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Abstract

Purpose of Review Irreparable subscapularis tears represent a challenging entity, especially when they occur in younger patients
with high functional demands. Tendon transfers are one of the options considered for surgical management for this pathology.
The purpose of this article is to review the surgical technique and outcome of the two most common tendon transfers considered
for irreparable subscapularis tears: pectoralis major and latissimus dorsi.

Recent Findings Transfer of the pectoralis major has been considered for decades the transfer of choice for irreparable
subscapularis tears. Recently, a series with long-term follow-up (over 18 years) supported the reduction in pain and improvement
in functional scores and patient satisfaction after pectoralis major transfer. However, the range of motion and the force in internal
rotation were not maintained over time. Transfer of the latissimus dorsi to the lesser tuberosity has been recently described as an
alternative with a sound biomechanical rationale and encouraging short-term results.

Summary Transfer of the pectoralis major and the transfer of latissimus dorsi to the lesser tuberosity are the two transfers most
commonly considered for patients with irreparable subscapularis tears. Transfer of the pectoralis major has a much longer track
record. Both procedures seem to improve outcomes. Comparative studies are needed to determine the relative indications of these
two procedures.

Keywords Anterosuperior rotator cuff tear - Irreparable rotator cuff tear - Latissimus dorsi transfer - Massive rotator cuff tear -
Pectoralis major transfer - Shoulder tendon transfer - Subscapularis tendon tear

Introduction muscles include the supraspinatus, the infraspinatus, the teres

minor, and the subscapularis muscle. In association with the
Rotator cuff pathology remains one of the most common  periscapular muscles, the rotator cuff plays a critical role in the
shoulder conditions treated surgically [1]. The rotator cuff  balance of shoulder biomechanics. A primary function of the

rotator cuff is to dynamically maintain the center of rotation of
Marion Burnier and Thibault Lafosse equally contributed to the redaction the glenohumeral joint and avoid superior subluxation of the
of this Manuscript humeral head by resisting the upward vector of the deltoid
muscle [2, 3]. As a consequence, tears of the rotator cuff
may result in disruption of this balance and lead to abnormal
shoulder function secondary to proximal humeral head migra-
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shoulder function in an irreparable cuff tear, and a discussion
regarding arthroplasty must always be considered, as the post-
operative management is often easier and shorter than for cuff
repair or tendon transfer. However, in young and active pa-
tients, reverse shoulder arthroplasty may have an unaccept-
ably high revision rate. Recent advancements in anatomical
and biomechanics knowledge of periscapular muscles have
allowed the development of techniques for muscle transfer
for posterosuperior but also anterosuperior RCT insufficiency
[11]. Although few studies were initially devoted to develop-
ing tendon transfers for anterosuperior cuff deficiency, there is
recent interest in the development of novel transfers specifi-
cally for subscapularis insufficiency [12].

The subscapularis is considered by some the most impor-
tant musculotendinous unit of the rotator cuff [13, 14]. An
irreparable subscapularis tendon results in anteroposterior im-
balance of the force couple in the transverse plane, with pain
and loss of strength internal rotation [15]. If concomitant
supraspinatus tendon insufficiency occurs, this results in
anterosuperior migration of the humeral head secondary to
the vertical imbalance of the glenohumeral joint. As a conse-
quence, clinical symptoms of anterosuperior rotator cuff tear
range from anterior shoulder pain with dysfunction, weakness,
and eventually anterior instability [16, 17] to a complete loss
of function leading to a so-called pseudoparalytic shoulder.
Irreparable anterosuperior tear tears are less common than
posterosuperior cuff tears, ranging from approximately 5 to
20% of all rotator cuff tear patterns [13, 18]. Compared with
the number of different tendon transfers described for irrepa-
rable posterosuperior rotator cuff tear, only a few tendon trans-
fers have been described to treat anterosuperior rotator cuff
insufficiency. These have included the pectoralis major,
pectoralis minor, and more recently latissimus dorsi [16, 19,
20es].

