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Abstract
This chapter provides an overview of orofacial
pain and its underlying mechanisms, as well as
sleep and the mechanisms that underlie sleep.
It particularly focuses on the clinical features
and the processes involved in the interactions

between pain and sleep. The chapter outlines
the many insights that have been gained from
clinical investigations, as well as experimental
studies in humans and laboratory animals, of
the pathways and processes involved in oro-
facial pain and its modulation, as well as the
circuits and mechanisms underlying sleep.
Some common elements in the pain and
sleep processes are highlighted. In addition,
the chapter notes that acute pain is part of a
protective hypervigilance system that provides
an alarm essential in response to injury or
potential injury. This chapter also reviews
findings indicating that pain, especially when
chronic, is commonly associated with dis-
turbed sleep, and that there may exist a circular
relationship between them that is reflected in
mutual deleterious influences producing fur-
ther enhancement of both pain and disruption
of sleep. The evidence reviewed suggests that
therapeutic approaches need to be targeted at
both reducing the pain and improving sleep for
the effective management of the orofacial pain
patient. Such dual targeting will enhance the
patient’s quality of life, minimize mood alter-
ations or exacerbations of a sleep disorder
negatively impacting the patient’s pain, and
ultimately optimize healing and the patient’s
health.
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Introduction

Some of the most common pains in the body
are manifested in the orofacial region. These
include toothaches, temporomandibular disorders
(TMD) and several trigeminal neuropathic pain
conditions (see the chapter on Classification of
Orofacial Pain). Disrupted sleep is often associ-
ated with these pain states. The relationship of
pain, especially chronic pain, to sleep has been
described as a vicious cycle with mutual deleteri-
ous influences between pain and disturbed sleep.
In the case of patients complaining of poor sleep,
the role of the clinician is to exclude the possible
involvement of concomitant musculoskeletal or
neuropathic pains or other comorbidities, and
then if a chronic sleep disorder is suspected (e.g.,
insomnia, apnea), refer such patients to a sleep
physician for polysomnography (see chapter on

Sleep Medicine). The objective of this chapter is
to provide an overview of the present understand-
ing of orofacial pain, sleep, and their interactions,
in order to assist the oral medicine specialist not
only in addressing the pain experienced by a
patient experiencing orofacial pain, but also in
recognizing and managing where possible and
where indicated any disruption in sleep that the
patient may also be experiencing.

Overview of Pain and Underlying
Mechanisms

General Features of Pain

The orofacial region is a very common site of
pain, and like pain in general, orofacial pain may
be acute or chronic. Acute pain is especially
apparent in association with accidental injury,
inflammation, or surgical operations. Most acute
pains can be readily treated and gradually dissi-
pate as the affected tissue heals, although 3–20%
of acute orofacial pains (including those associ-
ated with molar extraction or endodontic treat-
ment) can transition into a chronic pain state
even if dealt with appropriately in a timely man-
ner. In contrast to acute pain, chronic pain is
usually considered to reflect pain lasting at least
3 months and indeed it can last months or even
years, long after the tissue has apparently healed.
Chronic pain can be recurrent with pauses lasting
hours to weeks, or it can be constant although with
variable intensity over time (see the chapter on
Neurophysiology of Orofacial Pain).

There are many types of chronic pain (see the
chapter on Classification of Orofacial Pain) and a
new classification scheme has been proposed
from a consensus of the International Association
for the Study of Pain to better match diagnosis
with the International Classification of Diseases
(ICD-11) of the World Health Organization
(WHO) (Treede et al. 2015) (see Table 1). Chronic
headache and orofacial pain have been classified
as (i) chronic primary headaches, (ii) chronic sec-
ondary headaches, and (iii) chronic orofacial
pains which include cranial neuralgia plus post-
traumatic trigeminal neuropathic pain, persistent

2 B.J. Sessle et al.



idiopathic orofacial pain, and burning mouth syn-
drome. An orofacial pain is considered chronic
if it is present 50% of the time over a period
of 3 months.

Chronic pain states range from those that
have a recognized etiology (e.g., a preceding
acute pain that has transitioned to a chronic pain,
postherpetic neuralgia) to those that are idiopathic
(e.g., TMD and trigeminal neuralgia), to those that
accompany many chronic diseases or disorders
(e.g., arthritis, cancer, diabetes, and HIV/AIDS).
Research in animal and human experimental
models of chronic pain have revealed that mor-
phological, chemical, and physiological changes
occur in the central nervous system (CNS) in
chronic pain conditions (see below), such that
chronic pain is now considered as a distinct
pathology due to its specific features related to
changes in CNS structure and function and related
behaviors such as cognitive functions, and to spe-
cific activity at the level of peripheral nociceptors
(Gereau et al. 2014). Indeed, chronic pain is com-
parable to many neurological disorders in its own
right, somewhat akin to disorders such as epi-
lepsy, Parkinson’s disease, and Alzheimer’s dis-
ease. Furthermore, it can be associated with many
medical conditions such as cancer, HIV/AIDS,
and arthritis, as noted above.

It is also notable that pain is in epidemic pro-
portions in most countries. For example, chronic
pain has a prevalence ranging from 12–30%
or even higher in adult populations (Lipton
et al. 1993; LeResche and Drangsholt 2008;
Macfarlane 2014). In the case of orofacial pain,
it has been reported that acute orofacial pain has
a prevalence of approximately 13% (but may vary
in different age cohorts), reflecting in large part

different types of acute toothache. Chronic
orofacial pain states have a prevalence in the
range of 8–15%. This includes those that may be
the result of an acute pain or injury to orofacial
tissues, including chronic pain states following a
dental therapeutic procedure such as endodontic
therapy, third molar extraction, dental implants,
and local anesthetic trigeminal nerve blocks
(Ellies and Hawker 1993; Nixdorf et al. 2010;
Polycarpou et al. 2005; Renton and Yilmaz 2011).

The Multidimensionality of Pain

Themost widely accepted definition of pain is that
of the International Association for the Study of
Pain (IASP) which views pain as “an unpleasant
sensory and emotional experience with actual
or potential tissue damage, or described in
terms of such damage” (Merskey and Bogduk
1994). Thus, although pain is often referred to as
a sensation, it is best thought of as a complex,
multidimensional experience comprising sensory-
discriminative, cognitive, affective (emotional),
and motivational dimensions. Two or more of
these dimensions may be operational at the same
time in most pain states, and the nature and extent
of their involvement vary considerably between
individuals.

Genetic and environmental influences and risk
factors account for the individual differences
and/or vulnerability in the expression of the vari-
ous dimensions of pain, and can help explain why
after a seemingly similar tissue injury, some indi-
viduals develop a chronic pain state or sensory
dysfunction or other comorbid conditions such as
disturbed sleep (see below) while most do not, and
why there are also differences between individual
patients’ responses to a particular treatment. Espe-
cially chronic pain can impose severe emotional,
physical, and social stresses on the patient that
may reduce their quality of life such as loss or
disturbance of appetite and libido. It may also be
associated with other pain comorbidities in other
parts of the body and with the comorbid psycho-
social disturbances, as well as loss of sleep and
upsets in sleep patterns, as outlined below. These
features, and their variability between individuals,

Table 1 Summary of classification of chronic pain (per-
sistent or recurrent pain lasting longer than 3 months) with
putative influence on sleep (From Treede et al. 2015)

1. Chronic primary pain (widespread or localized)

2. Chronic cancer pain

3. Chronic postsurgical and posttraumatic pain

4. Chronic neuropathic pain (peripheral or central)

5. Chronic headache and orofacial pain

6. Chronic visceral pain

7. Chronic musculoskeletal pain
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underscore the complexity of pain that is captured
in the so-called biopsychosocial model of pain
(e.g., Gatchel et al. 2007; Eli and Gatchel 2014)
shown in Fig. 1; this model is nowadays sometimes
also referred to as the “sociopsychobiomedical
model” (also see the chapter on Biopsychosocial
Aspects of Orofacial Pain). They also explain why
a pain state can so frequently be difficult to diag-
nose and manage. Despite their impact on the
chronicity of a pain state, and the sufferer’s quality
of life, these comorbid and psychosocial aspects
are often overlooked by many clinicians who
focus instead on the possible underlying etiolog-
ical factors and on a biomedical basis, rather than
a biopsychosocial substrate for diagnosis and
treatment of the pain state.

The Socioeconomic Burden

Pain carries a huge economic and societal burden
(Sessle 2011b). The economic burden of pain, and
especially chronic pain, is itself enormous. This
burden stems from the financial costs of medica-
tions as well as nonpharmacological therapeutic
approaches, health insurance and welfare (e.g.,
worker’s compensation) benefits, and also the
economic costs associated with dealing with the
psychosocial consequences of chronic pain that
are noted below. There are also indirect costs that
include lost tax revenues for the nation and lost

income for the patient if he or she can no longer
work because of the pain. Thus, these economic
costs represent financial burdens both on the per-
son suffering from the chronic pain condition and
on society as a whole. For example, in the USA,
the total economic costs have recently been esti-
mated at over $635 billion/year, more than the
costs of cancer and diabetes combined (Institute
of Medicine 2011; Gaskin and Richard 2012;
Gereau et al. 2014). Because pains in the face,
jaws, and mouth are so common and often diffi-
cult to manage, orofacial pain represents an
important proportion of this socioeconomic bur-
den; for example, in the USA, the economic costs
have been estimated to be over $100 billion/year
(Institute of Medicine 2011; Sessle 2014).

