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ABSTRACT

Dental radiography is an essential diagnostic tool in endodontics and one of
the indispensable indicators of success. However, the potentially harmful
effects of radiation cannot be overlooked. The aim of this survey was to
assess knowledge, attitude and practice of radiation hazards and exposure
protection techniques of dentists in Pakistan. A cross-sectional study was
conducted using an online survey questionnaire. The questionnaire was
distributed among all regions of Pakistan through social media and
WhatsApp after carrying out the reliability analysis. Statistical analysis
was performed using SPSS 20.0. Question wise analysis using frequencies
and percentages was done. Association between the level of awareness with
qualification and workplace setting was carried out using chi-square test
and logistic regression analysis. The minimum required sample size
calculated for this study was 335. A total of 341 dentists [performing
endodontic treatment] participated and submitted the form from all
regions of Pakistan. 65% of the dentists were aware with the ALARA
principle. 40% were aware with the ICRP and NCRP guidelines. Only 27%
were using lead apron and 71.8% had never used thyroid collar on the
patient. Furthermore, a positive correlation was seen between the
designation and awareness level and practice [p=0.01]. Similarly, a
significant correlation p=0.01 was seen between awareness level/practice
and workplace setting. The results of the present study can help design
continual education programs at regular intervals at institutional and
national level for strict observance of radiation protection guidelines with
more emphasis on general practitioners and government hospitals.
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I. INTRODUCTION

X-rays have been a very important diagnostic method in
modern dentistry, ever since their discovery by Wilhelm
Conrad Roentgen in 1895 [1]. The ability of the ionizing
radiation to penetrate the soft tissue and reflecting an image
which cannot be seen on a sensor by naked human eye gives
it great importance in multiple branches of dentistry. The
usage of radiographs varies from diagnosing minor carious
lesions to periapical lesions of odontogenic and non-
odontogenic origin [2] and for evaluation of cases for a better
treatment planning [3]. Ionizing radiation, nevertheless,
could be biologically damaging to the living tissues [4]. It can
cause side effects by directly damaging the DNA of the living
cell or indirectly by formation of free radicals. These unstable
and reactive molecules tend to stabilize by rebinding and
results in the formation of new toxic substances like hydrogen
peroxide [H20:z], which can cause cellular alterations [5].

The effects of X-ray radiation on humans are due to
interactions at atomic levels [6]. These biological effects can
be classified into two categories: deterministic and stochastic
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effects [7]. In deterministic effects, the severity of the
response is proportional to the dose. There is a dose threshold
above which damaging insult starts to appear and below
which response is not seen [8]. By contrast, stochastic effects
can occur even at low dose of radiation and leads to sublethal
DNA damage [9]. This puts the patient and the operating
personnel in a high-risk zone for the stochastic effects [7].
Ionizing radiations can have long term effects on different
systems of the body. Such effects might appear as somatic
effects or as genetic effects in the next generation [10]. There
is definitely no threshold level of radiation exposure for the
development of cancer or genetic effects to occur. The
probability of developing cancer or genetic effects doubles
with doubling the radiation dose [11].

It is generally believed that the risk of radiation associated
with dental radiography, especially intraoral radiography, is
not significantly greater than other everyday risks in life [11].
However, the degree of effect following the diagnostic level
of x-ray radiations is something that is not known for certain
[12]. In endodontics, multiple radiographic images are
required during the treatment to achieve ideal results [2]
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which can lead to cell injury, hyperplasia and ultimately
development of tumor due to cumulative effect of radiation
dose [4]. Therefore, the radiation exposure and dosage
received by the patient coming for an endodontic treatment is
significantly more, which in turn means there is a greater risk
for the patient along with the healthcare provider if proper
precautions are not taken [2].

Restriction guidelines on the amount of radiation exposure
to both the dentist and the patients has been introduced by
National Council on Radiation Protection & Measurements
[NCRP] and the International Commission on Radiological
Protection [ICRP] since 1977 [3]. This risk/benefit concept
recommends that all radiation exposure must be justified and
kept as low as possible. It is therefore mandatory to follow
the ALARA principle “as low as reasonably achievable”
during our routine clinical work [9]. The dentists should take
every possible measure to lower or eliminate unnecessary
radiation exposure towards their patients and staff. Newer
technologies such as digital radiography have been
introduced which is rapidly growing and coming into
practice. Digital radiography has distinct environmental
advantages and most importantly it lowers the radiation
exposure [13], [14]. In addition, serious efforts should be
made to use thyroid collar, lead apron, high speed films and
proper angulation while taking radiographs in order to reduce
the risk of radiation exposure towards the patients [3].

