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Abstract:
Introduction: Dental radiographs play a crucial role in diagnosis. However, radiation has a cumulative effect on
children and may lead to carcinogenesis.

Aims: To determine the genotoxicity and cytotoxicity in buccal mucosal cells of children exposed to panoramic and
bitewing radiographs or Cone Beam Computed Tomography (CBCT) at various time intervals.

Methods: A cohort study was conducted involving 38 healthy children (ages 6-12),  divided into two groups: one
group received panoramic and bitewing radiographs,  and the other underwent CBCT. Buccal mucosal  cells  were
collected at baseline, and follow-ups occurred at 10±2 days, one month, and three months post-exposure. Cells were
stained using Feulgen/fast green and analyzed microscopically for genotoxic (micronuclei) and cytotoxic (condensed
chromatin, karyolysis, pyknosis, karyorrhexis) markers.

Results:  At  the  10±2  days  mark,  an  increase  in  micronuclei  was  observed  in  both  groups,  with  no  significant
difference (p=0.660). However, after one month, the percentage of micronuclei was significantly lower in the CBCT
group compared to the first group (p < 0.001). Cytotoxic alterations showed a comparable pattern, with transient
increases in both groups that returned to baseline at three months.

Discussions: The findings indicate transient and reversible genotoxic and cytotoxic effects in buccal mucosal cells
due  to  radiographic  exposure.  While  CBCT exhibited  lower  micronuclei  counts  after  one  month,  both  modalities
showed similar patterns of cellular damage.

Conclusion: These results highlight the importance of adhering to the ALARA principle in pediatric dentistry, as the
observed  effects  of  dental  radiography  are  transient  and  do  not  indicate  long-term damage.  Further  research  is
recommended to explore these effects in larger populations.

Keywords: Cone beam computed tomography, Panoramic radiograph, Bitewing radiograph, Micronucleus, Buccal
mucosa, Children.
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1. INTRODUCTION
Dental radiographs are a frequently used tool in conte-

mporary dental practice, essential for accurate diagnosis
and  treatment  planning  [1,  2].  Each  of  these  imaging
techniques must be chosen according to the principle of
As Low As Reasonably Achievable (ALARA), ensuring the
image  benefit  does  outweigh  the  risk  of  radiographic
exposure  [3].  This  is  of  great  importance  in  pediatric
dentistry, due to the increased radiosensitivity in children
resulting from their rapidly growing tissues. In addition,
the potential risk of radiation-induced tumors through the
cumulative effects of ionizing radiation in children may be
higher [4].

The diagnosis of proximal caries has traditionally been
performed  using  bitewing  radiographs,  which  support
clinical  examination,  especially  when  clinical  visual  ins-
pection  alone  is  insufficient  due  to  tight  interproximal
contacts  [5-8].  Conversely,  panoramic  radiographs  are
popular  for  their  pediatric  applications as  they are com-
monly  used  to  assess  dental  development,  craniofacial
trauma,  and  to  facilitate  treatment  planning  [9,  10].
Currently, Cone-Beam Computed Tomography (CBCT) has
become widely used in most dental specialties, particularly
to  provide  adequate  diagnostic  information  for  complex
cases  that  cannot  be  achieved  with  conventional  radio-
graphs [11-16].

Evaluating both genotoxicity and cytotoxicity in buccal
mucosal  cells  is  a helpful  approach to assessing the bio-
logical effects of radiation exposure. Micronuclei are small
nuclei that can form when chromosomal damage occurs,
and they are well-established biomarkers of genotoxicity
[17].  Furthermore,  other  nuclear  alterations,  including
binucleation,  karyolysis,  pyknosis,  and  karyorrhexis,  are
also  important  markers  of  cytotoxic  damage,  albeit  less
specific  than  micronuclei  [17-19].  At  the  same  time,
bitewing and panoramic radiographs have been shown to
increase the frequencies of micronucleated cells in exfo-
liated  buccal  mucosa,  with  bitewings  exhibiting  a  more
genotoxic effect than panoramic radiographs [20-23]. On
the other hand, progressive decrease in micronuclei may
be visible  even  in  newly  formed  conjunctiva  during  and
after long archived radiographies, however, their associ-
ation to these paths has not yet described with molecular
arrangement  like  other  parameters  including  pyknosis,
karyorrhexis, and karyolysis by the small doses of different
detectors,  on  the  contrary,  there  is  direct  association
between  specific  established  conditions  [24-29].  Inter-
estingly,  conventional  panoramic  radiographs  cause  a
higher  increase  in  micronuclei  than  digital  panoramic
systems [23]. However, panoramic exposure did not show
any statistically significant difference in the frequency of
micronuclei between children and adults, indicating that
children may not be more susceptible to radiation-induced
damage [25].

Carlin  et  al.  (2010)  and  Lorenzoni  et  al.  (2013)
reported the documentation of various cytotoxic features,
such as karyolysis,  pyknosis, and karyorrhexis, in buccal
mucosal cells post-CBCT exposure, with no increase in the

frequency of  micronuclei  observed in cells  10 days post-
exposure [30, 31].  However,  the genotoxic and cytotoxic
effects of panoramic radiographs and CBCT on exfoliated
buccal  mucosal  cells  in  children have not  been explored
yet. This study was therefore conducted to determine the
genotoxicity  and  cytotoxicity  in  buccal  mucosal  cells  of
children  exposed  to  panoramic,  bitewing,  and  CBCT
radiographs at various time intervals (10±2 days, 1 month,
and 3  months).  The null  hypothesis  was  that  there  is  no
significant difference in genotoxicity or cytotoxicity in the
exfoliated buccal mucosal cells of children after exposure
to these imaging modalities.