The social burden of pain, particularly chronic
pain, is also considerable. It is manifested in
psychosocial changes in the individual that are
reflected in increased rates of depression, suicide
and risk of drug addiction as well as disrupted
relationships with family and friends, a reduced
quality of life, and reduced employment oppor-
tunities or work responsibilities. Furthermore,
especially if the individual’s pain cannot be
effectively managed or even not appropriately
diagnosed and recognized, it may lead to the indi-
vidual experiencing more depression, despair, and
suicidal risk (Smith 2004; Sessle 2011b; Institute
of Medicine 2011; Gereau et al. 2014).

BIOLOGICAL
Nocicep�ve Processes

Gene�c Factors
Sex Hormones

SOCIAL
Age

Family History
Cultural Values

Sex Roles

PSYCHOLOGICAL
Anxiety
Stress

Cogni�ve Factors
Behavioral Factors

Depression

Fig. 1 Biopsychosocial
Model. The
biopsychosocial model of
pain and examples of
factors that operate within
this model
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Orofacial Pain Mechanisms

The following provides an overview of mecha-
nisms within orofacial tissues and the CNS which
are involved in the initiation, processing, and
modulation of neural signals related to orofacial
pain. More detailed outlines and original source
references are provided in Sessle (2000, 2011a),
Iwata et al. (2011), Cairns et al. (2014), and
Dubner et al. (2014) and in the chapter on Neuro-
physiology of Orofacial Pain.

Peripheral Mechanisms
The vast majority of the sensory (i.e., afferent)
nerve fibers innervating orofacial tissues are
in the trigeminal nerve (cranial nerve V). The
various orofacial tissues (e.g., facial skin, oral
mucosa, periodontium, masticatory muscles, and
temporomandibular joint [TMJ]) are innervated
by large-, medium-, and small-diameter primary
afferent nerve fibers (Dubner et al. 1978, 2014;
Sessle 2000, 2011a; Iwata et al. 2011; Cairns et al.
2014). The large- and medium-diameter afferents
are myelinated and referred to as A-beta and the
small-diameter afferents are either A-delta affer-
ents that are myelinated or they are unmyelinated
afferents termed C-fibers. The endings of many of
the A-beta afferents and of some A-delta afferents
in these tissues act as specialized sense organs
(receptors) that can detect tactile or proprioceptive
stimuli applied to the tissues. However, many
A-delta afferents as well as C-fiber afferents ter-
minate in the tissues as specialized or free nerve
endings that respond to thermal and chemical
stimuli. Some of the free nerve endings instead
act as nociceptors, i.e., they are the sense organs
that are activated by noxious stimulation of the
peripheral tissues. The activation of the different
types of afferent endings may result in the elicita-
tion of action potentials in their associated afferent
fibers, and these action potentials are then
conducted along the afferents to provide the
CNS with sensory-discriminative information
about the location, quality, intensity, and duration
of the stimulus that activated their endings.

In the case of the nociceptive endings, they
may also develop a prolonged increase in excit-
ability after tissue injury or inflammation, to the

extent that they become more responsive to nox-
ious stimulation or even begin to respond to stim-
uli that normally are innocuous and do not activate
them under normal conditions (Cairns et al. 2014;
Iwata et al. 2011; Sessle 2011a, b). This process is
termed “peripheral sensitization” and it may con-
tribute to the hyperalgesia (increased sensitivity
and/or excessive response to a stimulus that is
normally painful) and allodynia (pain resulting
from a stimulus that does not normally evoke
pain) that occur in certain pain conditions. Exam-
ples in clinical dentistry are the sensitivity to
muscle or TMJ palpation that is typical of TMD,
and the increased sensitivity of an inflamed tooth.
Many different types of chemical mediators are
involved in the activation or peripheral sensitiza-
tion of nociceptive endings, including several that
also have actions in the CNS (e.g., glutamate,
serotonin [5-HT], and noradrenaline). The cell
bodies of the orofacial nociceptive (and non-
nociceptive) primary afferents are predominantly
located in the trigeminal ganglion, and these neu-
ronal cell bodies can also undergo excitability
changes as a result of injury or inflammation
of the tissues that their primary afferents inner-
vate (Cairns et al. 2014; Dubner et al. 2014;
Sessle 2011a).

Brainstem Mechanisms
From the trigeminal ganglion, the trigeminal pri-
mary afferents project into the brainstem (Fig. 2)
and mainly synapse in the trigeminal brainstem
sensory nuclear complex (VBSNC). This structure
is subdivided into the principal (or main) sensory
nucleus and the spinal tract nucleus, which com-
prises three subnuclei known as oralis, interpolaris,
and caudalis (Dubner et al. 1978, 2014; Sessle
2000). Trigeminal primary afferents activated by
orofacial tactile or proprioceptive stimuli synapse
on low-threshold mechanosensory (LTM) neurons
at all levels of the VBSNC, including subnucleus
caudalis, whereas trigeminal primary afferents acti-
vated by innocuous thermal or noxious orofacial
stimuli terminate predominantly in subnucleus
caudalis. The subnucleus caudalis has many mor-
phological and physiological features analogous to
those of the spinal dorsal horn that processes noci-
ceptive and thermosensory signals initiated by
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noxious or innocuous thermal stimuli applied to
tissues supplied by spinal afferent nerve fibers.
Because of these similarities, subnucleus caudalis
is often referred to as the medullary dorsal horn
(Dubner et al. 2014; Sessle 2000, 2011a).

Similar to their spinal afferent counterparts, the
central terminals of the trigeminal nociceptive
afferents release excitatory neurotransmitters or
neuromodulators such as glutamate (from the ter-
minals of A-delta and C-fiber afferents) and sub-
stance P (from the terminals of C-fiber afferents)
(Dubner et al. 1978; Iwata et al. 2011; Sessle
2000, 2011a) that can excite second-order noci-
ceptive neurons on which the afferents synapse.
The nociceptive neurons are of two main types:

nociceptive-specific (NS) neurons, which are acti-
vated only by noxious stimuli (e.g., pinch, heat)
applied to the localized receptive field (e.g., on the
skin) of the nociceptive afferents that synapse on
these neurons, and wide dynamic range (WDR)
neurons, which are excited by non-noxious (e.g.,
tactile) stimuli as well as by noxious stimuli since
they receive synaptic inputs from A-beta and
A-delta afferents activated by non-noxious stimuli
(e.g., tactile) as well as from A-delta and C-fiber
afferents activated by noxious stimuli.

The nociceptive primary afferent inputs relayed
to many NS and WDR neurons in subnucleus
caudalis derive exclusively from superficial tis-
sues (e.g., facial skin, oral mucosa) and endow

Cerebral cortex

Thalamus

Brain stem

Subnucleus
oralis

Trigeminal
ganglion

Subnucleus
interpolaris

Subnucleus
caudalis

Spinal cord

Main sensory
nucleus

Fig. 2 Major somatosensory pathway from the face
and mouth. Most primary afferents in the trigeminal
nerve have their cell bodies in the trigeminal ganglion
and project to second-order neurons in the trigeminal
brainstem sensory nuclear complex which comprises the
main sensory nucleus and the spinal tract nucleus; the latter
has three subnuclei: oralis, interpolaris, and caudalis.
These neurons may project to neurons at higher levels of

the brain (e.g., in the thalamus) or brainstem regions such
as the reticular formation or the cranial nerve motor nuclei.
Not shown are the projections of some cranial nerve VII,
IX, X, and XII and cervical nerve afferents to the trigem-
inal brainstem complex and the projections of many V, VII,
IX, and X afferents to the solitary tract nucleus
(Reproduced from Sessle (2000), with permission)

6 B.J. Sessle et al.



these neurons with coding properties?. These are
then relayed to several regions of the central ner-
vous system (CNS) involved in reflex and other
behaviors evoked by noxious stimuli, including
higher CNS centers involved in perceptual func-
tions (see below); this suggests that they are
critical neural elements for the detection and dis-
crimination of superficial pain. However, noci-
ceptive information from deep tissues (e.g.,
muscle and TMJ) is processed predominantly by
subsets of these “cutaneous” nociceptive caudalis
neurons that receive extensive convergent afferent
inputs from these deep tissues as well as from
facial skin or oral mucosa and even cervical tis-
sues. These convergence patterns appear to under-
lie the CNS processes contributing to deep pain,
and in addition may explain the poor localization,
spread, and referral of pain that are typical of
orofacial pain conditions involving deep tissues
(e.g., TMD) and some cases of cervical pain
(Sessle 2000, 2011a; Dubner et al. 2014).

