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The well-being of people is an anchor point for humanities. Over the past millennia generations
of medical professionals have risen from early representatives of small groups of people with
a gift for titrating herbal medicine for wound healing and handling fever to widely diversified
medical experts with a wide access to complex technologies that extend far beyond a timber-cast
for stabilizing broken joints. Today, medicine, through its numerous disciplines and disciples
who engage in all stages of patient management, from disease prediction, through screening,
diagnosing, phenotyping, therapeutic interventions, follow-up and post-intervention or palliative
care has diversified in a way that it can no longer be represented by a single medicinal man
as it was fathomable few 100 years ago. Instead, medicine has become a multi-disciplinary,
complex and integral domain of our societal ecosystems. In today’s healthcare systems, medical
professionals employ technologies and instruments that frequently have been proposed, devised
and manufactured by non-medical professionals. To that extent, medical physicists, in particular,
play a key role in supporting medical professionals and, subsequently, in helping patients.
Physicists, or natural philosophers, as they have been called before, have supported medical
diagnosis and treatment for over 4,000 years [1].
Over the decades we witnessed the pace of evolution in medicine, together with its technical and
methodological complements. Next to medical physics, these complementary disciplines include
social sciences, ethics, chemistry, and biology, to name a few. All of them engage people and teams
who seek to contribute visibly and responsibly to societal healthcare endeavors. In that regard,
our journal “Frontiers in Physics—Medical Physics and Imaging” provides a valuable platform
specifically to physicists and imaging scientists of all traits but with an appreciation for the role
of applied medical physics, and medical imaging in particular.
Our journal was launched in 2013 as a subspecialty for Biomedical Physics covering various
imaging techniques in experimental and human research, radiation physics and technology and
robust statistics [2]. In 2018, the journal name was changed to “Medical Physics and Imaging”
followed by a handover of the editor-in-chief position. Today, our subspecialty journal has
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published > 200 articles and about 20 Research Topics 255
articles hits/downloads. In 2019, 6 years into the launch of the
journal, we did receive our first impact factor (1.895), which
is a tribute to the tireless efforts of the editors, reviewers, and
above all, the authors who chose this platform to have their
work peer-reviewed and published. Only 1 year later in 2020,
the impact factor has risen to 2.67, which is a testimony to
the increasing value of our journal and its outreach into the
relevant communities.
There are numerous journals that cater to the scientists in
the field of applied physics, and the numbers are changing
continuously as this field is growing with more and more
manuscripts being published. The authors consent to the
observation that with its inception this journal has made a
serious effort to cater to the medical applications of physics,
to render physics-driven innovation palatable to scientists and
clinical adopters. In that regard, recently accepted manuscripts
cover an exceptionally broad range of topics, including magnetic
resonance imaging (MRI) with low- and high magnetic
field strengths [3–5], LASER scanning microscopy techniques
[6], applications of dual-channel endoscopy [7], small-animal
SPECT [8] and total-body PET imaging [9], and preclinical
ultrasound systems [10]. Likewise, relevant publications in our
journal address conceptual measurements of basic biological
and morphological parameters, such as carotid stiffness [11],
cardiac arrhythmia [12], articular cartilage constituents [13]
as well as the ultrastructure of bone [14, 15]. Moreover, key
publications address concepts of therapeutic applications, such as
a transcranial MRI-guided focused US treatment [16] and cancer
immunotherapy [17].
This breadth of medical physics being applied in medicine is
further illustrated by the 25 Research Topics that were launched
by our journal since its inception; such as on “Status Go for
Preclinical Imaging”, “Multi-modality Molecular Imaging”
[https://www.frontiersin.org/research-topics/5947/multimodalitymolecular-imaging] and “Innovative Developments in MultiModality Elastography” [https://www.frontiersin.org/researchtopics/13038/innovative-developments-in-multi-modalityelastography.]
Consider the word “imaging” in the name of our journal.
Imaging is a means, provided through technological and
methodological advances, to view the human body from outside
and inside, to probe anatomical, functional and even molecular
and signaling pathways non-invasively for new information of
the state of the patient for rendering an accurate and personal
diagnosis. Medical imaging, by means of radiology and molecular
imaging, has become a foundation for diagnosis and therapy
planning in numerous diseases that patients present with [18].
What is more, imaging is being used extensively in healthy
subjects, or volunteers to better understand physiology and
signaling, for example in the brain, so as to build reference
models of normal physiology, biology and functional correlates
that can be employed to better define abnormal variants
during diagnostic and therapeutic work-up of patients. Hence,
the growing field of medical, clinical, or diagnostic imaging
(MCDI) represents a focus of our journal (Figure 1), and related
manuscripts help our readers appreciate the corner blocks for
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high-quality diagnosis based on multi-parameter and multimodality imaging techniques.
Of interest, the seven most frequently used medical imaging
techniques nowadays are X-ray (i.e., conventional radiography),
CT, PET, SPECT, OI, US, and MRI. The first two (X-ray and
CT) make use of high-energy photons to produce 2D- or 3Dimage sets of the anatomy of living organisms. In contrast,
nuclear medicine techniques, such as PET and SPECT employ
small amounts of radioactively labeled tracers that participate in
the metabolic and signaling pathways in the organism, whereby
their distribution and quantities can be measured through the
emitted radiation. Finally, MRI, OI, and US employ non-ionizing
radiation for diagnostic purposes, i.e., mechanical waves in the
MHz range (US), light (OI), and magnetic fields, also resonating
in the MHz range (MRI), respectively. In general, most of the
imaging techniques listed above, but also therapeutic approaches,
use electromagnetic radiation in a wide range of frequencies
or energies (Figure 2A). These parameters partly determine
penetration depth, spatial resolution, specific absorption rate,
etc. In turn, this affects sensitivity and specificity of the medical
imaging techniques applied (Figure 2B).
In the following, we shall highlight key areas of entanglement
of medical and imaging physicists with clinical research and
healthcare, particularly in view of the innovating imaging aspects
during patient diagnosis and treatment planning and follow-up.

