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Abstract: Aim: To evaluate the diagnostic accuracy of panoramic radiography (PAN) for the identifi-
cation of infectious foci of the tooth and periradicular bone before definitive chemo-radiotherapy
treatment for oropharyngeal cancer, using multislice spiral computed tomography (MSCT) imaging
as the reference standard. Materials and methods: 50 patients with oropharyngeal cancer who had
performed both pre-treatment MSCT and PAN were retrospectively evaluated. Pre-radiotherapy
MSCT showed 65 deep caries, 37 root remnants, 143 stage III periodontal diseases, and 77 apical
periodontitis, for a total of 322 infectious foci. The same number of healthy teeth (control group) was
selected via MSCT to be analysed by PAN. Sensitivity, specificity, positive and negative predictive
values, and diagnostic accuracy for PAN images with respect to MSCT imaging were examined.
Results: PAN showed sensitivity, negative predictive value, and diagnostic accuracy of 100% for
deep caries, root remnants, and stage III periodontal disease, whereas there were 46.8%, 64.7%, and
72.1% apical periodontitis respectively. Conclusions: PAN did not show great diagnostic accuracy in
the assessment of apical periodontitis, and therefore maxillofacial MSCT carried out before chemo-
radiotherapy treatment should always be examined to identify dental and jaw diseases. Deep caries,
root remnants, and stage III periodontal disease were perfectly detected on PAN.

Keywords: oropharyngeal cancer; radiotherapy; apical periodontitis; panoramic radiography;
diagnostic accuracy

1. Introduction

Oropharyngeal carcinoma (OPC) accounts for 2.5% of all cancers and 9% of head and
neck cancers. The most frequent histotype is squamous cell carcinoma, whose incidence has
noticeably increased in recent years, with 98,412 new cases worldwide in 2020 [1], because
of high-risk human papillomavirus infection (HPV) that is currently responsible for more
than 70% of the OPCs [2]. On the other hand, smoking tobacco and alcohol consumption
have been widely identified as the major risk factors for non-HPV-associated OPC [3].

The first clinical sign is usually non-painful cervical adenopathy associated with a few
other symptoms including sore throat, otalgia, dysphagia, and odynophagia [4].

External radiotherapy (RT) provides excellent local control rates of early-stage OPC
and it can be performed as a definitive treatment modality in combination with chemother-
apy or as adjuvant therapy after surgical resection, even in advanced stages of the dis-
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ease [5]. RT has shown to be a clearly effective treatment, especially in HPV-positive OPC
patients with a three-year survival greater than 80% [6].

Multislice spiral computed tomography (MSCT) is a crucial volumetric imaging
technique to correctly assess the clinical TNM staging, which is different between the
HPV-related and classically tobacco/alcohol-related HPV-negative OPC [7]. Pre-irradiation
dental-periodontal screening is usually carried out by means of clinical assessment and
a panoramic radiography (PAN) so as to examine oral mucosa, bone tissue, and tooth
inflammations. The ultimate aim is to minimize complications both during or immediately
after RT, e.g., mucositis, xerostomia, and oral mucosa keratinization, and in the long term,
atrophy, masticatory muscle fibrosis, trismus, and osteoradionecrosis [8]. PAN plays a
key role in the diagnosis of oral infectious foci taking advantage from its panoramic view,
low radiation dose, and low cost [9]. Nevertheless, a volumetric imaging technique such
as MSCT has better diagnostic accuracy than PAN in the identification of dentoalveolar
structures and especially in the detection of periapical bone lesions [10].

Post-RT complications are notably reduced by extracting untreatable dental elements
and teeth with an uncertain prognosis before the radiation treatment begins [11]. However,
there are no guidelines that indicate what criteria should be used to determine whether
a tooth must be extracted or fixed before a RT treatment [12], nor are there any papers
on the diagnostic accuracy of each available imaging techniques in the identification of
pre-existing dental alterations.

The aim of this retrospective study was to evaluate the diagnostic accuracy of PAN
in the detection of deep caries, root remnants, stage III periodontal disease, and apical
periodontitis (AP) in a cohort of OPC patients that will have to be treated by RT, using
MSCT imaging as the reference standard.

2. Materials and Methods
2.1. Patients and Devices

From January 2010 to December 2020, all patients (n◦154) with a histological diagnosis
of oropharyngeal squamous cell carcinoma undergoing RT (with or without chemotherapy)
at the Careggi University Hospital (Florence, Italy) were selected. Of the originally enrolled
sample, 27 patients who had undergone surgery and/or chemotherapy without RT and
5 patients who had received palliation were excluded. A further 58 patients were also
excluded due to the lack of PAN prior to the start of RT, since PAN had been performed in
other institutions or more than 40 days before treatment. Then, 5 patients were excluded
because they had performed pre-RT MSCT elsewhere. Finally, 2 and 7 patients were
excluded due to the presence of motion and metal artefacts that significantly degraded the
quality of pre-RT MSCT images (Figure 1).

