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Background: This retrospective study was undertaken to evaluate mid-term clinical and radiological outcomes of lattisimus dorsi (LD)
tendon transfer in patients with irreparable massive rotator cuff tears (MRCT). We hypothesize that LD tendon transfer would provide
safe and satisfactory clinical outcomes at mid-term follow-up.
Methods: From November 2008 to December 2016, 23 patients (57.5 ± 4.4 years; 20 male, 3 female) who underwent LD tendon
transfer for massive tears, were enrolled. Inclusion criteria were irreparable MRCT. Exclusion criteria included full thickness subscapularis
tear, rotator cuff arthropathy, anterosuperior rotator cuff tear, and osteoarthritis. Mean follow-up period was 4.7 ± 4.0 years (range, 2–12
years). Clinical assessment (American Shoulder and Elbow Surgeons [ASES], University of California, Los Angeles [UCLA], Simple Shoulder Test [SST]) and radiographic assessment (osteoarthritis [OA], acromiohumeral distance [AHI]) were evaluated.
Results: ASES, UCLA and SST scores, and range of motion (ROM), except internal rotation, improved significantly at the last followup (p<0.05). Also, AHI was significantly improved at the last follow-up, from 6.6 mm to 8.2 mm (p=0.008). At the final follow-up, the
radiologic stages of the glenohumeral osteoarthritis were determined as stage 1 in 9 patients, stage 2 in 10 patients, stage 3 in 2 patients,
and stage 4 in 2 patients. Complications were observed in 21.7% cases: 3 re-tears and 2 infections were noted in our study.
Conclusions: LD tendon transfer for irreparable MRCT provides satisfactory clinical outcomes at mid-term follow-up. Mild degenerative
osteoarthritis (stage 1, 2) of the shoulder joint are common at the mid-term follow-up. Also, complications such as tear, infection should
be considered. (Clin Shoulder Elbow 2019;22(4):220-226)
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Introduction
In massive irreparable rotator cuff tears, several treatment options include arthroscopic debridement, partial repair,1-3) superior
capsular reconstruction (SCR),4-6) auto- or allograft interposition,7)
balloon spacer arthroplasty,8-10) trapezius transfer, and latissimus dorsi (LD) transfer11) or reverse total shoulder arthroplasty
(RTSA).12-15)
Arthroscopic debridement provides pain relief by removing
the damaged torn rotator cuff tissue. In partial repair, an attempt
is made to repair as much cuff as possible. This partial repair

generally provides good early clinical outcomes, but has shown
a significantly high failure rate.1-3) Graft interposition repair is
achieved by using an acellular dermal matrix (ADM) inserted
into the gap between torn retracted tendons and the greater tuberosity.7) Several xeno- and allograft tissues including porcine or
human dermis are available, and have shown promising results
in some patients. Balloon spacer arthroplasty has recently been
proposed, and acts by preventing humeral head migration by
placing a biodegradable saline-filled spacer between the humeral head and acromion; however, there is no long-term follow-up
study to determine the outcome.8-10) Also, RTSA is very effective
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for irreparable rotator cuff tears in elderly patients,12-15) but due
to the questionable longevity of RTSA and limited treatment
options after failure, this procedure is not an ideal option for
young, active patients. In the future, long term follow-up studies that compare different treatment modalities are required, to
verify the superiority of a specific procedure and to determine
patient specific indications.
In the massive irreparable rotator cuff tears, loss of active
forward flexion and external rotation are the common principal
complaints. LD transfer to greater tuberosity is capable of restoring active forward flexion and external rotation. Long term
clinical outcomes are also available for LD transfer, and it is one
of the useful procedures available for young and active patients.
Furthermore, LD transfer has been reported for irreparable subscapularis tendon tears.16)
This study was undertaken to evaluate the clinical and radiological outcomes of LD transfer in patients with massive irreparable rotator cuff tears. We hypothesize that this procedure will
provide safe and satisfactory clinical outcomes at the mid-term
follow-up period, without the occurrence of definite osteoarthritis.

tion of the torn cuff tendon (Fig. 1). Based on these factors, we
predicted the repairability of these massive rotator cuff tears,
and resolved whether or not to perform LD tendon transfer. The
inclusion criterion was massive irreparable posterosuperior cuff
tear. Exclusion criteria included combined full thickness subscapularis tendon tears, rotator cuff arthropathy, anterosuperior rotator cuff tears including full thickness subscapularis tendon tears,
osteoarthritis, and patients who had undergone prior shoulder
surgery on the same shoulder (Table 1).