X-RAY AND CT
Transmission imaging based on the use of X-rays helps generate
planar images that—upon repeated scanning—can be used to
sample dynamic processes (fluoroscopy), as well as 3D- and 4Dcomputerized tomography (CT) data. Transmitted signals from
a narrow X-ray beam traversing the subject are used for image
reconstruction to form planar (X-ray) and cross-sectional (CT)
images of the subject under investigation (Figure 3). CT is a
tomographic imaging method with systems that comprise of
100, or more detector rows covering an axial field-of-view of
several cm. CT generates contiguous axial images of sub-mm
resolution, which can be digitally stacked to form 3-dimensional,
high-resolution images of the investigated area; the preferred
acquisition mode today is the spiral scan mode [19].
CT images are highly quantitative and reproducible and can
be provided with very good contrast resolution. While being
primarily an anatomical imaging modality, CT has been shown to
also yield functional data through dynamic perfusion scanning.
These perfusion protocols perform a 4D acquisition by repeatedly
imaging the same body region in time steps of 3 to 5 s for about
30 s post administration of the contrast agent. Using the socalled “Time attenuation curve (TAC)” of a voxel, important
hemodynamic parameters, such as the blood flow and volume can
be derived [20].
Many of the technological and methodological developments
in X-ray and CT imaging arise from the concerns over radiationinduced biological risks due to singular, high-dose and multiple
transmission scans using ionizing radiation. These concerns have
led to a wide number of efforts to reduce the dose in CT,
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FIGURE 1 | MCDI papers listed in PubMed (gray, shaded area) between 1945 and 2018 (search April 2020: (medical) OR (clinical) OR (diagnostic) AND imaging).
Note, imaging papers published annually increased by a factor of 1,000 from 1945 to 2018. The colored lines represent papers published on one of the seven most
popular imaging methods: X-ray (Purple) and CT (Green), SPECT (Red) and PET (Orange), US (Light blue) and MRI (Dark blue), and OI (Yellow).

or to deliver therapeutic doses to specific targets (“internal
radiation therapy”). The measurement of the emitted radiation
(Figure 3) arising from the decay of the isotopes, it for
imaging or dosimetry, is one of the fundamental skills of an
imaging physicist. Physicists have been, and are, integral in
the conception, development and improvement of detection
systems, the development and implementation of correction
methods for various effects limiting quantitative and qualitative
readings and in the development of reconstruction algorithms for
tomographic applications [23].
Recent examples of these engagements in research and
development of imaging systems include the introduction
of solid-state based photo-detectors [24], the design and
validation of a total body PET system [25], a novel PET
system based on plastic scintillators (J-PET) and Compton
cameras [26]. Further, progress was made, for example, with
the introduction of MR-based attenuation correction for
PET/MRI systems, Monte Carlo based scatter correction
methods and advanced reconstruction algorithms for
SPECT and PET. In addition to these rather technical
engagements, medical physicists are involved in all aspects
of clinical operation in research and routine, including
isotope production using cyclotrons or generator systems,
radiation protection issues, study and imaging protocol
designs, operations and maintenance of the imaging
systems, personalized dosimetry calculations and radioactive
waste management.

