repair.
Another study showed unfavorable outcomes after SAS inser-
tion30; however, those authors also did not perform acromio-
plasty or partial repairs. In the present study, we made every
effort to perform bursectomy and acromioplasty, and we tried
to repair the mobilizing tendon as much as possible under
minimal tension. Performing these procedures probably
resulted in the maintenance of AHD and regained the force
couple to a certain degree, which could have positively
affected the improvement in pain and function.

There is still debate regarding the indications or surgical
techniques for SAS insertion. The manufacturer’s guidelines

TABLE 6
Comparison of Final Outcomes Between

Group 1 With and Without Partial Repaira

Variable

Partial
Repair
(n ¼ 6)

No Repair
(n ¼ 11) P

Preoperative tear size, cm
AP 3.8 ± 0.8 3.6 ± 1.4 .808
Retraction 4.1 ± 0.4 3.7 ± 1.4 .525

Preoperative fatty degeneration
Supraspinatus 3.3 ± 0.5 3.1 ± 1.1 .961
Infraspinatus 2.2 ± 1.3 2.7 ± 1.4 .462
Subscapularis 2.0 ± 1.3 1.6 ± 1.4 .525
Teres minor 0.8 ± 0.8 0.2 ± 0.4 .098

GFDI 2.8 ± 0.9 2.6 ± 1.0 .808
Final functional outcomes

Pain VAS 1.3 ± 2.4 1.8 ± 2.6 .884
Satisfaction VAS 8.5 ± 0.5 6.9 ± 3.0 .256
ASES score 76.4 ± 37.8 74.5 ± 20.3 .492
Constant score 62.5 ± 6.4 53.8 ± 20.1 .606
Simple Shoulder Test 11.5 ± 0.6 7.0 ± 4.0 .036
QuickDASH 2.9 ± 1.2 13.9 ± 10.1 .106

Final range of motions
Forward flexion, deg 152.0 ± 13.0 135.9 ± 30.2 .267
External rotation at side, deg 68.0 ± 11.0 46.4 ± 23.4 .047
External rotation at 90�, deg 97.0 ± 8.4 75.5 ± 27.7 .115
Internal rotationb T7.8 ± 0.4 T9.2 ± 1.7 .180

AHD at final follow-up, mm 7.1 ± 1.7 6.0 ± 4.1 .046

aValues are presented as mean ± SD. Bolded P values indicate
statistically significant between-group difference (P < .05). AHD,
acromiohumeral distance; AP, anterior to posterior; ASES, Amer-
ican Shoulder and Elbow Surgeons; GFDI, global fatty degenera-
tion index; QuickDASH, Disabilities of the Arm, Shoulder and
Hand; VAS, visual analog scale.

bInternal rotation as measured by the level of vertebral spinous
process that could be reached with the patient’s thumb.
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suggest performing minimal subacromial bursectomy and
avoiding the incision of the coracoacromial ligament to main-
tain the postoperative location of the balloon. Moreover, the
manufacturer recommends not performing acromioplasty.
Regarding subacromial bursectomy and acromioplasty, Ger-
vasi et al12 agreed with the manufacturer and reported that
subacromial bursectomy was not necessary. Piekaar et al27

reported satisfactory outcomes after inserting SASs without
performing acromioplasty. However, the majority of studies
recommend maximal subacromial bursectomy for several
reasons: to eliminate a cause of pain, to determine the appro-
priate size of the balloon, and to insert the balloon in the
proper position.3,31 Furthermore, previous studies have indi-
cated that when there is a subacromial spur, it is necessary
to trim the spur to eliminate the cause of pain and prevent
balloon damage from the spur.3 In our study, we performed
subacromial bursectomies with acromioplasties but did not
observe excessive displacement of the balloons.

In terms of balloon size, some studies have reported that
choosing the smaller size between 2 options could reduce the
stimulation in the subacromial space.3,38 Moreover, there is
a concern that insertion of a larger balloon could adversely
affect healing because the insertion can exert excess pres-
sure on the repair site.3,38 However, Savarese and Romeo31

suggested that when there are 2 possible balloon sizes, it is
preferable to choose the larger size to fix the balloon in an
appropriate location. In this study, we also selected the
larger size so that the balloon could be placed appropriately
as much as possible. Furthermore, the senior author utilized
larger sizes to maintain the AHD to regain the force couple.

