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Abstract: Dental pain triggered by temperature differential is a misrecognized condition and
a form of dental allodynia. Dental allodynia is characterized by recurrent episodes of diffuse,
dull and throbbing tooth pain that develops when returning to an indoor room temperature after
being exposed for a long period to cold weather. The pain episode may last up to few hours
before subsiding. Effective treatment is to properly shield the pulpal tissue of the offending tooth
by increasing the protective layer of the dentin/enamel complex. This review underscores the
difference in dentin hypersensitivity and offers a mechanistic hypothesis based on the following
processes. Repeated exposure to significant positive temperature gradients (from cold to warm)
generates phenotypic changes of dental primary afferents on selected teeth with subsequent
development of a “low-grade” neurogenic inflammation. As a result, nociceptive C-fibers become
sensitized and responsive to innocuous temperature gradients because the activation threshold
of specific TRP ion channels is lowered and central sensitization takes place. Comprehensive
overviews that cover dental innervation and sensory modalities, thermodynamics of tooth struc-
ture, mechanisms of dental nociception and the thermal pain are also provided.
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Introduction

The mechanisms underlying dentin hypersensitivity (DH) evoked by thermal stimuli
are still poorly understood even if dental pain is probably one of the most common
acute pain complaints.

Typical DH is a sudden short, sharp pain of rapid onset following an appropriate
stimulus that activates nociceptors in the pulp/dentin border area. Although cold
is the most frequently reported offending trigger, the pain can be evoked by hot as
well as evaporative, tactile, osmotic and chemical stimuli. The consensus around
the case definition of DH highlights the increased stimulus transmission because
of exposed dentin and opening of the dentinal tubule network."? The diagnosis of
DH means that the pain cannot be explained as arising from any other dental defect
or pathology.

Unlike typical DH, this review focuses on atypical dental sensitivity (thermal
allodynia) in patients experiencing thermal differential between outdoors and indoors.
Symptoms occur in autumn or winter, when outside temperatures are cold. The tem-
perature gradient between outside and inside (the thermal differential) is important.
It is not a direct response to thermal stimulation caused by a typical DH, but it is the
thermal differential that causes pain. The quality of dental pain is different from that
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involved in typical DH: pain is diffuse, dull and throbbing.
It appears after a while and can last for over an hour.

The aims of this article was to report an unusual type
of dental hypersensitivity and present potential pathophysi-
ological processes leading to delayed dental pain caused by
ambient thermal differential.

Clinical context
In recent years patients have been referred to the dental school
in Quebec city for tooth pain occurring at room temperature
after being outdoors in a cold environment. They had seen their
dentist on several occasions because of remittent dental pain of
unknown cause. Treatments for DH (desensitizing toothpaste,
Duraphat®, Gluma®, etc.) were not successful. The charac-
teristics and symptoms of three patients are listed in Table 1.

The symptoms occurred during the autumn and winter
seasons when the outside temperature was cold enough.
Patients were reporting a poorly localized, dull and throbbing
pain that started within 15 minutes after returning inside
following an outdoor activity. Within 5—10 minutes, the pain
had reached a peak and then lasted for a half an hour up to
3 hours before it gradually reduced completely. Typically,
the pain was moderately severe, and the intensity could
reach 8 out of 10 on visual analog scale (VAS). None of the
patients was able to precisely pinpoint an offending tooth.
The pain could cross the midline and sometimes spread to
the opposite dental arch. Paracetamol or ibuprofen helped
alleviate the pain somewhat. Moreover, no dental pain was
reported, while patients were outside and exposed to a cold
temperature before returning indoor.

None of these patients reported a history of tooth hyper-
sensitivity to cold or hot beverages or foods. None of the

patients was a mouth breather, and all had noncontributory
medical and drug intake status. Upon clinical examination,
no pain was evoked with air blast or by scratching the surface
of the teeth with a dental probe at the cervical margin in the
affected dental arch segment. Pulp reactivity to cold test
stimulus with coolant spray (Endo-Ice®) was also normal.
The patients’ complaint could be reproduced when they
were asked to keep ice-cold water in contact with their teeth
for at least 30 seconds and then take and retain hot water in
their mouth for at least 1 minute. Although the elicited pain
was less severe and of a short duration, all the patients could
confirm the similarity and familiarity of the evoked pain.
Electrical pulp testing of the teeth in the affected dental arch
showed at least one tooth with extremely low threshold for
tingling/pain compared to the contralateral side.

Applying orthodontic wax, which serves as insulation on
the targeted teeth (causal teeth), during outdoor activities,
helps to relieve pain. This confirms the diagnosis of pain
induced by a thermal differential.

