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Abstract

Purpose The purpose of the study was to evaluate the
position of the subscapular nerves relative to surgical
landmarks during exposure and to analyze the pattern of
innervation of the subscapularis to avoid injury during
anterior shoulder surgery.

Methods 20 embalmed human cadaveric shoulder speci-
mens were used in the study. The muscular insertions of the
subscapular nerves were marked and their closest branches
to the musculotendinous junction and the coracoid process
were measured in horizontal and vertical distances. In
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addition, the innervation pattern of each specimen was
documented.

Results 14/20 specimens showed an innervation of the
subscapularis with an upper, middle and lower subscapular
nerve branch. Even though the nerve branches were in
average more than 2 cm medial to the musculotendinous
junction, minimal distances of 1.1-1.3 cm were found. The
mean vertical distance as measured from the medial base of
the coracoid to the nerve innervation point into the muscle
was 0.7 cm for the upper nerve branch, 2.2 cm for the
middle nerve branch and 4.4 cm for the lower nerve
branch.

Conclusions The subscapularis has a variable nerve sup-
ply, which increases the risk of muscle denervation during
open shoulder surgery. Dissection or release should be
avoided at the anterior aspect of the subscapularis muscle
more than 1 cm medial to the musculotendinous junction.
In approaches with a horizontal incision of the subscapu-
laris, splitting should be performed at a vertical distance of
3.2-3.6 cm to the coracoid base to avoid iatrogenic sub-
scapular nerve injuries.

Keywords Nerve supply - Subscapularis -

Anterior shoulder surgery - Musculotendinous junction -
Innervation pattern - Iatrogenic subscapular nerve injuries -
Surgical exposure

Introduction

The anterior (deltopectoral) approach of the shoulder allows
an access to the anterior, medial and lateral aspects of the
glenohumeral joint, and is, therefore, often preferred for
surgical exposure in open instability repair, rotator cuff
repair, shoulder replacement and proximal humeral fracture
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treatment [1-3]. An insufficiency or dysfunction of the
subscapularis is a commonly described postoperative
complication after these types of open shoulder surgery
[4-10], which can lead to severe functional limitations in
patients, because the subscapularis plays a vital role in
shoulder function as an important internal rotator and active
anterior stabilizer of the glenohumeral joint, composing the
anterior part of the transverse force couple [11-15]. Its
insufficiency has been attributed to failure of tendon repair,
postoperative muscular degeneration and the likelihood of
denervation during release and mobilization of the muscu-
lotendinous unit [8, 9, 16]. To enter the joint, the sub-
scapularis has to be identified, divided and reflected from
the underlying joint capsule. Different incision and teno-
tomy techniques of the subscapularis have been described,
which may not disturb the integrity of the musculotendinous
unit and, thus, limit the postoperative risk of subscapularis
insufficiency [5, 7, 17, 18]. The commonly described nerve
supply of the subscapularis includes the lower and upper
subscapular nerve, which have been the subject of previous
cadaveric studies [19-24], with only a few describing the
anatomy of the nerves and their location relative to surgical
landmarks like the glenoid rim and the coracoid process
[20, 24-26]. Other than previous studies, the present study
aimed to describe the position of the subscapular nerve
branches relative to the musculotendinous junction, which
represents an important and well-visible landmark during
surgical exposure and the entrance positions of the nerve
branches in vertical relation to the coracoid base under the
aspect of different incision and tenotomy techniques of the
subscapularis. Moreover, the study aims to evaluate the
prevalence and distribution patterns of the subscapularis
nerve supply with the purpose to avoid injury during
release.

Materials and methods

20 embalmed human cadaveric shoulder specimens were
used in the study. These were composed of 12 right and 8
left shoulders out of a total of 20 body donors (12 female, 8
male) with an average age of 82 years (range 64-92 years).