Pectoralis Major Transfer for Subscapularis
Insufficiency

The pectoralis major (PM) consists of two heads: the clavicu-
lar head originates on the medial aspect of the clavicle and the
sternal head originates from the upper portion of the sternum
and the second through four ribs. The PM adducts, flexes, and
internally rotates the humerus. Among musculotendinous
transfers for irreparable anterosuperior rotator cuff tear, PM
has been the most commonly described in various forms, in-
cluding passage of the sternal or clavicular head, superficial,
or deep to the conjoint tendon. Similarly, a biomechanical
analysis identified a superior effect of the PM transferred un-
derneath instead of above the conjoint tendon [21].
Furthermore, routing the pectoralis tendon deep to the con-
joint tendon may have a theoretical advantage of providing an
anterior buttress between the coracoid process and the
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humeral head [22].From a biomechanical standpoint, it has
been reported that the sternal head is better for restoring inter-
nal rotation but, regardless of the repair technique, the
pectoralis major does not exactly replicate the vector of the
subscapularis. The subscapularis is located posterior to chest
wall, while the PM is anterior to the chest wall.

Gerber et al. originally described the transfer of the
pectoralis major tendon from the humeral shaft to the lesser
tuberosity to repair the lower portion of the subscapularis [23].
This tendon transfer was initially described anterior to the
conjoint tendon (Fig. 1). Gerber and colleagues recently re-
ported their results with the longest follow-up outcome of
pectoralis major tendon transfer for irreparable rotator cuff
tears [24]. In a series of 22 patients, many achieved satisfac-
tory long-term outcomes of PM transfer for irreparable
subscapularis deficiency. At a mean follow-up of 19.7 years
(minimum 18 years), they reported significantly improved
functional scores (Constant score and SSV) with all shoulders
rated good or excellent. Despite this satisfactory functional
outcome, objective measurements were less encouraging.
Both active internal and external rotation decreased signifi-
cantly from the short-term (32 months) follow-up to the time
of the latest follow-up (p = 0.005 and p = 0.002, respectively).

Based on biomechanical considerations [21], Resch et al
[16] modified the original technique and reported transfer of
the superior one-half to two-third of the PM tendon between
the musculocutaneous nerve and the conjoint tendon (Fig. 2).
In a series of 12 patients with short-term follow-up (mean,
28 months), these authors reported reduced pain and improve-
ment of both subjective and objective scores. All four preop-
eratively unstable shoulders were considered stable at the lat-
est follow-up. They did not encounter any musculocutaneous
nerve dysfunction. However, the shoulders included in this
study included isolated rupture of the subscapularis in 8 pa-
tients and only partial or complete concomitant rupture of the
supraspinatus in 4 patients.

Using the same technique [16], Moroder et al. recently
reported satisfactory midterm outcomes in a cohort of 27 pa-
tients with irreparable anterosuperior rotator cuff tears [25].
This series included anterosuperior rotator cuff tear in 45%,
while a combination of posterosuperior and anterosuperior
rotator cuff tears was noted in 32% of patients. Pain relief
was maintained at an average of 10 years (range, 9 to 11 years)
follow-up, but the initial postoperative increase in strength
returned to the preoperative level, and improvements in range
of motion diminished over time, especially with regard to
internal rotation. Despite this worsening in certain outcomes,
77% of patients remained very satisfied at 10 years follow-up,
and at final follow-up, only one patient had undergone revi-
sion surgery to a reverse shoulder arthroplasty.

Gavriilidis et al. reported a series of 15 patients either with
only anterosuperior rotator cuff tear that means involving both
the subscapularis and the supraspinatus [26]. They excluded
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Fig. 1 Illustrations depict transfer
of the sternal head of the
pectoralis major muscle deep to
the clavicular head (A) or deep to
the conjoint tendon (B) to
reconstruct a subscapularis tear
(Reproduced with permission
from the Mayo Foundation for
Medical Education and Research,
Rochester, MN)

patients with infraspinatus tear. They performed a tendon
transfer of the clavicular part of the pectoralis major passed
behind the conjoint tendon and fixed to the lesser tuberosity
and to the anterior part of the greater tuberosity. The trans-
ferred tendon was either sutured to the remnants of
subscapularis and the anterior part of the supraspinatus or
fixed with anchors or transosseous sutures. No significant in-
crease in range of motion was reported in these 15 patients at a
mean follow-up of 37 months [26]. According to postopera-
tive MRI findings, nine patients (70%) had an intact trans-
ferred PM tendon. Two patients had a complete tear and two
patients had an intact but very thin tendon. One patient devel-
oped advanced cuff tear arthropathy (Hamada grade 4) [4].
Despite improvements in pain and Constant score, they sug-
gested that a subscapularis tear combined with a supraspinatus
tear was not a good indication for pectoralis major transfer.

