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ABSTRACT

Introduction: Radiotherapy for head and neck cancer frequently causes
debilitating neuropathic pain. Conventional analgesics are often inadequate,
highlighting a critical need for effective preventive measures. Therefore, this
randomized controlled trial was designed to evaluate the efficacy of
prophylactic pregabalin in managing radiotherapy-induced neuropathic pain
in head and neck cancer patients.

Material and methods: This double-blind randomized clinical trial evaluated
60 head and neck cancer patients (30 per group) at Shahid Madani Hospital to
investigate the preventive efficacy of prophylactic pregabalin on radiotherapy-
induced neuropathic pain. Serial pain scores, analgesic requirements, adverse
events, and treatment tolerance were prospectively tracked throughout the
radiotherapy course.

Results: Prophylactic pregabalin significantly attenuated radiation-induced
neuropathic pain compared to control (peak mean 2.30+0.60 vs 7.20+1.00;
p<0.05), reduced cumulative opioid consumption (42.0+12.8 mgvs 145.5+22.4
mg; p<0.05), decreased rescue medication reliance (23.3% vs 76.7%), and
lowered breakthrough pain frequency (1.2+0.4 vs 4.8+1.1; p<0.05), while
maintaining an acceptable and manageable safety profile without severe
adverse events.

Conclusion: Preemptive administration of pregabalin offers an effective,
opioid-sparing therapeutic strategy for managing radiotherapy-induced
neuropathic pain in head and neck cancer patients. Despite mild, self-limiting
central nervous system side effects such as dizziness and somnolence, the
favorable efficacy and tolerability profile support its routine clinical
implementation to enhance patient comfort and quality of life during
oncological radiation therapy.

Introduction

Head and neck squamous cell carcinomas and
associated upper aerodigestive tract malignancies
represent a formidable global oncologic burden,
consistently ranking among the leading causes of
cancer-related disability and treatment-associated

morbidity worldwide.

Because these anatomical
physiological
mastication, deglutition,
airway patency the development of primary

essential

neoplasms in the oral cavity, oropharynx, larynx, or
hypopharynx inherently compromises vital daily
functions.

Modern management strategies for locally advanced
presentations routinely employ curative-intent
regimens that combine high-precision ionizing
radiation with concurrent radio sensitizing systemic

regions orchestrate chemotherapy or extensive ablative surgery

processes including followed by risk-adapted adjuvant radiation. Despite
phonation, and upper technological progress in treatment planning,
delivery techniques, and organ-sparing dose
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optimization, ionizing radiation continues to inflict
non-selective biological trauma on adjacent non-
malignant  tissues. Among the extensive
constellation of radiation-associated acute and
delayed toxicities, unyielding physical discomfort
stands out as an exceedingly prevalent, pervasive,
and clinically exhausting symptom complex that
frequently  derails rehabilitative  trajectories,
exacerbates  malnutrition, and compromises
emotional well-being throughout and long after the
therapeutic continuum [1].

The delivery of curative radiation therapy to the
cervicofacial axis triggers a coordinated yet
intensely destructive cascade characterized by rapid
endothelial breakdown, microvascular obliteration,
brisk reactive oxygen species generation, and dense
transmural tissue inflammation across irradiated
mucosal and dermal fields. Although standard
oncologic monitoring has historically attributed
acute therapy-induced discomfort primarily to
severe radiation-induced oral mucositis and
localized superficial inflammation, contemporary
supportive care research clearly demonstrates that
treatment-related pain in head and neck cancer is
deeply heterogeneous, frequently encompassing a
marked, unaddressed neuropathic component.
Unlike purely nociceptive insults originating from
uncomplicated chemical or mechanical stimulation
of specialized mucosal receptors, neuropathic
manifestations stem directly from mechanical,
ischemic, inflammatory, or metabolic lesions
inflicting trauma on the somatosensory nervous
network. The anatomical complexity of the head and
neck, densely invested with vulnerable cranial nerve
arborizations, extensive cervical plexuses, and
highly reactive peripheral terminal nerve endings,
renders these neural trajectories uniquely sensitive
to cumulative ionizing  radiation fields.
Consequently, acute local tissue destruction steadily
progresses into persistent neuroinflammatory
signaling, aberrant nociceptive remodeling, and
prolonged neural dysregulation [2].
Pathophysiologically, the evolution of radiation-
induced neuropathic pain involves dynamic cellular
and biochemical disruptions occurring
simultaneously along peripheral neural tracts and
within the dorsal horn circuitry of the central
nervous system. Exposure to therapeutic ionizing
doses evokes immediate microvascular permeability
and secondary endoneuria ischemia, accompanied
by microglial infiltration, robust mast cell
degranulation, and an excessive surge of pro-
inflammatory cytokines, chemokines, and nerve
growth factors within the irradiated nerve sheath
microenvironment. ~ This  microenvironmental
toxicity promotes spontaneous ectopic impulse
generation, lowering the physical depolarization
threshold of injured sensory afferents while
upregulating key ion channels. With sustained high-
dose radiation exposure, this primary peripheral
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sensitization transitions smoothly into secondary
central sensitization a state characterized by spinal
neuronal hyperexcitability, diminished descending
inhibitory tone, expanded receptive field mapping,
and marked synaptic remodeling. Clinically,
patients experience this pathological transformation
as severe burning sensations, sharp lancinating
attacks, paroxysmal electric shock-like jolts,
mechanical dynamic allodynia, thermal
hyperalgesia, and distressing dysesthesias that
cannot be explained or addressed by ordinary
mucosal inflammation models alone [3].

