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Abstract: Cone beam Computed Tomography (CBCT) is a valuable diagnostic aid. It provides three
dimensional detailed images of the region of interest with good quality. It allows volumetric analysis and it has
short scan times. lonizing radiation emitted from different radiographic procedures may induce DNA damage
and genomic alteration. Genomic damages can be assessed and evaluated by numerous methods. The present
study was accomplished to evaluate genotoxicity and cytotoxicity in exfoliated buccal mucosa cells of adults
following CBCT exposure. Materials and Methods: 30 healthy male patients were recruited from outpatient’s
clinic of Faculty of Dentistry Pharos University of age ranging from 27 to 43 years. All patients were submitted
to CBCT. Exfoliated buccal cells were collected immediately before CBCT and after 10 days. The cytological
smears were examined to detect micronuclei and other cytological alterations. Results: The mean frequencies of
micronuclei and the other nuclear changes (pyknosis, condensed chromatin and karyorrhexis) showed a
significant increase after CBCT exposure. Though, the increase in both parameters was not statistically
significant in correlation with patients’ age. Conclusion: From the current study, the authors concluded that
CBCT has inevitable health side effects. Hence, it must be used following the ALARA principle.
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I.  Introduction

Radiographic assessment is a key diagnostic method for dental practitioners. It is of prime importance
in various dental fields as it has an important role in diagnosis of different diseases, prediction of prognosis and
monitoring the treatment progress.*

The radiographs used in dentistry can be classified into intraoral as periapical, bitewing and occlusal
and extra-oral as panoramic radiography, postero-anterior, water’s view, lateral skull view, and lateral
cephalometric examinations.? In addition, it can be categorized into two-dimensional imaging (2D) as all the
previous types and three-dimensional imaging (3D) as computed tomography (CT) and Cone Beam Computed
Tomography (CBCT) that viewed the morphologic structure in 3D.3

The application of CT is limited in dentistry since it has high radiation dose and high cost.* CBCT was
used widely in maxillofacial imaging, since it has lower cost and less radiation dose compared to the CT.>°On
the other hand, radiation dose from CBCT is significantly higher than traditional dental radiography
techniques.”® CBCT has many benefits, it provides three dimensional detailed images of the region of interest
with good quality, allows volumetric analysis and it has short scan times.®

In spite of all these benefits, ionizing radiation emitted from CBCT can generate biologic damage.*
Many studies ***? demonstrated that ionizing radiation may induce DNA damage and genomic alteration. DNA
damage includes single and double strand breaks and DNA protein crosslinks which induce cellular death.*®
Such genomic instabilities are considered as a major cause of developmental and degenerative disorders.
Genomic damages can be assessed and evaluated by numerous methods. Among them, one of the most popular
and sensitive methods is the micronucleus test.*

The micronucleus is a small extranuclear body formed during cell division, either due to chromosomal
aberrations or improper function of the mitotic spindles.”® Therefore, micronucleus assay is a well-known
technique in monitoring recent exposure of individuals to genotoxic agents, such as chemicals and ionizing
radiation. This assay is used to detect the genotoxic damage in human peripheral lymphocytes. The use of other
cells than lymphocytes, such as exfoliated buccal epithelial cells is of particular interest as it is cost-effective,
noninvasive, and easily acceptable procedure by patients. In addition to micronucleus test, other cytological
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changes such as nuclear alterations and different chromatin status have been characterized in exfoliated buccal
cells as markers of cytotoxic effects.'>*®

The current study was accomplished to evaluate genotoxicity and cytotoxicity in exfoliated buccal
mucosal cells of adults following CBCT exposure.

