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Post-traumatic myofascial pain describes the majority of
chronic head and neck pain seen in clinical practice. If
conditions such as vascular headaches, neuropathic pain,
degenerative cervical joint disease, and dental pain are
excluded, myofascial tissues are directly or indirectly involved
in all other forms of head and neck pain. The most common
of these include temporomandibular disorders, neck pain
such as whiplash-associated disorder, cervicogenic headaches,
and tension-type headaches. The pathophysiology of these
conditions is not widely understood; however, peripheral
and central mechanisms appear to play a role.

Introduction
The reported prevalence of traumatically induced myofascial
conditions depends greatly on the diagnostic definitions
applied to them. Moreover, a traumatic etiology may not be
limited to a single event (eg, a motor vehicle accident) [1], but
may also include ongoing parafunctional muscular activities
such as bruxism, which has been referred to as microtrauma
[2]. Based on data from our center, painful conditions of the
head and neck region can be subdivided as temporomandibular disorders (TMD) (35%), chronic headache (30%), neck
pain (20%), and others (15%). Unlike most acute painful
conditions, chronic head and neck pain tends to co-exist.
More than 75% of patients who are referred to our center
have multiple chronic pain complaints.

Epidemiology
Temporomandibular disorder is considered to be the most
common head and neck complaint. Estimates of its prevalence range from 10% to 40% of the Western population
[3]. More than 5% of the US population will seek
advanced care for this condition at some point in their
lives [4]. Although episodic in nature, this condition is
most commonly found in its chronic form in women of
child-bearing age [3].

Headaches as a group are the next most prevalent pain
complaint, with 5% of the US population seeking medical
care each year [5]. This includes all types of headache, not
just chronic forms. Epidemiologic data, specifically on
chronic post-traumatic headache, is lacking. However, cervicogenic headaches or tension headaches, which commonly accompany whiplash injuries [6,7], have an
estimated 1-year prevalence in industrialized countries;
30% have tension headaches [8,9] and 2.5% [10] have
cervicogenic headache.
Neck pain originating from trauma is less common
than TMD or headache. Post-traumatic myofascial neck
pain is a sequel of a whiplash type of injury in most cases.
These acceleration-deceleration injuries of the cervical
spine most commonly result from rear-end motor vehicle
accidents; however, some forms of contact sports can also
result in this type of injury. Approximately 1 million whiplash injuries occur every year in the United States [11,12].
Whiplash-associated neck injuries usually resolve quickly,
with 47% of injured patients performing their normal
activities within 4 weeks; only 2% continue to be absent
from pre-accident activities after one year [13]. However,
those patients (2%) suffering from whiplash-associated
disorders (WAD) tend to have a poor prognosis and form
the bulk of those patients suffering from chronic neck pain
in pain clinics [13].

Pathophysiology
Myofascial pain is a descriptive term for which the pathophysiologic mechanisms are not well elucidated. Many
cases of myofascial pain can be traced back to an accident
or injury. Cervical whiplash injury is usually most easily
associated with a traumatic event. However, TMDs and
some forms of headache also occur secondary to trauma
[1]. The pathophysiologic process that leads to chronic
myofascial pain has not been completely described. Initially, soft tissue trauma results in local tissue deformation
in muscle, ligaments, and tendons, which may result in
sprain or strains and associated neurovascular disruption.
The involved and surrounding muscle often responds with
a clinically discernable increase in tone or frank spasm
[11]. This phenomenon is thought to be integral to the
pain process in myofascial tissues. A theory first proposed
by Travell et al. [14], and subsequently added to by other
authors [15,16], suggests that muscle hyperactivity leads to
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fatigue, spasm, and pain, which reinforce further myospasm that results in a positive feedback loop. This theory
is conceptually attractive and logical but has never been
supported objectively [17].
In the case of short-term muscle pain (eg, post-exertion
pain, the algesia can be explained in terms of ischemia and
acidosis resulting in the release of inflammatory mediators
and pain-inducing neuropeptides, which stimulate muscle
nociceptors [18–20]. This mechanism may not apply the
same way in chronic muscle-associated pain because of the
relatively short time frame associated with the action of the
inflammatory mediators involved. However, no other satisfactory alternative mechanism has been advanced [20,21].
Objective studies of chronic myofascial conditions become
more complicated if the source of pain is difficult to identify.
As these conditions become more chronic, the distinction
between muscle pain or one of the supporting tissues
becomes less clear. The actual source of pain in myofascial
conditions may differ from other muscle pain conditions
such as dystonias, in which pain is attributed to muscle contraction, tendon and joint tension, nerve root compression,
or extremes of posture [22].
There is a void in the basic science that deals with the
generation, reception, and transmission of pain in muscle
[20,21] and, therefore, myofascial tissues. Much of the basic
research on muscle and nerve physiology is based on animal
models and inferred to humans [23]. This has led to an
inability to truly justify clinical treatment modalities for
chronically painful conditions (eg, TMD and whiplash)
based on solid physiologic principles. Furthermore, it must
be recognized that pain is a multi-factorial experience [24]
and is different from nociception, which is considered a
summation of tissue level events that allows for the identification of and reaction to noxious stimuli [23]. In muscle, the
nerve fibers identified with nociception are small in diameter, slow-conducting myelinated group III, or nonmyelinated group IV fibers [25]. These fibers are associated
with free nerve endings that respond to a threshold stimulus
within a limited receptive field [22]. They are typically
located in the walls and supporting connective tissue of muscle blood vessels [27]. The dominance of one type of nerve
fiber is subject to great variability among different muscles
[23]. Electron microscopic studies also show different receptor subtypes and are associated with group-III and group-IV
fibers [28]. It has been well demonstrated that some muscle
receptors respond to one stimulus and others respond to a
range of stimuli, indicating that the different types of nociceptors, which are functionally and morphologically different,
may be present in muscle [23,29].
Nociceptors can be excited by many stimuli, including
mechanical, thermal, and chemical [30]. Ischemia has
been considered a promoter of nociceptor afferent discharge [30]. Although the exact mechanism is unknown, it
is thought that a decrease in pO2 or an increase in proton
concentration is responsible for the release of secondary
messengers, which sensitize the receptors [23]. These