Exclusion criteria:

• Underage patient (<18 years);
• No histological diagnosis of OPC;
• No RT;
• No pre-RT PAN examination;
• PAN has not been performed during the 40 days prior to MSCT examination;
• No pre-RT MSCT examination;
• Poor MSCT image quality due to motion and/or metal artefacts.

Inclusion criteria:

• Adult patient (≥18 years);
• Histological diagnosis of OPC;
• RT for OPC;
• Pre-RT MSCT examination;
• PAN carried out during the earlier 40 days to MSCT examination;
• Absence of motion and/or metal artefacts.
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Figure 1. A flowchart of the selection criteria for enrolling patients. Radiotherapy (RT). Multislice 
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The final sample consisted of 50 patients with histologically confirmed squamous cell 
OPC (range 43–81 years; 37 males, mean age 62.3; 13 females, mean age 64.7) who carried 
out pre-RT MSCT and PAN during the 40 days prior to MSCT imaging. 

All MSCT examinations were carried out with a 128-detector row helical CT scanner 
(SOMATOM Definition Flash, Siemens Healthcare, Erlangen, Germany) with a field of 
view extended from the skull base to the thoracic inlet. The following parameters were 
used: tube voltage 120 kV, current × exposure time 186 mAs, rotation time 0.5 s, pixel size 
0.465 mm, both thickness and reconstruction intervals 1 mm, beam collimation 128 × 0.6 
mm, and pitch 0.80. Post-processing, 1-mm-thick sections were obtained on axial, sagittal, 
and coronal planes oriented on the longitudinal axis of the tooth in question to simulate 
cross-section obtained by Dentascan software. The bone window was used for image eval-
uation. 

PAN was performed via the Orthoceph OC200 D (Instrumentarium Dental, Tuusula, 
Finland). It was a digital panoramic radiograph with a rotation time of 17.6 s, 66 kV, and 
4.2–7.7 mA. 

MSCT and PAN images were displayed on a 20-inch medical monitor with a 3-meg-
apixel Barco display (Barco, Kortrijk, Belgium) and 2048 × 1536 resolution. The software 
programs originally provided with the systems were used for image evaluation. 

  

Figure 1. A flowchart of the selection criteria for enrolling patients. Radiotherapy (RT). Multislice Spiral Computed
Tomography (MSCT). Panoramic radiography (PAN).

The final sample consisted of 50 patients with histologically confirmed squamous cell
OPC (range 43–81 years; 37 males, mean age 62.3; 13 females, mean age 64.7) who carried
out pre-RT MSCT and PAN during the 40 days prior to MSCT imaging.

All MSCT examinations were carried out with a 128-detector row helical CT scanner
(SOMATOM Definition Flash, Siemens Healthcare, Erlangen, Germany) with a field of view
extended from the skull base to the thoracic inlet. The following parameters were used: tube
voltage 120 kV, current × exposure time 186 mAs, rotation time 0.5 s, pixel size 0.465 mm,
both thickness and reconstruction intervals 1 mm, beam collimation 128 × 0.6 mm, and
pitch 0.80. Post-processing, 1-mm-thick sections were obtained on axial, sagittal, and
coronal planes oriented on the longitudinal axis of the tooth in question to simulate cross-
section obtained by Dentascan software. The bone window was used for image evaluation.

PAN was performed via the Orthoceph OC200 D (Instrumentarium Dental, Tuusula,
Finland). It was a digital panoramic radiograph with a rotation time of 17.6 s, 66 kV,
and 4.2–7.7 mA.

MSCT and PAN images were displayed on a 20-inch medical monitor with a
3-megapixel Barco display (Barco, Kortrijk, Belgium) and 2048 × 1536 resolution. The
software programs originally provided with the systems were used for image evaluation.

2.2. Assessment of Infectious Foci and Outline of the Study

For each tooth on MSCT, the presence or absence of four pathological conditions
requiring treatment or extraction before RT was assessed [13]:
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• Deep caries, defined as a loss of dental crown extending beyond half the thickness of
the dentin with possible involvement of the pulp chamber [14];

• Root remnants, where there is loss of at least 75% of the crown [15];
• Stage III periodontal disease, determined by loss of bone extending to the middle

third of the root or beyond [16];
• AP, defined as a periapical radiolucent area with changes in structures of bone that

have been in contact with root apex and measured at least twice the width of the
periodontal ligament space [17,18].

