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Introduction

“Radiation cloud over medicine!”
“Tests show radiations bad effects!”
“Single dose of ‘safe’ radiation found harmful”
“Diagnostic x-rays deserve that negative reaction”

- White,Pharaoh®°.2006

These headlines have appeared in newspapers across the world over the years.
Before an appointment with the dentist, a patient may read one of these articles and
understandably form a negative opinion concerning the use of x-rays for diagnostic
purposes. Practitioners must be prepared to discuss intelligently the benefits and
possible hazards involved with the use of x-rays and are able to describe the steps

taken to reduce the hazard.

Practitioners who administer ionizing radiation must become familiar with the
magnitude of radiation exposure encountered in medicine and dentistry, the possible
risk that such exposure entails, and the methods used to affect exposure and radiation
dose. This information provides the necessary background for explaining to

concerned patients the benefits and possible hazards involved with the use of x-rays.

In the last decades x-rays have been used widely for diagnosis in medical and
dental practitioners. However, it is well known that ionizing radiation damages DNA,

including single and double strand breaks, and DNA protein cross links. X-rays are a



Introduction

potent mutagenic agent capable of inducing both gene mutations and chromosomal
aberrations. They act directly on the DNA molecule or indirectly through the
formation of reactive compounds that interact with this molecule. In spite of their
mutagenic potential, this kind of radiation is an important tool for diagnosing

diseases and is used in medical and dental practice.

Taking the strong evidence for the relationship between DNA damage and
carcinogenesis into consideration it will be useful to know if and to what extent
adults are more susceptible to the harmful effects induced by radiation particularly
because of the lack of previous reports. Today there are several well established
methods for evaluating chromosomal damage. It can be performed on lymphocytes or

on interphasic exfoliated cells from many tissues.

Panoramic dental radiography is used for diagnosing dental arch and tooth
diseases. It has been widely used to compliment clinical examinations and is
considered less harmful than performing several periapical radiographs. As a result
and because of inadequate in vivo evidence; the present study is aimed to investigate
genetic damage from the exfoliated epithelial cells of oral mucosa in patients exposed

to panoramic dental radiographs.

To evaluate the magnitude of DNA damage and genetic effect from panoramic

dental radiography, the micronucleus test is used. Micronuclei arise from accentric
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fragments or whole chromosomes which are not included in the main nuclei of the
daughter cells.The formation of the micronuclei can be induced by substances that
cause chromosome breakage (clastogens) as well as by antigens that affect the

spindle apparatus (aneugens).

According to Tobert™ at al.,1991 the sensitivity of micronucleus test is
increased by recording degenerative nuclear alterations indicative of apoptosis and
necrosis such as karyorrhexis, karyorlysis, pyknosis, nuclear bud and condensed
chromatin, in addition to micronucleus. In order to monitor cytotoxic effects,
micronucleus, pyknosis, karyolysis, karyorrhexis, nuclear bud and condensed

chromatin are evaluated in this study in patients exposed to panoramic radiography.
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Different laboratories have reported variable normal background MN frequency in
human oral epithelial cells: 0.16% (Tolbert’ et al. 1991), 0.04% (Karahalil*’ et al.

1999), 0.1-0.3% (Fenech? et al. 1999) and 0.08% (Burgaz® et al. 1999).

Tolbert™ et al., 1992 defined morphologic scoring criteria for micronuclei
and other confounding factors, such as age and gender of the study groups. However,
only little attention has been, until now, given to the effect of different staining
procedures on the results of micronuclei assays. An evaluation of the literature shows

that a variety of different stains is used in micronuclei studies.
Application of oral exfoliative cytology in measuring damage from radiation:

Evaluation of radiation-induced cellular changes with a view to predict
radiosensitivity has interested many investigators since such changes were first found
in biopsy material in 1935. Cytologic evaluation of irradiation effects on oral mucosa
was first reported in 1957 and on oral cancer in 1959. By the 1960s the nuclear
morphologic changes that were to be evaluated by cytology became well-established
and included pyknosis, karyorrhexis, karyolysis, enlargement, crenation of the
nuclear membrane and multinucleation Even though micronucleation had been
reported as a radiation-related change and later came to be accepted as a reliable
indicator for measuring radiation exposure, but cytologists had not incorporated it in

their evaluation of smears.
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Cerqueira EM, Gomes-Filhoet'! al 2004, studied the genotoxic effects of X-
ray emitted during dental panoramic radiography in exfoliated cells from oral
epithelium through a differentiated protocol of the micronucleus test. Thirty-one
healthy individuals participated in this study. All of them answered a questionnaire
before the examination. Cells were obtained from both sides of the cheek by gentle
scrapping with a cervical brush, immediately before the exposure and after 10 days.
Cytological preparations were stained according to Feulgen-Rossenbeck reaction and
analyzed under light and laser scanning confocal microscopies. Micronuclei, nuclear
projections (buds and broken eggs) and degenerative nuclear alterations (condensed
chromatin, karyolysis and karyorrhexis) were scored. The frequencies of micronuclei,
karyolysis and pycnosis were similar before and after exposure (P > 0.90), whereas
the condensation of the chromatin and the karyorrhexis increased significantly after
exposure (P < 0.001). In contrast, both bud and broken egg frequencies were
significantly higher before the examination (P < 0.005), suggesting that these
structures are associated to the normal epithelium differentiation. The results
suggested that the X-ray exposure during panoramic dental radiography induces a
cytotoxic effect by increasing apoptosis. The score of other nuclear alterations in

addition to the micronucleus improves the sensitivity of genotoxic effects detection.

Angelieri F, de Oliveira GR', et al 2007, evaluated DNA damage
(micronucleus) and cellular death (pyknosis, karyolysis and karyorrhexis) in

exfoliated buccal mucosa cells taken from 17 healthy children following exposure to
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radiation during dental radiography. They found no statistically significant
differences (P > 0.05) between micronucleated oral mucosa cells in children before
and after exposure to radiation. On the other hand, radiation did cause other nuclear
alterations closely related to cytotoxicity including karyorrhexis, pyknosis and
karyolysis. They conclude that these results indicate that panoramic dental
radiography might not induce chromosomal damage, but may be cytotoxic. Overall,
the results reinforce the importance of evaluating the health side effects of
radiography and contribute to the micronucleus database, which will improve our

understanding and practice of this methodology in children.

da Silva AE, Rados PV** et al 2007, aimed to investigate the effect of
radiation from panoramic radiographs on the cells of the lateral border of the tongue
by evaluating nuclear changes. Forty-two patients were included: 22 had one
radiograph (Group 1), and 20 required a repeat radiograph due to error in the first
exposure (Group Il). Material for the cytopathologic evaluation was collected before
radiographs and 10 days later. Smears were stained with the Feulgen reaction and
micronuclei, buds, broken eggs, karyorrhexis and binucleate cells were scored. The
comparison of nuclear changes before and after radiation exposure in both groups
revealed a statistically higher number of broken eggs, buds, karyorrhexis and
binucleate cells 10 days after exposure (P=0.01). The number of karyorrhexis and
binucleate cells was greater in group Il (P=0.01). There was no change in the

frequency of micronuclei before and after the radiographs. Radiation emitted during
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panoramic radiographs increased the number of nuclear anomalies (except
micronuclei) in exfoliated cells of the lateral border of the tongue. This effect was
more pronounced when the patients were exposed to a repeat radiograph, without

however implying increased risk of irreversible tissue damage.

Popova L, Kishkilova® et al 2007, evaluated the possible genotoxic effect of
radiation exposure for dental diagnostic purposes as measured by the formation of
micronuclei. The micronucleus test was applied to buccal epithelium cells, which are
target cells for dental radiography. Specimens of exfoliated buccal cells were
collected from patients subjected to panoramic radiography. Samples were obtained
from 32 patients, 12 male and 20 female, aged from 24 years to 73 years, before and
10+/-2 days after panoramic radiation exposure. No significant increase in the
frequency of cells with micronuclei and total number of micronuclei after panoramic
tomography was detected. Mean values of buccal cells with micronuclei+/-standard
deviation (SD) before and after radiation examination were 2.34+/-1.49% and 2.81+/-
1.64%, respectively. A significant correlation between the age of investigated
subjects and the initial frequency of micronuclei in buccal cells was observed
(r=0.60, P<0.01).They concluded panoramic radiographic examination does not

induce micronuclei in target buccal epithelium cells.

Cerqueira EMM, JRC Meireles™ et al 2008, evaluated the genotoxic
effects of X-rays on epithelial gingival cells during panoramic dental radiography

using a differentiated protocol for the micronucleus test on 40 healthy individuals
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immediately before exposure and 10 days later. Cytological preparations were stained
according to the Feulgen-Rossenbeck reaction, counterstained with fast green 1% for
1 min and analysed under a light microscope. Micronuclei, nuclear projections
(broken eggs) and degenerative nuclear alterations (pyknosis, karyolysis,
karyorrhexis and condensed chromatin) were scored. The frequency of micronuclei
was significantly higher after exposure (P= 0.05), as were the frequencies of nuclear
alterations indicative of apoptosis (P=0.001). These results indicate 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 indicative of apoptosis.

Ribeiro DA, Angelieri F®** 2008, conducted a study to evaluate DNA damage
(micronucleus) and cellular death in exfoliated buccal mucosa cells from healthy
individuals (smokers and nonsmokers) following dental X-ray exposure. A total of
39 healthy people who had submitted to panoramic dental radiography were included
in the study: 9 smokers and 30 nonsmokers. The results indicated no significant
statistically differences (P>0.05) in micronucleated oral mucosa cells before and after
dental X-ray exposure. On the other hand, X-ray exposure did increase other nuclear
alterations closely related to cytotoxicity, such as karyorrhexis, pyknosis, and
karyolysis. It seems that cigarette smoke did not affect X-ray outcomes induced in
buccal cells. They concluded that these data indicate that dental panoramic

radiography may not induce chromosomal damage, but it is able to promote
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cytotoxicity. Because cellular death is considered a prime mechanism in
nongenotoxic mechanisms of carcinogenesis, dental X-ray should be used only when

necessary.

A Ribeiro, G de Oliveira®, 2008 comparatively evaluated the DNA damage
(micronucleus) and cellular death (pyknosis, karyolysis and karyorrhexis) of
exfoliated buccal mucosa cells from children and adults following dental X-ray
exposure in 17 adults and 17 children. The results indicated no statistically significant
differences (P=0.05) in children’s micronucleated oral mucosa cells before and after
dental X-ray exposure. In the same way, no mutagenic effects were observed in
adults following X-ray exposure. On the other hand, X-rays increased other nuclear
alterations closely related to cytotoxicity such as karyorrhexis, pyknosis and
karyolysis in both groups. The comparative analysis between children and adults
demonstrated no statistically significant differences in micronucleus frequency or
cytotoxicity (P= 0.05). In summary, these data indicate that dental paroramic
radiography may not be a factor that induces chromosomal damage, but it is able to
promote cytotoxicity. It seems that children are not more susceptible to the noxious

activities induced by X-rays when compared with adults.

Liu, Cao et al*®, 2009 in their study of dose estimation by chromosome
aberration analysis and micronucleus assays in victims accidentally exposed to 60Co
radiation summarized that the results from their study indicate that both chromosome

aberration analysis and the micronucleus assay provide a reliable estimate for

10
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biological exposure to radiation, which is demonstrated a critical role in estimating
the radiation dose and facilitating an accurate clinical diagnosis. This may enable
faster and more reliable estimation of radiation exposure, leading to better treatment

for patients.

Conclusions Regarding Health Risk:

We assume that any radiation exposure, no matter how small, carries with it
some risk. However, we know that on an average, these risks are comparable to or
smaller than risks we encounter in other activities or occupations that we consider
safe. Since we have extensive control over how much radiation exposure we receive
on the job, we can control and minimize this risk. The best approach is to keep our
dose As Low As Reasonably Achievable, or ALARA - a term we will discuss in
detail later. Minimizing the dose minimizes the risk. The development of digital
radiography and the related advantages should not lead to increasing the number of
radiographs. The prescribed and performed types of examinations, and their number,
should always be selected based on the clinical situation and on sound clinical

judgment and experience in order to solve the raised medical problem.

11



Materials. and Methods

Study design:
Cross- sectional study conducted between August 2008 to July 2009 to
determine the genetic changes in oral mucosa of healthy individuals subjected to

orthopantamography.

Study site:
Department of Oral Medicine and Radiology in Ragas Dental College and

Hospital, Uthandi, Chennai-600119.

Study population:
The study population consisted of healthy individuals subjected to
orthopantamographs attending the extra oral radiology department in Ragas Dental

College and Hospital, Uthandi, Chennai-600119.

