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Abstract

Purpose of Review This review aims to describe the tendon transfer options for treating irreparable rotator cuff tears (RCTs).
Options for transfer include latissimus dorsi and lower trapezius transfers for posterior-superior RCTs and pectoralis major and
latissimus dorsi transfer for anterior-superior RCTs.
Recent Findings While the latissimus dorsi tendon transfer has historically been performed for posterosuperior RCTs, the lower
trapezius transfer is a more anatomic option and has demonstrated promising results in recent studies. Similarly, the pectoralis
major transfer has historically been the tendon transfer of choice for anterosuperior RCTs. However, the latissimus dorsi tendon
transfer has recently been shown to be a safe and anatomic tendon transfer for subscapularis insufficiency.
Summary The treatment of irreparable RCTs involves complex decision making. Tendon transfer procedures can restore the
glenohumeral joint force couples, allowing restoration of near-normal shoulder kinematics. Benefits include reliable pain relief,
increased function, and increased strength. Proper selection of donor tendon is crucial, and the principles of tendon transfer
procedures must be adhered to for maximal benefit.
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Introduction

Rotator cuff disease is among the most commonmusculoskel-
etal disorders. The rotator cuff muscles include the
supraspinatus superiorly, subscapularis anteriorly, and
infraspinatus and teres minor posteriorly. The tendons of the
rotator cuff converge at the proximal humerus providing com-
pression of the humeral head to the glenoid [1]. This compres-
sive force allows the periscapular muscles to move the humer-
us around the glenoid through the arc of motion. Disruption of
the normal force couples causes abnormal kinematics in the
anterior-posterior and superior-inferior planes.

The incidence of rotator cuff pathology increases with ad-
vanced age, with asymptomatic tears present in up to 54% of
patients > 60 years [2]. Many patients are not symptomatic

enough to require surgical intervention, but these tears often
progress over time [3, 4]. Though the incidence of progression
is currently poorly understood, some tears progress to an ir-
reparable stage [5].

Rotator cuff tears (RCTs) are classified as massive and
irreparable if they (1) involve two or more tendons, (2) are
retracted and shortened to the level of the glenoid, and (3) are
associated with advanced fatty infiltration of the muscle belly
as described by Goutallier et al. (Table 1) [5–7]. Attempted
repair of these tears results in failure to heal in up to 94% of
patients [8]. Failure generally occurs within 6 months of pri-
mary fixation [9, 10]. Symptoms of re-tear include impaired
overhead function, increased pain, decreased strength, limited
passive ROM, and lower overall satisfaction with shoulder
function [11].

Additionally, progressive shoulder osteoarthritis is often
noted in patients with irreparable RCTs over time as eccentric
loads are placed upon the glenoid. Therefore, there is interest
in attempting to restore more anatomic joint mechanics to
slow the progression of osteoarthritis or halt the progression
altogether, particularly in younger patients. In these cases,
tendon transfer procedures provide options to restore shoulder
function.
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History, Physical Exam, and Imaging

Irreparable RCTs present with varying levels of dysfunction
and pain, though not all are symptomatic [12]. Most patients
present with an acute loss of function after a traumatic inci-
dent, though patients may present with a slow functional de-
cline and increasing pain without a history of trauma.

Examination of the shoulder and periscapular area includes
inspection for atrophy, especially over the supraspinatus and
infraspinatus fossae. Patients with an irreparable RCT may
present with a wide variety of active shoulder ROM, from full
ROM to pseudoparalysis.

Diagnosing insufficiency of the posterior-superior cuff in-
volves assessment of the supraspinatus, infraspinatus, and
teres minor. The supraspinatus is assessed with the Jobe test
[13]. The infraspinatus is assessed through external rotation
with the arm in adduction. A lag sign may be present in these
patients. Importantly, a positive lag sign has been correlated
with the size of RCT [14]. The teres minor is assessed with the
arm in 90° of abduction while evaluating external rotation
against resistance.

Insufficiency of the anterior-superior cuff is determined
through assessment of the subscapularis. These occur less fre-
quently than posterior-superior tears [15]. The subscapularis
functions as the primary internal rotator and anterior dynamic
stabilizer of the shoulder [16]. Patients presenting with an
anterior-superior deficiency often describe internal rotation
weakness and anterior shoulder pain. Multiple physical exam-
ination maneuvers are used to test the subscapularis including
the belly-press [17], lift-off [18], and bear-hug tests [19].
These tears often allow anterosuperior escape of the humeral
head.

