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Abstract

Purpose To outline the technical details and determine the ranges of two pedicled functioning flaps that are the upper pec-
toralis major (UPM) and latissimus dorsi (LD) to elucidate their respective indications with regards to deltoid impairment.
Methods The UPM and LD bipolar transfers were performed in 14 paired cadaveric shoulders, one on each side. The UPM
was flipped 180° laterally over its pedicle to be placed onto the anterior deltoid. The LD flap was elevated on its pedicle to
be rotated and positioned onto the deltoid mid-axis. Their respective spans were defined according to the deltoid muscle
origin and insertion.

Results The UPM outreached the lateral edge of the anterior deltoid origin with a mean distance of 7.3 cm (range 4-9.1 cm)
off the lateral edge of the clavicle. Distally, the flap consistently overcame the proximal end of the deltoid tuberosity for a
mean distance of 2.1 cm (range 0.9-3.2 cm). The LD flap mdi-axis could be consistently placed onto the deltoid mid-axis;
spans of the anterior and posterior borders of the LD flap averaged 1 cm (range — 1 to 2.3 cm) and 0.2 cm (range —1.8 to
1.9 cm), respectively.

Conclusions The UPM flap optimal indications would be cases with deltoid defects limited to its anterior portion, whereas
the LD bipolar transfer could be used in more extensive lesions. Additionally, the distal span of both transfers appears to
allow their use in the setting of a reverse shoulder arthroplasty with subsequent humeral lengthening.

Level of evidence Non-applicable—basic science study, cadaver dissection.

Keywords Latissimus dorsi - Pectoralis major - Pedicled flap - Bipolar transfer - Deltoid palsy

Introduction stability and motions, especially regarding abduction and

flexion [1]. Several conditions may cause deltoid palsy,

Deltoid paralysis is a disabling condition and its man-
agement may be challenging. Depending on the axillary
nerve, the deltoid muscle plays an essential role in shoulder
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including inflammatory diseases as well as traumatic and
iatrogenic injuries [8, 17, 28].

Depending on the remaining function, the preoperative
delay and the lesions associated with the deltoid impairment,
different therapeutic options may be contemplated. In acute
and isolated cases, satisfactory results might be yielded
using axillary nerve repair or nerve transfers [21]. How-
ever, if the preoperative interval is longer than 6—12 months,
neurological procedures are no longer recommended due
to irreversible loss of motor endplates [31]. If the palsy is
limited to the deltoid, satisfactory shoulder function may
be observed without the need for surgery [32]. However,
in the setting of associated lesions such as glenohumeral
osteoarthritis or rotator cuff impairments (e.g., muscle palsy
and/or extensive and irreparable tendon tear), palliative pro-
cedures may be required to yield satisfactory outcomes. If
prosthetic replacement of the joint might alleviate the pain
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in such situations, insufficient deltoid function is commonly
considered as a contra-indication to shoulder arthroplasty.
Glenohumeral arthrodesis has been advocated by different
authors as a salvage solution to stabilize the glenohumeral
joint in cases of extensive brachial plexus palsies or sep-
tic joint destruction [26]. Nonetheless, since postoperative
motions rely exclusively on the scapulothoracic joint, limited
outcomes are usually observed [3]. To restore the deltoid
function, several unipolar tendon transfers have been used in
clinical practice, such as the upper trapezius transferred with
its acromial insertion to the proximal humerus, the short
head of the biceps and the long head of the triceps to the
anterior and posterior edges of the acromion, respectively
[11, 27]. However, none of these transfers properly recreate
the deltoid anatomy and thus fail to fulfill tendon transfer
principles (e.g., similar line of pull, similar strength and
similar excursion between the transferred muscle and the
recipient), with subsequent limited postoperative motions
as well [12].

