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Abstract

Purpose of Review Irreparable subscapularis tears, especially in younger patients with higher functional demands, present a
challenging entity. Pectoralis major and latissimus dorsi tendon transfers are commonly considered for surgical management
of this pathology, yet no consensus exists regarding the superior option. The purpose of this article is to review the most
current tendon transfer techniques for irreparable subscapularis tears.

Recent Findings For decades, transfer of the pectoralis major has been considered the gold standard technique for irreparable
subscapularis tears. This transfer was found to reduce pain and improve functional outcome scores, yet range of motion and
force of internal rotation were not maintained in long-term follow-up studies. The latissimus dorsi tendon transfer for the
same indications has demonstrated biomechanical superiority in recent cadaveric studies with promising short-term results
clinically.

Summary Both pectoralis major and latissimus dorsi tendon transfers improve outcomes of patients with irreparable sub-
scapularis tears. Future comparative studies are still needed to determine superiority amongst techniques.
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Introduction

The glenohumeral joint is a complex anatomic structure, sta-
bilized by a large network of ligaments, tendons, and other
connective tissue elements, conferring the greatest mobil-
ity of any major joint in the human body [1]. The inher-
ent bony stability of the shoulder is poor with a significant
mismatch in size existing between the humeral head and
glenoid. Adequate force coupling of rotator cuff muscula-
ture actively compresses the humeral head into the cavity of
the glenoid and provides dynamic stabilization while rang-
ing about the glenohumeral center of rotation [2]. However,
whether caused by acute trauma or chronic degeneration,
rotator cuff pathology that disrupts this force coupling cre-
ates debilitating deficits in joint kinematics, leading to pain,
weakness, loss of motion, degenerative changes, and poten-
tially requiring surgical intervention [3, 4].
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Rotator cuff tear (RTC) is the primary reason for shoul-
der surgery in middle-aged and older adults, varying in tear
size and muscle atrophy, with up to 30% of all RCTs being
classified as irreparable [5, 6]. Depending on the extent of
the RCT, various joint-preserving procedures allow repair
or reconstruction of these irreparable tears, given the articu-
lar cartilage of the glenohumeral joint is preserved [7ee].
Recent anatomic and biomechanical advancements in treat-
ment of posterosuperior RCT insufficiency with muscle ten-
don transfer have further encouraged further exploration of
unique tendon transfers in addressing anterosuperior RCT
insufficiency [8—10].

Regarding anterosuperior RC insufficiency, a deficient
subscapularis disrupts force coupling in the transverse plane
of the GH joint, often manifesting as pain and functional
deficit including loss of internal rotation strength and even-
tually anterior instability [11]. Additionally, the presence of
a coexistent supraspinatus tear may introduce vertical imbal-
ance, causing anterosuperior migration of the humeral head
[12]. Isolated subscapularis tendon tears are uncommon,
with a reported incidence of 3—-10%, and very few tendon
transfers have been described to address irreparable sub-
scapularis tears including transfers of the pectoralis major,
pectoralis minor, and latissimus dorsi [12—15]. To date,
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each procedure appears to improve outcomes, yet further
comparative studies are still needed to determine relative
indications for each.

Subscapularis
Anatomy

The subscapularis is the largest, most powerful rotator cuff
muscle, originating from the ventral surface of the scapular
body, providing approximately 50% of the rotator cuff force
[16]. The tendinous portion of its insertion, comprising the
superior two thirds of the muscle, inserts variably onto the
lesser tuberosity and bicipital groove. The muscular por-
tion of its insertion, comprising the inferior third, inserts
onto the lesser tuberosity and anterior aspect of the humeral
metaphysis [17]. The subscapularis is innervated by the
upper and lower subscapularis nerves, and differences in
activation during shoulder movement may suggest functional
independence between superior and inferior portions of the
muscle [18].