The same approach was taken in each specimen, which
implied downward exposure and dissection of the deltoid
groove and the detachment of the pectoralis major and the
deltoid muscle from their origins at the clavicle and the
acromion. Thereafter, the pectoralis minor and the con-
joined tendon were retracted from the coracoid to expose
the subscapularis and the brachial plexus, while preserving
every neural structure entering the subscapularis muscle
(Fig. 1).

Supplying branches of the subscapularis muscle were
marked and retraced back to their origin. The branches’
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Fig. 1 Surgical exposure of the subscapularis and the brachial plexus
including the neural structures entering the subscapularis muscle

pattern and their origin were documented in each shoulder.
Muscular insertions of the nerve’s branches and also any
additional branches were tagged at their closest entry
points to the glenohumeral joint with a pin. Other pins were
fixed at the medial base of the coracoid and in the transition
zone of the musculotendinous junction of the subscapularis
as presented in Fig. 2.

Vertical and horizontal distances from the musculo-
tendinous junction and the medial base of the coracoid
process to the insertions of the nerve branches into the
subscapularis, were taken in external rotation of the
shoulder. The vertical distance was defined vertical to the
horizontal measurement lines, along the course of the
conjoint tendon (Fig. 2). In such cases where additional
branches were present, the branches nearest to the medial
coracoid base and the musculotendinous junction were
chosen for measurement. The procedure was repeated and
photographed for each specimen in a standardized fashion.

Fig. 2 Marking of the entrance points of the upper (uE), middle (mE)
and lower (IE) nerve branches with their closest distances to the
musculotendinous junction (MJ) and the coracoid process (Co). Pc
posterior cord of the plexus brachialis, suprascapular nerve black
circle, axillary nerve black star, black line horizontal distance, black
dotted line vertical distance)
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Table 1 Mean horizontal and vertical distances from the insertion points of the subscapular nerve branches to the musculotendinous junction

and the coracoid process, respectively

Horizontal distance to the
musculotendinous junction in mm

Vertical distance to the medial
coracoid base in mm

Horizontal distance to the medial
coracoid base in mm

Mean + SD Range min-max Mean & SD  Range min-max  Mean £ SD Range min-max
Upper subscapular nerve branch  23.7 + 6.1 13.1-36.4 74 + 45 1.3-16.0 31.8 £ 9.7 16.4-46.0
Middle subscapular nerve branch 25.3 £ 5.3 11.4-34.3 22.1 £5.7 11.0-31.3 322 £82 14.3-37.4
Lower subscapular nerve branch  24.3 £ 6.6 13.4-38.2 444 + 6.2 37.0-57.0 28.5 £ 10.5 6.3-42.3

The mean, minimum, and maximum values as well as
the standard deviation were calculated.

Analyses were performed in SPSS 23 (IBM Inc,
Armonk, NY, USA). The institutional research board at the
principal investigator’s hospital approved this study.

Results

14 specimens (70%) showed an innervation of the sub-
scapularis limited to an upper subscapular nerve branch, a
middle subscapular nerve branch and a lower subscapular
nerve branch. An additional upper subscapular nerve
branch was found in two specimens (10%) and an addi-
tional lower subscapular nerve branch was detected in four
specimens (20%). The additional upper subscapular nerve
branch originated in both specimens (10%) from the
suprascapular nerve, the four additional lower subscapular
nerve branches arose from the axillary nerve (20%). The
posterior cord of the brachial plexus gave rise to the sub-
scapular nerve branches in 14 specimens (70%); in four
specimens, (20%) the lower nerve branch could be traced
to the axillary nerve; and, in two specimens (10%), to the
middle subscapular nerve.

