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Introduction

Santiago Ramón y Cajal, a Nobel laureate in Physiology or
Medicine in 1906, once observed, “As long as our brain is a
mystery, the universe, the reflection of the structure of the
brain, will also be a mystery.”1 This insight highlights the
necessity of continuous scientific inquiry in informingmedi-
cal practice. In modern medicine, the integration of research
with clinical practice is essential.2 The role of the physician-
scientist has evolved significantly over the past century,
tracing back to early visionaries who set the stage for

merging scientific discovery with clinical application.3 No-
table figures such as Suśruta,4,5 Sir William Osler,6 and
Santiago Ramón y Cajal7 exemplified the dual pursuit of
medical practice and scientific inquiry. Suśruta’s detailed
surgical descriptions in the “Sushruta Samhita,” Osler’s
impactful illustrations that transformed medical education,
and Cajal’s intricate neuron drawings that revolutionized
neuroscience demonstrate their significant contributions to
both art and science in medicine. Their legacy continues to
inspire the exploration of the intersection between art and
science in understanding health and disease.
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Abstract Physician-scientists serve as conduits between clinical practice and scientific research,
leveraging their unique expertise to improve patient care and drivemedical innovation.
This article highlights the indispensable role of research and publishing in promoting
evidence-based practices, facilitating professional growth, and shaping public health
policy. Drawing on historical and contemporary examples, I examine the challenges
faced by physician-scientists, such as ethical dilemmas and declining engagement in
research, particularly in resource-constrained settings. I suggest pragmatic strategies
to overcome these barriers, emphasizing the need for systemic support, ethical
integrity, and the equitable dissemination of advancements. This piece aims to inspire
a new generation of physician-scientists to engage deeply with both clinical and
research domains, thus advancing global health equity and resilience.
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Today, the role of physician-scientists ismore critical than
ever as they translate laboratory discoveries into clinical
innovations that enhance patient outcomes and influence
public health policies.8–11 According to the National Insti-
tutes of Health (NIH) Physician-Scientist WorkforceWorking
Group Report, the number of physician-scientists has been
on the decline, with only about 1.5% of U.S. doctors actively
engaged in research.12,13 This decline poses a significant risk
to medical innovation.14 This decline is even more pro-
nounced in low-resource settings,15 underscoring the urgent
need for more physician-scientists to confront current chal-
lenges.16 This article examines the essential role of research
and publishing for physician-scientists, advocating for ethi-
cal and equitable dissemination of advancements.17 It under-
scores the enduring importance of curiosity and scientific
rigor in driving medical innovation and improving health
care delivery worldwide.

The Importance of Physician-Scientists

Medical research is central to advancing knowledge and
alleviating human suffering, especially in public health.
Physician-scientists play a unique role in bridging funda-
mental science discoveries to clinical practice.18,19 Their dual

training inmedicine and scientific investigation equips them
with a unique combination of skills that provide insight into
the limitations of current practice and motivate the devel-
opment of innovative solutions.20 For example, the work of
physician-scientists in developing messenger ribonucleic
acid (mRNA) vaccines during the COVID-19 pandemic exem-
plifies their ability to translate scientific advancements into
life-saving therapies rapidly. This integration allows them to
detect new threats to human health, develop potential new
therapies, treatments, or means of prevention, and guide
important policy decisions. ►Fig. 1 provides a visual repre-
sentation of the journeyof a physician-scientist, detailing the
stages from inspiration and training to overcoming systemic
challenges and ethical issues. It underscores the dual roles
they play in advancing both medical practice and scientific
research, combining the art of healing with scientific inquiry,
ultimately contributing to health care innovation and
mentorship.21

This role requires a deep understanding of human biology
and a commitment to exploring new medical frontiers.
Positioned at the intersection of science and society, physi-
cian-scientists face both unique challenges and opportuni-
ties.22–25 They must heal as practitioners and innovate as
researchers, gaining insights into the human condition

