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ABSTRACT

Myofascial pain syndrome is an important health problem, in which the trapezius muscle is one of the most affected muscles in the
working-age population. The study was conducted to describe the distribution of nerve points of the accessory nerve to the trapezius
muscle in Vietnamese adult cadavers. A cross-sectional descriptive study was performed on 18 trapezius muscles from fresh frozen
cadavers of Vietnamese adults. A total of 142 nerve entry points were identified in 18 trapezius muscles, which were grouped into 6
clusters, each with a corresponding center point. In particular, the upper part of the trapezius muscle had the presence of center points
2 and 3; the middle part of the trapezius muscle had center points 1 and 6; and the lower part of the trapezius muscle had center points
4 and 5. Comparison of these points with anatomical landmarks on the skin revealed that the nerve points entering the trapezius muscle
tended to be concentrated in three main areas: about 2 cm above the upper angle of the scapula (located between the C7 spinous process
and the acromion); the supraspinous fossa; between the medial border of the scapula and the T4-T6 spinous processes. This study
provided important data on the distribution of nerve points entering the trapezius muscle of the accessory nerve in adult Vietnamese
cadavers, contributing to providing an anatomical basis to support clinical diagnostic and treatment applications, especially in pain
management and therapeutic interventions.
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Introduction positions of muscle belly entrance sites of motor nerve branches
and the locations of clinically identified trigger points [5].

) ) ) ) The Trapezius muscle is one of the most vulnerable muscles in the
Myofascial pain syndrome is defined as a localized . ] o
o . . . working-age population [6-8]. This is also the area most affected
hyperexcitability of muscle tissue [1]. It manifests clinically as by i ) v th ¢ i
trigger points, especially the upper part of the trapezius
localized pain and radiating pain after stimulation of certain arcas y fheger p ’ 'P . y . PPer P ) P
muscle [1, 9]. Trapezius trigger points not only cause pain in the
of muscle and fascia, known as trigger points [1]. .
L . . shoulder area, but the pain also spreads to many other areas such

Electrophysiological analyses have shown that trigger points are
. . . - ) as the neck, head, back, arms, and lower jaw due to the wide
associated with neuromuscular dysfunction with excessive )
. o attachment area of the trapezius muscle [1, 10].
release of acetylcholine [2, 3]. This is demonstrated . . .
. . ) . At present, in addition to non-pharmacological treatments,
histopathological by the presence of shortened myofascial units ) o . ) ) )
: oo ) ) trigger point injection therapy with botulinum toxin A is an

[4]. Recent investigations reveal a link between the anatomical
effective analgesic method in the treatment of myofascial pain

syndrome [2, 11]. Recommendations suggest that if the target
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muscle is a superficial muscle layer such as the trapezius muscle,
Website: www.japer.in E-ISSN: 2249-3379 the injection should be based on surface anatomical landmarks

instead of using electromyography [12, 13]. A comprehensive

delineation of the motor nerve points' placement on the skin
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pathophysiology of myofascial pain syndrome but also furnishes
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critical data that underpins diagnostic and  therapeutic
applications in clinical practice.

Initial research on this issue has been conducted globally;
however, they mostly focused on the superior region of the
trapezius muscle and did not include the other parts of the muscle
[14-16]. No study has been undertaken in Vietnam on the
location of nerve points of the accessory nerve inside the
trapezius muscle. Consequently, we undertook this investigation
to delineate the distribution of nerve sites of the accessory nerve

inside the trapezius muscle in the cadavers of Vietnamese adults.

Materials and Methods

The current research was performed from May to October 2024
at the Department of Anatomy, Basic Sciences - Basic Medicine,
Pham Ngoc Thach University of Medicine, Ho Chi Minh City,
Vietnam. The research was performed on nine adult Vietnamese
cadavers that had been cryopreserved. The cadavers included 5
men and 4 females, with a mean age of 71.8 * 15.7 years
(spanning from 53 to 99 years). The chosen samples exhibited
intact neck, shoulder, and back regions, devoid of abnormalities
from trauma or congenital anomalies, and had no surgical history
in these areas. The investigation included the dissection of a total
of 18 trapezius muscles, including 9 samples from the right side
and 9 samples from the left side.

