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Abstract

Pain is a fundamental biological phenomenon serving both as a protective mechanism and a major clinical challenge.
Despite decades of research, a significant gap persists between our understanding of pain neurophysiology and the quality
of clinical pain management. This review examines pain as a multidimensional integrative system, synthesizing knowledge
from peripheral nociception to cortical processing. It analyzes the historical evolution of pain theories, the specialized
anatomy of nociceptive pathways, and key phenomena like peripheral and central sensitization. Drawing on International
Association for the Study of Pain (IASP) standards, the paper presents original data on the current state of pain education
in Uzbekistan and proposes a competency-based framework for integrating pain neuroscience into the medical curriculum
at Tashkent State Medical University. This integrated, biopsychosocial curriculum aims to graduate physicians equipped
to manage pain effectively across diverse clinical contexts.
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1. Introduction historical evolution of pain theories illustrates the growing
recognition of pain's complexity. Ancient concepts, from
Aristotle's "passion of the soul" to Galen's humoral theory,
lacked a neurocentric focus. A pivotal shift occurred with
René Descartes (1664), whose mechanistic model proposed

Pain is the most common reason for seeking medical care
globally, with chronic pain affecting 20-30% of adults
worldwide (IASP, 2021). In Uzbekistan, this figure is
approximately 25% (Ministry of Health, 2024). Despite its

dedicated pain pathways and localized perception to the
prevalence, pain education in medical schools remains

brain, laying the groundwork for the "specificity theory."
inadequate and fragmented. International surveys reveal Tp. 19 century saw debate between specificity.

that graduates feel unprepared to manage pain, particularly championed by Max von Frey who identified free nerve
chronic conditions, with pain education often occupying endings as pain receptors, and "intensity theory,” which

minimal curriculum time (Watt-Watson et al., 2009; Briggs  ,,gited pain results from excessive stimulation of any

etal., 2015). sensory modality.

This educational deficit is particularly problematic giventhe  Tp. 20t century brought paradigm shifts. The Gate Control
revolutionary advances in our understanding of pain. The Theory (Melzack & Wall, 1965) proposed that a spinal cord
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"gate" modulates pain signals, influenced by the balance of
activity in large-diameter (AP) and small-diameter (Ad, C)
fibers and by descending brain signals. This theory
elegantly integrated specificity and pattern concepts and
explained the influence of psychological factors on pain.

Parallel to Western developments, the Russian
physiological school, led by Ivan Pavlov and his student
Pyotr Anokhin, offered a complementary perspective.
Anokhin's Theory of Functional Systems conceptualized
pain not as a simple sensation but as an integrative state that
organizes behavior to restore homeostasis, anticipating the

modern biopsychosocial model by decades.

This systems view culminated in the biopsychosocial model
(Engel, 1977), now the dominant framework in pain
research and clinical practice. It conceptualizes pain as the
product of dynamic interactions among biological
(neurophysiological), psychological (cognitive, emotional),
and social (cultural, environmental) factors. This is reflected
in the TASP definition of pain as "an unpleasant sensory and
emotional experience associated with actual or potential

tissue damage" (IASP, 2020).

Contemporary neuroscience has identified a distributed
"pain matrix" of brain regions—including somatosensory,
insular, cingulate, and prefrontal cortices—that processes
the sensory-discriminative, affective-motivational, and

cognitive-evaluative dimensions of pain.

Despite these profound advances, clinical pain management
remains suboptimal, a situation exacerbated by inadequate
health professions education. In Uzbekistan, healthcare
reform emphasizes
international standards, presenting an opportunity to
address this gap. Tashkent State Medical University,
building on its rich physiological tradition, is uniquely
positioned to lead this effort.

aligning medical education with

This review has three aims: (1) synthesize current
knowledge of pain neurophysiology, emphasizing clinically
relevant mechanisms like central sensitization; (2) analyze
the state of pain education in Uzbekistan; and (3) propose a
comprehensive, competency-based framework  for
integrating pain education into the Tashkent State Medical

University curriculum.
2. Purpose of The Research

This research was designed to address the gap between pain
neurophysiology knowledge and medical education quality,
with a specific focus on Tashkent State Medical University.
The primary objectives were:
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v To synthesize and critically evaluate the literature on
pain neurophysiology, from peripheral transduction
to cortical processing, integrating contributions from
both Western and Russian physiological traditions
(e.g., Anokhin’s functional systems theory).

v To analyze the current state of pain education in
medical schools, conducting a targeted needs
assessment within the Uzbekistani context to
identify specific curricular gaps and barriers.

v To develop a comprehensive, evidence-based, and
contextually appropriate framework for integrating
pain education into the medical curriculum at
Tashkent State Medical University, guided by IASP
standards and the principles of competency-based
medical education.

