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Abstract
Background: In conjunction with reverse total shoulder arthroplasty (RSA), latissimus dorsi and teres major (LD-TM)
transfer has been advocated in the setting of combined loss of elevation and external rotation. The purpose of this
systematic review is to summarize the clinical outcomes following RSA with LD-TM transfer. Methods: A search of
PubMed, EMBASE, CINAHL, Medline, and Cochrane databases was performed between January 1, 1990 and March 1,
2016 and included articles related to outcomes following RSA with LD-TM transfer. Primary outcomes of interest were
constant score, shoulder range of motion, and patient satisfaction. Secondary outcomes of interest included subjective
shoulder value, simple shoulder test, activities of daily living requiring external rotation, and visual analog pain score.
Additional outcomes evaluated included complications and reoperations. Frequency-weighted values of outcome data
were utilized. Results: Five level IV studies involving 98 shoulders met the inclusion criteria. The mean age of the cohort
was 69.1 + 5.19 years (range 47–85). RSA with LD-TM transfer was performed for rotator cuff arthropathy (94%) or
proximal humerus fracture (6%). The average follow-up was 44.5 + 10.38 months (range 12–105 months). The constant
score improved from 28 to 65 (p < 0.0005). Active external rotation improved from 7.4 to 22.9 (p < 0.0005). There
was a 22.4% overall complication rate, including dislocation (5.1%), infection (5.1%), and transient nerve palsy (3.4%).
Conclusion: Patients undergoing RSA with LD-TM transfer in the setting of loss of external rotation demonstrate
reliable clinical improvements in shoulder function with complication rates which are comparable to RSA alone.
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Introduction
First described in 1893 by E. J. Pean,1 utilization of the
reverse total shoulder arthroplasty (RSA) has continued to
expand and is indicated for the treatment of rotator cuff
arthropathy (RCA),2–8 pseudoparalysis of the glenohumeral joint,9,10 and proximal humerus fractures (PHFs) in
elderly, low-demand patients.11 RSA functions by stabilizing the humeral component around the glenosphere, turning the superior translational force of the deltoid into a
functional rotational force.12 The addition of a latissimus
dorsi (LDT) transfer to RSA has been described for patients
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2
in the setting of pseudoparalysis with combined loss of
active elevation and external rotation (CLEER) due to massive posterior rotator cuff insufficiency.13 Up to 10% of
patients with RCA also have CLEER.14
The technique for teres major transfer was first
described in 1934 by Joseph Batiatto L’Episcopo for children with obstetric palsy.15 The modified L’Episcopo procedure includes the transfer of both the teres major and
latissimus tendons to insert on the lateral humerus, thus
aiding in external rotation.16 The transfer of either the latissimus alone or the latissimus dorsi and teres major (LDTM) together has been described in combination with RSA
for patients with massive posterior cuff arthropathy or PHF
malunion with a clinical deficit in combined elevation and
external rotation.14,17–22
While functional outcomes following RSA are well
documented,20,21,23 there are a limited number of studies
evaluating the functional outcomes and associated complications following RSA with LD-TM transfer for patients
with CLEER.13,14,17–19,22,24,25 The purpose of this systematic review is to characterize the functional outcomes and
complication rate following RSA with LD-TM transfer.

Methods
Search strategy
We performed a systematic review of the literature to identify all articles published on RSA with LDT using PubMed,
EMBASE, CINAHL, Medline, and Cochrane databases
between January 1, 1990 and March 1, 2016, according
to the PRISMA guidelines. 26 Search terms included
“reverse total shoulder arthroplasty/replacement”, “reverse
shoulder arthroplasty/replacement”, “latissimus dorsi
transfer”, “tendon transfer”, “posterosuperior”, and “rotator
cuff insufficiency.”