The study employed a coordinate system to ascertain the
distribution of nerve points on the skin surface, comprising:
Horizontal axis O’B (where B denotes the midpoint of the lateral
edge of the acromion and O’ represents the perpendicular
projection of B onto the vertical axis); Vertical axis A’B’ (with
A’ indicating the lateral occipital protuberance and B’ signifying
the T12 spinous process); and the coordinate origin O' as the
perpendicular projection of B onto the vertical axis. The
positions of nerve points were established by measuring the
abscissa and ordinate of each point inside the coordinate system.
The points were evaluated to determine their position relative to
the abscissa. In addition, the O’B segment was divided into 05
unit intervals according to the method of author Yi KH [16], and
then the distribution ratio of nerve points in each interval was

determined (Figure 1).
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Figure 1. The coordinate system of the trapezoidal axis and

how to divide the unit interval on the coordinate system

Clustering method of nerve points

To investigate the relationship between the locations of nerve
points entering the muscles in human cadavers and the trigger
points of the trapezius muscle in clinical practice, it is necessary
to identify a system of points that represent the study sample.
Therefore, we grouped these nerve points into clusters, in which
each cluster has a corresponding center point, also known as the
centroid point.

The clustering procedure is performed with the k-means
clustering technique. The k-means algorithm utilizes the Elbow
Method to ascertain the appropriate number of clusters. This
approach computes the sum of squared distances of the
component points inside each cluster to their respective
centroid. As the quantity of clusters escalates, the aggregate of
squared distances will diminish. Nonetheless, above a certain
threshold, as the quantity of clusters escalates, the total squared
distances remain relatively constant. This point is known as the
Elbow Point and represents the ideal number of clusters for
grouping (Figure 2).

Upon establishing the number of clusters, we input the
coordinates of the surveyed nerve sites into SPSS software and
executed the k-means clustering procedure. The program will
provide the outcomes for each cluster, including the component

points and the respective centroid of each cluster.
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Figure 2. Elbow method to determine the optimal number of
clusters

Research process

After thawing at room temperature, the cadavers that met the

sampling criteria were placed in a prone position on the
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dissection table. On the skin surface, the horizontal and vertical
axes of the coordinate system were marked with colored tape,
and the dimensions of the coordinate axes were measured. The
dissection was performed using two main skin incisions. The
anterior incision started from the sternal notch, ran along the
midline to the chin condyle, and continued toward the angle of
the mandible and mastoid process; at the same time, another
incision extended from the sternal notch along the clavicle to the
acromioclavicular joint. The posterior incision started from the
spinous process of T12, ran horizontally along the posterior
axillary line, ascended to the acromioclavicular process, and
advanced toward the acromioclavicular joint. When the two
incisions met, the skin and subcutaneous tissue were dissected
until the anterior and inferior borders of the trapezius muscle
were exposed. The trapezius attachment was then dissected at
the posterior 1/3 of the clavicle border, the acromioclavicular
process, and the scapula, and the muscle was turned toward the
midline of the back to continue the process of nerve
identification.

The main trunk of the accessory nerve was located on the ventral
surface of the trapezius muscle, and the nerve entry points were
identified as the places where the primary branches branched off
the main trunk and entered the muscle. At each of these points,
a threaded needle was inserted perpendicularly from the ventral
surface of the trapezius muscle through the skin, and the two
ends of the thread were fixed to a numbered tag on both the skin
and the ventral surface of the trapezius muscle to mark the exact
location. After marking was completed, the trapezius muscle was
returned to its original position. On the skin surface, each
marked point was projected onto the coordinate system by using
a st square to lower it perpendicularly onto the horizontal and
vertical axes. The distance from the origin of the coordinates to
cach marked point on the two axes was precisely measured to
determine the distribution of the nerve entry points into the

muscle (Figure 3).

b)
Figure 3. Marking of primary branches on the muscle surface
(a) and on the skin surface (b)

Research ethics

The study was approved by the Ethics Council in Biomedical
Research of Pham Ngoc Thach University of Medicine under
Decision No. 1079/TPHYKPNT-HDDD dated March 12,
2024.

