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ABSTRACT

Background: Agnikarma, a para-surgical intervention described in Ayurvedic Shalya Tantra, employs controlled
therapeutic heat for managing Vata-Kapha dominant disorders.? Despite extensive classical documentation, its
biological basis remains underexplored within modern translational frameworks. Objective: To critically
reinterpret Agnikarma through integration of classical Ayurvedic doctrine and contemporary biomedical
mechanisms. Methods: A narrative-critical review was conducted using classical Ayurvedic treatises and PubMed-
indexed biomedical literature. Mechanistic mapping correlated Agnikarma principles with wound biology,
neurophysiology, and inflammatory modulation.®>?% Results: Evidence suggests plausible mechanisms including
thermal coagulation™, TRPV1-mediated nociceptor modulation™¥ cytokine-mediated inflammatory
regulation™, and fibroblast-driven tissue remodelling."®*® Clinical parallels exist in hemorrhoidal therapy!”,
dermatologic lesion ablation®, and chronic wound care.’? Conclusion: Agnikarma represents a structured
thermal modulation technique with translational relevance. Scientific validation through standardized protocols and
controlled trials is essential for global integration.

KEYWORDS: Agnikarma; Shalya Tantra; Thermal therapy; Integrative surgery; TRPV1; Wound healing.

1. INTRODUCTION

Thermal interventions have occupied a central role in the
evolution of surgical sciences across civilizations.
Contemporary medicine employs diverse forms of
therapeutic heat including electrocautery, radiofrequency
ablation, laser coagulation, infrared therapy, and
thermotherapy for tissue modulation, haemostasis,
analgesia, and wound management."**2?*l  These
modalities act through controlled thermal energy capable
of altering cellular physiology, vascular responses,
inflammatory signalling, and neural transmission.
Modern translational medicine increasingly recognizes
that several traditional procedures may possess
scientifically explainable mechanisms when examined
through the lens of molecular biology and
neurophysiology.™

Within classical Ayurveda, Agnikarma is one of the most
important para-surgical procedures described under

Shalya Tantra. Ancient Ayurvedic surgeons considered
Agnikarma superior to other interventions in selected
conditions because of its ability to prevent recurrence
and achieve rapid therapeutic effects.? Classical texts
describe its utility in disorders dominated by Vata and
Kapha Dosha, particularly in chronic painful conditions,
musculoskeletal disorders, anorectal diseases, sinus
tracts, warts, and non-healing ulcers. The procedure
involves the deliberate and controlled application of heat
through heated metallic instruments, herbal rods, or
specialized thermal devices.™

The theoretical basis of Agnikarma is rooted in the
Ayurvedic concept that Ushna (heat) counteracts
pathological Sheeta (coldness?, Sthirata (stagnation), and
Kapha-mediated obstruction.™®! Through restoration of
Agni and removal of Srotorodha (microchannel
obstruction), Agnikarma was believed to facilitate pain
relief, tissue purification, and healing. These classical
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concepts exhibit notable conceptual parallels with
contemporary understanding of tissue perfusion,
inflammatory modulation, neural desensitization, and
wound repair biology.[®

Despite centuries of clinical use, Agnikarma has largely

remained confined within descriptive traditional
frameworks and has not undergone sufficient
mechanistic reinterpretation according to modern

biomedical sciences. Current evidence regarding its
biological action remains fragmented and largely
observational. Furthermore, heterogeneity in instruments,
temperature delivery, depth of thermal exposure,
procedural indications, and post-procedural care limits
reproducibility and global scientific acceptance.?!

Recent advances in wound biology, cytokine signalling,
pain neurophysiology, and tissue engineering provide
new opportunities to reinterpret Agnikarma through
translational frameworks. Controlled thermal injury is
now known to induce molecular events involving protein
denaturation, coagulative  haemostasis, fibroblast
activation, angiogenesis, extracellular matrix
remodelling, and nociceptor modulation.®® Heat-
sensitive transient receptor potential vanilloid-1
(TRPV1) receptors, inflammatory cytokines,
neuroimmune interactions, and cellular stress responses
may represent important mechanistic  correlates
explaining the observed therapeutic effects of
Agnikarma. 38

Similarly, several modern surgical interventions—
including electrocautery, thermal haemorrhoid
coagulation, laser ablation, and radiofrequency tissue
destruction—share  operational ~ similarities  with
Agnikarma.224 This overlap suggests that Agnikarma
may not merely represent empirical cauterization but
rather an early form of structured thermal bio stimulation
and targeted tissue modulation.

