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ABSTRACT

Background: Dental pain due to pulpal involvement is difficult to diagnose due to the apparent inaccessibility of pulp to the clinical tests,
indistinct symptoms, and referred toothache originating from the periodontal tissues. Though we have various clinical classification systems to
categorize pulpal diseases, we are yet biased about the exact pathophysiology and pain pathway associated with it. Dental pulp has a complex

physiology, and so is its pathophysiology.

Aims & objectives: To concisely reviews the basic understanding of the pathophysiology of pulp, pain pathway, and its correlation with the
classification of various clinical conditions of pulpal inflammation and periapical diseases.

Methodology: Literature search on pulpal diseases and pathophysiology from the sources: MEDLINE, PubMed, Web of Science and Cochrane
Databases dated from 1965 till December 2020 was carried on to collect 163 articles.

Results: Filtered search on the pathophysiology of pulp, pain pathway, and classification of various clinical conditions of pulpal inflammation
resulted us to precise 36 articles required for our understanding and demystifying the correlation.

Conclusion: The emphasis should be laid on understanding the minute changes occurring inside the pulp in due course of inflammation to

aid its diagnosis and a treatment plan accordingly.
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INTRODUCTION

The pulp is a unique soft connective tissue enclosed within the pulp
chamber adjoining dentinal hard tissue. It also communicates with
the periapical tissues via apical foramen and accessory canals. This
rigid pulp chamber protects the dental pulp from microbial toxins,
chemical irritants, mechanical, and thermal trauma.'

The pulp originates from the dental lamina due to the
proliferation and condensation of neural crest cells. The
undifferentiated mesenchymal cells of the dental papilla, under
a specific stimulus, differentiate into stellate-shaped fibroblasts
at the center and odontoblasts at the periphery of the pulp. The
pulp organ undergoes organization and is innervated by axons
from nerve fibers that accompany blood vessels forming the
neurovascular bundle of the pulp core."?

Dental pain due to pulpal involvement is difficult to diagnose
due to the apparent inaccessibility of pulp to the clinical tests,
indistinct symptoms, and referred toothache originating from
the periodontal tissues. The initial response of pulpal irritation is
inflammation, eventually leading to pulp necrosis and periapical
pathosis by spreading in the surrounding alveolar bone if
unattended. Asepsis like purulent sinusitis, meningitis, brain
abscess, orbital cellulitis, cavernous sinus thrombosis, Ludwig,
angina, emphysema, mediastinitis, thrombophlebitis, etc., are
also life-threatening serious consequences of an untreated pulpal
pathosis.>* Thus, in-depth insight into the histophysiology of
mature pulp, along with brief pain history, thorough clinical
examination, and diagnostic tests, are essential for an accurate
diagnosis and efficacious treatment outcome.
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BACKGROUND

Histophysiology of Dental Pulp

The pulp comprises cells (fibroblasts, odontoblasts, defense cells,
undifferentiated mesenchymal cells) and collagen fibrils within
a framework of the extracellular matrix that supports the cells
and also serves as a channel for the transport of nutrients and
metabolites from blood vessels to cells within the pulp.”
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Pulpal Diseases and its Progression

The fibroblasts are the most densely populated cells in pulp,
maintaining the turnover rate of collagen fiber bundles of the pulp
matrix. They also mediate the process of inflammation by secreting
fibroblast growth factor-2, vascular endothelial growth factor, and
cytokines that promote the healing of the pulp core.!

Odontoblasts are the second densely populated cells in the
pulp that help in dentin formation. Undifferentiated mesenchymal
cells, along with odontoblasts, retain the ability to form dentin
throughout life by differentiating into dentin-forming cells
under stimulus. Odontoblasts secrete the dentinal matrix and
retreat towards the pulp center resulting in the production of
wavier secondary dentin circumferentially with fewer tubules.
Odontoblasts, along with fibroblasts, endothelial cells, and
pericytes, differentiate by stimulation of tissue growth factor-f3
to produce reparative dentin at the pulp surface of primary
dentine as a response to adverse stimuli.>” The morphology of
the odontoblast is such that it has a cell body present in pulp
and a fine odontoblastic process that extends peripherally into
the dentinal tubules. The dentinal tubules contain dentinal fluid
and odontoblastic processes, which collectively behaves as a
positively charged hydrogel capable of arresting bacteria entering
the pulp.® Defense activity of pulp is further enhanced by the
rate of the outward flow of dentinal fluid inhibiting the diffusion
of toxic substances into the tubules from the oral cavity.'%"
Possible buildup ofimmune complexes and precipitation of high
molecular weight proteins like fibrinogen in the dentinal fluid
reduces the dentin permeability by constricting the functional
radius of dentinal tubules.?

