
INTRODUCTION

A majority of the dental problems at present are related to the pulpal 
and periapical tissues. Accordingly, the endodontists intend to recognise 
these pulpal infections at the beginning stage. With the end goal of 
accurate diagnosis, the most commonly utilised two-dimensional (2-D) 
radiographic procedure has a few downsides as it cannot analyse infec-
tion or lesion at an early stage and gives the 2-D presentation of dis-
ease1,2). The recognition of early lesion has become a concern because of 
a few reports that a periapical lesion may be squamous cell carcino-
ma3,4). Positron Emission Tomography/Computed Tomography (PET/
CT) scan is a new technique where soft tissue and hard tissue imaging 
can be considered together for the diagnosis of the disease. There were 
various reviews on the role of Cone Beam Computed Tomography 
(CBCT) in endodontics. However, this review will concentrate on the 
PET/CT combination technique and compare it with CBCT.

MATERIALS  AND  METHOD

A broad research has been done in writing this article regarding the 
use of PET/CT in endodontics constraining solely to the articles avail-
able on search engines like Pubmed, Medline, Scopus, and Google 
scholar. Inclusion criteria was based on studies related to PET/ CT scan 
and CBCT in endodontics. Exclusion criteria included studies not 

involving periapical pathology or endodontics, literature reviews with 
abstract only. 

RESULTS

Of all the articles, 47 were selected which met the inclusion criteria. 
The results presented in this review includes studies with and without 
impact factor and in the English language, highlighting the usage of 
PET/CT scan in endodontics and comparing it with CBCT. The results 
reported by these articles are presented in the Table 1 and Table 2. 

DISCUSSION

Sir C. Edmonds Kells first discovered a film-based intraoral radio-
graph5). Later with the progression of new technology, a sensor-based 
framework was created using, for example, charge-coupled device, 
complementary metal-oxide semiconductor, and photostimulable phos-
phor sensors. Two-dimensional radiography had a few drawbacks as it 
exhibited 2-D images of the 3-dimensional (3-D) oral structures and 
could not distinguish infection until the extensive bone loss was found2). 
Initial 3-D x ray beam imagining technique was developed in 1990 by 
Godfrey Hounsfield as CT, which was much better than 2-D x-ray tech-
nique as the images gave a 3-D introduction of oral structures. With the 
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discovery of more advanced methods, CBCT improved on the draw-
backs of CT, which included high radiation dose and lengthy scanning 
time. CBCT uses a cone-shaped x-ray beam to capture spherical or 
cylindrical area in the field of view6). Clinically presented in 1998, 
CBCT is strongly suggested in endodontics as it is very successful in 
diagnosing the endodontic lesions6,7). Even though CBCT is superior to 
conventional radiography, there are a few drawbacks, for example, the 
radiation dose of CBCT is higher than periapical radiographs8), and its 
soft-tissue contrast is poor leading to the formation of image arte-
facts9-11). With the advancement in imagining techniques, dental special-
ists attempt to use different procedures for diagnosis and understanding 
of dental infections by a combination of two disconnected imagining 
techniques. PET/CT is an ongoing system of nuclear medicine combin-
ing PET (based on radionuclide) and CT (3-D x-ray technique). 

Position emission tomography and Computed Tomography
PET/CT diagnostic technique, is a novel system, specially intended 

to diagnose malignancy in the human body. As of late, this imagining 
technique is used for diagnosing different diseases other than malignan-
cy. The first PET/CT scanner was developed by College of Pittsburgh 
and computer telephony integration PET Systems, Inc. (Knoxville, TN, 
United States) in 1998. PET Scanners and multidetector-row CT 
Scanners work by performing the scan successively in a similar session. 
Two sets of images are then compared to gain information of the 
scanned area. PET Scan gives the data on the molecular biology of the 
area while CT examines the organic anatomic changes. PET utilises the 
radioactive dyes that transmit radiation when infused in the patient12). 

These radioactive isotopes have a short half-life and differ in the pace of 
take-up depending on the tissue. Most basic radiotracer is fluorodeoxy-
glucose (FDG) which is similar to glucose and is called fluorine-18.