Biomechanics

The subscapularis confers both active and passive stabil-
ity at the GH joint. The primary role of the subscapula-
ris is internal rotation. Secondarily, superior fibers assist
predominately in abduction while inferior fibers assist in
adduction [19]. Considering its role in dynamic stabilization
through balanced force coupling, the subscapularis resist the
infraspinatus in the axial plane and the shearing forces of the
deltoid in the coronal plane with tensioning of the inferior
fibers [20]. Passively, the subscapularis provides an anterior
buttressing effect, resisting dislocation anteriorly [21].

Injury Pattern

Subscapularis tears may be degenerative in nature or second-
ary to acute trauma, increasing in prevalence as individuals
age [22]. Combined subscapularis and supraspinatus tears
are more common than isolated subscapularis tendon tears,
commonly attributed to increased stress at the subscapularis
tendon insertion as opposed to subcoracoid impingement
[23, 24]. As for acute rupture, the subscapularis is most
vulnerable during eccentric loading with hyperextension
and abduction of the arm; partial tears commonly involve
the undersurface of the tendon, extending medially without
involvement of superficial fibers, and full-thickness tears
commonly occur at the tendinous insertion [11]. Subscapu-
laris tears have also been associated with anterior GH dis-
location [25].

Non-operative vs. Operative Considerations

Non-operative management of subscapularis tendon tears,
including activity modification, analgesics, anti-inflamma-
tories, corticosteroid injections, and physical therapy, is
similar to that involving standard posterosuperior rotator
cuff pathology. Previously mentioned conservative meas-
ures are useful in improving range of motion, strengthen-
ing, and reducing pain in low-demand, elderly patients or
those unfit for surgery because of comorbid conditions [3].
Older, less active patients with chronic degenerative tears
commonly trial non-operative management, yet failure of
these therapy modalities is an indication for surgery.

Indications for surgical intervention in subscapula-
ris tendon tears essentially parallel that of any rotator
cuff repair. As the risk of tear progression persists with
non-operative therapies, there is a general consensus that
acute RCTs, including the subscapularis, should be inter-
vened upon more urgently to prevent further retraction
and atrophy [26].

Irreparable Tears

Irreparable rotator cuff tears cannot be repaired primarily
because of excessive tendinous retraction and muscular
atrophy. Although no rigid guidelines exist, poor outcomes
including increased risk of postoperative retearing have
been associated with length and width of the tear exceed-
ing 40 mm [27], severe fatty infiltration (Goutallier stage
3 or 4) [28], and a narrowed acromiohumeral interval
[29] (Fig. 1C). Currently, salvage options for irreparable
isolated subscapularis tendon tears are anterior capsular
reconstruction [30], tendon transfer [7ee], and reverse
shoulder arthroplasty [31].

Tendon Transfer
Relative Indications

Tendon transfer may be utilized as a salvage procedure in
irreparable subscapularis tears with minimal glenohumeral
arthritis. Comparatively, anterior capsular reconstruction
affords restoration of anteroinferior stability at the expense
of range of motion, and reverse shoulder arthroplasty is
reserved for older patients with shoulder instability and
osteoarthritis. The ideal candidate for tendon transfer is a
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Fig.1 X-ray and MRI findings of tendon transfer candidates. A Concentric glenohumeral joint without evidence of static decentering. B Grashey
AP of the shoulder, without degenerative glenohumeral findings. C Axial T2-weighted MRI demonstrating a retracted, torn subscapularis

young patient whose primary complaint is weakness with-
out glenohumeral arthropathy (Fig. 1A, B). The goal of the
procedure is restoration of balanced force coupling about
the GH joint to restore joint kinematics [5], effectively
relieving pain, restoring range of motion, and enhancing
shoulder function.

