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Background: Treatment of the subscapularis in reverse total shoulder arthroplasty (RTSA) is a controversial topic, with conflicting
evidence regarding outcomes after repair.

Purpose/Hypothesis: The purpose of this study was to report clinical and sonographic outcomes of a through-implant double-row
suture technique for subscapularis repair in RTSA and to compare clinical outcomes and range of motion (ROM) between patients
with an intact subscapularis tendon repair versus those whose tendon repair was not intact. The authors hypothesized that the
novel repair technique would find more than 80% of tendons intact on ultrasound, with significant improvement in clinical outcome
scores and ROM. The authors also hypothesized that patients with an intact subscapularis tendon repair would have better clinical
outcomes compared with those with a nonintact tendon repair.

Study Design: Case series; Level of evidence, 4.

Methods: The study included all patients who underwent RTSA by 1 of 2 surgeons between August 2016 and March 2017 with the
through-implant double-row suture technique for subscapularis repair. Subscapularis tendon integrity was assessed postopera-
tively via ultrasound at minimum 1-year follow-up. American Shoulder and Elbow Surgeons (ASES), Single Assessment Numeric
Evaluation (SANE), and pain visual analog scale (VAS) scores were recorded at the final follow-up visit in addition to ROM
measures.

Results: A total of 48 patients (31 males, 17 females; mean age, 68.9 ± 7.4 years; mean follow-up, 13.8 ± 2.1 months) were
included. On ultrasound, the subscapularis was intact in 83.3% of patients. Regarding preoperative versus postoperative outcome
scores, the ASES score (mean ± SD) significantly improved from 38.3 ± 14.7 to 81.9 ± 13.6, the SANE score significantly improved
from 29.8 ± 24.2 to 75.5 ± 21.0, and the VAS pain score significantly improved from 5.9 ± 2.1 to 1.2 ± 1.6 (P < .001 for all). Forward
flexion and external rotation significantly improved. No significant difference existed in clinical outcome scores or ROM between
patients with intact versus torn subscapularis tendons based on ultrasound.

Conclusion: Subscapularis repair using a stem-based double-row repair technique during RTSA demonstrated an overall healing
rate of 83.3%, as evidenced by ultrasound examination at short-term follow-up. Integrity of subscapularis repair did not affect
clinical outcome or ROM.
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Repair of the subscapularis tendon is a controversial topic
in reverse total shoulder arthroplasty (RTSA), as the effects
of this repair on clinical outcomes are not well defined.7,17

Early clinical and biomechanical evidence suggested that
repair of the subscapularis tendon reduced the likelihood of
postoperative dislocations.5,9,18 Although subscapularis

repair may increase implant stability, recent literature
suggests that subscapularis repair may lead to alterations
in shoulder biomechanics that are disadvantageous,
increasing the workload of the deltoid and posterior rotator
cuff and potentially limiting range of motion (ROM) post-
operatively.14 Despite these biomechanical findings, con-
flicting findings have been reported regarding the effect
of subscapularis repair on clinical outcomes, regardless of
which type of prosthesis is used.6,13,17 Furthermore, the
majority of studies that have evaluated the effect of
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subscapularis repair on function after RTSA have not
assessed subscapularis tendon integrity after the repair.
As such, results may differ depending on the status of the
repaired subscapularis tendon.

When the decision to repair the subscapularis is made,
very little is known regarding optimal repair technique and
outcomes after repair based on repair integrity, as only 2
studies to date in the literature have examined subscap-
ularis repair integrity postoperatively.7,8 Stem-based repair
of the subscapularis has shown promising biomechanical
sonographic and clinical results in anatomic total shoulder
arthroplasty.15,16 A similar technique has been developed for
reverse shoulder arthroplasty.15 The technique allows the
vector of subscapularis muscle contraction to remain in a
more anatomic position, creating dynamic compression of
the tendon over the lesser tuberosity of the humerus. This
is achieved by using a stem-based double-row repair to the
metaphyseal cup and stem. The clinical outcomes and effects
of this repair technique on ROM are unknown.

