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Trigger Points: An Anatomical Substratum
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This study aimed to bring the trapezius muscle knowledge of the locations where the accessory nerve branches enter the muscle belly
to reach the motor endplates and find myofascial trigger points (MTrPs). Although anatomoclinical correlations represent a major
feature of MTrP, no previous reports describing the distribution of the accessory nerve branches and their anatomical relationship
with MTrP are found in the literature. Both trapezius muscles from twelve adult cadavers were carefully dissected by the authors
(anatomy professors and medical graduate students) to observe the exact point where the branches of the spinal accessory nerve
entered the muscle belly. Dissection was performed through stratigraphic layers to preserve the motor innervation of the trapezius
muscle, which is located deep in the muscle. Seven points are described, four of which are motor points: in all cases, these locations
corresponded to clinically described MTrPs. The four points were common in these twelve cadavers. This type of clinical correlation
between spinal accessory nerve branching and MTrP is useful to achieve a better understanding of the anatomical correlation of
MTrP and the physiopathology of these disorders and may provide a scientific basis for their treatment, rendering useful additional

information to therapists to achieve better diagnoses and improve therapeutic approaches.

1. Introduction

Myofascial pain syndrome (MPS) is the most frequent cause
of chronic musculoskeletal pain [1-6], with estimates of
world-wide prevalence ranging from 0.5% to 5.0% [6-8].
MPS is defined as a focal hyperirritability in muscle tissue [9].
This syndrome presents clinically as referred pain [7], a lim-
ited range of motion in joints [10], and a local twitch response
following mechanical stimulation of certain muscular and
fascial areas, known as myofascial trigger points (MTrPs) [5],
and is associated with motor endplates [11]. The chronic pain
diagnostic taxonomy published by the International Associa-
tion for the Study of Pain provides no specific criteria for the
diagnosis of MPS; rather, it offers a note that the diagnosis
depends upon the demonstration of a trigger point and repro-
duction of pain by maneuvers which place stress upon proxi-
mal structures or nerve roots [12]. The lack of a formal, widely

accepted, criterion-based diagnostic scheme has proved to be
a serious impediment to proper diagnosis, clinical communi-
cation, and research related to this topic [13].

Four different MTrPs related to motor innervation have
been clinically described for the trapezius muscle [13], but
data showing anatomical correlations are still lacking [14, 15].
The complex pathophysiology of MTrPs is not yet fully under-
stood, but it is theoretically based on the presence and activity
of MTrP [3, 16].

Clinically, MTrPs affecting the trapezius muscle may
cause pain in the neck, shoulders, proximal portion of the
arms, dorsal region, and headache (generally considered to be
tension type or cervicogenic), as well as temporomandibular
disorder, limitation of the movement of the cervical segment,
specially rotation, and dizziness [12, 13].

MTrPs are clinically identified by palpation of a knot
within a taut band of muscle or fascia that elicits local
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tenderness and referred pain [3, 5, 17, 18], and this criterion
is often used in studies that try to assess the prevalence of the
MTrPs. One such study tried to determine the role of the MPS
in head, neck, and upper extremities symptoms presented by
workers, both blue-collar and white-collar, and found that
active MTrPs of the trapezius muscle were the most common
and could be responsible for their pain [19]. This is consistent
with the description given by Travell and Simons that this
muscle is one of the most affected (if not the single most
affected) by the condition [13].

Electrophysiological analyses have been published sug-
gesting that an M'TrP occurs when a nociceptor and a muscu-
lar motor endplate coincide [11, 18, 20-22]. Nevertheless, the
lack of anatomical information about these structures consti-
tutes a major obstacle to obtaining a complete understanding
of the pathophysiology and widespread clinical treatment of
MTrP.

Our hypothesis was that MTrPs could be related to
muscle innervation. The present study’s goal is to provide the
anatomical basis of the MTrP, supplying data that could be
used in future studies in order to understand the syndrome,
its mechanisms, and, ultimately, how to better treat it.

