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INTRODUCTION:

In dentistry, pain is a critical concern because dental procedures often involve tissues richly innervated by sensory
neurons. The pain pathway, also known as the ‘nociceptive pathway’, is the process by which pain signals are
transmitted from the site of injury or stimulus (such as a toothache or during dental procedures) to the brain, where
they are perceived as pain. [1]

Process of Pain Pathway: [2]

1.Nociceptors Activation: These are specialized sensory receptors located at the ends of peripheral nerves,
particularly in the dental pulp, periodontal ligament, and oral mucosa. When these nociceptors are activated by
noxious stimuli (e.g., drilling, cutting, or infection), they generate an electrical signal called an action potential.

2. Transmission: The action potentials generated by nociceptors are transmitted along the afferent nerve fibers. In
dental tissues, these are primarily the A-delta fibers (which are myelinated and fast-conducting) and C fibers (which
are unmyelinated and slower). The signal travels from the nociceptors through the trigeminal nerve (cranial nerve
V), which is the primary nerve involved in facial sensation, including the teeth and oral cavity.

3. Spinal Cord Processing: The afferent fibers synapse in the trigeminal nucleus located in the brainstem. The
trigeminal nucleus is analogous to the dorsal horn in the spinal cord for other parts of the body. Here, the primary
afferent neurons synapse with second-order neurons. These neurons then cross over to the opposite side (decussate)
and ascend to higher brain centers.
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4.Thalamic Relay: The second-order neurons project to the thalamus, a key relay station in the brain that processes
sensory information. In the thalamus, these neurons synapse with third-order neurons.

5.Cortical Perception: The third-order neurons transmit the signals to the somatosensory cortex in the parietal lobe,
where the pain is localized and interpreted. The limbic system may also be involved, contributing to the emotional
response to pain.

6.Modulation: Throughout this process, the pain signal can be modulated (enhanced or inhibited) by descending
pathways from the brainstem, which can influence the perception of pain. Neurotransmitters like endorphins,
serotonin, and norepinephrine play roles in this modulation, either dampening the pain signal or sometimes
amplifying it in cases of chronic pain.

Neural Pathway for Dental Pain: [3-5]

A). Peripheral Nervous System (PNS):

Pain signals originate from nociceptors in the teeth or oral mucosa. These signals travel through the trigeminal nerve's
three branches (ophthalmic, maxillary, mandibular), depending on the location of the stimulus.

B). Central Nervous System (CNS):

The signals enter the brainstem at the level of the pons, where the trigeminal nucleus is located. They then ascend to
the thalamus and finally to the cortex, where they are processed and perceived as pain.

The concept of the nociceptive pathway is rooted in the study of pain and its physiological mechanisms, but it is not
attributed to a single individual who "coined" the term. Instead, it emerged through the work of multiple researchers

over time as they sought to understand how noxious stimuli are detected and processed by the nervous system.

Development of the Nociceptive Concept: [6-8]

1. Charles Sherrington (1857-1952):

Sir Charles Sherrington, a British neurophysiologist, is often credited with introducing the term "nociceptor” in the
early 20th century. He described these specialized sensory receptors that respond to potentially damaging stimuli,
which could lead to the sensation of pain.

Sherrington’s work laid the foundation for the understanding of nociception as a physiological process separate from
general sensory pathways.

2.The Evolution of Pain Pathway Studies:
Over the following decades, various scientists expanded on Sherrington’s ideas to map out the specific neural

pathways involved in nociception. This research led to the identification of the "nociceptive pathway," referring to
the specific route that pain signals travel from peripheral nociceptors to the brain.
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How the nociceptive pathway relevant to dentistry in general and prosthodontics in particular : [9-12]

Relevance of the Nociceptive Pathway to Dentistry

The nociceptive pathway is highly relevant to dentistry because dental procedures often involve interactions with
tissues that are richly innervated by nociceptors. Understanding the nociceptive pathway is crucial for diagnosing,
managing, and alleviating pain associated with various dental conditions and treatments.

