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ABSTRACT

Introduction: The anatomy of the subscapularis muscle has been rarely described. The aim of this study is to provide an accurate
description of its anatomy, based on macroscopic and histological analysis.

Methods: This descriptive study included 13 shoulders. Macroscopic criteria included the number of muscle bundles and fibrous
septa, the number of bone dimples and ridges, and the number of nerve branches, specifying their origin and their point of entry
into the muscle. On the same shoulders, we took 3 to 6 histological sections. Microscopic criteria included muscle fiber
orientation and fibrous fascia.

Results: 93% of shoulders had 3 or 4 muscle bundles. 3 to 6 nerve branches innervated the muscle. The anterior surface of the
body of the scapula was formed in its medial part in 67% of cases by 3 bony ridges. Histological analysis revealed 2 to 6 fibrous
septa, 2 and 1 orientations of muscle fibers in 67% and 33% of cases respectively.

Discussion: The anatomy of the subscapularis muscle is highly variable. The various results form a set of arguments, that make
us think that within the subscapularis muscle itself, there is a variable number of muscle bundles and nerve branches, forming
neuromuscular functional units.
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Introduction

The subscapularis muscle is the largest of the four muscles of the rotator cuff (Keating et al., 1993).
It inserts on the anterior surface of the scapula (subscapular fossa) (Rouviere, 1976). Its muscle fibres
extend upwards and outwards, and are inserted laterally on the minor tubercle of the humerus (Kamina,

2011).

The humeral insertion of the subscapularis muscle has two parts: an upper tendinous portion and a
lower muscular portion (Hinton et al., 1994).
L./
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In 2020, the study by Zielinska, et al. (2021) revealed anatomical variations, both in the insertion
zone and in the number of tendons. In their anatomical studies of 64 subjects, they found 1 to 8 lateral

tendon bands.

This muscle is also known for the high variability of its muscular structure and innervation (Cho et
al, 2019; Yung et al., 1996; Kasper et al., 2008; Tubbs et al., 2007). Cleeman, et al. (2003) described several

‘packages’ within the muscle structure in their cadaveric study.

The innervation of the subscapularis muscle has been the subject of many studies, with sometimes

conflicting results due to a large number of anatomical variations.

Kamina describes two subscapular nerves arising from the posterior bundle of the brachial plexus
(C5 and C6 roots) (Kamina, 2011). The superior subscapular nerve innervates the upper half of the

subscapularis muscle, and the inferior subscapular nerve the lower half of the muscle.

Cho, et al. (2019) demonstrated variations in the number of nerve branches (upper subscapular
nerve alone, upper and lower subscapular nerve, upper subscapular nerve and axillary nerve). The only

constant is the existence of the superior subscapular nerve.

Functionally, the main role of the subscapularis muscle is medial rotation (Otis et al., 1994), and
shoulder adduction (Aguirre et al., 2024). However, the upper part of the subscapularis muscle is also
involved in shoulder abduction (Otis et al., 1994; Omi et al., 2010; O'Connell et al., 2006; Liu et al., 1997;
Sharkey et al., 1994). Finally, the lower part of the muscle plays a role in the anterior elevation of the

shoulder (Collin et al.,, 2013; Bassett et al., 1990).

According to recent data in the literature, the subscapularis muscle can be divided into two different
functional parts (an upper and a lower part) if we refer to the classification of massive cuff tears proposed

by Collin, et al. (2014) and the electromyographic study by Kadaba, et al. (1992).

However, the presence of multiple fibrous bands between the different muscle heads (Burkhart et
al, 1993), more than two nerves innervating the same muscle and multiple functions have led us to
question the hypothesis of a ‘two-part subscapularis muscle’ (Otis et al., 1994; Aguirre et al., 2024; Omi et
al, 2010; Klapper et al., 1992; Klapper et al., 1992).

We want to describe the anatomy of the subscapularis muscle in detail, with the main hypothesis

being that there are several neuromuscular functional units with inter- and intra-individual variability.
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The main aim of this cadaveric study is to describe the anatomy of the subscapularis muscle in detail,

based on macroscopic and histological analysis of the muscle structure and innervation.

The secondary objectives are:

° To demonstrate the presence of several neuromuscular anatomical units, i.e. more than two muscle
heads;

° To identify a correlation between anatomical variations in the muscle body and its innervation.

Methods

This study comprises two parts. The first is anatomical, carried out on cadavers, followed by the

production of histological sections and their analysis based on dissection specimens.

The local ethics committee approved the study

1) Anatomical study

The cadaveric part of our research was approved by our institution's donation department and
anatomy laboratory. All dissections were performed in the anatomy laboratory of the Faculty of Medicine

at Rennes 1 University.