Imaging begins with plain film radiographs including an
anteroposterior (AP) view to assess glenohumeral joint pathol-
ogy as well as superior migration of the humeral head (Fig. 1).
Imaging features consistent with an irreparable posterior-
superior tear on the AP view include and acromiohumeral
distance < 7 mm [20], or static superior migration of the hu-
meral head [21]. Additionally, axillary and scapular-Y views
should be obtained to assess anterior or posterior subluxation
and the supraspinatus outlet, respectively.

Advanced imaging should be performed to further charac-
terize the RCT. Sagittal T1-weighted magnetic resonance

imaging (MRI) is used to assess muscle bellies for fatty infil-
tration as described by Goutallier et al. (Table 1, Fig. 2) [5].
Repair of Goutallier grade 3 and 4 RCTs have shown poor
results [22].

Management Options

Nonoperative management can be beneficial for patients with
irreparable RCTs. Guided physical therapy should focus on
strengthening any remaining cuff tissue, periscapular strength-
ening, and deltoid reconditioning [23]. Nonsteroidal anti-
inflammatory medications and corticosteroid injections can
also be performed.

However, patients who fail nonoperative management
should be considered for surgical intervention. Surgical op-
tions include arthroscopic débridement, partial RCT repair,
superior capsular reconstruction, arthroplasty, or tendon trans-
fer procedures [24–26]. Shoulder function and pain often im-
proves after débridement or partial repair [27, 28]. However,
progressive shoulder osteoarthritis frequently develops over
time [28]. Reverse shoulder arthroplasty has shown good re-
sults in non-arthritic patients with massive RCTs, but is not a
sustainable option for younger, active patients [29]. Tendon
transfer procedures can provide treatment options for these
patients.

When considering tendon transfer reconstruction, all pro-
cedures should adhere to the following important principles:
(1) the transferred muscle should be expendable without
compromising the donor site, (2) the transferred and recipient
muscle should have a similar excursion and tension, (3) the
line of pull of the transferred tendon and recipient muscle

Fig. 1 Anteroposterior (AP) radiograph showing superior migration of
the humeral head due to massive rotator cuff tear. Additionally, there is
significant glenohumeral arthritis present

Table 1 Sagittal T1-106 weighted magnetic resonance imaging

Goutallier grading system of fatty degeneration in rotator cuff tear

Grade 0 Completely normal muscle, without any fatty streaks

Grade 1 Some fatty streaks

Grade 2 Fat is present, but less fat than muscle

Grade 3 As much fat as muscle

Grade 4 More fat is present than muscle
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should be similar, and (4) the transferred muscle should re-
place one function of the recipient muscle [30].

Posterior Superior Tear Tendon Transfer
Options

Traditionally, the latissimus dorsi transfer with or without
teres major has been used for posterior-superior RCTs.
However, the lower trapezius transfer now offers an additional
option that more closely adheres to the principles of tendon
transfer reconstruction.

Latissimus Dorsi Transfer

The latissimus dorsi adducts, internally rotates, and extends
the humerus. It has a broad origination from the sacrum, pos-
terior iliac crest, spinous processes of T7-L5, and ribs 10–12
(Fig. 3). The tendon inserts onto the intertubercular groove of
the proximal humerus between the pectoralis major anteriorly
and the teres major posteriorly. The thoracodorsal nerve (C6-
C8) from the posterior cord of the brachial plexus innervates
the latissimus, while the thoracodorsal artery provides the
blood supply. The neurovascular pedicle enters the muscle
approximately 2-cm medial to the musculotendinous border
[31]. The axillary nerve lies proximal to the latissimus inser-
tion, while the radial nerve lies inferior and medial to the
latissimus insertion.

The latissimus dorsi transfer is most commonly used to
reconstruct posterior-superior RCTs. Originally described by
Gerber in 1988, the latissimus is transferred to provide an
inferior force that is counterbalanced by the deltoid and intact
subscapularis [20]. This action reconstitutes the posterior

force couple, allowing the latissimus to effectively function
as an external rotator and humeral head depressor [30].