In the present era of integrative medicine, there is
increasing emphasis on scientifically validating
traditional therapies through evidence-based
methodologies and translational research.'*!  Such
approaches may facilitate the integration of classical
Ayurvedic procedures into mainstream healthcare while
preserving their conceptual integrity. Therefore, the
present review critically reappraises Agnikarma by
correlating  classical ~ Ayurvedic  doctrine  with
contemporary biomedical mechanisms involving thermal
coagulation, neurophysiology, inflammatory regulation,
and wound healing biology. The article further highlights
standardization requirements, safety considerations, and
future translational research directions necessary for the
scientific advancement of Agnikarma.

3. CLASSICAL FOUNDATIONS OF AGNIKARMA
Agnikarma occupies a distinguished position within the
surgical discipline of Ayurveda and is extensively
described in the classical texts of Sushruta Samhita,

Charaka Samhita, and Ashtanga Hridaya.'*® Sushruta,
regarded as the father of ancient surgery, considered
Agnikarma among the most effective para-surgical
interventions because of its capacity to provide definitive
treatment and minimize recurrence in chronic disorders.1
Classical Ayurvedic literature repeatedly emphasizes that
diseases treated inadequately by Bheshaja (medicinal
therapy), Ksharakarma (alkaline cauterization), or
Shastra Karma (surgery) may respond favourably to
Agnikarma.l!

The procedure was traditionally indicated in conditions
involving severe pain, stiffness, obstruction, localized
swelling, chronic sinus formation, haemorrhoids, fistula-
in-ano, musculoskeletal disorders, and non-healing
ulcers.1,2 According to Ayurvedic principles, these
disorders predominantly involve aggravation of Vata and
Kapha Dosha associated with Sheeta Guna (cold
property), Srotorodha (microchannel obstruction), and
impaired local circulation. Agnikarma, by virtue of its
Ushna (thermal) property, was believed to dissolve
pathological stagnation and restore physiological
equilibrium.t!

Classical texts describe several materials for performing
Agnikarma including metallic rods (Shalaka), heated
instruments, honey, Pippali, oils, and specialized herbal
preparations depending upon tissue depth and anatomical
location.™ Sushruta also classified Agnikarma according
to the structure involved, including Twak Dagdha
(superficial ~skin cauterization), Mamsa Dagdha
(muscular cauterization), Sira-Snayu Dagdha (vascular
and ligamentous cauterization), and Asthi-Sandhi
Dagdha (bone and joint cauterization). These
classifications demonstrate a sophisticated understanding
of graded thermal tissue interaction.™

The therapeutic rationale of Agnikarma may be
interpreted as a process of controlled thermal tissue
modulation aimed at restoring biological homeostasis. In
Ayurvedic physiology, Agni is considered the central
regulator of digestion, metabolism, tissue transformation,
and vitality. Impaired Agni leads to the formation of
Ama, which contributes to inflammation, obstruction,
chronic pain, and delayed healing."™! Agnikarma
symbolically and therapeutically re-establishes metabolic
balance through external heat stimulation.

The concepts of Shodhana (purification) and Ropana
(healing) further explain the procedural objectives of
Agnikarma. Shodhana refers to the elimination of
unhealthy tissue, slough, discharge, and pathological
accumulation, while Ropana signifies tissue regeneration
and restoration. These principles closely parallel
contemporary concepts of wound debridement, infection

control, granulation tissue formation, and tissue
remodeling.¥
Another important classical observation is the

recurrence-preventive property of Agnikarma. Sushruta
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specifically states that diseases managed by Agnikarma
are less likely to recur when appropriately performed.1
From a biomedical perspective, this may correspond to
destruction of diseased tissue, interruption of nociceptive
pathways, modification of inflammatory signalling, or
fibrosis-induced structural stabilization.*%

The procedural methodology described in Ayurveda also
reflects an early understanding of surgical precision and
tissue preservation. Classical authors emphasized careful
patient selection, appropriate instrument heating,
anatomical localization, post-procedure wound care, and
prevention  of  excessive  burns.®  These
recommendations demonstrate an advanced appreciation
of procedural safety comparable to modern thermal
surgical principles.

Thus, the classical foundations of Agnikarma reveal a
highly structured therapeutic system rather than a crude
cauterization technique. Its conceptual framework aligns
remarkably with several modern biological principles
involving thermal energy transfer, neurovascular
modulation, inflammatory control, and wound healing
dynamics.