I. General Relevance in Dentistry

1.Pain Management: Dental procedures such as extractions, root canals, and fillings can activate nociceptors in the
pulp, periodontal ligament, and surrounding oral tissues, triggering pain. Effective pain management strategies,
including local anesthesia and analgesics, rely on an understanding of how pain signals are transmitted through the
nociceptive pathway.

2.Diagnosis of Orofacial Pain: Orofacial pain conditions, such as temporomandibular joint disorders (TMD) or
trigeminal neuralgia, involve the nociceptive pathway. Dentists need to differentiate between nociceptive pain and
other types of pain (e.g., neuropathic) to provide appropriate treatment.

3.Endodontics: In procedures like root canal therapy, the nociceptive pathway is particularly relevant because the
dental pulp, a highly innervated tissue, is involved. Understanding the pathway helps in managing pain during and
after such procedures.

I1. Relevance to Prosthodontics

Prosthodontics, a dental specialty focusing on the design, creation, and fitting of artificial replacements for teeth and
other parts of the mouth, also has specific interactions with the nociceptive pathway:

1.Pain Associated with Prostheses: Patients receiving dental prostheses, such as dentures, bridges, or implants, may
experience pain due to irritation of oral tissues. Understanding the nociceptive pathway helps in identifying the source
of pain, whether from the prosthesis itself or underlying tissues. Proper fitting and adjustment of prosthetic devices
are crucial to minimize activation of nociceptors, thus reducing pain and discomfort.

2.Management of Post-Operative Pain: In implant dentistry, nociceptive pain can arise from surgical procedures
involved in placing implants. Effective management of this pain requires a thorough understanding of how
nociceptors in the periosteum, bone, and surrounding soft tissues respond to surgical trauma. Techniques such as the
use of local anesthesia, anti-inflammatory medications, and careful surgical techniques are guided by knowledge of
the nociceptive pathway.

3.Prosthetic-Induced Neuralgia: Poorly fitted prostheses can lead to chronic irritation, resulting in conditions such
as prosthetic-induced neuralgia. Understanding the nociceptive pathway helps in diagnosing and treating such
conditions, often involving the removal, adjustment, or replacement of the prosthesis.
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Neurophysiology of pain pathway: [13-16]

The pain pathway, or nociceptive pathway, involves a complex series of neurophysiological processes that allow the
body to detect, transmit, and perceive pain. Pain is a protective mechanism that alerts the body to potential or actual
tissue damage. The pathway can be divided into several key steps: transduction, transmission, modulation, and
perception.

A. Transduction

i). Nociceptors: Pain begins with the activation of nociceptors, which are specialized sensory receptors located in
the skin, joints, muscles, and internal organs. These receptors respond to harmful stimuli such as thermal (heat or
cold), mechanical (pressure), or chemical (irritants) stimuli.

ii).lon Channels: Nociceptors contain ion channels (e.g., TRPV1, ASICs, P2X receptors) that respond to noxious
stimuli by allowing ions such as sodium (Na+) and calcium (Ca2+) to enter the neuron. This influx of ions generates
an electrical signal known as an action potential.

B. Transmission

i). Afferent Nerve Fibers: The action potential travels along the afferent nerve fibers to the spinal cord. There are
two primary types of fibers involved:

ii). A-delta fibers: These are thin, myelinated fibers that conduct signals quickly and are associated with sharp, acute
pain.

iii). C fibers: These are unmyelinated, slow-conducting fibers that carry signals related to dull, throbbing, or chronic
pain.

iv). Spinal Cord Processing: The pain signal reaches the dorsal horn of the spinal cord, where it synapses with
second-order neurons in the substantia gelatinosa. Neurotransmitters such as glutamate and substance P are released
at these synapses, which helps to transmit the pain signal across the synaptic cleft.