Allowing an optimal positioning of the transferred mus-
cle at the origin and insertion sites of the paralyzed del-
toid, functioning flaps need to be performed to reproduce
the exact line of pull of the deltoid. Two pedicled function-
ing flaps have been previously described, that are the upper
pectoralis major (UPM) and the latissimus dorsi (LD) [11,
15]. In addition, such transfers may even be performed in
association with a shoulder arthroplasty, allowing address-
ing cases with traumatic or degenerative alterations of the
glenohumeral joint [10]. Despite the different advantages
listed above, clinical studies reporting on such transfers have
been sporadic [5, 10, 15, 22], and the underlying anatomical
features of these procedures remain unclear.

The purpose of this study was to provide an anatomical
description of these transfers focusing on their respective
potentials of span with regards to their neurovascular pedi-
cle, to assess their feasibility in a native glenohumeral joint
and in the setting of a shoulder arthroplasty.

Materials and methods

Seven fresh-frozen cadaveric torsos (five female, two male)
were obtained by our institutional anatomical bequest pro-
gram with Biospecimen committee approval. The average
age of the donors was 87 years (range 73-96 years), with a
mean weight of 59.7 kg (range 43-83 kg) and a mean height
of 163 cm (range 152-176 cm). Specimens were thawed
overnight at room temperature before the dissections; one
transfer was performed on each side, randomly.
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Pedicled UPM transfer

Placed in the supine position, an extensive curved inci-
sion was made, starting medially at the level of the second
intercostal space, extended at first superiorly on the clavi-
cle and anterior acromion lower borders, and then laterally
towards the deltoid insertion. A large skin flap was elevated
and retracted inferiorly, so that the UPM and the anterior
deltoid were exposed. The pectoral flap was then elevated,
starting proximally by elevating the clavicular head and the
upper part of the sternal head, which was separated from
the lower part at the level of the second sternocostal joint,
according to muscle fibers orientation. The dissection was
continued distally, and the tendon was split in the coronal
plane in two parts, anterior and posterior; the posterior ten-
don was left attached on the humerus with the inferior part
of the sternal head, while the anterior tendon was harvested
with the upper sternal head and the clavicular head. Once
fully mobilized, the flap was elevated on its pedicle, which
was identified entering the flap most commonly on the lat-
eral half of its deep surface (Fig. 1). With blunt dissection,
the artery was gradually mobilized until its origin on the
thoracoacromial artery, while the nerve was followed until
the inferior edge of the clavicle; the dissection of the nerve
was not extended to the supraclavicular fossa to reproduce
surgical conditions. Finally, the procedure was completed by
flipping laterally the upper PM of 180° over its pedicle, the
deltopectoral interval becoming the transfer pivot point, so
that the deep surface became superficial (Fig. 2). The flap

Fig. 1 Anatomic dissection showing the pedicle of the upper pecto-
ralis major (UPM) once the flap is flipped laterally, passing over the
pectoralis minor tendon (Pm), with the lateral pectoral nerve (yellow
arrow) and a branch from the thoracoacromial artery (red arrow) with
its concomitant vein (right shoulder). The axillary bundle is exposed,
with the axillary artery (AA) and vein (AV) anteriorly and the bra-
chial plexus (BP) posteriorly, under the subclavian muscle (SC).
(Color figure online)
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Fig.2 Anatomic dissections of a right shoulder showing the upper
pectoralis major flap (UPM) in its anatomic position (a) and then
flipped laterally (b) to be positioned over the anterior deltoid (DA).
Please note that the flap can be flipped without difficulty, but the lat-
eral translation is limited by the shortness of the pedicle (red arrow).
(Color figure online)

was thus positioned proximally onto the distal third of the
clavicle and the anterolateral aspect of the acromion, and
distally onto the anterior aspect of the deltoid tuberosity;
the UPM superior border thus corresponded to the lateral
border of the anterior deltoid, while the UPM inferior border
matched the medial border of the anterior deltoid.