The dental pulp also harbors a unique cell population called
undifferentiated mesenchymal stem cells that are pluripotent
in nature and are capable of differentiating into characteristic
cell populations as required or in demand by stimulation in pulp
diseases. The mature pulp core fosters defense cells (lymphocytes,
eosinophils, plasma cells, and mast cells) and antigen-presenting
dendritic cells that assist in regulating immunosurveillance against
the spectrum of microbes.'

Microcirculation of Pulp

The dental pulp is a richly vascularized tissue on par with the most
vascular parts of the brain and tongue.'* Alveolar artery, a tributary
of the maxillary artery, enters the tooth via arterioles resulting inan
individual pulp microvasculature arranged in a hierarchical system.
The arterioles are present at the center of the pulp, and they course
peripherally to form a capillary network providing a nutritive supply
to odontoblasts. Draining of blood occurs at the center of the pulp
into the venules."”™"

The estimated blood flow in a mature pulp is around 40-50 mL/
minute/100 gm of pulp tissue, relatively higher compared to other
oral tissues and skeletal muscles.'”®?° Dental pulp is nonexpandable
due to surrounding hard tissue and thereby cannot accommodate
the increase in the volume of blood flow in the pulp. The onset of
alterations in pulp microcirculation are the first changes to occur
during pulpal inflammation.?"22

Odontoblasts regulate the blood flow in the pulp and the
development of inflammation in the pulp. An enzyme nicotinamide
adenine dinucleotide phosphate (NADPH)—diaphorase present
in odontoblasts produces nitric oxide, a potential vasodilator that
synthesizes the inflammatory mediator PGI causing excitation of
surrounding nerves resulting in brief pain.

Theintrapulpal pressure during inflammation is maintained by
the following mechanisms?>24:
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+ Various shunts that is, arteriovenous anastomoses and venous
anastomoses that open in response to increased pressure that
maintains blood flow bypassing the capillary bed.

« The framework of ground substances, like proteoglycans and
glycoproteins, also confine the inflammatory reaction.

« Positive net capillary filtration pressure causes movement of the
fluid into the extraluminal fluid space balanced by lymphatic
fluid return.

« The increased pressure causes fluid movement in dentinal
tubules that eliminates the microbial by-products.

Failure to maintain homeostasis due to bacterial toxins and

inflammatory mediators results in vasodilation. Consequentially

raising the intrapulpal pressure, thereby collapsing the entire thin-
walled blood vessels leading to focal ischemia and pulpal necrosis.'®

Neurophysiology of Dental Pulp

The pulpisrichly innervated by afferent nerve endings of trigeminal
cranial nerves. These nerve fibers maintain close proximity with
the blood vessels forming the neurovascular bundle. In the
subodontoblastic zone, these fibers form a delicate network called
as plexus of Raschkow. Large myelinated A-6 and A-{3 fibers of about
2.5 um diameter and smaller unmyelinated C fibers of (0.3-1.2) um
are the major constituents of the plexus. These sensory nerve fibers
areabundantin the cell-rich zone and odontoblastic regions. These
nerve fibers lose their myelin sheath and form free nerve endings
which penetrate up to 150-200 pm through the odontoblastic
zone into the predentin zone next to odontoblastic processes.?
A-6 fibers are peripherally located at the coronal portion of the
pulp crowded at the pulp horn region, while C fibers are located
at the pulp core extending into the cell-rich zone.