2. MATERIAL AND METHODS
This prospective cohort study was conducted at King

Abdulaziz  University,  Faculty  of  Dentistry  (KAUFD),
between  January  2019  and  December  2020,  as  a  conti-
nuation  of  the  research  by  Altoukhi  et  al.  in  2021  [32].
Ethical  approval  was  obtained from the  Research Ethics
Committee  of  the  Faculty  of  Dentistry  (REC-FD)  at  King
Abdulaziz University (145-11-18).

The sample size was calculated to achieve a medium
effect  of  10  subjects  per  group  using  G*Power  software
(Version 3.1.9.3)  (HHU, Germany)  at  an 80% power and
0.05 significance level. The number of subjects per group
was increased to 20 to compensate for any dropouts.

During the study period, new pediatric patients visiting
the  Pediatric  Dentistry  Screening Clinic  at  KAUFD were
screened  for  eligibility  by  the  study  investigator.  The
inclusion  criteria  included  6-  to  12-year-old  healthy
children with no history of head and neck radiation within
the last six months and with good to fair oral hygiene, as
assessed  by  the  debris  score  part  of  the  simplified  oral
hygiene index [33]. They had a justified clinical indication
for panoramic radiographs or CBCT. All  the radiographs
taken for the included subjects in the study had a justified
clinical  indication,  and  no  radiographs  or  CBCT  were
taken  solely  for  research  purposes,  as  was  done  in
Altoukhi et al.'s previous study [32]. Any patient who did
not meet these criteria was excluded from the study.

The study investigator introduced the study aims to the
parents/guardians of eligible children. Those who agreed
to participate were asked to sign an Arabic consent form,
and an appointment was scheduled to obtain the required
panoramic  and  bitewing  radiographs  or  CBCT.  At  the
scheduled  appointment,  the  medical  history,  along  with
age,  gender,  and  nationality,  was  recorded.  In  the  first
group, the participating subjects required panoramic and
two-bitewing  radiographs.  In  the  second  group,  a  CBCT
was needed to evaluate the tendency of permanent max-
illary  canine  impaction  due  to  mesioangular  inclination
observed on their panoramic radiographs taken within the
last 6-12 months, as described in the Altoukhi et al. study
[32].

The  panoramic  radiographs  were  performed  by  a
trained radiologist using the Gendex Digital Panoramic X-
Ray  System (GXDP-700TM,  United  States)  with  66  kv,  4
mA, and 14 seconds. The total effective dose was around
6.55 μSv [34]. The Bitewing radiographs were taken using
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a Gendex Intraoral X-Ray System (Gendex, United States)
with  a  65  kV  and  7.5  mA  setting,  and  a  0.16-second
exposure time. The total effective dose was about 1.7 μSv
[35].  For  the  CBCT,  an  i-CAT  CBCT  scanner  was  used
(Kavo Kerr, United States) with (FOV) 16×6 cm, 120 kv,
10 mA, 4.8 seconds, and 0.4 voxels on the maxillary canine
area. The effective dose was approximately 22 μSv [36], as
mentioned in the previous research by Altoukhi et al. [32].

Following  the  methodology  of  Altoukhi  et  al.'s  2021
study, a clinical examination appointment was scheduled
10±2  days  later  with  a  trained  pediatric  dentist.  The
participating subjects were instructed to thoroughly rinse
their mouths with water to remove debris before obtaining
the  cells.  Exfoliated  buccal  mucosal  cells  were  obtained
from  each  participating  subject  by  scraping  the  buccal
mucosa  on  both  the  right  and  left  sides  multiple  times
using  a  Rovers  ®  special  brush  (BD,  Netherlands).  The
same  method  was  repeated  after  one  and  three  months
after the exposure. The scraped cells were then collected
in sample bottles containing BD SurePathTM Preservative
Fluid (Ethanol, Methanol, and Isopropanol) (BD, Ireland)
[32].

The  Cytological  preparations  were  performed  in  the
Cytology  lab  at  King  Abdulaziz  University  Hospital
(KAUH).  First,  the  samples  were  placed  in  centrifuge
tubes  (3400  rpm)  for  three  minutes  (Hettich,  Germany),
followed  by  the  removal  of  the  supernatant  layer.  A
manual cell counting chamber (Lafontaine, Belgium) was
used to remove one thousand cells from each sample to be
stained and scored for genotoxicity and cytotoxicity. The
sample  was  then  placed  between  two  charge  slides
(Thermo Scientific, United States) and fixed immediately
in 95% Ethanol (Honeywell, USA) for 20 minutes. Then, a
DNA-specific stain (Feulgen/light green (Bio-Optica, Italy)
was  used  and  examined  under  a  light  microscope  [32].
Genotoxicity  (micronuclei)  and  cytotoxicity  (condensed
chromatin,  karyolysis,  pyknosis,  and  karyorrhexis)  were
scored following the criteria explained by Tolbert et al. in
1992 [17].