Obtaining approval from the authorities:

Permission from the ethical committee of the Ragas Dental College and
hospital was obtained before the starting of the study for examining and
interpretation of patients. Also an informed consent was obtained from the patients

forming the study sample, to participate in the study.
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Selection criteria:

Inclusion criteria:

Normal healthy individuals who were subjected to orthopantamogram for

various diagnostic purposes other than pathological conditions were included in the

study.

Exclusion criteria:

1.

Sample Size

Presence of other mucosal lesions like Leukoplakia, Oral Submucous
Fibrosis, Lichen Planus.

Presence of intra oral swellings, ulcers.

Presence of malignant lesions.

Patients who have the habit of smoking, chewing tobacco products,
betel nut or consuming alcohol.

Patients not willing for buccal scrapping.

History of previous exposure to radiation within past 3 months.

History of any systemic illness or immunodeficiency state.

Cells from buccal mucosa were obtained from 35 healthy individuals who

were submitted to panoramic dental radiographic examination.
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MATERIALS
1. For examination of the patient:
a. Physiological dental chair with provision for halogen light
illumination.
b. Mouth mask
c. Sterile glove
d. Dental Mouth mirrors
e. Dental Explorer
f. Stainless Steel Kidney tray

g. Sterile Cotton and Gauze Pieces

2. Materials for Radiographic procedures:
a. Sattelac dental panoramic radiographic unit with
specifications of 70 Kv, 10 mA, magnification factor.

b. Lead apron.

3. Materials for Obtaining Buccal Smear:
a. Pair of sterile gloves
b. Sterile disposable tooth brush
c. Sterile cotton
d. Isotonic saline solution

e. Glass slides
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3. Materials Used for Slide preparation:
a. Methanol- acetic acid (3:1) solution as fixer solution.
b. 5SM Hydrochloric acid.
c. Distilled water
d. Schiffs reagent

e. 0.2% light green

4. Material for cytological analysis:

a. Light microscope

METHODOLOGY:
PROCEDURE:

Cells from oral mucosa were obtained from thirty-five healthy individuals (18
males and 17 females) submitted to a panoramic dental radiography examination.
They answered a questionnaire before the X-ray examination. The main features
computed were age, consumption of tobacco and alcohol, exposure to other
genotoxic agents and regular oral antiseptic solutions. The panoramic dental
radiographies were performed with Sattelac X mind panoceph equipment, system
250—71 kV/15 mA/14 s/110 mGy cm2, effective dose 21.4 uSv. A detailed history
of the patient and thorough clinical examination was done and findings recorded in

the enclosed Performa.
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1. Interrogation:
Detailed medical histories of the subjects were taken before clinical

examination.

2. Examination of the patients:

The patients were made to sit comfortably on the dental chair with artificial
illumination. The following findings such as Demographic details, Chief Complaint
and Duration, Past Medical, Past Surgical and Past Dental History, Habits and reason
for obtaining panoramic radiography as per criteria were recorded in a specialized
proforma with regard to the study using Dental Mouth Mirrors, Dental Explorer and

Williams Periodontal Probe.

3. Collection of cells and slide preparation:

Cytological smears were prepared immediately before the X-ray exposure and
after 10 days.
Preparation:

Before subjecting the patient to panaromic radiography the subjects
were seated in the dental chair with halogen light illumination and the sample
material for analysis was collected in the following manner. The subjects were
instructed to gargle with normal saline. The oral mucosa was dried with gauze swab

to remove surface debris and excess saliva.
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Cell collection:
The material for analyses was obtained from both sides of the buccal
mucosa through gentle scrapping with a cervical brush and it was smeared over clean

slides.

Fixation and staining:

Cells were fixed in a methanol-acetic acid (3:1) solution for 15-30 minutes.
Slides were air-dried for 10 min prior to staining.

The common fixative used in cytogenetics (usually a combination between
methanol and acetic acid) helps keep the cells in a "swollen" state. The fixative
solution makes the cell membrane more fragile and suitable for spreading flat on the

slide.

Fuelgen reaction :

It is a reaction in which an aldehyde combines with a modified Schiff's reagent
to produce a purplish compound: used especially to test for the presence of DNA. Mild
acid hydrolysis by using 5 M Hydrochloric acid makes the aldehyde group of

deoxyribose available to react with Schiff’s reagent to give a purple colour.

Schiff’s reagent :

It is a colorless solution of fuchsin and sulfurous acid used as a reagent to identify

an aldehyde from a ketone from the shade of reddish purple produced, to stain DNA.
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Feulgen staining:

Slides were treated in 5 M hydrochloric acid for 30 min and then washed in
running tap water for 3 min. Slides were drained but not allowed to dry out before
being treated in room temperature Schiff’s reagent (Sigma 3259016) in the dark for
60 min. Slides were washed in running tap water for 5 min and rinsed well in distilled
water for 1 min. Slides were stained for 30 sec in 0.2% light green (Sigma L-1886)
and rinsed well in distilled water for 2 min.Slides were allowed to air-dry.Nuclei and
MNs are stained magenta, while the cytoplasm appears green. Slides were scored
using a light microscope.

After 10 days of radiation exposure the samples were collected and smears

were stained and studied in the same way.

4. Cytological analysis
Analysis was performed in a blind fashion in 2000 cells. The scoring
was done according to the criteria established by Tolbert et al 1991. The following
nuclear alterations were considered: micronucleus, nuclear projections as broken
eggs and buds, pycnosis, karyorrhexis, karyolysis and condensed chromatin.
Binucleated cells were excluded from analysis. The alterations were identified under
light microscope.
The various distinct populations used in the buccal cytome assay were

73
I

determined based on criteria outlined by Tolbert et al’™® 1991. These criteria are

intended to classify BCs into categories that distinguish between ‘normal’ cells and
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cells that are considered ‘abnormal’, based on nuclear morphology. These abnormal

nuclear morphologies are thought to be indicative of DNA damage or cell death.

Detailed descriptions of the various cell types are given below:
Basal cells:

These are the cells from the basal layer. The nuclear to cytoplasm ratio is
larger than that in differentiated BCs that are derived from basal cells. Basal cells
have a uniformly stained nucleus and they are smaller in size when compared to

differentiated BCs. Basal cells can contain MNs and were scored.

Normal differentiated cells:

These cells have a uniformly stained nucleus that is usually oval or round in
shape. They are distinguished from basal cells by their larger size and by a smaller
nuclear to cytoplasmic ratio. No other DNA containing structures apart from the
nucleus are observed in these cells. These cells are considered to be terminally
differentiated relative to basal cells because no mitotic cells are observed in this

population.

Cells with MNs:
These cells are characterized by the presence of both a main nucleus and one
or more smaller nuclei called MNs.The MNs are usually round or oval in shape and

their diameter may range between 1/3 and 1/16 the diameter of the main nucleus.
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Cells with MNs usually contain only one micronucleus. It is possible but rare to find
cells with more than six MNs. The nuclei in micronucleated cells may have the
morphology of normal cells or that of dying cells (i.e. condensed chromatin cells).
The MNs must be located within the cytoplasm of the cells. The presence of MNs is
indicative of chromosome loss or fragmentation occurring during previous nuclear
division. MNs were scored only in basal and differentiated cells with uniformly
stained nuclei. Cells with condensed chromatin or karyorrhectic cells were not scored

for MNs.

For the scoring of micronuclei the following criteria were adopted from
Fenech” et al, 2003:
1. the diameter of the MN should be less than one-third of the main
nucleus
2. MN should be separated from or marginally overlap with main
nucleus as long as there is clear identification of the nuclear boundary.

3. MN should have similar staining as the main nucleus.

Binucleated differentiated cells:

These cells have two nuclei instead of one. The nuclei are usually very close
to each other and may be touching. The nuclei usually have the same morphology as
that observed in normal cells. The significance of these cells is unknown but they

may be indicative of failed cytokinesis following the last nuclear division.
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Materials. and Methods

Condensed chromatin cells:

These cells have nuclei with regions of condensed or aggregated chromatin
exhibiting a speckled or striated nuclear pattern. In these cells, it is apparent that
chromatin is aggregating in some regions of the nucleus while being lost in other
areas. When chromatin aggregation is extensive, the nucleus may appear to be
fragmenting. These cells may be undergoing early stages of apoptosis although
this has not been conclusively proven. These cells may appear to contain MNs but

should not be scored for MNs in the assay.

Karyorrhectic cells:

These cells are characterized by the more extensive appearance of nuclear
chromatin aggregation (relative to condensed chromatin cells) leading to
fragmentation and eventual disintegration of the nucleus. These cells may be

undergoing a late stage of apoptosis but this has not been conclusively proven.

Pyknotic cells:

These cells are characterized by a small shrunken nucleus, with a high density
of nuclear material that is uniformly but intensely stained . The nuclear diameter is
usually one- to two- thirds of a nucleus in normal differentiated cells. The precise
biological significance of pyknotic cells is unknown but it is thought that these cells
may be undergoing a form of cell death; however, the precise mechanism is

unknown.
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Karyolytic cells:

In these cells, the nucleus is completely depleted of DNA and apparent as a
ghost-like image that has no Feulgen staining. These cells thus appear to have no
nucleus. It is probable that they represent a very late stage in the cell death process

but this has not been conclusively proven.

Cells with broken eggs:
Broken eggs are considered as a fragmented nucleus, the little one
corresponding to one third of the larger nucleus diameter and are connected with the

main nucleus by means of thread or stalk like structure.

Cells with nuclear buds:

These cells have nuclei with an apparent sharp constriction at one end of the
nucleus suggestive of a budding process, i.e. elimination of nuclear material by
budding. The nuclear bud and the nucleus are usually in very close proximity and are
apparently attached to each other. The nuclear bud has the same morphology and
staining properties as the nucleus; however, its diameter may range from a half to
quarter of that of the main nucleus. The mechanism leading to this morphology is not

known but it may be due to elimination of amplified DNA or DNA repair complexes.
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Materials. and Methods

5. Statistical analysis:

Differences were statistically analyzed using the following method

Independent t-test/ unpaired t-test

When we compare the means two independent sample groups, we can use the student

independent t-test . It is obtained using the following formula

When the difference between the means is divided by this standard error the result is t.

_ _(x1-%3)
2 2

g g
n 1
2 is

sp” " the pooled variance

:  (n;—1)si+ (n, - 1)s

i
n; +n,—-2

P

The standard error of the difference between the means is

_ _ Sz Sz
SE(x1-x2) = (H—HH—P)
1 2

Where n; is the sample size of first sample
nyis the sample size of second sample
s1 is the standard deviation of first sample
sy is the standard deviation of first sample
X is the mean of first sample

X, is the mean of second sample
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Paired / Matched /Dependent t-test
When we use same group of samples in the pretest and in post test then we can

analyze the data using paired t-test using the following formula.

e Find the mean of the differences, d

¢ Find the standard deviation of the differences, SD.

e (Calculate the standard error of the mean SE(d) = SD/ o/

e To calculate t, divide the mean of the differences by the standard error of the mean

= d =
SE (d)
where @ is the mean of the differences, SE is the standard deviation of the

differences, N is the number of pairs.

P- value: probability of differences

P> 0.05 = Difference is not significant (NS)
P<0.05 = Difference is significant (S)
P<0.01 = Difference is highly significant (S)

P<0.001= Difference is very highly significant (HS)
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b=

RAGAS DENTAL COLLEGE & HOSPITAL
2/102, East Coast Road, Uthandi, Chennai - 600119

DEPARTMENT OF ORAL MEDICINE & RADIOLOGY

Case Sheet Performa

Serial no: O.P No: Date:

Name

Age

Sex

Address :

. Occupation :

i. Unemployed [
ii. Employed L]
iii. Business O
iv. Student [

Income :
i. <Rs. 1000 /-month [
ii. >Rs.1000-5000 /-month
iii. > Rs. 5000 /-month L]
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Materials. and Methods

7. Religion

8. Chief complaint:

9. History of presenting illness:

10. Past medical history:

a. Presence of any systemic disease

(1)Yes
(i))No
If yes specify

b. History of medication
(1)Yes
(i1))No
If yes specify

11. Past surgical history:

12. Personal history:
a. Food habits
b. Brushing habits

OO

c. Use of oral mouth rinses-

13. Previous exposure to X-rays:
(1)Yes
(i1))No

OO
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Materials. and Methods

If yes specify

14. Indication for OPG exposure :

15. Investigation:

Cytological analysis (pre-exposure)
[Scraping taken from right & left buccal mucosa before OPG radiograph]
i.  Micronuclei (%)
ii.  Apoptosis (%)
iii.  Pycnosis (%)
iv.  Broken eggs (%)
v.  Nuclear bud (%)

Cytological analysis (post-exposure)
[Scraping taken from right & left buccal mucosa after OPG radiograph]
1. Micronuclei (%)
ii.  Apoptosis (%)
iii.  Pyknosis (%)
iv.  Broken eggs (%)
v.  Nuclear bud (%)
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Photographs

Figure-1 Armamentarium for clinical examination

Figure-2 Armamentarium for Buccal Cell Collection
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Photographs

Figure-3 Armamentarium for making panoramic radiograph
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Photographs

Figure-5 Buccal Cell Collection

Figure- 6 Slide Preparation
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Photographs

Figure- 7 Patient positioning for panoramic radiograph.