sensitizing substances, which appear to be chiefly inflammatory mediators and neuropeptides, have individual
modulating effects [18,19,25]. Some agents, such as bradykinin and serotonin, can stimulate nociceptors directly and
others, such as prostaglandins, facilitate pain that is triggered by other stimuli [30]. Chemical mediators such as
substance P (SP) and calcitonin gene-related peptide
(CGRP) are also produced by the primary afferent nerve
fibers and are associated with sensitizing receptors; however, it is unknown if they influence a specific subtype of
muscle receptor or if it is another mechanism through
which they modulate nociceptive responses [23].
These peripheral modulation processes have potential
significance in two ways. The first is that nociceptors,
which normally have a threshold above a normal operating range, can be sensitized to selectively respond at a
lower threshold by an inflammatory or hypoxic process
[25,29,31,32]. The second is that there is evidence that
neuropeptides influence the actions of cells mediating the
immune response such as those involved in arthritis and
other inflammatory conditions [33]. These physiochemical
interactions are complex and cascade-like, producing a
non-linear or self-potentiating response [23,34–36].
Therefore, local sensitization may produce conditions,
which favor maintenance of nociceptor discharge with
minimal stimulation. This may be a relevant consideration
in conditions in which increased muscle tone is present.
The central projections of the myofascial pain pathways
emanating from the orofacial region enter the trigeminal
nerve (V) through the gasserian or semilunar ganglion,
which is where the primary afferent cell bodies are located
[30]. Similarly, upper cervical pain is passed through the
roots of the dorsal horn of associated segments [37•]. The
second order neurons, which are thought to be associated
with nociception from the orofaclial meningeal and upper
cervical regions, lie in the subnucleus interpolaris and laminae I, II, and V of the subnucleus caudalis of the trigeminal ganglion. These are stimulated by fibers that ascend
and descend in the spino-thalamic tract; some may project
directly to the thalamus [38,39]. Interconnections between
the sensory complex and motor nerve nuclei exist, which
may facilitate reflex responses [21].
Animal studies have demonstrated two main types of neurons in sub-nucleus caudalis that respond to painful stimuli.
Wide dynamic range neurons (WDR) are responsive to noxious and non-noxious stimuli and nociceptive specific (NS)
neurons. The WDR neurons and the NS neurons are located in
the laminae of caudalis and are associated with the termination of small fiber afferent nerves from the investing fascia, jaw
joint capsule, and muscles [30]. Of significance is that the
WDR neurons and the NS neurons can be activated by stimulating the jaw joint and the jaw and tongue muscles, which
demonstrate afferent convergence [25,26,40]. This feature may
explain the poor localization of chronic pain from deep
sources in the head and neck area and the pain referral pattern
of specific conditions [24,30]. Intrinsic to these observations is
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the concept of receptor fields. Although each nerve ending
subtends a specific tissue area, the secondary neurons respond
to a larger field, which is poorly defined in the case of caudalis
neurons that receive deep nociceptive stimulation. Evidence
from studies performed with animals suggest that receptor
fields can be plastic [26]; receptor fields may enlarge and overlap as a result of central sensitization [30].
These central neuroplastic changes can alter the size
and sensitivity of a receptor field to stimulation and may
allow the second order neurons to become independent of
peripheral nociceptive input [23,41]. Neuropeptides such
as SP and N-methyl-D-aspartate have been implicated in
the induction of neuroplastic changes [42–45].
N-methyl-D-aspartate receptor stimulation appears to
increase the reflex contraction of flexor muscles and reflex
facilitation to some degree [46]. However, γ motor neuron
activity is likely to be reduced, unless the nociceptive stimulation is from tissue outside of the muscle (eg, a joint)
[23]. This is significant because the link necessary to establish a self-perpetuating feedback loop with α motor neurons within a muscle is not established, thus the concept of
pain leading to muscle hyperactivity (as suggested by Travell) is unsupported, at least through this mechanism.
The reception and transmission of pain from the jaw
joint apparatus appears to be less ambiguous. High concentrations of free nerve endings are evident in the joint
capsule, lining, and retrodiscal tissues [21,23]. These are
connected to the trigeminal sensory nuclear complex by
slow, small-diameter fibers [30]. A convergent association
with multiple second-order neurons is then found, which
appears to be subject to the same types of ascending and
descending modulation as the muscle afferents [19,23,26].
Local modulators of joint pain, which have been
recently studied by Kopp [47], include neuropeptide Y
(NPY), serotonin, and interleukin 1 β (IL-1β). NPY appears
to act as a regulator of inflammation severity in the rat
model, although temporomandibular joint (TMJ) synovial
serotonin levels were found to be positively correlated with
pain provoked by movement. Kopp [47] also notes that IL1β levels in synovial aspirates in patients with arthritic
TMJs positively correlated with their subjective pain and
tenderness to palpation.
The exact role of inflammation in the maintenance of
post-traumatic myofascial pain is unknown. However, the
animal data suggests that it is a key component in directly
or indirectly promoting the pain process through peripheral and central mechanisms.

