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ABSTRACT

Aim of the Study: Radiopharmaceuticals in nuclear dentistry represent a dynamic field, contributing
significantly to the evolution of restorative dentistry. This comprehensive overview focuses on the
advancements and applications of these radiopharmaceuticals, aiming to elucidate their role in modern dental
practices. Nuclear Medicine (NM) imaging has emerged as a crucial tool for early disease diagnosis in recent
decades, complementing conventional imaging modalities in the head and neck region. While conventional
techniques like radiographs, Cone Beam Computed Tomography (CBCT), and Computed Tomography (CT) are
commonly used, NM is specifically employed for certain oral and maxillofacial pathologies. Utilizing
radioactive isotopes emitting gamma (y) rays, NM provides detailed insights into tissue metabolism and
physiological processes, offering precise functional and biochemical information for accurate diagnosis. Despite
not being a routine practice in dentistry, dental professionals should be acquainted with NM's various
applications in the oral and maxillofacial region, as highlighted in this review.

Material and Methods: Extensive research was conducted through systematic searches on electronic databases,
including PubMed, Google Scholar, and Web of Science. The search targeted articles released from April
onwards, with an exclusive focus on English-language publications. A comprehensive set of keywords, such as
"radiopharmaceuticals in nuclear dentistry,” "evolution,” "applications,” "advancements,” "biocompatibility,"
"imaging techniques,” "clinical outcomes,” and "dental radiology,” were employed to gather relevant
information.

Results: The exploration of radiopharmaceuticals in nuclear dentistry reveals their transformative potential as
innovative tools in contemporary dental care. A comprehensive analysis of their evolution, applications, and
advancements underscores their diverse benefits for both dental practitioners and patients.

Conclusions: Continued research and development efforts are anticipated to further solidify the pivotal role of
radiopharmaceuticals in nuclear dentistry. With their expanding applications and ongoing enhancements, these
agents are poised to remain integral components in advancing dental care, offering substantial benefits to both
practitioners and patients within the realm of dental radiology and treatments. n conclusion, Nuclear Medicine
imaging emerges as a powerful adjunct in dentistry, offering unique insights into functional and biochemical
aspects for precise oral and maxillofacial diagnoses. While not a daily practice, awareness of its applications is
crucial for dental professionals to enhance their diagnostic capabilities and contribute to comprehensive patient
care.
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INTRODUCTION

Nuclear Medicine (NM) stands as a
specialized imaging field, employing
radionuclides and their radioactive decay
(figure 1.) to aid in the diagnosis and
treatment of diseases. Recognized as an
autonomous imaging modality by the World
Health  Organization  (WHO), NM
encompasses  various  applications  of
radioactive materials in medical diagnosis,
treatment, and researcha [1, 2].

In the broader medical landscape, NM,
including Positron Emission Tomography
(PET) and Single Photon Emission
Computed Tomography (SPECT), has
become a cutting-edge specialization with
vast potential for providing diagnostic and
treatment  information. Despite  its
applicability in dentistry, there exists a
notable lack of awareness among dental
practitioners regarding the fundamental uses
of NM, particularly in the context of head
and neck pathologies [3].

NM  involves the injection  of
radioisotopes, followed by specialized
gamma camera imaging to capture the
distribution and quantification of these
radioisotopes, operating on the principle of
metabolic activity. This underutilization in
dentistry emphasizes the need for increased
awareness among dental professionals
regarding the diagnostic features of NM in
the oral and maxillofacial region [4].

One notable nuclear imaging technique,
scintigraphy, produces two-dimensional
images by capturing radiation emitted from
an organ injected with a radioisotope,
finding significance in bone and salivary
gland imaging. Another advanced technique,
Positron Emission Tomography (PET),
employs radioisotopes emitting positrons for
biological and metabolic studies, with 18F-
fluorodeoxyglocose  (18F-FDG)  being
commonly used. PET has gained substantial
importance in diagnosing and
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prognosticating head and neck malignancies,
showcasing its potential for advanced
imaging applications in the health sciences
[5, 6].
Figure 1. Radioactive decay and the
formation of radioisotopes
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MATERIAL AND METHODS
LITERATURE SELECTION
Literature Selection: A comprehensive
exploration of scientific databases (e.g.,
PubMed, Scopus, Web of Science) was
undertaken to identify pertinent articles and
reviews related to the evolution and
applications of radiopharmaceuticals in
nuclear dentistry. Keywords employed in the
search  encompassed terms such as
"radiopharmaceuticals in dentistry,” "nuclear
medicine imaging in dentistry,” and
"applications of radiopharmaceuticals in oral
and maxillofacial regions.” Inclusion criteria
comprised articles published in peer-
reviewed journals, written in English, and

focusing on the wvarious aspects of
radiopharmaceutical use in dental
applications.