Pedicled LD transfer

Once the specimen was placed in the lateral position, two
approaches were necessary. The first incision was made on
the lateral aspect of the shoulder; starting on the upper tra-
pezius contour approximately 10 cm proximal to the lateral
edge of the acromion, it was extended distally to the deltoid
insertion. The two cutaneous flaps were elevated anteriorly
and posteriorly so that the three heads of the deltoid mus-
cle were fully exposed. With the arm in neutral rotation at

| ANTERIOR |

Fig.3 Anatomic dissection demonstrating the latissimus dorsi
(LD) muscle along with the thoracodorsal artery (red arrow), once
sharply separated from the teres major (TM) muscle (left shoulder).
A dense fibrous band (black arrow) was consistently found between
the LD tendon anteriorly and the pedicle posteriorly, and needed to
be released to allow a full rotation of the flap without compression or
kinking of its pedicle. (Color figure online)

the side of the body, the length of the deltoid mid-axis was
measured (i.e., from the mid-point of the acromion lateral
edge to the distal end of the deltoid tuberosity). A posterior
axillary incision was then made, starting form the posterior
axillary fold and extended inferiorly and medially towards
the L4 spinous process. The LD tendon was separated from
the teres major (TM) tendon and released from its humeral
insertion; the dense fibrous band surrounding the LD and
TM muscles was cut to expose the pedicle and enable its
further mobilization (Fig. 3). The pedicle was identified on
the deep surface of the muscle, and dissected in a retrograde
fashion until its origin; collateral arteries to other muscles
issued by the flap artery were cut to allow full mobilization
of the pedicle. The LD muscle was then sectioned perpen-
dicular to its mid axis, so that the length of the muscular part
of the flap was equal to the mid deltoid length, rounded up to
the superior centimeter unit. Once fully mobilized, the flap
was rotated on its pedicle to be transferred to the lateral inci-
sion. Two potential routes were successively assessed, with
first the anterior route that consisted in passing the pedicled
LD deep to the anterior skin flap and superficial to the PM
tendon and to the anterior deltoid superficial aspect (i.e.,
counterclockwise rotation in a right shoulder). The second
route was posterior to the joint and subcutaneous as well
(Fig. 4), between the posterior skin flap and the superficial
aspect of the posterior deltoid (i.e., clockwise rotation in a
right shoulder). Through both routes, the LD mid-axis could
be aligned with the mid-axis of the deltoid muscle without
noticeable tensioning of the pedicle, with the LD medial and
lateral borders corresponding to the anterior and posterior
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Fig.4 Anatomic dissection showing the latissimus dorsi (LD) flap
once fully mobilized, attached only by its pedicle (red arrow), ready
to be transferred subcutaneously to the lateral aspect of the shoulder
through a posterior route, to be positioned over the middle deltoid
(MD) (right shoulder). Please note the tendon prepared in a Krackow
fashion (black arrow) to ease further mobilization and fixation. (Color
figure online)

Fig.5 Anatomic dissection showing the latissimus dorsi (LD) flap
positioned over the deltoid muscle through a posterior route, allowing
a complete coverage (right shoulder). The pedicle (red arrow) is visu-
alized at the inferior border of the teres major (TM) muscle. (Color
figure online)

borders of the deltoid, respectively (Fig. 5). The LD mus-
cle section was positioned onto the deltoid origin, whereas
the LD musculotendinous junction was positioned onto the
deltoid tuberosity.

Cadaveric measurements
Using a tape ruler (I-mm accuracy), different measure-

ments were made throughout the dissections. Regarding the
UPM transfer, the lengths of the origin and of the medial
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and lateral borders of the anterior deltoid were measured
before the transfer (Table 1); additionally, the lengths of
the origin and of the superior and inferior borders of the
UPM flap were measured as well, along with the length
and width at insertion of its tendon (Fig. 6). Then, the main
neurovascular pedicle was identified while gradually elevat-
ing the clavicular and upper sternal heads; distances from
the clavicular and sternal origins to the pedicle entry were
measured, along with the distance from the humeral inser-
tion. Accessory arteries were noted when present and the
lengths of the main nerve and artery were measured (i.e.,
distances from the clavicular inferior edge and from the
artery origin to their entry into the flap, respectively). At
the end of the transfer, the maximal lateral span of the flap
was assessed, measuring the distance from the clavicle lat-
eral edge to the sternal head inferior border; positive values
were noted when the flap outreached the clavicle and could
overlay the acromion. Likewise, the maximum distal span of
the transfer was noted, with positive values indicating that
the flap insertion outreached the proximal end of the deltoid
anterior tuberosity.