Fig. 2 Illustrations depict transfer
of the pectoralis minor muscle
superficially (A) and deep (B) to
the conjoint tendon to reconstruct
a subscapularis tear. (Reproduced
with permission from the Mayo
Foundation for Medical
Education and Research,
Rochester, MN)

Elhassan and Warner reported outcomes of PM transfer by
passing the sternal head of the pectoralis major beneath its
clavicular head to create a fulcrum for the sternal head in an
attempt to be more in line with the vector of subscapularis
[27¢]. Similar to the technique described by Resch et al., their
technique requires to pass the muscle beneath the conjoint
tendon, thus placing the musculocutaneous nerve at risk.
The PM tendon transfer was performed in 11 patients with
an isolated subscapularis tendon tear (group I) and 11 patients
with a more extensive irreparable rotator cuff tear (group III).
Despite improvements in pain and functional outcomes, they
reported failure of the tendon transfer in 3 cases in group [ ata
mean follow-up of 49 months (range, 25 to 68) and 4 cases in
group III at a mean follow-up of 57 months (range, 44 to 82).

Interestingly, despite the proximity of the
musculocutaneous nerve, the overall reported incidence of
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postoperative nerve palsy is low. A recent literature review
reported only one transient musculocutaneous nerve palsy
and one axillary nerve dysfunction out of 195 cases [28].

Based on this review of the literature, it would seem that
transfer of the PM provides the best results for patients with
isolated irreparable subscapularis tears in the absence of ante-
rior instability or static anterior subluxation.

Latissimus Dorsi

The latissimus dorsi is a powerful thoracohumeral muscle. It
originates from the inferior angle of the scapula, the 9th to
12th ribs, the spinous process of the 7th to 12th thoracic ver-
tebrae, the thoracolumbar fascia, and the posterior one-third of
the iliac crest. It inserts just inferior to the lesser tuberosity. Its
contraction results in extension, adduction, and internal rota-
tion of the arm. It is innervated by the middle subscapularis
nerve or thoracodorsal nerve. This particular anatomical as-
pect is highly interesting when transferring the latissimus dorsi
in place of the subscapularis, since this nerve rises from the
posterior cord, as does the upper and lower subscapular
nerves. Thereby, transferring the latissimus dorsi to compen-
sate for subscapularis insufficiency has the potential of being
particularly synergistic.

The latissimus dorsi is a well-known and studied muscle
for transfers at the shoulder. It was first described in obstetrical
brachial plexus palsies sequelae to reanimate or reinforce for-
ward elevation and external rotation in Erb palsies. Gerber
extended its indication to use it for irreparable posterosuperior
cuff tears [10]. When considering transfer of the latissimus
dorsi for posterosuperior irreparable cuff tears, adding a com-
bined transfer of the teres major is controversial, and the de-
bate remains open. However, the excursion of these two
musculotendinous units is different, with more excursion for
latissimus than the teres major. Moreover, the bulkiness of the
transfers is significantly increased when both muscles are kept
together, which may lead to impingement on the brachial
plexus or axillary nerve when transferred together to the ante-
rior aspect of the shoulder [29e¢¢]. For these reasons, for
anterosuperior irreparable cuff tears, most would recommend
transferring only the latissimus dorsi to the lesser tuberosity.

The surgical technique for anterior transfer of the latissimus
dorsi to the lesser tuberosity has evolved, and may be per-
formed with open techniques, with arthroscopic assistance,
or completely arthroscopically. Any of these techniques pro-
vide benefits and disadvantages. Arthroscopic harvest of the
latissimus dorsi clearly allows to specifically identify the
latissimus dorsi tendon and separate it from the teres major
tendon in an easier manner than when harvested through an
axillary open approach. However, the dissection between the
bellies of the two muscles, mandatory in order to obtain a
sufficient excursion of the transfer, is difficult and technically
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demanding under arthroscopy, when more easily performed
open.