Il. Material And Methods
Patient selection:

The present study was conducted on 30 healthy males. The patients were recruited from outpatient’s
clinic of Faculty of Dentistry Pharos University in Alexandria from May 2017 till December 2017 whom
referred to CBCT for diagnostic purposes. The patients’ age ranged between 27 to 43 years. Exclusion criteria
included systemic disorders, patient taking medications, alcohol or tobacco consumers and patients subjected to
CBCT one month prior to the study. Careful intraoral examination was performed including inspection and
palpation of lips buccal mucosa, vestibular mucosa, hard and soft palate, tongue and floor of the mouth. Patient
with red and/or white colored or pigmented lesions were excluded from our study. Informed consents were
obtained from all the selected patients.

Scanning protocol:

Patients were subjected to CBCT using J Morita CBCT unit (J. Morita, Corporation, Kyoto, Japan),
Imaging Software Included i-Dixel 2.0 software operated at 84 Kilovoltage (kVp) and 9-14 Milliamperage
(mA) with a voxel size of 0.16 mm, exposure time of 6 seconds, and field of view (FOV) of 80x100 mm for all
patients.

Cell collection and slide preparation:

Exfoliated buccal cells were collected immediately before CBCT and after 10 days. Each patient was
asked to rinse with tap water in order to remove any debris from the oral cavity. Exfoliated oral epithelial cells
were collected by scraping the cheek mucosa with a moist wooden tongue depressor. The obtained cells were
smearlgcli7on a sterile glass slide. Then, the smears were fixed with a 95% ethanol and stained with Papanicolaou
stain.™
Cytological analysis:

The smears were examined blindly by the authors in randomly selected microscopic fields at a
magnification of x400 to detect the micronucleus and other cytological alterations. At least 1000 exfoliated
epithelial cells in each smear were counted. The micronuclei were counted following Tolbert et al.*® parameters
for identifying micronucleus. It is rounded membranous extranuclear body, which is one third the associated
nucleus, with similar stain intensity as the nucleus and on the same focal plane. Other cytological changes were
examined in terms of nuclear alterations and different chromatin status as pyknosis, condensed chromatin,
karyorrhexis and karyolysis.

Statistical analysis

The Kolmogorov- Smirnov, Shapiro and D’agstino tests were used to verify the normality of
distribution of variables. Normally quantitative data were expressed in mean + standard deviation (SD). The
paired-samples t-test was used to compare the frequencies of micronuclei and other nuclear alterations among
the samples before and after CBCT exposure. Pearson test was used to correlate the frequency with the patients’
age. Data were fed to the computer and analyzed using IBM SPSS software package version 20.0. (Armonk,
NY: IBM Corp). Significance of the obtained results was judged at the 5% level.

I11. Result

The current study was performed on 30 male patients, with mean age of 34.27 + 3.83, (Table 1). The
micronucleus was detected as extranuclear bodies smaller than the nucleus, with the same nuclear stain
intensity. Concerning other nuclear alterations, pyknosis, condensed chromatin and karyorrhexis were
observed. However, karyolysis was not observed after CBCT exposure, (Figure 1).

The mean frequencies of micronuclei and other nuclear changes were compared before and after
subjection to CBCT per 1000 cells. Concerning the micronuclei, the frequency increased significantly after
CBCT exposure from 0.026 + 0.0062 to 0.030 = 0.0068, (p<0.001). Correspondingly, the other nuclear
alterations showed a significant increase from 0.013 + 0.0039 to 0.027 £ 0.0072, (p<0.001) (Table 2). However,
the increase in both parameters were not statistically significant in correlation with patients’ age, (p>0.5), (Table
3).

Table 1: Distribution of the studied cases according to age (n=30)

Age (years) No. (%)
<35 19 (31.7%)
>35 11 (18.3%)
Mean = SD 34.27 + 3.83
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Table 2: Comparison of the frequency (%) of micronuclei and other nuclear changes (pyknosis, condensed
chromatin, and karyorrhexis) before and after subjection to CBCT.