The purpose of this study was to report the clinical and
sonographic outcomes of a through-implant double-row
suture technique for subscapularis repair in RTSA. A sec-
ondary purpose was to compare the clinical outcomes and
ROM between patients with an intact subscapularis tendon
repair versus those whose tendon repair was not intact.
Drawing on our experience, we hypothesized that with the
novel repair technique we would find more than 80% of
subscapularis tendons intact on ultrasound, with signifi-
cant improvement in clinical outcome scores and ROM.
We also hypothesized that patients with an intact subscap-
ularis tendon repair would have better clinical outcomes
compared with those with a nonintact tendon repair.

METHODS

All patients with a repairable subscapularis undergoing
RTSA by 1 of 2 surgeons (R.G., E.S.L.) were eligible for inclu-
sion in this institutional review board–approved study; both
surgeons used the same through-implant double-row suture
technique for subscapularis repair. This was a prospective,
consecutive series of patients, and all surgical procedures
were performed by a fellowship-trained surgeon between
August 2016 and March 2017. A total of 48 patients met the
inclusion criteria and were enrolled in the study (Figure 1).

Patients were excluded if they were undergoing RTSA for
prior failed arthroplasty, had a history of prior subscapularis
repair, or refused to obtain an ultrasound at minimum
1-year follow-up. A 1-year follow-up period was chosen
because most complications, including subscapularis issues,
occur early in the postoperative period or at long-term
follow-up, and most gains in ROM occur at 6 to 12 months
postoperatively; as well, the 1-year follow-up maximized the
number of patients eligible for inclusion.1,21

The Univers Reverse Apex Surgical Technique (Arthrex)
was used for all patients. This technique involves through-
implant transosseous passage of sutures and a double-row
repair allowing dynamic compression of the subscapularis
tendon over the lesser tuberosity (Figure 2). The implant is
designed with fenestrated holes for suture passage allow-
ing for fixation points at the medial and lateral aspect of the
lesser tuberosity. The neck shaft angle can be set at 135� or
155�. All patients in this study received an implant with a

All pa�ents who underwent RTSA 
between August 2016 and March 2017
n = 170

Number of pa�ents that are eligible 
for inclusion
n = 69

Pa�ents who did not have a 
subscapularis repair at �me of RTSA
n = 101

Number of pa�ents that were eligible 
for inclusion
n = 69

Pa�ents with a history of prior 
subscapularis repair
n = 0

Number of pa�ents that were eligible 
for inclusion
n = 59

Pa�ents undergoing RTSA for failed 
prior arthroplasty 
n = 10

Number of pa�ents included in the 
study
n = 48

Pa�ents who refused to obtain an 
ultrasound at 1 year
n = 11

Figure 1. Flowchart of the patients eligible for inclusion.
RTSA, reverse total shoulder arthroplasty.
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neck shaft angle of 135�. Intraoperative ROM was assessed
after repair, and at least 40� of external rotation at 0� of
abduction was present in all patients.

Postoperative care was uniform throughout the cohort
and consisted of a sling for the first 4 weeks. Passive shoul-
der motion was allowed immediately in the postoperative
period, but shoulder extension past neutral and external
rotation past 20� at 1 week and past 40� at 2 weeks was
avoided to allow the subscapularis to heal. All study parti-
cipants completed preoperative and postoperative outcome
assessments, including the American Shoulder and Elbow
Surgeons (ASES) Shoulder Score, the Single Assessment
Numeric Evaluation (SANE) index, and a visual analog

scale (VAS) for pain. Each clinical outcome score was
recorded both preoperatively and at final follow-up. ROM
including forward flexion, internal rotation, and external
rotation at the side was also recorded preoperatively and at
final follow-up. Internal rotation was measured by the spi-
nal level the patient was able to reach on his or her back,
and this level was then equated with a numerical value, as
has been previously reported.19

Ultrasound evaluation of the subscapularis tendon
repair was performed at 1-year follow-up for each patient,
and tendon repair status was divided into 2 categories:
intact and not intact. The subscapularis was classified as
intact if fibers of the subscapularis tendon remained intact
to the repair site. A tendon was classified as not intact if the
tendon had pulled away from the repair site and was not in
continuity. Ultrasound examinations were performed by
the surgeon in the office setting.