Study eligibility
The initial search yielded 109 articles with relevance based
on title (Figure 1). All included studies describe the surgical technique for an RSA with LDT alone or in conjunction
with teres major tendon transfer for patients with posterosuperior RCA or PHF malunion with clinical deficits in
elevation and external rotation. The abstracts generated by
the search were individually assessed for relevance by the
senior author (KGK). Articles were included which (1)
reported at least one outcome of interest, (2) involved at
least five patients with minimum follow-up of 12 months,
(3) utilized only modern RSA prostheses, and (4) were
published only in the English language. Primary outcomes
of interest were constant score, shoulder range of motion
(forward flexion and external rotation), and patient satisfaction. Secondary outcomes of interest included subjective
shoulder value (SSV), simple shoulder test (SST), activities
of daily living requiring external rotation (ADLER), visual
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analog pain score (VAS), University of California-Los
Angeles (UCLA) shoulder score, American shoulder and
elbow score (ASES), or single assessment numeric evaluation (SANE) scores. Additional outcomes evaluated
included complications and reoperations. Exclusion criteria
were applied to the following conditions: (1) patients with
revision RSA or delayed LDT after prior RSA,27,28 (2)
description of surgical technique without extensive discussion of results,26,29 (3) biomechanical studies without clinical outcomes,30,31 (4) case reports,32 and (5) any of the
earlier studies published with a repeated patient
cohort.13,17,18 Full manuscripts of remaining individual
studies were then thoroughly reviewed by the authors. Any
disagreements or discrepancies in study selection were
moderated by consensus.

Data pooling across studies and data analysis
Demographic data, surgical variables, primary outcome
measures, and secondary outcome measures (SSV, SST,
ADLER, VAS, UCLA, ASES, and SANE scores) from
comparable studies were pooled for all patients. Outcome measures were compiled and compared to preoperative values.

Statistical analysis
Statistical means with 95% confidence intervals and/or
standard deviation were calculated for the continuous variables. Categorical data were expressed as frequencies or
percentages. Analyses were performed using SAS version
9.3 (SAS Institute Inc., Cary, North Carolina, USA). Fisher
test and w2 with p value of 0.05 were deemed statistically
significant.

Results
Study selection
The initial search yielded 109 studies, which were
screened for inclusion criteria. Fifteen eligible full-text
articles were reviewed. Ten articles were subsequently
excluded based on the inclusion/exclusion criteria, leaving five level IV studies for analysis. None of the studies
received external funding, and no clear sources of bias
were identified (Figure 1).

Demographics and clinical variables
Overall 97 patients with 98 shoulders underwent RSA with
LD-TM transfer; the vast majority for RCA (94%) and the
remainder for PHF malunion (6%) with CLEER. The average age was 69 + 5.2 (47–85) years old, 33% of patients
were male, and the average follow-up was 44 + 10 months
(12–105; Table 1).
Preoperative clinical exam findings demonstrated external rotation lag, as described by Hertel et al.,33 in all
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Records
identified
through
database search:
Pubmed
(n = 109)

Records
identified
through
database search:
EMBASE
(n = 23)

Records
identified
through
database search:
CINHAL
(n = 6)

Records
identified
through
database search:
Medline (n = 16)

Records
identified
through
database search:
Cochrane
(n = 16)

Screening

Records after duplicates removed
(n = 109)

Records screened for inclusion
criteria
(n = 109)

Eligibility

Records excluded for not meeting
eligibility criteria
(n = 94)

Full-text articles assessed for
eligibility
(n = 15)
7 Full-text articles excluded for:
-Biomechanical study (n = 2) 12, 34
-LDT as secondary surgery after an
index RSA (n = 2)16, 31
-Technique discussion article without
clinical results (n = 2) 18, 40
-Case report (n = 1) 17

Included

Studies included in the qualitative
synthesis
(n = 8)
3 Full-text articles excluded for
repeat patient cohort from earlier
publication from author
-Boileau et al. 2007 and 2008 2, 3
-Gerber et al. 2007 14
Studies included in the quantitative
synthesis (meta-analysis)
(n = 5) 4, 5, 29 30, 37

Figure 1. Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.

patients along with the inability to actively elevate and
externally rotate the arm. Within the studies that reported
MRI characterization of the rotator cuff, 78%, 98%, and
100% of shoulders had Goutallier 34 grade 3–4 fatty

infiltration of the supraspinatus, infraspinatus, and teres
minor muscles, respectively (Table 1).
Only three studies characterized prior surgeries performed. Of the 61 patients included in the studies which