Frequency (%) Before After p
Micronuclei (n=30) 0.026 + 0.0062 0.030 + 0.0068 <0.001"
Nuclear changes (n=30) 0.013 = 0.0039 0.027 = 0.0072 <0.001"

Normally quantitative data was expressed in mean £ SD
p: p value for Paired t-test for comparing between before and after CBCT exposure in each other group
*. Statistically significant at p < 0.05

Table 3: Correlation between age and frequency (%) (h=30)

Frequency (%) f\ge (years) p
Before -0.193 0.306
After -0.104 0.584
Difference 0.061 0.749

r: Pearson coefficient
*: Statistically significant at p < 0.05
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Figure 1: A hotomicrograph 0 exfoliated buccal epithelial cells after CBCT exposure shows nuclear changes.
a and b: micronuclei (black arrows), c: pyknotic nuclei (blue arrows), d: karyorrhexis (green arrow). (a-d: Pap
stain, x400).

IV. Discussion

CBCT is an established diagnostic aid which offers numerous benefits compared to other available
radiographic modalities. Shekhar et al.' stated that CBCT is a gold standard diagnostic method comparing to
periapical and panoramic radiography. However, the hazard of ionizing radiation from different dental
radiographic process has been evaluated for several years and a number of guidelines have been
recommended. 22?2

The radiation dose from CBCT and its adverse effects on living cells were considered as a major
concern for many researchers. 2> ?* In the present study we investigated the cytotoxicity and genotoxicity in
patients subjected to CBCT. The genotoxic effects were evaluated by detection of micronuclei and other nuclear
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alterations in exfoliated buccal epithelial cells. The effective dose differ from one CBCT unit to another
according to the scanning protocol which include kVp, mA, voxel sizes and FOV.?% Consequently, we
standardized the scanning protocol for all patients. Exfoliated cells were collected immediately before exposure
to ionizing radiation from CBCT and after 10 days similar to other studies.®?"?® Day 10 was chosen on the
basis of the rapid turnover of the epithelial cells that take 7-16 days to emerge to the surface and to exfoliate.*®
The sample cells were collected from the buccal mucosa in consistent with the previous studies carried out by
Agarwal et al.*® and Filho et al.*!. These studies indicated that buccal epithelial cells considered as a preferred
target that accurately reflect the cytotoxic changes and genomic instabilities in epithelial tissues due to its high
turnover rate that brings the cells to the surface.

The radiation hazard is greatly affected by age and gender.* In addition, human genotoxic and
cytotoxic biomonitoring are affected by different factors other than age and gender such as smoking and alcohol
consumption.®®* In order to justify the results of our study, only non-smoker male subjects with a narrow age
range of mean 34.3 years were recruited in the present study. Moreover, because each patient was considered to
be his own control, any effect of other genotoxic agents must have been presented in the first cell count.
Therefore, potential differences between first and second counts can be attributed to radiation. *°

On the basis of our results, the genotoxic biomonitoring revealed that the frequency of micronuclei in
the exfoliated buccal cells were increased significantly after exposure to CBCT. These results were consistent
with study by da Fonte et al.** who demonstrated a statistically significant increase in the frequency of
micronucleated cells for both partial and total CBCT acquisition. The formation of micronucleus is attributed to
chromosomal damage that could not be included in the daughter nuclei by the end of the mitotic process.***®
According to Tolbert et al.'® the sensitivity of the micronucleus test is increased by recording degenerative
nuclear alterations such as pyknosis, condensed chromatin, karyorrhexis and karyolysis, in addition to the
micronucleus. In the present study, the cytotoxic nuclear alterations included pyknosis, condensed chromatin
and karyorrhexis which indicated cellular death by apoptosis rather than necrosis. The frequency of the
previously mentioned changes were increased significantly after exposure to CBCT. Our results were in
agreement with Lorenzon et al.?® and da Fonte et al.** who reported a significant increase in the nuclear
alteration after exposure to CBCT.