Statistical Analysis

Quantitative data were recorded as means and standard
deviations, and categorical data were recorded as counts
and percentages. Because of the small sample sizes and the
possibility that normal tests may not be appropriate, non-
parametric procedures were used to test the hypotheses
regarding the key outcomes, as follows: The paired-
samples Wilcoxon signed-rank test was used to compare
preoperative versus postoperative outcome measures when
considering all 48 patients, and the Mann-Whitney U test
was used to compare the 2 patient groups, those with intact
and not intact subscapularis, for the main outcomes. Sta-
tistical significance was taken as P < .05. The primary
analysis entailed multiple hypothesis testing of outcome
data arising from individual patients; however, correction
by the Bonferroni method would not have removed signifi-
cance from any findings. Statistical analysis was completed
by use of SPSS 17.0 (IBM Corp).

RESULTS

The participants were 31 male and 17 female patients with
a mean ± SD age at the time of surgery of 68.9 ± 7.4 years
(range, 47-83 years). There were 27 right and 21 left
shoulders. The dominant arm underwent surgery in
58.3% of patients. The mean follow-up period was 13.8 ±
2.1 months (range, 12-18 months). No patient sustained a
prosthetic dislocation during follow-up.

On ultrasound, the subscapularis was intact in 83.3% of
patients (Table 1). The subscapularis was noted to be thin
intraoperatively in 4 patients and was intact in all 4
patients on follow-up ultrasound. Regarding preoperative
versus postoperative outcome scores, the ASES score sig-
nificantly improved from 38.3 ± 14.7 to 81.9 ± 13.6 (P <
.001), the SANE score significantly improved from 29.8 ±
24.2 to 75.5 ± 21.0 (P < .001), and the VAS score signifi-
cantly improved from 5.9 ± 2.1 to 1.2 ± 1.6 (P < .001) (all
P values in this paragraph determined by paired-samples
Wilcoxon signed-rank test). Significant improvement was
seen in forward flexion, from 101.8� ± 31.3� to 142.2� ± 13.0�

Figure 2. Illustrations demonstrating through-implant tech-
nique with double-row repair of subscapularis tendon. (A)
High-tensile sutures are placed through the suture cup portion
of the humeral stem before the stem is inserted into the
humerus. (B) The high-tensile sutures are shuttled through the
humerus and through the subscapularis. (C) Final double-row
suture bridge construct after the sutures have been tied down.
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(P < .001), and in external rotation at the side, from 25.7� ±
13.1� to 40.1� ± 9.4� (P < .001). Internal rotation did not
differ significantly between preoperative and postoperative
assessments (P ¼ .091). Tables 2 and 3 demonstrate the
mean improvements in clinical outcome scores and ROM
from pre- to postoperatively.

When we compared patients who had an intact subscap-
ularis on ultrasound versus those in whom the subscapularis
was not intact, patients with an intact subscapularis had a
higher postoperative ASES score (82.9 vs 78.3), but this did
not reach statistical significance (P¼ .347; Mann-Whitney U
test) (Table 4). No significant difference existed in SANE or
VAS scores between patients with an intact versus nonintact
subscapularis repair (Tables 5 and 6). No significant differ-
ence in forward flexion, external rotation, or internal rota-
tion existed between patients with an intact subscapularis
repair versus a nonintact repair (Tables 7-9).