21 of 21
NR
NR

17 of 17
100%

30 of 32
13 of 13
15 of 15

17 of 17
98%
17 of 17
98 of 98

NR
78%

At an average follow-up of 44 + 10.4 (12–105 range)
months, the total constant score improved from 28 + 11
preoperatively to 65 + 12 (p < 0.0005) at the time of
follow-up. Active forward elevation improved from 72
to 138 (p < 0.0005) and external rotation with the arm
at the side improved from 7.4 to 22.9 (p < 0.0005;
Table 2).
SSV (n ¼ 49) was featured in two studies and improved
from 30 to 74 (p < 0.0005)19,24 and SST (n ¼ 28) improved
from 2.1 to 7.7 (p < 0.0005; Table 3).14,22 Ninety percent (n
¼ 77) of patients reported being satisfied or very satisfied
with the procedure at final follow-up. There was a 22.4%
overall clinical complication rate to include dislocation
(5.1%), infection (5.1%), and transient nerve palsy
(3.4%), as well as to include radial (one patient) and axillary (two patients) nerves (Table 4). Radiographic notching
was present in 41% of cases (n ¼ 30).14,24,25
RC: retrospective cohort; RCA: rotator cuff arthropathy; PHF: proximal humerus fracture; NR: not reported.

17 RCA
92 RCA
6 PHF malunion
17
98
RC

71 (NR)
7:10
23 (12–54)
69 + 5.2 (47–85) 32:64 44 + 10 (12–105)

32 RCA
13 RCA
15 RCA
32
13
15

Puskas et al.24
Ortmaier et al.22
Boughebri
et al.14
2010 France
Boileau et al.19
Total/weighted
means

2015 United
States
2014 Switzerland
2014 Austria
2013 France
Shi et al.25

Country
Year
First author

RC
RC
RC

70 (47–85)
71 (63–79)
68 (53–82)

13:18
4:9
4:10

53 (24–105)
65 (18–92)
33 (24–60)

32 of 32
13 of 13
15 of 15

19 of 32
13 of 13
15 of 15

21 of 21
21 of 21
15 RCA
21

66 (52–82)

4:17

44 (26–81)

21 of 21

NR

Outcome measures

RC

Goutallier
Goutallier
Goutallier
Preop
grade 3,4 grade 3,4 teres
grade 3,4
external
minor
rotation lag supraspinatus infraspinatus
Indication of
surgery
Male: Time of follow-up
Female (months) (range)
Average patient
age (range)
Study Number of
design shoulders
Table 1. Baseline characteristics.
4

characterized prior surgeries, 23 (38%) had undergone
prior rotator cuff repair, 6 (10%) subacromial decompression, 5 (8%) open reduction internal fixation for PHF, 3
(5%) humeral osteotomy, 2 (3%) acromioplasty, 1 (1.6%)
humeral head hemiarthroplasty, and 1 (1.6%) labral repair.

Discussion
Our systematic review demonstrates consistently improved
clinical outcomes in patients treated with RSA and LD-TM
transfer for CLEER. There were three key findings in our
report. First, constant scores improved significantly postoperatively. Second, range of motion, namely active external rotation gained, demonstrated consistent, clinically
meaningful improvement. Finally, functional outcome
scores (SSV, SST, ADLER, VAS, UCLA, ASES, and
SANE) had all consistently improved at the expense of a
complication rate comparable to RSA alone.
With the minimal additional risk of complications to an
isolated RSA procedure and significant functional benefits,
combined tendon transfer in the setting of CLEER is a
reasonable option for a subset of patients with painful glenohumeral arthritis or a proximal humerus malunion with
associated loss of both active elevation and external rotation. Isolated RSA without supplemental LDT is reported
in the literature to have an overall complication rate of 19–
69%.2,20,21,23,35–37 Scapular notching is the most frequently
reported complication with RSA (5–100%).35 Similarly,
RSA with LD-TM transfer reveals a comparable rate of
notching. There is, however, no association with poor clinical outcomes and no patients with radiographic notching
required revision surgery. 3,29–31 The most common
reported clinical complications with RSA alone are
instability (4.7%), infection (3.8%), and aseptic glenoid
loosening (3.5%).23 Puskas et al. note that complication
rates of the combined procedure do not exceed those of the
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Table 2. Primary outcomes.
First author