Surgical Procedure
Arthroscopy was initially performed in the lateral decubitus
position to check repairability of the cuff and glenohumeral
arthritis. If preoperative MRI showed clearly massive retracted
irreparable rotator cuff tear without arthritis, LD transfer was
achieved without arthroscopic examination. However, if the preoperative MRI gave no clear indication, we first performed arthroscopy, checked for repairability of the cuff, and subsequently
performed the LD transfer only for irreparable cases. Briefly,
two incisions were placed on the lateral decubitus position; the
Table 1. Patient Demographics

Methods

Variable

From November 2008 to December 2016, 25 patients underwent LD transfer for massive irreparable rotator cuff tears.
Of these, 2 patients were not available for a 2-year follow-up.
Finally, 23 patients were enrolled in this study. All surgeries were
performed by a single surgeon.
The physical examination evaluated for range of motion
(ROM), drop arm sign and hornblower’s sign. Preoperative Xrays were examined for the presence of osteoarthritis, and preoperative magnetic resonance images (MRIs) were evaluated for
tendon retraction, tear size, muscle atrophy, and fatty degenera-

A

No. of patients

Value
23

Age (yr)

57.5 (50–67)

Sex, male:female

20:3
2

Body mass index (kg/m )
Trauma history

24.2 ±2.2 (18.8–28.3)
7

Critical shoulder angle (°)
Preoperative acromiohumeral interval (mm)

37.5 ± 4. 2 (28.4–44.3)
6.6 ± 2.3 (2.2–11.2)

Values are presented as number only, mean (range), or mean ± standard deviation (range).

B

C

Fig. 1. A 59-year-old male patient suffered from chronic shoulder pain due to a slip down injury. (A) Preoperative X-ray shows no definite abnormality. (B, C)
Coronal and sagittal magnetic resonance imaging view show massive retracted rotator cuff tear without osteoarthritis.
www.cisejournal.org
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first incision was placed on the lateral axillary fold. A curvilinear
longitudinal incision (15 cm) was then made from the tip of the
scapular to the axillary fold. After fascial incision and identifying
LD, the tendinous portion of the LD tendon was released from
the teres major and anterior chest wall. Using a no. 15 Knife, this
tendinous portion was detached from the humeral bone (Fig.
2A). It is important to note that when performing LD tendon
transfer, it is critical to maximize the respective muscle excursion
(Fig. 2B) and anchor the tendon on the anterior aspect of the
greater tuberosity with the arm in external rotation.
Another longitudinal 10 cm incision was made at the apex of
the shoulder. The greater tuberosity was exposed after periosteal
detachment of the middle deltoid. Complete removal of subacromial bursa was done, followed by decortication of the tuberosity bone. After submuscular tunneling, the tendinous portion of LD tendon was transferred to the tuberosity. Two anchors
were inserted at the anterior greater tuberosity, with subsequent
suture bridge repair of the transferred LD tendon (Fig. 2C). After
tight repair of the transferred LD tendon, a tight repair of the
middle deltoid to the lateral acromion was completed.
An abduction brace was applied during the subsequent postoperative 6 weeks, and gentle passive ROM, such as pendulum
exercise, were permitted. After 6 weeks, use of the abduction
brace was discontinued, and patients underwent rehabilitation
by a specialized physical therapist. Active assisted exercises were
initiated after 10 weeks, with subsequent introduction of progressive strengthening exercise after 3 months.
At the final follow-up, the clinical assessments (American
Shoulder and Elbow Surgeons [ASES], University of California,
Los Angeles [UCLA] and Simple Shoulder Test [SST] score, and
ROM) and radiographic assessment using postoperative followup X-ray and MRI were evaluated. Postoperative follow-up MRI
evaluated the continuity of the transferred LD tendon to the
tuberosity (Fig. 2). Also, the final follow-up X-ray evaluated and
compared the AHI and progression of osteoarthritis. Radiologic
stages of glenohumeral arthritis, as classified by Franceschi et
al.,17) were determined as follows: stage 1 (exostosis <3 mm),

A

stage 2 (exostosis 3–7 mm with slight irregularity), stage 3 (exostosis >7 mm with joint space narrowing), stage 4 (complete loss
of glenohumeral joint space).

