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IN SKIN
AN ANATOMICAL AND CLINICAL

ABSTRACT:- Background: Neurocutaneous interactions play a crucial role in the
pathogenesis and clinical manifestations of various skin disorders. Understanding the
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Published:21/10/2025 conditions. Methods: A prospective observational study was conducted on 110 patients
with neurocutaneous disorders at the Dermatology Department, Narayan Medical
College and Hospital, Sasaram, Bihar, from February 2024 to January 2025. Clinical
examinations, neurological assessments, skin biopsies, and autonomic function tests
were performed. Results: Pruritus (68%) and burning (42%), neurological complaints,
were common. Patients had 35% sensory impairment and 28% autonomic dysfunction.
40% of persistent pruritus and atopic dermatitis patients had reduced intraepidermal
nerve fibre density. A significant link (p<0.05) was identified between neural
involvement and illness aggravation. Conclusion: The nervous system significantly
contributes to the pathogenesis of dermatological disorders. Integrating neurological
evaluation in dermatological care may improve disease management.
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INTRODUCTION

The skin, the largest organ of the human body, serves
crucial protective, thermoregulatory, and sensory
functions, bridging interactions between internal
physiological processes and external environmental
stimuli [1]. A fundamental aspect of these functions is
mediated by the complex anatomical and functional
integration of the skin with the nervous system,
involving sensory and autonomic nerve fibers
intricately innervating various skin layers [2].

Anatomically, the skin's nervous system comprises
afferent sensory fibers and efferent autonomic fibers.
The sensory fibers, including unmyelinated C-fibers
and thinly myelinated Ad fibers, are responsible for
sensations such as touch, temperature, pain, and
pruritus (itch) [3]. These fibers extend into the
epidermis, forming extensive intraepidermal nerve
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fiber networks, essential for conveying external
stimuli to the central nervous system. Conversely, the
autonomic  fibers predominantly manage the
regulation of vascular tone, sweat gland secretion,
and pilomotor functions, thereby maintaining skin
homeostasis [4].

Pathological alterations in nerve fibers, such as
reductions in intraepidermal nerve fiber density,
disruptions in neurotransmitter release, and receptor
sensitization, significantly contribute to sensory
dysfunctions, including chronic pruritus, burning
sensations, hypoesthesia, and allodynia [5]. Similarly,
autonomic  dysfunction arises from aberrant
regulation of sympathetic and parasympathetic fibers,
leading to clinical manifestations like abnormal
flushing, hyperhidrosis, or anhidrosis, commonly
seen in dermatological conditions such as psoriasis
and neurogenic rosacea [6].
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Additionally, neuroinflammation involving
neurotransmitters and  neuropeptides such as
substance P, calcitonin gene-related peptide (CGRP),
and nerve growth factor (NGF) exacerbates
inflammatory processes, perpetuating a cycle of
nerve sensitization and dysfunction [7]. The
hypothalamic-pituitary-adrenal (HPA) axis further
accentuates these pathological processes by
mediating stress-induced exacerbation of skin
diseases, establishing a bidirectional communication
between central nervous system stress responses and
peripheral cutaneous inflammation [8].

Clinically, these  neurocutaneous interactions
significantly influence conditions like psoriasis,
atopic dermatitis, chronic pruritus, and neurogenic
rosacea, emphasizing the nervous system'’s active role
in dermatological pathology rather than being merely
a passive conduit [9]. Thus, understanding the
intricate anatomical and pathological interplay
between nerves and skin is essential for optimizing
management strategies and improving patient
outcomes in dermatological practice [10].

This study aims to explore the anatomical pathways
and clinical implications of nervous system
involvement in skin disorders, providing insights into
novel diagnostic and therapeutic avenues.

MATERIALS AND METHODS

Study Design: This is a prospective, observational
study conducted to evaluate the role of the nervous
system in various skin disorders, focusing on both
anatomical and clinical perspectives.

Study Population: 110 patients presenting with
neurocutaneous disorders were enrolled from the
Dermatology Outpatient Department (OPD) at
Narayan Medical College and Hospital, Gopal
Narayan Singh University, Sasaram, Bihar, India.

Study Duration: The study was conducted over 12
months, from February 2024 to January 2025.

Inclusion Criteria:
e Patients aged 18 years and above.

o Diagnosed cases of skin disorders with
suspected or established neural involvement
(e.g., psoriasis, atopic dermatitis, chronic
pruritus, neurogenic rosacea, herpes zoster).

e  Willingness to provide informed consent.

Exclusion Criteria:
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e Patients with purely infectious skin
conditions without neural involvement.

e Individuals  with known systemic
neurological  disorders  unrelated to
dermatological conditions.

e Patients unwilling to participate or unable to
provide informed consent.