Some of the convergent afferent inputs men-
tioned above may become especially effective
in activating the nociceptive neurons in patho-
physiological situations. Neuroplastic changes
can be produced in subnucleus caudalis (and
thalamocortical; see below) nociceptive neurons
by nociceptive afferent inputs evoked by injury or
inflammation (Sessle 2000, 2011a; Iwata et al.
2011; Dubner et al. 2014). This neuroplasticity
results from the release of neurochemicals from
the nociceptive afferent terminals in subnucleus
caudalis. One of these neurochemicals is gluta-
mate that acts through glutamatergic receptors on
the neurons (e.g., N-methyl-D-aspartate receptor)
to induce a cascade of intracellular events in the
NS andWDR nociceptive neurons. This can result
in an increase in neuronal excitability, a so-called
central sensitization of the nociceptive neurons.
Central sensitization occurs in both acute and
chronic pain states, and underscores the point
that the nociceptive pathways and processes in
the CNS are not “hard-wired” but rather are “plas-
tic” and modifiable by events in peripheral tissues
associated with injury or inflammation. Recent
findings in animal models have also revealed
that central sensitization involves non-neuronal
(i.e., glial) as well as neural processes (Sessle

2011a; Iwata et al. 2011; Chiang et al. 2011;
Dubner et al. 2014). The neuroplastic changes in
the nociceptive neuronal properties, and in the
reflex neuromuscular changes and other behav-
ioral activities that may be induced by injury or
inflammation, represent processes that, along with
peripheral sensitization (discussed above), can
explain the allodynia and hyperalgesia as well as
pain spread and pain referral that characterize
many pain states.

Some neurons in the VBSNC give rise to axons
that ramify within that structure and modulate the
activity of other neurons in the VBSNC. Many
neurons in the VBSNC project to other brainstem
areas including the reticular formation, raphe
nuclei and spinal ventral horn or cranial nerve
motor nuclei, and so provide the central circuitry
underlying autonomic and muscle reflex res-
ponses evoked by stimulation of orofacial tissues
(Sessle 2000; Iwata et al. 2011; Dubner et al.
2014). Some of these areas contribute to
descending modulatory systems that influence
nociceptive transmission, but given the role that
the reticular formation and raphe areas play in
wakefulness and sleep, projections to these areas
also may provide neural substrates by which nox-
ious stimulation may influence sleep and con-
sciousness (see below). Many neurons in the
VBSNC also (or instead) contribute to pathways
ascending in the CNS to the ipsilateral and espe-
cially contralateral thalamus (Fig. 2).

Thalamocortical Mechanisms
The main regions of the thalamus that receive
the orofacial somatosensory information relayed
from the brainstem are the ventrobasal complex
(termed the ventroposterior nucleus in the pri-
mate), the medial thalamus, and the posterior
nuclear group (Dubner et al. 1978, 2014; Sessle
2011a). These thalamic areas contain LTM and
thermoreceptive neurons that project to analogous
neurons in the overlying somatosensory cerebral
cortex, where their relayed signals are processed
to provide for the detection and localization of
tactile and non-noxious thermal stimuli. NS and
WDR neurons also occur in these thalamic areas
and most have spatiotemporal coding properties
and connections to neurons in the overlying
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somatosensory area of the cerebral cortex that
indicate they have a role in defining the spatio-
temporal features of noxious stimuli, and thus in
the sensory-discriminative dimension of pain that
has been mentioned earlier. In contrast, the spa-
tiotemporal coding properties of most nociceptive
neurons in the medial thalamic nuclei and poste-
rior nuclear group and their connections to cortical
areas, such as the anterior cingulate and insula
cortices, suggest a role for them in the motiva-
tional or affective dimensions of pain. Brain imag-
ing studies in humans have also revealed that
noxious stimuli activate these cortical areas
(Davis and Stohler 2014). It is also noteworthy
that, following tissue injury or inflammation, neu-
rons in these higher levels of the CNS (e.g.,
somatosensory thalamus and somatosensory cor-
tex) are also subject to neuroplastic changes
reflecting central sensitization.

Modulation of CNS Nociceptive Processes
Modification of the transmission of orofacial
somatosensory information can occur at
brainstem and thalamocortical levels, and in the
case of the spinal somatosensory system may
also occur in the spinal dorsal horn (Dubner
et al. 1978, 2014; Sessle 2000, 2011a). In varying
degrees, modification may also be operational
during different behavioral states, e.g., the hypo-
tonia of rapid eye movement (REM) sleep (see
section below). These modulatory processes
may involve neural circuits within the spinal dor-
sal horn, VBSNC and adjacent regions, as well
as inputs from primary afferents and from
descending projections originating in several
CNS areas including the reticular formation,
locus coeruleus, raphe nuclei, and cerebral cortex.
In the case specifically of nociceptive transmis-
sion, the variety of inputs and interconnections in
trigeminal subnucleus caudalis and the spinal dor-
sal horn (see above) provide the basis for consid-
erable interaction between the various afferent
inputs derived from the intrinsic brain areas
noted above and from peripheral tissues. Several
chemical mediators, including gamma-amino
butyric acid (GABA), glycine, serotonin (5-HT),
dopamine, noradrenaline, orexin (also known as
hypocretin), melatonin, and opioids (e.g.,

enkephalins and endorphins), provide a chemical
substrate by which many of the descending and
afferent inputs can exert their modulatory effects
on nociceptive transmission. Inhibitory influences
exerted by many of these inputs on nociceptive
neurons have been implicated as intrinsic CNS
processes contributing to the analgesic effects of
several therapeutic approaches to control pain,
including deep brain stimulation, acupuncture,
and opiate-related drugs such as morphine and
antidepressants such as amitriptyline. Some of the
inputs to the nociceptive neurons instead have a
role in facilitating nociceptive transmission, such
as in the central sensitization process noted earlier.
It is notable that many of these chemical media-
tors and descending influences also are involved
in sleep mechanisms (also see below).

Modulation of nociceptive mechanisms in a
sense can also be manifested in the differences
between individuals in their responses to noxious
stimuli or ongoing pain states or to therapeutic
approaches to manage their pain. While the actual
mechanisms in the trigeminal system have
received little investigation (Zhang et al. 2014),
it is clear that genetic and environmental influ-
ences canmodify the pain experience. Prospective
studies in humans have recently shown, for exam-
ple, that genetic factors can markedly influence
the likelihood of developing TMD, and indeed
several candidate genes that put individuals at
risk for developing TMD have been identified
(Smith et al. 2013; Meloto et al. 2014).

As well as its role in relaying the neural signals
to the cerebral cortex that are used for sensory,
motor, affective, and motivational functions, the
thalamus is also the site of modulatory influences
involved in the state of consciousness. The
thalamocortical transfer of sensory information
is subject to modulation or “gating” as a result of
inhibitory and facilitatory mechanisms exerted by
local neural circuits or inputs to the thalamus and
cortex from other CNS areas such as the reticular
formation. This gating mechanism is apparent
particularly during changes in behavioral state
and consciousness such as during non-REM
(NREM) sleep; this brings us to consider sleep
and its underlying processes.
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Sleep Overview and Underlying
Mechanisms

General Features of Sleep, Its Roles,
and Overview on Sleep Disorders

Sleep is a natural physiological function that is
essential for the quality of life. Furthermore, ani-
mals totally deprived of sleep soon become sick
from infection or organic dysfunctions, and with-
out enough sleep, humans tend to be less func-
tional and within 3–4 days may report mood
alterations, cognitive problems, immune system
changes, and somatic pain-related complaints
(Haack and Mullington 2005; Haack et al.
2007). Sleep is essential for recovery from fatigue
and for tissue repair (e.g., skeletal and cardiac
muscles), memory consolidation, and brain func-
tion at both the cellular and CNS network levels.
For more information, see the chapter on Sleep
Medicine.

The onset of adult sleep normally appears
within 20–30 min after an individual goes to
bed. Some persons have longer sleep onset and
they are adapted to such atypical wake and sleep
patterns. For most people, sleep lasts between
6–8 h. Some persons are short sleepers (around
4 h) and have few health problems while for other
persons a longer sleep is critical for good mood,
cognition, and health. Some people are resistant to
a sleep disturbance (e.g., most surgeons and air-
line crew) while some are vulnerable to any alter-
ation of the usual wake and sleep pattern. Such
vulnerability may be genetically or environmen-
tally driven or both; in presence of chronic pain
sleep; alteration seems to be a critical exacerbat-
ing factor for pain and mood worsening (Edwards
et al. 2008; Van Cauter and Tasali 2011; Jarrin
et al. 2014; Morin 2015).

Sleep Cycles and Sleep Arousal
Sleep is conventionally divided into rapid eye
movement (REM) sleep and non-REM (NREM)
sleep. During a typical night, there are 4–5 NREM
to REM cycles that are collectively termed the
ultradian rhythm cycle (in contrast to the 24-h
circadian cycle). NREM sleep is further divided
into light sleep (stages N1 and N2) and deep sleep

(N3, formerly called stages 3 and 4) that is dom-
inated by slow wave brain activity (Fig. 3). REM
sleep is often called “paradoxical sleep” since all
skeletal muscles are in a hypotonic state, as if the
body is paralyzed, yet the CNS and the autonomic
nervous system are highly active (Amzica and
Lavigne 2009). Most body movements, including
the ones manifested in sleep bruxism, tend to
occur in relation to sleep stage shifts, such as
from deeper to lighter sleep.