Each slide was examined by a trained and calibrated
pediatric  dentist  and  pathologist  independently  for  the
presence  of:

1.  The  existence  of  the  main  nucleus  with  another
smaller  nucleus  or  nuclei  describes  a  Micronucleus.

2.  Condensed  chromatin,  which  shows  nuclei  with
aggregated  chromatin  regions  with  a  speckled  nuclear
pattern.  Chromatin  accumulates  in  some  areas  of  the
nucleus  but  disappears  in  other  regions.

3. Karyorrhexis is a more extensive chromatin aggre-
gation seen in the nucleus of karyorrhectic cells, causing
fragmentation and degeneration.

4.  Pyknosis,  in  which  the  cells  are  presented  with
shrunken  nuclei  that  have  high-density  and  uniformly
stained  nuclear  material.

5. Karyolysis, in which the cells are entirely diminished
of DNA in the nucleus with no Feulgen staining, leads to a
ghost-like cell appearance.

For the cytological analysis, the exfoliated buccal cells
from  each  participating  subject  were  examined  using  a
light  microscope  (Olympus,  Japan)  with  a  400X  magnifi-
cation, equipped with a digital camera (SC 180) (Olympus,
Japan)  and  connected  to  a  computer  (Dell,  USA).  A
cellSens imaging software (Olympus, Japan) was used to
capture and save the images for scoring. The frequency of
genotoxicity  and  cytotoxicity  changes  was  counted  in
1,000  cells  for  each  participating  subject  in  each  study
period,  following  the  same  methodology  used  in  the
Altoukhi  et  al.  study  [32].

Both examiners were blinded to group allocation of the
participating subjects being examined and the period after
exposure (10±2 days,  one and three months).  The intra-
examiner  and  inter-examiner  reliability  after  training
using Cohen's kappa coefficient test (κ) on SPSS software
(IBM,  NY,  version  22)  was  examined  by  examining  16
slides by both examiners. The same slides were examined
again after two weeks [32].

2.1. Statistical Analysis
The Mann-Whitney U test was applied to compare the

percentages of participating subjects with genotoxic and
cytotoxic  changes  at  the  three  different  periods:  (10±2
days,  1  month,  and  3  months).  The  level  of  significance
was set at  p  < 0.05.  SPSS version 22 (IBM Corp.,  2017)
was used for the statistical analysis.

3. RESULTS
The  study  included  38  participants,  split  into  two

groups:  20  subjects  received  panoramic  and  bitewing
radiographs,  and  18  participants  received  CBCT.  The
average  age  of  the  subjects  receiving  panoramic  and
bitewing  radiographs  was  8.4  ±  2.1  years,  which  was
significantly lower (p < 0.001) than the average age (11.0
± 0.9 years) of the subjects who received CBCT. The sex
distribution  between  the  groups  showed  no  significant
difference (p = 0.203). The demographic characteristics of
the participating subjects are presented in Table 1

Table 1. The demographic characteristics of the participating subjects (N=38).

- Panoramic and Bitewings Radiographs n=20 CBCT n=18 p-value

Age in years Mean ± SD 8.4 ± 2.1 11.0 ± 0.9 <0.001* †
Sex

n (%)
Male 13 (65.0) 8 (44.4)

0.203 €
Female 7 (35.0) 10 (55.6)

Note: † Mann-Whitney U test.
€ chi-square test.
*Statistically significant (p <0.05).
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Fig. (1). The percentage of micronuclei among the participating subjects.

The  CBCT  groups  exhibited  a  more  pronounced
increase in the percentage of micronuclei after 10±2 days
relative  to  the  panoramic  and  bitewing  radiographs
groups; however, this difference did not reach statistical
significance (p=0.660). A notable decline was observed in
the CBCT group compared to the panoramic and bitewing
radiographs group. The percentage of micronuclei in the
CBCT  group  was  significantly  lower  compared  to  the
panoramic and bitewing radiographs after one month (p <
0.001). After three months, the percentage of micronuclei
returned to baseline levels. The percentage of micronuclei
among the participating subjects is presented in Fig. (1).

In relation to condensed chromatin and karyorrhexis, a
comparable  pattern  was  noted  among  the  participating
subjects:  an  increase  after  10±2  days,  succeeded  by  a
decrease after one and three months. Overall, the percen-
tages  of  participating  subjects  in  the  CBCT  group
exceeded  those  in  the  panoramic  and  bitewing  radio-
graphs  group.  The  percentages  of  condensed  chromatin
and  karyorrhexis  among  the  participating  subjects  are
presented  in  Figs.  (2  and  3),  respectively.

The percentage of karyolysis increased in both groups
after  10±2  days,  followed  by  a  steady  decline  in  both
groups  after  one  and  three  months.  The  percentage  of
karyolysis among the participating subjects is presented in
Fig. (4).

Finally, regarding pyknosis, the CBCT group exhibited
significantly elevated levels after 10±2 days (p  = 0.004)
and  after  one  month  (p  =  0.006)  compared  to  the  pan-
orama and bitewing groups. After three months, the levels
in  both  groups  were  comparable  (p  =  0.796).  The  per-
centage  of  pyknosis  among  the  participating  subjects  is
presented in Fig. (5).

4. DISCUSSIONS
The  findings  of  this  study  help  explore  the  geno-

toxic and  cytotoxic  effects  of  different  types  of  dental
radiographic  imaging  on  buccal  mucosal  cells  of  child
patients.