The mean horizontal distance between the musculo-
tendinous junction and the insertion point of the upper
nerve branch into the subscapularis was 23.7 £ 6.1 mm
(range 13.1-36.4 mm), to the insertion point of the middle
nerve branch 25.3 + 5.3 mm (range 11.4-34.3 mm) and to
the lower nerve branch 24.3 £ SD 6.6 mm (range
13.4-38.2 mm). The horizontal distance from the medial
coracoid base to the entry point of the upper nerve branch
into the muscle was 31.8 £ 9.7 mm (range 16.4—46.0 mm)
and the mean vertical distance was measured with
7.4 £ 4.5 mm (range 1.3-16.0 mm). The mean horizontal
distance from the middle nerve branch entrance to the
medial base of the coracoid process was 32.2 + SD
8.2 mm (range 14.3-37.4 mm) and the mean vertical dis-
tance was measured with 22.1 £ SD 5.7 mm (range
11.0-31.3 mm). The mean distance between the entrance
of the lower nerve branch and the medial coracoid base was
28.5 = SD 10.5 mm (range 6.3—42.3 mm) and the mean

vertical distance was measured with 44.4 £ SD 6.2 mm
(range 37.0-57.0 mm). Table 1 presents an overview of the
distances measured for the respective nerve branches.

Discussion

The present study confirms previous findings which sug-
gest that the subscapularis muscle has a variable pattern of
innervation [20, 25], even though in most cases, a single
upper, middle and lower subscapular nerve branch were
observed, which arose mostly from the posterior trunk of
the brachial plexus. Despite the fact that the measured
horizontal distances from the musculotendinous junction
and the point of entry of the nerve branches into the sub-
scapularis muscle in many cases appears to be sufficiently
distant from the regular approaches—which in turn leads to
the assumption that the risk of subscapular nerves injury is
relatively low—our study shows that especially in cases of
a subscapularis splitting or an inverted L-shaped tenotomy
approach, the potential risk to denervate the subscapularis
during release and mobilization of the musculotendinous
unit is given.

While a former study found no signs of neurologic
damage after total shoulder replacement using elec-
tromyographic assessment [8], many authors consider
subscapularis nerve damage or denervation as a potential
cause of joint instability and subscapularis dysfunction
after anterior shoulder surgery [4, 7, 20, 27]. The sub-
scapularis muscle is divided in an upper and lower portion
based on previous biomechanical studies, which observed
different functions of these units depending on shoulder
position, whereas electromyographic and cadaveric inves-
tigations reported separate innervations [19, 28-31]. Based
on these studies, different incision and tenotomy tech-
niques of the subscapularis for entering the shoulder joint
have been described. A complete tenotomy with a
detachment of the musculotendinous insertion of the sub-
scapularis 0.5-1 cm medial to the lesser tuberosity with a
tendon-to-tendon repair is reported [32], as well as less-
invasive approaches, like the inverted L-shaped tenotomy
approach and the subscapularis splitting approach [7, 33].
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While such types of approaches are designed to preserve
the lower muscular attachment, our study shows that these
exposures may also place the integrity and innervation of
the lower and middle portion of the subscapularis muscle at
risk. These results may be one reason for postoperative
findings reporting of a loss of strength and degeneration of
the subscapularis muscle belly after Latarjet procedure that
used the inverted L-shaped tenotomy for exposure [18].
According to the vertical distances from the medial base of
the coracoid process to the middle nerve branches, which
were measured with 2.2 cm (range 1.1-3.1 cm) and to the
lower subscapular nerve branch which were measured in
mean with 4.4 cm (range 3.7-5.7 cm), a recommendation
of a horizontal incision between 3.2 and 3.6 cm can be
suggested as surgical guideline for safer surgery at the
subscapularis muscle. From this point of view, a complete
subscapularis tenotomy approach, which is often used in
shoulder arthroplasty, seems to minimize the risk of den-
ervation of the nerve branches. Different modifications like
creating a musculotendinoperiosteal flap or osteotomy
technique are reported [8, 34, 35].