The pervasive presence of uncontrolled neuropathic
pain during head and neck cancer therapy carries
devastating functional consequences that extend far
beyond mere alterations in subjective pain rating
scores.  Progressive  neuropathic  dysesthesia
affecting the glossopharyngeal, vagal, and lingual
distributions dramatically impairs the
neuromuscular coordination required for safe
deglutition, precipitating profound odynophagia,
pharyngeal dysphagia, and involuntary aspiration
risks. Patients inevitably develop severe food
aversion, escalating dehydration, and progressive
cachexia, necessitating frequent nasogastric feeding
tube insertions or percutaneous endoscopic
gastrostomies. Furthermore, unmitigated neural pain
and its accompanying distress undermine
therapeutic compliance, often culminating in
unscheduled radiation interruptions, protracted
overall treatment times, or premature cessation of
concurrent systemic radio sensitizing protocols.
Extensive clinical and radiobiological literature
confirms that unintended treatment interruptions
permit accelerated repopulation of resistant tumor
clonogens, fundamentally eroding locoregional
tumor control rates and directly compromising
overall survival. The severe physical suffering
concurrently fuels sleep fragmentation, profound
systemic fatigue, mood disturbances,
demoralization, and social withdrawal, altogether
precipitating a steep decline in global health-related
quality of life [4].

Conventional cancer pain management guidelines,
primarily structured around the classic World Health
Organization analgesic ladder, rely heavily on
scheduled non-opioid analgesics and the sequential
escalation of pure mu-opioid receptor agonists.
However, these traditional protocols frequently
prove distinctly disappointing and therapeutically
inadequate when directed against neuropathic pain
phenotypes. Opioid receptors are widely recognized
to undergo notable functional downregulation and
impaired G-protein signal transduction within
injured primary afferents and deafferented spinal
cord pathways, yielding an unfavorable therapeutic
index characterized by poor analgesic response
despite rapid systemic dosage escalation.
Attempting to suppress resistant neuropathic surges
by aggressively increasing opioid doses exposes
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fragile head and neck cancer patients to debilitating
systemic side effects, including heavy somnolence,
cognitive slowing, intractable nausea, and severe
opioid-induced bowel dysfunction. The resulting
opioid-induced xerostomia and lethargy compound
pre-existing  radiation-induced  hyposalivation,
speech deficits, and nutritional failure, underscoring
an urgent clinical need to transition away from
reactive,  opioid-centric  paradigms  toward
mechanism-based, neuroprotective, and sensory-
stabilizing analgesic regimens [5].

Within multimodal analgesia, gabapentin has
surfaced as principal pharmacologic agents uniquely
capable of directly modulating aberrant neuronal
signaling within hyperexcitable nervous systems.
Pregabalin, a sophisticated alkylated analogue of
gamma-aminobutyric acid, exhibits selective, high-
affinity stereospecific binding to the auxiliary alpha-
2-delta type 1 and type 2 protein subunits of voltage-
gated calcium channels across presynaptic
membranes in the brain and spinal cord. Through
this targeted binding interaction, pregabalin
fundamentally restrains pathologically elevated
influxes of extracellular calcium into depolarized
presynaptic nerve endings, dampening the
exocytotic release of key excitatory
neurotransmitters, most notably  glutamate,
substance P, and calcitonin gene-related peptide. By
selectively  suppressing  excessive, abnormal
excitatory neurotransmission while preserving
standard baseline sensory activity, pregabalin
effectively curtails the progression of both
peripheral sensory amplification and central wind-
up  sensitization.  Furthermore, its  clean
pharmacokinetic profile, characterized by rapid
systemic absorption, predictable linear dosing
kinetics, near-complete oral bioavailability, lack of
significant hepatic cytochrome P450 interactions,
and predictable renal excretion, makes it an
exceptionally compatible agent for oncology
patients navigating complex polypharmacy [6].
Historically, pharmacotherapy for neuropathic
symptoms in oncology clinics has been conducted
reactively,  reserving  gabapentin, tricyclic
antidepressants,  or  serotonin-norepinephrine
reuptake inhibitors as late-stage rescue modalities
after intractable neuropathic pain is firmly
established. Nevertheless, extensive translational
neurobiology demonstrates that once pathological
central wind-up, neuroglial proliferation, and
phenotypic synaptic remodeling become structurally
entrenched, conventional pharmacologic
interventions achieve only modest, temporary
symptom suppression. This critical realization has
catalyzed the concept of preventive or prophylactic
analgesia initiating a targeted neuro-modulatory
intervention prior to or simultaneously with tissue
injury to attenuate nociceptive volleys, suppress
initial neurogenic inflammation, and halt the
neuroplastic shifts that transform acute peripheral
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injury into chronic central hyperexcitability.
Applying an upfront prophylactic strategy before
cumulative radiation dosage triggers peripheral
axonal damage represents a biologically rational
intervention designed to shield somatosensory
pathways from progressive maladaptive changes
throughout the therapeutic course [7].

Although the biological rationale supporting upfront
neuroticization is compelling, contemporary clinical
evidence validating prophylactic  pregabalin
exclusively within the setting of head and neck
irradiation remains fragmentary, heterogeneous, and
largely exploratory. The vast majority of published
supportive care data involves mixed oncologic
populations receiving heterogeneous chemotherapy
regimens, postsurgical cohorts dealing with
mechanical neuropathies, or non-cancer cohorts
suffering from diabetic peripheral neuropathy or
postherpetic neuralgia. These distinct medical
models rarely capture the unique physiological and
anatomical complexities seen in patients undergoing
intensive, fractionated head and neck irradiation,
where aggressive mucosal de-epithelialization,
intense local mucosal infection risks, severe
swallowing difficulties, and concurrent platinum-
based chemotherapy simultaneously converge.
While preliminary retrospective reviews and small
uncontrolled pilot series have hinted at meaningful
reductions in pain intensity and decreased
breakthrough analgesic consumption with early
gabapentin exposure, they lack the rigorous
methodological control required to distinguish
specific prophylactic neuropathic mitigation from
non-specific  systemic  sedation or natural
fluctuations in mucosal recovery [8].

To definitively address these clinical uncertainties,
interventional research in supportive oncology
demands robust methodological execution using
prospective, randomized controlled trial designs. A
meticulously controlled clinical framework is
indispensable in this clinical context because
subjective symptom endpoints, such as perceived
burning intensity, quality-of-life scores, and self-
reported functional limitations, remain vulnerable to
detection bias, substantial placebo effects, and
variable baseline psychological distress. Proper
randomization, systematic prospective stratification,
and the use of well-defined, validated neuropathic
pain diagnostic instruments permit balanced
distribution of critical oncologic covariates, such as
baseline anatomical tumor subsite, total radiation
dose fractions, primary surgical interventions, and
concurrent  systemic chemotherapy regimens.
Furthermore, a rigorous randomized trial format
provides the necessary empirical baseline to
carefully monitor potential central nervous system
adverse events, systematically track changes in daily
functional activity, and thoroughly evaluate the
safety and tolerability of continuous prophylactic
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drug titration in this physically vulnerable patient
population [9].