These results are consistent with existing studies and
suggest  areas  for  further  investigation.  In  the  CBCT
group, there was a transient peak of micronuclei at 10±2
days post-exposure, which decreased significantly by one
month and returned to baseline levels by three months. It
suggests transient genotoxic effects due to CBCT, which
are  reversible  over  time.  In  fact,  previous  investigations
reached the same conclusion as the present one, finding
significant genotoxic effects 10 ± 2 days after exposure to
CBCT  [37].  However,  none  of  the  previous  research
studies  followed  up  more  than  10  ±  2  days  after  CBCT
exposure, indicating that these results are of great value
and recommend further research with extended follow-up
periods and a larger sample size to evaluate the residual
effects of CBCT.
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Fig. (2). The percentage of condensed chromatin among the participating subjects.

Fig. (3). The percentage of karyorrhexis among the participating subjects.
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Fig. (4). The percentage of karyolysis among the participating subjects.

Fig. (5). The percentage of pyknosis among the participating subjects.
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The  finding  that  there  was  no  major  disparity  in  the
frequency  of  micronuclei  between  the  CBCT  group  and
control  radiographs  (bitewing  and  panoramic)  at  10±2
days (p=0.660) would lead them to suggest that the use of
CBCT  may  not  pose  a  clinically  relevant  higher  level  of
genotoxic hazard than standard diagnostic processes. This
finding aligns with the results of Aggarwal et al.  (2019),
which also reported a statistically significant increase in
the  frequency  of  micronuclei  in  the  buccal  mucosa  of
children 10 ± 2 days after digital panoramic radiography
[21]. However, a considerable decrease in the frequency
of  micronuclei  in  the  CBCT  group  after  1  month  (p  <
0.001) also implies that cellular repair mechanisms effec-
tively remove radiation-induced damage over time.

In this study,  the increase in cytotoxic changes (con-
densed  chromatin,  karyorrhexis,  and  karyolysis)  was
greater  in  the  CBCT  group  compared  to  the  panoramic
and  bitewing  groups.  This  finding  agreed  with  other
studies, which published similar cytotoxic outcomes after
exposure to CBCT, including karyolysis and pyknosis [30,
31]. The increased number of cytotoxic changes observed
in  the  CBCT  group  post-exposure  (p  =  0.004  and  p  =
0.006,  respectively)  suggests  that CBCT  may  be  more
cytotoxic than conventional radiographs. However,  since
the  levels  returned  to  normal  within  three  months,  it
would  be  a  reversible  effect.

The cytotoxicity effects described in this study are in
accord with those reported by Angelieri et al. (2010) [27],
which  are  believed  to  be due  to  panoramic  radiographs
causing  nuclear  changes  such  as  pyknosis  and  karyor-
rhexis.  Likewise,  Vinuth  et  al.  report  that  traditional
panoramic X-ray imaging causes more cytotoxic  damage
than digital technology [28]. These changes are reversible,
suggesting  that  cell  remediation  mechanisms  effectively
counteract the cytotoxicity associated with radiation.

To  understand  cellular  repair  mechanisms,  it  is
essential  to  recognize  that  the  epithelium  covering  the
oral  mucosa  relies  on  stem  cells  for  tissue  regeneration
[38]. It is well known that normal tissue stem cells create
a  lifelong  reserve  of  cells  capable  of  self-regeneration.
Division of epithelial cells occurs mainly in the basal layer,
which contains stem cells. After division of the basal cells,
they  undergo  differentiation  as  cells  move  superficially
and shed off the surface. The progenitor stem cells of the
oral  epithelium  take  approximately  7–16  days  to  divide
and  cross  throughout  the  full  thickness  of  the  oral
epithelium (epithelial turnover time) [39]. The Expression
of  many  stem  cell  markers,  such  as  CD44,  Keratin  14,
Bmi1,  and  Sox2,  has  been  mainly  identified  in  the  basal
layer,  indicating  that  it  is  considered  a  reserve  of  stem
cells.  Nevertheless,  the mechanisms of maintenance and
regeneration of these cells remain unknown [40].

There was a significant difference in the mean age of
the subjects between the CBCT group (11.0 ± 0.9 years)
and the panoramic and bitewing groups (8.4 ± 2.1 years)
(p  <  0.001).  Still,  the  fact  that  no  significant  difference
was  found  in  the  frequency  of  micronuclei  and  other
nuclear  changes  between  the  age  groups  agrees  with
Ribeiro et al.'s 2008 results, confirming a lack of genotoxic

and  cytotoxic  differences  between  children  and  adults
exposed  to  the  same  type  of  panoramic  imaging  [25].
Moreover,  a  recent  study  by  Anbumeena  et  al.  (2021)
conducted on five different age groups, including children,
adolescents, young Adulthood, and late adulthood, found
no significant differences between age groups regarding
the  genotoxic  and  cytotoxic  effects  of  panoramic  radio-
graphy [41].

The  study  emphasizes  the  need for  adherence  to  the
ALARA (As Low As Reasonably Achievable) principle in the
selection of radiographic imaging modalities for pediatric
patients.  Furthermore,  bitewing,  panoramic,  and  CBCT
radiographs  have  reversible  genotoxic  and  cytotoxic
effects, which are transient and seem to be without long-
term  hazards.  On  the  other  hand,  according  to  the
American Academy of  Oral  and Maxillofacial  Radiology's
recommendation,  given  the  larger  cytotoxic  effects  pro-
duced by the CBCT group, the use of this technique should
be limited to areas where conventional radiographs fail to
provide the necessary diagnostic information [16].