Diagnosis
Myofascial pain conditions represent a group of disorders
that are regional in nature. This differs from diffuse conditions such as fibromyalgia [48]. The diagnosis of myofascial pain conditions is based chiefly on history and clinical
findings. Taut bands, trigger points, and tender areas
within the deep tissues characterize myofascial pain
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conditions. However, their pathophysiologic significance
in myofascial pain is unclear [49]. Travell and Simons [50]
have described trigger points as tender areas within muscle
that, when palpated, will cause pain in a manner consistent with the pain about which patients complained. Pain
referral patterns for trigger points are well described and
consistent, but do not follow strict neuroanatomic dermatomes or myotomes. Trigger points are found within the
taut bands; manipulating them may cause a twitch or a
local muscle contraction [50].
Objective tests for myofascial pain have been generally disappointing. Electromyography and thermography have yielded
non-specific, inconsistent, or conflicting results [51–54].

Temporomandibular Disorders
Temporomandibular disorder is a collective term used to
describe a group of conditions involving the TMJ, masticatory muscles, or associated structures (Fig. 1). There has
not been universal agreement regarding the pathophysiologic mechanism underlying these disorders or the most
consistently effective methods of treatment [55].
Some specific etiologic factors have been proposed for
TMD. These include masticatory muscle activity, trauma,
psychologic factors, and systemic diseases such as arthritis
[3,55–57]; the role of occlusion remains uncertain [58]. It
is reasonable to suggest that TMD may be considered a
multifactorial disease or an expression of similar symptomatology in different diseases.
Anatomically, the TMJ is a ball and socket arrangement
in which the mandibular condyle articulates with a fossa in
the temporal bone. The joint space is separated into a discrete upper compartment and lower compartment by a
fibrocartilage meniscus. The joint is surrounded by a capsule, which is innervated by a branch of the temporal nerve
[51]. The muscles of mastication are divided into the opening and closing muscles. Painful TMD, compared with oromandibular dystonia [59], is usually associated with the
jaw-closing muscles. These are the masseter and temporalis
muscles on the external surface of the mandible and temporal bone, with the medial and lateral pterygoids on the
medial surface of the mandible (Fig. 1). These muscles
work in concert to close and to anteriorly and laterally
position the mandible. Because of this, painful parafunctional activities such as clenching or bruxing tend to cause
symptomatology in the closing muscles.
Temporomandibular disorder is characterized by subjective pain and stiffness associated with the jaw joints or
closing muscles. The joint pain is inflammatory in nature
and is most severe during joint loading or capsular stretching. The myofascial component is exacerbated by muscular
activity. Therefore, opening the mouth widely and chewing
hard food usually incite TMD pain. Initiating factors may
be attributed to macrotrauma (eg, a blow to the jaw), but
result from microtrauma more commonly [2]. This mild
and ongoing trauma is often the perpetuating factor for the
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Figure 1. Anatomy of masticatory system
showing jaw-closing muscles and cutaway of
the temporomandibular joint capsule.

condition, which maintains joint inflammation and myofascial pain. This micro-trauma commonly takes the form
of masticatory muscle parafunctional activity such as
stress-induced clenching or bruxing.
Work has been published that examines the mechanistic similarities between TMD and other head and neck disorders. One such group of disorders is the focal dystonias.
These conditions are characterized by centrally mediated
increases in muscle tone that often result in spasms of a
local muscular group. Common examples include torticollis, writers cramp, and blepharospasm [60]. The spasms are
modified by psychologic factors (eg, stress) and can often
be temporarily abolished with maneuvers such as sensory
tricks (geste antagonist) [61]. These conditions may be centrally associated with an alteration in the distribution of
dopamine receptor populations, specifically the striatial
D2 receptor [62].
Lobbezoo et al. [63] and Lavigne et al. [64] have examined D2 receptor population responses in people with
bruxism. The conclusion of these studies reinforces a possible role of the central dopaminergic system in regulating
this disorder. Although asymptomatic bruxism is generally
not considered a TMD, its rhythmic and arrhythmic form
(clenching) is strongly associated with TMD.
Therapy for TMD depends on the severity of pain and
dysfunction and the degree of anatomic joint derangement
[65,66]. The joint component is addressed in a similar
fashion to other orthopedic injuries. Initially, rest and antiinflammatory therapy is indicated for acute joint injury
and inflammatory exacerbations. Surgical intervention
may be necessary for internal joint derangements to correct
meniscal displacements or arthritic changes [67].

For the myofascial component, the key to successful
management is control of aberrant muscular activity. Clenching, bruxing, and schedule-induced muscular hyperactivity
are characteristic of TMD [68]; however, frank muscular
spasm is not [65]. Orthotic appliances have enjoyed
immense popularity in TMD therapy, although how they
work in reducing muscular activity has not been established.
There have been multiple proposed mechanisms for the positive effect on TMD seen in many patients who are treated
with this modality. However, there is no evidence suggesting
that any one mechanism explains an orthotic’s effectiveness
[69]. The orthotic appliance is generally a hard acrylic plate
that covers the lower or upper teeth, opening the bite slightly.
If the orthotic appliance is examined more closely, the underlying theme of orthotic therapy is sensory alteration by altering jaw position, muscle spindle length, or intercuspal
relationships. Therefore, splint therapy may simply be a sensory trick affecting a clenching or grinding component of
TMD in the same way that stroking the chin abolishes muscle
spasm in torticollis [70]. Studies suggest that these appliances
are effective in curbing pain-inducing muscular activity in
approximately 60% of patients, regardless of design [69].
Pharmacologically, muscle activity can be modified with
the use of centrally acting oral muscle relaxant medications
such as benzodiazepines, antihistamine derivatives, tricyclic
derivatives, or γ-aminobutyric acid derivatives. For many
patients with TMD, this form of therapy is not totally effective in terms of the degree and duration of pain relief
achieved [71,72]. This may be the result of the therapeutic
agent being too weak or non-specific to be used to its full
therapeutic potential. These systemic muscle relaxants have
no selectivity with respect to specific groups of skeletal
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Figure 2. Relative change in mean Visual Analogue Scale pain scores
and mean dysfunction index of 46 patients with temporomandibular
disorder after injection of 150 units of BTX-A, which was injected
bilaterally into the masseter and temporalis.