Pectoralis Major

The pectoralis major (PM) is found at the anterior superior
chest, allowing adduction, flexion, and internal rotation of
the humerus. Both clavicular and sternal origins converge
to a common insertion site on the anterior humerus, just
lateral to the bicipital groove [32]. Different variations of
the PM transfer have been described, particularly, transfer-
ring the tendon superficial or deep to the conjoint tendon.
Biomechanical studies have shown that transferring the
tendon deep to the coracoid restores glenohumeral kin-
ematics more effectively, as the line of action more closely
mimics that of the subscapularis [33]. However, transfer
deep to the conjoint requires dissection of the musculocu-
taneous nerve and the transferred muscle theoretically
could impinge or stretch this nerve. Despite this concern
of the nerve proximity, postoperative palsy following ten-
don transfer deep to the conjoint is reportedly rare [34].
In the absence of anterior instability or static anterior sub-
luxation, PM tendon transfer has extensively demonstrated
its efficacy in alleviating pain and improving subjective
measures of function in patients with isolated, irreparable
subscapularis tears [11, 35ee]. An important considera-
tion with any tendon transfer is the deficits seen when the
donor tendon is no longer in its native orientation. Transfer
of the entire pectoralis major would be expected to result
in loss of flexion and adduction strength, and thus, for
this reason, and the size constraint of rerouting the tendon
between the musculocutaneous nerve, the conjoint tendon
and the coracoid, typically only a portion (e.g., the supe-
rior half) of the tendon is used [36].
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Pectoralis Minor

The pectoralis minor (PMi) is found at the anterior superior
chest, originating from ribs three through five and insert-
ing onto the medial aspect of the coracoid process [37]. It
provides shoulder stability by downwardly depressing, inter-
nally rotating and anteriorly tilting the scapula, but in mod-
ern, screen-based society, it is frequently tight and, indeed,
release of this tendon has shown no noted functional defi-
cits [38]. Tendinous transfer of its insertion onto the lesser
tuberosity, specifically in tears of the upper two-thirds of
the subscapularis tendon with a concomitant supraspinatus
tear, is anatomically feasible with improvements in shoulder
function and pain relief [13]. The PMi is a smaller muscle
than the PM and has a shorter tendon. However, the PMi line
of pull is close to the subscapularis and early results show
feasibility with arthroscopic and open techniques [13, 39].
Transferring the tendon deep to the coracoid, as with PM
tendon transfer, is safe with respect to its proximity to the
brachial plexus and musculocutaneous nerve, yet significant
questions persist as available studies have excluded patient
with anterior instability or static anterior subluxation of the
GH joint. Additionally, increases in strength following PMi
tendon transfer have demonstrated stagnancy, with no appre-
ciable increases in strength over time, potentially explained
by over distention of the muscle fibers upon transfer to a
more lateral insertion [40ee]. As for the significant reduc-
tion in pain following PMi transfer, this has been attributed
to its passive tenodesis effect, referring to the restoration
of anterior to posterior force coupling at the GH joint [13].

Latissimus Dorsi

The latissimus dorsi (LD) is a powerful thoracohumeral
muscle with a broad origin, including the inferior angle
of the scapula, the 9th to 12th ribs, the spinous pro-
cess of the 7th to 12th thoracic vertebrae, the thora-
columbar fascia, and the posterior one-third of the iliac
crest, that inserts onto the lesser tuberosity. This allows



Current Reviews in Musculoskeletal Medicine (2024) 17:68-75

71

for extension, adduction, and internal rotation of the
humerus. Utilizing the latissimus dorsi for tendon trans-
fers around the shoulder is well studied, and in the case
of irreparable subscapularis tear, particularly synergistic
effects potentially exist given each muscle is innervated
by the posterior chord of the brachial plexus. Surgical
technique for transferring the LD tendon anteriorly to
the lesser tuberosity has evolved, now performed open,
arthroscopically assisted, and entirely arthroscopically.
The LD has been a “workhorse” flap for free tissue
transfer after the advent of microvascular surgery, and an
extensive literature in this field shows minimal deficits
in the majority of patients even with complete harvest of
the LD, though highly athletic patients can perceive the
loss [41, 42, 43ee],

Comparative Studies
Biomechanics

With various, well described, tendon transfer techniques
addressing irreparable subscapularis tendon tears, the most
optimal transfer is still to be delineated. Biomechanically,
PM transfer has provided consistent improvements in pain,
yet functional limitations exist with reductions in inter-
nal rotation power over time [44]. LD transfer has been
more recently adopted in hopes of a more biomechanically
advantaged transfer, as the LD line of action more closely
mimics that of the subscapularis [8].