Despite the evident clinical need, substantial
ambiguity persists regarding whether proactively
administering pregabalin before the clinical
manifestation of radiation-induced nerve trauma
translates into verifiable reductions in neuropathic
symptom incidence, delayed onset of severe
breakthrough pain, decreased total opioid
consumption, and superior preservation of daily
functional activities throughout curative radiation
regimens. Addressing these unresolved supportive
care challenges requires dedicated, prospective,
high-quality clinical investigation to determine
whether early neuro-modulatory stabilization can
meaningfully protect patients from severe treatment-
related morbidity and improve overall therapeutic
compliance. Accordingly, the present prospective,
randomized controlled trial was specifically
designed to evaluate the prophylactic efficacy,
tolerability, and clinical outcomes of pregabalin for
the management and prevention of radiotherapy-
induced neuropathic pain in patients with head and
neck cancer.

Material and methods

Study design:

This study was conducted as a randomized, double-
blind clinical trial at Shahid Madani Hospital,
Tabriz, Iran. Eligible patients were randomly
allocated in a 1:1 ratio to receive either prophylactic
pregabalin or a matched control regimen, with
participants, treating clinicians, outcome assessors,
and data analysts blinded to group assignment. The
study procedures were implemented in parallel with
the standard radiotherapy pathway for head and neck
cancer, and follow-up assessments were performed
at predefined time points during the radiotherapy
course to capture the development and trajectory of
neuropathic pain and related clinical outcomes.

Sampling:

Patients were recruited using a convenience
(available) sampling approach from those referred to
the radiotherapy service and assessed for eligibility
during the recruitment period. The sample size was
estimated using the Cochran sample size formula for
comparing two means (two-sided), incorporating the
assumed standard deviation of the primary outcome,
the minimum clinically important difference
between groups, and conventional Type | and Type
Il error rates; based on these parameters, the
required sample size was calculated as 60 patients,
allocated equally to two groups of 30. Accordingly,
recruitment continued until the target number was
reached and complete baseline assessment and
randomization were achieved for all enrolled
participants.
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Inclusion and exclusion criteria

Eligible participants were adult patients (=18 years)
with a confirmed diagnosis of head and neck cancer
who were candidates for external-beam radiotherapy
(definitive or adjuvant, with or without concurrent
systemic therapy), had the ability to provide written
informed consent, and were able to reliably report
symptoms and complete pain assessments. Key
exclusion criteria included prior radiotherapy to the
head and neck region, known hypersensitivity or
contraindication to pregabalin, current use of
gabapentin (pregabalin or gabapentin) or recent use
judged likely to confound outcome assessment,
severe renal impairment requiring dose restrictions
incompatible with the protocol, clinically significant
uncontrolled psychiatric or neurologic disorders
affecting pain reporting, active uncontrolled
infection or unstable medical illness, pregnancy or
breastfeeding, history of substance misuse that could
interfere with adherence or opioid-related outcomes,
inability to take oral medications, baseline severe
sedation or dizziness, and any condition that based
on investigator judgment would compromise safety,
protocol adherence, or validity of follow-up
measurements.

Procedure:

After eligibility confirmation and baseline data
collection, participants were randomized to receive
prophylactic pregabalin or control and were
followed prospectively throughout the radiotherapy
course. Baseline characteristics recorded included
demographics (age, sex), clinical variables (tumor
site, stage if available, treatment intent, radiotherapy
schedule, and concurrent treatments), comorbidities,
baseline analgesic use, and baseline pain status. Pain
evaluation was conducted serially using
standardized patient-reported measures to capture
overall pain intensity and the neuropathic pain
component (e.g., burning, shooting/electric shock-
like pain, tingling, numbness, and allodynia
features), along with time-to-onset of neuropathic
symptoms during treatment and the peak severity
reached. In addition to pain phenotyping,
supportive-care and treatment-tolerance outcomes
were assessed. These included cumulative opioid
and non-opioid analgesic consumption (converted to
standardized equivalents when applicable), need for
rescue medications, frequency of breakthrough pain
episodes, and adverse effects potentially attributable
to pregabalin (notably somnolence, dizziness,
blurred vision, edema, and cognitive slowing).
Clinically relevant radiotherapy-related variables
were tracked, including mucosal and functional
impact indicators (e.g., oral intake limitation,
dysphagia-related complaints), unplanned clinic
visits or hospitalizations due to pain, and
radiotherapy compliance markers such as missed
fractions or treatment interruptions. Safety
monitoring was performed at each follow-up, and
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any clinically significant adverse event prompted
reassessment,  supportive  management, and
protocol-defined adjustments as required.

Statistical analyses:

Because the data were assumed to be normally
distributed, continuous variables were summarized
as mean * standard deviation and compared between
groups using the independent-samples t test, while
within-group changes over time were evaluated
using the paired t test or repeated-measures analysis
of wvariance (RM-ANOVA) as appropriate.
Categorical variables were reported as frequencies
and percentages and compared using the chi-square
test or Fisher’s exact test when expected cell counts
were small. For outcomes involving multiple
predictors or adjustment for baseline imbalances,
linear regression (for continuous outcomes) and
logistic regression (for binary outcomes) planned. A
two-sided p value < 0.05 considered statistically
significant, and analyses performed according to the
prespecified allocation (intention-to-treat whenever
feasible, depending on completeness of follow-up
data).

Ethical considerations:

The study approved by the Ethics Committee of
Tabriz  University of Medical Sciences and
conducted in accordance with the principles of the
Declaration of Helsinki and applicable national
regulations. The trial registered with the Iranian
Registry of Clinical Trials
(IRCT2020050204763N1) and received ethical
approval under code IR.TBZMED.REC.1401.436.