and include the use of automated modulation of tube currents,
exposure, or tube voltage selection. More recently, hardware
design changes that include powerful X-ray tubes that allow for
thicker prefiltration, highly-integrated detectors with less internal
noise, as well as iterative image reconstruction techniques [21]
have been proposed. These techniques make more efficient use of
the X-ray dose and help reduce the X-ray dose while preserving
image quality.
X-ray transmission imaging has been an active area of
engagement for clinical and research physicists. Together with
engineers and medical users, a number of innovations have been
developed and validated that help improve the efficacy of X-ray
imaging (i.e., better image quality at lower exposure levels to
patients), or helped deduce novel biomarker information. These
developments include, but are not limited to: dual-energy CT
(DECT) to exploit differences in the energy dependency of the
attenuation coefficients and help selectively display materials that
might appear at the same CT value in single-energy CT (Dual
Energy CT in Oncology. 2015, ISBN 9783319195629) and photon
counting through the use of novel X-ray detectors that convert the
X-ray photon directly into an electric signal that is descriptive of
the photon energy [22].

NUCLEAR MEDICINE PHYSICS
Nuclear Medicine is based on the use of radioactive isotopes
as probes to track physiological processes (“tracer principle”)
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FIGURE 2 | (A) Electromagnetic frequency spectrum with indications for frequency ranges employed for various imaging modalities. (B) Key imaging performance
illustrated for most clinical imaging modalities as a function of spatial resolution, penetration depth into tissue (left) and molecular sensitivity. The same color code as
that in Figure 1 is used.

the most complete understanding of the science involved in the
measurements or imaging of the patients. Clinicians are typically
highly skilled at recognizing abnormal patterns in disease, while
a physicist is expected to understand the complete diagnostic
or therapeutic workflow from the radioactive compound used
through to the imaging or measurement instrumentation
involved (and associated errors), any computer analysis and
interpretation of results, and, thus, is expected to recognize any
divergence from normality in any part of the chain.

In view of the close interaction with clinical partners, the
application of Nuclear Medicine physics faces two significant
challenges in the future: (i) to seamlessly integrate the medical
physicist into the multi-disciplinary clinical team managing
the twenty-first century patient by understanding the disease,
its pathological, genomic and biochemical basis, and the role
that diagnostic imaging and radionuclide therapy can play in
managing the patient, and, (ii) to expand our knowledge of
the interaction of radiation with the body and the fundamental
radiobiological changes it induces in order to make the most
effective and safe use of the powerful tools that we now have
at our disposal. This includes multi-parametric imaging as
a prerequisite for changing the current use of radionuclide
therapies from being based on empirically determined standard
procedures and dosage to a patient specific treatment adaption,
rendering a condition such as cancer to be a chronic, but
manageable, illness that the patient dies with rather than from.
These challenges require the nuclear medicine physicist to
speak the language of their clinical partners and to be able to
offer insight into the likely outcome for a patient subjected to
a nuclear medicine procedure [27]. Nuclear medicine physicists
are usually those within the multi-disciplinary team who have
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ULTRASOUND PHYSICS AND
APPLICATIONS
Ultrasound (US) is a sound wave with frequency higher than the
average human audible level (e.g., 20 kHz−100 MHz). Reflection
of ultrasound is the result of mechanical property differences
at the interface of different structures (Figure 3). Measuring
these reflections allows ultrasound to non-invasively probe
structures inside of an object, such as the human body. Since
modern electronics and transducer technology can relatively
easily handle ultrasound frequencies, ultrasound imaging quickly
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FIGURE 3 | Basic principles of key imaging modalities that fall into the categories of structural (anatomical) and functional (metabolic) imaging as indicated in blue and
purple, respectively: X-ray and computed tomography (CT) transmission imaging, nuclear medicine scintigraphy, positron emission tomography (PET) and single
photon emission computed tomography (SPECT), ultrasound (US), optical imaging (OI), and magnetic resonance imaging (MRI).

machine assisted diagnosis are other emerging areas of significant
relevance [34].