3. Methods

This research employed a multifaceted methodology from
September 2023 to December 2024.

A structured narrative review was conducted using PubMed,
Scopus, Web of Science, and the Russian Science Citation
Index (RSCI) for articles on pain mechanisms (e.g.,
"nociception," "central sensitization," "pain matrix") and
pain education (e.g., "pain "medical
education"). Historical materials related to P.K. Anokhin

curriculum,"

were accessed from university archives.

A cross-sectional adapted from validated
instruments, was administered to 847 medical students
(Years 4-6) at Tashkent State Medical University (68.3%
response rate). It assessed exposure to pain topics, self-
assessed confidence in 23 pain-related competencies (5-
point Likert scale), and attitudes. Semi-structured
interviews were also conducted with 15 faculty members

from relevant disciplines.

survey,

A systematic review of course syllabi and materials was
undertaken to map all pain-related content against the IASP
curriculum framework (four domains: multidimensional
nature, assessment, management, clinical conditions).

A three-round modified Delphi process with 18 national and
international experts was used to refine and gain consensus
on the proposed competency-based curriculum framework.

4. Results

Pain is an emergent property of a highly complex, integrated
system.

Peripheral Mechanisms: Nociception begins with
specialized nociceptors. These are pseudo-unipolar neurons
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with cell bodies in dorsal root ganglia. Their peripheral
axons transduce noxious stimuli into electrical signals. Two
Table 1. Classification and Characteristics of Primary Afferent Fibers Involved in Nociception

Volume 08 - 2026

main fiber types exist, as detailed in Table 1.

Conduction

Fiber s Diameter . Stimulus Sensation
Type Myelination (um) V?Il::/csl)ty Threshold Mediated Receptor Subtypes
Meissner corpuscles,
AP Heavy 6-12 35.90 Low Touch, Merkel cells, Pacmlgn
pressure corpuscles, Ruffini
endings
"First
(Eﬁ;n Type I Ad (mechanical
Ad Thin 1-5 5-40 High 1arp, and heat), Type II Ad
pricking, (heat primarily)
well- P y
localized)
"Second
pain" C-mechanonociceptors,
i i . (dull, C-
¢ None 0.2-1.5 0.5-2 High burning, mechanoheatnociceptors,
poorly silent nociceptors
localized)

Molecular transduction relies heavily on TRP channels
(e.g., TRPV1 activated by heat >43°C, protons, capsaicin;
TRPMS by cold; TRPA1 by irritants). Other channels
include ASICs (acid) and Piezo2 (mechanical). Tissue
injury releases an inflammatory "soup" (prostaglandins,
bradykinin, NGF) that activates intracellular kinases,
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leading to phosphorylation of ion channels like TRPVI.
This results in peripheral sensitization: reduced threshold,
increased responsiveness, and spontaneous activity in
nociceptors, manifesting as hyperalgesia and allodynia

(Figure 1).

174



The American Journal of Medical Sciences and Pharmaceutical
Research 1SSN 2689-1026 Volume 08 - 2026

Tissue Injury
b |

[ Damaged Cells Release Inflammatory Mediators ]

e

O T T

¥ &

Phosphorylation of lon Channels
(TRPV1, Nav17, Nav1.8)

Reduced Activation Threshold

Increased Excitability of Nociceptors

| PERIPHERAL SENSITIZATION |

Spinal Cord Processing

Central Sensitization

« NMDA Receptor Activation

« Enhanced Synaptic Transmission
» Allodynia & Hyperalgesia

Figure 1. Schematic Representation of Peripheral Sensitization Mechanisms
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Spinal Cord Processing: Nociceptors synapse in the spinal
cord's dorsal horn. Intense or persistent C-fiber input can
trigger central sensitization. This activity-dependent
increase in CNS neuron excitability is critically dependent
on NMDA receptor activation. Relief of the magnesium
block allows calcium influx, activating kinases that

Volume 08 - 2026

phosphorylate receptors, enhancing synaptic efficacy, and
promoting receptor trafficking to the membrane. This
results in amplified responses, reduced pain thresholds,
expansion of receptive fields, and the recruitment of low-
threshold A inputs to produce pain (allodynia). Table 2
summarizes these mechanisms.