The presence of deep caries, root remnants, stage III periodontal disease, and AP was
clinically/surgically confirmed by formal in-office evaluations of Florence University’s
dental clinic.

A total of 65 deep caries, 37 root remnants, 143 stage III periodontal diseases, and
77 AP lesions were detected by MSCT scans for a total of 322 infectious foci. Afterwards,
322 healthy teeth were selected as a control group (or healthy group without infectious
foci) corresponding in terms of patient age and tooth type to those with infectious foci.
When possible, the contralateral healthy tooth of the same patient was selected. Finally,
the four pathological conditions of the 322 pathological teeth and 322 healthy teeth were
analysed on PAN.

2.3. Readers and Statistical Analysis

Two head and neck radiologists recruited the 322 teeth by MSCT imaging for both
diseased and healthy groups. Each tooth was independently assessed on PAN by a dental
radiologist and a dentist skilled in PAN images. They were appointed over and above the
two radiologists assigned to the choice of the 322 teeth and were blinded to any information
about the patient/tooth selected. Whenever the MSCT or PAN readers came to different
conclusions, a discussion was held until they reached a consensus.

Sensitivity, specificity, positive and negative predictive values, and diagnostic accu-
racy of PAN images were calculated in relation to the reference standard represented by
MSCT. For each of the four parameters, the Cohen’s K coefficient was calculated to assess
the agreement between PAN and MSCT. In addition, Cohen’s K coefficient was used to
calculate inter-reader concordance for the categorical variable defined by the presence or
absence of the four parameters at both PAN and post-RT MSCT. K-values of 0.01–0.20,
0.21–0.40, 0.41–0.60, 0.61–0.80, 0.81–0.99, and 1 corresponded to weak, poor, moderate,
good, excellent, and perfect agreement, respectively. A p-value of ≤0.05 was considered
statistically significant. The collected data were analysed using the SPSS® v. 24.0 statistical
analysis software (IBM Corp., New York, NY, USA).

3. Results

In the overall assessment of the four parameters, the K coefficient showed excellent
inter-reader concordance (k = 0.86) in the analysis of PAN.

True positives, false positives, true negatives, false negatives, sensitivity, specificity,
positive predictive value, negative predictive value, and diagnostic accuracy of PAN for
each of the four parameters (deep caries, root remnants, stage III periodontal disease, and
AP lesions) are shown in Tables 1 and 2.
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Table 1. True Positives, False Positives, True Negatives, and False Negatives for Panoramic Radiogra-
phy (PAN) in Relation to Multislice Spiral Computed Tomography (MSCT).

PAN
Multi Slice CT

Diseased Healthy Total

Deep caries

Positive 65 (100%) 0 65

Negative 0 65 (100%) 65

Total 65 65 130

Root remnants

Positive 37 (100%) 0 37

Negative 0 37 (100%) 37

Total 37 37 74

Stage III periodontal disease

Positive 143 (100%) 0 143

Negative 0 143 (100%) 143

Total 143 143 286

Apical periodontitis

Positive 36 (46.8%) 2 (2.6%) 38

Negative 41 (53.2%) 75 (97.4%) 116

Total 77 77 154

Table 2. Sensitivity (SEN), specificity (SPE), positive predictive value (PPV), negative predictive
value (NPV), diagnostic accuracy (ACC) and Kappa Value for Panoramic Radiography in Relation to
Multislice Spiral Computed Tomography.

Parameter SEN SPE PPV NPV ACC K

Deep caries 100% 100% 100% 100% 100% 0.96
Root remnants 100% 100% 100% 100% 100% 0.94

Stage III periodontal disease 100% 100% 100% 100% 100% 0.93
Apical periodontitis 46.8% 97.4% 94.7% 64.7% 72.1% 0.45

No false positive or false negative was found in the assessment of deep caries, root
remnants, and stage III periodontal disease, whereas false positives were very few (2.6%)
(Figure 2) and false negatives accounted for just over half of the cases (53.2%) for AP
lesions (Figure 3).

The agreement between PAN images in relation to the reference standard represented
by MSCT was moderate in the analysis of AP (k = 0.45) and excellent in the analysis of
caries, root remnants, and stage III periodontal disease (k = 0.93 to 0.96). PAN showed
sensitivity, negative predictive value, and diagnostic accuracy of 100% for deep caries, root
remnants, and stage III periodontal disease, whereas they were 46.8%, 64.7%, and 72.1%
for AP lesions, respectively.
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Figure 2. An example of false-positive apical periodontitis (AP). (A) Upper jaw MSCT imaging. No 
periapical bone lesion was detected (arrow). (B) In PAN, at the level of the periapex of the root of 
the left first premolar, the observers noted a radiolucent periapical image (arrow) characterised by 
supposed changes in bone structure that simulated AP. 