The occurrence of these movements during
sleep is periodic; they tend to occur in a cyclic
pattern and in clusters where the brain is becom-
ing more active. In fact, sleep oscillates from
active periods to quiet periods. Within the active
periods, there are frequent brain, heart, and mus-
cle reactivations that last 3–15 s and are termed
sleep arousals (or microarousal in some countries
to highlight their brief duration). These arousals
tend to reappear 7–15 times/h of sleep in normal
subjects and represent “windows” in the sense that
the sleeping individual can readjust his/her body
position, and if any harmful event is perceived,
can become fully awake. The alternating active
and quiet sleep periods are known, on a larger
time scale (minute), as the cyclic alternating pat-
tern (CAP). They comprise an active and a quiet
phase. The active phase is scored as A and is
subdivided in three periods: A1 (dominated by
slow wave brain activity preserving sleep), A2
(the transition period between A1 and A3), and
A3 (dominated by the sleep-arousal events noted
above) (Parrino et al. 2007). The quiet sleep is
called B phase. Patients with chronic pain and
specifically fibromyalgia (i.e., chronic widespread
musculoskeletal pain [CWP]) tend to manifest
50% more phase A2 and A3 periods (Parrino
et al. 2007).

Napping and Chronic Pain
The habit of napping may delay sleep onset and
the 20–30 min criteria to fall asleep needs to be
corrected for this habit when making a diagnosis
of insomnia (see below for insomnia definition).
A large survey done in the USA revealed that 10%
of people over 55 years of age do nap on a regular
basis and napping is even higher (25%) in those
over 75. In some countries, napping is a societal
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life style and a cultural trait, a variable to keep in
mind when assessing patient sleep behavior.

Although napping is a habit that helps many
people to function better, it is associated in some
individuals with more frequent complaints related
to depression, bodily pain, and nocturia. One
study suggested that napping should be less than
30 min, to avoid excessive sleepiness after waking
up (Foley et al. 2007). In patients with fibromyal-
gia, the fact a person is napping more than 30 min
is associated with more memory problems and
depressive mood (Theadom et al. 2015). A
short-duration nap (20–30 min) is used by some
chronic pain patients as a way to alleviate their

symptoms and to recover from loss of sleep during
the night (Lavigne et al. 2011b). A recent publi-
cation supports the concept that a 30-min nap
in normal subjects tends to reverse pain hypersen-
sitivity associated with experimental sleep res-
triction or interruption of a specific sleep-stage
such as REM sleep (Roehrs et al. 2006; Faraut
et al. 2015).

It remains to be proven that napping is a pro-
cess that regulates pain perception and modula-
tion, or if its beneficial effect is mainly due to
changes in vigilance/sleepiness or subjective and
transient perception of fatigue relief (Chhangani
et al. 2009; Roehrs et al. 2012). The role of other

Fig. 3 Sleep cycles. Hypnogram representing sleep
recording of a healthy adult. N1 to N3 is for non-REM
light and deep sleep stages. I to IV correspond to the
non-REM to REM cycle across a sleep period (in hours),
known as the ultradian cycle. The two lower traces repre-
sent 10-s episodes of polygraphic recording in stable stage
N2 (mid upper right) and arousal stage N2 (lower left).
During the arousal stage N2, faster brain activity, higher

heart rate, and jaw muscle activities are observed. The
following abbreviations are used: C3 left central electro-
encephalogram (EEG), O1 left occipital EEG, LOC and
ROC left and right ocular movements, ECG electrocardio-
gram, chin chin muscle electromyogram (EMG), R Mass
right masseter EMG, Pneu pneumogram, SpO2 oxygen
saturation of arterial blood
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sleep disorders such as sleep breathing disorders
or periodic limb movement is also critical to
assess, as described later (see also Lavigne et al.
2011b; Sanders et al. 2013; Doufas et al. 2013).

Nonrestorative Sleep
Nonrestorative sleep refers to the unrefreshed
feeling upon awakening. It is present in about
10% of the general population, and is a frequent
complaint of shift-workers working during night-
time hours, of patients who sleep over 9 h/night,
and those with insomnia-related symptoms or
with fatigue and mood alterations (Haack and
Mullington 2005; Lavigne et al. 2011c). A large
sample size Brazilian study revealed that non-
restorative sleep is the most powerful predictor
of musculoskeletal pain, is associated with being
female, middle age, a sedentary lifestyle, and
reporting fatigue; depression is the second, and
insomnia is the third level of risk (Roizenblatt
et al. 2015).

Short/Long Sleepers: Circadian Rhythm
The duration of sleep does vary from individual
to individual. Sleep and wakefulness are under
the regulation of a circadian process lasting
for around 24 h. This involves a pacemaker at
the level of the hypothalamus/suprachiasmatic
nucleus in the CNS. Many cellular, genetic,
metabolic, and hormonal candidates have been
associated with sleep onset, sleep duration, and
sleep disorders. For example, expression of dopa-
mine D2-like receptors (DRD2), calcium chan-
nels (e.g., CACNA1), circadian period, or clock
genes have been listed among the modulators of
sleep such as insulin, growth factors, melatonin,
and other hormones (Van Cauter and Tasali 2011;
Byrne et al. 2013; Ollila et al. 2014; Van Someren
et al. 2015). Resistance to sleep restriction or
deprivation has been associated with genes related
to lipid mechanisms, illustrating again that res-
ponse to sleep alteration is variable from person
to person (Arnardottir et al. 2014). The sleep and
wake rhythm, however, regulated by genes and
hormones, is tuned by the sun and moon (i.e., 24-h
light/dark cycle) as well as by external cues such
as sounds (Amzica and Lavigne 2009; Krueger
et al. 2008).

A person who goes to sleep late every night
and may have difficulty in waking up early is
so-called circadian phase-delayed, whereas a
person who goes to sleep early every day may
wake up earlier, i.e., circadian phase-advanced
(Lavigne et al. 2009a, b). The clinical significance
of this circadian rhythm to pain is that pain
patients may have a circadian phase mismatch
that could explain their symptoms.

Chronic pain patients tend to be short sleepers,
i.e., less than 6 h, or long sleepers, i.e., more than
9 h (Edwards et al. 2008). The long sleeping
duration may be partly explained by differences
in comorbidities and more specifically depressive
mood (e.g., Kundermann et al. 2008).

Insomnia
The onset of sleep normally appears within
20–30 min after an individual goes to bed. Insom-
nia may be suspected when sleep onset is longer
than 30 min for 3–5 times a week, or if spontane-
ous awakening occurs during the night without
the ability to resume sleeping (Lavigne et al.
2009a; Morin and Benca 2011; Riemann et al.
2015). About 10% of the general population suf-
fers from chronic insomnia but the prevalence is
reported to be as high as 30% in chronic pain
patients (Lavigne et al. 2011c). About 40% of
individuals reporting insomnia symptoms may
report some chronic pain condition; the Odds
Ratio (OR) for insomnia with back pain and
joint-articular conditions is reported to be at 3–5
(Honda et al. 2011). Conversely, pain may also
increase the risk of insomnia in vulnerable sub-
jects; mood (e.g., depression) seems again to
explain such an important risk. The occurrence
of high bodily pain, assessed with SF 12 v2 of
SF 36 questionnaires in a general population, is
identified as one of the premorbid psychological
vulnerability risk factors for new onset insomnia.
This risk is higher if a familial history of insomnia
is present and if low pain scores are reported than
higher bodily pain ratings (OR of 9 vs. 2, respec-
tively) (LeBlanc et al. 2009). Another study with a
large sample size revealed that insomnia is also
associated with a reduction in pain tolerance and
lower sleep efficacy (time asleep/time in bed) in
chronic pain patients (Sivertsen et al. 2015). Such
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findings suggest that closer assessment of poor
sleep is a key factor in planning management of
chronic pain conditions (MacDonald et al. 2010).
However, some individuals have a long delay in
falling asleep and this is not critical to them.
Again, vulnerability to insomnia and how an indi-
vidual can cope is variable in the general
population.

Sleep Mechanisms

During normal sleep in healthy adults, nociceptive
transmission is partially attenuated to preserve
sleep continuity, with a higher threshold or lower
response rate to noxious stimuli in light sleep
(stages N1 and N2) that is even higher in deep
sleep (stage N3) but variable in REM sleep.
Indeed, sensory transmission in general is attenu-
ated during sleep such that low-intensity stimuli
may have little or no effect on sleep quality when
healthy subjects are sleeping in conditions favor-
ing good sleep quality (i.e., a quiet, comfortable
environment). However, a loud noise or a sudden
pain attack during sleep can produce awakening
that might trigger anxiety or concern that impedes
subsequent sleep. Nevertheless, as described
above, it is important to keep in mind that there
are several other factors, in addition to pain, that
can influence sleep quality (e.g., anxiety, mood,
past experiences, life style, and health status).
The following gives an overview of the processes
that underlie sleep and wakefulness.

Neural Circuits
It has been known for decades that there is an
ascending pathway or system in the CNS that
keeps the forebrain awake and that it originates
in the rostral pons and caudal midbrain. For many
years, this arousal system was thought to derive
specifically from the reticular formation, but
recent studies have shown that it actually origi-
nates from neurons that occur in discrete cell
groups and that utilize specific neurotransmitters.
Furthermore, this arousal system is now known to
comprise two main branches, both of which acti-
vate the cerebral cortex (Rye and Freeman 2007;

Saper 2013). Fig. 4 illustrates arousal and sleep
pathways.