Table 2. Mechanisms and Manifestations of Central Sensitization

Mechanism Molecular Basis Physiological Chm.c al .
Consequence Manifestation
NMDA receptor Relief of Mg*+ block; Enhanced excitability }.Iyperalgesm.
.. o (increased pain from|
activation calcium influx of dorsal horn neurons . S
noxious stimuli)
PKC, PKA-mediated
AMPA receptor phosphorylation; Increased synaptic Reduced pain|
phosphorylation increased channel efficacy threshold
conductance
Insertion of AMPA and Long-lasting . .
Receptor . . . Persistence of pain|
. NMDA receptors into potentiation of synaptic . .
trafficking . . after tissue healing
synaptic membrane transmission
Reduced
c e b GABA/glycmc? . Expansion of receptive Allodynia (paln from
Disinhibition release; impaired normally innocuous|
s . fields S
inhibitory interneuron stimuli)
function
Microglial release of Reversal of inhibitory Widesoread ainl
Glial activation BDNEF, cytokines, chloride gradients; sensi til\:)/i ¢ p
chemokines neuroinflammation Y
Ascending Pathways &  Supraspinal Processing: thalamus, and cortex. Pain is processed by a distributed

Nociceptive information ascends via multiple pathways,
primarily the spinothalamic tract, to the brainstem,

The Am. J. Med. Sci. Pharm. Res. 2026

"pain matrix" as shown in Figure 2.
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Figure 2. The Pain Matrix: Cortical and Subcortical Regions Involved in Pain Processing

Lateral System (S1, S2 cortex): Processes sensory-
discriminative aspects (location, intensity).

Medial System (ACC, insula): Processes affective-
motivational aspects (unpleasantness, urge to escape). The
insula integrates sensory and affective components and is
key for interoception.
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Prefrontal Cortex (PFC): Modulates pain via cognitive
processes like attention and expectation.

Descending Modulation: The brain controls its own pain
input via descending pathways. The PAG-RVM pathway is
critical, as illustrated in Figure 3.
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Figure 3. Descending Modulatory Pathways

The periaqueductal gray (PAG) receives input from
forebrain regions and projects to the rostral ventromedial
medulla (RVM) . The RVM contains "OFF-cells" (inhibit
pain) and "ON-cells" (facilitate pain), whose balance
determines net descending influence.
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Student Survey (N=847): Student-reported exposure to pain
topics was highly variable. While basic science topics were
well-covered, clinical topics were not. Table 3 shows
student-reported exposure, and Table 4 shows self-assessed
confidence.
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Table 3. Student-Reported Exposure to Pain-Related Topics (N=847)

Topic Year 4 Year 5 Year 6 Overall
P (n=423) (n=278) (n=146)
Neuroanatomy of pain o o o o
78.5% 82.7% 79.5% 80.0%
pathways
Physiology of nociception 72.3% 75.2% 71.2% 73.0%
Pharmacology of analgesics 65.5% 88.5% 91.8% 78.2%
Acute pain management 45.2% 68.3% 86.3% 61.0%
Chronic pain management 18.9% 42.1% 58.2% 34.0%
Pain in cognitively impaired 4.5% 9.0% 12.3% 7.1%
Non-pharmacological 18.5% 32.4% 48.6% 29.0%
treatment
Opioid prescribing | ¢ o, 28.1% 45.2% 21.9%
practices
Table 4. Student Self-Assessed Confidence in Pain-Related Competencies (Mean = SD)
Competency Year 4 Year 5 Year 6 k- p-
value value
Understanding basic pain 32 + 35 + 3.6 =+
mechanisms 0.8 0.7 0.7 124 <0.001
. . 28 =+ 33 + 3.8 +
Taking a pain history 0.9 0.8 0.7 45.2 <0.001
. - . 1.8 =+ 22 + 26 =+
Assessing pain in children 0.8 0.9 10 24.5 <0.001
Developing a pain management 20 =+ 25 +£ 30 =+
plan 0.9 0.9 0.9 356 <0.001
. . 1.5 =+ 1.9 =+ 23 =+
Managing opioid therapy 0.7 0.8 10 27.8 <0.001
The Am. J. Med. Sci. Pharm. Res. 2026 179
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F- -
Competency Year 4 Year 5 Year 6 P
value value
in non-pharmacological 1. + 22 % 2. +
Using on-p cologic 8 6 23.4 <0.001
approaches 0.8 0.9 1.0
1.7 =+ 2.1 % 25 +£
Managing chronic pain patients 26.7 <0.001
sins painp 0.8 0.9 1.0
Self-assessed confidence among graduating students was across 12 courses but were highly skewed. The
moderate at best for basic tasks and low for complex ones. "Management" domain was heavily represented by

Qualitative  feedback  highlighted frustration  with
fragmented teaching and a desire for more clinical exposure.

Thematic analysis revealed key barriers: fragmentation and
lack of coordination across disciplines, time constraints in a
crowded curriculum, limited faculty expertise, and lack of
educational resources.