Figure 2. An example of false-positive apical periodontitis. (A) Upper jaw MSCT imaging. No periapical bone lesion
was detected (arrow). (B) In PAN, at the level of the periapex of the root of the left first premolar, the observers noted
a radiolucent periapical image (arrow) characterised by supposed changes in bone structure that simulated an apical
periodontitis lesion.
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Figure 3. An example of false-negative apical periodontitis. (B) Upper jaw MSCT imaging showing
apical periodontitis affecting the left second molar. (A) In PAN, no periapical bone lesion was
detected at the level of the periapex of the left second molar.

4. Discussion

PAN showed excellent diagnostic accuracy in detecting deep caries, root remnants,
and stage III periodontal disease, whereas it was not so accurate in the identification of
AP lesions. In our opinion, the perfect accuracy of PAN in the evaluation of deep caries,
root remnants, and stage III periodontal diseases was due to the advanced stage of the four
pathological conditions that required remediation or extraction prior to radiotherapy. The
loss of more than half of the dentine thickness in deep caries, loss of at least 75% of the
crown in root remnants, and loss of bone to at least the middle third of the root in stage III
periodontal diseases were all easily detected with PAN.

Generally, the accuracy of PAN for the identification of AP lesions depends on the
anatomic area, cortical bone involvement, and lesion size [19]. The air within the max-
illary sinus, the presence of numerous roots infrequently orthogonal to the X-ray beam,
the undulating morphology of the maxillary sinus floor, and the anterior portion of the
zygomatic arch superimposed on dentoalveolar structures are all possible obstacles to
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the identification of AP lesions in the upper molar areas and to a lesser degree in upper
premolar/canine areas. The evaluation of upper and lower incisive areas is also hard to
carry out due to the morphologic diversities of chin/mental fossa and superimposition of
the cervical spine, skull base, hard palate, and nasal bone/cartilage/air. On the contrary,
AP lesions are well recognizable in lower premolar/canine and molar areas since the
superimposition of extraoral anatomic structures is limited and roots are more orthogonal
to the X-ray beam, although the projection of nerve canals and foramen may correspond
to root apexes [9]. Furthermore, periapical radiolucency has to involve around 30–50%
of the bone mineral loss to be radiographically recognizable [20]. Such value represents
the needed threshold for the radiographic detection of AP lesions. The involvement of
cortical bone facilitates the detection of AP lesions leading to earlier attainment of the bone
demineralization threshold value since mineral content is greater in cortical than cancellous
bones. For the same reasons, AP lesions involving a large amount of bone tissue are easier
to identify than smaller ones [21,22].

Studies conducted by Estrela et al. [23] and Nardi et al. [9,24] showed that the accuracy
of PAN in the identification of AP lesions was 53.8%, 65.0%, and 71.3%, respectively. In these
studies, the reference standard for the assessment of AP lesions was cone beam computed
tomography (CBCT). All teeth examined by Estrela et al. [23] had a history of endodontic
infection confirmed by clinical examination, whereas the studies by Nardi et al. [9,24]
investigated untreated and endodontically treated teeth with clinical/surgical diagnosis
of the lesions. Another comparative study by Rios-Santos et al. [25] between PAN and
periapical radiography indicated that AP lesions detected on PAN were 58.0%, although
the authors did not mention how AP lesions had been confirmed. In the current study, the
accuracy in diagnosing AP lesions on PAN was only 72.1%, thus confirming the undefined
role of PAN in identifying AP lesions.

Our study assessed the accuracy of PAN in cancer patients, which is why the reference
volumetric technique could only be MSCT. CBCT is not normally used in tumour staging
because it is not appropriate for soft tissue assessment [26] and it is too slow (5–40 s) for the
administration of intravenous contrast medium with non-negligible motion artefacts [27,28].
However, it has been widely demonstrated that both the study of bone quality in CBCT
and MSCT are superimposable [22,29] and that MSCT accurately identifies caries, root
remnant, and periodontal disease [30,31]. For this reason, we felt it was reasonable to
compare the accuracy of two-dimensional PAN imaging with the volumetric reference
standard, whether represented by MSCT as in the current study or by CBCT in previous
papers [9,23,24].

The study of infectious foci in anticipation of RT treatment is of fundamental impor-
tance for the prevention of long-term complications. The well-known effects caused by
RT are vascular alterations of both soft tissue and bone, damage to salivary glands, and
increased collagen synthesis resulting in fibrosis [32,33]. Tooth extraction in an irradiated
field is a risk factor for both infection and osteonecrosis, and remediations prior to RT are
thus strongly recommended so as to remove mobile or decayed teeth, teeth with periapical
lesions, and teeth causing trauma or mucosal lesions [34]. These procedures should be
performed at least fourteen days before the beginning of RT to allow tissue healing [35].