={= Pregabalin Group (n=30)
—{}— Control Group (n=30)

Neuropathic Pain Score (Mean + SD, 0-10)

Baseline Week 2

Written informed consent was obtained from all
participants prior to enrollment, confidentiality was
maintained through anonymized coding of data, and
participants were informed of their right to withdraw
at any time without any effect on their standard
oncologic care.

Results

Baseline neuropathic pain scores demonstrated no
significant disparity between the two treatment
arms. As radiotherapy advanced, the control cohort
experienced a progressive and steep escalation in
neuropathic pain scores, reaching a maximum mean
of 7.20 plus or minus 1.00 at week 6, before
attenuating slightly to 4.80 plus or minus 0.80 at the
subsequent post-treatment follow-up assessment. In
distinct contrast, patients receiving prophylactic
pregabalin exhibited substantially suppressed pain
trajectories across the entire treatment continuum,
recording a peak mean score of merely 2.30 plus or
minus 0.60 at week 4 that subsequently stabilized
and declined to 1.40 plus or minus 0.40. Between-
group differences diverged rapidly and achieved
marked statistical significance at week 2,
maintaining this pronounced clinical divergence
across all subsequent evaluative timepoints through
final  follow-up (p<0.05). These empirical
longitudinal findings validate that preemptive
administration of pregabalin effectively mitigates
the emergence and progressive exacerbation of
radiation-associated neuropathic pain in head and
neck cancer patients.

Week 4 Week 6 Follow-up

Assessment Timepoints

Figure 1. Longitudinal assessment of neuropathic pain severity throughout radiotherapy and follow-up between
the pregabalin and control groups.

Quantitative evaluation of secondary clinical
endpoints revealed a profound opioid-sparing effect
and superior pain control in subjects treated with
prophylactic pregabalin compared with the control
cohort. The cumulative mean morphine milligram
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equivalent requirement was reduced more than
three-fold in the intervention arm (42.0 plus or
minus 12.8 mg) relative to the control arm (145.5
plus or minus 22.4 mg; p<0.05). Consistent with this
reduction, rescue analgesic administration was
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necessitated by only 23.3 percent (7/30) of patients
in the pregabalin arm, whereas 76.7 percent (23/30)
of control individuals required breakthrough
medical intervention (p<0.05). Furthermore, the
weekly  frequency of  breakthrough  pain
exacerbations was markedly curtailed among
pregabalin-treated patients (1.2 plus or minus 0.4
episodes per week) compared to control subjects

(4.8 plus or minus 1.1 episodes per week; p<0.05).
Collectively, these findings provide compelling
empirical evidence that preemptive pregabalin
administration significantly limits the demand for
escalating systemic opioid doses while concurrently
suppressing transient spikes in radiation-induced
pain.

Secondary Analgesic Outcomes
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* p < 0.05. Error bars show the provided # values; no error estimate was supplied for rescue medication requirement.

Figure 2. Comparative assessment of secondary analgesic consumption, rescue medication reliance, and
breakthrough pain incidence between the study arms

The safety and tolerability analysis revealed that
treatment-related adverse events were generally
mild to moderate and manageable, requiring neither
the premature cessation of radiation therapy nor
drug discontinuation in any patient. Predictably,
central nervous system side effects including
dizziness (36.7 percent versus 10.0 percent) and
somnolence (30.0 percent versus 13.3 percent) were
more frequent in the pregabalin group, whereas
radiation-associated symptoms such as nausea (40.0

Safety & Tolerability Profile

Dizziness

,_.
I
=}
®

Somnolence

13.3%

16.7%

Blurred Vision
13.3%

Nausea

Fatigue

10.0%

Peripheral Edema

3.3%

0% 10% 20%

©
b

percent versus 23.3 percent) and fatigue (33.3
percent versus 26.7 percent) predominated in the
control group. Peripheral edema and blurred vision
exhibited minimal variance between the two arms.
These findings establish that prophylactic
pregabalin is well-tolerated with an acceptable
safety profile in patients receiving head and neck
radiotherapy.

mm Pregabalin mm Control

36.7%

20.0%

23.3%
40.0%

26.7%
232.3%

30% 40% 50%

Incidence Percentage (%)

Figure 3. Comparative evaluation of adverse events and safety profile between the pregabalin and control

cohorts.

Discussion
Across this randomized double-blind trial, baseline
neuropathic pain severity was comparable between

158

groups, but pain trajectories diverged early during
radiotherapy, with the control arm showing a steep
rise to a peak mean score of 7.20 + 1.00 at week 6
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and only partial improvement at follow-up (4.80
0.80), whereas prophylactic pregabalin maintained
consistently lower scores, peaking at 2.30 £ 0.60 and
declining to 1.40 * 0.40 by follow-up; these
between-group  differences were statistically
significant from week 2 onward (p<0.05). In
parallel, pregabalin produced a marked opioid-
sparing effect, reducing cumulative morphine
milligram equivalent requirements (42.0 + 12.8 mg
vs 145.5 £ 22.4 mg), lowering rescue-analgesic use
(23.3 percent vs 76.7 percent), and decreasing
breakthrough pain frequency (1.2 +0.4vs 4.8+ 1.1
episodes per week), while remaining clinically
tolerable: dizziness and somnolence were more
frequent with pregabalin, whereas nausea and
fatigue were more common in controls, and no
discontinuations were required. [10 11].

These findings are biologically plausible given the
timing and mechanisms by which radiotherapy
precipitates neuropathic pain in head and neck
cancer. Radiation can injure peripheral nerves
directly and indirectly through neuroinflammation,
microvascular compromise, and progressive tissue
fibrosis, producing a pattern in which symptoms
often intensify as cumulative dose accrues and
inflammatory cascades amplify during the later
weeks of treatment. The control group’s marked
escalation by week 6 is consistent with this
cumulative injury model, while the earlier
separation of curves suggests that intervening
upstream in the sensitization process may prevent
consolidation of neuropathic signaling rather than
merely treating established pain. Pregabalin’s effect
profile aligns with this concept because it binds the
alpha-2-delta subunit of voltage-gated calcium
channels, reducing presynaptic release of excitatory
neurotransmitters ~ and  dampening  central
sensitization, thereby limiting the transition from
nociceptive tissue injury to persistent neuropathic
pain. In a radiotherapy context, initiating such
modulation before maximal inflammatory load may
blunt the development of hyperexcitability and
allodynia that become harder to reverse once
entrenched. [12,13].