Dental primary afferent neurons

and tooth sensory modalities

Tooth sensitivity rests on primary afferent nerves that have
their cell bodies in the trigeminal ganglia (TRG). Sensory
afferents entering into the tooth are large-diameter myelinated
AB-fibers, medium-diameter lightly myelinated Ad-fibers and
small afferent unmyelinated C-fibers.? The Ad-fibers are fast-
conducting afferents responsible for the instant sharp pain
induced by stimuli in the noxious range. The unmyelinated
C-fibers are high-threshold nociceptors with slow conduc-
tion velocities implicated in the dull aching sensation that
develops after the sharp pain. For the most part, C-fiber

Table | Characteristics and symptoms of three patients with atypical tooth sensitivity

Characteristics Patient |

Patient 2 Patient 3

Gender/age (years) Female/53
Chief complaint

Pain characteristics Diffuse, dull and throbbing

Female/55 Female/49

Dental pain after being outdoor in a cold environment and going back to a “physiological temperature” environment

Set off after a short latency and may last several hours

VAS 6
Pain alleviation Paracetamol
Causal teeth* 11-21

Clinical examination

Cervical light-cure glaze on exposed dentin at the cervical

8 8
Paracetamol or ibuprofen
11-21-42

<| mm exposed dentin at

Paracetamol
11-21
Composite facet

findings margin (S| mm); Class Ill composite 11; 21, the cervical margin

Cold test Normal Normal Normal

Electrical pulp test ++ ++ +

Diagnosis Dental pain induced by thermal differential allodynia

Treatment Veneer facet Protective soft mouth guard Veneer facet reflection

Note: *Universal tooth numbering system.
Abbreviation: VAS, visual analog scale.
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terminals are found in the pulp itself and respond only to
intense stimuli reaching the pulp. Among other small nerve
fibers found in the pulp are postganglionic sympathetic
efferent nerves that innervate the pulpal blood vessels and
parasympathetic nerves possibly implicated in the regulation
of pulpal blood flow (PBF).

The major players mediating tooth pain sensations are
clearly Ad-fibers and C-fibers, but a few AB-fibers might also
act as nociceptors although most are probably low-threshold
mechanotransducers.*

Tooth thermomechanical behavior

According to Lin et al,’ the thermal tooth behavior relates to
both a conduction process and tooth physiological processes.
The transfer of heat or cold between the different parts of
the tooth and its consequence depend on the thermophysical
properties of enamel and dentin along with the physiological
processes happening in the dentinal tubule and the pulpal tis-
sue.’ The thermal insulating capacity of the enamel prevents
hot or cold stimulation eliciting dental pain in an uninflamed
healthy tooth; however, thermal variations will affect both
the dental structure and the dentinal fluid flow.® Applying
a thermal stimulus that creates an initial large temperature
gradient at the outermost enamel surface causes rapid flexural
deformation before any temperature is transferred deeper
into the tooth structure and change is detected at the dentino-
enamel junction (DEJ).” Thus, thermally induced enamel
flexure could explain the structural deformation observed
at the pulpal wall following intense thermal stimulation.”
With finite element simulation and thermal stimuli recorded
experimentally, Linsuwanont et al” showed that a flexure
(expansion with hot or contraction with cold) follows large
temperature gradients at the enamel surface, which then leads
almost immediately to a mechanically induced biphasic strain
response at the pulpal dentin surface. It is now suggested that
this mechanically induced strain response at the pulpal dentin
wall initiates the fluid flow movement in the dentinal tubule
after thermal stimulation. Thermal stimulation causes den-
tinal fluid movement. The predominant pattern of fluid flow
in the dentinal tubules is inward toward the pulp with heat
stimuli and in the opposite direction away from the pulp with
cold stimuli. The time required to detect fluid movement in
response to thermal stimulation was shorter for hot compared
to cold, and for both types of stimuli, initial fluid movement
within the dentinal tubule preceded the temperature change
at the DEJ by about half a second.® With extreme thermal
stimuli, a bidirectional fluid flow has also been observed, that
is an initial flow occurring in the opposite direction of the

predominant pattern right after the application of the thermal
stimulus and before the temperature change is detected at
the DEJ.3-!!

The bidirectional response was also observed more fre-
quently after increasing intrapulpal pressure. Linsuwanont
et al® suggested that, in a clinical situation, the dentinal
fluid movement in teeth with pulpal inflammation (increase
in intrapulpal pressure) may respond differently to thermal
stimuli in comparison with teeth with normal physiological
pulpal pressure.