Proper patient selection is critical for positive, lasting re-
sults after latissimus transfer. The subscapularis should be
functioning and intact to properly recreate the posterior force
couple with the latissimus transfer [32•]. Additionally, an in-
tact subscapularis increases glenohumeral stability after
latissimus transfer [33]. Preoperative passive and active shoul-
der range of motion measurement is critical, as poor results
have been shown in patients with passive abduction and for-
ward flexion less than 80° as well as shoulder pseudoparalysis
[34, 35].

Preoperative imaging findings also predict results after
latissimus transfer. The AP plain films should be scrutinized
for glenohumeral arthritis and rotator cuff arthropathy.
Patients with acromial acetabularization and decrease in
acromiohumeral interval (Hamada stage III) or narrowing of
the glenohumeral interval (Hamada stage IVa) are at risk of
failure after latissimus transfer [32•, 36]. Improved outcomes
have been shown in patients with teres minor Goutallier grade
2 or less, with better forward flexion and external rotation after
transfer than patients with Goutallier grade 3 or grade 4 chang-
es [37, 38].

The open approach for latissimus transfer originally de-
scribed by Gerber involves two incisions [20]. A superior
approach to the rotator cuff is performed with the incision

Fig. 3 Latissimus dorsi anatomy highlighting the muscle’s origin and
insertion. This figure also shows the blood supply of latissimus dorsi
muscle provided by the thoracodorsal artery

Fig. 2 Sagittal T1-weighted MRI view of scapula demonstrating a
massive anterior-superior rotator cuff tear with fatty degeneration of the
supraspinatus and infraspinatus musculature
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placed just medial to the lateral acromial border. An
osteotomy is performed through the lateral acromion which
contains the origin of the middle deltoid. After mobilizing the
lateral acromion, the integrity of the rotator cuff is evaluated.
The subscapularis is repaired when feasible, and tendons of
the infraspinatus and supraspinatus are trimmed to healthy
tissue and mobilized. The tendons are mobilized to the greater
tuberosity if possible and repaired, either partially or fully. As
the muscles often have changes of fatty infiltration and atro-
phy, and repair is highly susceptible to re-rupture, the repair
will be augmented with the latissimus dorsi tendon transfer.
The second incision over the latissimus muscle belly in the
axilla and the muscle is identified running anteriorly to the
teres major. The interval between the two muscles is identified
distally, and dissection is performed proximally and distally to
fully mobilize the tendon. The tendon is then released from the
humerus, and a path for the tendon transfer is created between
the deltoid and remaining posterior rotator cuff. The tendon is
passed and secured to the anterior portion of the greater tuber-
osity and proximal tendon of the subscapularis for further
augmentation.

Long-term results have been favorable with the two-
incision approach. Gerber demonstrated long-term viability
of the transfer with 74% good or excellent results at 10-year
follow-up. Mean subjective shoulder value (SSV) increased
from 29% preoperatively to 70% at final follow-up, with sig-
nificantly increased ROM in forward flexion, abduction, ex-
ternal rotation, as well as increased strength [6]. Similarly, El-
Azab et al. reported on 93 shoulders at 9-year follow-up treat-
ed with latissimus dorsi transfer with similarly positive results
in pain relief, shoulder function, and strength [32•]. The fail-
ure rate was 10% at final follow-up, and 4% of patients were
converted to a reverse shoulder arthroplasty (RSA).
Complications after the procedure included axillary hemato-
ma requiring surgical release in the majority of patients, del-
toid insufficiency after attempted repair, frozen shoulder, and
traumatic failure of the tendon.

Less invasive techniques have been explored for latissimus
transfer. With the originally described two-incision technique,
deltoid muscle strength is frequently impaired due to iatrogen-
ic injury [39]. A one-incision approach was therefore de-
scribed by Habermeyer et al. to preserve the corachumeral
arch and deltoid muscle. This was further refined through an
arthroscopic-assisted approach to latissimus transfer [40].
This technique that involves harvest of the latissimus is per-
formed as described above for the open procedure. The
latissimus tendon is tubularized using two nonabsorbable su-
tures for fixation [41]. The arthroscope is introduced through
the posterior portal and the infraspinatus fossa is prepared
using a high-speed burr. The arthroscope is then placed into
the anterior portal and the plane between the deltoid and
infraspinatus fascia is developed. A large curved clamp is
passed from the anterior portal through the newly created

space to the axillary incision to pass the tubularized latissimus
tendon, and the tendon is secured to the humerus via
transosseous technique [42].