C) . Modulation

i). Descending Pathways: The pain signal can be modulated by descending pathways originating from higher brain
centers, such as the periaqueductal gray (PAG) in the midbrain and the rostral ventromedial medulla (RVM).
These pathways can either inhibit or facilitate pain transmission.

ii). Neurotransmitters and Modulators: Endogenous opioids (e.g., endorphins, enkephalins), serotonin,
norepinephrine, and GABA (gamma-aminobutyric acid) are key players in the modulation process. They act to
dampen the pain signal and reduce the sensation of pain.

D). Perception

i)> Thalamus: The second-order neurons cross to the opposite side of the spinal cord and ascend via the
spinothalamic tract to the thalamus, a key relay station in the brain.
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ii). Cortex: From the thalamus, the pain signal is transmitted to the somatosensory cortex, where it is processed and
perceived. The limbic system and prefrontal cortex are also involved, contributing to the emotional and cognitive
aspects of pain.

E). Pain Modulation and Plasticity

i). Central Sensitization: Prolonged or intense nociceptive input can lead to central sensitization, where the nervous
system becomes hypersensitive, leading to chronic pain conditions.

if). Peripheral Sensitization: Persistent activation of nociceptors can result in peripheral sensitization, where
nociceptors become more responsive to stimuli, often seen in conditions like inflammatory pain.

Nerves and Ganglia Involved in the Prosthodontic Pain Pathway: [17-20]

Prosthodontic procedures often interact with complex neural networks in the oral and maxillofacial regions, which
are richly innervated and can lead to pain if disrupted. Understanding the nerves and ganglia involved in the
prosthodontic pain pathway is crucial for diagnosing, managing, and preventing pain in prosthodontics.

1. Trigeminal Nerve (Cranial Nerve V):

The trigeminal nerve is the primary nerve involved in the transmission of pain in the face, oral cavity, and teeth. It
has three major branches:

a. Ophthalmic branch (V1): Primarily sensory, innervating the upper face, scalp, and forehead.

b. Maxillary branch (V2): Provides sensory innervation to the midface, including the maxillary teeth, gums, and
the maxillary sinus.

c¢. Mandibular branch (V3): Carries both sensory and motor fibers, providing sensation to the lower face, including
the mandibular teeth, lower gums, and parts of the tongue. It also supplies motor innervation to the muscles of
mastication.

Relevance to Prosthodontics: In prosthodontics, the maxillary and mandibular branches are particularly important.
Pain arising from dental implants, dentures, or other prosthetic devices often involves these branches. Any irritation,
compression, or injury to these branches during prosthetic procedures can result in acute or chronic pain.

2. Trigeminal Ganglion (Gasserian Ganglion):

a. The trigeminal ganglion is a sensory ganglion that contains the cell bodies of the sensory neurons of the trigeminal
nerve. It is located in Meckel's cave in the cranial cavity.

Relevance to Prosthodontics: The trigeminal ganglion is the first major relay station for sensory information,
including pain, from the oral cavity and face. Pain signals originating from the maxilla or mandible are relayed
through this ganglion before being transmitted to the brainstem.
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3. Superior and Inferior Alveolar Nerves:

a. Superior Alveolar Nerves: Branches of the maxillary nerve (V2) that innervate the maxillary teeth, periodontal
ligament, and maxillary sinus.

b. Inferior Alveolar Nerve: A branch of the mandibular nerve (V3) that enters the mandible through the mandibular
foramen and innervates the mandibular teeth and gingiva.

Relevance to Prosthodontics: These nerves are directly involved in conveying pain from the teeth and supporting
structures. Prosthetic procedures that involve implants or dentures in the maxilla or mandible can irritate these nerves,
leading to pain. For instance, improper fitting of dentures can compress the inferior alveolar nerve, resulting in
neuralgia.

4. Mental Nerve:

A branch of the inferior alveolar nerve that emerges from the mental foramen to innervate the chin, lower lip, and
anterior teeth.

Relevance to Prosthodontics: The mental nerve can be affected by mandibular prosthetic devices, especially those
that place pressure near the mental foramen, leading to pain or numbness in the lower lip and chin.