The fact that the effects are transient also reflects the
effectiveness  of  cellular  repair  systems  in  suppressing
radiation-induced harm. This is particularly reassuring in
the case of children's dentistry, where doses of radiation
must be kept low, as developing tissue is more susceptible
to damage by radiation [4].

5. LIMITATIONS
Although this study presents useful insights, it has some

limitations. Since the sample sizes are low, the results may
be slightly biased in favor of the younger participants in the
CBCT and  panoramic/bitewing  groups.  In  addition,  larger
sample  sizes  and age-matched controls  should  be  used in
future  studies  to  confirm  the findings.  The  study  also
assessed buccal mucosal cells, which are not necessarily an
indicator of radiation's effect on other tissues. The cytotoxic
and genotoxic outcomes of dental radiography may also be
further studied, not only in epithelial cells but also in other
cell lines, such as salivary gland or gingival cells.

CONCLUSION
In conclusion,  dental  radiography (CBCT, panoramic,

and  bitewing)  results  in  transient  genotoxicity  and
cytotoxicity  on  buccal  mucosal  cells  of  children  with  no
indication  of  long-term  harm.  Even  though  the  effects
appear to be reversible, adhering to the ALARA principle
remains of high importance in pediatric dental imaging.

AUTHORS’ CONTRIBUTIONS
The authors confirm their contributions to the paper as

follows:  S.A.,  D.A.,  and  E.E.:  Responsible  for  the  study
conception  and  design;  D.A.:  Collected  the  data;  O.N.  and
O.F.:  Conducted  the  analysis  and  interpretation  of  the
results; S.B., A.A., and H.B.: Prepared the draft manuscript.
All  authors  reviewed  the  results  and  approved  the  final
version  of  the  manuscript.



8   The Open Dentistry Journal, 2025, Vol. 19 Alaki et al.

LIST OF ABBREVIATIONS

CBCT = Cone Beam Computed Tomography
ALARA = As Low As Reasonably Achievable
KAUFD = King Abdulaziz University, Faculty of

Dentistry
REC-FD = Research Ethics Committee of the Faculty of

Dentistry
KAUH = King Abdulaziz University Hospital

ETHICS  APPROVAL  AND  CONSENT  TO
PARTICIPATE

The study received ethical approval from the Research
Ethics Committee of the Faculty of Dentistry (REC-FD) at
King Abdulaziz University (145-11-18).

HUMAN AND ANIMAL RIGHTS
All procedures performed in studies involving human

participants were in accordance with the ethical standards
of  institutional  and/or  research  committee  and  with  the
1975 Declaration of Helsinki, as revised in 2013.

CONSENT FOR PUBLICATION
Informed  consent  was  obtained  from  the

parents/guardians  of  the  subjects.

STANDARDS OF REPORTING
STROBE guidelines and methodologies were followed

in this study.

AVAILABILITY OF DATA AND MATERIALS
The  data  that  support  the  findings  of  this  study  are

available from the corresponding author upon reasonable
request.

FUNDING
None.

CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or

otherwise.

ACKNOWLEDGEMENTS
Declared none.

REFERENCES
Kowitz  AA,  Loevy  HT.  Early  periodical  literature  of  dental[1]
radiology. Quintessence Int 2001; 32(8): 629-32.
PMID: 11526891
Brenner DJ, Doll R, Goodhead DT, et al. Cancer risks attributable[2]
to low doses of ionizing radiation: Assessing what we really know.
Proc Natl Acad Sci USA 2003; 100(24): 13761-6.
http://dx.doi.org/10.1073/pnas.2235592100 PMID: 14610281
The use of cone-beam tomography in dentistry. J Am Dent Assoc[3]
2012; 143(8):899-902(8): 899-902.
http://dx.doi.org/10.14219/jada.archive.2012.0295.
Theodorakou  C,  Walker  A,  Horner  K,  Pauwels  R,  Bogaerts  R,[4]
Jacobs Dds R. Estimation of paediatric organ and effective doses
from dental cone beam CT using anthropomorphic phantoms. Br J
Radiol 2012; 85(1010): 153-60.

