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services. Telemedicine and mobile health (mHealth) technologies have
emerged as key innovations, enabling remote diagnostics, consultation,

treatment, and monitoring. With real-time data sharing, wearable

biosensors, Al-powered diagnostics, and secure video consultations, these

Publication Issue : technologies are bridging the gap between healthcare providers and
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patients, particularly in underserved regions. India has been a notable
participant in this digital health revolution, launching multiple public and
private initiatives since the early 2000s. These include mobile telemedicine
Page Number : units like The Bike Doc, digital clinics, the National Telemedicine Portal,
861-868 and partnerships with international networks. Government programs such
as the Integrated Disease Surveillance Project (IDSP), Village Resource
Centres (VRGs), and the AROGYASREE platform exemplify India’s
commitment to leveraging digital technologies for public health.

Additionally, telemedicine supports infection prevention through
electronic monitoring systems, smart EMRs, and machine learning—based
decision support tools. Key infection control practices such as PPE use,
hand hygiene, and environmental cleanliness are now integrated with
digital protocols for better compliance and accountability. Despite
infrastructure challenges and limited awareness, telemedicine has shown

substantial promise in disaster response, chronic disease management, and

Copyright © 2025 The Author(s): This is an open-access article distributed under the terms of the Creative @
Commons Attribution 4.0 International License (CC BY-NC 4.0)



Subhash Manohar Chodhary et al Int J Sci Res Sci & Technol. May-June-2025, 12 (3) : 861-868

education. As wireless technologies and health data standards advance,

telemedicine is expected to achieve broader implementation, both

nationally and globally, contributing significantly to equitable and resilient

healthcare systems.

Keywords: Infection surveillance, remote monitoring, public health,

mobile health units, e-health, Al diagnostics.

I. INTRODUCTION

Digital platforms are proving to be instrumental in
modern healthcare innovation. While the widespread
integration of computerized technologies in medicine
has produced varied results, the emergence of mobile
health (mHealth) solutions has opened new avenues
for surgical support and public health advancements
[1]. These tools enhance clinical practice through real-
time data collection, remote monitoring, and
collaborative decision-making. Mobile technologies
that enable patients to generate and share health data
after surgery are demonstrating significant potential.
Whether used to monitor individual recovery or assess

infection trends in populations, these tools offer

valuable support for improving outcomes and
ensuring timely interventions [2].
Telemedicine presents a wide range of new

possibilities in healthcare by making medical services

more accessible and efficient. With continuous
advancements in digital technologies, telemedicine is
evolving rapidly—enabling remote consultations,
diagnostics, and treatment. Innovations such as
mobile health apps, wearable monitoring devices, Al-
driven diagnostics, and real-time video consultations
are expanding its potential. These developments are
and

helping bridge the gap between patients

healthcare providers, especially in remote and

underserved areas [3].

1. Mobile Application for Healthcare
health

complete medical services including outpatient care,

A comprehensive mobile app provides

emergency support, and diagnostics. Through secure
video calls, patients can consult qualified doctors from
any location at any time, ensuring convenient and
timely access to healthcare professional [3].

2. Bike-Based Medical Response Unit (The Bike Doc)
This innovative bike ambulance is equipped with
medical tools such as an electronic stethoscope, ENT
scope, ECG device, and a laptop. Operated by a
trained health worker, it carries essential emergency
medicines and a blood sample collection kit. Upon
reaching the patient's location, the health staff can
perform examinations and diagnostic tests while video
conferencing with a doctor or medical team.
Depending on the doctor's advice, the patient may
receive on-site treatment have samples collected or be
transported to a hospital [2].

3. Digital Clinic

A stationary telemedicine centre called a Digital
Clinic combines diagnostics, pharmacy, and sample
collection services. It is managed by healthcare staff
and offers a localized solution for remote medical care
(4].