muscles and, in high doses, can have significant side effects
that limit the duration and intensity of treatment.
The latest advance in TMD therapy is the use of botulinum toxin type A (Botox, Allergan, Irvine, CA), in controlling the myogenous component of these conditions. BTX-A
reduces maximum contractile strength and muscular resting tone when it is injected into the masticatory muscles
[73,74]. This leads to an improvement in objective and
subjective signs of TMD (Fig. 2) [75,76].

Whiplash
Cervical whiplash injuries are variously referred to as
acceleration-extension injury, extension-flexion injury, and
cervical sprain syndrome [11]. There is limited information
about the pathophysiology of cervical whiplash injuries,
despite the common nature of this condition and its tremendous social impact.
Rapid extension followed by flexion of the neck is
attributed to causing cervical whiplash injury. Because of
its relatively high mass, the head remains behind as the
shoulders move forward at the time of a rear impact. As the
neck musculature begins to contract in reaction to the
impact, the head is accelerated forward and may achieve
forces in excess of 12 G from an impact of 30 Km/h
because of its inertia [77]. The physical effect is to impart
excessive stretching and compressive forces to the muscles,
ligaments, and other supporting tissues within the neck
[78]. The pattern of injury is further complicated by factors
such as head position (rotation and flexion) at the time of
impact. Computer models and cadaveric studies have dem-
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onstrated the potential for injuries to hard and soft tissues
[79,80].
Despite extensive studies, a characteristic cervical whiplash injury has not been identified in the neck [81,82].
Injury may also affect structures beyond the neck, which
accounts for the varied presenting symptoms. For example,
dysphagia may result from a retropharyngeal hematoma
sustained during the whiplash or glossopharyngeal dysfunction secondary to an associated TMD.
Although most cases of WAD resolve quickly and completely [13], some patients suffer ongoing cervical pain
with reduced range of motion, which is a prognostic and
therapeutic dilemma.
Similar to TMD, WAD injuries have the potential to
involve joints and soft tissue. The role of the zygapophysial
joints in the generation of pain and dysfunction in whiplash injury has been the subject of considerable research
[83]. Local anesthetic blocks of the nerves that supply these
joints yield a reduction in symptoms in 50% of the
patients with chronic whiplash pain who were observed
[84]. These results suggest that the other 50% may suffer
pathology that is related to soft tissue rather than to the
joints. It has been observed that nearly nine out of 10
patients with whiplash demonstrate some degree of muscle spasm or aberrant muscular activity [6]. Such findings
raise several questions. Does cervical muscular dysfunction
cause ongoing excess loading of the zygapophysial joints,
yielding the clinical picture of chronic whiplash? Is muscular dysfunction the body’s attempt to splint a subtly
injured cervical spine?
For most patients, initial treatment of whiplashassociated pain is usually pharmacologic in nature. The
medications commonly prescribed are oral muscle relaxants and anti-inflammatory drugs [85]. Similar to TMD
treatment, the effectiveness of these drugs is limited in
some patients by their systemic therapeutic effect and unfavorable side effects. Physical therapies, such as range of
motion exercises and muscle strengthening exercises, have
been beneficial for pain and dysfunction on a time-limited
basis. However, there is little evidence that physical therapies specifically aimed at the musculature (eg, transcutaneous electrical nerve stimulation, ultrasound, heat, ice, and
acupuncture) are effective in improving the prognosis in
acute WAD [13]. The only form of treatment that has
clearly shown benefit for patients with chronic WAD is
radiofrequency neurotomy. McDonald et al. [86] followed
28 patients with zygapophysial joint pain who were treated
with percutaneous radiofrequency medial branch neurotomy. They report a response rate of 71% to complete pain
relief for a median duration of 422 days [86]. However,
this only addresses the 49% of patients who have symptomatology that can be attributed to orthopedic injury
[84]; it leaves a considerable void in the treatment options
for the majority of whiplash sufferers.
The use of botulinum toxin in the treatment of WAD
is relatively new and has not been extensively studied or
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Table 1. Follow-up assessments of patients with WAD 2 to 4 weeks after treatment
*Mean total
pain, saline
range 0–30
(SE)
Pre-injection
Week 2
Week 4

13.3 (2.0)
9.9 (1.6)
14.1 (2.1)

Mean total
pain, BTX-A
range 0–30
(SE)
16.2 (1.7)
12.1 (1.4)
10.0 (1.3)

Mean total
ROM
(in degrees),
Saline (SE)

Mean total
ROM
(in degrees),
BTX-A (SE)

Mean
VernonMior saline,
range 0–50

316 (15.8)
337 (12.7)
308 (12.9)

310 (21.7)
325 (20.1)
343 (17.8)

13.7 (1.9)
N/A
12.0 (1.5)