Results after arthroscopically assisted latissimus transfer
have compared favorably to the traditional two-incision open
approach [39, 43, 44]. Grimberg et al. reported outcomes of
arthroscopically assisted latissimus dorsi transfer for
posterosuperior RCTs in 55 patients [45]. Patients improved
SSV from 26% preoperatively to 71% postoperatively, which
compare favorably to Gerber’s results [20]. Additionally, sig-
nificant improvements were noted in forward flexion, abduc-
tion, external rotation, and abduction strength. These results
were confirmed in other series, most notably through the larg-
est series by Castricini et al. [46•]. This series included 86
patients with a 3-year follow-up with patients experiencing
significant improvements in pain, range of motion, and
strength. Excellent or good outcomes were achieved in 82%
of patients in the series. Notably, patients who had previously
had rotator cuff repair or biceps tenodesis were found to have
worse outcomes when compared to patients without previous
surgery in motion and strength. Additionally, these patients
were less likely to be satisfied with the operation and have a
lower Constant and Murley score (CMS) versus primary sur-
gery patients. Finally, though latissimus dorsi transfer for
posterosuperior RCTs is indicated for young, high demand
patients, the results of arthroscopically assisted latissimus
transfer for patients up to 69 years old have been favorable
[45], especially those with high preoperative CMS. Therefore,
functional status, rather than age, seems to be the factor to
consider when determining surgica l candidates .
Complications are similar to the open approach, including
seroma after latissimus tunneling, frozen shoulder, and failure
of the tendon attachment [46•].

Lower Trapezius Transfer

The trapezius muscle has three parts: the upper, middle, and
lower which function together to elevate, retract, and external-
ly rotate the scapula (Fig. 4) [47]. It originates from the spi-
nous processes of C7-T12 and the occiput. The upper portion
inserts over the lateral third of the posterior clavicle, while the
middle and lower portions attach over the medial acromion
and spine of the scapula. The trapezius receives its blood
supply from the transverse cervical artery and innervation
from the spinal accessory nerve (cranial nerve XI) [48, 49].

The lower trapezius is a more anatomic alternative tendon
transfer for irreparable posterior-superior RCTs than the
latissimus dorsi. As shown in a recent cadaveric study, the
lower trapezius is an ideal transfer option as its origin is cranial
to the latissimus dorsi and medial to the infraspinatus fossa of
the scapula, with a nearly identical line of pull as the
infraspinatus [50]. The lower trapezius transfer provided a
more effective external rotation moment arm when compared
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to the latissimus dorsi transfer. Additionally, excursion and
tension forces are very similar to the infraspinatus [48].

Lower trapezius transfer was originally described by
Elhassan et al. for patients with a paralytic shoulder lacking
external rotation [48]. This is performed through an open
approach. A 5-cm vertical incision is placed 1-cm medial to
the medial scapular spine, and dissection carried through
subcutaneous tissue to the lower trapezius (Fig. 4). The lat-
eral border of the muscle is identified above an area of tri-
angular fat. The tendon is detached from the spine of the
scapula and dissected medially along the upper border of the
tendon. Importantly, the spinal accessory nerve lies within
the fascial layer on the undersurface of the trapezius, ap-
proximately 2-cm medial to the medial border of the scap-
ula. This makes superficial dissection safe to separate the
lower and middle trapezius, but deep dissection should be
avoided. Two nonabsorbable sutures are placed on each side
of the tendon in a Krakow configuration, and the tendon is
left in the wound. A limited exposure to the rotator cuff is
then performed as described above for the open latissimus
exposure. An Achilles tendon allograft is used for greater
excursion and attached using the previously placed Krakow
sutures (Fig. 5a, b). The tendon is then passed deep to the
deltoid, through the infraspinatus fascia using a blunt,
curved clamp to retrieve the tendon from the medial incision
(Fig. 6a–c). The Achilles allograft is then secured to the
lateral portion of the posterosuperior greater tuberosity
using multiple transosseous nonabsorbable sutures, and
the wound is closed over a deep drain.