Figure- 8 Prepared Slide
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Photographs

Figure- 9 Flourescent Microscope

Figure- 10  Cells in 10X Magnification
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Photographs

Figure- 11 Normal Cells in 100X Magnification

Figure- 12 Normal Cells in 1000X Magnification
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Photographs

Figure- 13 Differential Cells with micronuclei in 1000X
Magnification

Figure- 14 Karyorrhexis in 1000X Magnification
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Photographs

Figure- 15 Condensed chromatin in 1000X Magnification

Figure- 16 Pyknosis in 1000X Magnification
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Photographs

Figure- 17 Karyolysis in 1000X Magnification

Fig — 18 Nuclear Bud in 1000X Magnification
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Results

The study population consisted of 35 normal healthy subjects attending the
radiology department in Ragas Dental College and hospital. Data were collected to
assess the genetic damage before and after exposure to panoramic dental

radiography.

Table 1-Graph 1: Gender wise distribution of subjects:

The study comprised of 18(51.43%) males and 17(48.57%) females.

Table 2-Graph 2: Age wise distribution of subjects:
Table 2 shows age wise distribution of subjects in which 11 (31.43%) were between
16-20 years, 6 (17.14%) were between 21 - 24 years, 9(25.71%) were between 25 -

28 years, 6(17.14%) were between 29 - 32 years, 3(8.57%) were above 33 years.

Table 2A-Graph 2A: Age wise distribution of subjects with distribution of male
and female:

Table 2A shows age wise distribution of subjects with distribution of male and
female in which 4 (22.22%) males and 7 (41.17%) females were between 16-20
years, 1 (5.56%) males and 5 (29.41%) females were between 21 - 24 years, 6
(33.33%) males and 3 (17.65%) females were between 25 - 28 years, 5 (27.78%)
males and 1 (5.88%) female were between 29 - 32 years, 2(11.11%) males and 1

(5.88%) female were above 33 years.

Table 3-Graph 3 : Occupation wise distribution of subjects:
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Results

Table 3 shows age wise distribution of subjects in which 3(8.57%) were unemployed,
10(28.57%) were employed, 5(14.29%) were business people, and 17(48.57%) were

students.

Table 3A-Graph 3A : Occupation wise distribution of subjects with distribution
of male and female:

Table 3A shows age wise distribution of subjects with distribution of male and
female in which 0 (0.00%) male and 3(17.65 %) females were unemployed,
8(44.44%) males and 2(11.76%) females were employed, 5(27.78%) males and
0(0.00 %) female were business people, and 5(27.78%) male and 12( 70.59%)

females were students.

Table 4-Graph 4: Prevalence of micronuclei in subjects:

Table 4 shows the prevalence of micronuclei in subjects before and after exposure to
OPG.

Pre exposure: The total number of micronuclei counted was 39 (0.06%) and the
number of micronuclei counted per subject were between 0-4 with 7(20%) had no
micronuclei,18(51.43%) had 1 micronuclei, 9(25.71%) had 2 micronuclei and 1(2.86)
had 3 micronuclei.

Post exposure: The total number of micronuclei counted was 41(0.06%) and the
number of micronuclei counted per subject were between 0-4 with 9(25.71%) had no
micronuclei,14(40%) had 1 micronuclei, 10(28.57%) had 2 micronuclei, 1(2.86) had

3 micronuclei and 1(2.86) had 4 micronuclei.
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Results

Since the p- value was 0.54, the micronuclei count is not statistically significant after

exposure.

Table 5 -Graph 5: Prevalence of karyorrhexis in subjects:

Table 5 shows the prevalence of karyorrhexis in subjects before and after exposure to
OPG.

Pre exposure: The total number of karyorrhexis counted was 2125(3.04%) and the
number of karyorrhexis counted per subject were between 0 to 100 and above 100,
with 4(11.43%) were between 0-20, 6(17.14%) were between 21-40, 8(22.86%) were
between 41-60, 9(25.71%) were between 61-80, 6(17.14%) were between 81-100,
and 2(5.71%) were above 100.

Post exposure: The total number of karyorrhexis counted was 2915(4.16%) and the
number of karyorrhexis counted per subject were between 0 to 100 and above 100
with 0(0.0%) were between 0-20, 6(17.14%) were between 21-40, 6(17.14%) were
between 41-60, 6(17.14%) were between 61-80, 8(22.86%) were between 81-100,

and 9(25.71%) were above 100.

Since the p- value was 0.001, the karyorrhexis count is statistically significant after
exposure.

Table 6-Graph 6: Prevalence of condensed chromatin count in subjects:

Table 6 shows the prevalence of condensed chromatin in subjects before and after

exposure to OPG.
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Results

Pre exposure: The total number of condensed chromatin counted was 1650(2.36%)
and the number of condensed chromatin counted per subject were between 0 to 100
and above 100 with 7(20.00%) were between 0-20, 8(22.86%) were between 21-40,
9(25.71%) were between 41-60, 9(25.71%) were between 61-80, 1(02.86%) was
between 81-100 and 1(2.86%) was above 100.

Post exposure: The total number of condensed chromatin counted was 2435(3.48%)
and the number of condensed chromatin counted per subject were between 0 to 100
and above 100 with 4(11.43%) were between 0-20, 5(14.29%) were between 21-40,
7(20.00%) were between 41-60, 6(17.14%) were between 61-80, 8(22.86%) were

between 81-100 and 5(14.29%) were above 100.

Since the p- value was 0.001, the condensed chromatin count is statistically

significant after exposure.

Table 7 -Graph 7: Prevalence of pyknosis in subjects:

Table 7 shows the prevalence of pyknosis in subjects before and after exposure to
OPG.

Pre exposure: The total number of pyknosis counted was 429(0.61%) and the
number of pyknosis counted per subject were between 1 to 40 with 17(48.57%) were
between 1-10, 15(42.86%) were between 11-20, 2(5.71%) were between 21-30 and
1(2.86%) was between 31-40.

Post exposure: The total number of pyknosis counted was 516(0.74%) and the

number of pyknosis counted per subject were between 1 to 50 and above 50 with
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10(28.57%) were between 1-10, 20(57.14%) were between 11-20, 4(11.43%) were

between 21-30, 0(0%) was between 31-40 and 1(2.86%) was above 50.

Since the p- value was 0.001, the pyknosis count is statistically significant after

exposure.

Table 8 -Graph 8: Prevalence of karyolysis in subjects:

Table 8 shows the prevalence of karyolysis in subjects before and after exposure to
OPG.

Pre exposure: The total number of karyolysis counted was 31(0.04%) and the
number of karyolysis counted per subject were between 0 to 3 with 9(25.71%) had no
karyolysis, 21(60%) had 1, and 5(14.29%) had 2.

Post exposure: The total number of karyolysis counted was 46(0.07%) and the
number of karyolysis counted per subject were between 0 to 3 with 7(20%) had nil,

14(40%) had 1 ,10(28.57%) had 2, and 4(11.43%) had 3.

Since the p- value was 0.009, the karyolysis count is statistically significant after
exposure.

Table 9-Graph 9: Prevalence of broken eggs in subjects:

Table 9 shows the prevalence of broken eggs in subjects before and after exposure to

OPG.
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Results

Pre exposure: The total number of broken eggs counted was 37(0.05%) and the
number of broken eggs counted per subject were between 0 to 3 with 10(28.57%) had
no broken egg,15(42.86%) had 1, 8(22.86%) had 2 and 2(5.71) had 3.

Post exposure: The total number of broken eggs counted was 67(0.1%) and the
number of broken eggs counted per subject were between 0 to 4 with 3(8.57%) had
no broken egg,10(28.57%) had 1, 13(37.14%) had 2 , 6(17.14%) had 3 and 3(8.57)

had 4.

Since the p- value was 0.001, the broken egg count is statistically significant after

exposure.

Table 10 -Graph 10: Prevalence of nuclear buds in subjects:

Table 10 shows the prevalence of nuclear buds in subjects before and after exposure
to OPG.

Pre exposure: The total number of nuclear buds counted was 170(0.24%) and the
number of nuclear buds counted per subject were between 0 to 10 with 6(17.14%)
had 0-2, 11(31.43%) had 3-4, 10(28.57%) had 5-6, 4 (11.43%) had 7-8 and
4(11.43%) had 9-10.

Post exposure: The total number of nuclear buds counted was 193(0.28%) and the
number of nuclear buds counted per subject were between 0 to 10 with 8(22.86%)
had 0-2, 3(8.57%) had 3-4, 8(22.86%) had 5-6, 14 (40.00%) had 7-8 and 2(5.71%)

had 9-10.
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Since the p- value was 0.31, the nuclear bud count is not statistically significant after

exposure.

Table 11-Graph 11: Prevalence of nuclear projections in subjects:

Table 11 shows the prevalence of nuclear projections in subjects before and after
exposure to OPG.

Pre exposure: The total number of nuclear projections counted was 207(0.24%) and
the number of nuclear projections counted per subject were between 0 to 10 and
above 10 with 5 (14.29%) were between 0-2, 7(20.00%) were between 3-4, 8
(22.86%) were between 5-6, 10 (28.57%) were between 7-8, 2 (5.71%) were between
9-10 and 3 (8.57%) were above 10.

Post exposure: The total number of nuclear projections counted was 260(0.37%) and
the number of nuclear buds counted per subject were between 0 to 10 and above 10
with 5 (14.29%) were between 0-2, 4(11.43%) were between 3-4, 6 (17.14%) were
between 5-6, 8(22.86%) were between 7-8, 7 (20.00%) were between 9-10 and 5

(14.29%) were above 10.

Since the p- value was 0.15, the nuclear projections count is not statistically

significant after exposure.

Table 12-Graph 12: Comparison between pre radiation exposure and post

radiation exposure values among males:
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Table 12 shows the comparison between pre radiation exposure and post radiation
exposure values among males.

Pre exposure: The number of micronuclei counted was 19(0.03%) and the mean
and SD was 1.06 and 0.64.The number of karyorrhexis counted was 1153(1.65%)
and the mean and SD was 64.06 and 33.65. The number of condensed chromatin
counted was 859(1.23%) and the mean and SD was 47.72 and 25.42.The number of
pyknosis counted was 254(0.36%) and the mean and SD was 10.67 and 4.61.The
number of karyolysis counted was 18(0.03%) and the mean and SD was 0.94 and
0.64. The number of broken eggs counted was 20(0.03%) and the mean and SD was
1.11 and 0.96.The number of nuclear buds counted was 85(0.12%) and the mean and
SD was 4.72 and 2.19.The number of nuclear projections counted was 105(0.15%)
and the mean and SD was 5.83 and 2.75.

Post exposure:The number of micronuclei counted was 22(0.03%) and the mean
and SD was 1.11 and 0.90. The number of karyorrhexis counted was 1661(2.37%)
and the mean and SD was 92.28 and 55.78. The number of condensed chromatin
counted was 1356(1.94%) and the mean and SD was 75.33 and 45.68.The number of
pyknosis counted was 237(0.42%) and the mean and SD was 13.17 and 7.06.The
number of karyolysis counted was 25(0.04%) and the mean and SD was 1.44 and
0.98. The number of broken eggs counted was 38(0.06%) and the mean and SD was
2.11 and 1.37.The number of nuclear buds counted was 96(0.14%) and the mean and
SD was 5.44 and 2.33.The number of nuclear projections counted was 134(0.18%)

and the mean and SD was 7.22 and 3.08.
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The p value for karryorhexis was 0.003; condensed chromatin p=0.001; pyknosis
p=0.05, karyolysis p=0.02 and broken eggs p=0.002 these values are statistically
significant after exposure.

The p value for micronuclei was 0.74, nuclear buds p=0.39 and nuclear projections

p=0.14 these values are statistically not significant after exposure.