Mean
VernonMior BTX-A,
range 0–50
18.1 (2.5)
N/A
15.2 (2.0)

*Mean total pain is derived from composite Visual Analogue Scales, with a range of 0 (no pain) to 30 (worst pain).
The Vernon-Mior Scale is a modified Obesity Back Index.
BTX-A—Botox (Allergan, Irvine, CA); ROM—range of motion; WAD—whiplash-associated disorders.

reported. This is also the case for chronic neck pain that is
not associated with a whiplash injury. A pilot study conducted by the authors exploring the potential benefits of
relaxing selected neck muscles with BTX-A has yielded
some positive results [87]. In this randomized, placebocontrolled trial, 28 patients with a diagnosis of chronic
grade II WAD [87] were injected with 100 units of Botox
(Allergan Inc., Irvine CA) or saline. Each patient received
five injections of 0.2 mL each into one or more of the
splenius capitis, rectus capitis, semispinalis capitis, and
trapezius, bilaterally. The five injection sites were chosen
by palpation, and corresponded to the five most tender
cervical muscular points. The injection was administered
by a 30-gauge needle without electromyography guidance. Follow-up assessments were performed at 2 and 4
weeks after treatment. Three outcome measures considered were subjective pain, objective range of neck motion,
and subjective function.
The treatment group showed a trend toward improvement in range of motion and reduction in pain 2 weeks
after the injection (Table 1). The treatment group was significantly improved from pre-injection levels (P < 0.01) 4
weeks after the injection was administered. The placebo
group demonstrated no statistically significant changes at
any post-treatment time. The functional index demonstrated a trend toward improvement in the treatment
group, but it was not enough to be significant.
These results suggest that pain relief and increased
range of motion may be achieved by relaxing some of the
symptomatic cervical musculature. Unpublished follow-up
data on these patients for an additional 3-month poststudy period showed that the treatment group continued
to demonstrate significant pain reduction and increased
range of motion 2 months (P < 0.05) and 3 months (P <
0.05) after the injection, but not at 4 months.

Headache
In many instances, trauma to the head and neck region
result in headache. Some of these headaches are subsequent to closed head injury and cannot be attributed to
myofascial pathology [88]. However, some headaches seen
in conjunction with whiplash injuries and TMDs have

myofascial components [89]. These are commonly tension-type headaches or cervicogenic (cervical-associated)
[90] headaches. Studies examining post-traumatic headaches in relationship to the diagnostic criteria of naturally
occurring headaches have found no differences [91]. This
implies that trauma as an initiating event does not substantially alter defined headache types, which is seen in
other circumstances.
Similar to other painful conditions of the head and
neck, common post-traumatic headaches are thought to
have a peripheral and central component [92–94].
The peripheral mechanism by which a tension headache is generated is not completely clear. The peripheral
trigger, likely initiating the process, may be a single stimulus or multiple stimuli acting in an additive fashion. In a
tension headache model system, Jensen and Olesen [95]
described dental clenching as a trigger, suggesting that
varying amounts of masticatory muscle activity can stimulate an acute tension headache episode in test subjects. The
International Headache Society has defined one form of
tension headache as involving the pericranial muscles [96].
Therefore, the increased levels of masticatory muscle activity seen in TMD may be a headache trigger. In this proposed chain of events, post-traumatic tension headache
would co-exist with TMD and the temporalis muscle
would be the common myofascial element.
Similarly, an association between cervicogenic headaches and whiplash injuries can be made. There is a debate
regarding if the neck pathology is responsible for the headache or just associated with it [94]. However, posttraumatic cervical-associated headache was treated with
BTX-A injections into the cervical musculature in a pilot
study published by the authors [90]. The results showed
that relaxation of the cervical muscular with BTX-A was
more effective in relieving subjective headache pain than
similar saline injections. This evidence is suggestive of a
myofascial component to these headaches that have been
triggered by a traumatic event.

Conclusions
Post-traumatic myofascial pain in the head and neck region is
usually more than one condition. The pathophysiology is not
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well understood, which has made treatment and prognosis
difficult for the clinician. More research is needed to better
identify the processes that convert an acute injury into chronic
myofascial pain.

References and Recommended Reading
Papers of particular interest, published recently,
have been highlighted as:
•
Of importance
•• Of major importance
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

18.
19.

20.