http://dx.doi.org/10.1259/bjr/19389412 PMID: 22308220
Dental radiographic examinations: Recommendations for patient[5]
selection  and  limiting  radiation  exposure.  American  dental
association  council  on  scientific  affairs  2012;  1-28.
Baelum  V,  Hintze  H,  Wenzel  A,  Danielsen  B,  Nyvad  B.[6]
Implications  of  caries  diagnostic  strategies  for  clinical
management  decisions.  Community  Dent  Oral  Epidemiol  2012;
40(3): 257-66.
http://dx.doi.org/10.1111/j.1600-0528.2011.00655.x  PMID:
22103270
Abdelaziz  M,  Krejci  I,  Perneger  T,  Feilzer  A,  Vazquez  L.  Near[7]
infrared transillumination compared with radiography to detect
and monitor proximal caries: A clinical retrospective study. J Dent
2018; 70: 40-5.
http://dx.doi.org/10.1016/j.jdent.2017.12.008 PMID: 29258850
Künisch  J,  Schaefer  G,  Pitchika  V,  Garcia-Godoy  F,  Hickel  R.[8]
Evaluation  of  detecting  proximal  caries  in  posterior  teeth  via
visual inspection, digital bitewing radiography and near-infrared
light transillumination. Am J Dent 2019; 32(2): 74-80.
PMID: 31094141
Alcalá-Galiano A, Arribas-García IJ, Martín-Pérez MA, Romance A,[9]
Montalvo-Moreno  JJ,  Juncos  JMM.  Pediatric  facial  fractures:
Children  are  not  just  small  adults.  Radiographics  2008;  28(2):
441-61.
http://dx.doi.org/10.1148/rg.282075060 PMID: 18349450
Hollier  LH  Jr,  Sharabi  SE,  Koshy  JC,  Stal  S.  Facial  Trauma.  J[10]
Craniofac Surg 2010; 21(4): 1051-3.
http://dx.doi.org/10.1097/SCS.0b013e3181e5701c  PMID:
20613558
Ziegler CM, Woertche R, Brief J, Hassfeld S. Clinical indications[11]
for digital volume tomography in oral and maxillofacial surgery.
Dentomaxillofac Radiol 2002; 31(2): 126-30.
PMID: 12076053
Danforth  RA.  Cone  beam  volume  tomography:  A  new  digital[12]
imaging  option  for  dentistry.  J  Calif  Dent  Assoc  2003;  31(11):
814-5.
http://dx.doi.org/10.1080/19424396.2003.12224263  PMID:
14696832
Sukovic  P.  Cone  beam  computed  tomography  in  craniofacial[13]
imaging. Orthod Craniofac Res 2003; 6(s1) (Suppl. 1): 31-6.
http://dx.doi.org/10.1034/j.1600-0544.2003.259.x  PMID:
14606532
Lascala CA, Panella J, Marques MM. Analysis of the accuracy of[14]
linear  measurements  obtained  by  cone  beam  computed
tomography  (CBCT-NewTom).  Dentomaxillofac  Radiol  2004;
33(5):  291-4.
http://dx.doi.org/10.1259/dmfr/25500850 PMID: 15585804
Dudic A, Giannopoulou C, Leuzinger M, Kiliaridis S. Detection of[15]
apical  root  resorption  after  orthodontic  treatment  by  using
panoramic radiography and cone-beam computed tomography of
super-high  resolution.  Am  J  Orthod  Dentofacial  Orthop  2009;
135(4): 434-7.
http://dx.doi.org/10.1016/j.ajodo.2008.10.014 PMID: 19361727
Clinical recommendations regarding use of cone beam computed[16]
tomography in orthodontics. Position statement by the American
Academy of Oral and Maxillofacial Radiology. Oral Surg Oral Med
Oral Pathol Oral Radiol 2013; 116(2): 238-57.
http://dx.doi.org/10.1016/j.oooo.2013.06.002 PMID: 23849378
Tolbert  PE,  Shy  CM,  Allen  JW.  Micronuclei  and  other  nuclear[17]
anomalies  in  buccal  smears:  Methods  development.  Mutat  Res
Envir Mutag Relat Subj 1992; 271(1): 69-77.
http://dx.doi.org/10.1016/0165-1161(92)90033-I PMID: 1371831
Fenech M. The in vitro micronucleus technique. Mutat Res 2000;[18]
455(1-2): 81-95.
http://dx.doi.org/10.1016/S0027-5107(00)00065-8  PMID:
11113469
Majer B, Laky B, Knasmüller S, Kassie F. Use of the micronucleus[19]
assay  with  exfoliated  epithelial  cells  as  a  biomarker  for
monitoring individuals at elevated risk of genetic damage and in
chemoprevention trials. Mutat Res Rev Mutat Res 2001; 489(2-3):

http://www.ncbi.nlm.nih.gov/pubmed/11526891
http://dx.doi.org/10.1073/pnas.2235592100
http://www.ncbi.nlm.nih.gov/pubmed/14610281
http://dx.doi.org/10.14219/jada.archive.2012.0295.
http://dx.doi.org/10.1259/bjr/19389412
http://www.ncbi.nlm.nih.gov/pubmed/22308220
http://dx.doi.org/10.1111/j.1600-0528.2011.00655.x
http://www.ncbi.nlm.nih.gov/pubmed/22103270
http://dx.doi.org/10.1016/j.jdent.2017.12.008
http://www.ncbi.nlm.nih.gov/pubmed/29258850
http://www.ncbi.nlm.nih.gov/pubmed/31094141
http://dx.doi.org/10.1148/rg.282075060
http://www.ncbi.nlm.nih.gov/pubmed/18349450
http://dx.doi.org/10.1097/SCS.0b013e3181e5701c
http://www.ncbi.nlm.nih.gov/pubmed/20613558
http://www.ncbi.nlm.nih.gov/pubmed/12076053
http://dx.doi.org/10.1080/19424396.2003.12224263
http://www.ncbi.nlm.nih.gov/pubmed/14696832
http://dx.doi.org/10.1034/j.1600-0544.2003.259.x
http://www.ncbi.nlm.nih.gov/pubmed/14606532
http://dx.doi.org/10.1259/dmfr/25500850
http://www.ncbi.nlm.nih.gov/pubmed/15585804
http://dx.doi.org/10.1016/j.ajodo.2008.10.014
http://www.ncbi.nlm.nih.gov/pubmed/19361727
http://dx.doi.org/10.1016/j.oooo.2013.06.002
http://www.ncbi.nlm.nih.gov/pubmed/23849378
http://dx.doi.org/10.1016/0165-1161(92)90033-I
http://www.ncbi.nlm.nih.gov/pubmed/1371831
http://dx.doi.org/10.1016/S0027-5107(00)00065-8
http://www.ncbi.nlm.nih.gov/pubmed/11113469