In 2022, Kontaxis et al. provided insight into the bio-
mechanical function of pectoralis major, pectoralis minor,
and latissimus dorsi tendon transfers to the lesser tuber-
osity. This study demonstrated that LD transfer most
closely mimics internal rotation moment arms generated
by the subscapularis at the expense of some adduction
strength at the shoulder. Interestingly so, PM transfer was
found to reduce internal rotation by roughly 30° regard-
less of the degree of abduction. While internally rotating
the humeral head, the attachment site and origin of the
PM and PMi align, leading to anterior translation of the
humeral head rather than internal rotation torque. How-
ever, the LD maintains its normal distance from the center
of the humeral head, allowing for a constant internal rota-
tion moment arm throughout its contraction. This was
posited to potentially explain poor functional outcomes
in patients with instability or anterior subluxation of the
humeral head after PM tendon transfer. For this reason,
it was also suggested that LD transfer might provide the
greatest functional improvement, particularly in internal
rotation, of patients with irreparable subscapularis tendon
tears [45ee].

Outcomes

Although PM and LD tendon transfers have produced
good clinical outcomes, the existing body of literature has
remained fairly devoid of comparative studies to appropri-
ately assess which is superior. In 2022, Luo et al. sought
to provide consensus to this discussion by performing a
systematic review comparing outcomes following PM and
LD tendon transfer for irreparable subscapularis tendon
tears. In total, 12 studies were included for analysis, cap-
turing 269 shoulders treated with tendon transfer, 184 by
PM tendon transfer and 85 by LD tendon transfer. In both
PM and LD groups, patients improved postoperatively with
respect to Constant Murley Score (CMS), the primary out-
come of the study, along with secondary outcomes (VAS,
SSV, ROM, bell-press test, and lift-off test) with low rates
of complications and failure. When compared, LD tendon
transfer showed greater improvements in CMS, abduction,
forward flexion, external rotation, and bell-press test [46ee].
However, there were several limitations to this systematic
review, including limited availability of studies addressing
LD tendon transfer in anterosuperior rotator cuff tears as
well as limited mean follow-up (17.4 months) compared to
the PM group (66.9 month). However, most complications
were found to have occurred within 12 months postopera-
tively, and clinical outcomes peaking within 12 months as
well. Lastly, the majority of the studies included were con-
sidered level 4 evidence, meaning high-quality comparative
evidence was insufficient, and future, randomized control
trials are still needed to reach a more definitive consensus.

Author’s Preference

In our practice, we favor an anterior, open approach for LD
tendon transfer in the setting of irreparable subscapularis
tears. Patients are positioned in a beach chair position, under
general anesthesia with an interscalene block, and a stand-
ard deltopectoral approach is utilized. The lesser tuberosity
is exposed (Fig. 2A), and an attempt to mobilize and repair
any remaining subscapularis tendon is made (Fig. 2B). The
proximal quarter to third of the PM tendon is then detached,
providing access to then dissect distally along the latissimus
dorsi tendon insertion, separating it from the teres major
(Fig. 2D). The LD tendon is detached from its humeral inser-
tion, and with traction applied through sutures, is mobilized
(Fig. 2E). The LD muscle is released using limited dissection
with Metzenbaum scissors to avoid adjacent neurovascular
structures and then bluntly with finger dissection, permit-
ting further excursion of the tendon (Fig. 2F). Once sufficient
tendon excursion is achieved, the LD tendon is transferred to
the lesser tuberosity. The tendon should be mobilized enough
to suture the leading edge of the broad tendon to the anterior
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Fig.2 Open, anterior LD tendon transfer. A Exposure to the bare
lesser tuberosity. B Torn subscapularis retrieved and elevated to
accommodate tendon transfer. C Pectoralis retracted away from LD
tendon. D LD tendon carefully dissected away from teres major. E
Traction sutures placed LD tendon. F Gentle digital mobilization
achieves adequate excursion to transfer LD tendon to lesser tuberos-