In our opinion, a rapid diagnostic technique able to adequately assess the prognosis of
each tooth and the bone tissue is of primary importance in this regard. Due consideration
must be given to the best diagnostic technique to evaluate dentoalveolar structures, as PAN
has proved to be excellent in the identification of deep caries, root remnants, and advanced
periodontal disease, but poor in the detection of AP lesions. Patients with OPC are already
staged in the diagnostic workup on the basis of a head and neck MSCT scan. Therefore,
the same radiation oncologist might not only perform the clinical examination, but also
evaluate the maxillofacial MSCT scan together with his/her radiologist colleagues in order
to decide whether the patient needs a dental examination or has to undergo directly to RT.
In this way, not only patients in an advanced stage of the disease, but also those with no
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foci to be cleared could start therapy immediately, based on a shared assessment and with
an obvious reduction of healthcare resources.

Future studies should explore the clinical effectiveness of such a swift protocol that
would avoid PAN in this setting. In addition, subjecting the patient to additional ionizing
radiations without providing diagnostic benefits might not be acceptable from a radiation
protection point of view. Any exposure to radiations is justified only when patients
can benefit from it [36] and basing dental-periodontal screening on PAN may lead to
more long-term complications since pathological teeth may not be extracted or restored
before RT begins. Nevertheless, clinical settings in which maxillofacial MSCT cannot be
performed absolutely need PAN to assess dentoalveolar structures. These situations include
claustrophobic people, those suffering renal failure, since these patients are commonly
diverted to no contrast magnetic resonance imaging because of its intrinsic high contrast
resolution, and MSCT protocols with a thickness and/or reconstruction interval greater
than 1 mm, thus not acceptable to appropriately identify small alterations of bone tissue
surrounding teeth.

Limitations of the study include the fact that we considered caries, root remnants,
and periodontal alterations in advanced stages of disease and that we grouped all AP
lesions regardless of their size, anatomical location, and bone cortical involvement. As
has been previously demonstrated [9,24], there is much difference in the ability of PAN to
detect AP lesions larger or smaller than 4.5 mm, located in the upper or lower arch, and
causing resorptions of cortical bones. Another weakness was represented by the absence
of histopathological examination of AP lesions because of the difficulty to perform it in
routine clinical practice. What is not a real limitation to date, but that may become such in
the future, is the more recent tendency to replace MSCT with magnetic resonance imaging
in both tumour staging and follow-up. Magnetic resonance is an imaging technique with
high contrast resolution and excellent representation of soft tissues, but with lower spatial
resolution and less accuracy for the evaluation of hard tissues, such as teeth and bone,
compared to MSCT [37,38].

5. Conclusions

In our series, PAN did not show satisfactory diagnostic accuracy in the assessment
of AP lesions, whereas it proved to be excellent in the identification of deep caries, root
remnants, and stage III periodontal disease. Maxillofacial MSCT performed by staging
in patients with OPC should always be analysed in the detection of AP lesions, thereby
helping to prevent delays in appropriate diagnosis and treatment. Pre-RT PAN should be
carried out only in selected cases.

Author Contributions: Conceptualization, C.B., I.D. and C.N.; methodology, M.P., D.M. and V.R.;
validation, L.G.L. and V.G.; investigation, C.B. and V.R.; resources, M.P. and C.N.; data curation, D.M.
and L.F.; writing—original draft preparation, C.B., V.G. and C.N.; writing—review and editing, I.D.,
L.F. and C.N.; visualization, M.P. and L.G.L.; supervision, I.D., L.F. and C.N.; project administration,
V.R. and C.N. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki. This is a monocentric retrospective comparative study approved by the
Ethical Review Board of the AOU Careggi (# 14122).

Informed Consent Statement: Written informed consent was obtained from all patients involved in
the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Appl. Sci. 2021, 11, 7965 9 of 10

References
1. Who.int. Global Health Observatory Data Repository. Incidence (World) by Cancer Site. 2020. Available online: https://gco.iarc.fr

(accessed on 28 July 2021).
2. Timbang, M.R.; Sim, M.W.; Bewley, A.F.; Farwell, D.G.; Mantravadi, A.; Moore, M.G. HPV-related oropharyngeal cancer: A review

on burden of the disease and opportunities for prevention and early detection. Hum. Vaccin. Immunother. 2019, 15, 1920–1928.
[CrossRef] [PubMed]

3. Jamal, Z.; Anjum, F. Oropharyngeal Squamous Cell Carcinoma. StatPearls 2021. Available online: https://www.statpearls.com
(accessed on 18 August 2021).