Statistics
All data management and statistical analysis were performed
using the IBM SPSS ver. 20.0 software (IBM Corp., Armonk, NY,
USA). Independent t-tests were used for continuous variables.
Pearson chi-squared test or Fisher’s exact test was applied to
analyze the categorical variables. The level of significance was
set at p<0.05.

Results
Totally, 23 patients were enrolled in our study. Mean age at
surgery was 57.5 years (range, 50–67 years). There were 20
males and 3 females. The mean follow-up period was 4.7 ± 4.01
years (range, 2–12 years). Pre-operatively, all patients demonstrated positive dropping and hornblower’s sign.
The average Subjective Shoulder Value was 74% at the last
follow-up. Clinical outcomes such as ASES, UCLA and SST

Table 2. Clinical Outcomes of Latissimus Dorsi Tendon Transfer at the Last
Follow-up
Variable
ASES
UCLA
SST

p-value

Preoperative

Postoperative

34.3 (2–65)

79 (74–90)

<0.05

15 (3–26)

30 (27–32)

<0.05

4 (0–8)

8 (5–11)

<0.05

Forward flexion (°)

129

140

0.358

Abduction (°)

125

140

0.244

External rotation at side (°)

30

25

0.136

Internal rotation at back (°)

L1

T12

0.361

Values are presented as mean (range).
ASES: American Shoulder and Elbow Surgeons, UCLA: University of California, Los Angeles, SST: Simple Shoulder Test.

B

C

Fig. 2. Surgical procedure. (A, B) Curvilinear longitudinal incision (15 cm) was performed from the tip of the scapular and axillary fold. After fascial incision,
thin tendinous portion of the LD tendon was released and detached from the humeral bone. (C) On the anterior greater tuberosity, two anchors were inserted,
after which the suture bridge rotator cuff repair was performed.
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score, and all ROM (excluding internal rotation at back) were
significantly improved (p<0.05; Table 2).
Radiologic evaluations revealed significant change between
the preoperative and postoperative AHI, from 6.6 mm to 8.2
mm, respectively (p=0.008) (Fig. 3). Compared to the preoperative X-ray, all cases showed humeral head re-centering in the

A

immediate postoperative X-ray. Postoperative follow-up sagittal
and coronal MRI images showed transferred LD tendon to the
tuberosity (Fig. 4). At the final follow-up, radiologic stages of the
glenohumeral arthritis were determined to be stage 1 in 9 patients, stage 2 in 10 patients, stage 3 in 2 patients, and stage 4 in
2 patients.

B

C

Fig. 3. Comparison of preoperative and postoperative X-ray shows significant change in the mean distance of the acromiohumeral interval (p<0.05). Preoperative
acromiohumeral interval (A, arrow) increases after lattisimus dorsi tendon transfer (B, arrow). At postoperative 12 years, the acromiohumeral interval (C, arrow)
has decreased.

A

B

C

D

Fig. 4. (A, C) Preoperative sagittal and coronal magnetic resonance imaging (MRI) revealed a complete torn cuff. (B, D) Postoperative follow-up sagittal and
coronal MRI show transferred lattisimus dorsi tendon (arrow) to the tuberosity.