became a standard clinical imaging modality and has been
widely used in many medical diagnostic procedures. Compared
with other medical imaging modalities, such as CT and MRI,
ultrasound is a low-cost modality and, most importantly, allows
real time imaging at bedside. Conventional ultrasound imaging
techniques, however, have lower specificity and lower spatial
resolutions compared with CT and MRI.
In the past 10 years, Ultrasound technologies have seen
many new advances. Most notably, they benefited from the
introduction of new materials and designs in transducer
technologies and high-speed digitizers, high spatial resolution,
and microscopy-like imaging capabilities that can be achieved
through high-frequency ultrasound [28]. Functional and
specific imaging can also be achieved by using new contrast
enhancing agents, such as microbubbles [29]. Another
important development in ultrasound’s medical application
is the therapeutic use of high-intensity focused ultrasound
(HIFU), which also uses the microbubbles [30]. HIFU allows
selective ablation of targets inside the body with little collateral
damages to the surrounding tissue. Another promising area is
the use of ultrasound in targeted drug delivery applications [31].
As we are entering a new decade, there are many potential
research areas worth exploring in medical ultrasound. First,
ultrasonic systems are becoming more compact and flexible, to an
extent that wearable ultrasound devices come within reach [32,
33]. Such technology would allow, for example, the monitoring of
mobility and physiological parameters. Integration of ultrasound
with other diagnostic and therapeutic modalities (e.g., CT,
MRI) is also an active area in the domain of medical physics
and imaging [16]. New algorithms using artificial intelligence
and machine learning for real time 3D reconstruction and
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MRI PHYSICS AND APPLICATIONS
Magnetic resonance imaging (MRI) is a medical imaging
technique that uses magnetic fields and radio waves to create
non-invasive images from functional/molecular information of
organs and tissues (Figure 3). The very low energy associated
to Zeeman splitting induced by a (strong) static magnetic field
is tightly related to many features that make MRI an invaluable
technique for the clinic, which include the coherence of the
emitted radiation as the basis for Fourier-based imaging with
position encoded by field gradients [35]. The very same low
energy is also the root cause of the limited sensitivity of the
technique. Higher magnetic fields result in stronger nuclear
polarization [3] and, subsequently, in an increase in induced
currents in the coils that translates into a quadratic increase in
detected signal. An increase in signal not only allows for faster or
better resolved scans, but also ushers imaging and spectroscopic
measurements of low-sensitivity nuclei to clinical scanners [36].
Advances in stronger and faster switching gradient coils,
applied at ultra-high magnetic fields, may open a new and
potentially game changing route in high-resolution MRI [37].
The clinical value of imaging and spectroscopy of nuclei, such
as 23 Na, 31 P, 2 D, and 13 C is currently being investigated. In line
with improvements of MRI signals, there is a proliferation of
methods for in-plane or between-slices scan acceleration that is
increasingly shaping the technology behind high field (1.5–3 T),
or ultra-high field (seven Tesla and beyond) MRI. Undeniably,
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highly-specific markers, such as fluorescent tags or novel imaging
probes, promotes the adoption of OI for in-vivo imaging [45].
Currently available 3D optical imaging approaches include 2Photon microscopy, OCT, Light-Field Microscopy [46], Diffuse
Optical Tomography [47], Optical Projection Tomography [48],
Light-Sheet Microscopy [49] as well as Photoacoustics [50], an
approach in which LASER light is used for illumination and
contrast in combination with ultrasonic detection. More recently,
a super-resolution microscopy variant of OI was proposed
that permits non-invasive investigations with spatial resolutions
below 10 nm [51, 52].
To further improve the in vivo imaging performance in living
subject, imaging at the second near-infrared wavelength window
(NIR-II: 1,000–1,700 nm) has been heavily pursued as a novel
and attractive strategy [53]. NIR-II imaging has shown many
advantages, such as deep tissue penetration, high resolution and
imaging contrast, low autofluorescence, photon scattering and
absorption. As such, NIR-II fluorescent endoscopy appears as a
promising approach for intraoperative imaging [54, 55].

increased complexity, costs and sheer bulk of ultra-high MRI
systems play a fundamental role in the resistance to integration
of these systems in clinical practice.
One of the key challenges that MRI physicists are faced with is
how to back-port recent developments in encoding and readout
technique to low field systems. There are some advantages for
MRI at low field that can be leveraged to increase image quality
and contrast to offset the predicament of signal loss: longer T∗2 ,
shorter T1 and lower SAR allow the use of RF-heavy techniques
that suffer from severe limitations at higher field. In addition,
the risks to patients caused by the high static and radiofrequency
magnetic fields are minimized, making the exclusion criteria for
patient scanning much less restrictive.
Lately, MRI physicists have become engaged with the
introduction of quantitative MRI methods to assist clinical
decision making and patient management. For example, in
clinical neuroimaging, the most widely used MRI modalities are
the qualitative T1 -weighted, T2 -weighted (mostly in conjunction
with suppression of the cerebrospinal fluid contribution with
FLAIR) and diffusion weighted images. The crispness and
highly detailed character of these qualitative images make them
more attractive to neuroradiologists than their quantitative
counterparts—T1 and T2 maps.
Quantitative MRI has permeated the clinic with other
modalities, such as cerebral blood flow mapping using arterial
spin labeling (ASL) [38], microstructural imaging using diffusion
tensor imaging (DTI) metrics [39] and localized, high-resolution
spectroscopic imaging [40]. Quantitative MRI holds the promise
of decreasing variance in imaging metrics by isolating the effect
of one specific contrast mechanism, but are not immune to other
problems such as error propagation and inter-vendor differences
in scanning sequences.