Fig. 1 Schematic overview of the journey of a physician-scientist. This figure illustrates the key stages and challenges in the career path of a
physician-scientist. It highlights the progression from initial inspiration and education to navigating systemic challenges and ethical
complexities. The dual roles of clinical practice and research are emphasized, along with the impact and legacy of their work.
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beyond the laboratory.26 For instance, physician-scientists
addressing human immunodeficiency virus (HIV) in re-
source-limited settings have pioneered simplified treatment
regimens, significantly improving global health outcomes.27

Physician-scientists are well prepared to communicate
knowledgeably across disciplines, lead scientific teams or
organizations, and guide important policy decisions.28 Their
mission is to promote health and alleviate human suffering
both by caring for those in need and by helping close the gap
between scientific discoveries and patient care. However,
they face challenges such as balancing clinical duties with
research responsibilities, burnout, and navigating systemic
biases that may hinder groundbreaking work.29–32 Despite
these challenges, the opportunities for physician-scientists
to impact health care and patient outcomes remain vast,
particularly as they embrace collaborative, interdisciplinary
approaches to address complex health issues.

The Role of Research and Scientific
Publishing in Advancing Medical Practice

Research is the bedrock of medical advancement, driving
innovations that enhance patient outcomes and support
evidence-based practices.33 The link between thorough
research and impactful publications is essential for validat-
ing and sharing new knowledge. As Santiago Ramón y Cajal
noted, disseminating knowledge through publications is
key to the growth of medical science. A striking example
of this is the evolution of HIV/acquired immunodeficiency
syndrome (AIDS) treatment, which transformed from a life-
threatening condition to a manageable chronic disease.34

This journey, marked by the development of antiretroviral
therapy (ART) and the introduction of long-acting in-
jectable therapies, underscores significant advancements
that have improved treatment adherence and quality of life,
particularly in resource-limited regions like sub-Saharan
Africa.35

Publications are more than repositories of information;
they drive medical progress.36 Physician-scientists who
publish contribute to advancing medical knowledge and
improving patient care by educating peers, influencing pub-
lic health policies, and shaping clinical guidelines.9 The
development of mRNA vaccines, notably during the COVID-
19 pandemic, exemplifies how scientific publishing can
address urgent public health crises and pave the way for
future vaccine technologies.37 This demonstrates the broad
impact of scientific publishing beyond clinical practice,
highlighting its societal significance. As we explore new
frontiers in knowledge and innovation, the commitment of
physician-scientists to research and publishing remains vital
in shaping the future of medicine.

Challenges Faced by Physician-Scientists

Physician-scientists play a pivotal role inmedical innovation,
but they face significant challenges. Balancing clinical duties
with research and teaching obligations is a major hurdle, as
patient care often limits time for research.9 The competing

demands frequently require long hours and personal sacri-
fices, as many in the field—including the authors—can attest.
Navigating ethical dilemmas and the peer review process
adds further complexity, while financial constraints, exacer-
bated by the COVID-19 pandemic, have reduced essential
funding.38 During the pandemic, physician-scientists were
crucial in bridging clinical care and research, accelerating the
development of vaccines and treatments.19,20,23,39,40 This
dual role, exemplified by Nobel laureate Katalin Karikó’s
work with mRNA, highlights the challenge of translating
innovative ideas into practice within systems that often
prioritize immediate results over groundbreaking
research.41

Systemic changes are needed to better support innovative
research.40 To overcome these challenges, institutions must
adopt flexible fundingmodels and promote interdisciplinary
research.42 Initiatives like the NIH’s R38 grant mechanism,
also known as the Stimulating Access to Research in Resi-
dency program, offer structured mentorship, individualized
development plans, dedicated multidisciplinary mentoring
teams, and protected research time, which are essential for
nurturing physician-scientists.43–46 Partnerships between
academia, government, and industry can also pool resources
and expertise, facilitating innovation.47 These programs help
physician-scientists balance their dual roles, particularly by
offering research support that addresses systemic barriers
like limited infrastructure and funding.