2. Methods

Twelve human adult cadavers (6 males and 6 females) were
dissected to expose the dorsal primary rami that innervate
the trapezius muscle after branching off the spinal nerve. The
cadavers were previously prepared using a 4% phenolic acid
and 0.5% formaldehyde solution. The cadavers were obtained
from a body donation program undertaken by the Discipline
of Human Structural Topography of the Department of
Surgery of the University of Sdo Paulo Medical School, and
this study was approved by the Ethics Committee on Research
of the University of Sdo Paulo Medical School under protocol
130/11. Specimens with no sign of previous surgery or any
other severe abnormality in the regions of interest were
accepted. The specimens were positioned in ventral decubitus
on the dissection table, and a long incision down the spine
was made starting from the external occipital protuberance
and continuing to the T12 level. Next, flaps of skin and subcu-
taneous tissue were pulled away laterally to expose the trapez-
ius muscles from both sides. We cut through the attachment
of the trapezius to the spines of the vertebrae and then folded
the muscle laterally, without damaging the underlying neu-
rovasculature. The spinal accessory nerve arises in the neck
through the jugular foramen, descends along the cervical
region under the sternocleidomastoid muscle, and reflects to
the posterior triangle of the neck in the distal third of that
muscle, reaching the shoulder where it extends its first branch
to the trapezius muscle, which we designated MTrP1. This
denomination is also employed in clinical settings and corre-
sponds to the anatomical location described in the specimens
dissected in this study. Photographic documentation was
obtained from these nervous structures. Dissections to iden-
tify the exact point where fibers from the spinal accessory
nerve enter the trapezius muscle were extremely difficult
because of the intricate relationship among the nerve fibers,
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FIGURE 1: Scheme of anatomical location of MTrP1, MTrP2, MTrP3,
MTrP3.1, MTrP4, MTrP5, MTrP5.1, MTrP5.2, and MTrP6. Motor
endplate locations correspond to MTrP1, MTrP2, MTrP3, MTrP3.1,
MTrP5, MTrP5.1, and MTrP5.2. MTrP4 and MTrP6 are insertional
trigger points. Observe on the left side that points 5 and 3 are regions
that correspond to nerve insertional points. The accessory nerve and
its branches are highlighted in yellow.

fascia, and fat. The dissections usually required 3 to 4 periods
of 4 hours of careful work under magnifying lenses to
thoroughly study the specimens. We kept the numbers of each
MTrP as it was described by Travell, for better comparison.

3. Results

We observed in all of the cadavers that the nerve fibers
reached the muscle and tendon in areas coincident with the
clinical locations of MTrPs described by Simons [5, 11, 18, 20].

All four MTrPs located in the muscle belly in all cadavers
and both insertional MTrPs were identified as entry points
of the spinal accessory nerve into the trapezius muscle and
tendon. The locations of the entry points coincided with the
clinical area of MTrPs. Variation was observed in two MTrPs:
point 3 presented two nervous entry points, designated
MTrP3 and MTrP3.1, and point 5 presented three different
patterns, designated MTrP5, MTrP5.1, and MTrP5.2. MTrP1
was situated in the intermediate part of the anterior border
of the upper part of the muscle, as described previously
(Figures 1 and 2). MTrP2 was located in a distal and slightly
lateral position to the previous MTrP (Figures 1 and 2).
MTrP3 corresponded to entry points on the border of medial
fibers near the inferior border of the muscle, and two nerve
branches were found in this region in all specimens (Figures 1
and 2). Similarly, MTrP5, located in the intermediate part
of the muscle belly, presented three different nerve entries
(Figures 1 and 2). The insertional MTrP4 and 6 corresponded
to the muscle insertions in the spine of the scapula and
acromion (Figure 2). This was a constant pattern observed in
our dissection for all cadavers (Table 1 and Figure 1).

4. Discussion

Myofascial trigger points are considered to represent a patho-
genic model of pain from diverse etiologies [23]. MTrPs, or
muscle knots, are a type of electrically active, hyperirritable
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TABLE 1: Anatomical location of the MTrPs in 12 cadavers (insertional MTrPs were not listed).

Trigger point Specimens 1, 2, 3, 4, 5, 6,7, 8, 9, 10, 11, and 12/left and right side

MTiP1 Intermediate part of the anterior border of the upper part of the muscle near the vertical fibers of the muscle attached
to clavicle

MTrP2 Distal and slightly lateral to MTrP1

MTrP3 Medial to the scapula and on the border of the medial fibers near the inferior border of the muscle

MTeP31 Medial fibers near the inferior margin of the muscle, medial to MTrP3; nervous branch always smaller than MTrP3
branch.