A

B

C

D

Fig. 5. (A) After latissimus dorsi tendon transfer, at postoperative 10 years. (B, C) Complications of the latissimus dorsi tendon transfer are observed. Development of progressive osteoarthritis. (D) Insertion of PROSTALAC.
www.cisejournal.org
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At the last follow-up, complications were observed in 5
patients (21.7%), including 3 tear and 2 infections; there was
1 case of deltoid detachment. Revision operation (repair) was
performed in 2 patients with re-tear. Arthroscopic partial repair
of the remnant cuff and debridement was performed. Both patients developed septic arthritis of the operated shoulder joint; 1
patient initially had deltoid detachment and got operated for the
same reason. For 10 years after this surgery, the patient was able
to work as a farmer, despite radiological progression of osteoarthritis on sequential follow-up X-rays. Delayed infection developed at postoperative 10 years, and PROSTALAC insertion was
performed. The patient refused further revision surgery (Fig. 5).
In another patient, arthroscopic debridement and irrigation was
performed for early infection (2 weeks), which resulted in curing
the infection.

Discussion
The most important finding of the present study was that LD
transfer for massive irreparable rotator cuff tears provides satisfactory clinical outcomes at mid-term follow-up periods. Complications such as tear, infection and mild degenerative osteoarthritis (stage 1, 2) of the shoulder joint are common at the midterm follow-up. However, our study showed significant increase
in mild or moderate osteoarthritis (stage 1 or 2).
LD transfer is an anatomically & mechanically ideal method
to restore active external rotation and to prevent further flexion
impairment.18) However, normal triceps and scapular muscles
are prerequisites for this surgery. Also, the teres minor is important for the quality of comprehensive external rotation.
In a systemic review of 10 studies (mean age 58.7 years, and
follow-up 45.5 months [24 to 126 months]), the mean adjusted
constant score of 45.9 preoperatively improved to 73.2 postoperatively after LD transfer (p<0.001).19) Mean active forward
elevation and external rotation improved from preoperative
101.9° and 16.8° to postoperative 137.4° and 26.7°, respectively
(p<0.001). This review shows that LD transfer does not eliminate the potential for glenohumeral joint arthropathy, and the
data presented demonstrates mean worsening of the osteoarthritis grade and acromiohumeral distance, as well as increasing
superior migration of the humeral head in >50% of shoulders
after the procedure. Also, this review reports that subscapularis
muscle insufficiency, advanced teres minor muscle atrophy, and
the need for revision surgery are correlated with poor functional
outcomes.
Long-term pseudoparalysis is a contraindication of LD transfer, and age has no impact on the prognosis of elderly patients,
except for elderly patients with generalized weakness. The
upward migration of the humeral head could affect the clinical results, and Hamada classification 3 showed poorer clinical
outcomes. Pre-existent degenerative arthritis could also progress
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rapidly after LD transfer.
LD transfer is effective in recovering active external rotation,
but only at partial or varying degrees. Moreover, recovery is better in the early stages of an external rotation disorder or in the
case of a damaged teres minor.18) Recovery of abduction and
external rotation remains controversial. There is also controversy about the ideal attachment site of the transferred LD. A
supraspinatus insertion is normally favored for LD transfer since
it provides maximal external rotation with minimal resistance to
humeral abduction.20) Considering the biomechanical aspect,
there are assertions that the greater tuberosity is superior to other
sites for improving range of motion of the transferred tendon,
but, conversely, there is a claim that the additional tenodesis effect is obtained by fixation at the anterior aspect of greater and
lesser tuberosity. More than half the active external rotation moment was restored by transferring LD to either supraspinatus or
subscapularis insertion. Comparatively, only 20% of the external
rotation moment was restored when the attachment site was at
the teres minor insertion. When LD was transferred to the infraspinatus insertion, the external rotation moment was higher, as
compared to the healthy state.18)
Gerber et al.11) reported on long term results, with a minimum 10 years follow-up; their study indicates inferior results/
outcomes in the subscapularis insufficiency and fatty infiltration
of teres minor tendon. Also, superior functional results were associated with small postoperative critical shoulder angle.
Nove-Josserand et al.21) operated 30 patients between 2001
and 2004, using Gerber’s method in 26 patients. The indications
for surgery were difficult to repair supraspinatus and infraspinatus tendon rupture, and having higher than grade 2 fatty degeneration or with severe limitation of external rotation, regardless
of age or fatty degeneration. The mean SSV was 68% ± 17%;
the constant score improved from 50 ± 12 to 74 ± 9, and the
adjusted constant score improved from 62 points to 91 points.
External rotation improved by an average of 7°, whereas hornblower sign showed improvement in 6 patients but persisted in
9 patients. The number of patients unable to eat or drink decreased from 64.7% to 8.0%. Good improvement was observed
in severe limitation of external rotation or teres minor tear, but
there was no improvement in the muscle strength. The authors
maintain that the patients have higher satisfaction due to alleviation of pain and improvements in simple daily life functions
such as eating food and drinking. There remains a complexity in
analyzing the movement mechanism of the transferred tendon
(special exercise mechanism or tenodesis effect) and the cause
of failure. There is no definitive answer to the position and fixation of the transferred tendon (anterior or posterior tuberosity),
until now. However, the reason for poor results in many cases
may be the failure of adequate fixation.
Electromyography studies have confirmed electrical stimulation of the transferred LD, but their effect in recovery of active
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external rotation is variable and controversial. The present results
indicate that the transferred tendon works by compensating for
impairment of the teres minor. The most appropriate indications
for LD transfer could therefore include posterosuperior rotator
cuff tear, difficult to repair, severe loss of external rotation, and
active abduction with impaired teres minor function. However,
failure to restore muscle weakness is an important complication
of LD transfer.
Our study has several limitations. The most important limitation is the small number of patients. More long-term follow up
evaluations with larger volume are required. Also, there is no
comparative study with other methods such as partial repair,
tendon augmentation or superior capsule reconstruction.