One of these ascending branches of the arousal
system comes primarily from cholinergic neurons
in the pedunculopontine and laterodorsal tegmen-
tal nuclei, and it mainly innervates the thalamus,
especially the reticular nucleus and the sensory
relay nuclei (e.g., the ventroposterior nucleus
and the mediodorsal nucleus). Transmission
through the sensory nuclei to the overlying cere-
bral cortex is regulated in the sleep-wake cycle,
and the reticular nucleus plays a critical role in this
thalamocortical modulation. The reticular nucleus
consists of neurons containing GABA, and these
GABAergic neurons project back into the sensory
thalamic nuclei and inhibit their sensory-
transmission neurons, thus suppressing cortical
activation produced by sensory inputs. On the
other hand, the arousal system can inhibit the
reticular nucleus itself, thus opening the way for
thalamocortical sensory transmission to occur.

The second main component of the arousal
system originates from noradrenergic neurons in
the locus coeruleus, glutamatergic neurons in the
parabrachial nucleus, serotoninergic neurons in
the raphe nuclei, dopaminergic neurons in the
periaqueductal gray matter, and histaminergic
neurons in the tuberomammillary nucleus. Neu-
rons in these subcortical sites project through the
lateral hypothalamus to the basal forebrain and
cerebral cortex.

Adding to this complex array of pathways and
mediators are neurons in the lateral hypothalamus
that contain glutamate or orexin (hypocretin),
along with cholinergic and GABAergic neurons
in the basal forebrain that project to the cerebral
cortex. All of these different components of the
pathways underlying the arousal system ulti-
mately serve to produce activation of the cerebral
cortex so that it can efficiently process sensory
inputs projecting to the cerebral cortex through
the thalamus.

During sleep, the neurons in the ascending
arousal system are themselves inhibited by
GABAergic input that mainly comes from neu-
rons in the ventrolateral and median preoptic
nuclei that innervate most components of the
arousal system. The ventrolateral preoptic
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neurons, for example, are mainly active during
sleep, and through their release of chemical medi-
ators such as the inhibitory transmitter GABA,
they can suppress components of the arousal sys-
tem. An intriguing feature is that these inhibitory
GABAergic neurons are themselves subject to
inhibitory influences from neurons in several
components of the arousal system, thus producing
the conditions for a so-called “flip-flop switch”
(Saper et al. 2010). This switch is so named
because when one part of the switch gains control
in this type of switching circuitry, it turns off
the other part of the switch, thus stabilizing its
own firing. As the flip-flop switch turns down the
arousal system, the sleeping individual progresses
through the different stages of NREM sleep that
were mentioned above and illustrated in Fig. 3.

REM sleep, which is also normally part of
the sleep cycle (see above), is generated by neu-
rons in the upper pons. The sublaterodorsal neu-
rons that control REM sleep are normally under
GABAergic inhibitory control from nearby inter-
neurons which, when active, can prevent REM
sleep. These interneurons receive input from sev-
eral sites, including neurons in the ventrolateral

preoptic nucleus and the lateral hypothalamus that
release mediators such as orexin. These various
groups of neurons indeed produce the conditions
for another flip-flop switch, in this case one con-
trolling REM sleep and having properties possibly
accounting for the relatively fast and complete
transitions that occur between NREM sleep and
REM sleep.

Orexin plays a significant role since orexin
neurons in the posterior lateral hypothalamus pro-
ject to neurons at many levels of the sleep-wake
modulatory system. These projections stabilize
the sleep and REM switches so that the flip-flop
switch circuits of the sleep-wake modulatory sys-
tem produce the typical pattern of sleep occurring
in healthy adults that manifests during the day as
consolidated waking and during the night as alter-
nations between NREM sleep and REM sleep.
Breakdowns in these circuits may result in a vari-
ety of sleep disorders including insomnia, REM
sleep behavior disorder (RBD), and narcolepsy
with cataplexy. In the case of insomnia, for exam-
ple, it has been found that there is abnormal
activation of components of the arousal system,
including the rostral brainstem and the

Cerebral cortex

BF

Thalamus

LDT/PPT

LC/PB/PC/DR

VLPO
MnPO

orexin
vPAG/TMN

Fig. 4 Sleep circuitry. Circuitry and neurotransmitters
involved in the arousal system and in the gating process
during sleep that regulates signals projecting to the thala-
mus and cerebral cortex through a “flip-flop switch”
( ). The following abbreviations are used: BF,
basal forebrain; DR, dorsal raphe nucleus (serotonin);
LC, locus coeruleus (noradrenaline); LDT, laterodorsal

tegmental nucleus (acetylcholine); MnPO,median preoptic
nucleus; PB, parabrachial nucleus (glutamate); PC, pre-
coeruleus area (glutamate); PPT, pedunculopontine teg-
mental nucleus (acetylcholine); TMN, tuberomammillary
nucleus (histamine); VLPO, ventrolateral preoptic nucleus;
vPAG, ventral periaqueductal gray matter (dopamine)
(Derived from Saper et al. 2010)
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hypothalamus, as well as their targets such as the
amygdala and the medial prefrontal cortex. Such
findings indicate that insomnia basically repre-
sents a hyperarousal state (Riemann et al. 2010,
2015; Bonnet and Arand 2010).

Modulatory Processes
Sensory transmission through the spinal cord and
brainstem, as well as the thalamus and the cerebral
cortex, may be modulated during sleep, as briefly
mentioned above. In essence, sleep involves a
partial physiological deafferentation of afferent
inputs into the CNS, and there is reduced neuronal
activity at the thalamocortical level but with brief
and transient reactivations of the transmission of
neural signals from the spinal cord or brainstem
during arousal. There is evidence that these inhib-
itory processes in the spinal cord utilize GABA,
glycine, and several other neurochemicals such as
5-HT, noradrenaline, acetylcholine, and orexin.
This modulation may contribute to the decreased
responsiveness to external stimuli during NREM
sleep and so favor sleep continuity.

The modulatory influences of behavioral fac-
tors, including state of alertness, attention, and
distraction, are just some examples where the
higher brain centers involved in these states give
rise to descending influences operating at these
levels and thereby potentially contribute to the
influence of these behavioral factors on pain.
Unfortunately, although much has been learned
independently about pain and sleep, there has
been only limited investigation of the processes
accounting for how sleep affects pain and vice
versa. Even less study has been directed at the
interactions of sleep and specifically orofacial
pain and the underlying modulatory processes.
Nevertheless, a few studies in chronic (awake or
sleeping) or anesthetized animal preparations,
as well as some correlated studies in humans,
have revealed that spinal, thalamic, and cortical
somatosensory activity may be attenuated during
REM sleep and in some stages of NREM sleep. In
the case of studies using orofacial pain and sen-
sorimotor models, a decrease in excitability of the

monkey’s trigeminal sensorimotor system has
been documented during NREM sleep compared
to the awake state (Yao et al. 2013). More specif-
ically, this study showed that the jaw-opening
reflex evoked by stimulation of the orofacial
region as well as jaw movements evoked by elec-
trical stimulation of the sensorimotor region of the
cerebral cortex are both dramatically reduced if
not completely suppressed during NREM sleep
(Yao et al. 2013). Furthermore, it was also
shown in rats that the excitability of jaw-opening
reflex elicited by tongue stimulation is reduced
during NREM sleep, supporting the contention
that during sleep an inhibitory mechanism is
actively occurring within the trigeminal motor
nucleus (Adachi et al. 2014). It is noteworthy
that the interneurons involved in this reflex and
cortically evoked sensorimotor behaviors are located
in the VBSNC (described above in Brainstem
Mechanisms) adjacent to the trigeminal motor
nucleus and that a complex gating mechanism
has been documented in the rostral components
of the VBSNC during sleep and wakefulness. This
mechanism is state dependent, such that the activ-
ity of many rostral VBSNC neurons and their
responses to orofacial sensory inputs, including
those evoked by noxious (tooth pulp) stimuli, may
be inhibited during REM sleep through GABA
and glycine-based modulatory processes (Soja
2007). However, comparable investigations have
not been made in more caudal VBSNC nocicep-
tive (e.g., subnucleus caudalis) neurons, which as
noted previously have many features analogous to
those of spinal dorsal horn nociceptive neurons
and play a crucial role in trigeminal nociceptive
transmission. Thus, if and how sleep stages affect
the properties of caudalis nociceptive neurons is
an important field requiring future study. It should
also be noted that these state-dependent processes
on VBSNC and spinal dorsal horn nociceptive
transmission have only been studied in acute
pain models, and it is unclear what modulatory
processes are involved in the more clinically chal-
lenging sleep–pain interactions that may occur in
chronic pain conditions (see below).
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Sleep and Pain

What Comes First as a Causative
Factor?

Normal sleep patterns and functions can be altered
by most chronic pain states including chronic
orofacial pain. Chronic pain patients may experi-
ence long delays in falling asleep (e.g., insomnia,
as described above), sleep-stage shifts (moving
frequently from deep to lighter sleep), frequent
sleep arousals (i.e., the 3–15 s of brain, heart,
and muscle tone reactivation), and body move-
ments with or without sleep bruxism (Lavigne
et al. 2011a & b; Lavigne and Sessle 2016). The
best biomarkers (electrophysiological, genetic, or
hormonal) to explain pain and sleep deleterious
interactions remain to be identified.