Table 13-Graph 13: Comparison between pre radiation exposure and post
radiation exposure values among females:

Table 13 shows the comparison between pre radiation exposure and post radiation
exposure values among females.

Pre exposure: The number of micronuclei counted was 20(0.03%) and the mean and
SD was 1.18 and 0.88.The number of karyorrhexis counted was 972(1.39%) and the
mean and SD was 57.18 and 27.65. The number of condensed chromatin counted was
791(1.13%) and the mean and SD was 46.53 and 24.06.The number of pyknosis
counted was 175(0.25%) and the mean and SD was 13.94 and 8.55.The number of
karyolysis counted was 13(0.02%) and the mean and SD was 0.82 and 0.64. The
number of broken eggs counted was 17(0.02%) and the mean and SD was 1.00 and
0.79.The number of nuclear buds counted was 85(0.12%) and the mean and SD was
5.00 and 2.87.The number of nuclear projections counted was 102(0.15%) and the
mean and SD was 6.00 and 3.22.

Post exposure: The number of micronuclei counted was 21(0.03%) and the mean
and SD was 1.24 and 1.03. The number of karyorrhexis counted was 1254(1.80%)

and the mean and SD was 73.76 and 33.35. The number of condensed chromatin
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counted was 1079(1.54%) and the mean and SD was 63.47 and 31.03.The number of
pyknosis counted was 279(0.40%) and the mean and SD was 16.41 and 10.06.The
number of karyolysis counted was 20(0.03%) and the mean and SD was 1.18 and
0.88. The number of broken eggs counted was 29(0.04%) and the mean and SD was
1.71and 0.85.The number of nuclear buds counted was 97(0.14%) and the mean and
SD was 5.59 and 2.90.The number of nuclear projections counted was 126(0.18%)

and the mean and SD was 6.53 and 3.22.

The p value for karyorrhexis was 0.001, condensed chromatin p=0.001 pyknosis
p=0.01, and broken eggs p=0.006 these values are statistically significant after
exposure.

The p value for micronuclei was 0.33, karyolysis p= 0.16,nuclear buds p=0.57 and

nuclear projections p=0.59 these values are statistically not significant after exposure.

Table 14-Graph 14: Comparison of pre radiation exposure values between
males and females.

Table 14 shows the comparison of pre radiation exposure values between males and
females.

Males: The number of micronuclei counted was 19(0.03%) and the mean and SD
was 1.06 and 0.64.The number of karyorrhexis counted was 1153(1.65%) and the
mean and SD was 64.06 and 33.65. The number of condensed chromatin counted was
859(1.23%) and the mean and SD was 47.72 and 25.42.The number of pyknosis

counted was 254(0.36%) and the mean and SD was 10.67 and 4.61.The number of
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karyolysis counted was 18(0.03%) and the mean and SD was 0.94 and 0.64. The
number of broken eggs counted was 20(0.03%) and the mean and SD was 1.11 and
0.96.The number of nuclear buds counted was 85(0.12%) and the mean and SD was
4.72 and 2.19.The number of nuclear projections counted was 105(0.15%) and the
mean and SD was 5.83 and 2.75.

Females: The number of micronuclei counted was 20(0.03%) and the mean and SD
was 1.18 and 0.88.The number of karyorrhexis counted was 972(1.39%) and the
mean and SD was 57.18 and 27.65. The number of condensed chromatin counted was
791(1.13%) and the mean and SD was 46.53 and 24.06.The number of pyknosis
counted was 175(0.25%) and the mean and SD was 13.94 and 8.55.The number of
karyolysis counted was 13(0.02%) and the mean and SD was 0.82 and 0.64. The
number of broken eggs counted was 17(0.02%) and the mean and SD was 1.00 and
0.79.The number of nuclear buds counted was 85(0.12%) and the mean and SD was
5.00 and 2.87.The number of nuclear projections counted was 102(0.15%) and the

mean and SD was 6.00 and 3.22.

The p value for micronuclei was 0.64, karyolysis p=0.51, condensed chromatin
p=0.81, pyknosis p=0.16, karyolysis p= 0.16, broken eggs p=0.58, nuclear buds
p=0.71 and nuclear projections p=0.81 these values are statistically not significant
between males and females.

Table 15-figure 15: Comparison of post radiation exposure values between

males and females:
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Table 15 shows the comparison of post radiation exposure values between males and
females.

Males: The number of micronuclei counted was 22(0.03%) and the mean and SD
was 1.11 and 0.90. The number of karyorrhexis counted was 1661(2.37%) and the
mean and SD was 92.28 and 55.78. The number of condensed chromatin counted was
1356(1.94%) and the mean and SD was 75.33 and 45.68.The number of pyknosis
counted was 237(0.42%) and the mean and SD was 13.17 and 7.06.The number of
karyolysis counted was 25(0.04%) and the mean and SD was 1.44 and 0.98. The
number of broken eggs counted was 38(0.06%) and the mean and SD was 2.11 and
1.37.The number of nuclear buds counted was 96(0.14%) and the mean and SD was
5.44 and 2.33.The number of nuclear projections counted was 134(0.18%) and the
mean and SD was 7.22 and 3.08.

Females: The number of micronuclei counted was 21(0.03%) and the mean and SD
was 1.24 and 1.03. The number of karyorrhexis counted was 1254(1.80%) and the
mean and SD was 73.76 and 33.35. The number of condensed chromatin counted was
1079(1.54%) and the mean and SD was 63.47 and 31.03.The number of pyknosis
counted was 279(0.40%) and the mean and SD was 16.41 and 10.06.The number of
karyolysis counted was 20(0.03%) and the mean and SD was 1.18 and 0.88. The
number of broken eggs counted was 29(0.04%) and the mean and SD was 1.71and
0.85.The number of nuclear buds counted was 97(0.14%) and the mean and SD was
5.59 and 2.90.The number of nuclear projections counted was 126(0.18%) and the

mean and SD was 6.53 and 3.22.
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The p value for micronuclei was 0.71, karyolysis p=0.25, condensed chromatin
p=0.38, pyknosis p=0.27, karyolysis p= 0.40, broken eggs p=0.30, nuclear buds
p=0.40 and nuclear projections p=0.30 these values are statistically not significant

between males and females.
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Comparison of study variables between Pre- exposure and Post-

Exposure in subjects:

TABLE-1

GENDER WISE DISTRIBUTION OF SUBJECTS

SEX NO %
MALE 18 51.43%
FEMALE 17 48.57%
TOTAL 35 100.0%
TABLE-2

AGE WISE DISTRIBUTION OF SUBJECTS

AGE NO %
16-20 yrs 11 31.43%
21-24 yrs 6 17.14%
25-28 yrs 9 25.71%
29-32 yrs 6 17.14%
>33 yrs 3 08.57%

TOTAL 35 100.0%
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TABLE-2A

AGE WISE DISTRIBUTION OF SUBJECTS WITH DISTRIBUTION

OF MALE AND FEMALE

MALES FEMALES
AGE NO % NO %
16-20 yrs 4 12222% | 7 |41.17%
21-24 yrs 1 5.56% | 5 |29.41%
25-28 yrs 6 |3333%| 3 |17.65%
29-32 yrs 5 |27.78% | 1 | 5.88%
>33 yrs 2 11.11% | 1 | 5.88%
TOTAL 18 |100.0% | 17 | 100.0%
TABLE-3

OCCUPATION WISE DITRIBUTION OF SUBJECTS

OCCUPATION | NO %

Unemployed 3 | 08.57%
Employed 10 | 28.57%
Business 5 | 14.29%
Student 17 | 48.57%
TOTAL 35 | 100.0%
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TABLE-3A

OCCUPATION WISE DISTRIBUTION OF SUBJECTS WITH
DISTRIBUTION OF MALE AND FEMALE

MALES FEMALES
OCCUPATION | NO % NO %
Unemployed 0 0.00% | 3 |17.65%
Employed 8 |4444% | 2 |11.76%
Business 5 27.78% | 0 | 0.00%
Student 5 27.78% | 12 | 70.59%
TOTAL 18 |100.0% | 17 | 100.0%
TABLE-4

PREVALANCE OF MICRONUCLEI IN SUBJECTS

PRE POST
EXPOSURE EXPOSURE
MICRONUCLEI t- p-value
Cells with Cells with value
micronuclei =39 | micronuclei = 41
(0.06%) (0.06%)
NOS % NOS %
0 7 20.00% 9 25.71%
1 18 51.43% 14 40.00%
2 9 25.71% 10 28.57% | 0.627 0.54
3 1 02.86% 1 02.86%
4 0 00.00% 1 02.86%
TOTAL 35 100.0% 35 100.0%
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TABLE-5

5. PREVALANCE OF KARYORRHEXIS IN SUBJECTS

KARYORRHEXIS | PRE EXPOSURE | POST EXPOSURE t- p-
] ) value | value
Cells with Cells with
karyorrhexis = karyorrhexis =
2125 (3.04%) 2915 (4.16%)
NOS % NOS %
0-20 4 11.43% 0 00.00%
21-40 6 17.14% 6 17.14%
41-60 8 22.86% 6 17.14%
61-80 9 25.71% 6 17.14% 5.129 | 0.001
81-100 6 17.14% 8 22.86%
>100 2 05.71% 9 25.71%
TOTAL 35 100.0% 35 100.0%
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6. PREVALANCE OF CONDENSED CHROMATIN IN SUBJECTS

TABLE-6

PRE POST
EXPOSURE EXPOSURE
CONDENSED t-value p-value
CHROMATIN Cells with Cells with
condensed condensed
chromatin = chromatin =
1650 (2.36%) 2435 (3.48%)
NOS % NOS %
0-20 7 20.00% 4 11.43%
21-40 8 22.86% 5 14.29%
41-60 9 25.71% 7 20.00% 5.713 0.001
61-80 9 25.71% 6 17.14%
81-100 1 02.86% 8 22.86%
>100 1 02.86% 5 14.29%
TOTAL 35 |100.00% | 35 | 100.0%
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TABLE-7

PREVALANCE OF PYKNOSIS IN SUBJECTS

PRE POST
EXPOSURE EXPOSURE
PYKNOSIS t-value p-value
Cells with Cells with
pyknosis= 429 | pyknosis= 516
(0.61%) (0.74%)
NOS % NOS %
1-10 17 | 4857% | 10 | 28.57%
11-20 15 | 42.86% | 20 | 57.14%
21-30 2 05.71% 4 | 11.43% | 3.351 0.001
31-40 1 02.86% 0 | 00.00%
41-50 0 00.00% 0 00.00%
>50 0 00.00% 1 02.86%
TOTAL 35 |100.00% | 35 | 100.0%
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PREVALANCE OF KARYOLYSIS IN SUBJECTS

TABLE-8

PRE POST
EXPOSURE | EXPOSURE
KARYOLYSIS t-value p-value
Cells with Cells with
karyolysis= 31 | karyolysis= 46
(0.04%) (0.07%)
NOS % NOS %
0 9 |2571% | 7 20.00%
1 21 |60.00% | 14 | 40.00%
2 5 |1429% | 10 | 28.57% | 2.766 0.009
3 0 |00.00%| 4 11.43%
TOTAL 35 [100.0% | 30 | 100.0%
TABLE-9

PREVALANCE OF BROKEN EGGS IN SUBJECTS

PRE POST
EXPOSURE EXPOSURE
BROKEN Cells with Cellswith | tvalue | p-value
EGGS broken eggs= broken eggs=
37 (0.05%) 67(0.1%)
NOS % NOS %
0 10 |2857% | 3 | 08.57%
1 15 [42.86% | 10 | 28.57%
2 8 |2286% | 13 | 37.14% | 4.779 0.001
3 2 05.71% 6 17.14%
4 0 |00.0006| 3 | 0857%
TOTAL 35 |100.0% | 30 | 100.0%
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TABLE-10: PREVALANCE OF NUCLEAR BUDS IN SUBJECTS

PRE POST

EXPOSURE EXPOSURE
NUCLEAR Cells with Cellswith | tvalue | p-value

BUDS nuclear buds= nuclear buds=

170 (0.24%) 193 (0.28%)

NOS % NOS %

0-2 6 17.14% 8 22.86%

3-4 11 31.43% 3 08.57%
5-6 10 | 28.57% 8 22.86% 1.026 0.31

7-8 4 11.43% 14 | 40.00%

9-10 4 11.43% 2 05.71%

TOTAL 35 |100.00% | 35 | 100.0%

TABLE-11: PREVALANCE OF NUCLEAR PROJECTIONS IN SUBJECTS

PRE POST
EXPOSURE
NUCLEAR E>C<P”OSU.;E
PROJECTION elis wi Cells with
_ nu_clear nuclear t- p-value
projections= 207 | projections= 260 | value