Thirteen cadaveric shoulders were included. During dissection, the scapula, subscapularis muscle

and its innervation were extracted and studied as a single block (Fig. 1).

Suprascapular
nerve

Posterior

fascicle Subscapular

nerve

Subscapular
muscle

Figure 1: Front view of dissection specimen, 81-year-old man.
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We carry out the following objective measurements on each part:

o The number of muscle fascicles (or groups)
o The number of fibrous septa

o The location of these septa

o The number of nerve branches

o The area where the nerve enters the muscle
o Number of anterior fossae

o Number of bony ridges

The origin of each subscapular nerve is also specified.

2)  Histological Study

The samples were techniqued at the Inserm histopathology laboratory - H2P2 platform at the

University of Rennes 1 - from the 13 dissected shoulders.

Samples were taken from the anatomical parts dissected previously.

Each sample was first encapsulated in paraffin, then cut with a microtome and placed under a slide.
Each slide was then stained with HES. HES staining reveals muscle tissue in pink, adipose tissue in white,
connective tissue in yellow and nerve fibres in grey. The surface of the specimens in sagittal section was

stained with Indian ink to facilitate orientation of the resulting histological images.

Histological samples from parts 4 to 13 were used to study two microscopic criteria:

o The number of fibrous septa
o The number of muscle groups
Results

Thirteen formalin-preserved shoulders were included and dissected from nine different cadaveric
subjects aged 77-91 years (mean age 83.6 years). All were of Caucasian origin. There were four males and

five females.
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For four subjects, two shoulders were sampled (shoulders number 4 and 6, number 8 and 9, number
10 and 11, number 12 and 13), and only one for the other five subjects (shoulders number 1 to 3, number

5 and number 7). A total of six male shoulders and seven female shoulders were studied.

1) Macroscopic Results

93% of shoulders (12/13) had three or four muscle fascicles. The intermuscular septa are most often
located in the central part of the muscle. In 61% of cases (8/13), they were located between the 2nd and

3rd muscle fascicles and in 15% of cases (2/13) between the 1st and 2nd fascicles.

Subjects with shoulder numbers 4/6, 8/9 and 12/13 had the same number of muscle fascicles (4
fascicles for shoulders 8 and 9, 3 fascicles for shoulders 4 and 6, 12 and 13). Only the subject with shoulders
10/11 had a different number (3 fascicles for shoulder 10, 4 fascicles for shoulder 11).

The number of septa was identical for shoulders 8 and 9 (1 septa) and 12 and 13 (2 septa), whereas
it was different between shoulders 4 and 6 (none in shoulder 4, 1 in shoulder 6), and 10 and 11 (none in

shoulder 10, 1 in shoulder 11) (Table 1).

Table 1: Macroscopic findings. Muscles and intermuscular fibrous septa.
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In almost half of the dissections (46%) (6/13), there were 3 nerve branches. Their number varied

from 2 to 6 nerves, with a mean of 3.4 nerves and a standard deviation of 1.12.
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In the majority of dissected shoulders (69%) (9/13), all the nerves came from the posterior bundle
of the brachial plexus, and in 30% of cases (4 shoulders), the nerves came from both the posterior bundle

and the axillary nerve, systematically for the most distal nerve.

In 69% of dissected specimens (9/13), the first nerve entered the first muscle fascicle and in the
remaining 31% (4/13), the first nerve entered the 2nd muscle fascicle. In only 31% of the shoulders (4/13)
did we find that a single nerve entered a single muscle fascicle, and in the reverse case, each muscle fascicle

had a branch which innervated it. In the other cases, we did not have this pattern of correspondence.

Concerning the study of intra-individual variability, shoulders 10/11 and 12/13 had respectively the

same number of nerves (4 and 3 nerves) unlike shoulders 4/6 and 8/9 (Table 2).

Table 2: Macroscopic results. Nerve-muscle fascicle pair.

1 3 posterior fascicle no division
2 5 posterior fascicle no division
3 3 posterior fascicle no division
4 3 posterior fascicle and no division
axillar nerve
5 3 posterior fascicle
6 2 posterior fascicle divides into 3 before entering the muscle
2 posterior fascicle and divides into 7 before entering the muscle
axillar nerve
8 6 posterior fascicle and no division
axillar nerve
9 posterior fascicle no division
10 posterior fascicle divides into 3 before entering the muscle
11 posterior fascicle and no division
axillar nerve
12 3 posterior fascicle no division
13 3 posterior fascicle no division

After detaching the entire muscular structure of the scapula, we noted the presence of bony reliefs
on the anterior surface of the scapula. For each scapula, the bony prominences took the form of bony ridges

running longitudinally, separating concave dimples towards the front.