Although clear indications have not been suggested, sev-
eral studies have indicated that balloons should not be used
in patients with torn subscapularis tendons, because the
balloon can move forward if the torn subscapularis is not
repaired.9,33 However, Savarese and Romeo31 recom-
mended repair of the torn subscapularis to maintain the
force couple to obtain better results. In this study, we did
not initially repair the torn subscapularis, following to the
manufacturer’s guidelines. However, the senior author
experienced 2 episodes of PNOP by just insertion of a bal-
loon without partial repair. Since then, the senior author
decided to perform partial repairs as much as possible,
including the upper subscapularis. We also attempted par-
tial repairs of the infraspinatus when possible.

After the procedure was changed, there was no PNOP,
and this would be due to regaining the force couple. How-
ever, we can not further conclude that the risk of PNOP was
reduced by partial repair. We do not think that SAS inser-
tion without partial repair poses a high risk of PNOP. How-
ever, repair of the upper leading edge of the subscapularis
as well as the posterior rotator cuff is important to elevate
the arm. Therefore, to reduce PNOP, the senior surgeon did
make every effort to maintain force coupling by partial
repair of the remaining rotator cuff. As the AHD was main-
tained at final follow-up, the SAS insertion with partial
repair had some effect on maintaining the force couple.
Moreover, fibrotic tissue that formed in the subacromial
space as seen on MRI after 1 year of surgery might have
depressed the humeral head and affected the AHD.

Limitations

There are several limitations in this study. First, it was a
retrospective study and thus had all the inherent draw-
backs associated with retrospective models, including selec-
tion bias. Second, different types of reconstruction methods
were used in group 2. Such heterogeneity could have
affected the results. Furthermore, the results of biceps aug-
mentation for IMRCT, which consisted of >70% of group 2,
are less known than the results of partial repair or superior
capsular reconstruction. Unfortunately, the senior author
did not perform superior capsular reconstruction, and only
2 patients who had isolated partial repair were enrolled in
this study. Therefore, it was better to compare these 2 pro-
cedures with SAS insertion. Third, there could be possible
confounders, including biceps tenotomy/tenodesis and/or
partial repair, that might have affected the outcomes after
SAS insertion. We can not conclude that the satisfactory
outcomes resulted solely from SAS insertion.

A fourth limitation was that SAS with and without par-
tial repair was not separately analyzed with other recon-
struction methods, owing to the small number of patients.
Furthermore, comparing outcomes of SAS insertion with
partial repair in group 1 with those of isolated partial
repair in group 2 would help to clarify the necessity of SAS
insertion with partial repair. However, as there were only 2
patients who had isolated partial repair in group 2, these
data would not give any meaning to the necessity of SAS
insertion with partial repair. Fifth, in this study, only ana-
tomic failures were considered, and clinical failures were
not assessed. The result could have been different if we had
evaluated the clinical failures of patients who had SAS
insertion, such as the patient who had reverse total shoul-
der arthroplasty after 6 months of SAS insertion. Finally,
the short follow-up period could be another limitation. Fur-
ther research is needed to investigate the long-term out-
comes of SAS insertion and compare the results with
those of the other treatment options.

CONCLUSION

In this study, there were no differences in outcomes
between SAS and other reconstruction methods for treating
IMRCTs. However, given the high retear rate associated
with other techniques and the poor functional outcomes of
other techniques after retears, the current findings suggest
that SAS insertion is a viable option for treating IMRCTs.

REFERENCES

1. Anley CM, Chan SK, Snow M. Arthroscopic treatment options for

irreparable rotator cuff tears of the shoulder. World J Orthop. 2014;

5(5):557-565.

2. Berth A, Neumann W, Awiszus F, Pap G. Massive rotator cuff tears:

functional outcome after debridement or arthroscopic partial repair.

J Orthop Traumatol. 2010;11(1):13-20.

3. Bozkurt M, Akkaya M, Gursoy S, Isik C. Augmented fixation with

biodegradable subacromial spacer after repair of massive rotator cuff

tear. Arthrosc Tech. 2015;4(5):e471-e474.

The Orthopaedic Journal of Sports Medicine Balloon vs Other Techniques for Irreparable Massive RCTs 11



4. Burkhart SS, Denard PJ, Adams CR, Brady PC, Hartzler RU. Arthro-

scopic superior capsular reconstruction for massive irreparable rota-

tor cuff repair. Arthrosc Tech. 2016;5(6):e1407-e1418.

5. Castagna A, Garofalo R, Maman E, Gray AC, Brooks EA. Compar-

ative cost-effectiveness analysis of the subacromial spacer for

irreparable and massive rotator cuff tears. Int Orthop. 2019;43(2):

395-403.

