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Abstract

Nuclear imaging is an exceptional branch of medical science that has been evolved in the latest decades in early diagnosis of a disease.
The main underlying principle is that radioisotopes are injected in the body and emits gamma rays which are detected by special image
receptors. Various nuclear imaging modalities include Scintigraphy, SPECT (Single photon emission computed tomography) and PET
(Positron emission tomography) which can assess any functional changes that occur within a diseased cell. This article has essentially
dealt with the fundamental principles of various nuclear imaging modalities and their applications in oral and maxillofacial region.
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1. Introduction

Nuclear medicine is a branch or speciality of medical science and
imaging that uses radionuclides/ radioisotopes and depends on the
process of radioactive decay in the diagnosis and treatment of
disease. It is a broad term that covers many imaging techniques
with the common basis, since ionizing radiation originating within
the body is detected and then imaged so as to determine either
physiology or anatomy of the subject (Boloor et al. 2013).

Film radiography, diagnostic ultrasonography, Computed Tomog-
raphy (CT) and Magnetic Resonance Imaging (MRI) are common-
ly used morphologic imaging techniques, which mainly require a
macroscopic anatomic change for information to be recorded by
an image receptor. However, in some human diseases abnormal
biochemical processes either occur without any evident anatomic
change or occur prior to it. Nuclear imaging provides an avenue to
the radiologist to assess such physiologic/biochemical changes
and also assists in differentiating between metabolically dying or
deceased cells and those which are actively metabolising (Sharma
et al.2008). Another added advantage is that nuclear imaging pro-
cedures most often identify abnormalities very early in the pro-
gress of a disease long before they became apparent with any oth-
er diagnostic procedures (Boloor et al. 2013).

Nuclear medicine is the medical speciality using small amounts of
radioisotopes or radiopharmaceuticals as tracers to diagnose the
disease. These tracers when injected into the body, gets attracted
to special organs, bones or tissues throughout the body, and they
further emit characteristic radiations, which will be captured by
special electronic instruments like scintillation or gamma camera,
which are widely used in nuclear imaging (Boloor et al. 2013).
Commonly used nuclear medical imaging modalities are Scintig-
raphy, SPECT (Single photon emission computed tomography)
and PET (Positron emission tomography). Molecular imaging
using high-resolution single-photon emission computed tomogra-
phy (SPECT), and positron emission tomography (PET) has ad-

vanced elegantly and steadily gained importance and eventually
has held an assurance in the diagnostic, clinical and research are-
nas (Mushtaq et al.2012). These modalities can also reconstruct
three dimensional (3D) images of the structures and thus have
improvised the diagnostic efficacy, especially in the field of on-
cology.

The applications of nuclear medicine are poorly understood with
respect to dentistry. This article thus emphasizes on the fundamen-
tal principles of various nuclear imaging modalities and their ap-
plications in oral and maxillofacial region.

2. Various nuclear imaging techniques and
their applications in oral and maxillofacial
region

2.1. Scintigraphy

The word “Scint” in Latin refers to “spark”. It is a form of diag-
nostic test that is wused innuclear medicine, where-
in radioisotopes are taken internally, and the emitted characteristic
radiation is captured by external detectors called as gamma cam-
eras so as to produce two-dimensional images.

In the latest era, the application of scintigraphy in bone and sali-
vary glands scanning has been evolved and has accomplished a
great importance. The areas of increased uptake of radiotracer
appear as so called “hot spot” and those with diminished or no
uptake will be evident as “cold spot”(Ferreira et al. 2002).

Bone scintigraphy is a functional imaging technique which uses
technetium-99m- Methylene Diphosphonate (Tc-99m-MDP) to
attain the bone metabolism activity and has affinity for calcium-
richhydroxyapatite crystals of bone. This Tc-99m-MDP undergoes
‘chemisorption’ and gets bound to the bone matrix (Kalayci et
al.2010). The underlying principle being that Tc-99m-MDP tends
to accumulate in areas of active or high bone turnover, depending
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on the degree of osteoblastic activity and presence of vascularisa-
tion (Kalayci et al.2010). The image acquisition includes capturing
the gamma rays emitted by the radiotracer within the human body
by means of a gamma camera (Ferreira et al. 2002).

Owing to this principle of bone scintigraphy, it may be of value to
evaluate the process of bone healing around the dental implants. It
is also sensitive to bone fractures, infections and primary or sec-
ondary bone tumors, as all these pathologies tend to trigger osteo-
blast activity. Increased uptake occurs due to increased bone me-
tabolism and decreased uptake occurs due to diminished osteogen-
ic activity of bone and also due to disrupted vascularity (Ferreira
et al. 2002).

Intraosseous carcinomas may have originated from lesions of the
oral mucosa, either arises from epithelial residues, or may develop
as a result of malignant transformation of a benign lesion (such as
a cyst or a tumor), or as secondary metastatic deposits from prima-
ry tumors at distant sites (Ferreira et al. 2002). Bone scintigraphy
can assist in preoperative evaluation of the malignant lesions, and
these lesions most frequently depict increased radiotracer uptake
and thus appear as hot spot.