Results and Discussion

Characteristics of nerve point distribution on

the coordinate system

The study found that 100% of cases (18/18 trapezius muscles)
had the presence of primary branches that separated from the
main trunk of the accessory nerve and entered the ventral surface
of the trapezius muscle. The average number of primary nerve
branches was 7.9 + 2.5. In total, the study recorded 142 primary
nerve branches, distributed in all three parts of the trapezius
muscle. Of which, the middle part had the highest proportion
with 54.9%, followed by the upper part 24.6% and the lower
part 20.4%. With 142 primary nerve branches, we identified 142
nerve points entering the corresponding muscles. The results
showed that the nerve points on the skin surface were mainly
distributed below the horizontal axis with a rate of 75.4%
(107/142 nerve points), while above the horizontal axis
accounted for 24.7% (35/142 nerve points). When dividing the
O’B segment into 05-unit intervals, Figure 4 shows that the
nerve points are mainly concentrated from interval 01 to interval
03 with a total ratio of 99.3%. Figure 5 illustrates the limited
range of the nerve points, which are encircled in a rectangle with
a width equal to 1 unit interval of the horizontal axis (the second

interval) and a length equal to 4/10 of the vertical axis.
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Figure 4. Proportion of nerve points on the coordinate system
in each unit interval
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Figure 5. Location of nerve points on the coordinate system
according to the division of 05-unit intervals
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Distribution of nerve points into clusters

using a k-means clustering algorithm

Based on the elbow method of the k-means algorithm, the study
determined the optimal number of clusters to group 142 nerve
points as 6 clusters. Although at point 10, the total distance
between the component points and the center point reached the
smallest level, from point 6 onwards, when continuing to
increase the number of clusters, the total distance changed
insignificantly. In each cluster, the study determined a

corresponding center point (called a centroid) (Figure 6).

Cluster

404 sequence
‘mumber

o o

o2

e 3

204 % o o4
o o 0 o5

° .... - g

-~ LI

o @ o

o~ oo

e 10 e oded, o

1 ” .

s Y PR 1S

H-1 ° .' ®.¢° { °

= [] %%

= *% 5°%25s o *°

=] %% \% .

Fo o
o 000 o .
A o ‘oo
. .' o
- 40 . °
‘s
. .
°
°
- 601
T T T T
0 20 40 50
Abscissa (%)
a)

o Cluster
sequence
mumber

0%

L

) e2

0% 3
o4

o es

10% -

0%

o
10%
o
20%
L]

-30%

-40% L

-50%

-60%

0% 20% 0% 60% 80% 100%

b)
Figure 6. Distribution of 142 nerve points in 06 clusters (a)
and Distribution position of 06 center points of the clusters on
the coordinate system (b)

When clustering the nerve points, the study noted the presence
of center points 2 and 3 in the upper part of the trapezius muscle;
the presence of center points 1 and 6 in the middle part of the
trapezius muscle; and the presence of center points 4 and 5 in the
lower part of the trapezius muscle. In addition, when
determining the location of the nerve points relative to the bone
landmarks on the skin surface, the results showed that the nerve
points were concentrated in three main areas, including about 2

cm above the upper corner of the scapula (located between the

spinous process of C7 and the acromion); the supraspinous fossa;
and the area between the medial border of the scapula and the

spinous processes of T4-T6 (Figure 7).

nerve entry point
Cc7
points are concentrated in
the muscle

b)
Figure 7. Location distribution of the 06 central points of the
clusters on the trapezius muscle (a) and the area where the
nerve points concentrate in the muscle compared to the bone
landmarks on the skin surface (b)

Myofascial ~ trigger points (MTPs) are considered a
pathophysiological model of pain of various etiologies [17]. These
points, also known as muscle knots, are hyperirritable areas
within the muscle, associated with contractile nodules and
dysfunctional motor endplates [1]. Trigger points can
theoretically occur anywhere in skeletal muscle, but are most
commonly found near the neuromuscular junction [1, 17, 18]. A
nerve entry point is defined as the location where a motor nerve
branch enters the epimysium of a muscle belly [19]. Akamatsu FE
[20, 21] found that the nerve points entering the muscle and the
myofascial trigger points have anatomical overlap, suggesting a
potential relationship between the innervation and the formation
of pain points. Many neck and thoracic pain syndromes are
associated with trigger points in the trapezius muscle. Therefore,
understanding the relationship between the nerve points entering
the trapezius muscle and the clinical location of trigger points not
only contributes to elucidating the pathogenesis but also brings
important application value in clinical diagnosis and treatment.

