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Introduction

Pain in the craniofacial region can have multiple
sources. Obviously, pain may arise from trauma or
noxious stimulation of particular structures, for
example skin, muscle, joint, tendon, bone, or teeth,
resulting in localized pain. However, extrasegmental
structures may also induce craniofacial pain. ‘Referred
tenderness’ was originally used in the first reports of
referred sensations (Head, 1893), but this is now known
as referred pain. In the spinal system, clinical exam-
ples of pain perceived in the knee or thigh may arise
from an arthritic hip joint, and often distant pain is
perceived due to palpation of myofascial trigger points
(TrPs) (Simons et al., 1999). In visceral pain conditions,
referred pain (and not localized pain) is frequently felt
in somatic structures distant from the affected visceral
organs. Although known for many years, the defini-
tion of referred pain as felt away from the pain locus is
not fully operational when it comes to pain spreading
from a structure; for example, pain from the trapezius
muscle may be perceived as a large area covering the
trapezius muscle and also the neck and head. In this
chapter, pain felt both distant from and outside of the
pain origin is defined as referred pain.

The purpose of this chapter is to present the noci-
ceptive capacity of various structures and their capa-
bility to mediate pain referral and cause sensitization.
Major findings on the topic of pain referral mecha-
nisms originate from studies on extremity muscles,
which will be presented together with specific exam-
ples of referred pain in the craniofacial region.

Pain in the craniofacial region from
myofascial trigger points

Definition

Although there are different definitions of myofas-
cial trigger points (TrPs), the most accepted defines

a TrP as ‘a hyper-irritable spot within a taut band
of a skeletal muscle that is painful on compression,
stretch, overload or contraction, which causes a
referred pain pattern and autonomic phenomena’
(Simons et al., 1999). Clinically, TrPs are classified
as active and latent. Active TrPs are those in which
local and referred pain reproduces any sensory or
motor symptoms reported by the patient and the
symptoms are recognized by the patient as his or
her usual pain (Simons et al., 1999). Latent TrPs are
those in which local and referred pain does not repro-
duce any familiar or usual symptoms in the patient
(Simons et al., 1999). The relevance of ‘pain recogni-
tion’ is discussed in the current Diagnostic Criteria
for Temporomandibular Disorders (DC/TMD) (Peck
et al., 2014; Schiffman et al., 2014). It has been clini-
cally observed that active TrPs induce a larger referred
pain area and higher pain intensity than latent TrPs
(Hong et al., 1997). In addition, this clinical distinc-
tion has been substantiated by a study showing higher
levels of chemical mediators and other proinflamma-
tory substances, for example substance P, bradykinin,
and serotonin, in the vicinity of active TrPs compared
with latent TrPs (Shah et al., 2005).

Sensitization mechanisms of trigger
points

The referred pain evoked by TrPs is most likely medi-
ated by a central mechanism (see the section below),
whereas TrPs per se likely result from peripheral
mechanisms where sensitizing agents cause increased
pain sensitivity in very localized points (Shah et al.,
2005). Findings also indicate the presence of nocice-
ptive and non-nociceptive hypersensitivity at TrPs (Li
etal,, 2009; Wang et al., 2010b) in which a spinal dorsal
horn mechanism may be involved (Kuan et al., 2007).
Obviously, active TrP pain is processed at supraspinal
levels and TrP hyperalgesia has been demonstrated
to excite various brain areas associated with the pain
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experience (Niddam et al., 2008; Niddam, 2009).
A recent study found that individuals with TrPs
exhibited microstructural brain abnormalities mainly
distributed in the limbic system and the brain areas
involved in the pain neuromatrix (Xie et al., 2016).

Trigger points in temporomandibular
disorders

Pain patterns in TMDs can be composed of referred
pain patterns from muscle TrPs located in the neck,
shoulder, and masticatory muscles. Simons et al. (1999)
described the referred pain pattern from several mus-
cles and also how referred pain can spread to the head
or face (see the illustrations of referred pain patterns
in Chapter 8 of this textbook). Although these muscles
refer pain to the face (trigeminal innervated area), they
can also refer to the head and neck (cervically inner-
vated area), mimicking headaches. It has therefore
been suggested that a number of different muscles are
involved in the pathophysiology of TMDs (the masse-
ter), and headaches (upper trapezius and suboccipital
muscles) (Conti et al., 2016; Svensson, 2007).