MTrP5 Medial to the scapula in the intermediate part of the muscle belly

MTrP5.1 Medial to the scapula in the intermediate part of the muscle belly inferior to MTrP5

MTrP5.2 Medial to the scapula in the intermediate part of the muscle belly inferior to MTrP5.1

FIGURE 2: Gross anatomy image corresponding to the previous scheme. Dissection of the trapezius muscle and the areas corresponding to the
clinical trigger points. Reflection of the right trapezius muscle showing the entry points of the spinal accessory nerve branches that coincide
with the MTrPs 1, 2, 3, 3.1, 5, 5.1, and 5.2. Trapezius muscle, levator scapulae, rhomboid major, and rhomboid minor are identified.

areas of muscle associated with contractile nodules and dys-
functional motor endplates [5]. Theoretically, a sensitive spot
may be found anywhere in the skeletal muscle but is usually
found near the motor endplates [3, 5, 17, 18, 24]. MTrP can
be either active, causing painful disorders, or latent, causing
pain only when stimulated [2, 5, 7]. Clinical identification is
the most commonly used technique to locate MTrP, and both
needle and surface electromyography have been described for
research purposes [4, 15, 17]. Knowledge of the anatomical
location of these structures is essential not only to provide a
correct diagnosis but also for the sake of many therapeutic
modalities including a direct approach of the affected area
(1,3,5,6,9,17, 21,25, 26]. Several painful cervical and thoracic
disorders are related to trigger points in the trapezius muscle,
and misdiagnosis of these conditions is common when the
putative responsible MTrPs are not adequately evaluated [6].

The trapezius muscle covers the posterior aspect of the
neck and the superior part of the thorax and attaches the
upper limb to the skull and vertebrae. Its fibers are divided
according to their orientation into superior, intermediate,
and inferior fibers, each of which exhibits a different action.
The superior fibers have their origin in the superior nuchal
line and external occipital protuberance and reach the lateral
portion of the clavicle. The intermediate fibers retract the
scapula and originate from the spinous processes from the 7th
cervical to the 3rd thoracic vertebrae and are inserted on
the acromion. These fibers represent the strongest portion

of the muscle. The last portion, represented by the inferior
fibers, depresses the scapula and lowers the shoulder. Its fibers
have their origin in most thoracic spinous processes and are
inserted along the spine of the scapula [27, 28]. Seven MTrPs
are related to the trapezius muscle [5]. Four points are located
in the muscle belly of the trapezius: (1) the mid-portion of the
superior margin, extending into the vertical fibers that reach
the clavicle; (2) found caudally and laterally to the location of
the first point, in the transverse fibers of the muscle; (3) the
medial fibers near the inferior margin of the muscle; and (4)
the central part of the muscle belly between the C7-T3 levels.
Two additional MTrPs are found on the tendinous insertion:
(1) over the medial part of the spine on the scapula and (2)
on the acromial insertion of the trapezius muscle. There is
another MTrP superficially located on the posterior aspect of
the middle part of the clavicle [9].

According to our findings, which coincides with what was
published by Simons et al. (2005) [5], MTrP1 of the trapezius
muscle is found over the medial anterior border of the muscle
in its superior portion and concerns the most vertical fibers
attached to the clavicle. MTrP2 is caudal and slightly lateral
to MTrP1. MTrP3 and MTrP5 were easier to identify in our
cadavers; MTrP3 was located near the inferior border of
the muscle in its inferior fibers of the muscle, showing two
insertional points (Figures 1 and 2) and MTrP5, as expected
from its clinical pattern, was found in several different areas,
but with three insertional points (Figures 1 and 2) rather than



only one insertional point as observed clinically, all belonging
to the intermediate portion of the muscle. Despite the varia-
tions observed in points 3 and 5, it is possible that the clinical
localization of the MTrP to a single area is due to the anatom-
ical proximity of these different nervous entry points, thus
resulting in somewhat overlapping electromyographic iden-
tification. Therefore, if there is one MTrP3 and one MTrP5
that are clinically relevant, we can state that these MTrPs
correspond to two and three motor plates, respectively. This
anatomical study was, in accordance with our hypothesis,
based on the dissection of adult cadavers to observe where
branches of the spinal accessory nerve entered the muscle
belly and whether there was a positive correlation with MTrP.