Fibro osseous lesions like Fibrous dysplasia and Paget’s disease
showed a focal alteration in bone remodelling (Gupta et al.2011,
Shankar et al. 2013). Bone scintigraphy can be helpful in evaluat-
ing the extent as well as activity of these lesions.

Inflammatory lesions of the jaws such as osteomyelitis, traumatic
injuries, periapical and periodontal lesions, as well as diseases of
the Temporomandibular joint (TMJ) such as osteoarthritis show a

variation in bone metabolism and show a positive bone scan image.

Although periapical changes are more apparent in conventional
radiographs, yet bone scan can aid occasionally, as the uptake of

the tracer occurs prior to the radiographic alterations (Ferreira et al.

2002). Scintigraphy assists to discover early changes in the TMJ
skeleton that may end up in causing joint disc abnormalities.

Salivary gland scintigraphy uses 99mTc pertechnetate (**™Tc)
which can substitute for Chloride in Sodium or Potassium Chlo-
ride (Na-K-Cl) salivary transport pump and hence aids in measur-
ing the fluid movement in the salivary acinar glands (Arrago et al.
1987, Klutmann et al 1999, Knoll et al. 2012, Santos et al. 2010).
Santos et al had described the monitoring of salivary glands
through scintigraphy in one patient with Sjogren’s syndrome be-
fore and after the administration of 1% pilocarpine. The results
illustrated that scintigraphy with 99mTc pertechnetate had as-
sessed the effected location, progression of disease activity and
also the severity of the glands involved (Santos et al. 2010).

2.2. Positron emission tomography (PET)

It is a functional imaging technique that uses positron emitting
radiotracers to study biological or metabolic processes that occur
within the human body. The emergence of PET as a choice for
diagnosis, tumor and nodal staging, monitoring the prognosis of
therapy and assessment of recurrence in cancer has led to an in-
creasing demand for advanced imaging technology (Townsend
2004, Kubicek et al.2010, Macapinlac H. 2005). In the latest dec-
ade, PET has broadened its domain and has attained great signifi-
cance in areas of head and neck oncology.

The basic underlying principle is to detect positron emitting iso-
topes indirectly via the two 511 keV photons created when a posi-
tron annihilates with an electron released from the surroundings.
In PET procedure, a radiotracer is introduced into the body that
emits positrons as it decays. The emitted positron interacts with an
electron through positron annihilation and produces an anti-
parallel emission of two 511 keV photons (Zanzonico 2004, J A K
Blokland et al. 2002) as shown in figure. The line on which this
annihilation event occurs is referred to as line of response (LOR)
(Zanzonico 2004).
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Fig. 1: Schematic representation of Annihilation reaction between Positron
and Electron resulting in production of two 511kev photons anti parallel to
each other.

At present, the most frequently used radiotracer in clinical PET
scanning is fluorodeoxyglucose (FDG), which is an analogue of
glucose that is labelled with fluorine-18(Townsend 2004). It is
primarily used in PET because Fluorine-18 has a longer half-life
(110 minutes) thereby permitting more flexibility in transport time
to the effected sites and better administration to patients. Howev-
er, FDG’s widespread popularity is also due to its carrier compo-
nent, glucose, a monosaccharide sugar (C6H1206), which hap-
pens to be an essential circulating sugar in the blood. Malignant
cells tend to have more glucose utilization due to up to regulation
of hexokinase activity and have increased metabolic activity com-
pared to adjacent normal cells (Kapoor et al.2004). FDG is taken
up by metabolically active tumour cells and the rate of uptake of
FDG by the tumour cells is directly proportional to their metabolic
activity. Like glucose, it undergoes phosphorylation to form FDG-
6-phosphate, but does not proceed past the phosphorylation stage
(hexose-6-phosphate) and further gets metabolically trapped with-
in the cell which then gets detected during the PET procedure.
Therefore, FDG-PET measures cellular glycolysis, which theoreti-
cally reflects proliferation and abnormal growth of the affected
cells (Kapoor et al.2004).

In the modern era, FDG-PET has been illuminated in detection of
the head and neck cancers at a very early stage and above all it can
also identify the unknown and occult primary malignant tumours
that undergo metastasis and manifest as secondary tumours else-
where in the body. The detection rate with FDG-PET ranges from
10% to 60% and this difference mainly depends on patient selec-
tion and verification of strict clinical criteria (Macapinlac 2005).
FDG-PET has also explored its wings in evaluating increased
blood flow activity in onlay grafts and regions of osteosynthesis,
indicating bone repair in the graft (Boloor et al. 2013).

2.3. Single photon emission computed tomography
(SPECT)

As the name suggests, SPECT uses single photon gamma-
rayemission as the source of information, rather than X-ray
transmissions as used in conventional Computed Tomography.
SPECT is similar to PET in its use of radioactive tracer material
and detection of gamma rays (Rahmim et al. 2008). In contrast
with PET, the tracers used in SPECT emit gamma radiation,
which is measured directly, whereas PET tracers emit positrons
that annihilate with electrons up to a few millimeters away,
causing two gamma photons to be emitted in opposite directions at
180° to each other(Townsend 2004).