Few clinical studies have investigated the pres-
ence of TrPs in patients with TMDs. Wright (2000)
reported that the upper trapezius, lateral pterygoid,
and masseter muscles were the most common sources
of referred pain into the neck and craniofacial regions.
Nevertheless, this study did not include a control group
and patients were not examined in a blinded fashion
(Wright, 2000). Fernandez-de-las-Pefias et al. (2010)
conducted a blinded, controlled study, where patients
with myalgic TMD and healthy controls were exam-
ined for TrPs in the neck, shoulder, and head muscu-
lature. This study found that TrPs in the masticatory
muscles (the masseter and temporalis), were more
prevalent than TrPs within the neck and shoulder
muscles (the upper trapezius, suboccipital and sterno-
cleidomastoid muscles) (Fernandez-de-las-Penas et al.
2010). These findings support the notion that mas-
ticatory muscle TrPs are more likely to play a role in
TMDs, whereas neck and shoulder TrPs are more likely
to play a greater role in headaches. This hypothesis was

confirmed by a clinical study showing that referred
pain was more pronounced in the orofacial region in
patients with TMDs, whereas in female patients with
fibromyalgia it was more pronounced in the cervical
spine (Alonso-Blanco et al., 2012). Experimental pain
studies also support this notion (see the next section).

Experimental musculoskeletal
referred pain

Intramuscular injections of hypertonic saline have
been widely used to study referred pain from mus-
cles (Graven-Nielsen, 2006) (Figure 5.1). Other deep
structures, such as tendon, ligament, intervertebral
disc, periosteum and joint structures, may also evoke
referred pain but have been less extensively investi-
gated. In contrast to the superficial pain experienced

Figure 5.1

Typical enlarged local pain areas (shown in dark gray)
and distinct referred pain areas (shown in white)
experienced after intramuscular hypertonic saline
injection (site denoted by white dot) into the trapezius
(A), infraspinatus (B), biceps brachii (C), brachioradialis
(D), vastus lateralis (F) and tibialis anterior muscles (F).
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with visceral pain referral (Ness et al., 1990), muscle
or deep tissue pain often evokes referred pain also
perceived in deep structures (Kellgren, 1938). This
can make it difficult to separate out which deep
structures are the sources of pain and which are
merely exhibiting referred symptoms.

Experimental investigations of pain in the peri-
cranial muscles and nearby joints, ligaments, and
muscles in the cervical spine have revealed that these
structures are able to produce various patterns of
referred pain. For example, early pioneering work has
shown that injection of hypertonic saline into both the
suboccipital muscles (Kellgren, 1938) and the cervical
paravertebral muscles (Feinstein et al., 1954) is able to
evoke a deep pain in the forehead region, similar to a
headache. Similarly, hypertonic saline-induced pain
from the atlanto-occipital joint (Campbell & Parsons,
1944), splenius capitis (Falla et al., 2007), and sterno-
cleidomastoid muscle is also commonly felt about the
cranium, in the parietofrontal, oculofrontotemporal,
and occipitoparietal regions respectively.

Interestingly, however, there are clear differences
between muscles in the extent of referred pain, with
some muscles, for example the tibialis anterior and
infraspinatus, giving rise to very distinct areas of
pain, while other muscles, for example the biceps bra-
chii, primarily give rise to local pain (Graven-Nielsen,
2006). This is also true in the craniofacial region, as was
demonstrated when Schmidt-Hansen et al. (2006) sys-
tematically mapped saline-induced pain from muscles
with trigeminal (masseter, anterior temporalis, pos-
terior temporalis), and/or cervical (trapezius, splenius
capitis and sternocleidomastoid) innervation (Figure
5.2). This study observed that the masseter and ante-
rior temporalis muscles commonly produced trigemi-
nal referral of pain to the face, jaw and parietofrontal
region; whereas the posterior temporalis muscle also
referred pain into cervical territories, such as the occip-
itotemporal region and occasionally the upper cervical
region. The trapezius muscle almost exclusively pro-
duced pain in upper cervical regions; whereas splenius
and sternocleidomastoid muscles produced referred

pain both in the craniocervical region and into the oph-
thalmic trigeminal territory, as previously purported to
be comparable to headache pain. These findings are
consistent with prior investigations of experimental
pain in pericranial musculature (Jensen & Norup, 1992;
Svensson & Graven-Nielsen, 2001). Hence there appears
to be a clear distinction between trigeminally and cer-
vically innervated muscles with only limited functional
overlap observed, despite the extensive convergence
between these systems reported in animal studies
(Sessle et al., 1986).