6. Chevalier Y, Pietschmann MF, Thorwachter C, et al. Biodegradable

spacer reduces the subacromial pressure: a biomechanical cadaver

study. Clin Biomech (Bristol, Avon). 2018;52:41-48.

7. Cho NS, Yi JW, Rhee YG. Arthroscopic biceps augmentation for

avoiding undue tension in repair of massive rotator cuff tears. Arthros-

copy. 2009;25(2):183-191.

8. Chung SW, Kim JY, Kim MH, Kim SH, Oh JH. Arthroscopic repair of

massive rotator cuff tears: outcome and analysis of factors associ-

ated with healing failure or poor postoperative function. Am J Sports

Med. 2013;41(7):1674-1683.

9. Deranlot J, Herisson O, Nourissat G, et al. Arthroscopic subacromial

spacer implantation in patients with massive irreparable rotator cuff

tears: clinical and radiographic results of 39 retrospectives cases.

Arthroscopy. 2017;33(9):1639-1644.

10. Desai SS, Mata HK. Long head of biceps tendon pathology and

results of tenotomy in full-thickness reparable rotator cuff tear.

Arthroscopy. 2017;33(11):1971-1976.

11. Fenlin JM Jr, Chase JM, Rushton SA, Frieman BG. Tuberoplasty:

creation of an acromiohumeral articulation—a treatment option for

massive, irreparable rotator cuff tears. J Shoulder Elbow Surg.

2002;11(2):136-142.

12. Gervasi E, Maman E, Dekel A, Cautero E. Fluoroscopy-guided biode-

gradable spacer implantation using local anesthesia: safety and effi-

cacy study in patients with massive rotator cuff tears. Musculoskelet

Surg. 2016;100(suppl 1):19-24.

13. Goutallier D, Postel JM, Gleyze P, Leguilloux P, Van Driessche S.

Influence of cuff muscle fatty degeneration on anatomic and func-

tional outcomes after simple suture of full-thickness tears. J Shoulder

Elbow Surg. 2003;12(6):550-554.

14. Gupta AK, Hug K, Berkoff DJ, et al. Dermal tissue allograft for the

repair of massive irreparable rotator cuff tears. Am J Sports Med.

2012;40(1):141-147.

15. Holschen M, Brand F, Agneskirchner JD. Subacromial spacer

implantation for massive rotator cuff tears: clinical outcome of

arthroscopically treated patients. Obere Extrem. 2017;12(1):

38-45.

16. Hu Q, Ding Z, Zhang H, He Y. The superior glenohumeral joint

capsule alone does not prevent superior translation of the humeral

head: an in vitro biomechanical study. Arthroscopy. 2018;34(11):

2962-2970.

17. Jeong HJ, Rhee SM, Oh JH. Postoperative new-onset pseudoparalysis:

a retrospective analysis of 430 consecutive arthroscopic repairs for

large to massive rotator cuff tears. Am J Sports Med. 2018;46(7):

1701-1710.

18. Ji JH, Shafi M, Jeong JJ, Park SE. Arthroscopic repair of large and

massive rotator cuff tears using the biceps-incorporating technique:

mid-term clinical and anatomical results. Eur J Orthop Surg Trauma-

tol. 2014;24(8):1367-1374.

19. Lee BG, Cho NS, Rhee YG. Results of arthroscopic decompression

and tuberoplasty for irreparable massive rotator cuff tears. Arthros-

copy. 2011;27(10):1341-1350.

20. Mihata T, McGarry MH, Kahn T, Goldberg I, Neo M, Lee TQ. Biome-

chanical role of capsular continuity in superior capsule reconstruction

for irreparable tears of the supraspinatus tendon. Am J Sports Med.

2016;44(6):1423-1430.

21. Moon AS, Patel HA, Ithurburn MP, Brabston EW, Ponce BA, Momaya

AM. Subacromial spacer implantation for the treatment of massive

irreparable rotator cuff tears: a systematic review. Arthroscopy.

2019;35(2):607-614.

22. Morelli M, Nagamori J, Gilbart M, Miniaci A. Latissimus dorsi tendon

transfer for massive irreparable cuff tears: an anatomic study.

J Shoulder Elbow Surg. 2008;17(1):139-143.

23. Mori D, Funakoshi N, Yamashita F. Arthroscopic surgery of irrep-

arable large or massive rotator cuff tears with low-grade fatty

degeneration of the infraspinatus: patch autograft procedure

versus partial repair procedure. Arthroscopy. 2013;29(12):

1911-1921.