Mechanisms of dental nociception
Dental pain can result from mechanical, thermal, chemical,
evaporative and osmotic stimuli. The exact mode of transmis-
sion of stimuli across the tooth structure and more specifically
how heat and cold generate the pulpal nerve impulse to elicit
apainful sensation are far from clear and the subject of much
debate. Three theories for pulp nerve activation have been
proposed, but none can entirely explain the various tooth
sensory modalities.’

“The neural theory” contends that the pulpal nerve
endings are directly activated by external stimuli, and the
transduction of a specific stimulus to an electrical nerve
impulse is mediated by nociceptive receptors expressed in
dental primary afferent neurons. Consistent with the most
common view, immunohistochemical analysis showed that
the majority of dental afferent neurons were small-diameter
nociceptors and expressed nociceptive-specific ion chan-
nels among which TRPV1, TRPV2, TRPA1, TRPMS, P2X,
and P2X, were found in subsets of neurons.'>"* TRPA1 and
TRPMS are cold/mechanosensitive and cold-sensitive ion
channel receptors with the threshold of <25°C and <17°C,
respectively, whereas TRPV1 and TRPV2 are warm-
sensitive receptors with respective thresholds of >43°C and
>52°C, respectively.'* Besides heat, TPRV1 receptors can
be activated by capsaicin and at room temperature when the
proton concentration is increased (<pH 6.0) as is frequently
seen in inflammatory conditions.'>! Because TRPV1 was
shown to induce the release of inflammatory mediators (SP,
CGRP), it may play an important role in pain detection and
tissue inflammation. TRPA1 is frequently co-expressed with
TRPV1, and both are likely to play an integral role in pain
and neurogenic inflammation via the activation of sensory
nerves at central and peripheral levels."” P2X, and P2X are
specific purinergic ionotropic membrane receptors that are
activated by extracellular ATP, which has also been shown
to potentiate TRPV 1 responses by lowering the temperature
threshold for heat activation.'
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“The odontoblastic transduction theory” states that the
odontoblasts act as sensory transducers of noxious stimuli
into electrical signals transmitted to neighboring nerve end-
ings. The strategic location and proximity of odontoblasts
with nerve endings along with the various plasma membrane
proteins they express make them a key multimodal cell for
sensing both external dental stimuli and pulpal changes."”
Odontoblasts are ciliated cells lying at the peripheral border
of the pulp close to the dentin. They possess a cellular pro-
cess that extends into the dentinal tubules to approximately
one-third of dentin thickness. Primary afferents innervating
the dental pulp form a dense neural plexus just beneath the
odontoblast layer. Several mechano/thermosensitive chan-
nels belonging to the TRP superfamily (TRPV1, TRPV2,
TRPV4, TRPA1, TRPMS) are expressed on the odontoblastic
membrane.®!*172! These receptors may enable odontoblasts
to detect fluid movements within the dentinal tubules that
are induced by external stimuli and thus play a role in the
transduction of heat and cold stimuli as well as dental pain.
El Karim et al'* have clearly demonstrated a potential role for
TRPA1 and TRPMS in transduction of noxious cold responses
in odontoblasts as well as TRPV1 responses to noxious heat.
Odontoblasts may have a critical role not only in transduction
of thermal stimuli but also in mediating pain and inflamma-
tion. The direct excitability of odontoblasts is now regarded
as highly plausible with the identification of voltage-gated
(NA, K) and calcium-activated channels.'>'” Shibukawa et
al® provided good evidence that odontoblasts could indeed
act as sensory cells and detect the hydrodynamic force inside
dentinal tubules. These authors showed that mechanically
stimulated odontoblasts release ATP through PANX-1 that can
actas a neurotransmitter for P2X receptors located on pulpal
neurons to drive the sensory transduction sequence for elicit-
ing dental pain.?® This has led them to propose a new model
called “odontoblast hydrodynamic receptor theory” to explain
the sensory generation mechanism underlying dentinal pain.?