Originally, it was reported that referred pain fol-
lowed a segmental pattern (Kellgren, 1938) and was
thus restricted to the dermatome, myotome or scler-
otome of the spinal segment innervating the painful
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Figure 5.2

Pain distribution, as drawn on a body chart, following
hypertonic saline injections into the masseter, anterior
and posterior parts of the temporalis, trapezius, splenius
capitis, and sternocleidomastoid muscles. Dark gray
shapes represent the most commonly drawn pain areas
(>5 subjects), light gray shapes represent the combined
extent of the pain areas (> 1 subject), and white dots
denote the injection sites. Based on original data from
20 subjects presented in Schmidt-Hansen et al. (2006).

69



70

Chapter 5

structure. However, this is no longer considered to be
accurate. The distribution of both clinical and experi-
mentally induced referred pain does not always follow
a strict segmental pattern. In fact, referred pain in areas
three segments distant to an electrically stimulated lum-
bar dorsal root segment has been reported (Bogduk,
1980). Consistent with this, TrPs in the temporalis
muscle (mandibular division of the trigeminal nerve)
can refer pain to the teeth (maxillary division of trigem-
inal nerve), and TrPs within the suboccipital (C1) and
splenius capitis (C2-C4) muscles can result in referred
pain in the trigeminally innervated temple region
(Simons et al., 1999). Thus, referred pain from muscle
tissue most likely extends into the territories innervated
by neighboring segments to the afferent nerve supplying
the painful structure.

Another interesting feature of referred pain is the
semidirectionality of its occurrence, with referral
toward the distal joint being most common in the
extremities. For example, inducing experimental pain
in the tibialis anterior muscle will commonly evoke
referred pain in the ankle, but strong experimental
pressure-induced pain at the ankle will not evoke pain
in the tibialis anterior muscle (Graven-Nielsen, 2006).
In contrast, there are some examples of bidirectional
referred pain from muscle (Feinstein et al., 1954),
which are certainly well-illustrated in the craniofacial
region. Here, experimental jaw-muscle (masseter) pain
can refer pain to the teeth (Svensson et al., 1998), and
odontogenic (tooth) pain can often mimic jaw-muscle
and facial pain (Falace et al., 1996). Similarly, as already
highlighted, temporomandibular structures can give
rise to neck pain and headache-like referred symp-
toms, and the temporalis and upper cervical muscles
can give rise to referred jaw and facial symptoms.

Clinically, osteoarthritis in the hip joint is often
accompanied by complaints of knee pain (and vice
versa), which may in some cases be the only symptom
and illustrates pain referral from a joint. Fairly localized
pain is however induced by stimulation of the fat pad of
the knee (Joergensen et al., 2013). In contrast, experi-
mental electrical facet joint stimulation induces low back

pain and pain referral into the anterior leg, ipsilaterally,
proximal to the knee, similar to what is observed clin-
ically in facet joint pain (O’Neill et al., 2009). Pain pat-
terns from cervical joints have been extensively studied
typically by joint provocation followed by recordings of
the referred pain areas. As an example, the pain patterns
from the cervical zygapophyseal joints were assessed by
distending the joint capsule in healthy volunteers with
injections of contrast medium under fluoroscopic con-
trol (Dwyer et al., 1990). The referred pain patterns that
result from stimulation of the upper cervical spine zyga-
pophyseal joints have also been described by Aprill et al.
(2002). The opposite approach was used in patients where
the referred pain areas from the zygapophyseal joint
pain were eliminated by selective nerve blocks (Cooper
etal., 2007). Cervical facet joints are therefore likely to be
a source of headache pain, due to the characteristic pain
referral pattern to the head and neck. Limited informa-
tion exists from stimulating the TM]J. One study injected
glutamate into the TMJ, producing pain that was fairly
localized in the orofacial region with a few cases of pain
being in the occipital region (Alstergren et al., 2010).

In addition to pain, the region of referral may also
exhibit changes in sensitivity to cutaneous and deep
mechanical stimuli. However, the direction of such
changes is still debated, with the seminal experimental
studies showing hyperalgesia in the region of referred
pain (Feinstein et al., 1954; Kellgren, 1938) and later
experimental studies showing hypoalgesia in the
region of referral (Graven-Nielsen et al., 1998). Clinical
studies are also difficult to interpret in this respect as
often generalized hypersensitivity may exist, meaning
both local and remote sites will be affected regardless
of the presence of referred pain in the remote region.

Temporal and spatial characteristics
of referred pain

The appearance of referred pain is commonly delayed
in comparison to the appearance of local pain. When
using single bolus hypertonic saline injections, referred
pain occurs approximately 20 seconds after the rela-
tively instant perception of local pain (Graven-Nielsen