Data Extraction: Relevant data extracted
from the selected articles were organized
based on key aspects, including the types of
radiopharmaceuticals used, imaging
techniques, diagnostic applications, and
advancements in nuclear dentistry. The
extraction process included categorizing
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information related to radiopharmaceutical
properties, imaging modalities, clinical
applications, and emerging trends.

Data Analysis: Synthesis and analysis of the
extracted data were performed to provide a
comprehensive overview of the evolution
and applications of radiopharmaceuticals in
nuclear dentistry. Key findings, trends, and
advancements were identified and discussed
within the review. Attention was given to
identifying gaps in current knowledge and
areas requiring further research within the
field.

Writing the Review: The review paper was
structured based on the synthesized analysis
of the extracted data. Sections such as
Introduction, Materials and Methods,
Results, Discussion, and Conclusion were
crafted to present a cohesive narrative on the
evolution and applications of
radiopharmaceuticals in nuclear dentistry.
Citations and references were incorporated
to support the findings and statements
presented in the review.

Review and Revision: The draft of the
review paper underwent meticulous review
and revision for clarity, coherence, and
accuracy. Feedback from co-authors,
supervisors, or experts in the field was
incorporated to enhance the overall quality
and impact of the review.

Results and DISCUSSIONS

Nuclear Medicine, a multidisciplinary
imaging technique, seamlessly integrates
principles from Medicine, Engineering,
Physics, Chemistry, and Mathematics. Its

extensive  development has led to
widespread applications across various
medical domains, including Neurology,

Cardiology, Orthopedics, Oncology, and
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beyond. Central to this field are
radiopharmaceuticals, predominantly
featuring medical radioisotopes that are
labeled or bound to specific biological
molecules, known as Radio-
Pharmaceuticals. Administered in trace
amounts, these entities, also termed Tracers,
play a pivotal role in molecular and cellular
imaging, thereby facilitating early disease
diagnosis, treatment, and prevention [7, 8].
The historical roots of Nuclear Medicine
trace back to the aftermath of the Second
World War in the 1940s. A significant
milestone in its evolution occurred in 1964
with the introduction of 1-131 for treating
thyroid disease, followed by 1-131 thyroid
imaging. However, the true catalyst for the
field's remarkable growth was the discovery
of 99m technetium in 1937 and the

subsequent development of the first
commercial 99m-Tc generator in 1964
(figure 2.).
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Figure 2. Commercial 99m-Tc generator

Currently, over 10,000 hospitals globally
employ radioisotopes in medical practices,
with approximately 90% of procedures
dedicated to diagnostic purposes. Notably,
about 35 million in-vivo procedures are
conducted annually  worldwide, with
developed countries accounting for a
significant share[9, 10, 11].

Radioisotope Production Methods: A
Paradigm Shift
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The initial attempts at radioisotope
production took place in the expansive gas
diffusion plant at Oak Ridge, Tennessee.
However, this method, reliant on natural
isotopes and proving to be economically
impractical, fell short of meeting the
evolving needs of the field. A more dynamic
approach emerged as an alternative, focusing
on inducing radioactivity in light elements
through the supply of excess energy [12,
13].

This energy induction can be achieved by
exposing elements to various stimuli, such
as neutrons in a nuclear reactor or charged
particles like protons, deuterons, or alpha
particles in a cyclotron (figure 3.)
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Figure 3. Neutron bombardment of 25U

in order to induce radioactive decay

. Unlike the early gas diffusion plant
method, these techniques offer a more
versatile and efficient means of producing
radioisotopes. Notably, in a nuclear reactor,
appropriate target materials exposed to
neutrons initiate nuclear reactions, resulting
in the production of neutron-rich
radioisotopes.  Conversely,  cyclotrons,
conceptualized by Lawrence and Livingston
in 1932, accelerate charged particles like
protons, deuterons, and alpha particles to
high energy levels. These accelerated
particles are then directed to impinge on
target materials, yielding neutron-depleted
or proton-rich radioisotopes [14, 15].