“The hydrodynamic theory” is the most widely accepted
theory which involves dentin sensitivity on stimuli-induced
fluid movements in the dentinal tubules and the consequent
activation of nociceptors in the pulp/dentin border area > 101!
Because dentinal fluid is a natural hydraulic linkage between
the environment and the pulp nerve endings, flow changes
would explain tooth pain elicited by innocuous stimuli
such as an air puff or water spray on dentin lacking enamel
coverage. Mechanical forces generated by the movement of
dentinal fluid can create sufficient shear stresses on intra-
tubular nerve terminals to activate putative mechanosensitive
ion channels and induce dental pain sensation.”!® This is in

line with data showing that fluid movement within dentinal
tubules in response to thermal stimulation precedes tempera-
ture change at the DEJ and pulpal surface of the dentin.>*°
As mentioned earlier, the predominant dentinal fluid flow is
outward with cold stimulation and inward with hot stimula-
tion. The velocity of fluid movement occurring between the
tubular wall and the odontoblast cellular process extending
into the tubules with beaded nerve terminals may produce
enough shear forces to activate ion channels colocated on
odontoblast and nerve endings. These activations generate
nerve impulses and cause sensory response.®

Additional considerations

Pulpal blood flow and thermoregulation
Thermoregulation is controlled by vascular responses under
the influence of the autonomic nervous system.?? Tissue cool-
ing causes fast arteriolar and capillary vasoconstriction, while
vasodilation will counteract the warming of tissue. Raynaud’s
phenomenon is a common clinical disorder with symptoms
often associated with exposure to cold temperatures.? During
the recovery stage, the vasodilatation due to tissue warming
causes pain. Although Raynaud’s phenomenon continues to
elude investigators, several central and peripheral mechanisms
are believed to be involved in the underlying pathophysi-
ological processes (vascular and intravascular abnormalities,
endothelial dysfunction, neural abnormalities).?* The pulp is a
highly vascularized tissue, and the PBF has a significant role in
tooth thermal behavior, that is, a significant increase when the
temperature rises above 42°C and a significant decrease during
cooling.’?* It is then possible that the vascular thermoregula-
tion of pulpal tissue following a sustained exposure to a cold
outdoor temperature increases the intrapulpal pressure when
returning to a warmer temperature, which in turn activates ion
channel thermo/mechanosensitive receptors co-localized on
nerve endings and odontoblasts. The magnitude of the thermo-
regulatory process that such temperature change could elicit
and how it would affect PBF have yet to be investigated.” On
the other hand, the vasoactive neuropeptides SP and CGRP
released by C-fiber activation following temperature stimuli
may increase PBF rate and thus the intrapulpal pressure.?
However, some authors consider the influence of PBF negli-
gible in clinical settings because the pulpal vasculature blood
volume is too low.?

Bleaching sensitivity

Patients undergoing teeth-bleaching procedures often com-
plain of unprovoked painful or tingling sensations for a period
of time.?* The main mechanism underlying bleaching pain is
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not intradental activation of mechanosensitive ion channels
by fluid shift in the dentinal tubules (hydrodynamic theory).
With their low molecular weight and capacity to denature
tissue protein, bleaching agents diffuse through enamel and
into the dentin. They contain free radicals and release toxic
components that have the capability under certain circum-
stances to reach the dental pulp and thus induce an inflam-
matory response especially when dentin thickness fails to
provide a good enough protective barrier.?° The presence of
free radicals generates oxidation by-products shown to be
potent activators of cold sensor TRPA1 channels expressed
on C-fiber nociceptive pulpal afferents.?” Hence, the direct
activation of TRPA1 ion channels and C-fiber firing could
explain the dull and annoying pain caused by bleaching
agents.?® As hypothesized by Markowitz,” the release of
ATP and prostaglandins that accompany pulp tissue damage
would have an excitatory effect on pulpal nociceptors and
consequently lead to peripheral sensitization through neuro-
genic inflammation caused by increased levels of vasoactive
neuropeptides such as SP and CGRP in pulpal tissue.

Dental nociceptor contribution to

peripheral and central sensitization

Upon noxious thermal, mechanical and chemical stimulation
of the nerve terminals within the pulpodentin complex, the
activation of peptidergic fibers causes the local release of
vasoactive neuropeptides such as SP and CGRP. These neu-
ropeptides are potent vasodilators, and they produce plasma
extravasation and cell release of chemical mediators that act
on certain receptors and ion channels of the nociceptive nerve
endings. By virtue of their action nerve endings, activation
thresholds are lowered and may show an enhanced response
to subsequent noxious stimulation.’%3! Consequently, nerve
endings may start responding to innocuous stimuli. By their
effect on vascular permeability, pulpal blood pressure, mast
cells and other immunocompetent cells, the spreading of SP
and CGRP released by peptidergic fibers contributes to the
genesis and maintenance of local neurogenic inflammation.
Hence, peripheral sensitization then leads to hyperalgesia,
allodynia and spreading pain. The sustained barrage of
peripheral nerve inputs mediated by neurogenic inflamma-
tion to the trigeminal brainstem nuclear complex may lead
to prolonged neuroplastic alterations in nociceptive path-
ways and thus central sensitization. Dental primary afferent
nociceptive fibers can undergo phenotypic changes and
start responding to non-painful stimuli.*® The mechanisms
of trigeminal central sensitization are complex and underlie
the increased excitability of nociceptive pathways secondary

to inflammation and peripheral tissue injury.** Interestingly,
the upregulation of nerve growth factors (NGFs) in inflamed
tissue can sensitize TRPV1 ion channels and thus partici-
pate in peripheral sensitization and inflammatory heat pain
hypersensitivity.!* Both TRPV1 and TRPA 1 may also play an
integral role in pain and neurogenic inflammation via sensory
nerve activation at both a central and a peripheral level.'