COMBINED, OR HYBRID IMAGING AND
RELATED PHYSICS
Hybrid imaging denotes hardware combinations of
complementary, dual-modality imaging methods, such as
PET/CT, SPECT/CT and PET/MRI, which continued to evolve
over the last decade and are now being all available for clinical
use. PET/CT is the most mature and widely adopted hybrid
imaging modality. The introduction of solid-state photon
detectors (i.e., silicon photomultipliers) coupled with improved
readout electronics have supported the adoption of the time-offlight (TOF) acquisitions in PET imaging [56]. Consequently,
state-of-the-art TOF PET systems can be used to reconstruct
images with higher signal-to-noise ratio, and to help speed up
the data acquisition or lower the injected dose. Image quality was
also improved by using digital photon counters and a one-to-one
coupling of the individual scintillator crystals to the detector
elements [57].
Very recently, PET systems with extra-long axial fields of
view of almost 2 m were introduced, allowing the total body
to be imaged within a single bed position and without moving
the patient during the exam. First performance characterization
studies demonstrated a more than two orders of magnitude
sensitivity gain and several potential applications are currently
being explored [58, 59].
SPECT/CT has also continued to mature and current
systems combine latest generation collimator designs, solid-state
detectors (i.e. cadmium-zinc-telluride) for SPECT with high
performance diagnostic CT scanners. Statistical iterative image
reconstruction algorithms have been implemented for SPECT
and several vendors offer CT-based attenuation, scatter and even
motion correction techniques for improved quantification [18].
Of note, one vendor provides a tri-modality SPECT-CT-PET
system for maximum versatility [60].
In 2020, fully-integrated PET/MRI systems celebrate
their 10th anniversary. Although three vendors are now

OPTICAL IMAGING
Optical imaging (OI) uses light, often from LASERs and
LEDs, and enables imaging with good contrast at high spatial
resolution, albeit with strongly limited penetration depth into
tissue (Figure 3). For these reasons, many applications of optical
imaging are targeting cultured cells or fixed cell samples; for
instance, optical microscopy is one of the methods of choice not
only in histopathology, but also for studying cell development
and cell fate, for genetic expression analyses, for the analysis
of cell-pathogen interactions, cellular and subcellular signaling,
metabolism and cell-cell interactions.
Routine medical application of optical imaging target surface
and transparent parts of the human body (e.g., in dermatology,
ophthalmology, various endoscopic procedures, and dentistry).
Nonetheless, a number of additional optical imaging methods
were devised for imaging normal and diseased patients and
animals in clinical and pre-clinical settings [41].
OI is used mainly to image the human skin, the eye,
and other accessible body parts [42], such as teeth, mucus,
pharynx, colon, etc. For this purpose, multi-photon imaging
[9] and optical coherence tomography (OCT) [43, 44] are the
OI techniques most frequently employed. Further, the use of
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The most important contribution of medical physics in
preclinical imaging is that to image quantification. In preclinical
nuclear medicine image data can be acquired together with blood
sampling in animal models as to allow absolute quantification.
The application of kinetic modeling and the deduction of
image parameters expressed in parametric form, which are
easily comprehended without compromising accuracy enables
than a transition of methodology but also results from basic to
clinical research.
Finally, with the advances in correlated multimodal imaging
(CMI) [64], where information about the same specimen are
acquired with two or more complementary modalities across
scales, medical physics can contribute in providing tools for
image fusion and registration. This is quite challenging as
CMI applications range from imaging of cells and tissues to
whole organisms to gain a complete picture of biological and
biomechanical processes. In addition, as pointed out by the
authors, CMI would benefit from standardization of protocols,
data handling, and the development of optimized and advanced
implementations, which are exactly the areas where medical
physics can make a substantial contribution.