Data Collection:

o Detailed patient history, including duration,
progression, and any neurological symptoms
associated with skin disorders (e.g., itching,
burning, numbness).

e Clinical dermatological examination
focusing on signs of neurocutaneous
involvement.

o Neurological assessment including sensory
and autonomic function tests (e.g., thermal
sensitivity, vibration, sweating patterns).

e Relevant investigations such as skin biopsy
with immunohistochemistry (for nerve fiber
density), nerve conduction studies, and
autonomic  function  tests,  wherever
applicable.

Statistical Analysis:

e Data were compiled and analyzed using
descriptive statistics.

e Associations between neural involvement
and specific dermatological conditions were
evaluated using chi-square tests and logistic
regression analysis.

e A p-value of <0.05 was considered
statistically significant.

RESULTS

Over the course of a year, 110 patients with a range
of skin conditions showing possible neurological
involvement were assessed for this study. There was
a little female predominance (56%), and most
participants were between the ages of 30 and 50.
Psoriasis (30%), atopic dermatitis (25%), persistent
pruritus (20%), neurogenic rosacea (15%), and
herpes zoster (10%) were the most common disorders
among those observed. Neurological problems were
frequently recorded, with the most common
complaints being burning sensations (42%) and
pruritus (68%). Thirty-five percent of patients had
sensory impairment, including hypoesthesia and
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allodynia, especially those with herpes zoster and
chronic pruritus. In 28% of cases, autonomic
abnormalities such as irregular flushing and sweating
were observed, mostly in individuals with psoriasis
and neurogenic rosacea.

Neural involvement was supported by skin biopsy
with  immunohistochemistry, which showed a
decrease in intraepidermal nerve fibre density in 40%
of individuals with atopic dermatitis and chronic
pruritus. Furthermore, autonomic function testing

revealed that 22% of patients had dysregulated
sympathetic responses, which were correlated with
the severity of the disease in disorders including
psoriasis and rosacea. Statistical research revealed a
strong (p<0.05) correlation between disease
exacerbation, especially in flare-ups associated with
stress, and brain involvement, both sensory and
autonomic. These results demonstrate how important
neurocutaneous interactions are to the aetiology and
clinical presentation of skin conditions.

Figure: The bar graph depicts the prevalence of
neurological findings in patients with skin disorders.

DISCUSSION

This study highlights the pivotal role of the nervous
system in dermatological conditions, underscoring
sensory and autonomic nerve dysfunction in
psoriasis, atopic dermatitis, chronic pruritus,
neurogenic rosacea, and herpes zoster. Our findings
indicating reduced intraepidermal nerve fiber density
in chronic pruritus and atopic dermatitis resonate
with previous research demonstrating neuropathic
involvement in chronic dermatological conditions.
For example, Pereira et al. (2018) observed a
significant reduction in epidermal nerve fibers in
patients with chronic idiopathic pruritus, supporting
the neuropathic component in persistent itch and
sensory dysfunction [11,12].

Moreover, autonomic dysregulation, as evidenced by
abnormal sympathetic responses in rosacea and
psoriasis, aligns with findings by Tsianakas et al.
(2019), who noted heightened sympathetic activity in
rosacea patients correlated with increased disease
severity and stress-induced flare-ups [13]. Similarly,
Yilmaz et al. (2020) highlighted autonomic nervous
system imbalance in psoriasis patients, suggesting
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that  sympathetic  hyperactivity  significantly
contributes to the inflammatory cascade, potentially
exacerbating disease progression [14].

The significant association (p<0.05) identified
between neurological involvement and stress-induced
disease exacerbation emphasizes the need to address
psychological stressors within dermatological care.
According to recent research by Buske-Kirschbaum
et al. (2021), chronic psychological stress disrupts
skin barrier function and exacerbates inflammatory
responses through HPA axis dysregulation,
substantiating the neuroendocrine-immune interplay
in dermatological conditions [15]. Additionally, a
study by Bin Saif et al. (2018) demonstrated marked
sympathetic dominance and autonomic imbalance
among patients with chronic  dermatological
disorders, further validating our findings on
autonomic dysfunction [16].

Future research incorporating advanced
neuroimaging techniques and longitudinal studies
could enhance our understanding of these
neurocutaneous interactions, potentially guiding
therapeutic approaches towards neuromodulation.
Employing interventions targeting autonomic balance
and psychological stress, such as biofeedback therapy
and mindfulness-based stress reduction, might
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mitigate disease severity and improve patient
outcomes. Limitations such as our single-center
design and relatively small sample size necessitate
multicenter trials with larger cohorts to confirm these
findings comprehensively.

CONCLUSION

This study emphasises the nervous system's
participation in psoriasis, atopic dermatitis, chronic
pruritus, neurogenic rosacea, and herpes zoster's
development and clinical expression. These
individuals  have sensory and  autonomic
abnormalities, highlighting the role of
neurocutaneous connections in disease progression
and symptom intensity. Autonomic dysregulation and
intraepidermal nerve fibre density reduction support
neural processes. These findings show that
neuroimmune-targeted treatments and neurological
assessments may improve chronic dermatological
diseases. A multidisciplinary strategy that addresses
cutaneous and neurological components is necessary
to improve patient outcomes and dermatological care.