This technique for lower trapezius transfer for patients with
paralytic shoulders lacking external rotation was performed in
111 patients. External rotation improvement was achieved in
all patients, with a mean improvement in external rotation of
70° [48]. In another study of 52 patients with traumatic bra-
chial plexus injuries, lower trapezius transfer was performed
alone or as part of multiple transfers. Significant improve-
ments were noted in external rotation, pain scores, and SSV
scores [30]. The most common complication after the proce-
dure was seroma (10%) after transfer due to subcutaneous
tunneling for the transfer [48].

Due to these encouraging biomechanical and clinical re-
sults, the use of the lower trapezius transfer has expanded with
multiple studies demonstrating effectiveness in restoring ex-
ternal rotation [30, 48, 50]. Elhassan et al. reported outcomes
in 33 patients treated with lower trapezius transfer using an
Achilles tendon allograft for reconstruction of symptomatic
irreparable RCTs. At a final follow-up of nearly 4 years,
97% of patients had a significant improvement in pain, SSV,
and shoulder and hand score. Range of motion increased sig-
nificantly with mean improvements of 50° in forward flexion,
50° in abduction, and 30° in external rotation. Additionally,
patients with > 60° of preoperative flexion achieved more sig-
nificant range of motion gains. Due to these favorable

Fig. 5 a Tendon augmentation using Achilles tendon allograft for length.
The thin portion of the Achilles allograft is attached to the tendinous
portion of the lower trapezius using two nonabsorbable sutures. b
Prepared lower trapezius augmented with Achilles allograft. Used with
permission ofMayo Foundation forMedical Education and Research. All
rights reserved

Fig. 4 Origin and insertion of the trapezius muscle, highlighting the
lower trapezius. Incisions for the open lower trapezius transfer are
shown with solid lines. A 5-cm incision is made 1-cm medial to the
medial scapular spine as shown here. The tendon will be passed
through the area designated by the dashed line. Note the close
proximity of the spinal accessory nerve (CN XI) to the incision. The
nerve lies below the fascia of the trapezius, making superficial
dissection in this region safe. Used with permission of Mayo
Foundation for Medical Education and Research. All rights reserved
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outcomes, lower trapezius transfer is our preferred method to
reconstruct posterior-superior RCTs [51•].

Anterior-Superior Tear

Several transfer options for anterior-superior RCTs have been
reported including pectoralis major transfer and latissimus
dorsi transfer with or without teres major. While the pectoralis
transfer has traditionally been performed, latissimus dorsi
transfer is now our preferred method for reconstruction of
the subscapularis.

Pectoralis Major Transfer

The pectoralis major adducts, flexes, and internally rotates the
humerus. The pectoralis major is made up of two heads, the
clavicular and sternal head. The clavicular head originates on
the medial aspect of the clavicle, and the sternal head origi-
nates from the upper portion of the sternum and the second
through fourth ribs. The two heads converge near their inser-
tion with the sternal head rotating posteriorly and the clavicu-
lar head inserting more superficially at the lateral bicipital
groove [52]. The main blood supply is from the pectoral
branch of the thoracoacromial artery and innervation from
the medial and lateral pectoral nerves. The lateral and medial
pectoral nerves enter the muscle 12.5 and 11.9 cm from the

tendinous insertion, respectively [52]. The lateral pectoral
nerve passes medial to the pectoralis major, making dissection
lateral to the pectorals minor safe [53].

The pectoralis major transfer is the most common tendon
transfer performed for anterior-superior insufficiencies to re-
store the anterior force couple due to subscapularis insuffi-
ciency. First described by Wirth and Rockwood, the transfer
was originally performed anterior to the conjoined tendon
[54]. Resch et al. further refined the technique to be performed
under the conjoined tendon [55], which has been shown to be
biomechanically superior [56]. To perform the transfer, a stan-
dard deltopectoral approach is performed with the cephalic
vein taken laterally. The deltoid is mobilized from the humer-
us and a retractor is placed below it to allow access to the
proximal humerus. The axillary nerve is identified as it travels
posteriorly around the humeral neck and protected with a ves-
sel loop. Next, the subscapularis is released circumferentially
to allow better mobilization. The superior and inferior borders
of the pectoralis tendon at the humeral insertion are identified.
The superior one-half to two-thirds of the pectoralis major
tendon is released from the insertion, and the sternal and cla-
vicular heads are identified. The sternal head is mobilized, and
the clavicular head is then repaired back to its humeral inser-
tion. Multiple nonabsorbable sutures are placed through the
sternal head of the pectoralis major tendon for passage. The
subcoracoid space is then developed between the conjoint
tendon and the pectoralis minor below. Special attention is