PET/CT scanning starts with the infusion of FDG in the patient. 
Following one hour of infusion, a scan is obtained. Infused radioisotope 
transmits positron during the emission decay. The positron progresses 
for a short distance in the tissues and interacts with the electron which 
causes annihilation reaction bringing about the creation of annihilation 
gamma photons. These photons hit the scintillator and produce a burst 
of light which is captured by the photomultiplier tubes or photodiodes. 
CT follows PET covering a similar region or axial extension. CT images 
are reconstructed after obtaining PET information, and the images are 
stored in a computer database. Depending on the model of the PET/CT 
scanner, the time is ten to thirty minutes for a total body exam. 
Combined images of PET and CT give decent information about the 
morphology and metabolic changes in tissues.

Possible use of positron emission tomography/computed 
tomography in endodontics and its comparison with cone 
beam computed tomography

The imaging system plays a significant role in endodontics as it 
gives evidence of the disease in the pulp and periapical tissues. Failure 
in imaging technique to interpret the disease leads to an uncompensated 
loss for the influenced tooth and its tissues. CBCT is the most favoured 
technique in endodontics as a complementary imaging technique, while 
PET/CT scanning is a new system with less known usage in the field of 
endodontics. The authors hypothesised the application of PET/CT scan 

Table 1: Articles included in the study and summaries of their result in relation to PET/CT scan.
Study Major findings for PET/CT scan

Asselin MC et al, 2012 Use of radioactive dyes that transmit radiation when infused in the patient.
de Carvalho AP et al, 2014 Early stage detection of periapical pathology is possible with PET/CT.
Shimamoto H et al, 2008 Periodontal disease or apical periodontitis resulted in the accumulation of FDG. 
Denko NC, 2008 ;  Yamashita H et al, 2014 Detection of metabolic changes  in relation with H1F1α found in association of cancer cells and inflammation by  
 PET/CT .
Maurer AH, 2008 Detection of critical details of soft and hard tissues.
Kito S et al, 2012   FDG accumulation found to be related with the degree of periapical or periodontal inflammation and bone resorption.
Kuhn FP et al, 2014 ; Gupta T et al, 2011   PET/CT can be used for identification and staging of oral carcinoma.
Murakami R et al, 2007; Accurate prognosis of squamous cell carcinoma feasible with PET/CT diagnosis.
Tantiwongkosi B et al, 2014
Ha PK et al, 2006 Possible differentiation between intermittent tumour from inflammation occurring after treatment .

PET/CT: Positron emission tomography / computed tomography

Table 2: Comparisons between positron emission tomography / computed tomography scan, cone beam computed tomography and con-
ventional radiograph.

 PET/CT scan CBCT Conventional radiograph

Detection of lesion Early stage detection of periradicular  CBCT is unable to detect periradicular  Conventional radiograph cannot detect the 
 infection by PET/CT scan[17] lesion at initial stage periradicular lesion at the initial stage

Accuracy of bone loss  Accumulation of FDG in PET/CT scan  CBCT provides information on bone loss  Conventional radiograph is unable to 
assessment provides relation to the dental infection and  and root resorption effectively[10,23,25] provide accurate data on bone loss
 bone resorption[19]  

Detection of  Has the potential to be utilised in  Accurate prediction of the oral  Conventional radiograph cannot be utilised 
malignancy identification, staging and prognosis of malignancies[37] to detect malignancy
 carcinoma[30,31]  

Assessment of root  PET/CT is not used to distinguish anomalies  CBCT can distinguish anomalies, identify  Conventional radiograph only provide two 
morphology and identify root canal but has the potential root canal and root canal anatomy[40,41,42] dimensional information of the root canal  
   anatomy and anomalies

Dimension Fusion of two techniques PET (radionuclide  Cone Beam Computed Tomography is a 3-D  Two dimensional x-ray technique
 based) and CT (3-D x-ray technique ) x-ray technique

Duration of scanning Lengthy scanning time Short scanning time Short exposure time

Radiation dose High radiation dose of CT Low radiation dose Low radiation dose

Cost Expensive technique Expensive technique Low cost technique

PET/CT: Positron emission tomography / computed tomography; CBCT: Cone beam computed tomography.
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in the field of endodontics and compared it with CBCT technique.