Discussion

The most widely endorsed explanation for DH (localized,
sharp, brief, acute pain) is the involvement of the Ad-fibers
by the activation of mechanosensitive nociceptors via dentinal
fluid movement in the tubules (hydrodynamic theory). This
dental allodynia (diffuse, dull, deep, sustained pain) induced
by an ambient thermal differential that goes from cold to
warm but not the reverse would involve sensitized C-fibers
expressing mechano- and heat-sensitive nociceptors as well
as central sensitization processes. After repeated exposure to
a temperature gradient, phenotypic changes are taking place
in pulpal nerve endings of dental afferents in selected teeth.
Peptidergic fibers become responsive to innocuous environ-
mental stimuli, which result in a prime state of “silent” or
“low-grade” neurogenic inflammation induced by the release
of vasoactive neuropeptides. Teeth are asymptomatic but have
a hyperresponsiveness to electrical testing. This suggests
a lowering of the pain threshold of C-fibers at the thermal
level. With the installment of peripheral sensitization, the
activation threshold of TRPV1 ion channels is lowered, and
C-fibers become responsive to usually innocuous temperature
gradient (from cold to warm). Hence, recurrent activation of
C-fibers can set off the hemodynamic alterations leading to
a transient state of pulp inflammation. Moreover, the activa-
tion of heat-sensitive TRPV1 channels co-localized on non-
neuronal cells can contribute to the release of inflammatory
mediators'®*and play an important role in thermal hyperalgesia
associated with the mediation of pulpal inflammation.!*
Co-expression of TRPA1 and TRPV1 could also mediate
the function of polymodal nociceptors and play an integral
role in pain and neurogenic inflammation via sensory nerve
activation.'® Hypotheses of possible mechanisms underlying
dental thermal allodynia are depicted in Figure 1.

Changes in PBF and the hydrodynamic force with result-
ing shear stresses associated with dentinal fluid movements
are among potential mechanisms that could underlie the
activation of sensitized nerve terminals. Fluid flow rate in
a dentinal tubule can trigger nerve impulses and generate a
sensory response in healthy teeth. It has been shown by Lin
et al’ that compared to pure warming there is an increased
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Typical DH

Thermal/evaporative/tactile/
osmotic/chemical stimuli

Ad-fibers

Pain
Localized, sharp, brief, acute

Thermal allodynia

Sudden thermal differential
(fast passage from a cold
environment to a physiological
temperature environment)

Noxious cold
SP, CGRP
TRPA1 o TRPV1 Pulpal
Sensitization Sensitization H+, NGF inflammation
C-fibers Odontoblasts
Sensitization

(neuronal plasticity)

Trigeminal sensitive complex
Sensitization
(Neuronal plasticity)

Thalamo-cortical nociceptive
networks

SP, CGRP

Pain
Diffuse, dull, deep, sustained

Figure | Hypothesis of possible mechanisms underlying dental thermal differential allodynia.

Abbreviations: DH, dentin hypersensitivity; NGF, nerve growth factor.

fluid flow velocity and neural discharge frequency in a tooth
previously exposed to cold.. They estimated that the outward
fluid flow velocity was 140% larger than that induced by
pure cooling when heating preceded cooling. This clearly
suggests that a tooth with sensitized nociceptors could have
an enhanced response to a temperature differential that is
normally not painful.

Conclusion

This review focused on patients presenting an abnormal
thermal differential allodynia inducing delayed dental pain
when they changed from a cold environment to a warm
environment. Recognizing dental pain induced by thermal
differential as being different from classical DH is important
since it is likely that different pathophysiological processes
underlie both conditions. Ignoring that temperature gradient
may set off episodes of dentoalveolar pain that can lead to
misdiagnosis and unnecessary treatment. As more is under-
stood about this singular condition, better patient care as well
as better preventive and treatment modalities will emerge.
Novel approaches using a TRP antagonist might be a potential
avenue for treating thermal allodynia mediated by intradental

nerve sensitization.’>
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