We found between 3 and 5 ridges on the surface of the 12 pieces of bone (piece 1 could not be used),
with a mean of 3.4 ridges and a standard deviation of 0.67. There were between 4 and 6 dimples, with an

average of 4.4 dimples and a standard deviation of 0.67.
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The ridges are not present across the entire width of the scapular piece. They are found in the vast
majority of cases on the medial part of the scapula. In 67% of cases (8/12), there were 3 ridges and 4

dimples (Table 3).

Table 3: Macroscopic findings. Bone reliefs: bone crests and scapular fossae.

1 * * 6
2 4 5 4
3 4 5 3
4 3 4 3
5 3 4 4
6 3 4 3
7 3 4 4
8 3 4 4
9 3 4 4
10 3 4 3
11 5 6 4
12 4 5 3
13 3 4 3

*: not feasible

In 4 of the 12 specimens (33% of cases) we found the same number of dimples and muscle fascicles.
For the other parts (8/12) (67% of cases), the number of dimples and muscle fascicles was different. In

each case, there were fewer muscle fascicles than dimples.
2)  Histological Results

An initial cross-section (Fig. 2) revealed several muscle orientations. We can see muscle fibres cut
transversely, but also fibres cut longitudinally. These two muscle ‘groups’ are clearly separated by

connective tissue.
posterior
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Figure 2: Histological view of a sample in axial view.
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Another section (Fig. 3), which is a coronal view, shows two groups of muscle fibres with
perpendicular orientations. Between the two, we can clearly see the connective tissue, coloured yellow

with the saffron of the HES stain, and the presence of a vascular-nerve pedicle within this connective tissue.
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Figure 3: Coronal section zoomed in at the interface of muscle fibre groups of different orientation.

On sagittal sections, we found 2 to 6 fibrous septa (mean 4.2 septa, standard deviation 1.3).

In 40% of the shoulders, there were 4 septa, in 20% there were 2 septa, in 20% there were 5 septa

and in 20% there were 6 septa.

The coronal sections taken from shoulders 5 to 13 were used to study the orientation of the muscle
fibres, which showed little damage, in contrast to the sagittal sections, where sampling resulted in changes

to the fibres.

In 67% of cases, we found 2 muscle fibre orientations: longitudinal and transverse. In the remaining

33%, only one fibre orientation (longitudinal) was found.

Discussion

This study allowed us to study the anatomy and innervation of the subscapularis muscle in detail.
The macroscopic cadaveric study revealed the presence of several muscle groups, as well as the presence

of fibrous fascia separating these muscle groups.

We also studied the various nerve branches from their origin in the brachial plexus to their
penetration into the muscle mass of the subscapularis. The number of nerve branches revealed was greater

than the two nerves classically described in the literature.
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The histological study allowed in-depth study of the muscle, orientation of the muscle fibres, and

analysis of the fibrous septa, which are not all equal in terms of thickness and distribution.

Some of the 13 dissection specimens belonged to the same subject. We were therefore able to make

both inter-individual and intra-individual comparisons.

All the macroscopic measurements and the analysis of the histological sections were carried out by

one and the same operator, eliminating the bias of inter-operator evaluation.

The macroscopic study revealed a high degree of inter- and intra-individual anatomical variability,
with between 3 and 6 muscle fascicles and between 0 and 2 fibrous septa in each muscle. We found no

correlation between the number of fibrous septa and the number of muscle fascicles.

At this stage, it seems difficult to prove that the muscle fascicles are independent of each other and
distinctly separate. Our hypothesis is that there are several ‘parts’ to the subscapularis muscle, but each

part is made up not of one but of several muscle fascicles.

The study of the nerves showed variability, since we found between 2 and 6 nerve branches directly
innervating the subscapularis muscle. However, we were unable to establish a rule according to which a

nerve branch innervated a muscle fascicle.

All these elements support our hypothesis that the different ‘units’ of the subscapularis muscle are

not identical in terms of muscle volume and number of nerves, and probably do not have the same function.

The originality of our study lies in the parallel study of muscle and nerve anatomy.

The histological study was a complement, but comparison with macroscopic results was impossible

because of the different scale, and the fixed landmarks that could not be preserved in microscopy.

Conclusion

Our study highlighted several anatomical features of the muscle. All these anatomical features lead
us to believe that there are several distinct groups in the subscapularis muscle. These are not just muscle

groups, but neuromuscular functional units, separated from each other by fascia.
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