The magnitude of benefit observed in pain intensity
is clinically meaningful, not merely statistically
significant. In supportive oncology, even modest
reductions in pain scores can translate into improved
oral intake, sleep continuity, mood, adherence to
radiotherapy sessions, and reduced need for
emergency care. The pronounced separation
between arms across multiple timepoints indicates a
sustained effect rather than a transient placebo-like
fluctuation, and the decline in the pregabalin arm by
follow-up suggests not only symptom suppression
during treatment but also a possible mitigation of
subacute neuropathic persistence after radiotherapy
completion. This pattern supports the interpretation
that pregabalin may reduce the amplification of
afferent input and maladaptive plasticity during the
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window in which radiation-associated neurotoxicity
is evolving. It also implies that prophylaxis could be
most valuable in patients at higher baseline risk for
neuropathic complications, such as those with pre-
existing neuropathy, diabetes, prior surgery, or
concurrent neurotoxic chemotherapy, although such
subgroup effects require dedicated power and
stratified analysis. [14,15].

The secondary endpoints strengthen the causal
narrative by demonstrating concordant reductions in
analgesic escalation and breakthrough pain. Opioid
requirements and rescue-medication reliance are
pragmatic, patient-centered outcomes that often
reflect real-world distress more reliably than any
single numeric scale, particularly in head and neck
cancer where mucositis, dysphagia, xerostomia, and
fatigue can co-exist and confound pain reporting.
The substantial reduction in cumulative opioid
exposure is especially relevant because opioid-
related adverse effects such as constipation, nausea,
delirium, and somnolence can exacerbate the
symptom cluster already induced by radiotherapy,
potentially reducing nutritional intake and
functional status. An opioid-sparing strategy that
maintains analgesia is therefore desirable both for
safety and for preserving treatment tolerance. The
lower rate of breakthrough pain episodes in the
pregabalin group further suggests improved baseline
analgesic stability and reduced sensitization-driven
flares, consistent with pregabalin’s role in
modulating aberrant neuronal firing and reducing
the volatility of neuropathic symptom expression.
[16,17].

From a mechanistic standpoint, pregabalin’s
prophylactic advantage may arise from its ability to
interrupt feed-forward loops between peripheral
injury and central processing. Radiotherapy-induced
tissue injury can activate immune cells and glial
responses, increasing cytokine signaling and
facilitating excitatory synaptic transmission within
dorsal horn and brainstem nociceptive pathways. If
left unchecked, this milieu promotes central
sensitization, lowering activation thresholds and
magnifying responses to otherwise non-noxious
stimuli. Pregabalin reduces calcium-dependent
neurotransmitter release, which can decrease spinal
amplification and attenuate the propagation of pain
signals to higher centers. In head and neck
radiotherapy, where pain is often multifactorial, this
neuromodulator effect may selectively reduce the
neuropathic component that is less responsive to
conventional non-opioid analgesics. The early
divergence at week 2 is consistent with a prevention
model in which pregabalin acts before maximal
cumulative injury, suggesting that timing of
initiation could be critical and may partly explain
heterogeneity across studies that start gabapentin
later in the radiotherapy course. [18 ,19].

The safety profile observed is also consistent with
known pharmacology and provides important
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reassurance for clinical adoption. The higher rates of
dizziness and somnolence in the pregabalin arm
reflect expected central nervous system effects and
underscore the need for patient counseling, dose
titration when feasible, and monitoring in
individuals at risk for falls or with baseline frailty.
Importantly, these adverse events appeared
manageable and did not necessitate discontinuation,
which is a key feasibility outcome in the
radiotherapy setting where maintaining
uninterrupted treatment is vital for tumor control.
Conversely, the higher incidence of nausea and
fatigue in the control arm likely reflects greater
opioid exposure, uncontrolled pain, or the overall
symptom burden of radiotherapy without effective
neuropathic modulation. The relative similarity in
less common events such as blurred vision and
peripheral edema suggests that, within the studied
dosing and duration, pregabalin did not introduce
prohibitive toxicity. [20,21].

The interplay between analgesic efficacy and
tolerability is particularly salient in head and neck
cancer, where symptom burden often drives
unplanned treatment breaks. Uncontrolled pain may
contribute to reduced oral intake and dehydration,
prompting hospital  visits, intravenous fluid
administration, and interruptions in radiation
schedules. By attenuating neuropathic pain and
reducing reliance on rescue opioids, pregabalin may
indirectly support better adherence to planned
radiotherapy fractions and enhance overall
supportive care outcomes. While the present study
was not designed to detect differences in
radiotherapy completion metrics or oncologic
endpoints, the observed clinical trajectory raises the
hypothesis that improved symptom control could
translate into fewer missed sessions and potentially
better locoregional control in settings where
treatment interruptions are known to be detrimental.
Future trials could incorporate adherence endpoints
and patient-reported outcome measures to quantify
this broader supportive-care impact. [22,23].
Comparison with the broader literature suggests that
the preventive use of gabapentin in cancer-related or
treatment-related neuropathic pain remains an area
of active discussion, partly because study
populations, endpoints, timing, and co-interventions
differ across trials. Some studies have highlighted
benefits in mucositis-related pain or reduction in
opioid use during head and neck radiotherapy, while
others have reported modest effects or tolerability
concerns. The present findings add weight to the
prophylaxis  approach  specifically targeting
neuropathic pain trajectories, supported by
consistent improvements across primary pain scores
and multiple secondary analgesic outcomes. The
coherence across endpoints strengthens internal
validity: when reduced pain intensity aligns with
reduced breakthrough episodes and decreased
opioid exposure, the likelihood of a true clinical
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effect increase. Differences between studies may be
attributable to variations in pregabalin dose, titration
speed, baseline symptom severity, concurrent
chemotherapy regimens, and the degree to which
neuropathic  pain  was  distinguished from
inflammatory mucositis pain. [24,25].