The Association (ATA)

describes telemedicine as the digital era’s mnatural

American Telemedicine

progression in healthcare. Similarly, the World Health
Organization (WHO) defines it as the provision of
services information  and

healthcare using

communication technologies, particularly when
distance is a barrier. Telemedicine supports diagnosis,
treatment, prevention, research, medical education,
and public health initiatives—all aimed at improving

the well-being of individuals and communities [5].
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Historical Background of Telemedicine

The essence of telemedicine lies in its ability to deliver
healthcare over distances through technology. The
earliest documented use can be traced to the early
20th century when electrocardiograms (ECGs) were
transmitted via  telephone lines. Pioneering
technologies like the telegraph and telephone played
crucial roles in shaping what we now know as modern
telemedicine. Telephonic access, in particular, allowed
broader, faster medical communication and improved
emergency response times. A visionary concept
appeared in Radio News magazine in April 1924,
portraying a patient using a microphone and
television to speak with a doctor remotely. Although
futuristic at the time, this idea foreshadowed
developments in remote diagnostics even before
televisions became common household devices. In
1959, the first real-time video medical consultation
took place at the University of Nebraska, where
doctors used two-way video links to perform remote
neurological assessments. This marked a pivotal
moment in interactive telehealth delivery [6].

NASA's establishment of the Medical Informatics and
Technology Applications Consortium (MITAC) at
Yale University in 1997 initiated a new phase of
private-public collaboration in healthcare technology
[7]. In 2009, a World Health Organization (WHO)
survey assessed the global status of four major
telemedicine fields— tele radiology, tele dermatology,
tele pathology, and telepsychology and also evaluated
policy mechanisms supporting telemedicine. Tele
radiology was found to be the most established (33%
implementation). About 30% of the countries had
national agencies dedicated to telemedicine. In others,
bodies
development. Roughly 50% of respondents reported
though only 20% had

completed national-level evaluations since 2006 [8].

scientific were stepping in to guide

scientific involvement,
Evaluation remains a key factor in telemedicine's
progress. While its benefits are evident, the costs of
ICT infrastructure can be significant. The primary

global concern is high implementation cost. Around

70% of nations reported needing more information on
50%

infrastructure needs, and nearly 60% requested more

cost-effectiveness; over sought clarity on
data on clinical effectiveness. While developing
nations often struggle with technical limitations and
financial constraints, developed countries face legal
and regulatory challenges such as privacy concerns,
competition with traditional systems, and low
perceived demand. The findings suggest that countries
should create dedicated national bodies to oversee
telemedicine, ensuring programs
well-funded,

evaluated. Telemedicine should enhance, not compete

are integrated,

context-specific, and  routinely
with, existing healthcare systems [6].

Modern Telemedicine

In recent decades, advancements in wireless
broadband, along with widespread internet and
smartphone use, have transformed telemedicine into a
practical and accessible healthcare option. Tools such
as patient education through images and videos, the
transmission of medical scans like X-rays, and real-
time audio-visual consultations are now common.
Enhancements in internet infrastructure including
faster bandwidth, improved data storage, secure web
standardized data formats,

services, encryption,

password  protections, and compliance with
regulations like HIPAA have all contributed to
making telemedicine and e-health more reliable,
efficient, and affordable. The digitization of medical
records through electronic medical records (EMRs)
further supports seamless healthcare delivery [9].

Today’s telemedicine often relies on everyday devices
owned by patients or doctors, such as smartphones
and wearable biosensors, allowing easy collection of
clinical data without the need for specialized training.
This approach reduces travel costs and time, lowers
medical expenses, and improves access to specialists
for patients without disrupting their routines. For
healthcare providers, telemedicine reduces missed
appointments, increases patient volumes and
revenues, and enhances patient follow-up and health

outcomes. In the 21st century, dedicated organizations
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like the American Telemedicine Association have
been established to promote and advance telemedicine
services globally [5].