4. BIOMEDICAL CORRELATES

4.1 Thermal Coagulation and Tissue Effects
Controlled thermal exposure produces immediate and
delayed biological effects depending on temperature,
duration, and tissue characteristics. Modern surgical
technologies such as electrocautery, radiofrequency
ablation, infrared coagulation, and laser therapy utilize
similar principles of thermal tissue interaction.*:*?2
Heat application causes localized protein denaturation,
coagulative necrosis, microvascular sealing, and cellular
dehydration.™ These effects contribute to hemostasis,
reduction of pathological exudation, and destruction of
diseased tissue.

Thermal coagulation also induces microcirculatory
changes that may improve local tissue perfusion and
oxygenation during the healing phase.5,6 Controlled
thermal injury initiates a cascade of biological events
including release of heat-shock proteins, activation of
inflammatory mediators, and recruitment of reparative
cells.l”? Such responses may correspond to the Ayurvedic
concept of restoring Agni and eliminating obstructive
pathology.

Importantly, graded thermal injury can stimulate
angiogenesis and extracellular matrix remodeling while
excessive thermal exposure may cause irreversible tissue
destruction and fibrosis.”! Therefore, understanding the
therapeutic thermal window is essential for scientific
standardization of Agnikarma.

4.2 Neurophysiological Mechanisms
One of the most important translational correlates of

(TRPV1) receptor is a heat-sensitive ion channel
expressed on nociceptive neurons and activated at

temperatures  exceeding approximately 43°C. 13
Activation of TRPV1 leads to calcium influx,
neurotransmitter release, and transmission of pain
signals.

However, repeated or sustained thermal stimulation
results in receptor desensitization and reduced
nociceptive transmission."* This phenomenon explains
the analgesic effects observed in capsaicin-based
therapies for chronic neuropathic pain.'*! Agnikarma
may  similarly  produce localized  nociceptor
desensitization and interruption of chronic pain signaling
pathways.

Thermal stimulation additionally influences peripheral
neural conduction, autonomic vascular regulation, and
endogenous opioid release.””’ Heat therapy has been
shown to reduce muscle spasm, improve blood flow, and
modulate central pain perception.*”! These mechanisms
provide plausible explanations for the efficacy of
Agnikarma in musculoskeletal disorders and chronic
painful conditions described in Ayurveda.

Emerging neuroimmune research further suggests that
thermal stimulation may alter interactions between
peripheral nerves, immune cells, and inflammatory
mediators.”!  Such neuromodulatory effects may
represent an important bridge between Ayurvedic pain
concepts and modern neurophysiology.

4.3  Inflammatory
Modulation
Wound healing is a dynamic biological process involving
inflammatory, proliferative, and remodeling phases
coordinated through cytokines, chemokines, growth
factors, and cellular signaling networks.®” Acute
inflammation is necessary for tissue repair; however,
chronic dysregulated inflammation contributes to
persistent wounds, fibrosis, and pain.®*!

Regulation and Cytokine

Controlled thermal stimulation may alter inflammatory
pathways through modulation of cytokine release and
immune cell recruitment. Heat exposure can influence
levels of interleukins, tumor necrosis factor-alpha (TNF-
a), transforming growth factor-beta (TGF-B), and
vascular endothelial growth factor (VEGF).?® These
mediators regulate angiogenesis, fibroblast activity,
collagen deposition, and epithelial regeneration.

Agnikarma may therefore function as a localized
immunomodulatory intervention capable of converting
chronic inflammatory states into productive healing
environments.* This interpretation closely parallels
Ayurvedic concepts of Ama Pachana, Shodhana, and
restoration of physiological tissue metabolism.

Agnikarma involves modulation of nociceptive Additionally, thermal therapies have demonstrated
pathways. The transient receptor potential vanilloid-1 effects on  microbial reduction and  wound
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sterilization.®®!  Such antimicrobial effects may
contribute to the management of chronic infected ulcers
and sinus tracts traditionally treated with Agnikarma.

4.4 Fibroblast Activation and Tissue Remodeling

Fibroblasts are central regulators of tissue repair and
extracellular matrix remodeling.*®! Following thermal
injury, fibroblasts proliferate and synthesize collagen,
fibronectin, proteoglycans, and other structural proteins
essential for wound closure and tissue regeneration.!”*°!

Heat-induced cellular stress may stimulate regenerative
pathways through growth factor release and activation of
matrix-remodeling enzymes.["! Controlled fibrosis may
additionally provide structural stabilization in chronic
sinus tracts, hemorrhoidal tissue, and musculoskeletal
lesions.