Weinberg S, Lapointe H: Cervical extension-flexion injury
(whiplash) and internal derangement of the temporomandibular joint. J Oral Maxillofac Sur 1987, 45(8):653–656.
Mitchell RJ: Etiology of temporomandibular disorders. Curr
Opin Dent 1991, 1(4):471–475.
Carlsson GE: Epidemiological studies of signs and symptoms
of temporomandibular-joint-pain-dysfunction: a literature
review. Austr Prosthodont Soc Bull 1984, 14:7–12.
Rugh JD, Solberg WK: Oral health status in the United
States: temporomandibular disorders. J Dent Educ 1985,
49(6):398–406.
Silberstein S, Silberstein M: New concepts in the pathogenesis
of headaches. Pain Manage 1990, 3:334–342.
Wiley AM, Lloyd J, Evans JG, et al.: Musculoskeletal sequelae
of whiplash injuries. Adv Q 1986, 7:65–73.
Nederhand MJ, IJzerman MJ, Hermens HJ, et al.: Cervical muscle dysfunction in the chronic whiplash associated disorder
grade II (WAD-II). Spine 2000, 25:1938–1943.
Leonardi M, Mussico M, Nappi G: Headache as a major public
health problem: current status. Cephalgia 1998,
21(Suppl):66–69.
Rasmussen BK, Jensen R, Schroll M: Epidemiology of headache
in a general population: a prevalence study. J Clin Epidemiol
1991, 44:1147–1157.
Nilsson N: The prevalence of cervicogenic headache in a random population sample of 20 59-year-olds. Spine 1995,
20(17):1884–1888.
Teasell RW: The clinical picture of whiplash injuries. Spine
1993, 7(3):373–389.
Evans RW: Some observations on whiplash injuries. Neurol
Clinics 1992, 10:975–997.
The Quebec Whiplash-Associated Disorders Cohort Study:
Spine 1995, 8S(Suppl B):12–39.
Travell JG, Rinzler S, Herman M: Pain and disability of the
shoulder and arm: treatment by intramuscular infiltration
with procaine hydrochloride. JAMA 1942, 120:417–422.
Dorpat TL, Holmes TH: Backache of muscle tension origin., In
Psychosomatic Obstetrics Gynecology and Endocrinology. Edited by
WS Kroger. Springfield, IL: CC Thomas; 1962:425–436.
Emre M, Mathies H: Muscle Spasms and Pain. Parthenon: Park
Ridge; 1988.
Lund JP, Donga R, Widmer CG, Stohler CS: The pain adaptation model: a discussion of the relationship between chronic
musculoskeletal pain and motor activity. Can J Physiol Pharmacol 1991, 69:683–694.
Cuello AC: Peptides as neuromodulators in primary sensory
neurons. Neuropharmacology 1987, 26:971–979.
Hargreave KM, Roszkowski MT, Jackson DL, et al.: Neuroendocrine and immune responses to injury: degeneration and
repair. In Progress in Pain Research and Management Vol. 4: Temporomandibular Disorders and Related Pain Conditions. Edited by
BJ Sessle, PS Bryant, RA Dionne. Seattle: International Association for the Study of Pain; 1995:273–292.
Sessle BJ: Masticatory muscle disorders: basic science perspectives: In Progress in Pain Research and Management Vol. 4:
Temporomandibular Disorders and Related Pain Conditions. Edited
by BJ Sessle, PS Bryant, RA Dionne. Seattle: International Association for the Study of Pain; 1995:47–61.

21.

367

Dubner R, Sessle BJ, Storey AT: The Neural Basis of Oral and
Facial Function. New York: Plenum; 1978:483.
22. O’Brien CF: Clinical applications of botulinum toxin: implications for pain management. Pain Digest 1998, 8:342–345.
23. Mense S: Nociception from skeletal muscle in relation to
clinical muscle pain. Pain 1993, 54(3):241–289.
24. Wall PD, Melzack R: Textbook of Pain. London: Churchill Livingstone; 1984.
25. Hu JW: Cephalic myofascial pain pathways. In Tension-type
Headache: Classification, Mechanisms, and Treatment. Edited by
Olesen J, Schoenen J. New York: Raven Press Ltd; 1993:69–77.
26. Sessle BJ, Hannam AG: Temporomandibular neurosensory and
neuromuscular physiology. In Temporomandibular Joint and Masticatory Muscle Disorders. Edited by Zarb GA, Carlsson GE, Sessle BJ,
Mohl N. Copenhagen: Munskgaard; 1994:67–100.
27. Stacey MJ: Free nerve endings in skeletal muscle of the cat. J
Anat 1969, 105:231–254.
28. Andres KH, von During M, Schmidt RF: Sensory innervation of
the Achilles tendon by group III and IV afferent fibers. Anat
Embryol 1985, 172:145–156.
29. Mense S: Nervous outflow from skeletal muscle following
chemical noxious stimulation. J Physiol 1977, 267:75–88.
30. Sessle BJ: Biological and psychological aspects of orofacial
pain. In Craniofacial Growth Series 29: Center for Human Growth
and Development. Edited by Stohler CS, Carlson DS. Ann Arbor:
University of Michigan; 1994:1–33.
31. Mense S, Meyer H: Bradykinin-induced modulation of the
response behavior of different types of feline group III and
IV muscle receptors. J Physiol 1988, 398:49–63.
32. Mense S: Considerations concerning the neurobiologic basis
of muscle pain. Can J Physiol Pharmacol 1991, 69:610–616.
33. Morley JE, Kay NE, Solomon GF, Plotnikoff NP: Neuropeptides: conductors of the immune orchestra. Life Sci 1987,
41:527–544.
34. Levine JD, Taiwo YO, Collins SD, Tam JK: Noradrenalin hyperalgesia is mediated through interaction with sympathetic
postganglionic neuron terminals rather than activation of
primary afferent nociceptors. Nature 1986, 323:158–160.
35. Lotz M, Carson DA, Vaughn JH: Substance P activation of
rheumatoid synoviocytes: neural pathway in pathogenesis of
arthritis. Science 1987, 235:893–895.
36. Taiwo YO, Bjerknes LK, Goetzl EJ, Levine JD: Mediation of primary afferent peripheral hyperalgesia by the cAMP second
messenger system. Neuroscience 1990, 32:577–580.
37.• Sessle BJ: Acute and chronic craniofacial pain: brainstem
mechanisms of nociceptive transmission and neuroplasticity,
and their clinical correlates. Crit Rev Oral Biol Med 2000,
11(1):57–91.
Excellent review of chronic pain mechanisms in the head and neck.
38. Nazruddin S, Suemune S, Shirana Y: The cells of origin of the
hypoglossal afferent nerves and central projections in the
cat. Brain Res 1989, 490:219–235.
39. Shigenga Y, Sera M, Nishimori T: The central projection of
masticatory afferent fibers to the trigeminal sensory nuclear
complex and upper cervical spinal cord. J Comp Neurol 1988,
268:489–507.
40. Sessle BJ, Hu JW, Amano N, et al.: Convergence of cutaneous,
tooth pulp, visceral, neck and muscle afferents into nociceptive and non-nociceptive neurons in trigeminal subnucleus
caudalis (medullary dorsal horn) and its implications for
referred pain. Pain 1986, 27:219–253.
41. Hylden JLK, Nahin RL, Traub RJ, Dubner R: Expansion if receptive fields of spinal lamina 1 projection neurons in rats with
unilateral adjuvant-induced inflammation: the contribution
of dorsal horn mechanisms. Pain 1989, 37:229–243.
42. Aanonsen LM, Wilcox GL: Nociceptive action of excitatory
amino acid in the mouse: effects of spinally administered
opioids, phencyclidine, and sigma agonists. J Pharmacol Exp
Ther 1987, 243:9–19.
43. Dickenson AH, Sullivan AF: NMDA receptors and central
hyperalgesic states. Pain 1991, 46:344–345.