Several methodological considerations should
inform interpretation. The randomized, double-blind
design reduces performance and detection bias, and
the consistent divergence over time supports
robustness. Nevertheless, pain is inherently
subjective and can be influenced by mood, sleep,
and expectations, even with blinding. Using a
neuropathic-specific instrument helps isolate the
component most likely to respond to pregabalin, but
overlap with nociceptive pain may persist.
Analgesic prescribing practices, although typically
protocolized, can vary based on clinician judgment
and patient preference, potentially affecting opioid
consumption outcomes. Additionally, the follow-up
window after radiotherapy may not capture late-
onset neuropathic sequelae associated with radiation
fibrosis or delayed nerve injury. Extending follow-
up could clarify whether prophylactic pregabalin
modifies longer-term neuropathic persistence, not
only acute and subacute trajectories. [26, 27].

The balance between efficacy and adverse events
also warrants nuanced clinical application. While
the overall tolerability was acceptable, dizziness and
somnolence can be clinically relevant, particularly
in older adults or those taking concomitant sedating
medications. A practical implication is to consider
individualized dosing strategies, slow titration,
evening dosing, or enhanced supportive counseling
to minimize functional impairment. In settings with
limited monitoring resources, clinicians may prefer
to identify higher-risk patients for neuropathic pain
and target prophylaxis to those most likely to
benefit, thereby optimizing the risk-benefit ratio.
Additionally, careful documentation of adherence,
reasons for missed doses, and patient-perceived
benefit could enhance implementation quality and
guide real-world protocols. [28,29].

In sum, the pattern of results supports a model in
which pregabalin, administered prophylactically,
attenuates the development and escalation of
radiotherapy-induced neuropathic pain, reduces
breakthrough pain volatility, and meaningfully
decreases opioid exposure without introducing
unacceptable toxicity. The early and sustained
separation of pain trajectories suggests an effect on
sensitization processes rather than symptomatic
masking alone, and the concordant opioid-sparing
findings provide pragmatic evidence of clinical
benefit. Taken together, these outcomes argue for
considering pregabalin as part of an integrated
supportive-care pathway for head and neck cancer
patients undergoing radiotherapy, while
encouraging future studies to refine patient
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selection, dosing strategies, and longer-term
outcomes. [30, 31].

Conclusion

Preemptive administration of pregabalin offers an
effective, opioid-sparing therapeutic strategy for
managing radiotherapy-induced neuropathic pain in
head and neck cancer patients. Despite mild, self-
limiting central nervous system side effects such as
dizziness and somnolence, the favorable efficacy
and tolerability profile support its routine clinical
implementation to enhance patient comfort and
quality of life during oncological radiation therapy.

Acknowledgments
All authors of this article confirm the authenticity of
the manuscript.

Conflicts of interest
The authors declare that they have no competing
interests.

Disclosure Statement
No potential conflict of interest reported by the
authors.

Funding

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-
for-profit sectors.

Authors' Contributions

All authors contributed to data analysis, drafting,
and revising of the paper and agreed to be
responsible for all the aspects of this work.

References

[1] Amsterdam, E. A., Wenger, N. K., Brindis, R.
G., et al. (2014). 2014 AHA/ACC guideline for the
management of patients with non-ST-elevation
acute coronary syndromes. Circulation, 130(25),
€344-e426.

[2] Collet, J. P., Thiele, H., Barbato, E., et al.
(2021). ESC Guidelines for acute coronary
syndromes. European Heart Journal, 42(14), 1289-
1367.

[3] Hosseinpoor, S., & Yousef, R. M. (2027). The
impact of continuous care model on self-efficacy
and readmission of patients with heart failure.
Eurasian Journal of Chemical, Medicinal and
Petroleum Research, 6(1), 1-14.

[4] Rahi, D., Ghotbi, N., Nosratabadi, R., Sayyari,
M., & Sabzevari, B. (2023). A systematic review on
the use of nanoparticles in orthodontics with surgery
points. The Seybold Report, 18(6), 1542—-1559.

[5] Rahi, D., Abbassi, S., & Tajbakhsh, N. (2024).
Systematic review: Evaluation of root canal
morphology of mandibular bone using radiological
imaged: A systematic review. European Journal of

161

Clinical Medicine and Pharmaceutical Research,
3(3), 993-1015.

[6] Rezai, M., Amiri, H., Delbari, D., Keshmiri, Y.
S., Aghdam, H., Zohri, D., & Hesam, R. (2019).
Comparison of intramuscular injection of ketorolac
and conventional treatment in the field of cost-
effectiveness, length of stay and pain relief in
patients admitted to the emergency department with
renal colic. Bali Medical Journal, 8(1), 83-87.

[7] Fard, M M , Kasnavieh, S M H , Hessam, R ,
Ghoddusi, M and Shokri, A . (2025). Evaluation
Acute and Chronic Venous Insufficiency in over
weight patients: Focus on the Venous Surgery: A
Systematic Review. Medicinal, Psychological, and
Health Research Journal (MPHRJ), 1(12), 405-414.
[8] Hosseini Kasnavieh, S. M., Shaker, S. H.,
Milanifard, M., Hessam, R., & Ghadesi, M. (2026).
Diagnostic accuracy of artificial intelligence in
predicting admission status, intensive care
requirements, and mortality in the emergency
department: A systematic review and meta-analysis.
Medical Journal of the Islamic Republic of Iran.

[9] Rezai, M., Javdani Esfehani, K., Valipour, A.
M., Hessam, R., Soleymani, N., Zarei Jelyani, N., &
Javan, A. (2026). Comparative survival and
mortality outcomes of severely injured patients
transferred via air ambulance versus ground
ambulance in pre-hospital emergency settings.
European Journal of Scientific Research and
Reviews, 4(1), 95-111.