Preop constant
score

Postop constant
score

Preop forward
flexion

Postop forward
flexion

Preop external
rotation

Postop external
rotation

NR
34
20
24
27
28

NR
66a
64a
61a
62a
64a

56
82
55
65
74
72

112a
138a
138a
126a
149a
138a

6
4
16
9
21
7

38a
27a
21a
27a
13a
23a

Shi et al.25
Puskas et al.24
Ortmaier et al.22
Boughebri et al.14
Boileau et al.19
Total/Weighted means

NR: not reported.
a
Postoperative value is significantly greater than the preoperative value, p < 0.0.

Table 3. Secondary outcomes.

First author
Shi et al.25
Puskas et al.24
Ortmaier et al.22
Boughebri et al.14
Boileau et al.19
Total/weighted means

Preop Postop Preop Postop Postop
Preop Postop
Preop Postop Preop Postop ADLER ADLER Preop Postop UCLA UCLA SANE SANE ASES
score VAS
VAS score score score score score
score
SSV
SSV
SST
SST
—
33
—
—
24
30

—
75a
—
—
71a
74a

—
—
2.3
1.9
—
2.1

—
—
7.9a
7.6a
—
7.7a

—
—
—
—
7
7

—
—
26
—
25a
25

8.4
—
6.8
—
—
7.7

1.7a
—
1.1a
—
—
1.5

—
—
7.9
—
—
7.9

27
—
26a
—
—
27

28
—
—
—
—
28

80a
—
—
—
—
80

74
—
—
—
—
74

SSV: subjective shoulder value; SST: simple shoulder test; ADLER: activities of daily living requiring external rotation; VAS: visual analog pain score;
UCLA: University of California-Los Angeles; SANE: single assessment numeric evaluation; ASES: American shoulder and elbow score; —: no value
reported in study.
a
Statistical significance between pre and postoperative values with p < 0.05.

individual procedures.24 While dislocation was the most
common complication, only 5.1% of cases experienced
postoperative dislocation compared to the 4.7% dislocation
rate reported for RSA alone.23 The 5.1% periprosthetic
infection rate reported with the combined procedure is
comparable to that of RSA alone, 3.8%.23 Similarly, literature involving both RSA with LD-TM transfer and RSA
alone reports less than 3.5% rate of aseptic loosening.14,19,22–25 Regarding transient nerve palsy, our review
reveals a 3.4% rate of postoperative (two radial nerve and
one axillary nerve) palsy, which is consistent with 2–4%
rate previously reported with LD tendon transfer alone.38
Although there are no studies directly comparing RSA
with and without supplemental LD-TM transfer, given the
available evidence, it appears that the complications with
LD-TM transfer do not exceed those of isolated RSA.
Therefore, this procedure appears to be safe in addition to
its capability of restoring function in patients with CLEER.
LD-TM transfer can significantly improve patient function
and satisfaction, without an increased risk of complication
over standard RSA.
Although all studies utilized RSA with LDT or LD-TM
transfer, individual surgical techniques varied, contributing
to mild heterogeneity among the studies. Tendon release
and transfer has been achieved through different surgical
methods and techniques. While Puskas et al. advocate for a
secondary posterior axillary incision for tendon release and

transfer under direct visualization,24 most authors utilized a
single deltopectoral incision for both the RSA and LD-TM
tendon transfer.14,19,22,25 Criticism of a second incision
includes the morbidity of a secondary surgical incision and
the potential for iatrogenic axillary nerve injury.39,40 Puskas et al. did not report any additional complications related
to the second incision in their cohort of 32 shoulders.24
Likewise, the outcomes of patients who received the combined procedure using the two incisions are comparable to
the outcome results of patients of other study cohorts that
used a single deltopectoral incision.14,19,22,25 While some
authors in earlier publications released and later repaired
the pectoralis major insertion to reach the underlying LDT
tendon,14 Ortmaier et al. was able to adequately release and
mobilize the LDT through retraction of the pectoralis major
tendon while preserving its native insertion.22 The postoperative loss of internal rotation strength reported by Boileau et al., while not clinically significant, may be
attributable to release of the pectoralis major tendon.19
Conversely, Ortmaier et al. did not observe any loss of
internal rotation strength postoperatively.22 However, Puskas et al., who released the LDT tendon from an accessory
posterior incision, leaving the pectoralis major tendon
intact, also observed decreased internal rotation strength.24
Therefore, it is possible that there are multiple contributing
factors to postoperative loss of internal rotation strength.
No consensus exists regarding release of the pectoralis