Regarding the LD transfer, the lengths of the origin, mid-
axis, anterior and posterior borders of the deltoid were meas-
ured before the transfer. In addition, the lengths of the origin
and of the medial and lateral borders of the LD muscle were
measured, along with the length and width at insertion of its
tendon; the length of its mid-axis was determined according
to the length of the deltoid mid-axis, as previously stated
(Fig. 7). When the pedicle origin was reached, the lengths
of the main nerve and artery were measured. Finally, once
the transfer was positioned on the mid-axis of the deltoid,
the anterior span of the flap was assessed by measuring the
distance from the anteromedial edge of the flap origin to
the anteromedial edge of the deltoid origin, with positive
values corresponding to the flap outreaching the deltoid;
similar measurements were made posteriorly to assess the
flap posterior span.

Statistical analysis

The Shapiro—Wilk test was used on UPM, LD and deltoid
measurement data and confirmed their normal distribution;
subsequently, comparisons were conducted with paired Stu-
dent’s 7 tests. Results were presented as the mean (range),
unless otherwise stated. The level of significance was
defined as P <0.05, for all tests.
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Table 1 Definitions of muscular measurements

Upper pectoralis major transfer
Upper pectoralis
Major

Origin
Superior border
Inferior border
Anterior deltoid

Clavicular and sternal origins width
Distance from the MTJ superior edge to the clavicle origin lateral edge
Distance from the MTJ inferior edge to the sternal origin inferior edge

Clavicular insertion width

Origin

Medial border

Lateral border

Latissimus dorsi transfer

Latissimus dorsi

Origin

Medial border

Lateral border
Deltoid

Origin

Mid-axis

Anterior border

Posterior border

Distance from the clavicle origin medial edge to the deltoid tuberosity proximal end
Distance from the clavicle origin lateral edge to the deltoid tuberosity distal end

Muscle section width
Distance from the MTJ to the muscle section medial edge
Distance from the MTJ to the muscle section lateral edge

Clavicular, acromion, and spinous insertions width

Distance from the mid-acromion origin to the deltoid tuberosity distal end
Distance from the clavicle origin medial edge to the deltoid tuberosity distal end
Distance from the spinous origin lateral edge to the deltoid tuberosity distal end

All measurements were made before the transfers, with the arm at the side of the body in neutral rotation

MT]J musculotendinous junction

Fig. 6 Anatomic dissection demonstrating the similarity of the shapes
between the upper pectoralis major (UPM) flap and the anterior del-
toid muscle, once dissected away from the shoulder. The different
measurements of interest are highlighted, with the origin (o), medial
(mb) and lateral (Ib) borders of the anterior head of the deltoid, and
the origin (0'), superior (sb) and inferior borders (ib) of the UPM flap

Results

UPM flap

The tendinous insertion of the upper PM could be separated
from the lower PM tendon in all cases but one. In this case,
the tendon was divided longitudinally in the axial plane;
the superior part was harvested along with the flap, leaving
the inferior part with the remaining PM muscle. In all dis-
sections, the origin of the UPM was noted larger than the
origin of the anterior deltoid (Table 2), allowing the flap
to outreach the clavicle for an average distance of 7.3 cm
(range 4-9.1 cm). The UPM inferior border tended to be
smaller than the lateral border of the anterior deltoid but
without statistical difference, whereas the superior border
of the flap was found significantly inferior to the anterior
deltoid medial border. However, when adding the length of
the tendon to the muscle measurements, these discrepancies
were reversed in favor of the UPM flap, with a mean superior
length of 15 cm (range 12.6-18.5 cm) and a mean inferior
length of 19.6 cm (range 16.5-23.7 cm), with P=0.043 and
P=0.001, respectively. This was confirmed by the flap dis-
tal span, with positive values in all cases, averaging 2.1 cm
(range 0.9-3.2 cm).

