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Abstract— Artificial intelligence (AI) and machine learning
(ML) have emerged as game-changers in the realm of medical
physics, offering unprecedented advancements in diagnostic
and treatment methodologies. It is essential for medical
physicists to keep up to date with the latest developments in
AI/ML to stay relevant and provide the best patient care. In the
present work, we emphasize the importance of continuous self-
learning for medical physicists in order to harness the potential
of AI/ML. As these technologies permeate various aspects of
medical physics, including image analysis, radiotherapy
planning, and personalized medicine, staying abreast of the
latest trends and techniques is crucial. Medical physicists who
actively engage in self-learning can develop a deeper
understanding of AI/ML algorithms, which facilitates their
integration into clinical workflows, ultimately leading to
improved patient outcomes. By engaging in self-learning,
medical physicists can cultivate a culture of adaptability and
lifelong learning, essential for thriving in an ever-evolving
technological landscape. In conclusion, it is vital for medical
physicists to adopt a self-learning approach to stay updated with
the rapidly advancing AI/ML technologies. This will not only
enhance their professional competence but also contribute to
the overall growth and development of the medical physics field,
ultimately benefiting patients through more accurate
diagnostics and effective treatment strategies.
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1. INTRODUCTION

Artificial intelligence (AI) and machine learning (ML)
have been making significant strides in various sectors, and
healthcare is no exception. In recent years, the intersection of
AI/ML and medical physics has created new opportunities to
enhance diagnostic and therapeutic procedures, leading to
improved patient care. The rapid evolution of these
technologies necessitates that medical physicists adopt a self-
learning approach to stay current with the latest
developments and integrate them effectively into clinical
practice. This paper aims to provide an overview of the
impact of AI/ML on medical physics, as of 2023, and
emphasize the importance of continuous self-learning for
medical physicists.

Medical physics, as a discipline, focuses on the
application of physics principles to medicine, particularly in
the diagnosis and treatment of diseases using radiation.
Traditionally, medical physicists have played a crucial role
in the safe and effective use of radiation in diagnostic

68

imaging and radiotherapy. However, with the advent of
AI/ML technologies, their role is expanding to encompass the
integration of these cutting-edge tools in various such aspects
of medical physics [1-7].

The introduction of AI/ML in medical physics has led to
the development of novel techniques that can enhance
diagnostic accuracy [ 8], optimize treatment planning [9], and
enable personalized medicine [10-14]. As these technologies
continue to evolve at a rapid pace, medical physicists must
invest in self-learning to acquire the skills and knowledge
necessary to effectively implement AI/ML-based solutions.
This commitment to continuous learning will not only ensure
the professional growth of medical physicists but also
contribute to the advancement of the field as a whole.

In this paper, we will discuss the various applications of
AI/ML in medical physics, the challenges and opportunities
associated with their integration, and the strategies that
medical physicists can employ for effective self-learning.
Our aim is to underscore the importance of embracing a
culture of adaptability and lifelong learning to fully harness
the potential of AI/ML, ultimately leading to better patient
outcomes and enhanced healthcare delivery.

The integration of artificial intelligence (Al) in healthcare
has gained significant momentum in recent years, with
numerous Al-driven solutions being developed and tested to
enhance patient care. Regulatory bodies, such as the US Food
and Drug Administration (FDA), have acknowledged the
potential of Al in transforming healthcare and have been
increasingly approving Al-based medical devices and
software.

As of October 2022 [15], the FDA had approved over 178
Al-based products, with the actual number of approvals since
then likely to be much higher. Although a comprehensive
account of all FDA-approved Al products until the present
date is beyond the scope of this work, we can examine the
trends and highlight some notable approvals to provide a
broader understanding of the impact Al has had on
healthcare, and particularly in the field of diagnostic
radiology and imaging.

I1. MLEDICAL IMAGING AND ARTIFICIAL INTELLIGENCE
Artificial intelligence (Al) has emerged as a significant

driving force in medical imaging, demonstrating the potential
to revolutionize the way clinicians interpret and analyze
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magnetic resonance and

tomography (CT) scans.

imaging (MRI) computed

In the context of MRI, Al-powered techniques have been
developed to address various challenges, such as improving
image quality by leveraging raw k-space data [16] or by
acting as a Al-based filter in the final image [17] (or
somewhere in between [18], and automating the
segmentation and quantification of anatomical structures
[19]. Al-driven solutions like de-noising and super-
resolution algorithms have been instrumental in enhancing
the quality of MRI images, enabling more accurate
diagnoses.