Moreover, the results of the current study indicated that the increase in the frequency of micronucleus
and nuclear alteration were not significantly related to age. These results confirmed those of previous studies
performed on participants with homogenous age. 2°%°

The significant increase of the micronuclei as a genetic damage biomarker after CBCT exposure
highlights the consequences of accumulation of these genetic damages within the epithelial cells. It is well
known that such alterations are considered as the fundamental cause of development of premalignant lesions and
cancer.*”*® Buajeeb et al.*” revealed an increase in micronuclei frequency in atrophic and erosive oral lichen
planus, indicating genotoxic damage. Similarly, leukoplakia showed a significant increase in the micronuclei
frequency as was reported by Kamboj and Mahajan®®. Moreover, Chaudhary et al.™ revealed that oral squamous
cell carcinoma showed an increase in the micronuclei frequency.

Concerning the genotoxic and the cytotoxic effects of ionizing radiation emitted from other types of
dental radiography, Angelieri et al. ** indicated that panoramic radiography might not induce chromosomal
damage, but it induces cytotoxic nuclear alteration. Whereas, Cerqueira et al.”® reported that X-ray radiation
emitted during panoramic dental radiography induces a genotoxic effect on epithelial gingival cells that
increases the frequency of chromosomal damage and nuclear alterations. Furthermore, a study carried out by
Kesidi et al.*® reported that full mouth radiographs can induce cytotoxic and genotoxic effects in oral mucosa
cells. Accordingly, ionizing radiation emitted from CBCT and different dental radiographic modalities
potentiate both genotoxic and cytotoxic nuclear alteration.

V. Conclusion
Within the highlights of the results of the present study, the authors concluded that CBCT has
inevitable health side effects that should be taken into consideration, and it must be used following the ALARA
(As Low As Reasonably Achievable) principle, owing to the ability of CBCT to induce cellular death.

References

[1] Shah N, Bansal N, Logani A. Recent advances in imaging technologies in dentistry. World J Radiol 2014: 28; 6(10): 794-807.

[2] Kumar V, Arora K, Udupa H. Different Radiographic Modalities Used for Detection of Common Periodontal and Periapical
Lesions Encountered in Routine Dental Practice. Oral Hyg Health. 2014; 2 (5): 163 (11 pages).

[3] Chiam SL. A note on digital dental radiography in forensic odontology. J Forensic Dent Sci. 2014;6(3):197-201.

[4] Agrawal P, Sanikop S, Patil S. New developments in tools for periodontal diagnosis. Int Dent J. 2012, 62 (2): 57-64.

[5] Carter L, Farman AG, Geist J, Scarfe WC, Angelopoulos C, Nair MK, Hildebolt CF, Tyndall D, Shrout M. American Academy of
Oral Maxillofacial Radiology executive opinion statement on performing and interpreting diagnostic cone beam computed
tomography. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2008; 106 (4): 561-2.

DOI: 10.9790/0853-1703056670 www.iosrjournals.org 69 | Page



Genotoxic and Cytotoxic Effects of Cone Beam Computed Tomography on Exfoliated ...

[6]
[7]
8]
[9]
[10]
[11]
[12]
[13]

[14]
[15]

[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]

[24]
[25]

[26]

[27]
[28]

[29]
[30]

[31]
[32]
[33]
[34]
[35]

[36]

[37]

[38]
[39]

[40]
[41]

[42]
[43]

Acar B, Kamburoglu K. Use of cone-beam computed tomography in periodontology. World J Radiol. 2014, 28; 6(5): 139- 47.
Stoica AM, Monea M, Vlad R, Dan Sita D, Buruian M. Cone Beam Computed Tomography Used in the Assessment of the Alveolar
Bone in Periodontitis. Eur Sci J. 2016; 12 (27): 47-54.

Al-Zahrani MS, Elfirt EY, Al-Ahmari MM, Yamany IA, Alabdulkarim MA, Zawawi KH. Comparison of Cone Beam Computed
Tomography-Derived Alveolar Bone Density Between Subjects with and without Aggressive Periodontitis. Journal of Clinical and
Diagnostic Research : JCDR. 2017;11(1):ZC118-ZC121.