6

Journal of Orthopaedic Surgery 25(2)

Table 4. Complications.
First
author

Total
complications Description of complications

Shi et al.25 8 of 21

Puskas
et al.24

Ortmaier
et al.22

6 of 32

3 of 13

Boughebri 2 of 15
et al.14

Boileau
et al.19

Total/
average

3 of 17

22 of 98

Major complications
1 Dislocation at 2 months requiring
revision
1 Periprosthetic fractures from fall
requiring ORIF
2 Deltoid detachments at 1 year
requiring reoperation
1 Intraoperative metaphyseal
fracture requiring cerclage wire
1 Acromion base fracture from fall
requiring ORIF
Minor complications
1 Axillary nerve palsy
1 Periprosthetic fractures from fall
treated conservatively
Major complications
1 Dislocation at 1 year requiring
revision
2 Infections by Staphylococcus aureus
at 10 days and 3 months requiring
reoperation
1 Intraoperative diaphyseal humerus
fracture
1 Frozen shoulder requiring
arthroscopic release
Minor complications
1 Dislocation at 1 year treated with
closed reduction
Major complications
1 Dislocation with rupture of
transferred tendon at 3 months
requiring revision
2 Deep infections at 12 and 18 months;
both requiring 2-stage revision
Major complications
1 Dislocation at 48 months requiring
revision
Minor complications
1 Transient radial nerve palsy,
resolved by 3 months
Major complications
1 Infection at 1 year postop requiring
2-stage revision
Minor complications
1 Transient radial nerve palsy
1 Partial LD-TM tendon rupture
Overall complication rate: 22.4%
Major complication rate: 16.3%
Minor complication rate: 6.1%
Dislocation 5.1%
Infection 5.1%
Nerve palsy 3.4%
Periprosthetic fracture 2.0%
Deltoid detachment 2.0%

LD-TM: latissimus dorsi and teres major; ORIF: Open reduction internal
fixation.

major tendon for access to the LD-TM tendons, but its
release has been shown to result in limited internal rotation
strength in selected series.14
The location and fixation construct for LD-TM transfer
is also variably described but may have important biomechanical implications for restoration of external rotation.
Although no conclusion can be drawn from this review
regarding optimal tendon bone fixation given the limited
number of studies, bone tunnels,19,25 endobutton,24 suture
anchor,14 and bone chip fixation22 each resulted in comparable and satisfactory clinical outcomes and can be considered as reasonable options for tendon fixation. Rather than
the fixation technique, the site of tendon insertion likely
makes more of a difference clinically.30 In a cadaveric
study, Favre et al. demonstrated insertion of LDT tendon
posterior to the teres minor tendon maximized the external
rotation moment arm.30 Similarly, Petrillo et al. determined
that biomechanically, placing the humeral cup in 20–40 of
retroversion with the LDT insertion site at a posterodistal
site optimizes external rotation moment arm.31 In response
to perceived over tensioning of the composite LD-TM
transfer with resultant loss of internal rotation, Boileau
et al. recommended a modification to the tendon transfer
site insertion during the course of their study.19 Initially, the
tendons were tensioned around the lateral aspect of the
humerus and sutured to the stump of the divided pectoralis
major tendon. While the resultant increase in external rotation was excellent, the over tensioned LDT and teres major
tendons may have contributed to a loss in internal rotation.
Their technique was modified so that LDT and teres major
tendons were transferred to diametrically opposite locations
at the same level of their original insertions. The authors also
found that with the inferior and medialized position of the
shoulder fulcrum of the shoulder fulcrum achieved during
RSA, tendon transfer at the same height of the original insertions helps to avoid the reported complication of quadrilateral symptoms. Given that the studies included reported
comparable functional outcomes and complication rates
despite minor variations in surgical approach, tendon
release, transfer, and fixation, it stands to reason that no
surgical technique is clearly advantageous over another.
While this systematic review provides a more largescale evaluation of the clinical outcomes and complication
profile of RSA and LD-TM transfer, it remains an important area for further investigation. There are a limited number of small studies describing supplementation of LD-TM
transfer in the setting of RSA, and it is clear that this technique is advantageous with minimal additional risk.38,41 As
a systematic review, this study is limited by the quality and
power of the available literature. All studies included were
level IV and the largest study involved only 33 patients.
Additionally, external validity may be limited. With such a
limited sample size for each different surgical technique,
no statistical differences or conclusions can be drawn from
the existing data. Larger prospective comparative trials
are indicated to assess the functional benefit of RSA with
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LD-TM transfer over traditional RSA for RCA as well as to
compare the various existing techniques of RSA with LDTM transfer.