The journey from idea inception to dissemination often
encounters obstacles.48 Successful strategies, such as creat-
ing research consortia and fostering collaborations across
institutions, have proven effective in overcoming resource
constraints and pooling expertise. Addressing these chal-
lenges requires coordinated efforts at all levels of the health
care system to foster an environment where physician-
scientists can thrive.49 Ethical considerations, particularly
around patient confidentiality and informed consent, are
paramount to maintaining research integrity and public
trust.50,51Adhering to these standards is crucial in upholding
the ethical foundation of research. By fostering a supportive
environment through both ethical and systemic improve-
ments, we can advance innovation and improve health care
outcomes globally.

Looking ahead, the establishment ofmoreflexible funding
models and the promotion of interdisciplinary collaboration
will help physician-scientists balance their clinical and re-
search duties more effectively.52 Advocating for systemic
changes within academic institutions to provide greater
support for innovative research and ethical practices will
ensure that physician-scientists continue to lead in both
clinical and research domains.

Balancing Clinical Work and Scientific Publishing
Balancing clinical and research responsibilities remains a
central challenge. Physician-scientists can benefit from task
prioritization, setting clear research goals, and using tech-
nology to streamline workflows. Collaboration with multi-
disciplinary teams allows for shared workloads and
enhances both research quality and patient care. Utilizing

Indian Journal of Radiology and Imaging Vol. 35 Suppl. S1/2025 © 2025. Indian Radiological Association. All rights reserved.

The Making of Physician-Scientists Bhaskar S11



digital tools for data management and communication
ensures efficiency across both domains.

Relevance to Indian Physicians
Indian physicians face distinct challenges, including high
patient loads and restricted research time.53 Indian research
faces fundamental issues like resource allocation and collab-
oration deficiencies, contributing to the lack of Nobel lau-
reates.54 Tailored strategies, such as mentorship programs
and partnerships with organizations like the Indian Council
of Medical Research (ICMR), can help.55 Institutional reforms
to protect research time and incentivize productivity are
crucial. Highlighting successful Indian innovations, such as
the Chandrayaan-3 mission of Indian Space Research Orga-
nisation (ISRO), underscores how perseverance and targeted
efforts can lead to significant scientific advancements. By
reflecting on these challenges and successes, there is poten-
tial to foster innovation through enhanced collaboration and
investment in research infrastructure. Promoting interdisci-
plinary teamwork and resilience can elevate India’s global
scientific contributions.54

Challenges and Potential Solutions in Publishing: A
Focus on the Indian Context
The Indian research landscape faces unique barriers that
limit its global impact.56 Key challenges include funding
limitations, insufficient mentorship, and restricted access
to high-impact journals.57 Funding, particularly for explor-
atory or long-term projects, is often inadequate. High publi-
cation costs and limited access to international journals
further hinder participation in global discourse.58 Mentor-
ship programs and training in scientific writing are also

lacking, leading to lower acceptance rates in prestigious
journals.59 To overcome these challenges, open-access plat-
forms, regional research networks, and workshops on scien-
tific writing are potential solutions. Institutional reforms,
increased research funding, and interdisciplinary collabora-
tion are necessary to improve research visibility and global
participation.60

►Table 1 outlines key challenges and corresponding sol-
utions, with examples of successful initiatives where appli-
cable. These measures can significantly boost the
contribution of Indian researchers to global knowledge.

Reflections as a Physician-Scientist: Journey from
Research to Global Health Initiatives
Reflecting on my career as a physician-scientist, the focus
shifts frompersonal achievements to highlighting systematic
solutions to global health issues. Witnessing health care
inequities motivated a commitment to bridging gaps in
access and equity.My journey has beenmarked by numerous
challenges and triumphs, each reinforcing my dedication to
advancing both science and clinical practice. One significant
initiative, the Brain Clot Bank,61–63 despite resource con-
straints, advanced our understanding of stroke mecha-
nisms,64,65 particularly for cryptogenic strokes,66–69

through persistence and collaboration, demonstrating how
system-based approaches can drive medical advancements.