This paradigm shift in radioisotope
production methods marks a significant
advancement in the field, enabling a more
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controlled and diverse range of isotopes to
be  generated. = These  sophisticated
approaches offer enhanced capabilities in
research, diagnostics, and therapeutic
applications, fostering a new era of
possibilities in nuclear medicine and related
disciplines [16, 17].

Radioisotopes in Healthcare

Isotopes, elements sharing the same
atomic number but differing in atomic
masses due to varying neutron numbers,
form the basis for the creation of
radioisotopes. These elements, inherently
unstable, undergo decay, emitting alpha (o),
beta (), beta plus (positron), and gamma-
rays, earning them the designation of
radioisotopes. Commonly  known  as
radionuclides, these isotopes find extensive
applications, particularly in healthcare,
where they are referred to as
radiopharmaceuticals [18, 19].

Although approximately 1800 isotopes
exist, only around 200 are currently in use,
with most being artificially manufactured.
The primary methods for radioisotope
production include nuclear reactors and
cyclotrons. Notable radionuclides employed
in liquid form include Technetium-99m,
iodine-123, iodine-131, gallium-67, and
thallium-201, while gaseous/aerosol forms
often involve xenon-133, krypton-81m,
technetium-99m, and diethylene-triamine-

pentaacetate (DTPA). In the realm of
maxillofacial pathologies, specific
radioisotopes play pivotal roles.
Technetium-99m, for instance, proves

valuable in detecting tumors of salivary
glands, while Gallium-67 is instrumental in
identifying osteomyelitis in the jaws.
Additionally, 18F  Fluorodeoxyglucose
(FDG) stands out for its utility in diagnosing
malignant tumors within the maxillofacial
region [20, 21].

This succinct overview underscores the
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critical role of radioisotopes, especially in
the context of healthcare, where their diverse
applications contribute significantly to the
diagnosis and treatment of various medical
conditions, including those affecting the
maxillofacial region [22].

Applications of Nuclear Medicine in

Dentistry
The integration of nuclear medicine and
radioactive tracers in dental research

presents a valuable avenue, allowing for the
precise measurement and differentiation of
trace amounts of radioactive materials
within  teeth.  This  utilization  of
radiopharmaceuticals, marked by radioactive
decay, facilitates the study of metabolic
activities associated with bones and teeth,
offering diverse applications in dentistry and
dental research [23].

Key applications encompass:

1. Mineralization and Calcification
Disorders: Nuclear medicine assists
in investigating conditions related to
mineralization and calcification,
providing insights into disorders
affecting dental structures [24].

2. Enamel Hypoplasia Secondary to
Dental Fluorosis: The technique
proves valuable in studying enamel

hypoplasia secondary to dental
fluorosis, enabling a  deeper
understanding of  this  dental
condition [25].

3. Periodontal Diseases in
Periodontics: Nuclear medicine

plays a role in periodontics by aiding
in the diagnosis and understanding
of various periodontal diseases [26].
4. Caries and Dental Material
Microleakage Studies in
Conservative &  Endodontics:
Applications extend to conservative
dentistry and endodontics,
particularly in the study of caries,
protection methods, and
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microleakage of dental materials
[27].

5. Nutritional and Endocrine Effects
on Root Resorption: The impact of
nutritional and endocrine factors on
root  resorption and  related
disturbances can be investigated
using nuclear medicine techniques
[28].

6. Age Determination  through
Nuclear Tests: Nuclear tests
contribute to age determination,
offering a non-invasive method for
assessing the chronological age of
individuals [29].

7. Scintigraphy for Implant
Evaluation and Bone Activity:
Scintigraphy is  employed for
evaluating  osteoblastic  activity
around implants  and  bone
scintigraphy, providing valuable
information in implant dentistry
[30].

8. Indication of Active Alveolar Bone
Loss: Nuclear medicine serves as an
indicator for active alveolar bone
loss, aiding in the early detection and
management of periodontal
conditions [31].

9. Diagnosis of
Diseases: Various
temporomandibular  joint  (TMJ)
diseases can be diagnosed using
nuclear medicine techniques,
enhancing the understanding and
management of these conditions
[32].