Conclusion
In conclusion, in patients with severe RCA and proximal
humerus malunion with CLEER, RSA with LD-TM transfer provides excellent functional outcomes with restoration
of forward flexion and external rotation. Although complications associated with RSA are not uncommon, they are
not significantly increased with the addition of LD-TM
transfer. Based on our review, the benefits of LD-TM transfer outweigh the minimal or no increased risk of
complications.
Declaration of conflicting interests
The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding
The author(s) received no financial support for the research,
authorship, and/or publication of this article.

References
1. Lugli T. Artificial shoulder joint by Pean (1893): the facts of
an exceptional intervention and the prosthetic method. Clin
Orthop Relat Res 1978; 133: 215–218.
2. Brunner U, Ruckl K and Fruth M. Cuff tear arthropathy – longterm results of reverse total shoulder arthroplasty. Orthopade
2013; 42: 522–530. DOI: 10.1007/s00132-012-2023-7.
3. Coe MP, Greiwe RM, Joshi R, et al. The cost-effectiveness of
reverse total shoulder arthroplasty compared with hemiarthroplasty for rotator cuff tear arthropathy. J Shoulder Elbow
Surg 2012; 21: 1278–1288. DOI: 10.1016/j.jse.2011.10.010.
4. Jobin CM, Brown GD, Bahu MJ, et al. Reverse total shoulder
arthroplasty for cuff tear arthropathy: the clinical effect of
deltoid lengthening and center of rotation medialization. J
Shoulder Elbow Surg 2012; 21: 1269–1277. DOI: 10.1016/
j.jse.2011.08.049.
5. Nolan BM, Ankerson E and Wiater JM. Reverse total
shoulder arthroplasty improves function in cuff tear arthropathy. Clin Orthop Relat Res 2011; 469: 2476–2482. DOI:
10.1007/s11999-010-1683-z.
6. Ramirez MA, Ramirez J and Murthi AM. Reverse total
shoulder arthroplasty for irreparable rotator cuff tears and
cuff tear arthropathy. Clin Sports Med 2012; 31: 749–759.
DOI: 10.1016/j.csm.2012.07.009.
7. Sayana MK, Kakarala G, Bandi S, et al. Medium term results
of reverse total shoulder replacement in patients with rotator
cuff arthropathy. Ir J Med Sci 2009; 178: 147–150. DOI: 10.
1007/s11845-008-0262-8.
8. Seebauer L, Walter W and Keyl W. Reverse total shoulder
arthroplasty for the treatment of defect arthropathy. Oper
Orthop Traumatol 2005; 17: 1–24. DOI: 10.1007/s00064005-1119-1.