Telemedicine in India

India, with its vast and diverse population exceeding
1.21 billion, faces significant challenges in ensuring
equitable healthcare access. One major issue is the
concentration of  healthcare  resources and
professionals about 75% of doctors in urban areas,
while nearly 69% of the population resides in rural
regions. Telemedicine in India began modestly in
2001 ISRO

Organization) launched a pilot project connecting

when (Indian  Space  Research
Chennai’s Apollo Hospital with a rural hospital in
Andhra Pradesh’s Chittoor district. Since then, efforts
by ISRO, the Department of Information Technology,
the Ministry of External Affairs, the Ministry of
Health and Family Welfare,

have

and various state

governments been crucial in advancing
telemedicine services nationwide [10]

To integrate public health data and enhance access,
the Indian government initiated projects such as the
Integrated Disease (IDSP),
National Cancer Network (ONCONET), National

Rural Telemedicine Network, National Medical

Surveillance Project

College Network, and Digital Medical Library
Network. The Department of Information Technology
introduced standardized telemedicine guidelines, and
in 2005, the Ministry of Health established a National
Telemedicine Task Force to further promote the field
(4].

India  has
telemedicine projects, including the Pan-African
and SAARC Telemedicine

highlighting its global role. Successful telemedicine

also participated in international

enetwork Network,
programs in India include mammography at Sri Ganga
Ram Hospital in Delhi, oncology at the Regional
Cancer Centre in Trivandrum, and surgical services at
Sanjay Gandhi Postgraduate Institute of Medical
Sciences, among others. Telemedicine also supports
medical care during large gatherings, such as the
Maha Kumbh Mela in Uttar Pradesh [10].

The private sector has shown strong interest in
telemedicine, contributing actively to public health
management. Leading private institutions include
Apollo

Enterprises, Asia Heart Foundation, Escorts Heart

Narayana  Hrudayalaya, Telemedicine
Institute, Amrita Institute of Medical Sciences, and
Aravind Eye Care, often working in collaboration
with government bodies and ISRO for technological
guidance. ISRO’s telemedicine network has grown
significantly, now connecting 45 remote and rural
hospitals with 15 super specialty hospitals. Remote
nodes include the Andaman and Nicobar Islands,
Lakshadweep, Jammu and Kashmir’s mountainous
areas, medical colleges in Odisha, and several rural
hospitals across other states [10].

Current Scenario of Telemedicine in India

The World Health Organization (WHO) recommends
a doctor-to-population ratio of 1:1000, yet India
currently has only about 0.62 doctors per 1000 people.
Since training new physicians is both time-consuming
and costly, this shortage is likely to persist for some
time. To help address this gap, telemedicine services
have been increasingly adopted across the country [8].
shared
governance of the Ministry of Health and Family
Welfare (MoHFW) the Department of
Information Technology (DIT). The MoHFW has

established a National Telemedicine Portal as part of a

In India, telemedicine falls wunder the

and

greenfield e-health initiative aimed at connecting
Medical Colleges nationwide through the National
Medical College Network (NMCN). This network
links these colleges with Village Resource Centres
(VRGs), a concept developed by ISRO to provide a
range of services such as tele-education, telemedicine,
online decision support, agricultural advisories, e-
governance, weather forecasting, and water
These VRCs

educational hubs but also as vital connectivity points

management. serve not only as
to specialty hospitals, facilitating access to expert
medical care in rural areas. Nearly 500 VRCs have

been established across India [6].
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As part of the broader e-health initiative under the
National Health Portal (NHP), the National Digital
Health Authority of India (NDHAI), also known as
the National e-Health Authority (NeHA), is being
developed to ensure the provision of high-quality,
cost-effective, and secure health services using ICT
(MoHFW, 2020). To protect patient data during
telemedicine MoHFW
Electronic Health Record (EHR) standards in 2013,

with a revised version released in 2016 [7].

consultations, introduced

Telemedicine services in India also extend to
traditional medicine systems under the National Rural
AYUSH Telemedicine Network, which promotes
wider access to indigenous healing practices through
digital Another notable initiative is
AROGYASREE, an

telemedicine system integrating multiple hospitals,

means.
internet-based mobile
mobile medical specialists, and rural mobile units.
This project, led by the Indian Council of Medical
Research (ICMR), collaborates with researchers from
the University of Karlsruhe, Germany, who are
developing an innovative ECG jacket designed for
continuous cardiac monitoring without the need for
hospital admission [11].