First described by Elhassan in an anatomical feasibility
study, the latissimus dorsi transfer for irreparable
subscapularis requires awareness of the surrounding nerves,
particularly the axillary and radial nerves, and in a broader
level, the posterior cord of the brachial plexus. Different sce-
narios were studied in the anatomy lab to evaluate which route
would create less impingement on the previously cited nerves,
and the best configuration is the isolated transfer of the
latissimus dorsi, separated from the teres major, when trans-
ferred to the upper half of the lesser tuberosity [29ee]. The
tendon must remain lateral and superior to the axillary and
radial nerves and to the brachial plexus. In scenarios where
both the muscles were transferred, the bulkiness of the transfer
created a major impingement on the posterior cord.
Consequently, the gold standard latissimus dorsi transfer to
the lesser tuberosity for irreparable subscapularis is an isolated
tendon transfer from the lower to the upper half of the lesser
tuberosity, leaving the axillary nerve medial and posterior to
the tendon.

Arthroscopy Considerations

Arthroscopically assisted harvest of the latissimus dorsi was
first performed and described by Laurent Lafosse in 2005, and
has been recently updated by Kany [20e¢] The harvesting is
identical when this transfer is used for irreparable
posterosuperior or anterosuperior cuff tears).The scope is in-
troduced in the subacromial space through a lateral portal
(Fig. 3). A working portal is created anterolaterally (Fig. 4).

Fig. 3 Exploration of a right shoulder through a lateral approach. G,
glenoid; GT, greater tuberosity. The irreparable subscapularis tear is
assessed. Complementary cuff repair can be performed arthroscopically
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Fig. 4 Creation of working portals. From a lateral visualization portal,
more anterior portals are created, using needles

A space is created between the humerus and the posterior
aspect of the anterior deltoid and pectoralis major. The poste-
rior face of the pectoralis major is dissected until the tendon
and its insertion onto the humeral shaft is identified.
Visualization is improved by placing the shoulder in forward
flexion and slight internal rotation. A second working portal is
created inferiorly to improve access to the humeral shaft. The
insertion of the latissimus dorsi is identified medial to the long
head of the biceps after the scope has been switched to the
anterolateral portal (Fig. 5). A switching stick can be used at
that step as a retractor to lift the pectoralis major and deltoid up
and enlarge the working space. The radial nerve (specifically
the branch to the long head of triceps) lies anterior to the
latissimus dorsi tendon (Fig. 6), and should be identified and

Fig. 5 Latissimus dorsi
exposition (right shoulder,
visualization from anterolateral
portal). From an anterolateral
visualization, the space behind the
pectoralis major is prepared, the
conjoint tendon is dissected, and
the latissimus (star) is exposed

protected. Radiofrequency is used to detach the tendon.
Sutures are then passed through the tendon with the help of
antegrade or retrograde suture passing devices. This last step
represents one of the major difficulties encountered during the
arthroscopic technique. Once detached and loaded with trac-
tion sutures, the LD needs to be separated from the teres major
and the many adhesions limiting its excursion (i.e., skin adhe-
sion at its superficial layer, and bonny insertion on the scapu-
la). Kany suggests and describes the use of endoscopy dissec-
tion scissors, long enough to push the dissection to the re-
quired level [20¢¢]. Once released, the tendon is brought to
its new insertion point (i.e., subscapularis footprint) and at-
tached with conventional anchor-based arthroscopic
techniques.

Open Considerations

For an open transfer, the latissimus dorsi may be harvested
and transferred using a one-incision or a two-incision tech-
nique. In the one-incision technique, the whole procedure
(harvest and transfer) is performed through a deltopectoral
approach. Harvest requires either partial detachment of the
upper third of the pectoralis major tendon or an alternating
retraction of its upper and lower borders, enabling to work
on the latissimus dorsi tendon above or below the pectoralis
major. The whole release of the LD is performed though this
anterior approach, including the release of the belly of the
muscle, but sometimes excursion of the tendon remains insuf-
ficient. Thereby, a separate axillary approach has the potential
to provide a more complete the release of the muscle to facil-
itate its transfer from the humeral shaft to the lesser tuberosity.