The trapezius muscle has two additional MTrPs cor-
responding to its tendinous insertion and they can also
be responsible for painful disorders, although there is no
relation to the end motor plates. MTrP4 and MTrP6 were
also observed in our studies, and no anatomical variation was
detected. MTrP4 was found on the medial aspect of the spine
of the scapula and MTrP6 on the acromion, both of which are
sites of tendinous insertion of the trapezius muscle (Figure 1).

The findings from this study reveal that the locations
where the accessory nerve enters the belly and tendons of the
trapezius muscle are the same locations of the MTrP that can
be identified in this muscle. This might have a strong relation
to the pathophysiology of the MPS and could also be useful
when treating the condition.

We believe that knowledge of the anatomical basis of
MTrP is a cornerstone that will help provide a precise map for
clinical applications related to certain painful disorders and
that further investigation of trigger points in other muscles is
needed.

Conflict of Interests

The authors have no conflict of interests in the authorship or
publication of this contribution with this paper.

Authors’ Contribution

Flavia Emi Akamatsu contributed in planning, execution,
dissection of the cadavers, and writing. Bernardo Rodrigues
Ayres contributed in bibliographical review, translating, and
writing. Samir Omar Saleh contributed in dissection. Flavio
Hojaij contributed in dissection and review. Mauro Andrade
contributed in review and translation. Wu Tu Hsing con-
tributed in conception and review. Alfredo Luiz Jacomo
contributed in conception and review. All authors have read
and approved the final version of the paper.

Acknowledgments

The authors thank Professor Chao Lung Wen and the Dis-
cipline of Telemedicine of the Department of Pathology of
University of Sdo Paulo Medical School, especially Caroline
Rocha Falcetti, for the elaboration of the 3D anatomical
image.

BioMed Research International

References

[1] K.-H. Chen, C.-Z. Hong, E-C. Kuo, H.-C. Hsu, and Y.-L. Hsieh,
“Electrophysiologic effects of a therapeutic laser on myofascial
trigger spots of rabbit skeletal muscles,” American Journal of
Physical Medicine ¢ Rehabilitation, vol. 87, no. 12, pp. 1006-1014,
2008.

[2] H.-Y. Ge, C. Fernandez-de-las-Pefas, P. Madeleine, and L.
Arendt-Nielsen, “Topographical mapping and mechanical pain
sensitivity of myofascial trigger points in the infraspinatus
muscle;” European Journal of Pain, vol. 12, no. 7, pp. 859-865,
2008.

[3] C. Z. Hong, “Myofascial trigger points: pathophysiology and
correlation with acupuncture points,” Acupuncture in Medicine,
vol. 18, no. 1, pp. 41-47, 2000.

[4] L. K. Huguenin, “Myofascial trigger points: the current evi-
dence;” Physical Therapy in Sport, vol. 5, no. 1, pp. 2-12, 2004.

[5] D. G. Simons, J. G. Travell, and L. S. Simons, Myofascial Pain
and Dysfunction: The Trigger Point Manual, vol. 1, Lippincott
Williams & Wilkins, Baltimore, Md, USA, 2005.

[6] K. P. White and M. Harth, “Classification, epidemiology, and
natural history of fibromyalgia,” Current Pain and Headache
Reports, vol. 5, no. 4, pp. 320-329, 2001.

[7] H. Y. Ge, H. Nie, P. Madeleine, B. Danneskiold-Samsoe, T.
Graven-Nielsen, and L. Arendt-Nielsen, “Contribution of the
local and referred pain from active myofascial trigger points
in fibromyalgia syndrome,” Pain, vol. 147, no. 1-3, pp. 233-240,
2009.

[8] J. T. Gran, “The epidemiology of chronic generalized muscu-
loskeletal pain,” Best Practice and Research: Clinical Rheumatol-
0gy, vol. 17, no. 4, pp. 547-561, 2003.

[9] C. Fernandez-de-las-Penas, H.-Y. Ge, C. Alonso-Blanco, J.
Gonzalez-Iglesias, and L. Arendt-Nielsen, “Referred pain areas
of active myofascial trigger points in head, neck, and shoulder
muscles, in chronic tension type headache,” Journal of Bodywork
and Movement Therapies, vol. 14, no. 4, pp. 391-396, 2010.

[10] R.N. Harden, S. P. Bruehl, S. Gass, C. Niemiec, and B. Barbick,
“Signs and symptoms of the myofascial pain syndrome: a
national survey of pain management providers,” The Clinical
Journal of Pain, vol. 16, no. 1, pp. 64-72, 2000.