8.

9.

10.

Conclusion
LD transfer provides satisfactory clinical outcomes at the midterm follow-up periods in massive irreparable rotator cuff tears.
In the current study, LD transfer resulted in significant improvements in both function and pain relief. However, complications
such as re-tear, infection and degenerative osteoarthritis of the
shoulder joint were common during the mid-term follow-up.

11.

12.

References
1. Kim SJ, Lee IS, Kim SH, Lee WY, Chun YM. Arthroscopic partial
repair of irreparable large to massive rotator cuff tears. Arthroscopy. 2012;28(6):761-8. doi: 10.1016/j.arthro.2011.11.018.
2. Richards DP, Burkhart SS. Margin convergence of the
posterior rotator cuff to the biceps tendon. Arthroscopy.
2004;20(7):771-5. doi: 10.1016/j.arthro.2004.06.016.
3. Malahias MA, Kostretzis L, Chronopoulos E, Brilakis E, Avramidis G, Antonogiannakis E. Arthroscopic partial repair for massive rotator cuff tears: does it work? A systematic review. Sports
Med Open. 2019;5:13. doi: 10.1186/s40798-019-0186-z.
4. Mihata T, Lee TQ, Fukunishi K, et al. Return to sports and physical work after arthroscopic superior capsule reconstruction
among patients with irreparable rotator cuff tears. Am J Sports
Med. 2018;46(5):1077-83. doi: 10.1177/0363546517753387.
5. Mihata T, Lee TQ, Hasegawa A, et al. Arthroscopic superior
capsule reconstruction can eliminate pseudoparalysis in patients with irreparable rotator cuff tears. Am J Sports Med.
2018;46(11):2707-16. doi: 10.1177/0363546518786489.
6. Mihata T, Lee TQ, Watanabe C, et al. Clinical results of arthroscopic superior capsule reconstruction for irreparable rotator cuff tears. Arthroscopy. 2013;29(3):459-70. doi: 10.1016/
j.arthro.2012.10.022.
7. Kim JO, Lee JH, Kim KS, Ji JH, Koh SJ, Lee JH. Rotator cuff
bridging repair using acellular dermal matrix in large to
massive rotator cuff tears: histologic and clinical analysis. J
Shoulder Elbow Surg. 2017;26(11):1897-907. doi: 10.1016/

13.

14.

15.

16.

17.

18.