Several sleep-related problems or disorders
such as sleepiness, dozing off during daily activ-
ity, frequent awakenings during the night, restless
leg syndrome-related complaints (i.e., the awake
symptoms of approximately 80% of Periodic
Limb Movement (PLM) cases), signs of sleep-
disordered breathing (SDB; e.g., loud snoring,
cessation of breathing suggestive of apnea, morn-
ing headache) have also been reported in pain
patients (Lavigne et al. 2009a, 2011a, c). For all
these conditions, specificity and sensitivity, clini-
cal relevance, plus cause and effect relationship
remain to be demonstrated (Lavigne et al. 2011a;
Saper and Scammell 2013).

Pain, particularly chronic pain, can trigger poor
sleep quality and disrupt the benefit of restorative
sleep, and poor sleep can exacerbate pain percep-
tion and related emotional-cognitive reactivity.
As illustrated in Fig. 5, the influence of acute
pain on sleep does not usually last long; it appears
to follow a “linear model,” with pain preceding
poor sleep complaints and sleep returning to
normal when the acute pain is managed and
resolved. However, in many chronic pain patients,
a “circular model” may predominate such that a
night of poor sleep is followed by a day with more
intense and variable pain, which is then followed
by a night of nonrestorative sleep and morning-
related complaints of unrefreshed sleep. It is
unknown, however, which of pain or sleep is

dominant, and such a simplistic description
does not explain the poor sleep or pain exacerba-
tion in all individuals (Lavigne et al. 2011a; Tang
et al. 2012b).

As outlined above, many variables such as
mood and other comorbidities seem to influence
the interactions of pain and sleep. A number of
other factors, such as lifestyle, difficulties in
coping with anxiety, poor physical fitness, and
chronic fatigue, may also contribute to the clinical
picture (Smith et al. 2009; Lavigne et al. 2011a).
Among these it is important to consider age and
gender (Foley et al. 2004; Bonvanie et al. 2016).
This is especially notable in patients with a
chronic musculoskeletal pain condition (e.g.,
osteoarthritis and fibromyalgia/CWP) who pre-
sent with many comorbidities, who are older,
and who are female (Lavigne et al. 2011c;
Roizenblatt et al. 2015). This is supported by a
recent longitudinal study of a large sample of
adolescents with chronic pain. It revealed that
sleep problems were, over time (an observation
period of 3 years), strongly associated with mus-
culoskeletal pain, headache, and abdominal pain
plus fatigue, however, conversely to what is fre-
quently reported in older adults, not to anxiety and
depression. Females were also more likely to
report pain and sleep problems with a dominance
of abdominal pain (Bonvanie et al. 2016). These
observations further support the view that the
clinical picture and risk factors of the pain and
sleep interactions may be variable from person to
person.

More definitive research with stronger tools is
required before clarity can be brought to the rela-
tionship between poor sleep and pain. Among
tools to better understand the influence of pain
on sleep is experimental noxious stimulation. Sev-
eral studies have revealed only minor sleep dis-
turbances in healthy subjects; this can probably be
explained by the short timeframe of testing (only
a few nights) and the absence of pain chronicity or
a sleep disorder (Lavigne et al. 2004; Bastuji et al.
2008). A quantitative sensory testing (QST) and
sleep laboratory study in TMD patients revealed
that pain threshold to mechanical and thermal
stimuli was reduced in patients with concomitant
insomnia (36% of the sample), and conversely in
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SDB patients (28% of the sample), the mechanical
pain threshold was higher (i.e., reflecting lower
sensitivity) when testing was done on the forearm
(Smith et al. 2009). The relationship between pain
and sleep with SDB may be due to alterations in
oxygen levels that tend to be lower in patients
with sleep apnea (Doufas et al. 2013).

Mechanisms by which chronic pain may neg-
atively influence sleep quality remain unclear.
Nevertheless, as noted earlier, chronic pain can
be associated with neuroplastic changes in spinal
dorsal horn, VBSNC, and thalamocortical relays,
so there is a potential for these or other pain-
related changes to have effects on sleep. The
study described above, on the association of
lower oxygen level during sleep in patients with
SDB and pain, revealed that headache and dis-
turbed sleep complaints were associated with the
expression of an Alpha 1 chain of collagen type
X1 gene (Doufas et al. 2013). It will be of interest
to see if genes recently associated with the risk of
TMD pain onset (e.g., sodium channel SCN1A
and angiotensin ACE2 associated with orofacial
symptoms and/or multiple PD2 protein associated
with heat pain temporal summation) are also
expressed in the presence of poor sleep and
SDB, a condition found in about 3% of the sample

investigated (OR > 3.5) (Smith et al. 2013;
Sanders et al. 2013). In TMD new onset cases,
obstructive sleep apnea complaints preceded the
onset of TMD; thus, the sequence of onset of risk
factors is another path to explore to better under-
stand and eventually prevent the interactions
between pain and poor sleep. Furthermore, an
experimental positron emission tomography
(PET) imaging study using capsaicin as a pain
stimulus during wakefulness revealed that opioid
binding potential was higher in the frontal cortex
of normal subjects with lower sleep quality (high
score on the Pittsburg Sleep Quality Index, PSQI)
and in the anterior cingulate and temporal lobe in
the ones with shorter sleep (<6.5 h) (Campbell
et al. 2013). Although based on a small sample,
the study suggests that in presence of poor sleep,
the analgesic action of opioid medications may be
altered. As described above, it is largely unknown
how these changes influence gene expression and
circuits in the CNS that are involved in pain and
sleep interactions.

In assessing pain and sleep interactions, we
have to take into consideration other factors such
as medication use or traumatic events. Most opi-
oid drugs affect sleep patterns and increase the
risk of central sleep apnea (Filiatrault et al.

Pain Sleep quality Better sleep

a b

Daytime sleepiness
Cognitive alteration

Non-restorative sleep

Sleep quality

If sleep treated...If pain treated...

Better sleep

Improving
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physical therapy,
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Fig. 5 Sleep/pain interactions. (a)Acute pain: A “linear
model,” with pain preceding poor sleep complaints and
sleep returning to normal when the acute pain is resolved.
(b)Chronic Pain: A “circular model”may predominate in

some patients such that a night of poor sleep is followed by
a day with more intense and variable pain, which is then
followed by a night of nonrestorative sleep and morning-
related complaints of unrefreshed sleep
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2016). There are about one third of opioid-treated
patients who may develop such breathing prob-
lems (Shaw et al. 2005; Jungquist et al. 2010;
Rose et al. 2014). Furthermore, traumatic brain
injury (TBI) seems to alter sleep quality and con-
tinuity. TBI is frequently associated with head-
ache and cervical pain and rarely orofacial pain
(Lavigne et al. 2015). Thus, when assessing the
influence of pain on sleep or poor sleep on pain, a
single factor is not to be expected. A comprehen-
sive patient assessment is necessary, taking into
account factors such as lifestyle, sleep habit
and complaints, mood problems, medication use,
and comorbidities to better guide the clinician
in identifying risk factors that may contribute to
the patient’s condition and in the decision-making
process related to diagnosis and management.
Guidance on the points to be considered in
assessing and managing these patients is provided
below. Indeed, the observation that the presence
of restorative sleep appears to predict the
resolution of CWP in some subjects should foster
more active intervention in treatment planning
and research into treatment outcomes (Davies
et al. 2008).

Orofacial Pain and Sleep

Disturbed sleep also occurs in orofacial pain
patients. For example, patients with trigeminal
neuralgia or some other orofacial neuropathic
pain condition and/or TMD report being aware
of episodes of wakefulness during their sleep or
having a poor quality of sleep (see Yatani et al.
2002; Benoliel et al. 2009; Porto et al. 2011;
Schmitter et al. 2015; Kim et al. 2015; Lavigne
and Sessle 2016).

The polysomnographic sleep laboratory study
in TMD patients cited above revealed that approx-
imately 36% of TMD patients report insomnia and
28% report sleep apnea (Smith et al. 2009). There
is also evidence that TMD patients with a sleep
complaint report jaw pain mostly in the morning,
within about 90 min after waking up (Dao et al.
1994; Smith et al. 2009). Such findings are con-
sistent with a recent sleep study based on home
recordings that showed in selected masticatory

myofascial pain cases and controls, pain patients
had more sleep disturbances associated with a
lower sleep quality (assessed by questionnaires)
and that over 70% of the cases reported orofacial
pain in the morning (Schmitter et al. 2015). Nev-
ertheless, as shown by four different observational
prospective control studies, the morning pain
intensity was not correlated to higher frequency
of jaw muscle contractions related to sleep brux-
ism (Yachida et al. 2012; Raphael et al. 2012; Abe
et al. 2013; Schmitter et al. 2015). Thus, the
so-called cause and effect relationship between
pain and hyperactive jaw muscles, i.e., elevated
frequency of rhythmic masticatory muscle activ-
ity as a marker of sleep bruxism, is not supported
by these recent findings. Another recent sleep
laboratory polysomnographic study revealed that
TMD patients tend to present a sustained but
low-grade masseter muscle activity during sleep,
suggesting a form of hyperarousal in TMD cases
(Raphael et al. 2013). The relevance and strength
of such findings need to be explored before it can
be concluded that patients with TMD are under a
hyperarousal state as suggested for insomnia since
many psychosocial factors interplay in the sleep
and pain interactions (Yatani et al. 2002; Riemann
et al. 2010, 2015; Bonnet and Arand 2010; Porto
et al. 2011; Raphael et al. 2013). For further infor-
mation on bruxism, see chapter on Sleep Bruxism
in this text.