5. Lingual Nerve:

A branch of the mandibular nerve (V3) that provides sensory innervation to the anterior two-thirds of the tongue, the
floor of the mouth, and the lingual gingiva.

Relevance to Prosthodontics: The lingual nerve is at risk during procedures involving the lower third molars or
when fitting mandibular prostheses, which can lead to pain, altered sensation, or even damage to the nerve.

6. Sphenopalatine Ganglion:
A parasympathetic ganglion associated with the maxillary nerve, located in the pterygopalatine fossa.

Relevance to Prosthodontics: Though primarily involved in autonomic functions, the sphenopalatine ganglion can
also be involved in referred pain from the maxillary region, especially in conditions like sphenopalatine neuralgia.

7. Auriculotemporal Nerve:
A branch of the mandibular nerve (\V3) that provides sensory innervation to parts of the ear and temporal region.

Relevance to Prosthodontics: The auriculotemporal nerve can be involved in referred pain during mandibular
prosthetic procedures, particularly those affecting the temporomandibular joint (TMJ).
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In which clinical conditions pain pathway will alter?

The pain pathway can be altered in various clinical conditions, leading to changes in how pain is perceived, processed,
and managed. These alterations can occur at different levels of the pain pathway, from peripheral receptors to central
processing centers in the brain. Here are some key clinical conditions where the pain pathway may be altered:

1. Neuropathic Pain: Neuropathic pain arises from direct injury or disease affecting the somatosensory nervous
system. Common causes include diabetic neuropathy, postherpetic neuralgia, trigeminal neuralgia, and peripheral
nerve injuries. In neuropathic pain, the pain pathway is altered due to damage to nerve fibers, leading to spontaneous
pain (pain without a stimulus) and hyperalgesia (increased sensitivity to pain). Peripheral and central sensitization
mechanisms can result in abnormal excitability and pain signaling.[21]

2. Chronic Pain: Chronic pain persists beyond the normal healing time and can last for months or even years.
Conditions such as chronic back pain, fibromyalgia, and osteoarthritis are examples. Chronic pain often involves
central sensitization, where neurons in the central nervous system (CNS) become hyper-responsive, leading to an
amplified pain response. The normal inhibitory controls in the pain pathway may be reduced, causing pain to become
persistent and difficult to manage.[22]

3. Inflammatory Pain: Inflammatory pain is associated with tissue injury or inflammation, such as in rheumatoid
arthritis, postoperative pain, or dental pain. Inflammation can lead to peripheral sensitization, where nociceptors
become more sensitive to stimuli. The release of inflammatory mediators like prostaglandins, bradykinin, and
cytokines enhances the excitability of pain fibers, leading to increased pain perception. [23]

4. Central Pain Syndromes: Central pain syndromes occur due to injury or disease affecting the central nervous
system, such as after a stroke, spinal cord injury, or multiple sclerosis. In these conditions, damage to the CNS can
lead to abnormal pain processing, resulting in conditions like thalamic pain syndrome (post-stroke pain) or central
neuropathic pain. There may be increased pain sensitivity (hyperalgesia) or pain in response to non-painful stimuli
(allodynia).[25]

5. Complex Regional Pain Syndrome (CRPS) : CRPS is a chronic pain condition usually affecting a limb after an
injury or surgery. It is characterized by severe pain, swelling, and changes in skin color and temperature. CRPS
involves both peripheral and central sensitization. There is abnormal activation of pain pathways, and sympathetic
nervous system involvement may amplify the pain response. Neurogenic inflammation and altered autonomic
regulation are key features.[26]

6. Fibromyalgia: Fibromyalgia is a chronic condition characterized by widespread musculoskeletal pain, fatigue,
and tenderness in localized areas. In fibromyalgia, there is evidence of altered pain processing in the CNS, including
central sensitization and dysregulation of pain-related neurotransmitters. This results in heightened pain sensitivity
(hyperalgesia) and a lowered threshold for pain.[27]