Applications of Telemedicine

Telemedicine can be broadly categorized based on two
key aspects: the timing of data exchange and the
nature of interaction between participants [12].

1. Synchronous (Real-Time) Telemedicine

This mode

where both the healthcare provider and patient (or

involves simultaneous communication

another provider) are present at the same time during
the exchange. It typically includes live video
conferencing or real-time consultations for diagnostics
or treatment discussions [13].

2. Asynchronous (Store-and-Forward) Telemedicine
In this method, clinical data such as images, lab
reports, or patient histories are collected, stored, and
then forwarded to a specialist at a later time. The
expert can review the information as per convenience

and respond accordingly. This format is widely used

in specialties like dermatology, radiology, and
pathology [14].

3. Remote Monitoring (Self-Monitoring or Tele
monitoring)

This approach uses digital tools and sensors to observe
patients’ health metrics such as blood pressure,
glucose levels, or heart rate while they remain at
home. This form is especially useful for managing
chronic illnesses and reducing hospital visits [14].
Based on the relationship between users, telemedicine
is also divided into:

4. Provider-to-Provider Communication

This type facilitates consultations between general
physicians and specialists or among specialists for
second opinions, referrals, and continued medical
education. It enhances the quality of care, particularly
in remote or underserved areas [12].

5. Provider-to-Patient Communication

This model allows patients to interact directly with
via teleconsultations. It
gaps,
offering broader access to medical services for those in

healthcare professionals

bridges geographical and socio-economic
rural and remote regions [12].

Role in Public Health

Telemedicine breaks geographical barriers, offering
quality healthcare irrespective of location, gender, or
social status. Inmitially hindered by the absence of
infrastructure in remote areas, this challenge was
addressed through mobile wunits equipped with
Key Public Health

Initiatives: Gujarat's e-Health project: Aravind Eye

satellite = communication.
Hospital’s tele-ophthalmology services in Andipatti.
ISRO’s Village Resource Centres (VRCs) offering
healthcare, education, and other support services to
These

India’s proactive role in extending healthcare access to

rural populations. initiatives demonstrate
all, especially underserved communities [3].

The advancement of low-bandwidth telemedicine
technologies has significantly expanded the potential
to deliver healthcare services to medically
underserved and economically challenged regions,

where access to healthcare infrastructure remains
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limited. Unlike traditional high-bandwidth systems
that require broadband internet often unavailable in
rural or developing areas low-bandwidth platforms
operate effectively using standard telephone lines,
making them more accessible and practical for
widespread implementation [8].

Recent innovations in infection prevention
technologies encompass systems that electronically
monitor hand hygiene, the use of fabrics with
antimicrobial properties, ultraviolet C (UV-C) devices
for disinfection, and enhancements to electronic
medical records (EMRs). These EMRs are now being
integrated with decision-support features and
predictive analytics powered by machine learning to
help prevent healthcare-associated infections. The
Standard Infection Control Precautions (SICPs)
consist of ten fundamental components [15].

Assessing Patients for Infection Risk: Every patient
must be evaluated for potential infection risks before
admission and regularly throughout their stay. This
evaluation should inform treatment decisions. For
instance, COVID-19 risk can be identified through
symptoms like fever and a persistent cough. [14,15].
Maintaining Hand Hygiene: Proper hand hygiene is a
critical measure to stop infection transmission. Since
hands frequently contact surfaces and people, they
can easily spread invisible pathogens. Prompt and
thorough hand washing is vital for both personal
protection and the safety of others. Decontamination
refers to the use of physical or chemical methods to
eliminate or neutralize harmful microorganisms from
surfaces or objects, making them safe to handle [14].
Respiratory and Cough Etiquette: Practicing good
respiratory hygiene helps reduce the spread of
COVID-19. This

covering your nose and mouth with tissues when

airborne illnesses like involves
sneezing or coughing, disposing of them properly, and
washing your hands afterward. Avoid touching your
face with unclean hands, and support patient hygiene
by providing tissues, waste bins, and handwashing

facilities [15].