The above findings again highlight the impor-
tance in identifying the contribution of a comor-
bidity such as insomnia that was found in one
third of TMD cases and that seems to predict
aggravation in pain intensity over time (Smith
et al. 2009; Quartana et al. 2010). In addition,
the role of sleep apnea or SDB or sleep-related
hypoxia on pain and sleep cannot be neglected. As
noted above, a sleep laboratory study showed that
28% of TMD cases had evidence of sleep apnea;
another sleep laboratory study also revealed that
TMD females without obstructive sleep apnea
(OSA), based on exclusion criteria, still presented
with respiratory effort-related arousal (RERA)
(Smith et al. 2009; Dubrovsky et al. 2014). More-
over, the prospective TMD risk cohort study of
adults free of TMD at baseline revealed that signs
and symptoms of OSA were associated with

Orofacial Pain and Sleep 17



increased incidence of first-onset TMD (Sanders
et al. 2013). These findings suggest that disturbed
sleep in TMD pain patients can be concomitant
with insomnia and/or various levels of severity of
SDB in a subgroup of patients. Thus, identifica-
tion of risk factors is needed to better phenotype
orofacial pain patients with sleep problems and
possible mood or anxiety-related problems, in
order to select the most effective treatment.

Assessment of Orofacial Pain
and Related Sleep Disturbance

The considerations presented above bear on the
assessment of orofacial pain patients manifesting
evidence of disturbed sleep. It first needs to be
noted that the circadian pattern of the sleep/wake
cycle may assist the clinician in discriminating
the type of orofacial pain presented by such a
patient. As described above, patients with tran-
sient morning orofacial pain or headaches do not
seem to have more sleep bruxism muscle activity,
although TMD cases may present a low-grade
muscle tone, nor do they seem to have obvious
hypoxia, i.e., lower oxygenation. Obviously, such
a morning complaint has to be discriminated from
sleep apnea-related headache (Russell et al. 2014).
Late afternoon TMD pain may be related to stress
and/or fatigue (Dao et al. 1994; Velly et al. 2003;
de Leeuw et al. 2005). Therefore, it is important
for the clinician to identify whether jaw muscle
pain occurring in the morning is either secondary
to tension-type headache, or is secondary to sleep
apnea or sleep bruxism, since the management
strategies will be different (Dao et al. 1994;
Rompre et al. 2007; Lavigne and Palla 2010;
Lavigne et al. 2011a; Chen et al. 2011). The cli-
nician also needs to be mindful that there are
additional common features or potential risk fac-
tors for TMD patients other than disturbed sleep;
these include depression, somatization, anxiety,
fatigue, and daytime tooth clenching (Velly et al.
2003; de Leeuw et al. 2005; Rompre et al. 2007).
Moreover, TMD and other chronic orofacial pain
states may be associated with comorbid pain
conditions present elsewhere in the body
(Macfarlane et al. 2002; de Leeuw et al. 2005;

Balasubramaniam et al. 2007; Smith et al. 2009;
Goncalves et al. 2011; Chauny et al. 2016).
Clinicians caring for orofacial pain patients
thus need to recognize and understand the influ-
ences of these various psychological and pain
comorbidities in their differential diagnosis
and treatment planning of the patients. Section
“Assessment of Orofacial Pain and Sleep Com-
plaints: Guidance on Items to Consider” lists
items that should be included in the assessment
of orofacial pain patients complaining of dis-
turbed sleep.

Guidance on Items to Consider
The first task for an oral health care provider when
facing a case of chronic pain with a putative sleep
problem is to recognize the role and/or risk factors
associated with sleep disorders such as sleep-
disordered breathing and insomnia with persis-
tence of pain or a poor treatment response. Appro-
priately, a sleep physician should establish the
final diagnosis of such conditions. However, the
oral health care provider should screen for these
conditions by using screening tools for TMD,
fatigue, and sleep problems such as sleepiness
(e.g., Epworth Sleepiness Scale), insomnia
(Insomnia Severity Index questionnaire), SDB
(STOP-Bang questionnaire), etc.; see following
references for more information (Johns 1991; de
Leeuw et al. 2005, 2013, 2008; Chung et al.
2008a, b; Morin et al. 2011, Morin and Benca
2011; Kim et al. 2015). Consider the following:

• Risk Factors: During the clinical examination,
note if the patient has: (1) obesity; (2) large
neck; (3) retrognathia, deep and narrow palate
and narrow arch, large tonsils and adenoids
(as determined by imaging or by deep throat
examination); (4) tooth wear for bruxism indi-
cation, low diagnostic discrimination (1–3 are
risk factors for sleep breathing disorders).

• Orofacial Pain: Identify the type of orofacial
pain including its duration, intensity and local-
ization, and time of the day (morning-awake
vs. afternoon-evening). Ask the patient to
keep, if possible, a 24-h diary to monitor
periods of pain exacerbation, time and duration
of daily naps, sleep time and wake time, pain
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episodes during sleep, and triggers such as
alcohol, food, work, and exercise.

• Other Pain: Identify other types of chronic pain
reported by the patient (see Table 1).

• Life Events: Identify any stressful life events
(e.g., work-related, divorce, a sick person at
home) and traumatic events (e.g., minor trau-
matic brain injury that may trigger transient to
chronic insomnia, musculoskeletal pain, and
headache).

• Medication Usage: Review medication use,
type and dose, time of intake. Also review
use of other treatments in the day (e.g.,
physical therapy, CBT).

• Mood: Identify mood alterations (e.g., lack of
energy or interest in daily activities, feeling of
helplessness, sleep changes, unexplained aches
and pains) possibly associated with depression
and vulnerability for catastrophizing associ-
ated with higher risk of pain chronicity.

• Sleepiness: Identify the risk of sleepiness (e.g.,
falling asleep easily in daily activities,
watching TV or driving); the Epworth Sleepi-
ness Scale questionnaire is a guiding tool
(found by WEB search; scores over 10–12
require medical evaluation). This is a preven-
tive measure for a work or transportation
accident.

• Fatigue: Identify concomitant fatigue (distin-
guish fatigue related to a boring life event from
a low energy type of fatigue or chronic fatigue
syndrome) that is a prevalent comorbid condi-
tion to chronic pain.

• Insomnia: Assess the risk of insomnia (i.e.,
more than 20–30 min in falling asleep or diffi-
culty to resume sleep if awakened during the
night) as a major comorbid risk factor for
chronic pain. The Insomnia Severity Index is
a valid tool that can be a useful.

• Sleep Habits: Identify poor sleep behaviors
or hygiene (e.g., irregular sleep schedule,
difficulty to wake up in the morning, disrupted
sleep environment, frequent use of medications
or alcohol that alter sleep), sleep position
(supine position is associated with higher risk
of sleep bruxism and SDB), intense activity or
exercise in the evening.

• Movement Disorder During Sleep: Question
the patient to determine if any PLMs are pre-
sent (e.g., leg kicks that will increase sleep
fragmentation above a cumulative threshold
of events/h of sleep). Note an additive or a
cumulative influence on sleep arousal. Also
determine if body rocking or other involuntary
and/or violent movement (e.g., REM Behavior
Disorder)

• Assess if any snoring, alone or with SDB
(upper airway resistance or apnea-hypopnea,
cessation of breathing with reduced oxygena-
tion with concomitant sleepiness), may con-
tribute to increased sleep fragmentation and
poor sleep quality complaints. The Bang or
STOP questionnaires are valid tools to be used.

Management of Orofacial Pain
and Related Sleep Disturbances

There are a variety of therapeutic approaches
advocated for patients with chronic pain, includ-
ing orofacial pain, accompanied by disturbed
sleep. (Lavigne et al. 2011a) These include
cognitive behavioral therapy (CBT) and manual
therapies to medications, oral appliances, and
respiratory devices (for further information, see
chapters on Sleep Medicine, Sleep Bruxism, and
Oral Appliance Therapy for Sleep Disordered
Breathing). The section below “Management
Route for Orofacial Pain and Sleep Complaints:
Guidance on Steps to Follow” lists items that the
clinician needs to consider in the management of
patients presenting with both orofacial pain and
sleep disturbance, keeping in mind the limited
evidence on their efficacy and efficiency in clini-
cal practice.

CBT is often used in the management of
pain patients and patients with disturbed sleep
(Tang 2009; Tang et al. 2012a). The superiority
of CBT for insomnia, carried out over 8 weeks,
was higher at 6 months than behavioral or cogni-
tive approaches alone, although the latter two
approaches had a faster initial response (Harvey
et al. 2014). Use of CBT has also been reported to
be beneficial for TMD pain and seems to be espe-
cially beneficial if CBT is customized to the
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patient since some are nonresponders due to var-
ious psychological factors including poor coping
ability and higher catastrophizing (Litt et al. 2010;
Litt and Porto 2013). However, there is a lack of
studies addressing the possible use of CBT in
patients suffering from both orofacial pain and
poor sleep or insomnia.