DISCUSSION

RTSA continues to increase in popularity, and several con-
troversies regarding RTSA remain unresolved. One of these

involves the ideal way to repair the subscapularis to max-
imize stability and function while at the same time mini-
mizing deforming forces. Our hypotheses were both
confirmed and refuted. The novel repair technique resulted
in an intact tendon on ultrasound in more than 80% of

TABLE 2
Preoperative to Postoperative Differences

in Clinical Outcome Scores After Subscapularis Repair
in Reverse Total Shoulder Arthroplasty

Outcome Score
Mean

Improvement SD P

American Shoulder and Elbow
Surgeons

43.69 16.878 <.001

Single Assessment Numerical
Evaluation

45.681 34.616 <.001

Visual analog scale for pain 4.628 2.341 <.001

TABLE 3
Preoperative to Postoperative Differences

in Range of Motion After Subscapularis Repair
in Reverse Total Shoulder Arthroplasty

Range of Motion
Parameter Pre- to Postoperative Differencea P

Forward flexion 40.319 ± 35.262 <.001
External rotation 14.404 ± 14.003 <.001

aValues are expressed in degrees as mean ± SD.

TABLE 4
Preoperative and Postoperative American Shoulder and

Elbow Surgeons (ASES) Scores Based on Ultrasound
Evaluation of Subscapularis Repair

Subscapularis
on Ultrasound n ASES, Mean ± SD P

Preoperative Not intact 8 34.0 ± 19.849 .213
Intact 40 39.8 ± 14.032

Postoperative Not intact 8 78.3 ± 14.253 .347
Intact 40 82.9 ± 13.505

TABLE 5
Preoperative and Postoperative Single Assessment

Numerical Evaluation (SANE) Scores Based on Ultrasound
Evaluation of Subscapularis Repair

Subscapularis
on Ultrasound n SANE, Mean ± SD P

Preoperative Not intact 8 36.13 ± 36.938 .924
Intact 40 28.48 ± 20.93

Postoperative Not intact 8 78.50 ± 27.171 .223
Intact 40 75.55 ± 20.066

TABLE 6
Preoperative and Postoperative Visual Analog Scale

(VAS) Scores Based on Ultrasound Evaluation
of Subscapularis Repair

Subscapularis
on Ultrasound n VAS, Mean ± SD P

Preoperative Not intact 8 6.13 ± 2.295 .694
Intact 40 5.80 ± 2.216

Postoperative Not intact 8 1.81 ± 1.723 .376
Intact 40 1.15 ± 1.574

TABLE 7
Preoperative and Postoperative Forward Flexion Based on

Ultrasound Evaluation of Subscapularis Repair

Subscapularis
on Ultrasound n

Forward
Flexiona P

Preoperative Not intact 8 94.38 ± 32.452 .559
Intact 40 103.73 ± 30.945

Postoperative Not intact 8 149.38 ± 11.476 .089
Intact 40 140.98 ± 12.857

aValues are expressed in degrees as mean ± SD.

TABLE 1
Status of Subscapularis Repair Based on Ultrasound

Examination Performed at Minimum 1-Year Follow-up

Status of Repair Frequency Percentage

Not intact 8 16.7
Intact 40 83.3
Total 48 100
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patients, with significant improvements in clinical outcome
scores, forward flexion, and external rotation after stem-
based double-row subscapularis repair. However, internal
rotation did not significantly improve from preoperative
levels. Furthermore, although the not-intact group was
small, no significant difference in clinical outcome scores
or ROM existed between patients with an intact versus
nonintact subscapularis repair.