The Ayurvedic principle of Ropana can be correlated
with these biological processes involving granulation
tissue formation, collagen maturation, angiogenesis, and
epithelial restoration.'”® The emphasis on controlled
rather than excessive tissue injury in classical Agnikarma
may reflect an empirical understanding of optimal tissue
remodeling dynamics.

Collectively, these biomedical correlates suggest that
Agnikarma represents a sophisticated form of targeted
thermal biostimulation involving coordinated
neurophysiological,  inflammatory,  vascular, and
regenerative mechanisms.

5. CLINICAL PARALLELS

Several contemporary medical procedures demonstrate
substantial conceptual and mechanistic overlap with
Agnikarma.  Electrocautery and  radiofrequency
coagulation are widely used for tissue ablation,
hemostasis, and destruction of pathological lesions.™!
Infrared coagulation for hemorrhoids produces controlled
thermal fibrosis and vascular obliteration similar to
classical anorectal Agnikarma procedures.®!

Dermatological therapies such as laser ablation,
cryothermal destruction, and electrosurgical excision also
employ controlled tissue injury to eliminate warts, nevi,
and superficial lesions.”! These modalities rely upon
precise thermal energy transfer, selective tissue
destruction, and subsequent regenerative healing. Similar
principles are evident in the Ayurvedic use of Agnikarma
for Charmakeela, Kadara, and chronic skin lesions.

Chronic wound care represents another important
translational area. Non-healing ulcers are frequently
characterized by persistent inflammation, microbial
colonization, impaired angiogenesis, and defective
extracellular matrix remodeling.” Modern wound
management increasingly utilizes thermal therapies,
negative-pressure devices, photobiomodulation, and
tissue-stimulating technologies to reactivate healing
pathways.'*?? Agnikarma may similarly function by

transforming stagnant chronic wounds into active healing
states through controlled inflammatory stimulation.

Musculoskeletal pain management provides additional
clinical parallels. Therapeutic heat, ultrasound therapy,
transcutaneous electrical nerve stimulation (TENS), and
radiofrequency denervation are commonly employed for
chronic pain syndromes.?” 2% These interventions aim to
reduce nociceptive signaling, improve circulation, relieve
muscle spasm, and promote tissue repair. Comparable
effects are described for Agnikarma in Sandhigata Vata,
Snayugata disorders, and chronic painful lesions.™!

The recurrence-preventive effect attributed to Agnikarma
may correspond to fibrosis-induced stabilization,
elimination of pathological tissue, or long-term
neuromodulation.  Modern  procedures  such  as
hemorrhoidal ~ coagulation and nerve  ablation
demonstrate similar therapeutic objectives.*”

Thus, numerous modern interventions share biological
principles with Agnikarma, supporting its
reinterpretation as an organized thermal modulation
therapy rather than a purely empirical traditional
procedure.

6. SAFETY AND RISK MANAGEMENT

Safety remains a critical consideration in all thermal
therapeutic procedures. Uncontrolled heat exposure can
result in excessive burns, tissue necrosis, secondary
infection, delayed healing, hypertrophic scarring, and
functional  impairment."?®!  Therefore,  scientific
modernization of Agnikarma requires rigorous safety
protocols and procedural standardization.

Burn injury literature emphasizes the importance of
temperature regulation, aseptic precautions, tissue
preservation, and post-procedural wound care.”®
Excessive thermal exposure may damage healthy tissue
surrounding the target area and increase the risk of scar
contracture or pigmentation abnormalities.5 Classical
Ayurvedic texts similarly caution against Ati Dagdha
(over-burninq) and emphasize precision in thermal
application.™

Modern scar assessment systems such as the Vancouver
Scar Scale provide objective methods for evaluating scar
pigmentation, vascularity, pliability, and height.*!
Incorporation of such validated outcome measures may
improve scientific documentation of Agnikarma
procedures.

Infection prevention represents another important safety
component. Thermal wounds require appropriate
cleansing, sterile dressing, and monitoring for secondary
bacterial contamination.® Patients with diabetes
mellitus, peripheral vascular disease, coagulopathy, or
immunosuppression may require additional E)recautions
because of impaired wound healing capacity.®
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Pain management and patient comfort must also be
considered. Although Agnikarma may produce long-term
analgesic effects, procedural discomfort can occur during
thermal application. Appropriate analgesic strategies,
local anesthesia protocols, and psychological preparation
should therefore be incorporated into modern practice
frameworks.

Ethical considerations are equally important in
translational research involving traditional procedures.
Clinical trials evaluating Agnikarma should comply with
Declaration of Helsinki guidelines, institutional ethics
approval processes, and evidence-based reporting
standards.?*%! These measures are essential for ensuring
scientific credibility and patient safety.