19.

j.jse.2017.04.010.
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):24755. doi: 10.1007/s12306-017-0525-5.
Piekaar RSM, Bouman ICE, van Kampen PM, van Eijk F, Huijsmans PE. The subacromial balloon spacer for massive irreparable rotator cuff tears: approximately 3 years of prospective
follow-up. Musculoskelet Surg. In press, available on 27 June
2019. doi: 10.1007/s12306-019-00614-1.
Prat D, Tenenbaum S, Pritsch M, Oran A, Vogel G. Subacromial balloon spacer for irreparable rotator cuff tears: Is
it an appropriate salvage procedure? J Orthop Surg (Hong
Kong). 2018;26(2):2309499018770887. doi: 10.1177/
2309499018770887.
Gerber C, Rahm SA, Catanzaro S, Farshad M, Moor BK. Latissimus dorsi tendon transfer for treatment of irreparable posterosuperior rotator cuff tears: long-term results at a minimum follow-up of ten years. J Bone Joint Surg Am. 2013;95(21):19206. doi: 10.2106/JBJS.M.00122.
Boileau P, Watkinson D, Hatzidakis AM, Hovorka I. Neer
Award 2005: the Grammont reverse shoulder prosthesis:
results in cuff tear arthritis, fracture sequelae, and revision
arthroplasty. J Shoulder Elbow Surg. 2006;15(5):527-40. doi:
10.1016/j.jse.2006.01.003.
Ernstbrunner L, Andronic O, Grubhofer F, Camenzind RS,
Wieser K, Gerber C. Long-term results of reverse total shoulder arthroplasty for rotator cuff dysfunction: a systematic
review of longitudinal outcomes. J Shoulder Elbow Surg.
2019;28(4):774-81. doi: 10.1016/j.jse.2018.10.005.
Guery J, Favard L, Sirveaux F, Oudet D, Mole D, Walch G. Reverse total shoulder arthroplasty. Survivorship analysis of eighty
replacements followed for five to ten years. J Bone Joint Surg
Am. 2006;88(8):1742-7. doi: 10.2106/JBJS.E.00851.
Sevivas N, Ferreira N, Andrade R, et al. Reverse shoulder arthroplasty for irreparable massive rotator cuff tears: a systematic review with meta-analysis and meta-regression. J Shoulder Elbow
Surg. 2017;26(9):e265-77. doi: 10.1016/j.jse.2017.03.039.
Mun SW, Kim JY, Yi SH, Baek CH. Latissimus dorsi transfer for
irreparable subscapularis tendon tears. J Shoulder Elbow Surg.
2018;27(6):1057-64. doi: 10.1016/j.jse.2017.11.022.
Franceschi F, Papalia R, Del Buono A, Vasta S, Maffulli N, Denaro V. Glenohumeral osteoarthritis after arthroscopic Bankart
repair for anterior instability. Am J Sports Med. 2011;39(8):
1653-9. doi: 10.1177/0363546511404207.
Ling HY, Angeles JG, Horodyski MB. Biomechanics of latissimus dorsi transfer for irreparable posterosuperior rotator cuff
tears. Clin Biomech (Bristol, Avon). 2009;24(3):261-6. doi:
10.1016/j.clinbiomech.2008.12.002.
Namdari S, Voleti P, Baldwin K, Glaser D, Huffman GR. Latiswww.cisejournal.org

225

Clinics in Shoulder and Elbow
Vol. 22, No. 4, December, 2019

simus dorsi tendon transfer for irreparable rotator cuff tears: a
systematic review. J Bone Joint Surg Am. 2012;94(10):891-8.
doi: 10.2106/JBJS.K.00841.
20. Reddy A, Gulotta LV, Chen X, et al. Biomechanics of lower
trapezius and latissimus dorsi transfers in rotator cuff-deficient
shoulders. J Shoulder Elbow Surg. 2019;28(7):1257-64. doi:

226

www.cisejournal.org

10.1016/j.jse.2018.11.066.
21. Nové-Josserand L, Costa P, Liotard JP, Safar JF, Walch G, Zilber
S. Results of latissimus dorsi tendon transfer for irreparable cuff
tears. Orthop Traumatol Surg Res. 2009;95(2):108-13. doi:
10.1016/j.otsr.2008.10.002.