(0.24%) (0.37%)

NO % NO %
0-2 5 14.29% | 5 14.29%
3-4 7 20.00% | 4 11.43%

5-6 8 22.86% | 6 17.14% 1.488 0.15
7-8 10 | 28.57% 8 22.86%
9-10 2 05.71% 7 20.00%
>10 3 08.57% 5 14.29%
TOTAL 35 |100.00% | 35 100.00%
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TABLE-12
COMPARISON BETWEEN PRE RADIATION EXPOSURE AND POST
RADIATION EXPOSURE VALUES AMONG MALES

Pre exposure(n=18) Post exposure(n=18) Student paired t-test
No(%) Mean SD No (%) Mean SD | Tvalue P value
MN 19 (0.03%) 1.06 0.64 22(0.03%) 1.11 0.90 0.33 0.74
KR | 1153(1.65%) 64.06 33.65 1661(2.37 %) 92.28 | 55.78 3.53 0.003
cC 859(1.23 %) 47.72 25.42 1356(1.94 %) 75.33 | 45.68 3.94 0.001
PK 254(0.36 %) 10.67 4.61 237(0.42 %) 13.17 7.06 2.05 0.05
KL 18(0.03 %) 0.94 0.64 25(0.04 %) 1.44 0.98 2.47 0.02
BE 20(0.03 %) 111 0.96 38(0.06 %) 2.11 1.37 3.57 0.002
0.39
NB 85(0.12 %) 4.72 2.19 96(0.14 %) 5.44 2.23 0.89
NP 105(0.15 %) 5.83 2.75 134(0.18 %) 7.22 3.08 1.54 0.14
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TABLE-13

COMPARISON BETWEEN PRE RADIATION EXPOSURE AND POST

RADIATION EXPOSURE VALUES AMONG FEMALES

Pre exposure (n=18)

Post exposure (n=18)

Student paired t-test

No (%0) Mean SD No (%) Mean SD | Tvalue P value
MN 20(0.03 %) 1.18 0.88 21(0.03 %) 1.24 1.03 1.00 0.33
KR 972(1.39 %) 57.18 27.65 1254(1.80 %) 73.76 | 33.35 5.63 0.001
CcC 791(1.13 %) 46.53 24.06 1079(1.54 %) 63.47 | 31.03 5.78 0.001
PK 175(0.25 %) 13.94 8.55 279(0.40 %) 16.41 | 10.06 2.88 0.01
KL 13(0.02 %) 0.82 0.64 20(0.03 %) 1.18 0.88 1.46 0.16
BE 17(0.02 %) 1.00 0.79 29(0.04 %) 1.71 0.85 3.16 0.006
NB 85(0.12 %) 5.00 2.87 97(0.14 %) 5.59 2.90 0.57 0.57
NP 102(0.15 %) 6.00 3.22 126(0.18 %) 6.53 3.22 1.55 0.59
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TABLE-14

COMPARISON OF PRE RADIATION EXPOSURE VALUES

BETWEEN MALES AND FEMALES

Males Females Student paired t-test
No (%0) Mean SD No (%0) Mean SD | Tvalue | P value
MN | 19 (0.03%) | 1.06 0.64 | 20(0.03%) | 1.18 | 0.88 | 0.46 0.64
KR | 1153(1.65%) | 64.06 | 33.65 | 972(1.39%) | 57.18 | 27.65| 0.66 0.51
CC | 859(1.23%) | 47.72 | 2542 | 791(1.13%) | 46.53 |24.06 | 0.14 0.81
PK | 254(0.36 %) | 10.67 | 4.61 | 175(0.25%) | 13.94 | 855 | 1.42 0.16
KL | 18(0.03%) | 0.94 0.64 | 13(0.02%) | 082 | 0.64 | 1.46 0.16
BE | 200.03%) | 111 096 | 17(0.02%) | 1.00 | 0.79 | 0.56 0.58
NB | 85(0.12%) | 4.72 219 | 85(0.12%) | 5.00 | 2.87 | 0.37 0.71
NP | 105(0.15%) | 5.83 275 | 102(0.15%) | 6.00 | 3.22 | 0.17 0.81
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TABLE-15

COMPARISON OF POST RADIATION EXPOSURE VALUES BETWEEN

MALES AND FEMALES

Males Females Student paired t-test
No(%6) Mean SD No(%) Mean SD | Tvalue | P value
MN | 22(0.03%) 111 0.90 21(0.03 %) 1.24 1.03 0.38 0.71
KR | 1661(2.37 %) | 92.28 | 55.78 | 1254(1.80%) | 73.76 | 33.35| 1.18 0.25
CC | 1356(1.94 %) | 75.33 | 45.68 | 1079(1.54 %) | 63.47 | 31.03 | 0.89 0.38
PK | 237(0.42%) | 13.17 7.06 279(0.40%) | 16.41 | 10.06 | 1.11 0.27
KL | 25(0.04 %) 1.44 0.98 20(0.03 %) 1.18 0.88 0.84 0.40
BE | 38(0.06 %) 211 1.37 29(0.04 %) 171 0.85 1.04 0.30
NB | 96(0.14 %) 5.44 2.23 97(0.14 %) 5.59 2.90 0.16 0.40
NP | 134(0.18 %) 7.22 3.08 126(0.18 %) 6.53 3.22 0.65 0.40
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Discussion

Panoramic dental radiographs are widely used in dentistry for diagnostic
purposes. In this study, the genotoxic effects of X-ray exposure during OPG were
evaluated immediately before and on the tenth day after exposure. A 10 day period
following exposure is enough time to detect micronucleus formation. Chromosomal
damage leading to micronucleus formation occurs during the division of cells from
the basal layer of the oral epithelium, but it is only observed later in exfoliated cells,

between 1 week and 3 weeks after exposure to a genotoxic agent.

Day 10 was chosen on the basis of the fast turnover in epithelial cell kinetics
(from 7-16 days).Adoption of an expanded protocol including not only the
micronucleus frequencies, but also evaluations of degenerative nuclear phenomena
and nuclear projections, as proposed by Tolbert”® et al 1991, increased the
sensitivity of the test because this made it possible to deduce the occurrence of
apoptosis or necrosis.

The following discussion explains the relevance of various factors like
micronuclei, karyorrhexis, condensed chromatin, pyknosis, karyolysis, broken eggs,
nuclear buds and nuclear projections before and after exposure to panoramic dental

radiography.

1. PREVALANCE OF MICRONUCLEI BEFORE AND AFTER EXPOSURE
TO OPG IN SUBJECTS:
In our study the number of MN before exposure was 39 (0.06%) and post exposure

was 41(0.06%) with a p- value of 0.54 which is statistically insignificant which
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indicates that low dose radiation from OPG doesn’t produce any chromosomal
aberrations in the targeted buccal epithelial cells.

Tolbert™ et al. 1991 stated that micronuclei are regarded as markers of
abnormal mitoses involving chromosomal breakage and misintegreted chromatin.
Different laboratories have reported variable normal background MN frequency in
human oral epithelial cells: 0.16% (Tolbert™ et al. 1991), 0.04% (Karahalil*’ et al.
1999), 0.1-0.3% (Fenech® et al. 1999) and 0.08% (Burgaz® et al. 1999). In this
study it was found that the presence of MN both in pre and post exposure was 0.06%,

which is in general agreement with the published reports.

The occurrence of micronuclei before OPG exposure was 39(0.06%) and post
exposure was 41 (0.06%) with a p value of 0.54 which is not statistically significant.
In a similar study by Cerqueira'" et al 2004(p>0.90), Angelieri* et al 2007(p>0.05),
Popova® et al 2007(p>0.05), and Ribeiro® et al 2008(p>0.05) did not detect any
statistically significant difference in micronucleus occurrence between the two times,
although the number of these structures were greater after exposure which was

similar to our study.

The MN index may reflect genomic instability. The detection of an elevated
frequency of micronuclei in a given population indicates an increased risk of cancer.
The micronucleus frequencies were not significantly different before and after X-ray
exposure in this trial which may be due to low dose of radiation although such

findings are fully in line with other authors.
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Conversely, some authors have reported higher rates of cytogenetic damage induced
by X-rays. Cerqueira® et al 2008(p<0.05), in their study found higher frequency of
micronuclei from exfoliated gingival cells after exposure (p=0.05) to panoramic
radiography. The higher micronucleus frequency in epithelial cells obtained from the
gingiva observed in their study after exposure can be explained by the direct
exposure of gingival epithelium to X-rays, since the radiation from panoramic

radiography is directly absorbed by gingival cells.

2. PREVALANCE OF KARYORRHEXIS BEFORE AND AFTER EXPOSURE
TO OPG IN SUBJECTS:

Karyorrhexis is the destructive fragmentation of the nucleus of dying cell
whereby its chromatin is distributed irregularly throughout cytoplasm. In this study
the number of karyorrhexis before exposure were 2125 (3.04%) and post exposure
were 2915 (4.16%) with a p- value of 0.001 which is statistically significant

indicative of apoptosis.

This is similar to the results obtained by Cerqueira et al 2004 (p<0.001),
Angelieri* et al 2007, Da silva et al 2007(p=0.01), Cerqueira'® et al
2008(p<0.01), Ribeiro,Angelieri®* 2008, and Ribeiro®® et al 2008(p<0.05) in a

similar study.
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3. PREVALANCE OF CONDENSED CHROMATIN BEFORE AND AFTER
EXPOSURE TO OPG IN SUBJECTS:

In this study the number of condensed chromatin found before exposure were 1650
(2.36%) and post exposure were 2915 (3.48%) with a p- value of 0.001 which is
statistically significant which indicates nuclear alterations indicative of apoptosis.
This is similar to the results obtained by Cerqueira™ et al 2004(p<0.001),
Angelieri® et al 2007, Da Silva* et al 2007 (p=0.01), Cerqueira'® et al 2008

(p<0.001), Ribeiro,Angelieri® 2008, and Ribeiro® et al 2008(p<0.05).

4. PREVALANCE OF PYKNOSIS BEFORE AND AFTER EXPOSURE TO
OPG IN SUBJECTS:

Pyknosis is the irreversible condensation of the chromatin in the nucleus of
cells undergoing programmed cell death or apoptosis and in this study the number of
pyknosis found before exposure were 429 (0.61%) and post exposure were 516
(0.74%) with a p- value of 0.001 which is statistically significant. This is similar to

the results obtained by Angelieri® et al 2007 and Ribeiro® et al 2008 (p<0.05).

Cerqueira et al 2004 (p>0.90), Cerqueira™ et al 2008 (p<0.01) did not
detect any increase in pyknosis in exfoliated cells from the oral mucosa. They stated
that pyknosis occurs preferentially in the apoptotic process relating to cell death

under normal conditions.
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5. PREVALANCE OF KARYOLYSIS BEFORE AND AFTER EXPOSURE TO
OPG IN SUBJECTS:

Karyolysis is the dissolution of the nucleus of the cell by swelling or necrosis.
It is the complete dissolution of the chromatin matter of the dying cell due to the
activity of DNA. In this study the number of karyolysis found before exposure were
37 (0.04%) and post exposure were 46 (0.07%) with a p value of 0.009 which is
statistically significant which suggests that the cell response to x-rays does induce

a mild cytotoxic effect that may lead to necrosis.

This is similar to the results obtained by Angelieri' et al 2007, Ribeiro

Angelieri® 2008 and Ribeiro® et al 2008 (p<0.05).

In a similar study, Cerqueira' et al 2004(p>0.90), Cerqueira® et al

2008(p<0.01) did not detect a greater occurrence of this alteration.

6. PREVALANCE OF BROKEN EGGS BEFORE AND AFTER EXPOSURE
TO OPG IN SUBJECTS:

Broken eggs are considered as a fragmented nucleus, the little one
corresponding to one third of the larger nucleus diameter and are connected with the
main nucleus by means of thread or stalk like structure. Broken eggs were well
described by Tolbert” et al 1991, and they have been recorded in some other studies
but few studies have discussed their relevance and meaning consequent to genotoxic

exposure.
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In this study the number of broken eggs found before exposure were 37
(0.05%) and post exposure were 46 (0.06%) with a p- value of 0.001 which is
statistically significant indicative of genotoxicity. This is similar to the results
obtained by Angelieri* et al 2007, Da silva** et al 2007(p=0.01), Ribeiro

Angelieri®* 2008.

According to Cerqueira™ et al 2008 (p<0.01) there was no statistically
significant difference between the broken egg rates before and after exposure, and

they related these structures to the normal process of epithelial differentiation.