7
9. Drake GN, O’Connor DP and Edwards TB. Indications for
reverse total shoulder arthroplasty in rotator cuff disease. Clin
Orthop Relat Res 2010; 468: 1526–1533. DOI: 10.1007/
s11999-009-1188-9.
10. Ek ET, Neukom L, Catanzaro S, et al. Reverse total shoulder
arthroplasty for massive irreparable rotator cuff tears in
patients younger than 65 years old: results after five to fifteen
years. J Shoulder Elbow Surg 2013; 22: 1199–1208. DOI: 10.
1016/j.jse.2012.11.016.
11. Grubhofer F, Wieser K, Meyer DC, et al. Reverse total
shoulder arthroplasty for acute head-splitting, 3- and 4-part
fractures of the proximal humerus in the elderly. J Shoulder
Elbow Surg 2016. DOI: 10.1016/j.jse.2016.02.024.
12. Gerber C, Pennington SD and Nyffeler RW. Reverse total
shoulder arthroplasty. J Am Acad Orthop Surg 2009; 17:
284–295.
13. Gerber C, Pennington SD, Lingenfelter EJ, et al. Reverse
delta-III total shoulder replacement combined with latissimus
dorsi transfer. A preliminary report. J Bone Joint Surg Am
2007; 89: 940–947. DOI: 10.2106/JBJS.F.00955.
14. Boughebri O, Kilinc A and Valenti P. Reverse shoulder
arthroplasty combined with a latissimus dorsi and teres major
transfer for a deficit of both active elevation and external
rotation. Results of 15 cases with a minimum of 2-year follow-up. Orthop Traumatol Surg Res 2013; 99: 131–137.
DOI: 10.1016/j.otsr.2012.11.014.
15. L’Episcopo JB. Tendon transplantation in obstetrical paralysis. Am J Surg 1934; 25: 122–125. DOI: 10.1016/S00029610(34)90143-4.
16. Covey DC, Riordan DC, Milstead ME, et al. Modification of
the L’Episcopo procedure for brachial plexus birth palsies. J
Bone Joint Surg Br 1992; 74: 897–901.
17. Boileau P, Chuinard C, Roussanne Y, et al. Reverse
shoulder arthroplasty combined with a modified latissimus
dorsi and teres major tendon transfer for shoulder pseudoparalysis associated with dropping arm. Clin Orthop Relat
Res 2008; 466: 584–593. DOI: 10.1007/s11999-0080114-x.
18. Boileau P, Chuinard C, Roussanne Y, et al. Modified latissimus dorsi and teres major transfer through a single deltopectoral approach for external rotation deficit of the shoulder:
as an isolated procedure or with a reverse arthroplasty.
J Shoulder Elbow Surg 2007; 16: 671–682. DOI: 10.1016/
j.jse.2007.02.127.
19. Boileau P, Rumian AP and Zumstein MA. Reversed shoulder
arthroplasty with modified L’Episcopo for combined loss of
active elevation and external rotation. J Shoulder Elbow Surg
2010; 19: 20–30. DOI: 10.1016/j.jse.2009.12.011.
20. Frankle M, Siegal S, Pupello D, et al. The reverse shoulder
prosthesis for glenohumeral arthritis associated with severe
rotator cuff deficiency. A minimum two-year follow-up study
of sixty patients. J Bone Joint Surg Am 2005; 87: 1697–1705.
DOI: 10.2106/JBJS.D.02813.
21. Levy JC, Virani N, Pupello D, et al. Use of the reverse
shoulder prosthesis for the treatment of failed hemiarthroplasty in patients with glenohumeral arthritis and rotator cuff

8

22.

23.

24.

25.

26.

27.

28.

29.

30.