[11] J. Chu, “Dry needling (intramuscular stimulation) in myofascial
pain related to lumbosacral radiculopathy;” European Journal of
Physical Medicine and Rehabilitation, vol. 5, no. 4, pp. 106-121,
1995.

[12] T.Y.Lin, M. ]. Teixeira, and H. H. S. Kaziyama, Dor—Sindrome
dolorosa miofascial e dor miisculo-esquelética, ROCA, Sao Paulo,
Brazil, 1st edition, 2008.

[13] D.G. Simons, J. G. Travell, and L. S. Simons, Myofascial Pain and
Dysfunction: The Trigger Point Manual, Lippincott Williams &
Wilkins, Baltimore, Md, USA, 2nd edition, 1999.

[14] A. Fumal and J. Schoenen, “Tension-type headache: current
research and clinical management,” The Lancet Neurology, vol.
7, no. 1, pp. 70-83, 2008.

[15] V. M. Sciotti, V. L. Mittak, L. DiMarco et al., “Clinical precision
of myofascial trigger point location in the trapezius muscle,”
Pain, vol. 93, no. 3, pp- 259-266, 2001.

[16] D. G. Simons, “Review of enigmatic MTrPs as a common cause
of enigmatic musculoskeletal pain and dysfunction,” Journal
of Electromyography and Kinesiology, vol. 14, no. 1, pp. 95-107,
2004.

(17] E. D. Lavelle, W. Lavelle, and H. S. Smith, “Myofascial trigger
points,” Anesthesiology Clinics, vol. 25, no. 4, pp. 841-851, 2007.



BioMed Research International

(18]

(24]

(25]

(26]

(27]

(28]

D. G. Simons, C.-Z. Hong, and L. S. Simons, “Endplate poten-
tials are common to midfiber myofacial trigger points,” The
American Journal of Physical Medicine and Rehabilitation, vol.
81, no. 3, pp. 212-222, 2002.

C. Fernandez-de-las-Penas, C. Grobli, R. Ortega-Santiago et
al., “Referred pain from myofascial trigger points in head,
neck, shoulder, and arm muscles reproduces pain symptoms in
blue-collar (manual) and white-collar (office) workers,” Clinical
Journal of Pain, vol. 28, no. 6, pp. 511-518, 2012.

D. G. Simons, “Do endplate noise and spikes arise from normal
motor endplates?” The American Journal of Physical Medicine
and Rehabilitation, vol. 80, no. 2, pp. 134-140, 2001.

B. Karakurum, O. Karaalin, O. Coskun, B. Dora, S. Ugler, and L.
E. Inan, “The ‘dry-needle technique’: intramuscular stimulation
in tension-type headache,” Cephalalgia, vol. 21, no. 8, pp. 813-
817, 2001.

C. D. Tollison, C. D. Satterthwaite, and J. Tollison, Eds., Hand-
book of Pain Management, Lippincott Williams & Wilkins,
Baltimore, Md, USA, 2nd edition, 2002.

C.-Z. Hong and T.-C. Hsueh, “Difference in pain relief after
trigger point injections in myofascial pain patients with and
without fibromyalgia,” Archives of Physical Medicine and Reha-
bilitation, vol. 77, no. 11, pp. 1161-1166, 1996.

J. V. Basmajian and C. J. de Luca, Muscles Alive: Their Functions
Revealed by Electromyography, Lippincott Williams & Wilkins,
Baltimore, Md, USA, 5th edition, 1985.

T. C. Hsueh, P. T. Cheng, T. S. Kuan, and C. Z. Hong, “The
immediate effectiveness of electrical nerve stimulation and elec-
trical muscle stimulation on myofascial trigger points,” Ameri-
can Journal of Physical Medicine and Rehabilitation, vol. 76, no.
6, pp. 471-476, 1997,

A. Olavi, R. Pekka, K. Pertti, and P. Pekka, “Effects of the
infrared laser therapy at treated and non-treated trigger points,”
Acupuncture & Electro-Therapeutics Research, vol. 14, pp. 9-14,
1989.

K. L. Moore and A. E Dalley, Clinically Oriented Anatomy, Lip-
pincott Williams & Wilkins, Baltimore, Md, USA, 6th edition,
2010.

S. Stranding, Gray’s Anatomy, Churchill Livingstone, London,
UK, 40th edition, 2008.