At the Global Health Neurology Lab, initiatives such as the
REPROGRAM consortium during COVID-19 emphasized the
importance of adaptability and innovation in shaping resil-
ient health care systems. Our research, driven by cutting-
edge technologies such as artificial intelligence,70 addresses
pressing challenges in neurology and global health,

Table 1 Addressing research and publication challenges in India

Challenges Solutions Examples

Funding limitations Increase access to open-access journals
to reduce publication costs
Encourage regional research consortia
to pool resources

Open-access journals/platforms such as BioRxiv
are widely accessible without financial barriers
Regional Networks: ICMR and AIIMS collaborations
in India to advance medical research

Lack of mentorship and
training in scientific writing

Develop scientific writing workshops
and mentorship programs to improve
manuscript quality

Workshops: The Wellcome Trust/DBT India Alli-
ance runs mentorship initiatives and grants for
early-career researchers
Programs: Institutions like IITs and AIIMS offer
faculty mentorship in research

Limited access to high-impact
journals

Promote open-access platforms for In-
dian journals to enhance global visibility
and accessibility of local research

Open-access platforms: Indian Heart Journal
transitioned to an open-access model,
increasing its global reach and citations

High publication costs Advocate for policy reforms to increase
research funding, especially for
early-career researchers
Explore funding partnerships with
global organizations

Funding partnerships: The Indo-U.S. Science and
Technology Forum (IUSSTF) provides grants for
joint research programs, reducing the financial
burden for Indian researchers

Bureaucratic delays in ethical
approvals

Streamline ethical approval processes
by standardizing guidelines across
institutions and states

Standardized guidelines: The Central Drugs
Standard Control Organization (CDSCO) has
introduced harmonized guidelines for clinical
trials, expediting approvals

Abbreviations: AIIMS, All India Institute of Medical Sciences; APC, article processing charges; DBT, Department of Biotechnology; ICMR, Indian
Council of Medical Research; IITs, Indian Institutes of Technology.
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reinforcing the role of physician-scientists in advancing
health policy and practice,71 while safeguarding both health
care workers and vulnerable populations.72–79 Ethical con-
siderations remain central to our work, as demonstrated by
the development of the Equity and Justice-Informed ethical
framework (EUSTICE) framework for managing incidental
findings in brain imaging.80 This commitment to conducting
research with integrity and respect for diverse populations
underscores the importance of integrating ethical principles
with scientific innovation to drive social change and health
equity.81 By continuing to advocate for evidence-based poli-
cies that address the needs of marginalized communi-
ties,76,82–85 we hope to inspire emerging physician-
scientists to embrace the challenges and opportunities of
blending clinical medicine, research, and advocacy.

The Enduring Importance of Intellectual
Curiosity and Scientific Rigor: Inspirational
Figures in Science and Medicine

Intellectual curiosity and scientific rigor have always been
the bedrock of medical innovation,2,21,36 as exemplified by
pioneering figures like Santiago Ramón y Cajal, who once
said, “The investigator ought to have a robust, almost ascetic
disposition, so as to accommodate himself cheerfully to
privations and sacrifices,” emphasizing the necessity of
resilience and dedication in scientific pursuit.