368

44.
45.
46.

47.
48.
49.
50.
51.
52.
53.
54.
55.

56.
57.

58.
59.
60.

61.
62.

63.
64.
65.
66.

Myofascial Pain

Urban L, Thompson SWN, Drey A: Modulation of spinal excitability: cooperation between neurokinin and excitatory amino
acid neurotransmitters. Trends Neurosci 1994, 17:432–438.
Zieglgansberger W, Tulloch IF: Effects of substance P on neurons in the dorsal horn of the spinal cord of the cat. Brain Res
1979, 166:273–282.
Yu XM, Sessle BJ, Haas DA, et al.: Involvement of NMDA receptor mechanisms in jaw electromyographic activity and
plasma extravasation induced by inflammatory irritant application to temporomandibular joint region of rats. Pain 1996,
68:169–178.
Kopp S: The influence of neuropeptides, serotonin, and interleukin 1b on temporomandibular joint pain and inflammation. J Oral Maxillofac Surg 1998, 56:189–191.
Carette S: Chronic pain syndromes. Ann Rheumatic Dis 1996,
55(8):497–501.
Fricton JR: Myofascial pain and whiplash. Spine 1993,
7(3):403–421.
Travell JG, Simons DG: Myofascial Pain and Dysfunction: The Trigger Point Manual. Baltimore: Williams Wilkins; 1983.
Durette MR, Rodriquez AA, Agre JC, Silverman JL: Needle electromyographic evaluation of patients with myofascial or
fibromyalgic pain. Am J Phys Med Rehabil 1991, 70:154–156.
Hubbard DR, Berkoff GM: Myofascial trigger points show
spontaneous needle EMG activity. Spine 1993, 18:1803–1807.
Kruse RA, Christiansen JA: Thermographic imaging of myofascial trigger points: a follow-up study. Arch Phys Med Rehabil
1992, 73:819–823.
Swerdlow B, Dieter JNI: An evaluation of the sensitivity and
specificity of medical thermography for the documentation
of myofascial trigger points. Pain 1992, 48:205–213.
Dworkin SF: Behavioral characteristics of chronic temporomandibular disorders: diagnosis and treatment. In Progress in
Pain Research and Management, Vol. 4. Edited by Sessle BJ, Bryant
PS, Dionne RA. Seattle: IASP Press; 1995:175–192.
DeLeeuw R, Boering G, Stegenga B, deBont LGM: Clinical signs
of TMJ osteoarthrosis and internal derangement 30 years
after non-surgical treatment. J Orofacial Pain 1994, 8:18–24.
Fricton J, Kroening R, Haley D, Siegert R: Myofascial pain and
dysfunction of the head and neck: a review of clinical characteristics of 164 patients. Oral Surg Oral Med Oral Pathol 1985,
57:615–627.
Bales JM, Epstein JB: The role of malocclusion and orthodontics in temporomandibular disorders. J Can Dent Assoc 1994,
60(10):899–906.
Blitzer A, Brin MF, Greene PE, Fahn S: Botulinum toxin injection for the treatment of oromandibular dystonia. Ann Otol
Rhinol Laryngol 1989, 98(2):93–97.
Richardson E, Beal MF, Martin JB: In Harrison’s Principles of
Internal Medicine, edn 11. Degenerative diseases of the nervous
system. Edited by Braunwald E, Isselbacher KJ, Petersdorf RG, et
al. New York: McGraw Hill; 1987:2020–2021.
Jahanshahi M: Factors that ameliorate or aggravate spasmodic
torticollis. J Neurol Neurosurg Psychiatry, 2000, 68(2):227–229.
Kishore A, Nygaard TG, de la Fuente-Fernandez R, et al.: Striatal
D2 receptors in symptomatic and asymptomatic carriers of
dopa-responsive dystonia measured with [11C]-raclopride
and positron-emission tomography. Neurology 1998,
50(4):1028–1032.
Lobbezoo F, Lavigne GJ, Tanguay R, Montplaisir JY: The effect
of catecholamine precursor L-dopa on sleep bruxism: a controlled clinical trial. Mov Disord 1997, 12(1):73–78.
Lavigne GJ, Soucy JP, Lobbezoo F, et al.: Double-blind, crossover,
placebo-controlled trial of bromocriptine in patients with
sleep bruxism. Clin Neuropharmacol 2001, 24(3):145–149.
Stohler C: Muscle-related temporomandibular disorders. J
Orofacial Pain 1999, 13:273–284.
Stohler C: On the management of temporomandibular disorders: a plea for a low-tech, high-prudence therapeutic
approach. J Orofacial Pain 1999, 13:255–261.