7. STANDARDIZATION REQUIREMENTS

One of the major barriers limiting global acceptance of
Agnikarma is the absence of standardized protocols.
Classical descriptions provide conceptual guidance but
lack precise quantification of thermal dose, exposure
duration, tissue depth, and procedural reproducibility
according to contemporary biomedical standards.*

Standardization should begin with accurate temperature
measurement systems capable of defining therapeutic
thermal ranges. Infrared thermography and thermal
imaging technologies may help quantify tissue
temperature distribution and ensure reproducible heat
delivery.” Such tools could prevent under-treatment or
excessive burns.

Histopathological studies are required to characterize the
depth of tissue injury, inflammatory response, vascular
changes, collagen remodeling, and cellular regeneration
induced by Agnikarma.’**®  Molecular profiling
involving cytokines, heat-shock proteins, and TRPV1
receptor expression would further strengthen mechanistic
understanding.[***!

Standardized procedural reporting frameworks based on
CONSORT, PRISMA, and SCARE guidelines should be
adopted to  improve  research  quality and
reproducibility.*?>?®!  Future studies should clearly
document patient selection criteria, instrument type,
thermal parameters, anatomical site, procedural duration,
outcome measures, and adverse events.

Multicentric randomized controlled trials comparing
Agnikarma with standard thermal interventions,

physiotherapy, or pharmacological management are
urgently needed. Such studies would help establish
efficacy, safety, cost-effectiveness, and long-term
outcomes.

Integration of biomedical engineering, thermal physics,
wound biology, and Ayurvedic clinical expertise will be
essential for developing scientifically validated
Agnikarma protocols suitable for international academic
and clinical settings.

8. FUTURE RESEARCH DIRECTIONS

Future translational research on Agnikarma should focus
on bridging classical therapeutic principles with
molecular and clinical evidence. One important priority
is cytokine profiling to evaluate the influence of
Agnikarma on inflammatory mediators such as TNF-a,
IL-1, IL-6, VEGF, and TGF-B.15 Such studies may
clarify its role in wound modulation and chronic
inflammatory disorders.

TRPV1 receptor expression studies using
immunohistochemistry and molecular assays may help
explain the analgesic mechanisms associated with
thermal stimulation.'**Y Comparative studies involving
capsaicin  therapy, TENS, and radiofrequency
neuromodulation could further elucidate
neurophysiological pathways.*2"!
Fibroblast quantification and extracellular matrix
analysis are also important research domains.
Histological  evaluation of collagen  synthesis,
angiogenesis, granulation tissue formation, and matrix
remodeling may validate Ayurvedic concepts of Ropana
and tissue regeneration.¢°!

Advanced thermal dose modeling using computational
bioengineering approaches may assist in defining
optimal temperature-duration relationships for various
clinical indications.”¥ Such models could improve
procedural precision and reduce complications.

Longitudinal multicentric trials involving chronic
wounds, musculoskeletal disorders, anorectal diseases,
and neuropathic pain syndromes are necessary to
establish  evidence-based clinical applications of
Agnikarma within integrative medicine frameworks.

9. CONCLUSION

Agnikarma represents a highly structured thermal
therapeutic modality originating from classical Shalya
Tantra and possessing substantial translational relevance
within  modern biomedical science. Contemporary
evidence regarding wound biology, neurophysiology,
inflammatory modulation, and tissue remodeling
provides plausible mechanistic explanations for its
therapeutic effects.®38

Rather than viewing Agnikarma as empirical
cauterization, it may be more accurately interpreted as a
targeted thermal biostimulation technique capable of
modulating  nociceptive  pathways, inflammatory
responses, vascular dynamics, and regenerative healing
processes. The classical Ayurvedic concepts of
Shodhana, Ropana, Agni restoration, and Dosha
equilibrium demonstrate striking conceptual parallels
with modern principles of wound repair and tissue
modulation.*

However, widespread academic and clinical acceptance
of Agnikarma requires rigorous scientific validation
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through standardized thermal protocols, objective
outcome assessment, molecular studies, and multicentric
clinical trials. Integration of Ayurveda with biomedical
engineering, thermal physiology, and translational
surgery may open new avenues for cost-effective and
minimally invasive therapeutic innovations.

With appropriate scientific standardization and evidence-
based evaluation, Agnikarma has the potential to emerge
as an important integrative surgical adjunct within
contemporary global healthcare systems.
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