4. Huber, M.A.; Tantiwongkosi, B. Oral and oropharyngeal cancer. Med. Clin. N. Am. 2014, 98, 1299–1321. [CrossRef]
5. Hamilton, D.; Khan, M.K.; O’hara, J.; Paleri, V. The changing landscape of oropharyngeal cancer management. J. Laryngol. Otol.

2017, 131, 3–7. [CrossRef] [PubMed]
6. You, E.L.; Henry, M.; Zeitouni, A.G. Human papillomavirus-associated oropharyngeal cancer: Review of current evidence and

management. Curr. Oncol. 2019, 26, 119–123. [CrossRef] [PubMed]
7. Mehanna, H.; Evans, M.; Beasley, M.; Chatterjee, S.; Dilkes, M.; Homer, J.; O’hara, J.; Robinson, M.; Shaw, R.; Sloan, P.

Oropharyngeal cancer: United Kingdom National Multidisciplinary Guidelines. J. Laryngol. Otol. 2016, 130 (Suppl. S2), S90–S96.
[CrossRef] [PubMed]

8. Schuurhuis, J.M.; Stokman, M.A.; Witjes, M.J.; Dijkstra, P.U.; Vissink, A.; Spijkervet, F.K. Evidence supporting pre-radiation
elimination of oral foci of infection in head and neck cancer patients to prevent oral sequelae: A systematic review. Oral Oncol.
2015, 51, 212–220. [CrossRef] [PubMed]

9. Nardi, C.; Calistri, L.; Grazzini, G.; Desideri, I.; Lorini, C.; Occhipinti, M.; Mungai, F.; Colagrande, S. Is Panoramic Radiography
an Accurate Imaging Technique for the Detection of Endodontically Treated Asymptomatic Apical Periodontitis? J. Endod. 2018,
44, 1500–1508. [CrossRef]

10. Mostafapoor, M.; Hemmatian, S. Evaluation of the accuracy values of cone-beam CT regarding apical periodontitis: A systematic
review and meta-analysis. Oral Radiol. 2021. Epub ahead of print. [CrossRef]

11. Lin, A. Radiation Therapy for Oral Cavity and Oropharyngeal Cancers. Dent. Clin. N. Am. 2018, 62, 99–109. [CrossRef]
12. Sulaiman, F.; Huryn, J.M.; Zlotolow, I.M. Dental extractions in the irradiated head and neck patient: A retrospective anal-

ysis of MemorialSloan—Kettering Cancer Center protocols, criteria, and end results. J. Oral Maxillofac. Surg. 2003, 61,
1123–1131. [CrossRef]

13. Beech, N.; Robinson, S.; Porceddu, S.; Batstone, M. Dental management of patients irradiated for head and neck cancer. Aust.
Dent. J. 2014, 59, 20–28. [CrossRef]

14. Anusavice, K.J. Present and future approaches for the control of caries. J. Dent. Educ. 2005, 69, 538–554. [CrossRef] [PubMed]
15. Ada.org. Glossary of Dental Clinical and Administrative Terms by American Dental Association. Available online:

https://www.ada.org/en/publications/cdt/glossary-of-dental-clinical-and-administrative-terms (accessed on 28 July 2021).
16. Caton, J.G.; Armitage, G.; Berglundh, T.; Chapple, I.L.; Jepsen, S.; Kornman, K.S.; Mealey, B.L.; Papapanou, P.N.; Sanz, M.;

Tonetti, M.S. A new classification scheme for periodontal and peri-implant diseases and conditions—Introduction and key
changes from the 1999 classification. J. Clin. Periodontol. 2018, 45 (Suppl. 20), S1–S8. [CrossRef]

17. Ørstavik, D.; Kerekes, K.; Eriksen, H.M. The periapical index: A scoring system for radiographic assessment of apical periodontitis.
Endod. Dent. Traumatol. 1986, 2, 20–34. [CrossRef] [PubMed]

18. Uraba, S.; Ebihara, A.; Komatsu, K.; Ohbayashi, N.; Okiji, T. Ability of cone-beam computed tomography to detect periapical
lesions that were not detected by periapical radiography: A retrospective assessment according to tooth group. J. Endod. 2016, 42,
1186–1190. [CrossRef] [PubMed]

19. Nardi, C.; Calistri, L.; Pietragalla, M.; Vignoli, C.; Lorini, C.; Berti, V.; Mungai, F.; Colagrande, S. Electronic processing of digital
panoramic radiography for the detection of apical periodontitis. Radiol. Med. 2020, 125, 145–154. [CrossRef] [PubMed]