1 - Diagnosis of periapical pathology at an early stage and 
metabolic assessment of the tooth having pathology by glu-
cose distribution method

There are numerous diseases of the tooth. e.g., caries, fracture, 
exposure, trauma which may advance to periapical pathology. 
Traditional radiographs identify the periapical pathology when there is a 
bone loss of at least thirty to fifty per cent1-13). Alternatively, 3-D radiog-
raphy, including PET scan, is proven to be proficient in detecting peri-
apical lesions14). Early-stage detection has become more important as the 
progression of the disease could be restricted. The periapical lesion with 
diseased tissue has diminished blood flow that can be recognised early 
by PET scan that can detect the discharge of positron after the radioac-
tive dye infusion. These infused radiotracers or radioactive dyes are uti-
lised by cells that take-up glucose for energy. Cells with increased ener-
gy consumption appear as hot spots or bright areas on the scan while 
cells utilising less energy appear as cool spots and are less bright. PET 
scan can also identify metabolic changes. FDG PET/CT scan assesses 
the increased aerobic glycolysis of the diseased tissue, which is caused 
by the expression of hypoxia inducing factor (H1F-1α). H1F1α is not 
only connected with the cancer cells, but inflammatory cells are also 
influenced by it through tissue infiltration and cell activation15,16).

Very few studies evaluated the effectiveness of PET/CT for the dis-
covery of periapical pathologies. One in vivo study compared the sensi-
tivity of 18F sodium fluoride PET and CT with a conventional radio-
graphic technique to distinguish periradicular lesion at an early stage17). 
Acquired PET/CT images had hot spots in selected areas which were 
viewed as positive, and the author found that PET/CT findings were 
more precise than the conventional radiographic technique. A drawback 
of this study was that some of the hot spots were due to sinosopathies 
and not to periradicular infections. However, there was no investigation 
on the condition of the tissues and bone surrounding the periradicular 
lesion. Another study explored the relation of dental infections with the 
accumulation of FDG on PET/CT. The intensity of FDG take-up was 
compared with the outcome of the dental examination. The results indi-
cated that the majority of patients with positive PET/CT findings were 
having periodontal disease or apical periodontitis, which resulted in the 
accumulation of FDG in the oral cavity18). However, there was no dis-
cussion of false-positive results in the study or any detection of bone 
destruction.

Alternatively, there is no study where CBCT can identify a periapi-
cal lesion in the initial stage until bone destruction occurs as it gives 
poor soft-tissue contrast and can only distinguish anatomic changes 
occurring in the tissues.

2 - Prevalence and extent of bone resorption in periapical 
pathology

Root resorption is a challenge for endodontics as it has different 
clinical presentations and unexpected presence on the surface of the 
root, therefore, the detection of the root resorption relies upon the ability 
and precision of the imaging procedure.

PET scans alone could not determine the location of the disease 
anatomically and have limited contrast. A study of FDG accumulation 
reported that take-up of FDG was unrelated to caries but to the degree 
of periapical or periodontal inflammation and bone resorption19). 
However, this investigation did not provide data on the degree of bone 
loss. A PET scan, combined with a CT scan, improves its quality, pro-
viding critical details of soft and hard tissues20). CT gives a 3-D presen-
tation of pathology and morphology of the internal structures. CT is 
very useful in determining the pathological extension. However, the 
drawback of CT is its false-negative results because of image artefacts 
and high radiation dose21).

On the contrary, CBCT gives images with high resolution in X, Y, Z 
planes without errors in the image geometry22). CBCT can also recognise 
the initial stage of periapical bone destruction10-23). Although CBCT 
could not identify the periapical status of molar teeth in the maxillary 
arch24), 3-D images of CBCT can give data on the size of bone loss or 
defect and its root proximity25). It can also give data on the degree of 
root resorption26,27). In one report, CBCT scanning demonstrated a higher 
prevalence of periodontitis in the apical region when compared with a 
conventional radiograph. CBCT successfully identified existing radiolu-
cency in the periapical region of asymptomatic periapical periodontitis 
as compared to conventional radiograph28), although CBCT has lower 
spatial and contrast resolution than conventional radiography29). There is 

also a danger of image artefacts that can distort structures and appear-
ance in the CBCT scanning9-11).

3 - Malignancy arising from pulpal or periapical tissue and 
assessment of non-pulpal pathology mimicking the pulp dis-
ease.