Subscapularis repair in RTSA remains a controversial
subject.2,4,10,12 Many subscapularis repair techniques are
used in practice, and debate exists as to the optimal tech-
nique.3,16 The ideal technique would provide improvements
in stability, strength, and ROM without altering the biome-
chanics of the joint. A biomechanical study by Lederman
et al16 compared 2 repair techniques in total shoulder
arthroplasty with regard to subscapularis tendon displace-
ment during cyclic loading and load to failure. The authors
divided 20 matched pairs of cadaveric shoulders into a
lesser tuberosity osteotomy and standard suture repair
technique group and a through-implant double-row com-
pression technique group, the same technique used in the
current study for total shoulder arthroplasty. They then
biomechanically tested the repair techniques to determine
displacement of the subscapularis footprint, ultimate load
to failure, and stiffness. The results demonstrated no dif-
ference in early tendon displacement with cyclic loading,
similar displacement at 500 cycles, and similar load to fail-
ure between the through-implant double-row compression
technique and the lesser tuberosity osteotomy technique.
Although this indicates that the through-implant

double-row repair technique used was biomechanically
sound, these findings do not speak to clinical outcomes.

Multiple studies have attempted to elucidate the rela-
tionship between subscapularis repair in RTSA and post-
operative outcomes and complications. Initial studies
advocated for subscapularis repair in all instances of RTSA,
pointing to increased instability and risk of dislocation
without subscapularis repair.5,9,11 Oh et al18 performed a
biomechanical study that evaluated subscapularis repair in
RTSA and force required to dislocate the prosthesis; those
investigators found that subscapularis repair led to
increased force required to dislocate the humeral prosthesis
anteriorly at multiple neck-shaft angles and multiple
humeral rotational angles. Matthewson et al17 published
a 2019 systematic review of more than 1300 patients to
examine the effect of subscapularis repair on dislocation
rates in RTSA. The authors found significantly lower dislo-
cation rates in patients who had a subscapularis repair
compared with those who did not (odds ratio, 0.19; P <
.001). No patient in the current study sustained a disloca-
tion after the through-implant double-row subscapularis
repair with a 135� implant. Unfortunately, most studies
that reported on outcomes after RTSA with and without
subscapularis repair did not assess healing of the subscap-
ularis repair; therefore, it is unclear whether an intact sub-
scapularis repair would have significantly improved
function and stability compared with no repair or a failed
repair.13

Another potential benefit of a subscapularis repair in
RTSA is improved ROM. Wall et al20 performed a review
of 240 RTSAs and found a statistically significant increase
in internal rotation for those patients who underwent sub-
scapularis repair compared with those who did not. The
current study found a significant increase in forward flex-
ion and external rotation after RTSA with subscapularis
repair but no significant change in internal rotation. The
improvement in external rotation indicates that the repair
was not too tight. Furthermore, ROM did not differ signif-
icantly between patients with an intact and a nonintact
subscapularis. Internal rotation strength was not mea-
sured, so it is possible the repaired subscapularis could
provide additional strength, but this is unknown.

The most significant finding in this study was the heal-
ing rate of the subscapularis repair. Although many studies
have reported results after subscapularis repair in RTSA,
the majority of these studies have not reported sonographic
healing rates at follow-up. This could be a significant source
of bias in these studies, as the integrity of the subscapularis
repair may be critical to the patient’s postoperative func-
tion. Only 2 studies in the literature7,8 have examined
whether the patients who underwent subscapularis repair
at their index repair had an intact tendon during follow-up
examination, and both of these studies used a reverse
shoulder implant that has an onlay metaphysis and 145�

to 155� neck shaft angle. A study by de Boer et al7 examined
integrity of repair with ultrasound in 25 patients who
underwent repair after a tenotomy with tendon-tendon and
tendon-bone suture fixation and found that 10 of the 25
(40%) were intact, with no difference in clinical outcome

TABLE 9
Preoperative and Postoperative Internal Rotation Based on

Ultrasound Evaluation of Subscapularis Repair

Subscapularis on
Ultrasound

Preoperative
Internal
Rotation

Postoperative
Internal
Rotation P

Not intact Mean L4 L5
n 8 8 .347
SD ±1 spinal level ±2 spinal levels

Intact Mean L3 L5
n 40 40 .818
SD ±2 spinal levels ±2 spinal levels

TABLE 8
Preoperative and Postoperative External Rotation Based

on Ultrasound Evaluation of Subscapularis Repair

Subscapularis
on Ultrasound n External Rotationa P

Preoperative Not intact 8 30.38 ± 15.711 .268
Intact 40 25.20 ± 12.631

Postoperative Not intact 8 43.75 ± 7.440 .223
Intact 40 39.70 ± 9.756

aValues are expressed in degrees as mean ± SD.
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scores or ROM between intact and absent subscapularis
tendon groups.