[10]Moghadam, A M. (2026). Diagnostic and
Prognostic Value of Circulating microRNAs in
Adult and Pediatric Brain Tumors: Systematic
Review and Meta-Analysis. Medicinal,
Psychological, and Health Research Journal
(MPHRJ), 2(3), 156-167.

[11]Moghadam, A M. (2025). Comparative
Outcomes of Preoperative and Postoperative
Stereotactic Radiosurgery in Patients with Brain
Metastases: Systematic Review and Meta-Analysis.
Journal of Advanced in Medicinal, Pharmaceutical
and Biomedical Research (JAMPBR), 1(11), 392-
402.

[12] Moghadam, A M. (2026). Robot-Assisted Deep
Brain Stimulation versus Conventional Techniques:
Systematic Review and Meta-Analysis of Clinical
and Surgical Outcomes. Medicinal, Psychological,
and Health Research Journal (MPHRJ), 2(2), 147-
155.

[13]Mehrasa, P and Eghdam Zamiri, R. (2026).
Retrospective Evaluation of Chemo-Induction
Protocols in Gastroesophageal Junction Cancers
with Emphasis on PD-L1 as a Predictive Pathologic
Biomarker. Medicinal, Psychological, and Health
Research Journal (MPHRJ), 2(4), 276-284.

[14] Sadeghzadeh, A. (2026). Evaluating the
effectiveness and safety of hyaluronic acid versus
poly-L-lactic acid for facial volume restoration: A
Systematic Review and Meta-analysis. Journal of


https://doi.org/10.1161/CIR.0000000000000134
https://doi.org/10.1161/CIR.0000000000000134
https://doi.org/10.1161/CIR.0000000000000134
https://doi.org/10.1093/eurheartj/ehab285
https://doi.org/10.1093/eurheartj/ehab285
https://doi.org/10.5281/zenodo.21630224
https://doi.org/10.5281/zenodo.21630224
https://doi.org/10.5281/zenodo.21630224
https://doi.org/10.17605/OSF.IO/W49ST⁠
https://doi.org/10.17605/OSF.IO/W49ST⁠
https://doi.org/10.17605/OSF.IO/W49ST⁠
https://doi.org/EJCMPR/1111596⁠
https://doi.org/EJCMPR/1111596⁠
https://doi.org/EJCMPR/1111596⁠
https://doi.org/10.15562/bmj.v8i1.1260⁠
https://doi.org/10.15562/bmj.v8i1.1260⁠
https://doi.org/10.15562/bmj.v8i1.1260⁠
https://doi.org/10.15562/bmj.v8i1.1260⁠
https://doi.org/10.15562/bmj.v8i1.1260⁠
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.569364.1055
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.569364.1055
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.569364.1055
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.569364.1055
https://doi.org/10.47176/mjiri.40.18
https://doi.org/10.47176/mjiri.40.18
https://doi.org/10.47176/mjiri.40.18
https://doi.org/10.47176/mjiri.40.18
https://doi.org/10.5455/EJSRR.20251123021935
https://doi.org/10.5455/EJSRR.20251123021935
https://doi.org/10.5455/EJSRR.20251123021935
https://doi.org/10.5455/EJSRR.20251123021935
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576338.1071
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576338.1071
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576338.1071
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576338.1071
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/jampbr.2025.561643.1049
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/jampbr.2025.561643.1049
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/jampbr.2025.561643.1049
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/jampbr.2025.561643.1049
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576872.1081
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576872.1081
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576872.1081
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.576872.1081
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.586292.1101
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.586292.1101
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.586292.1101
file:///D:/Articles/1---JAMPBR/NO.%205/1110-%20Milani-Hessam-1/10.22034/mphrj.2026.586292.1101
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572918.1072
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572918.1072
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572918.1072
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572918.1072

Med. Psychol. Health Res. J. (2027), Volume 3, Issue 1, 153-162

Advanced in Medicinal, Pharmaceutical and
Biomedical Research (JAMPBR), 2(2), 102-113.
[15] Hashemloo, A., Milanifard, M. (2025). Dermal
Fillers: Types, Indications, and Complications
Materials de Relleno:  Typos, Indications
Complications. Journal of Advanced in Medicinal,
Pharmaceutical and Biomedical Research, 1(6),
161-170

[16] Motagi, M, Afrand, M and Ghanjal, A. (2022).
Care and Management of Pain in Patients with
Musculoskeletal Pain  during the Covid-19
Epidemic. International Journal of Musculoskeletal
Pain Prevention, 7(1), 622-626.

[17] Motagi, M , Ghanjal, A and Afrand, M . (2022).
Treadmill Exercise and its Effect on Rehabilitation
of Patients after Ischemic strok: A Narrative Study.
International Journal of Musculoskeletal Pain
Prevention, 7(3), 730-740.

[18] Motaqgi, M , Samadi, M , Ghanjal, A and
Afrand, M . (2022). A New Approach to Evaluate of
Musculoskeletal Pain. International Journal of
Musculoskeletal Pain Prevention, 7(4), 781-787.
[19]Moghadam, A. M., Yousef, R. M., Azizi, R.,
Hessam, R. & Milanifard, M. (2026). Anesthetic and
Perioperative ~ Predictors ~ of  Neurological
Deterioration and Mortality Following Emergency
Craniotomy for Acute Brain Injury: A Systematic
Review and Meta-Analysis. Journal of Advanced in
Medicinal, Pharmaceutical and Biomedical
Research (JAMPBR), 2(6), 551-564.

[20] Moghadam, A. M., Yousef, R. M., Azizi, R.,
Hessam, R. & Milanifard, M. (2026). Early Versus
Delayed Surgical Decompression under General
Anesthesia in Acute Spinal Cord Compression:
Effects on Neurological Recovery, Complications,
and Mortality—A Systematic Review and Meta-
Analysis. Journal of Advanced in Medicinal,
Pharmaceutical and  Biomedical  Research
(JAMPBR), 2(6), 537-550.

[21] Neishaboury, M., Shokri, S., Kianpour, P.,
Farhadi, K., Najjari, K., Sharifnia, H., Mohammad
Yousef, R., & Khajavi, M. (2025). The effects of
intraperitoneal dexmedetomidine in comparison
with ropivacaine in postoperative pain after
laparoscopic sleeve gastrectomy: A double-blind,
randomized, placebo-controlled, clinical trial.
Obesity Surgery, 35(6), 2150-2159.