Cajal’s groundbreaking neuron doctrine, achieved despite
working in a makeshift lab and facing skepticism, fundamen-
tally altered our understanding of the nervous system.86

Similarly, Marie Curie’s relentless pursuit of knowledge in
the face of gender barriers revolutionized our understanding
of radioactivity and laid the groundwork for cancer treatment
advancement with her research on radium and polonium,
earning Nobel Prizes in both Physics and Chemistry.87 Albert
Einstein’s intellectual curiosity, which transformed him from
a patent clerk to a celebrated scientist, underscores the power
of publishing in validating and disseminating transformative
ideas. Rabindranath Tagore, while not a scientist, influenced
the intersection of science and the arts, advocating for holistic
education through the founding of Visva-Bharati University.88

Albert Einstein, initially obscure as a patent clerk, developed
the theory of relativity, transforming physics and advocating
for peace and humanitarianism.89

Maimonides, a Jewish philosopher and physician known
as Rambam, navigated the complexities of medieval scholar-
ship to integrate diverse knowledge systems, significantly
impacting medicine and philosophy with his emphasis on
ethics and serving humanity, laying the foundation for
medical ethics.90 These figures remind us of the crucial
role of integrating scientific innovation with public service,
encouraging us to champion justice, equity, and human
dignity. Today, the scientific community must uphold these
values, ensuring that our pursuit of knowledge remains
aligned with ethical practices and societal benefits. These
figures highlight the critical role of integrating scientific
innovation with public service, reinforcing values of justice,
equity, and human dignity.91

Scientific research has been a catalyst for change through-
out history, influencing medical practice and patient care.
The advancement of acute reperfusion therapy for acute
ischemic stroke stands as a testament to this, which has
dramatically improved outcomes for stroke patients.92 The
development and dissemination of evidence-based research
on endovascular thrombectomy and thrombolysis have
transformed stroke treatment, emphasizing the importance
of timely intervention and the role of research and publish-
ing in spreading these critical advancements.65,93 As we face
contemporary challenges, such as emerging infectious dis-
eases and health care inequities, the role of scientific re-
search and publishing in driving medical innovation and
improving clinical practices remains as vital as ever.94 The
scientific community is called to uphold these values, ensur-
ing that our pursuit of knowledge remains aligned with
ethical practices and societal benefits.95 By continuing this
tradition of sharing knowledge for the common good, we can
foster a futurewhere intellectual curiosity fuels progress and
compassion guides its application.

Santiago Ramón y Cajal and the Neuron Doctrine
Santiago Ramón y Cajal, revered as the father of modern
neuroscience,96 exemplifies how scientific research and
publishing can revolutionize medical understanding and
practice.97 His journey, characterized by resilience and
intellectual curiosity, highlights the power of disseminat-
ing scientific knowledge. Despite conducting pioneering
research in a makeshift laboratory and facing skepticism
from peers,86 Cajal’s innovative use of the Golgi staining
technique allowed him to visualize and draw neurons,
leading to the neuron doctrine.7 This discovery, which
established neurons as individual cells rather than part
of a continuous network,98 earned him the Nobel Prize in
Physiology or Medicine in 1906 alongside Camillo Golgi.99

Cajal’s meticulous documentation and sharing of his find-
ings not only validated his revolutionary ideas but also
inspired generations of neuroscientists.100 His legacy con-
tinues to influence modern neuroscience and the under-
standing of neurological disorders, reinforcing the
enduring importance of publishing in advancing both
science and societal benefit.1 Cajal’s legacy shows how
publishing bridges scientific discovery and clinical appli-
cation. In Advice for a Young Investigator, Cajal stated, “The
investigator ought to have a robust, almost ascetic dispo-
sition, so as to accommodate himself cheerfully to priva-
tions and sacrifices.”1 This captures his dedication to
science and the sacrifices involved in achieving ground-
breaking discoveries.

Albert Einstein and the Power of Science and
Publications
A poignant example of the transformative power of publish-
ing is found in the story of Albert Einstein. In 1905, while
working as a patent clerk in Bern, Switzerland, Einstein
published groundbreaking papers in the journal Annalen
der Physik.89 His work on the special theory of relativity
fundamentally challenged and expanded our understanding
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of space, time, and energy. This publication, emerging from a
seemingly humble setting, exemplified the importance of
intellectual curiosity and scientific rigor. Einstein’s journey
from a patent clerk to a celebrated scientist underscores the
critical role of publishing in validating and disseminating
transformative ideas.