Shah A. Implications of CBCT in Dentistry: A Review. Med Clin Rev. 2017; 3 (3):15 (4 pages).

Lin EC. Radiation Risk From Medical Imaging. Mayo Clin Proc. 2010; 85(12):1142- 6.

Angelieri F, Carlin V, Saez DM, Pozzi R, Rabeiro DA. Mutagenicity and cytotoxicity assessment in patients undergoing
orthodontic radiographs. Dentomaxillofac Radiol. 2010;39:437-40.

Santivasi WL, Xia F. lonizing radiation-induced DNA damage, response, and repair. Antioxid Redox Signal. 2014; 21(2):251-9.
Borrego-Soto G, Ortiz-L6pez R, Rojas-Martinez A. lonizing radiation-induced DNA injury and damage detection in patients with
breast cancer. Genet Mol Biol. 2015;38(4):420-32.

Chaudhary M, Venkatapathy R, Oza N, Prashad KV, Malik S. Evaluation of Micronuclei in Oral Squamous Cell Carcinoma: A
Cytological Study. Int J Oral Care Res. 2017;5(1):4-8.

Sylvia MT, Baskaran L, Bhat RV. Micronucleus Study on Breast Cytology Aspirate Smears and its Diagnostic Utility. J Cytol.
2018; 35(1):22- 6.

Bolognesi C, Bonassi S, Knasmueller S, Fenech M, Bruzzone M, Lando C, Ceppi M. Clinical application of micronucleus test in
exfoliated buccal cells : A systematic review and metanalysis. Mutat Res Rev Mutat Res. 2015; 766: 20-31.

Shashikala R, Indira AP, Manjunath GS, rao KA, Akshatha BK. Role of micronucleus in oral exfoliative cytology. J Pharm
Bioallied Sci. 2015; 7(Suppl 2): S409-S413.

Tolbert PE, Shy CM, Allen JW. Micronuclei and other nuclear anomalies in buccal smears: methods development. Mutat Res.
1992; 271(1):69-77.

Shekhar V, Shashikala K. Cone beam computed tomography evaluation of the diagnosis, treatment planning, and long-term
followup of large periapical lesions treated by endodontic surgery: two case reports. Case Rep Dent. 2013;2013: 564392 (12 pages).
Horner K, Rushton VE, Walker A, Tsiklaskis K, Hirschmann P, Van DSP, Glenny A, Velders XL, Pavitt SSH. European
Commission.

Radiation Protection136. European Guidelines on Radiation Protection in Dental Radiology. The safe use of radiographs in dental
practice.

Luxembourg Office for Official Publications of the European Communities. 2004.

American Dental Association Council on Scientific Affairs. The use of dental radiographs. Update and recommendations. J Am
Dent Assoc. 2006; 137(9):1304-12.

SEDENTEXCT Guideline Development Panel. Cone Beam CT for Dental and Maxillofacial Radiology (Evidence Based
Guidelines). 2012; Report N0:172.

Gang L. Patient radiation dose and protection from cone-beam computed tomography. Imaging Sci Dent. 2013;43(2):63-9.
Miyahara N, Kokubo T, Hara Y, Yamada A, Koike T, Arai Y. Evaluation of X-ray doses and their corresponding biological effects
on experimental animals in cone-beam micro-CT scans (R-mCT2). Radiological Physics and Technology. 2016;9:60-68.

Bhatia S, Kohli S. Cone-beam computed tomography usage: An alert to the field of dentistry. Imaging Sci Dent. 2016; 46(2):145- 6.
Cerqueira EM, Meireles JR, Lopes MA, Junqueira VC, Gomes-Filho IS, Trindade S, Machado-Santelli GM. Genotoxic effects of
X-rays on keratinized mucosa cells during panoramic dental radiography. Dentomaxillofac Radiol.2008; 37(7):398-403.