commercializing fully-integrated PET/MRI for human imaging,
the adoption of this technology has been slower than that of
PET/CT, with only about 250 systems currently being installed
around the world. Nevertheless, PET/MRI is used more and
more broadly for applications in oncology, neurology and
cardiology. Numerous groups have developed MR-based motion
correction approaches for brain and whole-body application
and several such techniques are already implemented on the
commercially available scanners for routine use.
Medical imaging physicists have played a key role in the
development, optimization and clinical adoption of all these
hardware and software advances. As hybrid imaging modalities
are inherently multimodal, it is essential for physicists with
different areas of expertise to collaborate closely. This is perhaps
the most obvious in the case of PET/MRI, where MRI physicists
are needed for setting up the MR protocols for dedicated and
whole-body data acquisition, while the PET physicists must
handle the PET data processing (including MR-based attenuation
correction) and image reconstruction aspects [61].
Looking further into the future, multi-modality imaging will
need to be integrated with multi-omics (genomics, proteomics,
metabolomics, transcriptomics, etc.) data. Building on the
success of radiogenomics in combining diverse imaging and
genomics data for several applications, advanced machine
learning algorithms have been suggested to further bridge
the gap between imaging and multi-omics to enable a more
comprehensive assessment of diseases [62]. Though this will
require the future medical physicists to step even more outside of
their comfort zone, it will also give them the unique opportunity
to expand their role and become indispensable members of the
larger community.

RT PHYSICS
Radiotherapy (RT) is the process of directing ionizing radiation
(e.g., electrons, photons, or particles, such as protons) to damage
and destroy the cancer cells in the human body. Most frequently
high-energy photons (6–18 MV) are used to reach deep-seated
tumors, while for more superficial tumors high-energy electrons
up to 25 MeV are employed. Alternative radiation treatments are
based on the use of charged particles, such as protons, with a
number of such proton therapy centers opening up throughout
the world [65]. The physical properties of protons are well-suited
for radiotherapy because the Bragg-peak can be exploited to
deposit all energy of the proton beam while leaving no radiation
dose distal to the peak.
Throughout the entire radiation treatment process medical
imaging plays key roles: from diagnosis to quantifying and
outlining the tumor as well as normal tissues and organs to
spare, toward image-guidance for treatment prior to and during
a typical course of treatment that may span over 3 to 7 weeks
of daily treatment fractions. Adaptation during treatment to
possible changes of the anatomy is of utmost importance for
high-quality treatment plans and safe radiation dose delivery to
the right location. Such changes can be picked up through onboard, cone-beam CT systems that are attached to the treatment
devices [66, 67], or optical surface scanning for monitoring the
patient position or breathing motion flow [68].
The recent combination of MRI scanners with treatment
machines (MR-Linacs) allows to push the integration of
imaging and treatment even further allowing simultaneous
visualization and treatment of the target [69, 70]. Advances
in RT hardware are being supplanted by the recent adoption
and implementation of AI technologies for many steps of the
radiotherapy treatment workflow. For tumor outlining and

PRECLINICAL IMAGING
Over the past years, preclinical imaging has moved to an
independent scientific field. Especially the transition from
producing only colorful images to developing methodologies
for image acquisition, image analysis and quantification has
boosted the translation between basic and clinical research.
In contrast to clinical imaging, medical physics input is not
mandated by legislation; nonetheless, the close integration of
medical physics expertise in preclinical molecular research has
demonstrated increased efficiency and quality of the research.
Since in preclinical imaging image acquisition parameters are less
well-defined and are adjusted locally, expertise, such as provided
through medical physics, as to the implications of changes in the
acquisition and reconstruction parameters on image quality and
accuracy is welcome and required to make the best use of the
animal models.
In preclinical nuclear imaging some acceptance testing
standards are available (e.g., NEMA Standards Publication NU
4-2008 Performance Measurements of Small Animal Positron
Emission Tomographs) but do not exist for all the different
imaging modalities. Knowledge about the different modalities
and published guidelines [63] aid in setting up a good QA/QC
program for preclinical imaging.
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organs-at-risk segmentation, AI technology based on deeplearning is at the same level as human expertise [71, 72]. Further,
image reconstruction approaches and radiation treatment plan
optimization algorithms also benefit from AI-driven solutions
to allow for fast and accurate results [73–75]. Finally, the
complexities of integrating the various hardware and software
components of standard and advanced RT workflows can be
addressed only through a multi-disciplinary team effort that
supports active interactions between medical physicists, medical
doctors and technologists, along with engineers, IT and datascience engineers [76–79].

anthropomorphic phantoms with realistic radiation attenuation
properties [87].
Nonetheless, the wide range of possibilities of 3D printing
do not come without limitations. While the manufacturing
process is fully-automated and fast, post-processing still requires
extensive manual labor. Further, the possibility to combine
different 3D printing technologies, and, thus, to produce parts
with different material properties and scales, is still in its infancy.
Therefore, further evolution of the current technologies is to
needed. Here, so-called “4D printing” (dynamic 3D printing)
holds promise [88].