Torres-Bugarin™ et al 2004, described significantly higher frequencies of
broken eggs in the control group than in subjects who underwent antineoplastic
chemotherapy. Similar results were described by Cerqueirall et al 2004 (p<0.005),
who observed a higher frequency of these structures in the exfoliated cells from the
oral mucosa before exposure to X-rays. However, Serrano-Garcia and Montero-
Montoya® 2001, suggested that broken eggs must be considered to be genotoxicity

biomarkers. Therefore, the real significance of broken eggs remains to be identified.

7. PREVALANCE OF NUCLEAR BUDS BEFORE AND AFTER EXPOSURE
TO OPG IN SUBJECTS:

The term nuclear buds refer to the abnormal shape of nucleus in which part of
nucleus appears to be leaking or budding out from main nucleus. In this study the
number of nuclear buds found before exposure were 170 (0.24%) and post exposure

were 193 (0.28%) with a p- value of 0.31 which is statistically not significant.
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In a similar study done on the lateral border of tongue, Da silva' et al

2007(p=0.01) found a greater number of nuclear buds after exposure to OPG.

Cerqueira et al 2004 (p<0.005), who observed a higher frequency of these
structures in the exfoliated cells from the oral mucosa before exposure to X-rays

suggesting these structures are related to normal process of tissue differentiation.

8. PREVALANCE OF NUCLEAR PROJECTIONS BEFORE AND AFTER
EXPOSURE TO OPG IN SUBJECTS:

Some authors have considered broken eggs and nuclear buds under one
definition as nuclear projections which are indicative of genotoxicity. In this study
the number of nuclear projections found before exposure were 207 (0.24%) and post
exposure were 260 (0.37%) with a p- value of 0.15 which is statistically not

significant and is not indicative of genotoxicity.

9. COMPARISON BETWEEN PRE RADIATION EXPOSURE AND POST
RADIATION EXPOSURE VALUES AMONG MALES:

On comparison between pre exposure and post exposure values among males the p
value for karryorhexis was 0.003, condensed chromatin p=0.001, pyknosis p=0.05,
karyolysis p=0.02 and broken eggs p=0.002 and these values are statistically
significant before and after exposure. The p value for micronuclei was 0.74, nuclear

buds p=0.39 and nuclear projections p=0.14 these values are statistically not

115



Discussion

significant before and after exposure. This results implies that radiation from OPG

produce certain cellular damage producing genotoxicity in males.

10. COMPARISON BETWEEN PRE RADIATION EXPOSURE AND POST
RADIATION EXPOSURE VALUES AMONG FEMALES:

On comparison between the pre exposure and post exposure values among females
the p value for karyorrhexis was 0.001, condensed chromatin p=0.001 pyknosis
p=0.01, and broken eggs p=0.006 these values are statistically significant before and
after exposure causing cytotoxicity. The p value for micronuclei was 0.33, karyolysis
p= 0.16,nuclear buds p=0.57 and nuclear projections p=0.59 these values are
statistically not significant before and after exposure.

In contrast to males, in females the process of karyolysis is insignificant but this

cannot be confirmed due to less number of sample size.

11. COMPARISON OF PRE RADIATION EXPOSURE VALUES BETWEEN
MALES AND FEMALES:

On comparison of the pre exposure values between males and females the p value for
micronuclei was 0.64, karyorrhexis p=0.51, condensed chromatin p=0.81, pyknosis
p=0.16, karyolysis p= 0.16, broken eggs p=0.58, nuclear buds p=0.71 and nuclear
projections p=0.81 these values are statistically not significant between males and
females which indicates that sex doesn’t influence the formation of nuclear

anomalies.
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12. COMPARISON OF PRE RADIATION EXPOSURE VALUES BETWEEN
MALES AND FEMALES:

On comparison of the post exposure values between males and females the p value
for micronuclei was 0.71, karyorrhexis p=0.25, condensed chromatin p=0.38,
pyknosis p=0.27, karyolysis p= 0.40, broken eggs p=0.30, nuclear buds p=0.40 and
nuclear projections p=0.40 these values are statistically not significant between males
and females which indicates that sexually there is no difference between males and
females in formation of nuclear anomalies after low dose radiation exposure.

There was also no association between gender and micronucleus induction, which is

similar to other studies by Burgaz® et al 1999, Cerqueira™ et al 2008.

According to Sobol MV, Bezrukov VF'* 2007, who studied micronuclei
(MN) frequencies among 266 participants of Ukrainian school biological Olympiads
found significantly higher MN frequencies in females than in males at the age of
sixteen. This may be due to the more number of sample size in their study.
Biomonitoring studies of populations exposed to X-rays are quite difficult and rather
specific because each population is exposed to different doses of radiation. This
could explain why some studies find an increase of genetic damage in populations
exposed to X-rays. To monitor cytotoxic effects, the frequencies of karyorrhexis,
karyolysis and pyknosis were evaluated in this experimental design. Despite the lack
of micronuclei formation, the results demonstrated that panoramic dental radiography
was able to induce cellular death and cytotoxicity as depicted by statistically

significant differences between values before and after X-ray exposure.
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Also in the post exposure period, a significant higher number of nuclear
alterations characterized by disruption of nuclear contour and chromatin shrinkage,
which may result from cytotoxicity. If true, this will be an additional factor
interfering in the micronucleus occurrence, once it is known that such frequency
generally declines as the concentrations of genotoxic chemicals reach toxic levels.

However, further studies are necessary to confirm these findings.
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The epithelial cell kinetics is especially important in the
interpretation of results obtained as a result of low dose exposure of x
rays from orthopantamograph. Chromosomal alterations leading to
nuclear anomalies occurs in dividing cells from basal layer of oral
epithelium, but is only observed later in exfoliated cells after the

differentiation.

A case control study was conducted during July 2008-April 2009
to assess the genetic damage from exfoliated cells of oral mucosa in
individuals subjected to panoramic dental radiography. The study
population consisted of normal healthy subjects who were attending the
extra oral radiology department in Ragas Dental College and Hospital,

Chennai.

The study group comprised of 35 subjects of both sexes in which,
18(51.43%) males and 17 (48.57%) females. All the subjects were

adults between the age group of 16 to 38 years of age.

For each subject, two sets of cytological smears were
prepared immediately before and 10 days after exposure to panoramic
dental radiography. The smears were stained by using Schiff’s staining

and analyses were performed in a blind fashion among 2000 cells. The
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following nuclear alterations were considered: micronucleus,

karyorrhexis, condensed chromatin, pyknosis, karyolysis, broken eggs,

nuclear buds and nuclear projections. The alterations were identified

under light microscope.

To summarize the results of the study

In the study the occurrence of micronucleus frequencies were not
altered before and after exposure with p value of 0.54 and is
statistically insignificant which states that panoramic dental
radiography does not produce chromosomal alterations.

The presence of karyorrhexis was increased after the exposure with
a p value of 0.001 which is statistically significant which is
indicative of apoptosis.

The presence of condensed chromatin was increased after the
exposure with a p value of 0.001 which is statistically significant
which is indicative of apoptosis.

The presence of pyknosis was increased after the exposure with a p
value of 0.001 which is statistically significant which is indicative
of apoptosis.

The presence of karyolysis were increased after the exposure with

a p value of 0.009 which is statistically significant suggesting that
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the cellular response to x rays produce a cytotoxic effect which
may lead to necrosis.

The presence of broken eggs was increased after the exposure with
a p value of 0.001 which is statistically significant and should be
considered as genotoxicity bio marker.

The presence of nuclear buds was increased after the exposure with
a p value of 0.31 which is statistically not significant and is
indicative of normal epithelial differentiation.

The presence of nuclear projections was increased after the
exposure with a p value of 0.15 though not statistically significant
it is indicative of mild cellular damage due to radiation.

On comparison between pre exposure and post exposure values
among males the p value for karyorrhexis was 0.003, condensed
chromatin p=0.001 pyknosis p=0.05, karyolysis p=0.02 and broken
eggs p=0.002 these values are statistically significant before and
after exposure. The p value for micronuclei was 0.74, nuclear buds
p=0.39 and nuclear projections p=0.14, these values are
statistically not significant before and after exposure.

On comparison between the pre exposure and post exposure values
among females the p value for karyorrhexis was 0.001,condensed
chromatin p=0.001 pyknosis p=0.01, and broken eggs p=0.006

these values are statistically significant before and after exposure.
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The p value for micronuclei was 0.74, karyolysis p= 0.16,nuclear
buds p=0.39 and nuclear projections p=0.14 these values are
statistically not significant before and after exposure.

e On comparison of the pre exposure values between males and
females the p value for micronuclei was 0.64, karyorrhexis p=0.51,
condensed chromatin p=0.81, pyknosis p=0.16, karyolysis p= 0.16,
broken eggs p=0.58, nuclear buds p=0.71 and nuclear projections
p=0.81 these values are statistically not significant between males
and females which indicates that sex doesn’t influence the
formation of nuclear anomalies.

e On comparison of the post exposure values between males and
females the p value for micronuclei was 0.71, karyorrhexis p=0.25,
condensed chromatin p=0.38, pyknosis p=0.27, karyolysis p= 0.40,
broken eggs p=0.30, nuclear buds p=0.40 and nuclear projections
p=0.40 these values are statistically not significant between males
and females which indicates that sexually there is no difference

between males and females in formation of nuclear anomalies..

The present study analyzed the epithelial cells from oral
mucosa because this anatomical location is centrally located when the
source of radiation moves around the head of patient in the

radiographic technique we adopted. Panoramic radiographs are
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frequently requested by dentists and incorrect positioning of the

patient may require the procedure to be repeated.

In human cytogenetic studies, it is important to consider some
confounding factors. Viruses, alterations in the immune system, failures
in DNA repair system and individual variations have already been
associated with increased frequencies of chromosome aberrations.
Moreover, the influence of tobacco smoke has usually been considered
as a relevant confounding factor. Thus, all adults recruited to

participate in this study were non-smokers.

Due to the cost factors in depth investigations like any DNA
analysis, FISH analysis, nuclear alterations in lymphocytes was not

assessed.

According to the results from this investigation, exposure to X-
rays during panoramic radiography induces genotoxic effects in oral
mucosal buccal epithelial cells that increase chromosomal damage and
induce apoptosis. Thus panoramic dental radiography should be
requested only when necessary because it cannot be considered a risk-
free procedure. It is also recommended that the expanded protocol for

the micronucleus test suggested by Tolbert’! et al 1991 should be
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Summary and Conclusion

adopted, including not only micronuclei but also other types of nuclear

abnormalities that are in themselves cell damage markers.

The frequencies of nuclear alterations indicative of apoptosis
(karyorrhexis and condensed chromatin) were significantly higher after
the exposure in contrast to micronuclei results. Apoptosis is a
fundamental biological process, which is genetically controlled and
required for normal development and tissue homeostasis. The results
from the study showed that panoramic dental radiography induced the
apoptotic response, which probably interfered with the micronucleus

induction.

In some cases the cells with nuclear anomalies were greater
before x-rays suggesting that they may be associated with normal

process of cell differentiation.

Taken as a whole, such results support the notion that X-rays are
a cytotoxic agent. It is important to stress that cytotoxicity interferes
with micronucleus induction since some MN are inevitably lost after
cytotoxic insult, therefore confirming the lack of mutagenic effect

induced by X-rays.

124



Summary and Conclusion

Nevertheless, it has been postulated that repeated exposure to
cytotoxicants can result in chronic cell injury, compensatory cell

proliferation, hyperplasia and, ultimately, tumor development.

In fact, a correlation between cell proliferation and induction of
cancer is assumed. Proliferation probably increases the risk of
mutations within target cells, and may also be important in selective
clonal expansion of (exogenously or endogenously) initiated cells from
preneoplastic foci and eventually tumors. Our results demonstrated that
the micronucleus frequency did not increase following exposure to

ionizing radiation.