20. Bender, I.B.; Seltzer, S. Roentgenographic and direct observation of experimental lesions in bone: I. 1961. J. Endod. 2003, 29,
702–706. [CrossRef] [PubMed]

21. Cotton, T.P.; Geisler, T.M.; Holden, D.T.; Schwartz, S.A.; Schindler, W.G. Endodontic applications of cone-beam volumetric
tomography. J. Endod. 2007, 33, 1121–1132. [CrossRef]

22. Liang, X.; Jacobs, R.; Hassan, B.; Li, L.; Pauwels, R.; Corpas, L.; Souza, P.C.; Martens, W.; Shahbazian, M.; Alonso, A.; et al. A
comparative evaluation of cone beam computed tomography, (CBCT); multi-slice CT (MSCT) Part I. On subjective image quality.
Eur. J. Radiol. 2010, 75, 265–269. [CrossRef]

23. Estrela, C.; Bueno, M.R.; Leles, C.R.; Azevedo, B.; Azevedo, J.R. Accuracy of cone beam computed tomography and panoramic
and periapical radiography for detection of apical periodontitis. J. Endod. 2008, 34, 273–279. [CrossRef]

24. Nardi, C.; Calistri, L.; Pradella, S.; Desideri, I.; Lorini, C.; Colagrande, S. Accuracy of Orthopantomography for Apical Periodontitis
without Endodontic Treatment. J. Endod. 2017, 43, 1640–1646. [CrossRef] [PubMed]

25. Ríos-Santos, J.V.; Ridao-Sacie, C.; Bullón, P.; Fernández-Palacín, A.; Segura-Egea, J.J. Assessment of periapical status: A compar-
ative study using film-based periapical radiographs and digital panoramic images. Med. Oral Patol. Oral Cir. Bucal. 2010, 15,
e952–e956. [CrossRef] [PubMed]

26. Lechuga, L.; Weidlich, G.A. Cone Beam CT vs. Fan Beam CT: A Comparison of Image Quality and Dose Delivered Between Two
Differing CT Imaging Modalities. Cureus 2016, 8, e778. [CrossRef] [PubMed]

https://gco.iarc.fr
http://doi.org/10.1080/21645515.2019.1600985
http://www.ncbi.nlm.nih.gov/pubmed/31050595
https://www.statpearls.com
http://doi.org/10.1016/j.mcna.2014.08.005
http://doi.org/10.1017/S0022215116009178
http://www.ncbi.nlm.nih.gov/pubmed/27894364
http://doi.org/10.3747/co.26.4819
http://www.ncbi.nlm.nih.gov/pubmed/31043814
http://doi.org/10.1017/S0022215116000505
http://www.ncbi.nlm.nih.gov/pubmed/27841123
http://doi.org/10.1016/j.oraloncology.2014.11.017
http://www.ncbi.nlm.nih.gov/pubmed/25524386
http://doi.org/10.1016/j.joen.2018.07.003
http://doi.org/10.1007/s11282-021-00549-z
http://doi.org/10.1016/j.cden.2017.08.007
http://doi.org/10.1016/S0278-2391(03)00669-4
http://doi.org/10.1111/adj.12134
http://doi.org/10.1002/j.0022-0337.2005.69.5.tb03941.x
http://www.ncbi.nlm.nih.gov/pubmed/15897335
https://www.ada.org/en/publications/cdt/glossary-of-dental-clinical-and-administrative-terms
http://doi.org/10.1111/jcpe.12935
http://doi.org/10.1111/j.1600-9657.1986.tb00119.x
http://www.ncbi.nlm.nih.gov/pubmed/3457698
http://doi.org/10.1016/j.joen.2016.04.026
http://www.ncbi.nlm.nih.gov/pubmed/27372162
http://doi.org/10.1007/s11547-019-01102-z
http://www.ncbi.nlm.nih.gov/pubmed/31701292
http://doi.org/10.1097/00004770-200311000-00005
http://www.ncbi.nlm.nih.gov/pubmed/14651274
http://doi.org/10.1016/j.joen.2007.06.011
http://doi.org/10.1016/j.ejrad.2009.03.042
http://doi.org/10.1016/j.joen.2007.11.023
http://doi.org/10.1016/j.joen.2017.06.020
http://www.ncbi.nlm.nih.gov/pubmed/28807372
http://doi.org/10.4317/medoral.15.e952
http://www.ncbi.nlm.nih.gov/pubmed/20711112
http://doi.org/10.7759/cureus.778
http://www.ncbi.nlm.nih.gov/pubmed/27752404