Suśruta: Pioneer of Surgical Knowledge
Suśruta, often regarded as the father of surgery, significantly
contributed to medical science through the Sushruta Sam-
hita,101 a foundational Ayurveda text that advanced surgical
practices.102 His meticulous documentation of procedures
like rhinoplasty and cataract surgery underscored the im-
portance of precise record-keeping and knowledge dissemi-
nation, setting a precedent for surgical innovation. Suśruta’s
work not only addressed general medicine but also intro-
duced surgical techniques that were ahead of their time,
providing a framework for future generations.4,5

Evolution of HIV Treatment
The evolution of HIV treatment highlights the impact of
research in advancing patient care.34,35 Initially, managing
HIV required complex oral regimens with multiple daily
doses, posing challenges for adherence and increasing the
risk of drug resistance. Over the years, dedicated research
has led to more effective and manageable therapies,
transforming HIV into a chronic condition rather than a
fatal disease. The introduction of ART marked a significant
breakthrough, with combination therapies further
simplifying treatment by combining multiple drugs into
a single pill, enhancing both adherence and effective-
ness.103 More recently, the advent of long-acting
injectable therapies has further revolutionized treatment
by reducing dosing frequency to monthly or bimonthly
intervals.104 This innovation offers greater convenience
and improved adherence, especially beneficial in settings
with limited resources.

The Role of Ethics and Equity in Medical
Research

The pursuit of scientific knowledge must be guided by a
steadfast commitment to ethical conduct and equity.105 The
atrocities of Nazi medicine and the subsequent Nuremberg
Trials starkly illustrate the dire consequences of unethical
research practices.106 These events underscore the necessity
of ethical standards in medical research, as highlighted in
Paul Julian Weindling’s Nazi Medicine and the Nuremberg
Trials: From Medical War Crimes to Informed Consent107 and
Francis Nicosia and Jonathan Huener’s Medicine and Medical
Ethics in Nazi Germany: Origins, Practices, Legacies.108 These
historical lessons teach us that scientific excellence is not an
end in itself but a means to promote justice, equity, and
humanity. Ethical principles, such as patient confidentiality
and informed consent, are crucial for safeguarding individual
dignity and ensuring research serves society positively.109

The legacy of unethical research has led to the development
of robust ethical frameworks guiding modern medical re-

search.81 These frameworks protect human subjects and
ensure just and equitable treatment of researchers. The
experience of Katalin Karikó, whose groundbreaking
mRNA work was initially overlooked due to systemic biases,
highlights the importance of recognizing and supporting
researchers equitably.110 Commitment to ethical principles
is essential for a just and equitable society. Upholding these
values in medical research honors past victims of injustice
and strengthens public trust in the medical community
today.

Conclusion

This article emphasizes the indispensable role of physician-
scientists in integrating clinical practice with research to
foster medical innovation, improve patient care, and influ-
ence public health policy.111 To enhance their contributions,
it is vital to address systemic challenges such as inadequate
funding, limited infrastructure, and insufficient training,
particularly in low- and middle-income countries. Imple-
menting system-level solutions—including protected re-
search time, collaborative networks, and equitable access
to research advances—can significantly enhance global
health outcomes. Drawing parallels with successful Indian
innovations, such as ISRO’s Chandrayaan-3 mission, high-
lights the potential of perseverance and targeted efforts in
overcoming systemic challenges.81,105

Furthermore, maintaining ethical standards and equity in
research is crucial. By balancing clinical and research respon-
sibilities and creating a supportive environment, physician-
scientists can continue to drive health care knowledge and
equity forward.17,28 Aspiring researchers are encouraged to
engage deeply in both scientific inquiry and clinical practice,
adhering to principles of justice, equity, and human dignity.9

Ultimately, integrating scientific innovation with compas-
sionate public service will fulfill our duty to care, heal, and
lead, creating a future where knowledge and compassion are
intertwined.
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