One notable Al-driven development in MRI is the advent
of synthetic MRI [20-22], which uses ML algorithms to
generate multiple contrast-weighted images from a single
acquisition.

CT imaging has also greatly benefited from the
incorporation of Al-based solutions. Al algorithms have been
employed to optimize image reconstruction, reduce radiation
dose, and automate the detection and characterization of
various pathologies. Al-driven iterative reconstruction
techniques [23] have demonstrated the potential to improve
image quality while reducing radiation dose, a crucial factor
in minimizing the risks associated with repeated CT scans.

Al-powered solutions have been particularly beneficial in
detecting and characterizing lung nodules in CT scans,
enabling early diagnosis of lung cancer [24]. Moreover, Al
has been applied to differentiate between benign and
malignant lesions in both MRI and CT images, assisting
radiologists and clinicians in making more informed
decisions regarding patient management and treatment [25,
26].

The integration of AI in medical imaging has also
facilitated the implementation of radiomics [27], a field that
extracts quantitative features from medical images and uses
ML algorithms to predict patient prognosis, treatment
response, and disease progression. Radiomics has
demonstrated potential in personalizing patient care, paving
the way towards precision medicine [28-30].

Finally, recent works have demonstrated that Al-based
solutions can help with contrast-enhanced images acquired at
only a 1/10" of the full dose, by synthesizing the predicted
full-dose image [31-32].

Overall, Al-based solutions in medical imaging have the
potential to transform diagnostic processes and enhance
patient care. By improving image quality, reducing
acquisition times, and automating the detection and
characterization of wvarious pathologies, Al-driven
technologies are empowering radiologists, medical
physicists, and clinicians to make more accurate and timely
decisions, ultimately improving patient outcomes. As Al
continues to evolve, its impact on medical imaging is
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expected to grow even more, fostering innovation and driving
advancements in personalized medicine.

III. STARTING POINT AND READING MATERIALS

Over the past years, Python has seen a tremendous
increase in usage from the medical physics community,
although MatLab is still considered the go-to computing
language for the medical physicist. While MatLab gives
equivalent possibilities for Al and ML, Python is by far the
most widely spread language for AI/ML, mainly due to the
fact that it is an open-source language, with several important
major libraries (such as TensorFlow [33], PyTorch [34] etc.)
that can help the developer.

For the medical physicist who wants to begin his/her
journey to artificial intelligence, we propose the following
steps (assuming working knowledge of Python v.3): First,
participate in the following online courses offered by Andrew
NG (pioneer in the field of ML/AI) in the website
www.deeplearning.ai.

A. Al for everyone (Online Course)
https://www.deeplearning.ai/courses/ai-for-everyone/

B. Mathematics for Machine Learning and Data Science
Specialization (Online Course)
https://www.deeplearning.ai/courses/mathematics-for-
machine-learning-and-data-science-specialization/

C. Machine Learning Specialization (Online Course)
https://www.deeplearning.ai/courses/machine-learning-
specialization/

D. Deep Learning Specialization (Online Course)
https://'www.deeplearning.ai/courses/deep-learning-
specialization/

E. TensorFlow Developer Professional Certificate (Online
Course) https://www.deeplearning.ai/courses/tensorflow-
developer-professional-certificate/

F. AI for Medicine Specialization (Online Course)
https://www.deeplearning.ai/courses/ai-for-medicine-
specialization/

Of course, this list is non-exhaustive, and is based on the
authors’ collective experience with ML/AI online courses.
There are several excellent online courses offered on the
website www.coursera.org, organized and delivered by
various universities and research institutions.
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In case the medical physicist is unfamiliar with Python,
we propose some free courses with working examples
offered on www.kaggle.com, and some excellent paid
courses offered on udemy.com, like Anthony NG’s course
(The Complete Machine Learning Course with Python-
https://www.udemy.com/course/machine-learning-course-
with-python/).

IV. CONCLUSIONS

To sum up, artificial intelligence (AI) and machine
learning (ML) have made significant strides in healthcare,
particularly in medical physics and medical imaging.
Medical physicists must engage in continuous self-learning
to effectively implement AI/ML-based solutions and enhance
patient care. As Al continues to evolve, it is crucial for
healthcare professionals to embrace a culture of adaptability
and lifelong learning to harness the transformative potential
of Al and ensure better healthcare delivery. Finally, the
medical physicist should stay tuned for the latest Al
developments and trends in the field, by following closely the
European and international guidelines/recommendations
from the leading experts in the field (numerous publications,
whitepapers, reviews, and current opinions, can be found
here!).
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