In conclusion, the results of the present study indicate that high
levels of genotoxicity and cytotoxicity in exposed tissues, expressed
respectively by increased apoptotic or necrotic responses may be a
factor in the low micronucleus frequencies observed after x- ray
exposure suggesting that X-rays can induce cytotoxic effects in oral
mucosal cells. The risks associated with dental radiographs are small

but should not be overlooked.
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Summary and Conclusion

Since cellular death is considered to be a prime mechanism in
non-genotoxic mechanisms of carcinogenesis, dental X-rays should be
used only when necessary. More frequent, both as substitute for and as
a complement to intra oral radiographs, their indication should always
follow the concept of maximum benefit with minimum risk. Panoramic
radiography should be carefully performed in order to avoid to retakes

and increase in radiation doses.
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RAGAS DENTAL COLLEGE & HOSPITAL

2/102, East Coast Road, Uthandi, Chennai - 600119

DEPARTMENT OF ORAL MEDICINE & RADIOLOGY

Case Sheet Performa

Serial no: O.P No:
Name
Age
Sex
Address :
Occupation :
i. Unemployed
ii. Employed
iii. Business
iv. Student
Income :

< Rs. 1000 /-month

ii. > Rs.1000-5000 /-month

> Rs. 5000 /-month
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Date:



Annexure

7. Religion

8. Chief complaint:

9. History of presenting illness:

10. Past medical history:
a. Presence of any systemic disease

(i)Yes

(ii)No

If yes specify

b. History of medication
(i)Yes
(ii)No
If yes specify

11. Past surgical history:

12. Personal history:
a. Food habits -
b. Brushing habits -

c. Use of oral mouth rinses-

13. Previous exposure to X-rays:
(i)Yes
(ii)No
If yes specify
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14. Indication for OPG exposure :

15. Investigation:

Cytological analysis (pre-exposure)
[Scraping taken from right & left buccal mucosa before OPG radiograph]
i.  Micronuclei (%)
ii.  Apoptosis (%)
ii.  Pycnosis (%)
iv.  Broken eggs (%)
V.  Nuclear bud (%)

Cytological analysis (post-exposure)
[Scraping taken from right & left buccal mucosa after OPG radiograph]
i.  Micronuclei (%)
ii.  Apoptosis (%)
iii.  Pyknosis (%)
iv.  Broken eggs (%)
V.  Nuclear bud (%)
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CONSENT LETTER

I the undersigned hereby give my consent for

the performance of diagnostic test on myself for ‘Genetic damage in exfoliated cells
from oral mucosa of individuals exposed to x-rays after panoramic radiograph’
being conducted by Dr. M.Ramalakshmi under guidance of Dr.Capt.
S.Elangovan MDS, Professor, Department of ORAL MEDICINE AND
RADIOLOGY, RAGAS DENTAL COLLEGE & HOSPITAL. | have been
informed and explained the status of my disorder, investigation procedure, risk
involved and likelihood of success. | also understand and accept this as a part of study
protocol, there by voluntarily, unconditionally, freely give my consent without any

fear or pressure in mentally sound and conscious state to participate in the study.

Witness/Representative Patient signature

(If any) Date

6LIL| 560 Liig6LD

.................................. QS BTET gk, woToaegll,  ojeuiseTe, wmSsaT Gali st
@erEiGameuerr, Guurdlflui aimi wESgHD (0) SsHT ofFs gmm TreTEd WEHSS
wemeT, Ssuitsaflar Guhurimeuilsd FLSsILED Lsd LGsTTTLT EEEWsHlT UL sHbeE
2 LUBRSSUILHIGUT (5SS DGaT em(Bsdflarmsd ghuGih. wrfluead wrhnmssmer amuSsr
2 Lumsdled  @pg a@ssl L o Hits omnssald @ohs  oer@u@Es)
aiflugmasrer  uflGargsmarenw  undl ol QamemtGeot. 6ot eumuilsd
GupGlerateriu®id LAGsTSmetr seameTLh, o|GHETTe MU S 1ol LGS alemeT ey,
2Mibg ClemerGLer. mrer shsalls el Lmugth @erhl seimflsmewns i e s ath
&w Hleara)smith @ks opuelsd Lk QsTeaTer spliLgs o aflsSGne.

GCadl :

@b : smaGwmiLn
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MASTER CHART

Pre Exposure

Pt Condensed Broken | Nuclear Nuclear
no | Age | Sex Micronuclei | Karyorrhexis | chromatin Pyknosis Karyolysis | eggs buds projections
1 21 female 1 18 8 26 4 1 0 8
2| 28 |male 2 36 12 48 12 2 2 12
3| 26 |male 0 19 14 33 10 0 3 14
41 30 |male 0 25 22 47 8 1 1 22
5| 37 | male 1 34 28 62 7 1 0 28
6| 18 |female 3 40 22 62 10 2 2 22
7| 17 | female 0 28 19 47 12 0 1 19
8| 29 |male 1 70 40 110 13 1 2 40
9| 17 | male 1 58 42 100 25 1 1 42
10| 20 | female 0 123 80 203 40 1 0 80
11| 28 | male 1 15 10 25 7 1 0 10
12| 33 | male 2 97 78 175 13 2 1 78
13| 22 | female 0 86 74 160 11 1 1 74
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14 29 female 48 37 85 28 37
15 19 male 68 52 120 11 52
16 32 female 38 35 73 13 35
17 21 male 47 39 85 18 39
18 23 female 18 12 90 8 12
19 26 male 52 48 100 9 48
20 19 male 151 101 252 8 101
21 24 female 71 66 137 14 66
22 30 male 63 60 123 10 60
23 31 male 98 42 140 8 42
24 27 female 48 36 84 11 36
25 18 female 89 77 166 9 77
26 19 male 76 63 139 7 63
27 17 female 54 42 96 9 42
28 29 male 85 68 153 6 68
29 27 male 90 83 173 9 83
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30| 25 |male 1 69 57 126 11 0 0 57
31| 19 |female 2 79 75 154 13 1 2 75
32| 17 |female 1 38 29 67 11 1 1 29
33| 22 |female 2 59 55 114 9 1 2 55
34| 25 |female 1 63 59 122 20 2 1 59
35| 34 |female 1 72 65 137 15 1 0 65
Post Exposure
Pt Condensed Broken | Nuclear Nuclear
no | Age | Sex Micronuclei | Karyorrhexis | chromatin Pyknosis Karyolysis | eggs buds projections
1| 21 |female 1 38 18 8 1 1 1 2
2| 28 |male 0 31 17 9 0 1 6 7
3| 26 |male 0 29 17 5 0 3 6 9
4] 30 |[male 0 30 30 11 2 1 5 6
5| 37 | male 1 50 30 6 1 1 4 5
6 18 female 4 49 33 12 1 2 6 8
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7 17 female 38 27 13 10

8 29 male 90 79 15 10

9 17 male 68 59 25 8
10 20 female 142 97 52 5
11 28 male 66 40 10 2
12 33 male 138 112 15 2
13 22 female 136 125 15 2
14 29 female 75 68 24 2
15 19 male 52 48 29 10
16 32 female 47 44 17 8
17 21 male 63 47 26 11
18 23 female 29 17 13 7
19 26 male 163 152 7 5
20 19 male 249 182 16 12
21 24 female 101 98 17 9
22 30 male 120 118 15 11
23 31 male 147 97 11 9
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24 27 female 57 49 15 3
25 18 female 97 89 11 10
26 19 male 87 85 9 3
27 17 female 63 59 12 11
28 29 male 90 75 8 6
29 27 male 105 97 7 6
30 25 male 83 71 13 8
31 19 female 84 81 15 11
32 17 female 45 43 11 4
33 22 female 68 65 7 8
34 25 female 96 88 18 7
35 34 female 89 78 19 4

150




Bibliography

. 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 Jun;

37(6):561-5.

. Arneson AN, Stewart FW. Clinical and histologic changes
produced in carcinoma of cervix by different amounts of Roentgen

radiation. A comparison. Arch Surg 1935; 31:542-67.

. Bhattathiri V.N, L. Bindu, P.Remani, B.Chandralekha,
K.M.Nair. Radiation induced immediate nuclear abnormalities in
oral cancer cells: serial cytologic evaluation, Acta Cytol. 42,

1998;1084-1090.

. Bhattathiri V.N. Amniotic cell divison and tumor growth: an
alternative model for cell kinetic compartments in solid tumors Oral

oncol.37,2001; 288-295.

Bibbo .Comprehensive cytopathology. Second edition 1997.

. Bijoy Kurnar Das, Mallik NC. The diagnostic perspectives of oral

exfoliative cytology- an over view. JIDA 2000; 71: 7-9.

127



Bibliography

7.

10.

11.

Bindu.L, Balaram P, A.Mathew, P.Remani, B.Chandralekha,
K.M.Nair. Radiation induced cnanges in oral carcinoma cells- a

multiparametric evaluation. Cytopathology 14, 2003; 287-293.

. Blogis CG. The value of exfoliative cytology in the diagnosis of

oral cancer. Int Dent J 1972 ;22: 481-488.

Burgaz S, Karahalil B, Bayrak P, Taskin L, Yavuzaslan
F,Bokesoy 1. Urinary cyclophosphamide excretion and micronuclei
frequencies in peripheral lymphocytes and in exfoliated buccal
epithelial cells of nurses handling antineoplastics.Mutat Res 1999;

439: 97-104.

Calabrese EJ, Baldwin LA. Toxicology rethinks its central belief.

Nature 2003:421:691-2.

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 Aug 8;562(1-2):111-7.

128



Bibliography

12.Cerqueira EMM, JRC Meireles, MA Lopes, VC Junqueira, IS
Gomes-Filho, S Trindade and GM Machado-Santelli. Genotoxic
effects of X-rays on Kkeratinized mucosa cells during panoramic
dental radiography. Dentomaxillofacial Radiology, 2008 37, 398-

403.

13.Cho LC, Glatstein E. Radiation injury. In: Fauci AS, Braunwald E,
Isselbacher KJ. Harrison's principles of internal medicine, 14th ed.

New York: McGraw Hill, 1998;2259-2504.

14. Da Silva AE, Rados PV, da Silva Lauxen I, Gedoz L, Villarinho
EA, Fontanella V. Nuclear changes in tongue epithelial cells
following panoramic radiography Mutat Res. 2007 Aug 15;632(1-

2):121-5.

15.de Almida.T.M, Leitao R.C, J.D.Andrade, W.Becak,
F.J.Carrilho, S.Sonohara. Detection of micronuclei formation and
nuclear anomalies in regenerative nodules of human cirrhotic livers
and relation to hepatocellular carcinoma, Cancer Genet

Cytogenet.150, 2004; 16-21.

16. Dendy PP, Brugmans MJP. Low dose radiation risks. Br J Radiol

2003;76:674-7.8.

129



Bibliography

17.Dental Practice Board. Guidelines for panoral radiography.

Eastbourne: Dental Practice Board of England den Wales; 1983.

18. Dental Practice Board. Personal Communication. Dental Data
Services, Dental Practice Board for England and Wales. 1999. NCRP

(National Council of Radiation Protection and Measurements).

19.D6rr W, Kummermehr J. Proliferation kinetics of mouse tongue
epithelium under normal conditions and following single dose
irradiation. Virchows Arch B Cell Pathol Incl Mol Pathol.

1991:60(5):287-94,

20. Dula K, Mini R, van der Stelt PF, Buser D. The radiographic
assessment of implant patients: decision-making criteria. Int J Oral

Maxillofac Implant 2001;16:80-9.

21.European Commission. Guidance on diagnostic reference levels for

medical exposures. Radiation Protection 109,1999.

22. Evans HJ, Neary GJ, Williamsons ES. The relative biological
effectiveness of fast neutrons and gamma rays on vicia faba roots
and the effects of oxygen. Part 2. Chromosome damage: The

production of micronuclei. Int J Radiat Biol 1959;3: 216-29.

130



Bibliography

23

24.

25.

26.

27.

.Feinendegen L.E, MD .Evidence for beneficial low level radiation

effects and radiation hormesis. The British Journal of Radiology, 78

2005, 3-7.

Feinendegen LE, Bond VP, Sondhaus CA. The dual response to
low-dose irradiation: Induction vs. prevention of DNA damage. In:
Yamada T, Mothersill C, Michael BD, Potten C,editors. Biological
Effects of Low Dose Radiation. ExcerptaMedica. International
Congress Serie 1211. Amsterdam, London, New York, USA:

Elsevier, 2000:3-17.

Feinendegen LE, Loken MK, Booz J, Muehlensiepen H,Sondhaus
CA, Bond VP. Cellular Mechanisms of protection and repair
induced by radiation exposure and their consequences for cell

system responses. Stem Cells 1995;13 (Suppl. 1):7-20.

Feinendegen LE. Relative implications of protective responses
versus damage induction at low-dose and low-dose rate exposures,

using the microdose approach. Radiat Prot Dosim 2003;104:337-46.

Feinendegen.L.E, V.P. Bond , J. Booz ,H. Mihlensiepen.
Biochemical and Cellular Mechanisms of Low-dose Effects.
International Journal of Radiation Biology, Volume 53, Issue 1

January 1988 , pages 23 - 37.

131



Bibliography

28.

29.

30.