Genotoxicity of Radiographs in Children 9

147-72.
http://dx.doi.org/10.1016/S1383-5742(01)00068-0  PMID:
11741033
Preethi N, Chikkanarasaiah N, Bethur SS. Genotoxic effects of X-[20]
rays  in  buccal  mucosal  cells  in  children  subjected  to  dental
radiographs.  BDJ  Open  2016;  2(1):  16001.
http://dx.doi.org/10.1038/bdjopen.2016.1 PMID: 29607062
Aggarwal N, Dang V, Aggarwal S, Bhateja S, Aggarwal R, Singla[21]
V.  Micronuclei  in  the  oral  mucosa  as  a  measure  of  genotoxic
damage  in  dental  radiography:  A  clinicopathologic  study.  Oral
Maxillofac Pathol J 2019; 10(1): 5-10.
Arora P, Devi P, Wazir SS. Evaluation of genotoxicity in patients[22]
subjected  to  panoramic  radiography  by  micronucleus  assay  on
epithelial cells of the oral mucosa. J Dent 2014; 11(1): 47-55.
PMID: 24910676
Sandhu M, Mohan V, Kumar J. Evaluation of genotoxic effect of X-[23]
rays  on  oral  mucosa  during  panoramic  radiography.  Journal  of
Indian  Academy  of  Oral  Medicine  and  Radiology  2015;  27(1):
25-8.
http://dx.doi.org/10.4103/0972-1363.167070
Angelieri  F,  de  Oliveira  GR,  Sannomiya  EK,  Ribeiro  DA.  DNA[24]
damage and cellular death in oral mucosa cells of children who
have  undergone  panoramic  dental  radiography.  Pediatr  Radiol
2007; 37(6): 561-5.
http://dx.doi.org/10.1007/s00247-007-0478-1 PMID: 17453188
Ribeiro DA, de Oliveira G, de Castro GM, Angelieri F. Cytogenetic[25]
biomonitoring in patients exposed to dental X-rays: Comparison
between adults and children. Dentomaxillofac Radiol 2008; 37(7):
404-7.
http://dx.doi.org/10.1259/dmfr/58548698 PMID: 18812603
El-Ashiry E, Abo-Hager E, Gawish A. Genotoxic effects of dental[26]
panoramic radiograph in children. J Clin Pediatr Dent 2010; 35(1):
69-74.
http://dx.doi.org/10.17796/jcpd.35.1.y613824735287307  PMID:
21189768
Angelieri F, Carlin V, Saez DM, Pozzi R, Ribeiro DA. Mutagenicity[27]
and cytotoxicity  assessment in  patients  undergoing orthodontic
radiographs. Dentomaxillofac Radiol 2010; 39(7): 437-40.
http://dx.doi.org/10.1259/dmfr/24791952 PMID: 20841462
Vinuth DP, Agarwal P, Haranal S, Thippanna C, Naresh N, Moger[28]
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.
http://dx.doi.org/10.4103/0970-9371.160559 PMID: 26229246
Antonio EL, Nascimento AJD, Lima AAS, Leonart MSS, Fernandes[29]
Â. Genotoxicity and cytotoxicity of x-rays in children exposed to
panoramic radiography. Rev Paul Pediatr 2017; 35(3): 296-301.
http://dx.doi.org/10.1590/1984-0462/;2017;35;3;00010  PMID:
28977295
Carlin V, Artioli AJ, Matsumoto MA, et al. Biomonitoring of DNA[30]

