Ind. Jr. of Mod. Res. and Rev PEER-REVIEWED JOURNAL

Volume 4 Issue 2 [Feb] Year 2026

Indian Journal of
Modern Research and Reviews

This Journal is a member of the ‘Committee on Publication Ethics’

Online ISSN:2584-184X

Deer Raviesd Sourna < Rotreed doamab: e Sourtes
Indian Journal of
Modern Rescarch

and Reviews
o s oo I R s

MIRIR

Research Article

Surgeon Specific Mask: An Innovation in Medical Ethics

Mansha Negi ', Navneet Singh 2

' M.Sc. (Hons) Forensic Science, Punjabi University Patiala, Patiala, Punjab, India
2 B. Sc (Hons) Operation Theatre, Devbhoomi Uttarakhand University, Dehradun, Uttarakhand, India

Corresponding Author: *Mansha Negi

Abstract

While standard surgical masks provide minimal protection, they do not adequately address
issues that are specific to surgeons, such as fogging, discomfort, lack of breathability, and
difficulty in communication during lengthy operations. The present project introduces a smart
mask prototype specifically designed for surgeons as a means to resolve these problems. Major
features include a multi-layered filtration system (medical-grade fabric, activated charcoal,
HEPA filter), an integrated micro-fan for air supply, an ergonomically 3D-scanned fit, anti-fog
valves, and a built-in microphone, which is optional. Developed by means of user-centred
design, CFD simulations, and compliance checking (NIOSH/ISO), the mask prevents the entry
of surgical smoke, harmful gases, odours, and ultra-fine particles (bacteria/viruses) while
providing the possibility of reuse (20+ wash/wear cycles). The first tests show that there is a
significant improvement in filtration performance, comfort, visibility, and ease of
communication. Besides, there are opportunities for extensive clinical trials, cost savings, and
environmental benefits.
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1. INTRODUCTION

problems lead to less efficiency, higher chances of errors, and

Surgical interventions generate dangerous byproducts, such as
surgical smoke, harmful gases, aerosols, and odours, which
pose serious health risks to operating room (OR) staff.
Traditional surgical masks offer droplet protection but
exacerbate problems such as lens fogging (with
eyewear/loupes), breathing discomfort, and communication
difficulties, which are respirators that are critical during long
surgeries (usually more than 4-6 hours). These kinds of

surgeon fatigue. This work presents the concept of a specialised

smart mask for surgeons aimed at safety, comfort, and function

enhancement. The objectives included:

e Making the safety more effective by upgrading the
filtration of the polluting particulates and gases.

e Preventing fogging for maintaining clear vision through
optical instruments.
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e Improving breathing and communication in the OR.
Facilitating the mask's reuse and promoting environmental
sustainability.

e The cover story integrates ergonomic principles, inventive
substances, and viable airflow technology, thus putting the
mask to a test anew from the surgeon's perspective.

2. METHODOLOGY

User-Centered Design

Essentially, the surgeons' feedback was collected through
questionnaires and interviews, and the main pain points, namely
discomfort, fogging, and muffled speech, were the areas that the
questions focused on. Several mask designs were created by
utilising medical-grade, hypoallergenic materials (e.g., silicone
frames, antimicrobial fabrics) for each of them.

Ergonomic Fit Analysis

3D facial scans of surgeons (n=15, aged 25-50) were analysed
by CAD software with the aim of producing the tailor-made
frames. The tight, yet comfortable, seals without pressure were
the features that ensured both the prevention of the device's
slipping during longer periods of use and that the users felt
comfortable. Finite element methods looked at simulated strap
tension and pressure distribution on the face.

Filtration and Airflow System

Multi-Layered Filter Stack: Outer medical fabric (droplet
barrier) + activated carbon layer (adsorbs gases/odours/toxins)
+ HEPA filter (99.97% efficiency for 0.3um particles, trapping
bacteria/viruses) + inner breathable mesh.

Integrated Micro-Fan: The fan is of a very low power (battery-
operated, <5g) and is located at the exhalation port, thus
helping the unidirectional airflow and lessening both the CO:
buildup and the resistance (manometer readings <20 Pa).
Anti-Fog Technology: The released air goes through the micro-
fan and one-way valve without any leakage. The chamber
mimicking the real condition (humidified, 37°C/80% RH) was
used to simulate the fogging and to verify that it was reduced by
more than 95%.

Smoke Evacuation Integration

A sterile extraction port is attached to a non-sterile tube and a
smoke evacuator, which is used to suck the surgical plume and
thus keep the area around the mask clean.

Testing Protocols

Breathability: CFD simulations (ANSYS) optimised airflow to
minimise resistance; validated with differential pressure tests
according to ASTM F1862.

Speech  Transmission: ~ Comparative  audio  analysis
(with/without optional built-in mic) showed 30-40% clarity
improvement in OR noise (60—70 dB).

Reusability & Safety: More than 20 wash/wear cycles
(autoclave-compatible) were tested for filter integrity and
material degradation. Safety measures were in place as per

NIOSH 42CFR84 (particulate filtration) and ISO 10993
(biocompatibility) requirements.

Filtration Performance: Laboratory tests (EN 14683) confirmed
bacterial filtration efficiency of >99% and activated carbon
adsorption (>90% for volatile organics).

DESIGN OVERVIEW

The final prototype is small enough to be carried around
without a problem (weight of less than 50 grams), separate from
each other, and can be changed according to the user's needs.

Layer/Component Function Material:

e QOuter Medical Fabric Droplet barrier hydrophobic
polypropylene

e Activated Carbon Gas/odour absorption Granular coconut-
shell carbon

e HEPA Filter Particulate trapping (0.3um+) Pleated
borosilicate microfiber

e Inner Mesh + Micro-Fan Breathability & active venting
Silicone valves + brushless DC fan

Performance Matrix

e Filtration: Filters 99.97% of particulate matter; absorbs
more than 90% of surgical smoke toxins.

e Comfort: 85% of surgeons stated that their tiredness was
reduced during 4-hour simulated operations as compared to
when using a standard N95 mask.

e Anti-Fog: There were no fogging-limited incidents during
30-minute trials with loupes.

e Communication: The mic integration resulted in a 35%
increase in the speech clarity (spectrogram analysis).

e Durability: After 20 cycles, the performance level of the
product was 95% retained.

e There were no negative skin reactions. The eco-impact was
lowered.

3. DISCUSSION

This clever mask combines passive (filters) and active
(fan/evacuation) technologies to meet surgeon PPE needs that
have been overlooked. Its 3D-custom fit and anti-fog features
specifically eliminate stressors in the OR, whereas, on the
contrary, generic masks do not. The drawbacks are the high
prototyping costs and the necessity to change the battery;
nevertheless, the injection moulding can be used for scalability
to reduce the unit price to <$10.

In comparison with commercial alternatives (e.g., Powered Air-
Purifying Respirators), this invention is more comfortable, less
expensive, and does not restrict the user. The next versions may
have IoT sensors to provide air quality monitoring in real time.

4. CONCLUSION

The prototype of a surgeon-specific smart mask greatly
enhances filtration, comfort, anti-fog capabilities, and
communication, thus significantly reducing the main limitations
of conventional masks. As it improves safety and efficiency in
the operating room, the surgical workflows that is its impact
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can be called revolutionary. Planned next steps are extensive
clinical studies, obtaining regulatory approval from the FDA or
equivalent bodies, and carrying out sustainability assessments
throughout the product lifecycle to confirm economic and
environmental benefits.
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