Pain Pathway and Pathophysiology of Pulp

Several hypothetical theories have been put forth to decode the
transmission of pulpal pain, that is, hydrodynamic mechanism,
odontoblastic transduction, and dentine innervation. Dentin
innervation theory states direct mechanical stimulation of free
nerve endings in the dentin enamel junction will initiate an action
potential causing pain. Confinement of free nerve endings in
the inner one-third of the dentin and failure of pain-producing
substances like bradykinin to induce pain when applied to dentin
resulted in disapproval of this hypothesis. The transduction theory
states odontoblasts transduce a mechanical stimulus and transfer
that signal to closely packed nerve terminals. Odontoblasts being
matrix-forming cells, cannot be excitable, and the absence of their
synapses with nerve terminals unable its chemical transmission
questioned the transduction hypothesis.

The hydrodynamic theory is the most acceptable among the
three. It states that the free nerve endings in the periphery of the
pulp are extremely sensitive to fluid movement due to sudden
pressure changes. The dentinal tubules in dentin consist of water-
like dentinal fluid. The cold stimulus and compressed air extract
the tubular fluid from the outer surface, causing its outward flow,
while heat, chewing, and loosefillings drive the tubular fluid toward
the pulp. This rapid fluid movement, both in and out, induce a
direct mechanical deformity on low threshold A-§ fibers within
the tubules and peripheral pulp. It will also induce concomitant
movement of odontoblasts, causing deformity of the nerve fibers
in contact with their process or cell body. The deformity of nerve
fibers increases the sodium ion (Na*) ions permeability. The rapid
effusion of Na* depolarizes A-6 fibers initiating an action potential

(pain impulse).
i



Pulpal Diseases and its Progression

Adherence of odontoblasts and nerve fibers with gap junctions
in between implies the communication of cells and a pathway
of low electrical resistance between them. The hydrodynamic
effects of fluid displacement within the dentinal tubules activate
the mechanoreceptors of sensory nerve axons. Stretch-activated
ion channels in the cell membrane of odontoblasts enable it for
mechanotransduction.

Odontoblasts have a high oxidative metabolism and are most
sensitive to ischemia. The average oxygen consumption rate of
odontoblasts is 3.2 mL/O,/minute/100 gm tissue, at par with that of
the brain tissue. The earliest signs of pulpal irritation are aplasia and
atrophy of odontoblasts. These changes occur in the odontoblast
cell layer even before the appearance of inflammatory changes in
the pulp. Hypoxia of odontoblasts due to microbial toxin infiltration
through dentinal tubules can be the main contributing factor to
the pulp inflammation.26

The pain process usually starts during the tissue damage, not
after the tissue injury. A-6 fibers produce the initial response of
rapid, sharp, and pricking pain to external stimuli without tissue
injury. Excitation of A-6 fibers so early is attributed to its peripheral
location, large diameter, the low threshold of 9.9 uA, myelin sheath,
and fast conduction at the velocity of 12-30 m/second. C-fibers
cause a slow, dull, burning, crushing, and crawling type of pain
as a response to pulpal tissue damage and inflammatory process
due to a high pain threshold of 37.4 pA, absence of myelin sheath,
smaller diameter, slow conduction at a velocity of 0.5-2 m/second.
A-&fibers are responsive to electric pulp testing (EPT), while C-fibers
need a much higher threshold than EPT for a response.?” The
excitation of the above fibers varies according to the stimulus and
intrapulpal conditions, as illustrated in Table 1.

Discussion
Classification and Sequelae of Pulp Inflammation and
Periapical Infection

The motto of any classification in diagnosis is to enable proper
communication within the academics and clear application of

Table 1: Excitation of A-6 and C-fibers to stimulus and intrapulpal
conditions

Stimulus and intrapulpal
conditions

Cold

Heat

lon effect

EPT

Hypoxia

TPulpal pressure
Hyperosmotic solutions

A-6 fibers response  C-fibers response

X

X 20X X 2.2 <2 <
< X <2< X X <

Inflammatory mediators

Table 2: Different stimulus on pulp with its reaction and outcomes

a specific treatment plan. An accurate diagnosis by a clinician
depends on precisely understanding the disease processes,
diagnostic aids being used, and limitations. A clinically normal
pulp is generally asymptomatic. A normal pulp under variable
stimulus, exposure to dentin, and age may produce a mild to
transient response.