damage  and  cytotoxicity  in  individuals  exposed  to  cone  beam
computed  tomography.  Dentomaxillofac  Radiol  2010;  39(5):
295-9.
http://dx.doi.org/10.1259/dmfr/17573156 PMID: 20587654
Lorenzoni DC, Fracalossi ACC, Carlin V, Ribeiro DA, Sant’Anna[31]
EF.  Mutagenicity  and  cytotoxicity  in  patients  submitted  to
ionizing  radiation.  Angle  Orthod  2013;  83(1):  104-9.
http://dx.doi.org/10.2319/013112-88.1 PMID: 22656641
Altoukhi  DH,  Alaki  S,  El  Ashiry  E,  Nassif  O,  Sabbahi  D.[32]
Genotoxicity and cytotoxicity of cone beam computed tomography
in children. BMC Oral Health 2021; 21(1): 427.
http://dx.doi.org/10.1186/s12903-021-01792-w PMID: 34481467
Greene JG, Vermillion JR. The simplified oral hygiene index. J Am[33]
Dent Assoc 1964; 68(1): 7-13.
http://dx.doi.org/10.14219/jada.archive.1964.0034  PMID:
14076341
Batista  WOG,  Navarro  MVT,  Maia  AF.  Effective  doses  in[34]
panoramic  images  from  conventional  and  CBCT  equipment.
Radiat  Prot  Dosimetry  2012;  151(1):  67-75.
http://dx.doi.org/10.1093/rpd/ncr454 PMID: 22171097
Granlund  C,  Thilander-Klang  A,  Ylhan  B,  Lofthag-Hansen  S,[35]
Ekestubbe  A.  Absorbed  organ  and  effective  doses  from  digital
intra-oral  and  panoramic  radiography  applying  the  ICRP  103
recommendations for effective dose estimations. Br J Radiol 2016;
89(1066): 20151052.
http://dx.doi.org/10.1259/bjr.20151052 PMID: 27452261
Ludlow  JB,  Walker  C.  Assessment  of  phantom  dosimetry  and[36]
image quality of i-CAT FLX cone-beam computed tomography. Am
J Orthod Dentofacial Orthop 2013; 144(6): 802-17.
http://dx.doi.org/10.1016/j.ajodo.2013.07.013 PMID: 24286904
da Fonte JBM, Andrade TM, Albuquerque- RLC Jr, de Melo MFB,[37]
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.
http://dx.doi.org/10.1259/dmfr.20170160 PMID: 29091472
Iglesias-Bartolome R,  Callejas-Valera  JL,  Gutkind JS.  Control  of[38]
the epithelial stem cell epigenome: the shaping of epithelial stem
cell identity. Curr Opin Cell Biol 2013; 25(2): 162-9.
http://dx.doi.org/10.1016/j.ceb.2013.01.009 PMID: 23434069
Nguyen LV, Vanner R, Dirks P, Eaves CJ. Cancer stem cells: an[39]
evolving concept. Nat Rev Cancer 2012; 12(2): 133-43.
http://dx.doi.org/10.1038/nrc3184 PMID: 22237392
Jones  KB,  Klein  OD.  Oral  epithelial  stem  cells  in  tissue[40]
maintenance and disease: the first steps in a long journey. Int J
Oral Sci 2013; 5(3): 121-9.
http://dx.doi.org/10.1038/ijos.2013.46 PMID: 23887128
Anbumeena S, Kannan A, Krithika CL, Vasanthi V. Genotoxic and[41]
cytotoxic biomonitoring in patients exposed to panoramic dental
radiography:  Comparison  between  five  different  age  groups.  J
Indian Acad Oral Med Radiol 2021; 33(1): 16-21.
http://dx.doi.org/10.4103/jiaomr.jiaomr_124_20

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the final version.
Major publication processes like copyediting, proofing, typesetting and further review are still to be done and may lead to changes in
the final published version, if it is eventually published. All legal disclaimers that apply to the final published article also apply to this
ahead-of-print version.

http://dx.doi.org/10.1016/S1383-5742(01)00068-0
http://www.ncbi.nlm.nih.gov/pubmed/11741033
http://dx.doi.org/10.1038/bdjopen.2016.1
http://www.ncbi.nlm.nih.gov/pubmed/29607062
http://www.ncbi.nlm.nih.gov/pubmed/24910676
http://dx.doi.org/10.4103/0972-1363.167070
http://dx.doi.org/10.1007/s00247-007-0478-1
http://www.ncbi.nlm.nih.gov/pubmed/17453188
http://dx.doi.org/10.1259/dmfr/58548698
http://www.ncbi.nlm.nih.gov/pubmed/18812603
http://dx.doi.org/10.17796/jcpd.35.1.y613824735287307
http://www.ncbi.nlm.nih.gov/pubmed/21189768
http://dx.doi.org/10.1259/dmfr/24791952
http://www.ncbi.nlm.nih.gov/pubmed/20841462
http://dx.doi.org/10.4103/0970-9371.160559
http://www.ncbi.nlm.nih.gov/pubmed/26229246
http://dx.doi.org/10.1590/1984-0462/;2017;35;3;00010
http://www.ncbi.nlm.nih.gov/pubmed/28977295
http://dx.doi.org/10.1259/dmfr/17573156
http://www.ncbi.nlm.nih.gov/pubmed/20587654
http://dx.doi.org/10.2319/013112-88.1
http://www.ncbi.nlm.nih.gov/pubmed/22656641
http://dx.doi.org/10.1186/s12903-021-01792-w
http://www.ncbi.nlm.nih.gov/pubmed/34481467
http://dx.doi.org/10.14219/jada.archive.1964.0034
http://www.ncbi.nlm.nih.gov/pubmed/14076341
http://dx.doi.org/10.1093/rpd/ncr454
http://www.ncbi.nlm.nih.gov/pubmed/22171097
http://dx.doi.org/10.1259/bjr.20151052
http://www.ncbi.nlm.nih.gov/pubmed/27452261
http://dx.doi.org/10.1016/j.ajodo.2013.07.013
http://www.ncbi.nlm.nih.gov/pubmed/24286904
http://dx.doi.org/10.1259/dmfr.20170160
http://www.ncbi.nlm.nih.gov/pubmed/29091472
http://dx.doi.org/10.1016/j.ceb.2013.01.009
http://www.ncbi.nlm.nih.gov/pubmed/23434069
http://dx.doi.org/10.1038/nrc3184
http://www.ncbi.nlm.nih.gov/pubmed/22237392
http://dx.doi.org/10.1038/ijos.2013.46
http://www.ncbi.nlm.nih.gov/pubmed/23887128
http://dx.doi.org/10.4103/jiaomr.jiaomr_124_20

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. MATERIAL AND METHODS
	2.1. Statistical Analysis

	3. RESULTS
	4. DISCUSSIONS
	5. LIMITATIONS
	CONCLUSION
	AUTHORS’ CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	STANDARDS OF REPORTING
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