7. Phantom Limb Pain : Phantom limb pain occurs following the amputation of a limb, where the patient
experiences pain in the area where the limb used to be. Phantom limb pain is believed to result from central changes
in the pain pathway, including reorganization of the somatosensory cortex and abnormal neural activity in the CNS.
The absence of normal sensory input from the amputated limb may lead to heightened pain perception in the missing
limb's "phantom™ area.[28]
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Classification of Pain path ways:

Pain pathways can be classified based on various criteria, including their origin, mechanisms, and how they process
pain signals. Below is a classification of pain pathways with relevant references:

I. Classification by Origin

1.Nociceptive Pain Pathways: These pathways are activated by noxious stimuli that cause tissue damage. They
involve nociceptors, which are sensory receptors responsive to harmful stimuli. Nociceptors, primary afferent fibers
(A-delta and C fibers), spinal cord (dorsal horn), thalamus, and cortical regions.[29]

2.Neuropathic Pain Pathways : Result from damage or dysfunction in the nervous system, leading to abnormal pain
processing. Peripheral nerves, spinal cord, brainstem, and cortical regions. Involves central sensitization and altered
neural processing.[30]

3.Inflammatory Pain Pathways: Activated by inflammation and tissue damage, involving the release of
inflammatory mediators that sensitize nociceptors. Inflammatory mediators (e.g., prostaglandins, bradykinin),
nociceptors, primary afferent fibers, spinal cord, and brain regions.[31]

4.Central Pain Pathways: Description: Involve pain processing within the central nervous system, including central
sensitization and neuroplastic changes. Spinal cord (dorsal horn), brainstem, thalamus, and cortical regions. May
include central neuropathic pain syndromes.[32]

5.Referred Pain Pathways: Pain perceived in a location other than its source due to the convergence of sensory
pathways in the CNS. Convergence of pain signals from different body parts in the spinal cord and brain, leading to
referred pain.[33]

6.Phantom Pain Pathways: Pain experienced in an area of the body that has been amputated or is no longer present,
often due to central reorganization. Reorganization of the somatosensory cortex, residual neural activity, and altered
pain processing.[35]

REFERENCES:

1. Yam MY, Loh YC, Tan CS, Adam SK, Manan NA, Basir R. General Pathways of Pain Sensation and the Major
Neurotransmitters Involved in Pain Regulation. Int J Mol Sci 2018 ; 19(2164):1-23.

2. Rotpenpian N, Yakkaphan P. Review of Literatures: Physiology of Orofacial Pain in Dentistry. eNeuro. 2021 Mar-
Apr; 8(2): 1-7.

3. Orr DL, Zacherl WA. "Pain Pathways in Dentistry: Peripheral Mechanisms and Central Modulation." Journal of
Oral Biology and Dentistry, 2017.

4. Youssef TF, Jones A. "Dental Pain: Neural Mechanisms, Models, and Modulation." Pain Research and Treatment,
2019.

5.Essick GK, Trulsson M. "The Role of the Trigeminal System in Oral and Dental Pain." Journal of Oral
Rehabilitation, 2019.

6. Sherrington, C. "The Integrative Action of the Nervous System." Oxford University Press, 1906.

© 2024, ISJEM (All Rights Reserved) | www.isjem.com | Page8



A.-
N

\\(’ ISTIEM ‘\P, International Scientific Journal of Engineering and Management ISSN: 2583-6129

Jovrns ;L’ Volume: 03 Issue: 08 | Aug - 2024 DOI: 10.55041/ISJEM02109
11 An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

7.Dubner, R., & Bennett, G.J. "Spinal and Trigeminal Mechanisms of Nociception." Annual Review of Neuroscience,
1983.

8.Perl, E.R. "Ideas About Pain, a Historical View." Nature Reviews Neuroscience, 2007.
9. Sessle, B.J. "The Neurobiology of Orofacial Pain." Journal of Orofacial Pain, 2000.
10.Griffiths, G.G. "Understanding Pain Mechanisms in Dental Practice." Journal of Prosthetic Dentistry, 2004.