The main blood supply was identified in all cases as a
branch of the thoracoacromial artery coming from the del-
topectoral interval, averaging 2.4 cm (range 1.9-3.1 cm).
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Fig.7 Anatomic dissection demonstrating the similarity of the shapes
between the latissimus dorsi (LD) flap and the deltoid muscle, once
dissected away from the shoulder. The different measurements of
interest are highlighted, with the origin (0), mid-axis (ma, which is the
reference to determine the LD mid-axis needed length), anterior (ab)
and posterior (pb) borders of the deltoid muscle, and the origin (0'),
mid-axis (ma’), medial (mb) and lateral borders (Ib) of the LD flap

Table 2 Anatomical characteristics

Although secondary arteries to the upper sternal head issued
proximally from the intercostal arteries were observed in all
dissections, only one shoulder presented with an accessory
pedicle coming from the superior thoracic artery that entered
the clavicular head at 2 cm from its origin. The lateral pecto-
ral nerve innervated the flap in all cases, with a mean length
of 3 cm (range 2—4.1 cm) to the clavicle. The pedicle entry
was identified in the distal half of the flap in all specimens
but one; mean distances of 8.6 cm (range 6.5-11.1 cm),
9.7 cm (range 8.8—-10.5 cm) and 3.7 cm (range 2.8—4.8 cm)
separated the pedicle entry from the flap humeral insertion,
sternal and clavicular origins, respectively.

LD flap

The tendon of the flap was distinct from the TM tendon in
all dissections, with a complete separation in two specimens
(i.e., blunt dissection only) and some fascia adhesions in five
(i.e., sharp dissection necessary). There were no significant
difference between the length of the LD flap borders and the
deltoid borders. However, the origin of the flap (i.e., mus-
cle section perpendicular to the longitudinal mid-axis of the
flap) was found significantly larger than the deltoid origin.
This was confirmed by the flap spans, with mean values
of 1 cm (range — 1 to 2.3 cm) anteriorly and 0.2 cm (range
— 1.8 to 1.9 cm) posteriorly; nonetheless, the coverage of the
deltoid origin was incomplete in two specimens only poste-
riorly and in one specimen both anteriorly and posteriorly.
The thoracodorsal pedicle entered the LD muscle at a
mean distance of 12.5 cm (range 9.3-15.2 cm) from its
humeral insertion. The nerve was issued from the brachial
plexus posterior cord in all specimens, and averaged 10.3 cm
(range 9.1-13.7 cm) in length. The artery was a terminal

Upper pectoralis major transfer P values
Upper pectoralis major Anterior deltoid

Origin 13.3 (10.9-17.1) Origin 5.5 (4-8.3) <0.001
Superior border 11.5 (10.1-14) Medial border 14 (11.2-18.1) 0.003
Inferior border 16.1 (13.8-19.2) Lateral border 16.6 (13.3-21.7) 0.456
Tendon length 3.52.54.5) - - -
Tendon width 39(2.1-5.2) - - -
Latissimus dorsi transfer P values
Latissimus dorsi Deltoid

Origin 24.2(21.2-32.4) Origin 21.6 (16.9-30.1) 0.006
Medial border 21.3 (17.5-27.3) Anterior border 20.7 (16-28.9) 0.394
Lateral border 22.2 (17.8-30.1) Posterior border 23.2 (19.3-31.9) 0.168
Mid-axis 18.3 (15-24) Mid-axis 17.7 (14.2-23.4) -
Tendon length 7.5(5.8-9.2) - - -
Tendon width 352942 - - -

All data are presented in cm, as mean (range)
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branch of the subscapularis artery in all cases, with a mean
length of 8.3 cm (range 6.4—10.6 cm). In four specimens,
only one artery was branching out towards the serratus ante-
rior (SA) muscle, whereas there were two arteries to the SA
in the three others; in addition, one branch to the TM muscle
was observed in two specimens.

Discussion

In this study, we reviewed the anatomic bases of two pedi-
cled functioning flaps used clinically to reanimate shoulder
function in cases of deltoid palsy. With a relatively short
neurovascular pedicle, the upper part of the pectoralis major
muscle was showed to provide a satisfactory reproduction of
the anterior deltoid. With a longer pedicle and larger dimen-
sions, the LD flap was demonstrated to allow a full recon-
struction of the deltoid muscle, with two possible routes of
transfer.