Use of Personal Protective Equipment (PPE): PPE
such as gloves, gowns, masks, and eye protection
minimizes the risk of exposure to infectious agents.
PPE use should be based on the level of risk and the
type of exposure anticipated, similar to using
sunscreen for sun protection.

All  healthcare

equipment should be safe and suitable for use.

Proper Equipment Management:

Maintain logs documenting purchase details, service
history, and maintenance. This ensures reliability and
supports accountability if equipment fails.
Environmental Cleanliness: Even visibly clean areas
can harbour microbes. Regular cleaning, disinfection,
and sterilization of high-touch surfaces like door
handles, tables, and toilets are essential to control
infection risks.

Safe Waste Disposal: Hazardous waste, such as items
contaminated with bodily fluids, must be carefully
segregated and disposed of according to type (e.g.,
sharp or non-sharp) and infection risk. Proper waste
management helps prevent potential harm to humans
and the environment.

Handling Blood and Body Fluid Spills Safely: Spills
involving blood or bodily fluids can transmit
infections and should be dealt with immediately by
trained personnel. Each care area should have clear
procedures and access to a designated spill kit.
Managing Contaminated Linen: Linen wused by
infected patients or soiled with bodily fluids must be
bagged in a water-soluble or alginate bag, then
double-bagged in plastic before placement in laundry
containers. All bags should be clearly labelled with
location and date, and stored securely until collected.
Preventing Occupational Exposure: Healthcare
workers may face exposure to harmful biological,
chemical, or physical agents as part of their job. It is
essential to recognize these risks and take precautions
to protect staff health and safety across all areas of the
workplace [14,15].

Globally Distribution of Telemedicine

Telemedicine has significantly evolved, transforming

how healthcare is delivered. Today, it is widely used
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to provide medical consultations, diagnosis, treatment,

and follow-up care remotely wusing digital

communication technologies. In India, telemedicine
has

initiatives and private sector involvement, addressing

gained momentum through government
healthcare access challenges in rural and underserved
areas. Internationally, telemedicine is being integrated
into mainstream healthcare systems to improve
efficiency, reduce costs, and expand specialist access.
Its applications range from virtual doctor visits and
mental health support to chronic disease management
and remote surgery assistance [13].

Although telemedicine is not a universal solution to
all healthcare challenges, it holds substantial promise
in mitigating a wide array of issues. Services such as
telehealth, tele-education, and tele-homecare have
demonstrated considerable effectiveness in improving
healthcare access and outcomes. Additionally, the role
of satellite communication is particularly vital during
disaster situations, where terrestrial communication
systems are typically compromised. In such contexts,
satellite-enabled telemedicine provides a critical
lifeline for emergency medical support and
coordination [13].

Global telemedicine collaborations are increasingly
bridging geographical gaps, allowing for the seamless
exchange of medical borders.

expertise across

Nonetheless, despite its growing relevance,
telemedicine has yet to experience the widespread
adoption and transformative impact it was expected to
generate. Factors such as limited public awareness and
hesitancy among healthcare providers to embrace new
digital tools continue to hinder its full integration into
mainstream  healthcare systems. Encouragingly,
governments and health authorities are beginning to
recognize the value of telemedicine and are gradually
investing in its development and implementation.
This growing institutional support is paving the way
for a gradual increase in the adoption of telemedicine
in public health, with the expectation that, over time,
it will fulfil its potential in revolutionizing healthcare

delivery [12,13].

II. CONCLUSION

Telemedicine and digital platforms are reshaping
global healthcare by increasing accessibility, reducing
costs, and enhancing patient outcomes. India's
telemedicine initiatives reflect a growing recognition
of these technologies' value in addressing disparities in
healthcare delivery. With continued investment,
digital  literacy, and infrastructure support,
telemedicine can become a cornerstone of equitable,
and health

efficient, technology-driven public

systems, both in India and globally.
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