In cases which necessitate a circumferential release of
the subscapularis—for example in patients with internal
rotation contractures—attention should be given to the
nerve supply—especially while releasing at the anterior
aspect of the subscapularis [7]. Therefore, the musculo-
tendinous junction is a good intraoperative marker, which
can be identified with ease when a deltopectoral approach
is performed. Previous studies have described the position
of the subscapular nerve in relation to other anatomical
landmarks, like the glenoid rim or the coracoid process
[24-26, 36]. However, in most cases, the glenoid rim
cannot be traced through direct intraoperative visualization
and the coracoid process alters its reference values
depending on the relative arm position and the torn/re-
tracted or released tendon of the subscapularis, which make
these studies more useful when applying arthroscopic
surgery or reconstruction of the acromioclavicular joint
[37-39].

In the present study, the entry points of the subscapular
nerve branches were measured to be in average more than
2 cm medial from the musculotendinous junction, with the
minimum distance being 1.3 cm at the upper nerve branch,
1.1 cm at the middle nerve branch and 1.3 cm at the lower
nerve branch. Based on these findings, dissection or release
should be avoided at the anterior aspect of the subscapu-
laris muscle more than 1 cm medial to the musculotendi-
nous junction (Fig. 3).

Furthermore, we were able to show a variable nerve
supply of the lower unit of the subscapularis, which was
found with its origin from the posterior trunk of the bra-
chial plexus in 14 specimens (70%), from the axillary
nerve in four specimens (20%) and from the middle
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Fig. 3 Areas when dissecting or releasing the subscapularis muscle
in distance to the musculotendinous junction (mj), with a safe zone
(green), less then 1 cm, a risk zone (orange) 1-2 cm and a high-risk
zone (red) more than 2 cm medial to the mj. If the interval between
the junction of the superior two-thirds and the inferior one-third is
exploited in line with its fibers [subscapularis split (red dotted line)],
L-inverted approach (black)] a horizontal incision should be placed in
a vertical distance (along the course of the conjoint tendon) of
3.2-3.6 cm to the coracoid base (cb)

subscapular nerve in two specimens (10%). Moreover, in 4
specimens (20%), an additional lower nerve branch was
found. This confirms previous studies which reported that
the lower subscapular nerve originated from the axillary
nerve in 55% [27], in 23% [25] and in 25% of cases [20].
The variability of additional lower nerve branches arising
from the axillary nerve may account for the small distances
in the group of the lower nerve branches. These more distal
origins of the lower nerve may place the nerve supply
closer to the surgical field, thereby placing it at greater risk
during open shoulder surgery.

A possible drawback of the study is the fact that the
specimens were embalmed, because during fixation, the
tissue is dehydrated and shrinks, which may have a nega-
tive influence on the taken measurements of this study. A
second limitation is the high average age (82 years) and the
limited sample size of the specimens, which may lead to
incorrect measurements when compared to the application
of landmarks in patients of a significantly younger age.
However, especially in anterior shoulder surgery for
shoulder replacement and the treatment of a humeral
fracture, it is true that the average age of patients does not
significantly differ from the average age of our study
group.

Nevertheless, the present results help to define a
potential risk area for denervation of the subscapularis
during surgical exposure. The risk of a subscapular nerve
injury during anterior open shoulder surgery is a valid
concern. Further research like electromyographic assess-
ment after anterior shoulder surgery is necessary to eval-
uate whether nerve damage or denervation is a potential
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underdiagnosed cause of postoperative joint instability and
subscapularis dysfunction.

Conclusion

The subscapularis shows variable patterns of innervation
and entrance points of the nerve branches in relation to the
musculotendinous junction, which enhances the risk to
denervate the muscle during open anterior surgery of the
shoulder. Dissection or release should be avoided at the
anterior aspect of the subscapularis more than 1 cm medial
to the musculotendinous junction. If the muscular interval
between the junction of the superior two-thirds and inferior
one-third is exploited in line with its fibers (subscapularis
split, L-inverted approach), a horizontal incision should be
performed in vertical distance of 3.2-3.6 cm to the cora-
coid base.
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