Journal of Orthopaedic Surgery 25(2)
deficiency. J Bone Joint Surg Br 2007; 89: 189–195. DOI: 10.
1302/0301-620X.89B2.18161.
Ortmaier R, Resch H, Hitzl W, et al. Reverse shoulder arthroplasty combined with latissimus dorsi transfer using the bonechip technique. Int Orthop 2014; 38: 553–559. DOI: 10.1007/
s00264-013-2139-3.
Zumstein MA, Pinedo M, Old J, et al. Problems, complications, reoperations, and revisions in reverse total shoulder
arthroplasty: a systematic review. J Shoulder Elbow Surg
2011; 20: 146–157. DOI: 10.1016/j.jse.2010.08.001.
Puskas GJ, Catanzaro S and Gerber C. Clinical outcome of
reverse total shoulder arthroplasty combined with latissimus
dorsi transfer for the treatment of chronic combined pseudoparesis of elevation and external rotation of the shoulder.
J Shoulder Elbow Surg 2014; 23: 49–57. DOI: 10.1016/j.
jse.2013.04.008.
Shi LL, Cahill KE, Ek ET, et al. Latissimus dorsi and teres
major transfer with reverse shoulder arthroplasty restores
active motion and reduces pain for posterosuperior cuff dysfunction. Clin Orthop Relat Res 2015; 473: 3212–3217. DOI:
10.1007/s11999-015-4433-4.
Grey SG. Combined latissimus dorsi and teres major tendon
transfers for external rotation deficiency in reverse shoulder
arthroplasty. Bull Hosp Jt Dis (2013) 2013; 71(suppl 2): 82–87.
Germann M, Puskas GJ, Catanzaro S, et al. Secondary latissimus dorsi transfer for residual dysfunction after reverse
total shoulder arthroplasty. Swiss Med Wkly 2013; 143: 10S.
Puskas GJ, Germann M, Catanzaro S, et al. Secondary latissimus dorsi transfer after failed reverse total shoulder arthroplasty. J Shoulder Elbow Surg 2015; 24: e337–e344. DOI: 10.
1016/j.jse.2015.05.033.
Wieser K. CORR: latissimus dorsi and teres major transfer
with reverse shoulder arthroplasty restores active motion and
reduces pain for posterosuperior cuff dysfunction. Clin
Orthop Relat Res 2015; 473: 3218–3220. DOI: 10.1007/
s11999-015-4473-9.
Favre P, Loeb MD, Helmy N, et al. Latissimus dorsi transfer
to restore external rotation with reverse shoulder arthroplasty:
a biomechanical study. J Shoulder Elbow Surg 2008; 17:
650–658. DOI: 10.1016/j.jse.2007.12.010.

31. Petrillo S, Longo UG, Berton A, et al. Latissimus dorsi tendon transfer in reverse total shoulder arthroplasty: effect of
position of attachment and humeral cup version. J Orthop
Traumatol 2014; 15: S3.
32. Goel DP, Ross DC and Drosdowech DS. Rotator cuff tear
arthropathy and deltoid avulsion treated with reverse total
shoulder arthroplasty and latissimus dorsi transfer: case
report and review of the literature. J Shoulder Elbow Surg
2012; 21: e1–e7. DOI: 10.1016/j.jse.2011.09.023.
33. Hertel R, Ballmer FT, Lombert SM, et al. Lag signs in the
diagnosis of rotator cuff rupture. J Shoulder Elbow Surg
1996; 5: 307–313.
34. Hamada K, Fukuda H, Mikasa M, et al. Roentgenographic
findings in massive rotator cuff tears. A long-term observation. Clin Orthop Relat Res 1990; 254: 92–96.
35. Farshad M and Gerber C. Reverse total shoulder arthroplastyfrom the most to the least common complication. Int Orthop
2010; 34: 1075–1082. DOI: 10.1007/s00264-010-1125-2.
36. Rittmeister M and Kerschbaumer F. Grammont reverse total
shoulder arthroplasty in patients with rheumatoid arthritis and
nonreconstructible rotator cuff lesions. J Shoulder Elbow
Surg 2001; 10: 17–22. DOI: 10.1067/mse.2001.110515.
37. Wall B, Nove-Josserand L, O’Connor DP, et al. Reverse total
shoulder arthroplasty: a review of results according to etiology. J Bone Joint Surg Am 2007; 89: 1476–1485. DOI: 10.
2106/JBJS.F.00666.
38. Moursy M, Forstner R, Koller H, et al. Latissimus dorsi tendon transfer for irreparable rotator cuff tears: a modified
technique to improve tendon transfer integrity. J Bone Joint
Surg Am 2009; 91: 1924–1931. DOI: 10.2106/JBJS.H.00515.
39. Miniaci A and MacLeod M. Transfer of the latissimus dorsi
muscle after failed repair of a massive tear of the rotator cuff.
A two to five-year review. J Bone Joint Surg Am 1999; 81:
1120–1127.
40. Strecker WB, McAllister JW, Manske PR, et al. SeverL’Episcopo transfers in obstetrical palsy: a retrospective
review of twenty cases. J Pediatr Orthop 1990; 10: 442–444.
41. Aoki M, Okamura K, Fukushima S, et al. Transfer of latissimus dorsi for irreparable rotator-cuff tears. J Bone Joint Surg
Br 1996; 78: 761–766.