Fig. 6 Intraoperative image of lower trapezius (star) augmented with
Achilles allograft. b Preparing tendon for transfer through previously

created path. The clamp is passed deep to the posterior deltoid towards
the medial wound. c The tendon is retrieved through the lateral wound
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paid to the musculocutaneous nerve which must be protected
at all times. The nerve should remain deep to the pectoralis
major as it is passed. The tendon is passed in this space and
repaired to the lesser tuberosity using multiple nonabsorbable
sutures in a Mason-Allen technique. The wound is irrigated
and closed over a deep drain.

Outcomes for the pectoralis major transfer have been var-
iable, providing consistent improvements in pain while pro-
viding varying functional improvements [55]. Resch et al. re-
ported constant score increases from 22 to 54 after transfer
[55]. Similarly, Elhassan et al. reported increases from 41 to
61 in constant scores after pectoralis transfer, with better out-
comes reported in patients with a well-centered humeral head
preoperatively [57]. Better outcomes were also achieved in
patients with an intact supraspinatus [58, 59]. Poor outcomes
and frequent failures occur in patients with anterior subluxa-
tion of the humeral head [57].

Pectoralis Major Transfer Versus Latissimus Dorsi
Transfer

While pectoralis major transfers have provided consistent pain
relief, reports have shown only modest improvements in func-
tion and stability [57]. These variable results are likely due to
the pectoralis major tendon transfer not replacing the lost
function of the subscapularis muscle biomechanically. The
line of pull of the pectoralis major is significantly differently
than that of the subscapularis. Notably, the pectoralis major
originates from an anterior position from the clavicle and ster-
num while the subscapularis originates from a posterior posi-
tion from the scapular fossa. This causes the line of pull of the
two muscles to be nearly orthogonal to one another in certain
arm positions which causes anterior translation of the humeral
head instead of desired internal rotation. This likely explains
the poor results reported in patients with anterior subluxation
of the humeral head preoperatively [57].

In contrast, the latissimus dorsi transfer to the subscapularis
insertion provides a more anatomic transfer. The latissimus
dorsi originates from posterior chest wall and inserts just me-
dial and inferior to the subscapularis, more closely replicating
the insertion and origin of the subscapularis [60•].

Latissimus Dorsi Transfer

Our preferred method for latissimus transfer for irreparable
subscapularis tears is through an arthroscopically assisted
technique. The latissimus harvest is performed at the level of
the axillary fold with a 5-cm incision over the palpable muscle
belly. Dissection is performed towards the insertion of the
latissimus, taking care to separate the tendon from the teres
major. The latissimus is placed under tension and released
from the bony insertion and tagged with multiple nonabsorb-
able Krakow sutures. The arthroscope is introduced through a

posterior portal, and anterior and anterolateral portals are cre-
ated. A large grasping clamp is placed into the anterolateral
portal and passed deep to the pectoralis major toward the
latissimus dorsi harvest site. Once visualized, the latissimus
is grasped and brought arthroscopically from the posterior
wound through to the level of the humeral head.

The latissimus is intussuscepted into a trough at the
subscapularis insertion and secured using transcortical button
to the posterior cortex of the humerus.

Elhassan et al. recently described the feasibility and safety
of this transfer with or without teres major transfer [60•]. The
risk of nerve compression was found to be low when transfer-
ring the latissimus dorsi to the lesser tuberosity. Additionally,
the origin and insertion of the latissimus dorsi nearly replicate
the line of pull of the subscapularis. Therefore, latissimus
dorsi transfer is now our preferred method for reconstruction
of the subscapularis.

Conclusion

Management of massive irreparable rotator cuff tears, espe-
cially in young active patients, is complex. Tendon transfer
operations can reconstitute the force couple of the shoulder,
leading to improved biomechanics. While multiple transfer
options exist, our preferred transfer options are the lower tra-
pezius for posterosuperior insufficiency and the latissimus
dorsi for anterosuperior insufficiency.
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