The application of SPECT in detection of head and neck cancer
has also evolved and has gained significance in the recent decade.
Nagamachi et al had investigated the usefulness of Thallium
201(®*TI) SPECT in 18 head and neck cancer patients and noted
that all the primary tumours and cervical metastatic lymph nodes
had shown increased 2*TI uptake in both early and late images but



40

International Journal of Health

did not show any correlation with the tumour size and its
histological type(Nagamachi et al.1996).

Lee et al conducted a study to investigate the diagnostic efficacy
of blood pool scintigraphy and SPECT in characterizing
congenital vascular malformations (CVMs) in the head and neck
area in a total of 154 suspected patients. The results described that
SPECT is a useful method for classifying CVMs in the head and
neck area due to its high diagnostic efficacy(Lee et al. 2010).

The temporo-mandibular joint(TMJ) is apparently evident using
SPECT, when compared to double-dimension planar imaging, and
can appreciate TMJ separately from the other parts of high bone
density(Boloor et al. 2013).

2.4. Fusion imaging (PET-CT, PET-MRI, SPECT-CT)

Within its constraints, due to inherent characteristics of nuclear
medicine images and their limited resolution power, it is being
difficult to define the precise anatomical location of diseases
(Marianiet al.2010). To overcome this limitation, the molecular
and functional imaging provided by nucleotide imaging and ana-
tomical imaging provided by CT/MRI have been merged into so-
calledHybrid/Fusion imaging.

SPECT provides some definite advantages over planar
scintigraphy, and the additional localizing value of SPECT/CT is
especially useful as a guide during surgical treatment. In
particular, SPECT/CT is highly appreciated for its exact
localization of ectopic glands by providing topographic correlation
with adjacent normal anatomical structures(Mariani et al.2010).
Vermeeren et al had determined the additional value of single
photon emission computed tomography with CT (SPECT/CT) for
detection and localization of sentinel nodes in 38 patients with
melanoma of the head and neck and has reported thatSPECT/CT
had depicted an additional sentinel node in 16% of the patients
and clearly showed the anatomic location of the nodes in all
patients (Vermeeren et al. 2011).

PET/CT has also proved its utmost efficiency in diagnosis of head
and neck carcinomas early in the course of the disease. However,
it essentially aids in staging of the head and neck squamous cell
carcinomas, detecting the unknown primaries and also monitoring
the response to the treatment (Agarwal et al. 2008, Mathews et
al.2011)

PET/MRI is a fusion imaging technology that incorporates both
MRI soft-tissuemorphological imaging and PET functional imag-
ing. Due to its limited availability, technical issues (especially
regarding attenuation correction and the strong magnetic field that
do not allow PET transmission scans to be implemented with posi-
tron-emitting rod sources), and the lack of clinical studies;
PET/MRI cannot be regarded as an established modality in routine
clinical practice, but still a promising technology, with its clinical
and scientific value yet to be defined (Nensa et al. 2014). With the
recent advancement of integrated whole-body PET/MRI and its
application into the clinical settings, high accuracy in T-staging of
tumour entities is being established. With regard to Nodal-staging,
PET/MRI does not seem to be beneficial when compared with
PET/CT but provides similar N-staging accuracy when applied as
a whole-body staging approach (Buchbender et al. 2012).
Integration of functional and anatomic image data via union of
PET/SPECT and CT/MRI provides additional clinically relevant
information. It can be the inquest of choice for imaging because it
can almost eliminate the false-positive and false-negative PET
findings (Mathews et al.2011).

3. Advantages and disadvantages of nuclear
imaging

The principal advantages of nuclear imaging is that functional
images of the diseased tissues are obtained, whole skeletal system
can be scanned within less span of time, recurrence can be easily
detected and sensitivity is high, but it does have few limitations

like the low specificity, it is rather expensive and is being contra-
indicated in pregnant and lactating women.

4. Conclusion

Nuclear medicine is an ideal specialty to adapt to the new disci-
pline of molecular medicine, and it has extended its avenues into
the field of dentistry. Nuclear medicine imaging techniques have
been evolved as a routine diagnostic method to evaluate the osteo-
blastic activity around implants and in periodontal disease, also to
identify the fractures, benign and metastatic tumors, bone grafts
and TMJ disorders at a very early stage, and thus aids to bring
about an intervention therapy. It also contributes in providing
valuable information regarding localization of unknown primaries,
cervical node metastases, staging of tumors, in detection of any
recurrence and also provides independent prognostic information
in patients undergoing cancer therapy.

Evolution of Hybrid imaging like SPECT/CT, PET/CT and
PET/MRI has heralded a major progress in diagnostic radiology
and has thus become a standard clinical imaging modality in pa-
tients with head and neck cancer. Fusion imaging is being substan-
tiated to be more accurate rather than using individually in the
detection and anatomic localization of head and neck cancers.
Therefore, early diagnosis of the disease using this recent modality
prevents its complications and unpredictable outcome in near fu-
ture owing to the fact that “An ounce of prevention is better than a
pound of cure .
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