The stimulus caused by irritants can be short-term, long-term,
and trauma depending upon their constant irritation and interference
with blood supply, as illustrated in Table 2. Short-term irritants like
cavity preparation and nonluxative traumatic injuries to the tooth
will generally cause acute inflammation followed by repair of the
tissues as theiirritant no longer persists after the moment. Long-term
irritants like dental caries, loosefillings, cracks, erosion, and traumatic
laxative injuries can result in chronic inflammation and, ultimately,
pulp necrosis if untreated because of continuous stimulation due
to the irritant and severing of blood supply to the tooth at the apex.

Dentine Hypersensitivity

Atooth with initially exposed dentin generally produces sensitivity.
Patient complaints of sharp shooting type of pain associated with
cold and osmotic stimuli, which subside immediately after its
removal. This sharp shooting type of pain is not associated with
inflammation of the pulp but increased osmotic pressure inside
the dentinal tubules stimulating a few A-6 fibers present in the
odontoblastic processes and upper periphery of pulp.

Reversible Pulpitis

The pain in reversible pulpitis is also sharp and shooting type. It
can be differentiated from dentine sensitivity by the presence of
any specific factors other than exposed dentine, like deep caries,
tooth fractures, recent restorations, open restoration margins, etc.
An initial stimulus to exposed pulp produces early morphological
changes like odontoblast hypoplasia, hypotrophy, disruption
of odontoblastic cell layers, chromatin clumping, and swollen
mitochondria resulting in hypoxia in the circulation of pulp leading
to inflammation.®

As mentioned above, in hydrodynamic theory, pain impulse is
initiated due to the stimulation of free nerve endings at the periphery
of the pulp due to increased osmosis and fluid movement inside the
pulp. The increased osmosis is generally attributed to the extraction
of tubular fluid outwards due to cold or compressed air or inward
movement of tubular fluid to heat, biting pressure on loose filling.

Reversible pulpitis can be categorized into two types—acute
and chronic reversible pulpitis. Chronic reversible pulpitis is
generally a mild discomfort while chewing or cold items. An
acute exacerbation of inflammation of the pulp due to trauma
and initial exposure of dentinal tubules here is known as acute
reversible pulpitis, which presents a sharp, shooting type of pain
aggravated on cold and sweet food items relieved immediately
after the removal of stimulus. In chronic reversible pulpitis, the
pulp may be clinically normal with a degree of fibrosis as a result
of previous stimuli.

Type of stimulus  Examples

Reaction of pulp Outcome if untreated

Healing and recovery

Pulp necrosis, infective
pulp space due to bacterial

Short term Heat produced during cavity preparation, dentine cutting and Acute inflammation
drying in cavity preparation, trauma without luxation injuries

Long term Dental caries, loose fillings, restoration breakdown, erosion, Chronic inflammation
attrition, loss of tooth integrity due to chemical irritation

Trauma Luxation injuries, avulsion Pulp necrosis

invasion, periapical diseases
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Pulpal Diseases and its Progression

No radiographic changes in and around the periodontal or
periapical spaces are seenin reversible pulpitis except radiolucency
due to loose fillings; therefore, it is considered only a provisional
diagnosis. A treatment plan in accordance with reversible pulpitis
should be done on a tooth, and a timely prognosis follow-up should
be done to check for any progression in pulp pathology. The pulp
sensibility tests should be carried out in the follow-up appointments
to check the status of the pulp, and further indicative endodontic
treatment should be performed in case of any inflammatory
development or necrosis of the pulp.

Irreversible Pulpitis

The pain in irreversible pulpitis is more intensified as compared
to reversible pulpitis. It can be classified into two types chronic
irreversible pulpitis and acute irreversible pulpitis. The pain may
arise from slight thermal changes like drinking tap water, breathing
cold air, etc. The presence of a dull, throbbing, and lingering type
of pain for a few minutes to a few hours are the classic symptoms
of chronic irreversible pulpitis differentiating it from reversible. It
may progress into a spontaneous, continuous, and highly intensified
pain worsening during sleep or lying down with or without any
thermal stimulus, known as acute irreversible pulpitis. The tooth, in
acute cases, may be tender to bite and percussion both horizontal
and vertical, indicative of the spread of inflammation to the
periapical tissues. No definite radiographic changes are seen in
any form of irreversible pulpitis.