Authors’ Preferred Technique

Currently, in our practice, we favor a combined open-
arthroscopic approach, using an axillary open exposure to
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Fig. 6 Latissimus detachment (right shoulder; arm in forward flexion,
internal rotation). Rn, radial nerve; LD, latissimus dorsi; BG, bicipital
groove

harvest and mobilize the latissimus dorsi and arthroscopic
techniques for tendon fixation. This provides two potential
benefits. First, the arthroscopic approach remains the best
way to evaluate the glenohumeral joint and perform any par-
tial rotator cuff repair. Second, the dissection, identification,
and detachment of the latissimus dorsi tendon are actually
easier to perform than from an open axillary approach, since
separation of the latissimus dorsi from the teres major may be
difficult with open techniques even in the most experienced

Fig. 7 Latissimus dorsi brought back to the lesser tuberosity after traction
sutures were loaded. LD, latissimus Dorsi; CT conjoint tendon
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Fig. 8 Latissimus dorsi is attached to the lesser tuberosity with a
minimum of 3 anchors. The picture is showing the lasso loop suture
being performed on the medial anchor. LD: Latissimus Dorsi

hands. Fixation of the LD tendon, once prepared and loaded
with traction sutures, is easily managed arthroscopically as a
conventional subscapularis repair would be (Figs. 7 and 8).
However, before tendon fixation, a complementary axillary
approach is used, and the tendon is brought from its anterior
insertion to the posterior aspect of the shoulder, where the
axillary incision lies, in order to dissect the muscle belly and
release its adhesions from the skin and scapula, to maximize
excursion as previously mentioned (Fig. 9). In addition, suture
placement in the tendon is easier in the axillary open ap-
proach, which allows placing sutures all the way to the

Fig.9 Latissimus dorsi is dissected and released from its adhesions on the
skin and scapula. The picture is showing the latissimus belly, released
from the surrounding adhesions, and the tendon loaded with sutures,
which will be used for the fixation of the transfer on the lesser
tuberosity thanks to knotless anchors
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Fig. 10 Representation of the shuttle relay. The picture is showing the
shuttle relay passed under the conjoint tendon, along the teres major to
mark the course of the transfer.

Fig. 11 Representation of the transfer of the latissimus dorsi. The picture
is showing the transfer passed under the radial nerve, lateral to the axillary
nerve

Fig. 12 Latissimus dorsi transferred and fixed on the lesser tuberosity.
The picture is showing the tendon attached to the lesser tuberosity. It is
fixed on 3 anchors: two lateral row knotless anchors and one medial and

superior anchor

musculotendinous junction if needed. An important maneuver
that we recommend using in order not to lose the correct path
of the tendon regarding the nerves is to place a suture in the
tendon before bringing it from anterior to posterior. This su-
ture will guide the traction sutures from the posterior space of
the axillary dissection, back into the anterior aspect of the
shoulder before attaching it back to the humerus at the level
of'the subscapularis footprint (Fig. 12). The transferred tendon
should remain lateral and anterior to the axillary nerve
(Figs. 10 and 11).

Conclusions

Irreparable anterosuperior cuff tears may be managed surgi-
cally by transferring to the lesser tuberosity either the whole
pectoralis major or parts of it or the latissimus dorsi tendon.
Long-term outcome studies have reported satisfactory results
with transfer of the pectoralis major, particularly in patients
with an isolated irreparable subscapularis tear and no static
anterior subluxation. However, some studies have reported
higher failure rates, and the ability of this transfer to maintain
improvements in strength seems to be more limited. As such,
it may be best to reserve this transfer for patients with low
functional needs, with main focus on reducing pain and im-
proving functional outcomes. Transfer of the latissimus dorsi
to the lesser tuberosity is definitely attractive. However, there
is very limited information in the peer reviewed literature on
its outcome. Performing this transfer with arthroscopically
assisted techniques is challenging, with a steep learning curve
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associated with the procedure. There is always risk of injury to
major anatomical structures such as radial nerve, axillary
nerve, or vascular structures during all phases of the surgery.
However, with experience, we believe that this procedure can
be performed safely provided a meticulous surgical technique
is used.
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