ADDITIVE MANUFACTURING AND
3D-PRINTING

IMAGING IN NON-MEDICAL
APPLICATIONS

Additive manufacturing, also commonly known as 3D-printing,
has been applied to medicine since the 1990’s. The unique
possibility to manufacture complex-shaped objects by a
computer-controlled layer-by-layer deposition of different
materials is fascinating and at the same time very powerful.
3D printing allows to literally materialize digital objects into
physical parts. Originally, this manufacturing technique was
mainly used by mechanical engineers to “rapid-prototype” parts
that were then produced by more conventional methods, but
now 3D printing has gone well-beyond this initial use. Thus,
medical 3D printing can be thought of as an extension of medical
imaging into the real world, thereby enhancing diagnostics and
pre-operative planning by presenting anatomical structures in
three dimensions and even allowing to physically manipulate
them. Beyond these unique possibilities, 3D printing also allows
to manufacture patient-specific implants or surgical tools for
precision medicine and to engineer multicellular biological tissue
constructs for regenerative medicine purposes.
Medical problems arising from skeletal defects of various
tissues were the first to be addressed by 3D printing [80]. Medical
problems in dentistry, and oral surgery in particular, are similar
to those in skeletal applications because of the hard-tissue context
in which 3D printing could be successfully applied [81]. While the
original intent of 3D printing was to shape implants that perfectly
matched the macroscopic geometry and size of bone defects,
recent research ambitions include the scaffold microarchitecture
for better osteoconductive properties [82].
Medical uses of 3D printing are becoming also common in
soft-tissue applications, including cardiovascular applications,
where surgical planning of complex cases and the selection
of proper anatomical access is important [83]. Current
3D printing technologies allow the precise deposition of
biocompatible materials, while at the same time potentially
providing mechanical properties for optimal compliance match
to the recipient surrounding tissue. Today, a wide range
of 3D printable biomaterials is available, such as cell-laden
hydrogel bioinks [84], which provide proper cell environment
but still lack sufficient mechanical scaffolding properties, or
biocomposite scaffold materials that can be produced through
fused deposition modeling [85]. 3D printing can be used also for
improving medical imaging technologies [86] and for producing

Finally, the field of medical imaging had a profound influence
also on other fields of physics and disciplines far outside
those liaised with medicine, such as Anthropology, Archeology,
Biology, Geophysics, Hydrology, Material Sciences and welllogging. Here, we can only mention a few developments, which
turned into game changers in their field. For example, Xray and CT-imaging, as well as optical imaging, are used in
paleoanthropology and archeology to image skulls, bones and
whole mummies non-destructively, thus, creating new fields of
“Virtual Anthropology” [89] and “Radiology in Archeology”
[90]. Neutron imaging and X-ray micro-tomography, on the
other hand, are used in material sciences to assess 3D
microstructure non-destructively, as compared to optical or
electronic microscope techniques that can provide only 2D
information, and frequently in a destructive manner [91].
NMR-based well-logging, already introduced in the 1980s,
caused a revolution in the petroleum industry. Parameters like
permeability, mineral-independent total porosity, water, gas and
oil saturation, and oil viscosity became accessible through this
technology [92]. Thanks to the availability of high magnetic field
strengths MRI [3] porous materials can be assessed for nonmedical purposes as well [93]. It is, therefore, interesting to note
that physics discoveries from the 1900’s helped to develop not
only imaging techniques and, subsequently shaped the field of
diagnostic imaging in medicine, but that technological advances
in the diagnostic domain contributed to many useful applications
outside medicine in return.
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OUTLOOK
Medical imaging and therapies benefit from the close integration
of physics expertise and cross-disciplinary engagement of
medical physicists and biomedical engineers. The examples
provided above are a testimony of the notion that medical physics
is a pillar of medicine; frequently physics and medicine even leap
frog each other when introducing a methodological innovation
to clinical routine or when seeking to support a clinical need
with a suitable and viable imaging technique, for example [27].
Some people argue for physics-driven innovation being “more
risky than clinically driven development” [94]. Either way, there
is an increasing awareness for medical physics symbolizing a
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we seek to highlight relevant progress in Instrumentation,
where medical physicists and engineers help ensure the correct
operation of all equipment, including reference doses and
measurements, accurate calibration of the imaging systems,
and on to the software programs that are used to extract
information from the images to provide the clinical results.
Together with our partner subspecialty journal we provide a
publication forum to Computing and image analysis, built on
sophisticated algorithms that are used to perform functions such
as three-dimensional image reconstruction, modeling of kinetic
physiological systems, predicting cell kill and tissue damage
from the radiation delivered to abnormalities such as cancerous
deposits or to normal tissues which may also take up the
therapeutic compound, combining data from separate imaging
systems and multi-modality data analytics.
Next to the positive perspective on the breadth of medical
(imaging) physics, we shall not abstain from providing a platform
to experts discussing the challenges that come along our specialty
in the next decade. In the short term, telecommuting or hybrid
work models will likely be adopted in many facilities across
the world to minimize the impact of COVID-19 [95]. This
will require changes in the ways medical physicists perform
their routine duties and how they interact with the other
members of the team. As stated earlier, Artificial intelligence is
increasingly being used in healthcare and has already positively
affected several imaging applications (e.g., deep learning-based
attenuation correction, image enhancement, machine learningenabled characterization of disease processes from multimodal
datasets, etc.). It is likely that AI-enhanced hardware will also
become available in the near future. While there is substantial
excitement about the clinical adoption of AI-enriched next
generation software and hardware, it is also true that the role of
the medical physicists for many of the routine tasks performed
today will need to change [96]. Physicists will not only have
to stay abreast of and embrace these rapidly paced advances
in AI but should also strive to take a leadership role in their
clinical adoption.
The current COVID-19 situation might also change the way
we interact with other disciplines: the typical annual meeting per
society where live interaction is performed is replaced by online
presence, which may make discussion less interactive but on the
other hand opens the possibilities for researchers and experts
from other disciplines to join and attend the meeting, which
they would normally not travel too. Naturally, enhancing crossdiscipline communication and interaction will lead to more and
transparent collaboration.
In general, the application of physics will face two significant
challenges in the future. First, we need to help integrate
the medical physicist into the multidisciplinary clinical team
managing the twenty-first-century patient by understanding the
disease, its pathological, genomic and biochemical basis, and
the role that diagnostic imaging and therapeutic, or theranostic
approaches can play in managing the patient. And, second, we
need to expand our knowledge of the interaction of ionizing and
electro-magnetic radiation with the body and the fundamental
changes it induces in order to make the most effective and
safe use of the powerful tools that we now have at our