Manual therapies such as physical or osteo-
pathic approaches are often prescribed to patients
with TMD or other orofacial pain, but two
recent systematic reviews and meta-analysis
have revealed that they have a low to moderate
effect size (Calixtre et al. 2015; Armijo-Olivo
et al. 2016). And again, like CBT, the benefit of
manual therapies for orofacial pain and comorbid
sleep disturbance remains to be investigated.
However, one recent study did compare manual
therapy (exercise, posture, ultrasound-coolant),
pharmacotherapy (analgesic, muscle relaxant,
and tricyclic antidepressant), and use of occlusal
splints in TMD patients, and found that pain was
reduced to a similar extent by all the three treat-
ments, and the sleep complaints (that were most
common in older patients in the study) also
improved in the study’s 20-year-old subjects
(Karibe et al. 2014).

Pharmacological approaches have limited
evidence to indicate their effectiveness in manag-
ing orofacial or TMD pain and poor sleep. Fur-
thermore, most medications are used off-label for
managing cases with both pain and poor sleep.
Mild analgesics, alone or in combination with a
muscle relaxant, are commonly used for clinical
cases reporting both pain and poor sleep quality
together, but solid evidence is lacking on their
benefit and effectiveness for such cases. A recent
comparative study of placebo and two muscle
relaxants (tizanidine and cyclobenzaprine) given
over 3 weeks along with patient education and
self-care demonstrated an equipotent benefit on
sleep or pain with the three study groups (Alencar
et al. 2014). Amitriptyline and duloxetine (both
antidepressive medications), gabapentin and pre-
gabalin have been reported to reduce pain and
slightly improve sleep quality in many chronic
pain patients. Again, there is no evidence-based
data for orofacial pain and poor sleep, plus
conflicting findings have been reported for

duloxetine on sleep (Häuser et al. 2011, 2013;
Boyle et al. 2012).

Use of botulinum toxin for orofacial pain has
been reported but remains controversial, and
again there has been a lack of investigations spe-
cifically in cases with orofacial pain and poor
sleep associated with orofacial pain (Nixdorf
et al. 2002; Sunil Dutt et al. 2015). Finally,
as noted above, a particular contraindication is
opioid use in the evening for chronic pain
patients with SDB; this is because of the increased
risk of respiratory depression, namely central
sleep apnea. These patients might be helped by
an airway pressure device, such as servo ventila-
tion (Rose et al. 2014; Cao et al. 2014; Shapiro
et al. 2015).

Complementary and Alternative Medicine
(CAM) includes use of massage, relaxation,
yoga, and herbs or melatonin, etc. All have been
used for pain and sleep disorders alone and effi-
cacy is still controversial (De Silva et al. 2010;
Sarris and Byrne 2011; Cassisi et al. 2013; Ander-
sen et al. 2015; Cheung et al. 2015). There are
about 22–60% of TMD patients who seem to have
used various CAM approaches (DeBar et al. 2003;
Raphael et al. 2003). The benefit of such methods
alone or in combination for pain and sleep inter-
actions is unknown. It might be expected that
responders do have a regular use of CAM (e.g.,
yoga, relaxation), and so motivation and belief
are important to be considered. In fact, it has
been reported that yoga practitioners are more
physically active and 50% use dietary supple-
ments; thus a cultural difference or phenotype
may characterize users/responders to CAM
(Sharpe et al. 2016).

Respiratory devices (e.g., CPAP or mandibular
advancement devices [MAD]) for patients with
comorbid orofacial pain and disturbed sleep also
lack a good evidence base. There is some recent
evidence suggesting some potential benefit of
both CPAP and MAD for transient morning head-
aches in patients with or without sleep apnea
(Gold et al. 2004; Franco et al. 2011), but random-
ized controlled clinical studies are needed before
conclusions can be made about the benefit and
safety of such approaches for orofacial pain
patients with disturbed sleep.
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Given the very limited investigation and evi-
dence of the effectiveness of the several therapeu-
tic approaches advocated for treating orofacial
pain patients suffering also from poor sleep, the
next section “Management Route for Orofacial
Pain and Sleep Complaints: Guidance on Steps
to Follow” is a tentative step-by-step management
route that might be followed with these patients.

Management Route for Orofacial Pain
and Sleep Complaints: Guidance
on Steps to Follow

Step 1: Diagnosis and screening

• Assess, by screening, for the presence of con-
comitant sleep disorders such as: insomnia,
SDB/apnea-hypopnea, PLMs, sleep bruxism,
sleep-related headache (morning or during
sleep/may be secondary to sleep apnea), day-
time fatigue, or sleepiness conditions. Contrib-
uting psychosocial variables need also to be
identified. For bruxism and orofacial pain,
oral medicine specialists have the expertise
for the diagnosis; for the other conditions refer-
ral to a physician is recommended.

Step 2: Pragmatic advice to the patient

• Provide basic empirical sleep hygiene advice
on features such as:
– Sleep environment (e.g., bedroom dark,

cool and quiet; nonnoisy sleep partner
(if the partner snores: use of earplugs or
sleeping in a different room may help)).

– Wake–sleep cycle (e.g., regular bedtime and
morning awakening schedule).

– Lifestyle habits (e.g., avoid intense or trou-
bling evening discussions, intense exercise,
coffee or smoking or alcohol intake in the
3–6 h before sleep). Explain the benefits of
regular mild exercises (walking, etc).

– Refer the patient when indicated to a phys-
ical therapist and/or psychologist for CBT;
the therapist has to integrate approaches for
both pain and disturbed sleep.

Step 3: Initiate short-term therapy

• Over-the-counter medications. An analgesic,
either alone or combined with a muscle relax-
ant (e.g., methocarbamol), or with sleep aids
(e.g., diphenhydramine), administered in the
evening. Under such medication, the patient
should not drive, fly, sail or ski, etc., or use
dangerous tools or heavy machinery, due to
sleepiness and lower reflex responsiveness.

• Prescribed medications: Muscle relaxant or
sedative (e.g., cyclobenzaprine, clonazepam
(no direct evidence; lowest dose and only 1–3
nights a week because of risk of dependence
with clonazepam)). Again, the patient should
not drive or use dangerous tools, etc., due to
sleepiness and lower reflex responsiveness.

Step 4: Collaboration

• Enlist the help of a specialist in sleep medicine
who may prescribe the following to facilitate
sleep continuity or stability in order to realize a
level of good restorative sleep quality: e.g.,
zolpidem; trazodone 1–3 nights a week;
low-dose amitriptyline or duloxetine (this last
one may have opposite effect on sleep) or
similar mood medications; gabapentin or pre-
gabalin (at bed-time, lowest dose possible).

• Consider the possibility of CAM approaches
and MAD (in neutral position as a retainer to
prevent retrusion of the mandible during sleep
or titrated in protrusion depending on the
severity of the apnea-hypopnea index) if SDB
(apnea) is suspected.

Conclusions and Future Directions

This chapter has provided an overview of pain,
especially orofacial pain, as well as of sleep and
the mechanisms that underlie pain and sleep inter-
actions. The impact of chronic pain on sleep can be
described as a circular relationship with mutual del-
eterious influences reflected in an increase in pain
and disrupted sleep. While considerable insights
have been independently gained of the processes
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that underlie orofacial pain and those involved in
sleep, only limited knowledge still exists of the
mechanisms underlying the interactions between
pain and sleep. Thus, these mechanisms represent
an important focus for future research to address,
through studies that utilize animal models and
experimental studies in humans.

In the case of diagnosis and treatment, current
evidence suggests that therapeutic approaches
need to be targeted at both reducing the pain and
improving sleep for the effective management of
the orofacial pain patient with concomitant dis-
turbed sleep. The role of the oral medicine spe-
cialist is to identify (e.g., screen) why the orofacial
pain patient may be complaining of poor sleep.
First, the clinician must exclude the role that fac-
tors such as lifestyle and poor sleep habit/hygiene
may be playing. Secondly, the clinician should
assess if there might be coexisting other pain
states (e.g., arthritis, CWP) or other comorbid
psychological and/or sleep factors (e.g., anxiety,
mood/depression, insomnia, PLMs, apnea) that
might be influencing the patient’s condition.
Thirdly, if a comorbid contributing factor is
indeed suspected, the clinician should refer the
patient so that the final diagnosis of another pain
state or concomitant mood or sleep disorder is
carried out by a qualified physician.

Management of the orofacial pain patient with
concomitant disturbed sleep may include several
approaches including advice to the patient about
sleep hygiene, CBT and behavioral therapy, treat-
ments with breathing devices, or medications
when indicated. However, only a limited evidence
base exists in support of most current therapeutic
approaches to address the deleterious effects of
the interactions between sleep and orofacial pain,
especially when the pain is of a chronic nature.
More detailed investigations are called for to define
the pain and sleep interactions and to identify new
or improved diagnostic and therapeutic proce-
dures to minimize the deleterious effects of these
interactions.
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