More recently, Dedy et al8 examined 48 shoulders
that underwent RTSA with subscapularis repair with
transosseous sutures after a lesser tuberosity osteotomy
and tenotomy. Ultrasound evaluation of these patients
demonstrated that 23% of the subscapularis tendons were
not healed at evaluation, 13% were intact, 33% were atten-
uated, and 31% were severely attenuated. This is higher
than the 16.7% of shoulders that were not intact in the
current study. Follow-up averaged 19 months (range,
4-132 months) in the study by Dedy et al. Furthermore,
those authors found no difference in clinical or functional
outcome measures between the healed and nonhealed
groups, a finding that the present study corroborated.
Hence, although evidence exists that subscapularis repair
in RTSA may decrease rates of instability, the repair does
not appear to provide a functional benefit, in either clinical
outcomes or ROM, regardless of whether the subscapularis
heals.

Limitations

Although clinical and sonographic outcomes were recorded,
this study has several limitations. This was a prospective
cohort of patients from 2 well-trained surgeons who are
proficient in shoulder arthroplasty. Hence, the results may
not be translatable to surgeons who perform a lower volume
of shoulder arthroplasty. Furthermore, no control group
was included for comparison of clinical and sonographic
outcomes. Although the subscapularis was examined at the
time of surgery, no preoperative sonographic assessment of
the subscapularis tendon was performed. Finally, the num-
ber of patients in which the subscapularis repair was not
intact was small. As such, this study may be underpowered
to detect a difference in ROM and clinical outcomes
between patients with an intact versus nonintact
subscapularis.

CONCLUSION

Subscapularis repair using a stem-based double-row repair
technique during RTSA demonstrated an overall healing
rate of 83.3%, as evidenced by ultrasound examination at
short-term follow-up. Integrity of subscapularis repair did
not affect clinical outcomes or ROM.

REFERENCES

1. Aibinder WR, Bicknell RT, Bartsch S, Scheibel M, Athwal GS. Sub-

scapularis management in stemless total shoulder arthroplasty: tenot-

omy versus peel versus lesser tuberosity osteotomy. J Shoulder

Elbow Surg. 2019;28(10):1942-1947.

2. Basques BA, Erickson BJ, Leroux T, et al. Comparative outcomes of

outpatient and inpatient total shoulder arthroplasty: an analysis of the

Medicare dataset. Bone Joint J. 2017;99(7):934-938.

3. Buraimoh MA, Okoroha KR, Oravec DJ, Peltz CD, Yeni YN, Muh SJ. A

biomechanical comparison of subscapularis repair techniques in total

shoulder arthroplasty: lesser tuberosity osteotomy versus subscap-

ularis peel. JSES Open Access. 2018;2(1):8-12.

4. Cabarcas BC, Gowd AK, Liu JN, et al. Establishing maximum medical

improvement following reverse total shoulder arthroplasty for rotator

cuff deficiency. J Shoulder Elbow Surg. 2018;27(9):1721-1731.

5. Chalmers PN, Rahman Z, Romeo AA, Nicholson GP. Early dislocation

after reverse total shoulder arthroplasty. J Shoulder Elbow Surg.

2014;23(5):737-744.

6. Clark JC, Ritchie J, Song FS, et al. Complication rates, dislocation,

pain, and postoperative range of motion after reverse shoulder arthro-

plasty in patients with and without repair of the subscapularis.

J Shoulder Elbow Surg. 2012;21(1):36-41.