67.
68.
69.
70.
71.

72.
73.
74.
75.
76.
77.
78.

79.
80.

81.
82.
83.
84.
85.
86.
87.
88.

89.
90.

Baker G: Surgical considerations in the management of temporomandibular joint and masticatory muscle disorders. J
Orofacial Pain 1999, 13:307–312.
Gramling SE, Grayson RL, Sullivan TN, Schwartz S: Scheduleinduced masseter EMG in facial pain subjects versus no-pain
controls. Physiol Behav 1997, 61(2):301–309.
Dao TT, Lavigne GJ: Oral splints: the crutches for temporomandibular disorders and bruxism? Crit Rev Oral Biol Med
1998, 9(3):345–361.
Freund B, Schwartz M: A focal dystonia model for subsets of
temporomandibular disorders. Presented at ACOMS 21st
Annual Conference Washington, DC. April 16-20 2000.
Dionne RA: Pharmacologic Treatments for Temporomandibular Disorders. In Progress in Pain Research and Management,
Vol. 4. Edited by Sessle BJ, Bryant PS, Dionne RA. Seattle: IASP
Press; 1995:363–374.
Mejersjo C, Carlsson GE: Long-term results of treatment for
temporomandibular joint pain dysfunction. J Prosthet Dent
1983, 49:809–815.
Filippi GM, Errico P, Santarelli R, et al.: Botulinum A toxin
effects on rat jaw muscle spindles. Acta Otolaryngol 1993,
113(3):400–404.
Melling J, Hambleton P, Shone CC: Clostridium botulinum
toxins: nature and preparation for clinical use. Eye 1988,
2:216–223.
Freund B, Schwartz M: Botulinum toxin in the treatment of
TMD: a pilot study. Oral Health 1998, 88(2):32–37.
Freund B, Schwartz M, Symington J: The use of botulinum toxin
for the treatment of temporomandibular disorders: preliminary findings. J Oral Maxillofac Surg 1999, 57(8):916–921.
Severy DM, Mathewson JH, Bechtol CO: Controlled automobile
rear end collisions: an investigation of related engineering and
medical phenomenon. Can Serv Med 1955, 11:727–759.
Pearce J: Post-traumatic syndrome and whiplash injuries or
neck sprains. In Recent Advances in Clinical Neurology edn 8.
Edited by Kennard C. Edinburgh: Churchill Livingston;
1995:7:133–149.
Deng YC: Anthropomorphic dummy neck modeling and
injury considerations. Accid Anal Prev 1989, 21:85–100.
Siegmund GP, Myers MB, Bohnet HF, Winkelstein BA: Mechanical evidence of cervical facet capsule injury during whiplash:
a cadaveric study using combined shear, compression, and
extension loading. Spine 2001, 26(19):2095–2101.
Pearce J: Subtle cerebral lesions in chronic whiplash injuries.
J Neurol Neurosurg Psychiatry 1993, 56:1328–1329.
Pearce J: MRI studies in whiplash injury: how do they relate
to other investigations? Headache Quarterly: Curr Treat Research
1997, 8:338–340.
Lord S, Barnsley L, Bogduk N: Cervical zygapophyseal joint
pain in whiplash. Spine 1993, 7(3):355–371.
Lord SM, Barnsley L, Wallis BJ, et al.: Chronic cervical zygapophysial joint pain after whiplash. Spine 1996, 21:1737–1745.
Percy J: Whiplash syndrome: a doctor's dilemma. Can JCME
1994, July:63–67.
McDonald GJ, Lord SM, Bogduk N: Long-term follow-up of
patients treated with cervical radiofrequency neurotomy for
chronic neck pain. Neurosurgery 1999, 45(1):61–68.
Freund B, Schwartz M: Treatment of whiplash associated neck
pain with botulinum toxin-A: a pilot study. J Rheumatol 2000,
27(3):481–484.
Cushman JG, Agarwal N, Fabian TC, et al.: Practice management guidelines for the management of mild traumatic brain
injury: the EAST practice management guidelines work
group. J Trauma 2001, 51(5):1016–1026.
Radanov BP, Di Stefano G, Augustiny KF: Symptomatic
approach to posttraumatic headache and its possible implications for treatment. Eur Spine J 2001, 10(5):403–407.
Freund B, Schwartz M: Treatment of cervical-associated headache with botulinum toxin-A: a pilot study. Headache 2000,
40:231–236.

Post-traumatic Myofascial Pain of the Head and Neck • Freund and Schwartz

91.
92.
93.

Haas DC: Chronic post-traumatic headaches classified and
compared with natural headaches. Cephalalgia 1996,
16(7):486–493.
Jensen R, Bendtsen L, Olsen J: Muscular factors are important
in tension headache. Headache 1998, 38(1):10–17.
Lipchik GL, Holroyd KA, France CR: Central and peripheral
mechanisms in chronic tension-type headaches. Pain 1996,
64(3):467–475.

94.
95.
96.

369

Pollmann W, Keidel M, Pfaffenrath V: Headache and the cervical spine: a critical review. Cephalgia 1997, 17:801–816.
Jensen R, Olesen J: Initiating mechanisms of experimentally
induced tension-type headache. Cephalalgia 1996, 16:175–182.
Headache Classification Committee of the International Headache Society: Classification and diagnostic criteria for headache disorders, cranial neuralgias, and facial pain. Cephalalgia
1998, 8(Suppl 7):1–96.