“multiplicity” of disciplines at the intersection of medicine and
sciences (see Figure 2 in Bailey [27]).
If accepted, this cross-domain engagement of medical physics
could serve as a seed point to multidisciplinary team work as
part of a suitable provision of health care for diagnostic and
therapeutic purposes. Nuclear medicine physicists, for example,
along with specialized radiochemists, provide the scientific basis
for the use of the nuclear medicine procedures that are used
in patients. They are experts in the interaction of radiation
in the body and work closely with the specialist physicians
and technologists in delivering treatment plans for individual
patients. They are highly qualified professionals with extensive
training in mathematics, radiation physics, and biological
systems. They have responsibilities in the clinical environment
for ensuring that all radioactive materials and equipment are
accurately and safely used by the clinicians. They are often called
upon to problem-solve unusual clinical presentations or results,
and to develop new techniques for assessing organ function
and understanding abnormal processes. They oversee equipment
operation, radiation safety and protection of staff, patients and
carers, teaching and training of junior scientists and medical
staff, advanced IT and computing applications, troubleshooting
of artifacts or abnormal appearances in scans, and verifying
the results of clinical studies where measurements involving
radiation are used. While medical physicists often spend a
significant amount of time involved in problem-solving activities,
creativity in solving the problems or devising new imaging tests
and analyses is also a requirement. Being immersed in a highlyspecialized clinical environment usually requires them to become
familiar with the clinical basis of many diseases and disorders
so as to be able to contribute to the multidisciplinary teams
managing the patients. As such, the definition of the scope of a
medical physicist’s profession as provided by EFOMP, falls short
of the true value and training virtues.
Multi-dimensional and -disciplinary engagement will
be further promoted through the recent technical and
methodological innovations that have entered the market.
The rapid promotion and adoption of AI mandates all partners
to expand their knowledge into the area of harmonized and
standardized biomarker acquisition; the promise of non-imaging
biomarkers, such as those derived from liquid biopsies, mandates
imaging specialists to open up to other, non-imaging based
parameters. Ultimately, it is about “partnership” of medical
physics and medicine, and imaging is a playground with
little confrontation.
Our journal, Frontiers in Physics—Medical Physics and
Imaging, seeks to provide a forum that captures the bespoke
cross-disciplinary engagement of medical physicists and imaging
experts. We seek to support studies that address Clinical
Applications, where multi-disciplinary teams are involved in the
imaging of the patients.
While the clinicians may recognize abnormal patterns due
to disease, the physicist is the one expected to understand the
complete diagnostic or therapeutic chain from the radioactive
compound used through to the most common imaging
modalities, computer analysis and interpretation of results, and
to recognize any divergence from normal operations. Further,
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