Reliable functioning flaps

With the thoracoacromial and thoracodorsal arteries as
respective primary supplies and intercostal arteries as sec-
ondary segmental pedicles, the UPM and LD are both arte-
rial type V muscles according to the Mathes—Nahai criteria.
In an anatomical study of 105 human pectoralis muscles,
Tobin confirmed this reliable vascularization pattern [29].
Aszmann and colleagues [2] reported a consistent innerva-
tion of the UPM in 29 brachial plexuses, depending on the
lateral pectoral nerve (i.e., composed by the superior pecto-
ral nerve and the superficial branch of the middle pectoral
nerve, according to Aszmann), as we observed in our dissec-
tions. Likewise, the consistency of the LD pedicle has been
highlighted in large anatomic series [25, 30]. These reliable
neurovascular patterns explain the great versatility of these
muscles and their early use in numerous indications, includ-
ing coverage solutions but also as functioning transfers.

The UPM bipolar transfer

Based on the flap lateral and distal spans that were outlined
in this study, the UPM flap appears to allow recreating close
to anatomy only the anterior part of the deltoid muscle. In
a cadaveric study of eight specimens, Ackland et al. [1]
demonstrated that the flexion moment arm of the anterior
deltoid was larger than the middle deltoid flexion moment
arm during the whole flexion motion, whereas the abduction
moment arm of the middle deltoid was larger than the ante-
rior deltoid abduction moment arm during the first 100° of
abduction; furthermore, the posterior deltoid had negative or

close to zero abduction and flexion moment arms. In another
cadaveric study, Kuechle and colleagues [18] outlined the
positive internal rotation moment arm of the anterior deltoid,
with the arm at the side of the body and at 90° of abduc-
tion, scaption and flexion of the shoulder. It is thus safe to
assume that the sole use of this transfer may provide sat-
isfactory shoulder flexion and internal rotation, but other
shoulder motions may be limited. In addition, Holzbaur and
colleagues [14] highlighted that the deltoid muscle had the
greatest volume and cross-sectional area of the shoulder gir-
dle. Therefore, using approximately half of the pectoralis
major muscle to address the entire deltoid function seems
unrealistic. However, an additional transfer providing exter-
nal rotation of the arm may be valuable to add muscle mass
and stabilize the humeral shaft in rotations; indeed, by focus-
ing the mechanical force of the transfer on its aimed actions
(i.e., shoulder flexion and abduction), the flap efficacy may
be increased [4]. This was confirmed clinically by Hou and
Tai who first described this UPM functioning flap in the set-
ting of deltoid palsy in 1991. The authors reported a mean
shoulder abduction of 40° when the UPM transfer was used
alone whereas 70°-90° of abduction and 60°-150° of flexion
were obtained when adding the transfer of the upper trape-
zius insertion to the posterior aspect of the deltoid tuber-
osity [13]. More recently, Lin and colleagues reported the
successful use of the UPM functioning flap in patients with
brachial plexus palsy, with a mean postoperative abduction
of 74°; unfortunately, the authors did not specify if only the
scapulohumeral motion was considered, or if their analysis
included the scapulothoracic motion as well [22].

Interestingly, the lateral span of the UPM flap in these
previous papers seemed to be significantly larger than what
was observed in the present study [13, 22]. In fact, Lin et al.
[22] reported that the clavicular head was transposed to the
lateral side of the shoulder and the upper sternal head was
transposed to the posterolateral side of the shoulder, with the
deep surface of the flap facing toward the lateral aspect of
the shoulder. In the present study, we found that the pedicle
was relatively short, which limited the lateral translation of
the flap to the anterior aspect of the shoulder.