31.

32.

Fenech M, Holland N, Chang WP, Zeiger E, Bonassi S. The human
micronucleus project: an international collaborative study on the use
f the micronucleus technique for measuring DNA damage in humans.

Mutat Res 1999; 428: 271-283.

Francesca Ballarini, Marco Biaggi, Andrea Ottolenghi and
Orazio Sapora Cellular communication and bystander effects: a
critical review for modelling low-dose radiation action. Mutation
Research/Fundamental and Molecular Mechanisms of Mutagenesis

Volume 501, Issues 1-2, 25 April 2002, Pages 1-12.

Fuhrmann A, D. Schulze , U. Rother , M. Vesper. Digital
Transversal Slice Imaging in Dental-maxillofacial Radiology: From
Pantomography to Digital Volume Tomography. International

Journal of Computerized Dentistry 2/2003, S. 129.

Gibbs SJ. Biological effects of radiation from dental radiography.
Council on Dental Materials, Instruments, and Equipment. J Am

Dent Assoc. 1982 Aug;105(2):275-81.

Gijbels F, Jacobs R, Snaderink G, de smet E, Nowak B, van Dam
J. A comparison of the effective dose from scanography with

periapical radiography. Dentomaxillofac Radiol 2002;31:159-63.

132



Bibliography

33.

34.

35.

36.

37.

38.

39.

40.

Goldstein A. Exposure and dose in panoramic radiology. Med Phys

1998; 25:1033-40.

Goldstein A. Panoramic radiology quality assessment. Med Phys

1998; 25:1028-32.

Gonzélez L, Vaind E, Ferndndez R. Reference doses in dental

radiodiagnostic facilities.Br J Radiol. 2001 Feb;74(878):153-6.

Goodhead. D. T. Initial Events in the Cellular Effects of lonizing
Radiations: Clustered Damage in DNA. International Journal of

Radiation Biology, Volume 65, Issue 1 January 1994 , pages 7 - 17 .

Grover SB, J Kumar. A review of the current concepts of radiation
measurement and its biological effects.Indian Journal of Radiation

and Imaging. 2002 : Volume : 12 Issue : 1 Page : 21-32.

Hall EJ. Radiobiology for the Radiologist (5th edn), Philadelphia,

Baltimore, New York, USA: Lippincott Williams & Wilkins, 2000.

Helper JT, Sharp GS.Exfoliative cytology for the detection of
abnormal oral mucous membrane.Oral Surg Oral Med Oral Path

1964; 17: 175-177.

Hirschmann PN. The current status of panoramic radiography. : Int

Dent J. 1987 Mar;37(1):31-7.

133



Bibliography

41

42.

43.

44.

45.

46.

.Hussain G Ahmed and Dalia Al Elemirri. Assessment of oral

cytological changes associated with exposure to chemotherapy

and/or radiotherapy. Cytojournal. 2009; 6: 8.

ICRU (International Commission on Radiation Units and
Measurements). Microdosimetry, ICRU-Report 36, Bethesda,MD,

USA, 1983.

ICRU (International Commission on Radiation Units and
Measurements). Absorbed-Dose Specification in Nuclear Medicine,

ICRU-Report 67, Bethesda, MD, USA, 2002.

Jagetia GC, Jayakrishnan A, Fernandes D, Vidyasagar MS
Evaluation of micronuclei frequency in the cultured peripheral blood
lymphocytes of cancer patients before and after radiation treatment.

Mutat Res. 2001 Apr 5;491(1-2):9-16.

Jodar S, Alcaraz M, Martinez Y, Perez L, Velasco E, Loépez
M.Manejo de las radiaciones ionizantes en instalaciones dentales
espafiolas: intraorales y panoramicos. Avances en

Odontoestomatologia 2005;21: 361-70.

Jones P, Reychler H, Engels H, Wambersie A.Radiologic exposure
of the dental patient: comparison of the doses delivered by different

techniques.Rev Belge Med Dent. 2007;62(1):4-24. French.

134



Bibliography

47.

48.

49.

50.

51.

Kahrahalil B, Karakaya A, Burgaz S. The micronucleus assay in
exfoliated buccal cells: application to occupational exposure to

polycyclic hydrocarbons. Mutat Res 1999; 442: 29-35.

Little JB. Radiation sensitive tissue: cell volume, bystander effects
and genomic instability. In: Fliedner TM, Feinendegen LE, Hopewell
JW, editors. Chronic Irradiation: Tolerance and Failure in Complex

Biological Systems. Br J Radiol 2002;Suppl 26:15-18.

Liu, Cao, Q Wang, S Bai, M Lu”, L Huang, Z Zhao, Li, J
Li, S Tang, H Fu And Y Fan, Dose estimation by chromosome
aberration analysis and micronucleus assays in victims accidentally
exposed to 60Co radiation. The British Journal of Radiology doi:

10.1259/bjr/62484075.2009

Longstreth WT Jr, Phillips LE, Drangsholt M, Koepsell TD,
Custer BS, Gehrels JA, van Belle G. Dental X-rays and the risk of
intracranial meningioma: a population-based case-control study.

Cancer. 2004 Mar 1;100(5):1026-34.

Majer BJ, Laky B, Knasmiuller S, Kassie F Use of the
micronucleus assay with exfoliated epithelial cells as a biomarker
for monitoring individuals at elevated risk of genetic damage and in

chemoprevention trials. Mutat Res. 2001 Dec;489(2-3):147-72.

135



Bibliography

52.Malek. K.W, L. Pentel, S.J. Piliero and H. Wishe. The Effects of
X-irradiation on Mouse Palatal Epithelial Chromosomes. J DENT

RES 1980; 59; 638

53. Martinez-Beneyto Y, Alcaraz M, Perez L, Jodar S, Saura AM.
Radiation protection and quality assurance in dental radiology: I.
Intraoral Raiography. In: International Atomic energy Agency,
editors. Internacional conference of radiological protection of
patients in diagnostic and interventional raddiology, nuclear

medicine and radiotheraphy. Méalaga; 2001. p. 110-3.

54.Molander B.Panoramic radiography in dental diagnostics.Swed Dent

J Suppl. 1996;119:1-26. Review.

55.Nersesyan.A.K. Letter to the editor. Mutation research.

588.2005;64-68

56.0gden G.R, J G Cowpe and M W Green. Effect of radiotherapy on
oral mucosa assessed by quantitative exfoliative cytology. Journal of

Clinical Pathology 1989;42:940-943.

57.0gden GR, Cowpe JG, Green M. Cytobrush and wooden spatula for
oral exfoliative cytology. A comparison. Acta Cytol. 1992 Sep-

Oct;36(5):706-10.

136



Bibliography

58

59.

60.

61.

62.

63.

.Ogden GR, Cowpe JG, Green M. Detection of field change in oral

cancer using oral exfoliative cytological study.cancer 1991;

68:1611-1615.

Pollycove M, Feinendegen LE. Radiation-induced versus
endogenous DNA damage: possible effect of inducible protective
responses in mitigating endogenous damage.Human Exper Toxicol

2003;22:290-306.

Popova L, Kishkilova D, Hadjidekova VB, Hristova RP,
Atanasova P, Hadjidekova VV, Ziya D, Hadjidekov VG.
Micronucleus test in buccal epithelium cells from patients subjected
to panoramic radiography. 1: Dentomaxillofac Radiol. 2007

Mar;36(3):168-71.

Quality Assurance for Diagnostic Imaging Equipment. Report N° 99

(Bethesda, MD: NCRP); 1998.

Ramirez A,Saldanha P.H. Micronucleus investigation of alcoholic

patients with oral carcinomas. Genet.mol.Res.1, 2002; 246-260.

Ribeiro A, G de Oliveira, GM de Castrol and F Angelieri.
Cytogenetic biomonitoring in patients exposed to dental X-
rays:comparison between adults and children. Dentomaxillofacial

Radiology, 2008; 37, 404-407.

137



Bibliography

64.Ribeiro DA, Angelieri F. Cytogenetic biomonitoring of oral mucosa
cells from adults exposed to dental X-rays. Radiat Med. 2008

Jul;26(6):325-30.

65. Riley P. A. Free Radicals in Biology: Oxidative Stress and the
Effects of lonizing Radiation International Journal of Radiation

Biology, Volume 65, Issue 1 January 1994 , pages 27 - 33.

66.Rimpu Kumari, Arun Chaugule, PK Goyal. Karyoanomalic
frequency during radiation therapy.Journal of Cancer Research and

Therapeutics. 2005 .volume 1 Issue : 3 Page : 187-190.

67.Sanforth RA, Clark DE. Effective dose from radiation absorbed
during a panoramic examination with a new generation machine.

Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2000;89:236-43.

68. Serrano-Garcia L, Montero-Montoya R. Micronuclei and
chromatid buds are the result of related genotoxic events. Environ

Mol Mutagen 2001; 38: 38-45.

69.Sinclair WK. Radiation protection recommendations on dose limits:
the role of the NCRP and the ICRP and future developments. Int J

Radiation Oncology Biol Phys 1995;31(2):387-392.

70.Sivapathasundharam B, M Kalasagar. Yet another article on

exfoliative cytology. JOMFP.2004: 8 (2 ): 54-57.

138



Bibliography

71. Sobol' MV, Bezrukov VF. The micronuclei frequencies in the
buccal cell epithelium of young people of different age and gender

in Ukraine. Tsitol Genet. 2007 Jul-Aug; 41(4):56-8.

72.Stich H.F, Rosin M.P. Micronuclei in exfoliated cells as a tool for
studies in cancer risk and cancer intervention, Cancer Lett.22, 1984;

241-253.

73.Tolbert PE, Shy CM, Allen JW. Micronuclei and other nuclear
anomalies in buccal smears: a field test in snuff users. Am J

Epidemiol 1991; 134: 840-850.

74.Tolbert PE, Shy CM, Allen JW. Micronuclei and other nuclear
anomalies in buccal smears: methods development. Mutat Res 1992;

271: 69-77.

75.Torres-Bugarin O, Ventura-Aguilar A, Zamora-Perez A, Gomez-
Medab BC, Ramos-lbarra ML, Morgan-Villella G. Evaluation of
cisplatin + 5-FU, carboplatin +5FU, and ifosfamide +epirubicine
regiments using the micronuclei test and nuclear abnormalities in

the buccal mucosa. Mutat Res 2004 Dec 31;565(1):91-101.

76.Travis E. Bioeffects of Radiation. In: Seeram E. ed. Radiation

protection, Philadelphia, New York : Lippincott, 1997; 73-81.

139



Bibliography

77. U.S. Department of Health and Human Services. The selection of
patients for x-ray examination: Dental radiographic examinations.

HHS Publication (FDA) 1987;88:8273.

78. Umiker W, Lampe |, Rapp R, Latourette H, Bobaltt D.
Irradiation effects on malignant cells in smears from oral cancers:

Prelimnary report. Cancer 1959;12:4-619.

79. Umiker WO. Grading of squamous cell carcinoma by cytologic

smears: Prelimnary report. Univ. Michigan M. Bull 1957; 23:353-5.

80.Underhill TE, Kimura K, Chilvarquer I, McDavid WD, Langlais
RP, Preece JW, Barnwell G Radiobiologic risk estimation from
dental radiology. Part Il. Cancer incidence and fatality. Oral Surg

Oral Med Oral Pathol. 1988 Aug;66(2):261-7.

81. Unscear. Sources and Effects of lonizing Radiation, Annex B,
Adaptive Responses to Radiation in Cells and Organisms. New York,

USA: United Nations, 1994.

82.Velders XL, van Aken J. Dose distribution in tissues. Ned Tijdschr

Tandheelkd. 1993 Jun;100(6):272-4

83.Wall B. F, and G. M. Kendall, Collective doses and risks from
dental radiology. The British Journal of Radiology, 2003 56, 511-

516.

140



Bibliography

84.Whaites E. Essentials of Dental Radiography and Radiology.

Churchill Livingstone, London 2005.

85.White, Pharoah. Oral radiology. Principles and Interpretation. Fifth

Edition.2006; 25-46.

86.Yolanda Martinez Beneyto, Miguel Alcaraz Bafos, Leonor Pérez
Lajarin, Vivian. Rushton. Clinical justification of dental radiology
in adult patients: A review of the literature. Med Oral Patol Oral Cir

Bucal 2007; 12:E 244-51.

141



	1.pdf
	2.pdf
	3.pdf
	4.pdf
	5.pdf
	6.pdf
	7.pdf
	8.pdf
	9.pdf
	9a.pdf
	9b.pdf
	9c.pdf
	9d.pdf
	9e.pdf