Angelieri F, de Oliveira GR, Sannomiya EK, Ribeiro DA. DNA damage and cellular death in oral mucosa cells of children who
have undergone panoramic dental radiography. Pediatr Radiol. 2007; 37(6):561-5.

Yang P, Hao S, Gong X, Li G. Cytogenetic biomonitoring in individuals exposed to cone beam CT: comparison among exfoliated
buccal mucosa cells, cells of tongue and epithelial gingival cells. Dentomaxillofac Radiol. 2017; 46(5): 20160413.

Lorenzoni DC, Cuzzuol Fracalossi AC, Carlin V, Araki Ribeiro D, Sant Anna EF. Cytogenetic biomonitoring in children
submitting to a complete set of radiographs for orthodontic planning. Angle Orthod. 2012; 82 (4):585-90.

Agarwal P, Vinuth D puttalingaiah, Haranal S, Thippanna CK, Naresh N, Moger G. Genotoxic and cytotoxic effects of X-ray on
buccal epithelial cells following panoramic radiography: A pediatric study. J Cytol. 2015;32(2):102-6.

Cerqueira EM, Gomes-Filho IS, Trindade S, Lopes MA, Passos JS, Machado-Santelli GM. Genetic damage in exfoliated cells from
oral mucosa of individuals exposed to X-rays during panoramic dental radiographies. Mutat Res. 2004; 562 (1-2):111-7.

Pauwels R, Cockmartin L, lvanauskaité D, Urboniené A, Gavala S, Donta C, Tsiklakis K, Jacobs R, Bosmans H, Bogaerts
R, Horner K; SEDENTEXCT Project Consortium. Estimating cancer risk from dental cone-beam CT exposures based on skin
dosimetry. Phys Med Biol. 2014; 59(14): 3877-91.

Khlifi R, Trabelsi-Ksibi F, Chakroun A, Rebai A, Hamza-Chaffai A. Cytogenetic abnormality in exfoliated cells of buccal mucosa
in head and neck cancer patients in the Tunisian population: impact of different exposure sources. Biomed Res Int. 2013; 2013:
905252.

da Fonte JB, Andrade TM, Albuquerque RL Jr, de Melo MFB, Takeshita WM. Evidence of genotoxicity and cytotoxicity of X-rays
in the oral mucosa epithelium of adults subjected to cone beam CT. Dentomaxillofac Radiol. 2018;47(2):20170160.

Tusell L, Genesca A, Terradas M, Marti M. Genetic activities in micronuclei : Is the DNA entrapped in micronuclei lost for the
cell ? Mutat Res Mutat Res. 2010; 705(1):60-7.

Poirier MC. Chemical-induced DNA damage and human cancer risk. Discov Med. 2012 Oct;14(77):283-8.

Buajeeb W, Kraivaphan P, Amornchat C, Triratana T. Frequency of micronucleated exfoliated cells in oral lichen planus. Mutat
Res. 2007; 627(2):191-6.

Kamboj M, Mahajan S. Micronucleus — An upcoming marker of genotoxic damage. Clin Oral Investig. 2007;11(2):121-6.

Kesidi S, Maloth KN, Reddy KV, Geetha P. Genotoxic and cytotoxic biomonitoring in patients exposed to full mouth radiographs —
A radiological and cytological study. J Oral Maxillofac Radiol. 2017; 5(1):1-6.

1
Soha Basha "Genotoxic and Cytotoxic Effects of Cone Beam Computed Tomographyon Exfoliated !
Buccal Epithelial Cells" IOSR Journal of Dental and Medical Sciences (IOSR-JDMS), vol. 17, no. 3, |
2018, pp 66-70. |

F--=-=-=--

DOI: 10.9790/0853-1703056670 www.iosrjournals.org 70 | Page


https://www.ncbi.nlm.nih.gov/pubmed/?term=Poirier%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=23114584
https://www.ncbi.nlm.nih.gov/pubmed/23114584