The LD bipolar transfer

The volume measurement of the LD muscle in Holzbaur’s
study [14] demonstrates the same inadequacy with the del-
toid volume; the proportion of this volume that is actually
harvested during this transfer is more difficult to evaluate,
however, since it is a custom-made flap based on the initial
deltoid measurement. In addition, Hertzberg and colleagues
demonstrated that the mean length of LD muscle fibers was
33.9 cm, whereas the mean length of the deltoid fibers was
12 cm, indicating that the LD has theoretically a greater
excursion but less strength [12].
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In clinical practice, the LD unipolar transfer is well
known to compensate posterior and anterior cuff deficien-
cies [6, 9]. Therefore, the anatomy of its distal insertion has
been the subject of extensive research. The anatomic study
conducted by Morelli et al. [23] is of particular interest, out-
lining the different landmarks and their relation with the
thoracodorsal pedicle, which were consistent with our find-
ings. In contrast, its use as a pedicled bipolar functioning
flap has been sporadic in the shoulder [5, 11, 16]. Itoh et al.
[15] developed this procedure in 1987 and reported on 10
patients, providing an abduction over 90° in 6 of them and a
grade-4 abduction strength with a good shoulder contour in
9 of them; the last patient was limited to 70° of flexion due
to partial necrosis of the flap. In their original description,
the flap and its pedicle were shuttled deep to the pectora-
lis major tendon, since the transfer was meant to reanimate
only the anterior deltoid. While reporting on five more cases
20 years later using the same technique, De Smet noted that
three patients presented delayed wound healing, including
one who required a secondary debridement due to partial
necrosis as well [5]. The author suggested that this deep
routing could be partially accountable for such complica-
tions. By transferring the flap more laterally, this traumatic
and potentially dangerous maneuver is avoided. Further-
more, the posterior route necessitates even less rotation of
the flap, which was another concern raised by De Smet [5].

Reverse shoulder arthroplasty

In 2013, Ladermann and colleagues [19] reported on satis-
factory outcomes following a reverse shoulder arthroplasty
(RSA) in the setting of an isolated palsy of the anterior del-
toid, demonstrating that not all the deltoid function is needed
to obtain shoulder motion once a RSA is implanted. Indeed,
by medializing the joint rotational center, the muscle lever
arm is increased and the strength required to perform the
same motion is decreased. In addition, the joint is trans-
formed from an unconstrained to a semi-constrained config-
uration, converting translation movements to pure rotational
movements. Based on these biomechanical considerations,
several authors suggested to perform tendon transfers in
association with RSA implantation to better restore the del-
toid function [7, 10, 16]. However, it is worth mentioning
that common RSA shortcomings may be experienced when
choosing this option [20, 24]. As an example, in a recent
clinical series of 31 bipolar UPM transfers, Elhassan and
colleagues [7] reported two cases of acromial fractures at the
junction of the acromion and scapular spine, which greatly
limited these patients’ functional outcomes.
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Limitations

This study suffers from different limitations, including a
small sample size that may have been accountable for sta-
tistical type 2 errors during the comparison of the borders of
the flaps to their respective muscles. Furthermore, the lack
of muscular passive stiffness may have skewed our meas-
urements; we tried to limit this bias by conducting all the
muscular measurements in the anatomic position. Moreover,
even if the UPM was closer than the LD to the deltoid in
terms of bulkiness, we were unable to quantify such obser-
vational findings, considering that having accurate values
of the muscles thickness in their anatomic position was not
feasible. Finally, this cadaveric model limits our ability to
predict the clinical outcomes of such transfers, especially
with the LD transfer where a wide subcutaneous shuttle is
necessary to position the flap, which may lead to delayed
healing of the wound and extensive scarring adhesions.

Conclusion

This study outlines the technical details of two pedicled
functioning muscle transfers that can be used to recreate
the deltoid muscle close to anatomic fashion, that are the
LD and UPM. If the lateral span of the UPM limits its use
to the reconstruction of the anterior part of the deltoid, the
LD flap may be transferred either anteriorly to recreate the
anterior deltoid, or posteriorly to recreate the entire deltoid.
In addition, both transfers allow their use in the setting of a
humeral lengthening, questioning the deltoid impairment as
a primary contra-indication in reverse shoulder arthroplasty.
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