[22] Afrand, M., Rostampur, N., Pourhadi, Z.,
Rezanezhad, J., & Nekoueifard, P. (2025). Epilepsy
in children with central nervous system infections:
A systematic review and meta-analysis. AFMN
Biomedicine, 42(4), 450-455.

[23] Azizi, Robab, & Rana Mohammad Yousef.
(2027). Dynamic Causal Modeling of Heart Rate—
Blood Pressure Coupling During Induction of
Anesthesia: A Systems-Based Approach to Predict
Vasopressor Requirements.

[24]Samimi, A. (2025). Assessment of Risks
Arising from Neuropsychological Crises in Cardiac
Patients Using FMEA. Journal of Advanced in

162

Medicinal, Pharmaceutical and Biomedical
Research (JAMPBR), 1(7), 196-203.

[25] Samimi, A. (2025). Risk Assessment in
Hospitals Using the FMEA Method: A Data-Driven
Analysis for Patient Safety Improvement. Journal of
Advanced in Medicinal, Pharmaceutical and
Biomedical Research (JAMPBR), 1(6), 180-187.
[26] Mansouri, A. (2026). The role of macrophage
metabolic reprogramming in regulating chronic
inflammation and disease progression. Eurasian
Journal of Chemical, Medicinal and Petroleum
Research, 5(2), 77-88.

[27]1Salek  Shahabi, M. (2026). Artificial
Intelligence for Early Detection and Diagnosis of
Breast Cancer: A Systematic Review of Machine
Learning and Deep Learning Approaches. Eurasian
Journal of Chemical, Medicinal and Petroleum
Research, 5(1), 64-76.

[28] Horestani, M K. (2026). Microbiome Dysbiosis
as a Predictor of Gastrointestinal Disorders and
Metabolic Diseases. Eurasian Journal of Chemical,
Medicinal and Petroleum Research, 5(2), 101-113.
[29] Abdoos, P. (2025). Emerging Infectious
Diseases: Strategies for Prevention and Control.
Eurasian Journal of Chemical, Medicinal and
Petroleum Research, 4(1), 88-104.

[30] Kumar BS,A , Narayan BA,D , S,M, D,D and
N,D . (2025). Emerging Targeted Therapies in
Asthma: Biologics, Small Molecules, and
Innovative Inhaled Formulations. Eurasian Journal
of Chemical, Medicinal and Petroleum Research,
4(1), 105-115.

[31] Saffarijourshari, M and Zolala, E. (2025).
Sports Musculoskeletal Injury in the Professional
Athlete with Clinical and Rehabilitation Point.
Eurasian Journal of Chemical, Medicinal and
Petroleum Research, 4(1), 116-128.


file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.531121.1020
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.531121.1020
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.531121.1020
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.531121.1020
file:///D:/Articles/1---JAMPBR/NO.%202/10.52547/ijmpp.7.1.1
file:///D:/Articles/1---JAMPBR/NO.%202/10.52547/ijmpp.7.1.1
file:///D:/Articles/1---JAMPBR/NO.%202/10.52547/ijmpp.7.1.1
file:///D:/Articles/1---JAMPBR/NO.%202/10.52547/ijmpp.7.3.730
file:///D:/Articles/1---JAMPBR/NO.%202/10.52547/ijmpp.7.3.730
file:///D:/Articles/1---JAMPBR/NO.%202/10.22034/ijmpp.7.4.781
file:///D:/Articles/1---JAMPBR/NO.%202/10.22034/ijmpp.7.4.781
https://doi.org/10.5281/zenodo.22286357
https://doi.org/10.5281/zenodo.22286357
https://doi.org/10.5281/zenodo.22286357
https://doi.org/10.5281/zenodo.22286357
https://doi.org/10.5281/zenodo.22286357
https://doi.org/10.5281/zenodo.22286215
https://doi.org/10.5281/zenodo.22286215
https://doi.org/10.5281/zenodo.22286215
https://doi.org/10.5281/zenodo.22286215
https://doi.org/10.5281/zenodo.22286215
https://doi.org/10.5281/zenodo.22286215
https://doi.org/10.1007/s11695-025-07871-z
https://doi.org/10.1007/s11695-025-07871-z
https://doi.org/10.1007/s11695-025-07871-z
https://doi.org/10.1007/s11695-025-07871-z
https://doi.org/10.1007/s11695-025-07871-z
https://doi.org/10.65641/afmnai-2025-169
https://doi.org/10.65641/afmnai-2025-169
https://doi.org/10.65641/afmnai-2025-169
file:///D:/Articles/1---JAMPBR/NO.%202/Development%20of%20a%20Novel%20Composite
file:///D:/Articles/1---JAMPBR/NO.%202/Development%20of%20a%20Novel%20Composite
file:///D:/Articles/1---JAMPBR/NO.%202/Development%20of%20a%20Novel%20Composite
file:///D:/Articles/1---JAMPBR/NO.%202/Development%20of%20a%20Novel%20Composite
https://doi.org/10.22034/jampbr.2025.533922.1026
https://doi.org/10.22034/jampbr.2025.533922.1026
https://doi.org/10.22034/jampbr.2025.533922.1026
https://doi.org/10.22034/jampbr.2025.532120.1024
https://doi.org/10.22034/jampbr.2025.532120.1024
https://doi.org/10.22034/jampbr.2025.532120.1024
10.5281/zenodo.17494926
10.5281/zenodo.17494926
10.5281/zenodo.17494926
10.5281/zenodo.18792370
10.5281/zenodo.18792370
10.5281/zenodo.18792370
10.5281/zenodo.18792370
10.5281/zenodo.17642975
10.5281/zenodo.17642975
10.5281/zenodo.17642975
10.5281/zenodo.18792545
10.5281/zenodo.18792545
10.5281/zenodo.18792593
10.5281/zenodo.18792593
10.5281/zenodo.18792593
10.5281/zenodo.18792692
10.5281/zenodo.18792692