Pain-related learning objectives (n=119) were distributed

pharmacology objectives, while "Assessment" had the
fewest objectives. Content on special populations and
psychological/social dimensions was largely absent.

Based on the findings and IASP guidelines, a vertically and
horizontally integrated curriculum is proposed. Table 5
outlines the distribution of current objectives, while the
framework itself is structured across the six-year program

Table 5. Distribution of Pain-Related Learning Objectives by Course and IASP Domain

Multidimensio Assessme Manageme Cllnlc.a.l Tot.a ! .
Course/Year Conditio Objectiv

nal Nature nt nt

ns es

Anatomy
(Y1) 3 0 0 0 3
Physiology
(Y1) 8 0 0 0 8
Pharmacolo

2 0 12 0 14
gy (Y2)
Neurology
(Y3) 3 2 4 8 17
Anesthesiolo

1 3 8 4 16
gy (Y4)
Family
Medicine 1 2 4 4 11
(Y6)
Total 29 13 42 35 119

The Am. J. Med. Sci. Pharm. Res. 2026
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The proposed framework is structured across the six-year
program:

Phase 1 (Years 1-2): Foundations of Pain Science. Content
includes anatomy/physiology of pain pathways, molecular
mechanisms of transduction, pharmacology of analgesics,
introduction to the biopsychosocial model, and Anokhin's
functional systems theory. Teaching methods are didactic
lectures, labs, and case-based learning.

Phase 2 (Year 3): Introduction to Clinical Pain. Content
includes pain assessment tools, pain in specific conditions,
introduction to psychological factors (catastrophizing, fear-
avoidance), and non-pharmacological treatments. Teaching
methods are small-group tutorials, standardized patient
interviews, and early clinical exposure.

Phase 3 (Years 4-5): Clinical Pain Management. Content
includes management of acute, chronic, cancer, and
pediatric/geriatric pain; opioid stewardship;
interprofessional pain management; psychiatric
comorbidities; palliative care; and cultural considerations in
Uzbekistan. Teaching methods are clinical clerkships,
problem-based learning, and interprofessional simulations.

Phase 4 (Year 6): Advanced Integration. Content includes
complex chronic pain cases, interdisciplinary team
functioning, and ethical issues. Teaching methods are a
capstone course and elective rotations.

Key horizontal integration points ensure coordination
across  disciplines (e.g., Physiology-Pharmacology,
Neurology-Psychiatry). The framework emphasizes active
learning, simulation, and early clinical exposure.

5. Discussion

The neurophysiological synthesis confirms pain as a
complex, emergent property of distributed neural networks,
from peripheral nociceptors to the cortical "pain matrix" and
descending modulatory systems. Key concepts like central
sensitization provide a mechanistic basis for chronic pain
states and explain why a purely biomedical approach is
insufficient. This complexity demands a biopsychosocial
approach and comprehensive education.

The needs assessment at Tashkent State Medical University
reveals a significant education-practice gap. Students lack
confidence in managing complex pain scenarios, and the
curriculum is fragmented, with notable deficiencies in pain
assessment, non-pharmacological management, and special
populations. These findings mirror international studies
(Mezei & Murinson, 2011; Shipton et al., 2018),
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highlighting a global challenge.

The proposed competency-based framework directly
addresses these deficiencies. Its vertical integration ensures
a spiraling, developmental approach to learning, building
deep, usable knowledge (Harden & Stamper, 1999).
Horizontal integration coordinates content across
disciplines, preventing fragmentation and reinforcing key
concepts like the biopsychosocial model. Explicit attention
to cultural context—including family dynamics and
traditional healing practices in Uzbekistan—is crucial for
relevance and effectiveness (Kasymova, 2014). Finally, the
emphasis on opioid stewardship is timely, aiming to equip
graduates with skills for safe and effective prescribing.

Implementation will face challenges, including limited
curriculum time, need for faculty development, and
securing clinical placements. However, the potential
benefits—reduced patient suffering, improved function,
safer opioid use—are immense. This framework positions
Tashkent State Medical University to lead in pain education
regionally.

6. Conclusion

Pain is a multidimensional integrative system requiring
knowledge from molecular biology to social science. This
review confirms that effective pain management demands a
biopsychosocial approach, yet current medical education,
including at Tashkent State Medical University, is
insufficient. The proposed competency-based, vertically
and horizontally integrated
comprehensive solution. Aligned with IASP guidelines and
adapted to the local Uzbek context, this framework aims to
graduate physicians with the necessary knowledge, skills,

curriculum provides a

and attitudes for competent, compassionate pain care.
Successful ~ implementation  requires
commitment, but the potential impact on patient care and
public health is profound. Future work includes piloting the
curriculum, developing assessment tools, and disseminating
the model across the region.
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