Various TMJ

Benefits vs. Risks in Nuclear Medicine:
Striking a Balance
In nuclear imaging procedures,
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radiation exposure is comparable to that of a
diagnostic X-ray, ensuring that the amount
received during typical treatment procedures
remains within safe limits. The judicious
administration of radiopharmaceuticals is
tailored to obtain the required information
before their decay, emphasizing the safety of
the process. The minimal amount given
ensures patient well-being, causing no
distress, and any excess is naturally
excreted, leaving no trace of the test [33].

Recent Advancements in Nuclear
Medicine: A Journey of Evolution

Since its inception in the 1930s, Nuclear
Medicine  has undergone significant
evolution. The transition from Rectilinear
scanners to Gamma cameras marked a
crucial phase, followed by the development
of single and multiheaded cameras, enabling
dynamic count versus time studies. Further
progress led to the advent of 3-dimensional
imaging, establishing more precise and
sophisticated techniques, including PET,
PET/CT, SPECT, SPECT/CT, and mmR
Biograph [34, 35].

Cutting-Edge
Radioimmunotherapy
Pretargeted RIT (PRIT)

Radioimmunotherapy (RIT), an advanced
oncological therapy within the realm of

Therapies:
(RIT) and

nuclear medicine, combines radiation
therapy with immunotherapy, utilizing
monoclonal antibodies paired with a

radiotracer. A notable recent advancement,
Pretargeted RIT (PRIT), has emerged as a
highly promising technique. Studies by
Atworthy et al. showcased that PRIT yielded
localized radiation to a tumor, rivaling the
efficacy of directly radiolabeled antibodies
[36, 37].

This dynamic landscape underscores the
continuous  advancements in  Nuclear
Medicine, offering not only refined
diagnostic capabilities but also innovative
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and effective therapeutic modalities. The
exploration of cutting-edge techniques like
PRIT signifies the field's commitment to
enhancing precision, efficacy, and safety in
medical applications (figure 4.). As nuclear
medicine continues to evolve, its potential to
revolutionize diagnostic and therapeutic
approaches in dentistry and beyond remains
a focal point of research and development
[38, 39].
Figure 4. Radioimmunotherapy,
monoclonal antibodies paired with a
radiotracer

CONCLUSIONS

Personalized Medicine Gateway: Nuclear
medicine is steering dentistry towards
personalized medicine, providing a platform
for early and precise diagnosis, optimizing
treatment strategies, and elevating patient
care standards.

Minimal Risks, Maximum Benefits: With
minimal radiation risks and rare allergic side
effects, the benefits-to-risk ratio of nuclear
medicine is exceptionally favorable. Its
safety, painlessness, non-invasiveness, and
cost-effectiveness make it a transformative
tool in healthcare [40].

Advancements Paving the Way: Recent
breakthroughs in cell replacement therapy,
gene therapy, radioimmunotherapy,
Pretargeted RIT (PRIT), and Fusion Imaging
underscore the significance of tracking
radiopharmaceuticals' biodistribution.
Developing novel radiotracers and hybrid
imaging systems that integrate anatomical
and physiological imaging is crucial for
advancing the field.

Balancing the Two-Edged Sword:
Recognizing radiation as a double-edged
weapon, it is imperative to exercise utmost
caution in its wuse. Nuclear medicine
imaging, being non-invasive, demands
responsible and judicious application to
ensure optimal patient outcomes.
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Early Detection in Head and Neck
Pathologies: Nuclear medicine imaging
emerges as a non-invasive modality with
high sensitivity and specificity for detecting
various pathologies in the head and neck
region. Its ability to capture abnormal
biochemical processes, even in the absence
of anatomical changes, serves as an early
marker for disease, enhancing diagnostic
capabilities [41].

Empowering  Dental  Professionals:
Dental professionals must harness the
potential of nuclear medicine imaging,
staying informed about its principles. This
proficiency ensures their ability to interpret

and discuss the advantages and
disadvantages associated with this functional
imaging  modality, contributing  to
comprehensive patient care.

In conclusion, nuclear medicine stands as
a transformative force in dentistry, offering a
paradigm shift towards personalized and
prophetic  diagnostics.  Its  evolving
techniques and applications underscore the
importance of ongoing education for dental
professionals, ensuring they leverage the full
potential of this dynamic imaging modality
in enhancing patient outcomes [42].

Initial layout of DEMO buildings and
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