11.Jacobs, R., & van Steenberghe, D. "The Assessment of Orofacial Pain in Prosthodontics." International Journal of
Prosthodontics, 2006.

12.Carlsson, G.E., & Omar, R. "The Future of Complete Dentures in Oral Rehabilitation: A Critical Review." Journal
of Oral Rehabilitation, 2010.

13. Fields, H.L. "Pain: An Unpleasant Topic." Pain, 1999.

14.Dubner, R., & Gold, M.S. "The Neurobiology of Pain." Proceedings of the National Academy of Sciences, 1999.
15.Mendell, L.M., & Sah, D.W. "Pain Pathways and Mediators." Journal of Pain Research, 2008.

16.Millan, M.J. "The Descending Control of Pain." Progress in Neurobiology, 2002.

17. Sessle, B.J. "The Neurobiology of Orofacial Pain." Journal of Orofacial Pain, 2000.

18.0lesen, J., & Diener, H.C. "The Headaches: Clinical and Pathophysiological Aspects." Lippincott Williams &
Wilkins, 2007.

19.0keson, J.P. "Management of Temporomandibular Disorders and Occlusion." Elsevier Health Sciences, 2019.
20.Griffiths, G.G. "Understanding Pain Mechanisms in Dental Practice." Journal of Prosthetic Dentistry, 2004.

21. Baron, R. "Mechanisms of Disease: Neuropathic Pain—A Clinical Perspective." Nature Clinical Practice
Neurology, 2006.

22. Woolf, C.J. "Central Sensitization: Implications for the Diagnosis and Treatment of Pain." Pain, 2011.

23. Miller, R.E., & Malfait, A.M. "Pain in Osteoarthritis: Mechanisms and Therapeutic Implications." Arthritis &
Rheumatology, 2017.

24. Levin, M.F., & Dumont, R.J. "Central Neuropathic Pain: Implications for Mechanism-Based Diagnosis and
Treatment." Journal of Pain Research, 2018.

25. Harden, R.N., Bruehl, S., & Stanton-Hicks, M. "Complex Regional Pain Syndrome: Practical Diagnostic and
Treatment Guidelines." Pain Medicine, 2013.

26. Schweinhardt, P., & Bushnell, M.C. "Pain Imaging in Health and Disease—How Far Have We Come?" Journal
of Clinical Investigation, 2010.

27. Clauw, D.J. "Fibromyalgia: A Clinical Review." JAMA, 2014.
28. Ramachandran, V.S., & Hirstein, W. "The Perception of Phantom Limbs: The D.O. Hebb Lecture." Brain, 1998.

29. Miller, R.E., & Malfait, A.M. "Pain in Osteoarthritis: Mechanisms and Therapeutic Implications." Arthritis &
Rheumatology, 2017.

© 2024, ISJEM (All Rights Reserved) | www.isjem.com | Page9



o o ey
\\(’ ISJEM ‘\P, International Scientific Journal of Engineering and Management ISSN: 2583-6129
) Volume: 03 Issue: 08 | Aug - 2024 DOI: 10.55041/ISJEM02109

11 An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

30. Baron, R. "Mechanisms of Disease: Neuropathic Pain—A Clinical Perspective." Nature Clinical Practice
Neurology, 2006.

31. Mendell, L.M., & Sah, D.W. "Pain Pathways and Mediators." Journal of Pain Research, 2008.
32. Finnerup, N.B., & Jensen, T.S. "Mechanisms of Central Pain." Nature Clinical Practice Neurology, 2008.
33. Schaible, H.G. "Peripheral and Central Mechanisms of Pain." Pain, 2003.

34. Flor, H. "Phantom-Limb Pain: Characteristics, Causes, and Treatment." The Lancet Neurology, 2002.

© 2024, ISJEM (All Rights Reserved) | www.isjem.com | Page10