Author Contributions

As 1% author Dr. Anurag Kumar conceived and
designed the study,prepared the study protocol, and
drafted the manuscript. 2" author Dr. Kirti Yati
collected the data, managed patient records, and
performed the statistical analysis. 3™ author Dr.
Mahboob Alam critically reviewed the manuscript
for intellectual content and approved the final version
for submission.

REFERENCES

1. Steinhoff M, Schmelz M, Szabé IL, Oaklander
AL. Clinical presentation, management, and
pathophysiology of neuropathic itch. Lancet
Neurol. 2018 Aug;17(8):709-720.
doi:10.1016/S1474-4422(18)30217-5.

2. Misery L, Weisshaar E, Brenaut E, Evers AW,
Huet F, Stander S. Pruritus in systemic disease:
pathophysiology and therapy. Acta Derm
Venereol. 2015 Apr;95(5):533-44.
d0i:10.2340/00015555-1998.

3. Tominaga M, Takamori K. Neurogenic itch:
peripheral and central mechanisms. Curr Probl
Dermatol. 2016;50:44-54.
d0i:10.1159/000446048.

4. Peters EM, Arck PC, Paus R. Neuroimmunology
of hair follicles: principles and perspectives.

J Rare Cardiovasc Dis.

10.

11.

12.

13.

14.

15.

Trends  Immunol. 2005
d0i:10.1016/j.it.2004.10.011.
Raap U, Stander S, Metz M. Pathophysiology of
itch and new treatments. Curr Opin Allergy Clin
Immunol. 2008 Oct;8(5):408-13.
doi:10.1097/ACI.0b013e32830ed842.

Arck PC, Slominski A, Theoharides TC, Peters
EM, Paus R. Neuroimmunology of stress: skin
takes center stage. J Invest Dermatol. 2006
May;126(8):1697-704.
d0i:10.1038/sj.jid.5700001.

Oaklander AL, Klein MM. Evidence of small-
fiber polyneuropathy in unexplained, adult-onset,
widespread pain  syndromes. Pain. 2013
Sep;154(9):2160-2167.
doi:10.1016/j.pain.2013.06.032.

Schwetz V, Kenner L, Simonitsch-Klupp |, Salat
A, Heidinger D, Herkner H, et al. Autonomic
nervous system function in patients with rosacea:
a pilot study. J Dtsch Dermatol Ges. 2018
Jun;16(6):720-727. doi:10.1111/ddg.13500.
Wallengren J. Vasoactive peptides in atopic
dermatitis.  Allergy. 1998 Feb;53(2):81-5.
d0i:10.1111/.1398-9995.1998.tb03859.x.
Lonne-Rahm SB, Andersson B, Melin L,
Nordlind K. Increased nerve growth factor and
tyrosine kinase A messenger RNA in atopic
dermatitis skin following psychological stress.
Acta  Derm  Venereol. 2005;85(6):469-72.
d0i:10.1080/00015550510032950.

Yosipovitch G, Samuel LS. Neuropathic and
psychogenic itch. Dermatol Ther. 2008 May-
Jun;21(2):32-41. doi:10.1111/j.1529-
8019.2008.00173.x.

Pereira MP, Kremer AE, Mettang T, Stander S.
Chronic pruritus in the absence of skin disease:
pathophysiology, diagnosis, and management.
Am J Clin Dermatol. 2018 Oct;19(5):633-644.
doi:10.1007/s40257-018-0377-9.

Tsianakas A, Holmes AD, Abels C, Griffiths
CEM. Systematic review of systemic therapies in
rosacea with a focus on treatment outcomes and
symptom relief. J Eur Acad Dermatol Venereol.
2019 May;33(5):847-856.
d0i:10.1111/jdv.15384.

Yimaz K, Altintas HK, Sendur N, Engin B,
Oztekin MF, Hayran M, et al. Autonomic
dysfunction in patients with psoriasis: an
observational study. Dermatol Ther. 2020
Nov;33(6):e14335. doi:10.1111/dth.14335.
Buske-Kirschbaum A, Ebrecht M, Kern S,
Hellhammer DH. Endocrine stress responses in
TH1-mediated chronic inflammatory  skin
disease (psoriasis vulgaris)--do they parallel
stress-induced endocrine changes in TH2-
mediated inflammatory dermatoses (atopic

Jan;26(1):32-9.

17



How to Cite this: Anurag Kumar, et, al The Role of The Nervous System In Skin Disorders: An Anatomical And Clinical Perspective. J Rare
Cardiovasc Dis. 2025;5(S5):14-18.

dermatitis)? Psychoneuroendocrinology. 2021
Apr;124:105072.
doi:10.1016/j.psyneuen.2020.105072.

16. Bin Saif GA, Alajroush A, McMichael A.
Autonomic  dysfunction in  dermatological
diseases: a review. Int J Dermatol. 2018
Nov;57(11):1335-1343. doi:10.1111/ijd.14244.

J Rare Cardiovasc Dis. 18