The nerve distribution in the trapezius muscle is very diverse in

cach individual. Therefore, in order to help clinicians easily apply
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it in practice, this study conducted a clustering of motor nerve
points using the k-means algorithm and identified 142 nerve
points divided into 06 main clusters, in which: in the upper part
of the trapezius muscle, the central points 2 and 3 are present; in
the middle part of the trapezius muscle, the central point’s 1 and
6 are present; and in the lower part of the trapezius muscle, the
central point’s 4 and 5 are present. This result shows a significant
overlap between the motor nerve point clusters and the fascial
trigger points described in previous studies.

Center points 2 and 3 in this study are similar to TrP 1 and TrP
2 of Travell JG [1]. Akamatsu FE's study also noted the presence
of MTP1 located in the middle of the anterior border of the upper
part of the trapezius muscle (on the fibers going from the
superior nuchal line, then running longitudinally to the clavicle
attachment), and MTP 2 located near MTP 1, slightly deviated
(on the fibers going from the nuchal ligament, running
horizontally, converging forward and attaching to the clavicle)
[20, 22]. The locations of center points 1 and 6 in the middle part
of the trapezius muscle in this study are similar to TrP 5 of Travell
[1] and MTP 5.1 and MTP 5.2 of Akamatsu [20]. Center points
4 and 5 in the lower part of the trapezius muscle correspond to
TrP 3 of Travell [1] and MTP 3 and MTP 3.1 of Akamatsu [20].

When comparing the results of this study with the studies on
trigger points in living people by the authors Fernandez-de-las-
Penas C [10] and Ge HY [23, 24], because the subjects of the two
studies above were living people, while this study was conducted
on cadavers, we only focused on comparing the locations of
motor nerve points with clinically significant pain points. The
study by Fernandez-de-las-Penas C [10, 25] examined the pain
pressure threshold at 11 locations in the shoulder area, the upper
part of the trapezius muscle had a point of 4 (between the spinous
process of C7 and the acromion) corresponding to the center
points 2 and 3 in our study; the middle part of the trapezius
muscle had a point of 5 (the angle of the scapula) and a point of
10 (between the spinous process of T4 and the medial border of
the scapula) corresponding to the center points 1 and 6; The
lower part has a score of 11 (between the T6 spinous process and
the medial border of the scapula) corresponding to the central
point's 4 and 5. In Ge HY's study [23, 26, 27], upper parts of the
trapezius muscle had scores of 3, 4, and 5 corresponding to
points 2 and 3 in our study; the middle part of the trapezius
muscle had scores of 8, 9 corresponding to the central point 1 in
this study.

Although the use of coordinate systems helps to locate nerve
points on the skin surface scientifically, this method is quite
complicated to remember in clinical practice. Therefore, we
propose a simpler and more intuitive method by describing the
concentration of nerve points in the muscle based on palpable
bony landmarks under the skin, specifically the scapula. The
results of the study showed that the nerve points into the
trapezius muscle tend to concentrate in three main areas: about
2 cm above the upper angle of the scapula (located between the
C7 spinous process and the acromion); the supraspinatus fossa;
and between the medial border of the scapula and the T4-T6
spinous processes. This bony landmark-based description

method has the advantage of being simple, intuitive, and easy for

clinicians to apply in practice. However, it should be noted that
these areas have spatial overlap between the trapezius muscle
(superficial muscle) and the underlying muscles such as the
supraspinatus, rhomboid, and levator scapulae. Therefore, more
in-depth studies are needed to examine the relationship between
the trigger points of these muscles clinically and the location of
the motor nerve points entering the muscles, to help distinguish
the system of pain points characteristic of the trapezius muscle

from those of neighboring muscles.

Conclusion

The findings in this study contribute to providing an important
anatomical basis, supporting orientation in the diagnosis and
treatment of pain syndromes related to the trapezius muscle in
clinical practice. The results show that the 142 nerve points
surveyed can be grouped into 6 clusters, with each cluster having
a corresponding central point distributed in all three parts of the
trapezius muscle. When describing the distribution area of these
points compared to bone landmarks on the skin surface for
convenient clinical application, the results show that the nerve
points entering the trapezius muscle tend to be concentrated in
three main areas: about 2 cm above the upper angle of the scapula
(or between the C7 spinous process and the acromion); the
supraspinous fossa; between the medial border of the scapula and

the T4-T6 spinous processes.
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