7. de Boer FA, van Kampen PM, Huijsmans PE. The influence of sub-

scapularis tendon reattachment on range of motion in reversed shoul-

der arthroplasty: a clinical study. Musculoskelet Surg. 2016;100(2):

121-126.

8. Dedy NJ, Gouk CJ, Taylor FJ, Thomas M, Tan SLE. Sonographic

assessment of the subscapularis after reverse shoulder arthroplasty:

impact of tendon integrity on shoulder function. J Shoulder Elbow

Surg. 2018;27(6):1051-1056.

9. Edwards TB, Williams MD, Labriola JE, Elkousy HA, Gartsman GM,

O’Connor DP. Subscapularis insufficiency and the risk of shoulder

dislocation after reverse shoulder arthroplasty. J Shoulder Elbow

Surg. 2009;18(6):892-896.

10. Erickson BJ, Bohl DD, Cole BJ, et al. Reverse total shoulder arthro-

plasty: indications and techniques across the world. Am J Orthop

(Belle Mead NJ). 2018;47(9). doi:10.12788/ajo.2018.0079.

11. Erickson BJ, Frank RM, Harris JD, Mall N, Romeo AA. The influence of

humeral head inclination in reverse total shoulder arthroplasty: a sys-

tematic review. J Shoulder Elbow Surg. 2015;24(6):988-993.

12. Erickson BJ, Harris JD, Romeo AA. The effect of humeral inclination

on range of motion in reverse total shoulder arthroplasty: a systematic

review. Am J Orthop (Belle Mead NJ). 2016;45(4):e174-e179.

13. Friedman RJ, Flurin PH, Wright TW, Zuckerman JD, Roche CP. Com-

parison of reverse total shoulder arthroplasty outcomes with and

without subscapularis repair. J Shoulder Elbow Surg. 2017;26(4):

662-668.

14. Giles JW, Langohr GD, Johnson JA, Athwal GS. The rotator cuff

muscles are antagonists after reverse total shoulder arthroplasty.

J Shoulder Elbow Surg. 2016;25(10):1592-1600.

15. Gobezie R, Denard PJ, Shishani Y, Romeo AA, Lederman E. Healing

and functional outcome of a subscapularis peel repair with a stem-

based repair after total shoulder arthroplasty. J Shoulder Elbow Surg.

2017;26(9):1603-1608.

16. Lederman E, Streit J, Idoine J, Shishani Y, Gobezie R. Biomechanical

study of a subscapularis repair technique for total shoulder arthro-

plasty. Orthopedics. 2016;39(5):e937-e943.

17. Matthewson G, Kooner S, Kwapisz A, Leiter J, Old J, MacDonald P.

The effect of subscapularis repair on dislocation rates in reverse

shoulder arthroplasty: a meta-analysis and systematic review.

J Shoulder Elbow Surg. 2019;28(5):989-997.

18. Oh JH, Shin SJ, McGarry MH, Scott JH, Heckmann N, Lee TQ. Bio-

mechanical effects of humeral neck-shaft angle and subscapularis

integrity in reverse total shoulder arthroplasty. J Shoulder Elbow Surg.

2014;23(8):1091-1098.

19. Romeo AA, Thorsness RJ, Sumner SA, Gobezie R, Lederman ES,

Denard PJ. Short-term clinical outcome of an anatomic short-stem

humeral component in total shoulder arthroplasty. J Shoulder Elbow

Surg. 2018;27(1):70-74.

20. Wall B, Nove-Josserand L, O’Connor DP, Edwards TB, Walch G.

Reverse total shoulder arthroplasty: a review of results according to

etiology. J Bone Joint Surg Am. 2007;89(7):1476-1485.

21. Werner BC, Burrus MT, Begho I, Gwathmey FW, Brockmeier SF. Early

revision within 1 year after shoulder arthroplasty: patient factors and

etiology. J Shoulder Elbow Surg. 2015;24(12):e323-e330.

6 Erickson 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