The initial lingering type of pain in irreversible pulpitis is
due to the stimulation of the majority of A-& fibers in the plexus
of Raschkow present in and around the superficially and sub-
odontoblastic zone of the pulp. The increased pulp tissue pressure
due to capillary vasodilation and transudation of fluids needs
to be accommodated by an increase in the volume of the pulp
tissue.?® Capillary vasodilation is caused by nitric oxide, a potential
vasodilator that is produced by an enzyme NADPH-diaphorase
present in odontoblasts.3%3" Dental pulp has resilient gelatin-like
material ground substances, that is, proteoglycans, glycoproteins,
and reinforced collagen fibers, which makes it firm and hard to
expand. Inability to expand of pulp results in increased intrapulpal
pressure at the site of irritation resulting in the collapse of venules
at the region, causing vascular stasis and ischemia, and ultimately
cell death in the region.3? This increased intrapulpal pressure
synthesis of inflammatory mediator prostaglandin (PGI) 2 causes
mechanotransduction of nociceptors in nerve endings resulting
in hyperalgesia. The increased intrapulpal pressure combines with
inflammatory mediators in stimulating the low pain threshold C-
fibers, causing intensified pain in acute irreversible pulpitis. The
complex microvascular dynamics of the pulp are attributed to the
change in irreversible pulpitis from a chronic asymptomatic form
to an exaggerated acute pain within a few hours.

Like any other chronic infection, chronic pulpitis, too, has to
pass through an acute phase. But the interesting part is that in the
case of primary teeth, the acute phase is almost untraceable due
to the aggressive pace of the spread of inflammation. This can be
attributed to the comparatively thinner layers of enamel and dentin,
the high vascularity of pulp, and the presence of multiple accessory
canals facilitating the extravasation of inflammatory exudates.

Necrobiosis and Pulp Necrosis

The inflammatory process progresses from pulp space into
the periapical area due to continuous increases in pulp tissue
pressure resulting in loss of structural integrity of pulp and
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making it nonvital. The tooth in this phase can either be partially
or completely necrotic depending upon the progression rate of
infection due to bacterial colonization in the pulp space. Grossman
termed a partially necrotic tooth with remaining inflamed pulp
as necrobiosis. Necrobiosis can be seen as necrotic coronal
and inflamed apical pulp in a tooth or as necrosis in one and
inflammation in other canals of a tooth with multiple canals.>°
The presence of both inflammatory and necrotic pulp creates
questions in pulp sensibility tests, thereby complexing the
diagnosis of necrobiosis. The patient may elucidate mild intensity
pain of intermittent episodes ranging from weeks to months. The
inflammation may progress to the surrounding periapical area,
causing apical periodontitis.'®

The tooth will progress into complete pulp necrosis due to
the complete loss of integrity of the pulp. Pulp necrosis is usually
sequential progress from the inflammatory conditions of the
pulp due to long-standing exposed dentin or may have a direct
consequence on the tooth due to trauma. The tooth may be
devoid of any vascular supply due to a fall in pulp microcirculation
of terminal arteries and venules in the pulp causing collateral
damage to the blood supply of the pulp during inflammation.
This results in creating an ischaemic environment resulting in cell
death in the pulp. Complete pulp necrosis is along sequela due to
its complex cell structure. Pulp necrosis of a tooth with a closed
apex due to laxative injuries is comparatively faster as compared
to a carious or an exposed tooth. It is attributed to the direct
impact of the force of the sharp closed apex on the underlying
arteriole bed resulting in a cut-off of the vascular supply to the
tooth.3 The response of a necrotic tooth to pulp sensibility tests
is negative because of the absence of blood supply in the tooth.
The tooth in complete pulp necrosis is generally asymptomatic.
It is a hibernating phase of bacterial colonization inside the
tooth, which aggravates the inflammation in the surrounding
periapical area.3*

Internal Resorption

The term internal resorption itself suggests the origin of resorptive
cells internally from the tooth in the pulp space region. Internal
resorption is generally categorized into internal surface resorption,
internal inflammatory resorption, and internal replacement
resorption. Surface resorption is hardly noticeable in the
radiographs because of very minute resorptions in the canal walls.
The resorption occurs during the transition phase of the tooth from
pulpitis to necrosis, most commonly seen in necrobiosis.