24. Oh JH, Kim JY, Lee HK, Choi JA. Classification and clinical signifi-

cance of acromial spur in rotator cuff tear: heel-type spur and rotator

cuff tear. Clin Orthop Relat Res. 2010;468(6):1542-1550.

25. Oh JH, Park MS, Rhee SM. Treatment strategy for irreparable rotator

cuff tears. Clin Orthop Surg. 2018;10(2):119-134.

26. Park JG, Cho NS, Song JH, Baek JH, Rhee YG. Long-term outcome

of tuberoplasty for irreparable massive rotator cuff tears: is tubero-

plasty really applicable? J Shoulder Elbow Surg. 2016;25(2):224-231.

27. Piekaar RSM, Bouman ICE, van Kampen PM, van Eijk F, Huijsmans

PE. Early promising outcome following arthroscopic implantation of

the subacromial balloon spacer for treating massive rotator cuff tear.

Musculoskelet Surg. 2018;102(3):247-255.

28. Rhee SM, Oh JH. Bridging graft in irreparable massive rotator cuff

tears: autogenic biceps graft versus allogenic dermal patch graft. Clin

Orthop Surg. 2017;9(4):497-505.

29. Rhee YG, Cho NS, Lim CT, Yi JW, Vishvanathan T. Bridging the gap in

immobile massive rotator cuff tears: augmentation using the tenoto-

mized biceps. Am J Sports Med. 2008;36(8):1511-1518.

30. Ruiz Iban MA, Lorente Moreno R, Ruiz Diaz R, et al. The absorbable

subacromial spacer for irreparable posterosuperior cuff tears has

inconsistent results. Knee Surg Sports Traumatol Arthrosc. 2018;

26(12):3848-3854.

31. Savarese E, Romeo R. New solution for massive, irreparable rotator

cuff tears: the subacromial “biodegradable spacer.” Arthrosc Tech.

2012;1(1):e69-e74.

32. Senekovic V, Poberaj B, Kovacic L, Mikek M, Adar E, Dekel A. Pro-

spective clinical study of a novel biodegradable sub-acromial spacer

in treatment of massive irreparable rotator cuff tears. Eur J Orthop

Surg Traumatol. 2013;23(3):311-316.

33. Senekovic V, Poberaj B, Kovacic L, et al. The biodegradable spacer

as a novel treatment modality for massive rotator cuff tears: a pro-

spective study with 5-year follow-up. Arch Orthop Trauma Surg.

2017;137(1):95-103.

34. Shon MS, Koh KH, Lim TK, Kim WJ, Kim KC, Yoo JC. Arthroscopic

partial repair of irreparable rotator cuff tears: preoperative factors

associated with outcome deterioration over 2 years. Am J Sports

Med. 2015;43(8):1965-1975.

35. Singh S, Reeves J, Langohr GDG, Johnson JA, Athwal GS. The sub-

acromial balloon spacer versus superior capsular reconstruction in

the treatment of irreparable rotator cuff tears: a biomechanical

assessment. Arthroscopy. 2019;35(2):382-389.

36. Soler JA, Gidwani S, Curtis MJ. Early complications from the use of

porcine dermal collagen implants (Permacol) as bridging constructs in

the repair of massive rotator cuff tears: a report of 4 cases. Acta

Orthop Belg. 2007;73(4):432-436.

37. Sugaya H, Maeda K, Matsuki K, Moriishi J. Repair integrity and func-

tional outcome after arthroscopic double-row rotator cuff repair: a

prospective outcome study. J Bone Joint Surg Am. 2007;89(5):

953-960.

38. Szollosy G, Rosso C, Fogerty S, Petkin K, Lafosse L. Subacromial

spacer placement for protection of rotator cuff repair. Arthrosc Tech.

2014;3(5):e605-e609.

39. Williams MD, Edwards TB, Walch G. Understanding the impor-

tance of the teres minor for shoulder function: functional anat-

omy and pathology. J Am Acad Orthop Surg. 2018;26(5):

150-161.

40. Wu PT, Jou IM, Yang CC, et al. The severity of the long head biceps

tendinopathy in patients with chronic rotator cuff tears: macroscopic

versus microscopic results. J Shoulder Elbow Surg. 2014;23(8):

1099-1106.

41. Zheng MH, Chen J, Kirilak Y, Willers C, Xu J, Wood D. Porcine small

intestine submucosa (SIS) is not an acellular collagenous matrix and

contains porcine DNA: possible implications in human implantation.

J Biomed Mater Res B Appl Biomater. 2005;73(1):61-67.

12 Oh et al The Orthopaedic Journal of Sports Medicine



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