Appl. Sci. 2021, 11, 7965 10 of 10

27. Spin-Neto, R.; Costa, C.; Salgado, D.M.; Zambrana, N.R.; Gotfredsen, E.; Wenzel, A. Patient movement characteristics and the
impact on CBCT image quality and interpretability. Dentomaxillofac. Radiol. 2018, 47, 20170216. [CrossRef] [PubMed]

28. Nardi, C.; Molteni, R.; Lorini, C.; Taliani, G.G.; Matteuzzi, B.; Mazzoni, E.; Colagrande, S. Motion artefacts in cone beam CT: An
in vitro study about the effects on the images. Br. J. Radiol. 2016, 89, 20150687. [CrossRef]

29. Nardi, C.; Talamonti, C.; Pallotta, S.; Saletti, P.; Calistri, L.; Cordopatri, C.; Colagrande, S. Head and neck effective dose and
quantitative assessment of image quality: A study to compare cone beam CT and multislice spiral CT. Dentomaxillofac. Radiol.
2017, 46, 20170030. [CrossRef]

30. Pistorius, A.; Patrosio, C.; Willershausen, B.; Mildenberger, P.; Rippen, G. Periodontal probing in comparison to diagnosis by
CT-scan. Int. Dent. J. 2001, 51, 339–347. [CrossRef]

31. Mardini, S.; Gohel, A. Imaging of Odontogenic Infections. Radiol. Clin. N. Am. 2018, 56, 31–44. [CrossRef]
32. Jasmer, K.J.; Gilman, K.E.; Muñoz Forti, K.; Weisman, G.A.; Limesand, K.H. Radiation-Induced Salivary Gland Dysfunction:

Mechanisms, Therapeutics and Future Directions. J. Clin. Med. 2020, 9, 4095. [CrossRef]
33. Brook, I. Late side effects of radiation treatment for head and neck cancer. Radiat. Oncol. J. 2020, 38, 84–92. [CrossRef] [PubMed]
34. Hancock, P.J.; Epstein, J.B.; Sadler, G.R. Oral and dental management related to radiation therapy for head and neck cancer. J. Can.

Dent. Assoc. 2003, 69, 585–590. [PubMed]
35. Irie, M.S.; Mendes, E.M.; Borges, J.S.; Osuna, L.G.; Rabelo, G.D.; Soares, P.B. Periodontal therapy for patients before and after

radiotherapy: A review of the literature and topics of interest for clinicians. Med. Oral Patol. Oral Cir. Bucal. 2018, 23, e524–e530.
[CrossRef] [PubMed]

36. Yeung, A.W.K.; Jacobs, R.; Bornstein, M.M. Novel low-dose protocols using cone beam computed tomography in dental medicine:
A review focusing on indications, limitations, and future possibilities. Clin. Oral Investig. 2019, 23, 2573–2581. [CrossRef]

37. Geibel, M.A.; Schreiber, E.S.; Bracher, A.K.; Hell, E.; Ulrici, J.; Sailer, L.K.; Ozpeynirci, Y.; Rasche, V. Assessment of apical
periodontitis by MRI: A feasibility study. Rofo 2015, 187, 269–275. [CrossRef] [PubMed]

38. Juerchott, A.; Sohani, M.; Schwindling, F.S.; Jende, J.M.; Kurz, F.T.; Rammelsberg, P.; Heiland, S.; Bendszus, M.; Hilgenfeld, T.
Comparison of non-contrast-enhanced dental magnetic resonance imaging and cone-beam computed tomography in assessing
the horizontal and vertical components of furcation defects in maxillary molars: An in vivo feasibility study. J. Clin. Periodontol.
2020, 47, 1485–1495. [CrossRef] [PubMed]

http://doi.org/10.1259/dmfr.20170216
http://www.ncbi.nlm.nih.gov/pubmed/28872352
http://doi.org/10.1259/bjr.20150687
http://doi.org/10.1259/dmfr.20170030
http://doi.org/10.1002/j.1875-595X.2001.tb00847.x
http://doi.org/10.1016/j.rcl.2017.08.003
http://doi.org/10.3390/jcm9124095
http://doi.org/10.3857/roj.2020.00213
http://www.ncbi.nlm.nih.gov/pubmed/33012151
http://www.ncbi.nlm.nih.gov/pubmed/14653934
http://doi.org/10.4317/medoral.22474
http://www.ncbi.nlm.nih.gov/pubmed/30148466
http://doi.org/10.1007/s00784-019-02907-y
http://doi.org/10.1055/s-0034-1385808
http://www.ncbi.nlm.nih.gov/pubmed/25594373
http://doi.org/10.1111/jcpe.13374
http://www.ncbi.nlm.nih.gov/pubmed/32990988

	Introduction 
	Materials and Methods 
	Patients and Devices 
	Assessment of Infectious Foci and Outline of the Study 
	Readers and Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