@ Springer

ity. G Triple-loaded all tape suture placed at inferior aspect of lesser
tuberosity. H Traction suture through LD tendon tied into native
supraspinatus anterior cable. I Triple-loaded all tape sutures passed
through 5.5-mm SwiveLock anchor, placed superior to lesser tuber-
osity, providing broad footprint reduction. J Remnant subscapularis
sutured over the LD tendon, providing additional biologic support
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cable of the supraspinatus. Additional fixation is achieved
with a double row, trans-osseous equivalent repair of the ten-
don to the lesser tuberosity (Fig. 2G, H, I).

To avoid complications, relevant nerve anatomy must be
respected. The radial nerve lies on the anterior aspect of the
latissimus dorsi tendon, approximately 1.5 to 5 cm medial
to the insertion with the greatest distance in abduction and
external rotation, thus dissection should proceed bluntly if
more than a few cm from the tendon insertion and in this
position [47e]. Furthermore, the teres major, immediately
posterior and often adherent to the LD, must be dissected
free from the LD. The two have very different morphol-
ogy with the LD flat and tendinous and the teres major a
fleshy muscle with a very short tendon. Leaving the teres
intact (and repairing any PM taken down in the approach)
is important as preserving adductors and internal rotators
is relevant—especially as many of these patients may need
reverse total shoulder later in life. Lastly, if the teres major
is left intact, it protects the axillary nerve [48].

Clinical Reflection

Isolated, irreparable subscapularis tears are relatively rare,
and because of this, technical complexities should be mini-
mized [12]. Proponents of arthroscopic assistance in LD
transfer suggest arthroscopic evaluation of the glenohumeral
joint permits optimal partial repair of any remaining rotator
cuff and more precise detachment of the LD tendon from the
teres major [7ee]. In addition, incorporation of a separate
axillary incision permitting extensive release of adhesion
allows maximal excursion of the LD tendon prior to trans-
fer; however, careful consideration of the tendon’s anatomic
relationship to the axillary nerve must be nuanced as the
tendon is transferred from the axillary incision to the lesser
tuberosity. In our experience, the anterior, open approach to
LD tendon transfer introduces the least technical complexity,
accomplishing the goals of restoring balanced force cou-
pling and increasing function. In fact, we posit that extensive
lysis of adhesions utilizing a separate axillary incision could
potentially produce redundancy anteriorly, allowing undesir-
able anterior translation of the humeral head secondary to an
imbalance force couple in the transverse plane.

Conclusion

Transfer of the pectoralis major has been considered the
transfer of choice for irreparable subscapularis tears for
decades, with established long-term follow-up supporting
its efficacy in reducing pain and function, yet improve-
ments in range of motion and internal rotation were not
maintained over time. Because of this degradation in func-
tional improvement, transfer of the latissimus dorsi tendon

has certainly become an attractive option. Recent cadaveric
biomechanical studies have demonstrated its efficacy in
maintaining an internally rotating moment arm at the gle-
nohumeral joint and promising short-term clinical results
with respect to improvements in pain and functional shoul-
der scores. Open, arthroscopic, and combined techniques
for latissimus dorsi tendon transfer are described, and we
believe that the open, anterior approach alone affords opti-
mal clinical outcomes to patients, minimizing technical
complexity and risk of injury to major anatomical structures.
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