There is no research on the detection of carcinoma emerging from 
pulpal pathology using the PET/CT scan or to distinguish the non-pulpal 
pathology mimicking the pulp disease. PET/CT scanning has the poten-
tial to be utilised for the identification and staging of oral cavity carci-
noma30,31). Additionally, diagnosis by PET/CT scans gave accurate prog-
nosis of squamous cell carcinoma32,33) and were useful in post-operative 
settings before radiotherapy in patients with squamous cell carcinoma34). 
PET/CT imagining gives valuable data on the anatomic localisation and 
the extent of the disease. It also provides guidance for radiation treat-
ment planning in head and neck cancer. In contrast, there is one report 
about the limitation of PET/CT imaging, stating that FDG-PET could 
not recognise inflammation from the tumour35). At the same time, anoth-
er study negates this report and states that PET/CT can separate a 
remaining or intermittent tumour from post-treatment inflammation36). 
More investigations are required to comprehend the function of PET/CT 
in the identification and differentiation of inflammatory disease and 
tumour.

CBCT can be used in the detection of bone invasion in cases of oral 
malignancies37). The malignancies arising from bone are accurately pre-
dicted by CBCT, the result is comparable to multidetector computed 
tomography37). CBCT has much higher sensitivity when compared with 
CT for cortical bone invasion by squamous cell carcinoma and better 
negative predictability38). For differentiation of non-pulpal pathology 
from pulpal infection, CBCT was reported to be effective compared to 
conventional radiograph as it can be used to differentiate the periapical 
lesion from odontogenic cyst and carcinoma39).

4-Three dimensional analysis of morphology of root canal
While the conventional radiograph provides 2-D images of the tooth 

structure, complete information, e.g. root canal morphology and number 
of canals cannot be obtained. Biomechanical preparation and obturation 
of all root canal areas are necessary to ensure successful root canal 
treatment.

CBCT can distinguish C-shaped canals, dens in dente, dilacerated 
teeth, root anomalies, fused teeth, etc40,41). It can identify canal in 60% to 
93.3% cases25). Using CBCT, Neelakantan et al42) recognised the root 
canal in 99.91% of all cases. It additionally gives valuable data about 
the internal root canal anatomy in axial, coronal, and sagittal section43). 
It complements the dental operating microscope for identification of 
internal anatomy of maxillary first molar44).There are currently no stud-
ies on utilisation of PET/CT scan for analysis of 3-D root canal mor-
phology.

CONCLUSION

In summary, this paper compared the following points of PET/CT 
and CBCT (Table 1): (1) PET/CT scan is better in early-stage detection 
and bone loss as it can spot the soft tissue inflammation, whereas CBCT 
can only detect bone tissue involvement; (2) PET/CT can detect the 
extent of bone loss but is not preferred by the dentist, whereas CBCT is 
reported to be efficient in the detection of the extent of bone loss and is 
a preferable choice; (3) Cost of PET/CT and CBCT imagining is higher 
than a conventional radiograph; (4) PET/CT imagining is more compli-
cated than CBCT as it involves patient preparation before the procedure 
and injection of radioactive dyes. On the other hand, CBCT follows a 
quick and easy procedure; (5) The spatial resolution and contrast resolu-
tion of CBCT is lower than a conventional radiograph. However, there 
is no study comparing the resolution of PET/CT with a conventional 
radiograph; (6) Scanning time of PET/CT is lengthy and may extend up 
to 30 minutes, whereas CBCT is quick and comfortable to the patient; 
(7) PET/CT scan has a drawback of metal artefacts presenting as 
false-positive and false-negative results. Similarly, CBCT faces altered 
results due to metal artefacts present in the patient in the form of fillings 
or implants; (8) CT scan is used in conjunction with PET scan, and the 
radiation dose of CT is higher than CBCT, indicating that CBCT is a 
better choice for imagining; (9) Both PET/CT and CBCT scans can 
detect malignancy and can be used to differentiate it from periapical 
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pathology; and (10) CBCT is reported to be useful for three-dimensional 
analysis of the tooth and roots. On the other hand, PET/CT scan has the 
potential, but it is still a developing technique and is not preferred by 
the dentist or dental office.

Three-dimensional imaging techniques have proven helpful in end-
odontics and ought to be utilised uniquely as a complementary tech-
nique when conventional radiograph fails to give all the necessary infor-
mation. Further improvement in PET/CT scanning procedures may offer 
endodontists with an alternative 3-D imaging technique to detect early 
pathologies and infection.
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