In internal inflammatory resorption, the pulp undergoes
metaplastic changes to transform into a vascularized inflammatory
tissue which initiates the adjacent hard tissue resorption by
activating dentinoclasts present in it. Dentinoclasts are derived
from undifferentiated reserve connective tissue cells transported
to the pulp through blood from general circulation. The patient
is generally asymptomatic in inflammatory resorption. Mild pain
may exist in association with apical periodontitis and exposure of
metaplastic tissue to the environment due to coronal perforation
(pink tooth).

Internal replacement resorption is a rare condition of dentine
resorption, and its replacement is with a bony hard tissue associated
with a pulp undergoing metaplastic changes. The patient is
generally asymptomatic, and the radiographillustrates an irregular
enlargement of pulp space filled with bone-like hard tissue. The
replacement phenomenon here is relatively unknown and scarce
in the literature. The possible replacement concept may be related
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Pulpal Diseases and its Progression

to the possible mineralization around the nidi formed around the
thrombosed pulp blood vessels and collagen sheaths.>*

Apical Periodontitis and Periapical Diseases

The continuous increase in intrapulpal pressure during acute
irreversible pulpitis finally pushes the inflammatory process
circumferentially through the apical foramen into the periodontal
ligament space (PDL) space and periapical area resulting in apical
periodontitis. The patient elucidates throbbing pain, which
aggravates chewing or biting. The presence of tenderness on
vertical percussion is a classical feature differentiating apical
periodontitis from any form of irreversible pulpitis. The pain
mechanism in apical periodontitis is attributed to the release of
various inflammatory mediators. Uniform loss of lamina dura due to
the widening of PDL spaces due to inflammatory exudate from the
pulp is a distinguishing radiological feature of apical periodontitis
from pulpitis to periapical abscess. Apical periodontitis is not seen
in the primary tooth because of the presence of a large number of
lateral accessory canals present in the interradicular region and,
secondly, open apices. The increased inflammatory pressure in pulp
tissue escapes out through accessory canals in the interradicular
space in the primary tooth.*®

The pulp tissue becomes necrotic, and the canal becomes
pulp-less and infected due to the continuous influx of bacteria
through the pathway created by caries, loose fillings, etc.
Bacterial aggregation in pulp is a mixture of both aerobic and
preponderantly anaerobic flora. Streptococcus mutans is the first
microbial entry into the pulp space aggravating inflammation by
the release of bacterial toxins, enzymes, antigens, chemo toxins,
and organic acids transported through the dentinal tubules into
the pulp, causing its inflammation. The aggregation of microbial
florain the periapical area, along with the inflammatory exudate
from the pulpal space, will result in the activation of various
inflammatory cells like mast cells, neutrophils, and osteoclasts. The
activated osteoclasts start resorbing the alveolus in the periapical
area, causing further accumulation of degenerated debris,
exudate and microflora, forming the pus in the periapical abscess.

Initiation —>’ Exposed dentin }—» Dentine hypersensitivity

Presence of specific factors, deep caries,
tooth factors, open restoration margins

v
‘ Reversible pulpitis ‘

l
v v

Chronic reversible Acute reversible
pulpitis pulpitis

v v

Chronic irreversible P Acute irreversible
pulpitis < pulpitis

Internal resorption

Necrobiosis pulp |
necrosis A

v

Apical periodontitis ‘

v

Periapical diseases ‘

Fig. 1: Pathways of pulpal diseases
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The golden rule to follow in the diagnosis of a periapical disease
is examining the possibility of a preexisting pulpal inflammation
and vice versa. A long-standing periapical abscess may either
escape out through the periapical sinus or else can accumulate
inside to intensify the resorptive activity by forming a periapical
cyst or periapical granuloma.?>3¢ The pathway of pulpal disease
progression is illustrated in Figure 1.

CoNcCLUSION

Understanding how the pain is caused simplifies our treatment
plan and betters the prognosis. An accurate diagnosis of pulp
and periapical diseases, apart from proper history taking, clinical
assessment, and radiographic investigations, also requires a
comprehensive understanding of the pathophysiology and pain
pathway of the pulp. These aid us in carrying out our treatment
plan more precisely and confidently. Knowing how the pain
has occurred after knowing when and why it has occurred is
equivalently important.
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