There are high concerns about the radiation protection
knowledge and practice of dental practitioners especially due
to repeated examinations and the variety of radiographs
during the procedures which leads to high cumulative
radiation doses [3]. Therefore, the aim of this study was to
evaluate the knowledge, attitude and practice of radiation
hazards and exposure protection techniques by dentists
performing endodontic treatment in Pakistan.

II. MATERIALS AND METHODS

A cross sectional survey was conducted using an online
survey questionnaire from 5th to 26th August 2021. The
minimum required sample size calculated for this study was
335 with 95% confidence interval and 5% margin of error.
Ethical approval was obtained from Institute’s Research &
Ethics Committee.

The questionnaire was designed on Google Forms and
reliability analysis was undertaken by carrying out a pilot
survey initially. The intra-class correlation showed a strong
relation of 0.81. All the central locations of Pakistani dentists
were identified on social media and WhatsApp groups in
order to achieve maximum possible outreach in all the regions
of Pakistan. The questionnaire was posted on all identified
forums.

A structured questionnaire was prepared to assess the
knowledge and practice of radiation hazards and exposure
protection techniques by dentists performing endodontic
treatment in Pakistan. The questionnaire was in the form of
multiple-choice questions and was divided into three
sections: socio-demographic data [gender, age, workplace
setting and years of clinical experience], assessment of
awareness, knowledge and practice of dentists towards dental
radiography. The questions were adapted from the
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questionnaire used in study conducted by [2] among dentists
in Saudi Arabia.

Data analysis was carried out using Statistical Package for
the Social Sciences version 20.0 [SPSS 20.0]. Frequencies
and percentages were calculated for qualitative variables.
Question wise analysis in terms of percentages for each
response was done. Chi square test was applied on each
question for individual analysis. Association of awareness
level and practice with qualification and workplace setting
was evaluated using Pearson correlation and Kruskal Wallis
H test respectively.

III. RESULTS

A total of 341 dentists participated and submitted the
questionnaire from all regions of Pakistan. The questionnaire
comprised of 24 questions in three sections. All questions
were mandatory.

Table I shows the demographic information of the
participants. Out of 341 participants, 48.1% were male and
51.9% were females. 38.7% were general practitioners,
27.6% were endodontic post-graduate students and 33.7%
were consultants.

Table II shows practitioners’ awareness and knowledge
according to their education level. Endodontic consultants
and post-graduate students showed better knowledge in most
of the questions compared to the general practitioners
performing endodontic treatment. Only 54% of the general
practitioners were aware with the ALARA principle as
compared to 70% of the consultants and 75% of post-graduate
students. Regarding the knowledge of high-speed films, only
55% of the general practitioners were aware of the
importance as compared to the 74% of the
consultants/specialists. 75% of the consultants considered
rectangular collimation to be better in reducing radiation
exposure as compared to 44% of the general practitioners
who thought round collimation is better.

Dentists working in private hospitals had better awareness
towards radiation protection as compared to those working in
clinics and government setup as shown in Table III.

TABLE I: SOCIO-DEMOGRAPHIC DATA

%

Male 48.1
Gender Female 51.9
24 -30 39.6
31-35 24.9
Age 36 - 40 20.8
41 -45 8.2
> 45 6.5
General practitioner performing endodontic 387
treatment ’
Qualification Operative dentistry and endodontic post 276
graduate student
Operative dentistry and endodontic 337
consultant/specialist )
1-5 years 39.9
Zﬁirlsc;f 6-10 years 328
expetience 11-15 years 14.7
More than 15 years 12.6
Government 26.1
Workplace Private hospital 36.4
Clinic 37.5
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TABLE II: PRACTITIONERS” AWARENESS AND KNOWLEDGE TOWARDS RADIATION PROTECTION ACCORDING TO THEIR
EDUCATIONAL LEVEL

Education Level

General practitioner

Operative dentistry Operative dentistry

. . and endodontic and endodontic
performing endodontic o P -value
treatment [%] post graduate consultant/specialist
student [%] [%]
Are you familiar with the ALARA Yes 54.5 75.5 70.4 0.000°
principle? No 45.5 24.5 29.6 )
Are you familiar with the Yes 25.8 42.6 53.9
recommendati(l)(r;;(f)ithe NCRP and No 74 574 46.1 0.000°
Does dissital radi " - Yes 68.2 79.8 83.5
oes digital radiography require less No 53 6.4 59 0.023%
exposure than conventional?
I don’t know 26.5 13.8 11.3
Yes 55.0 64.9 74.0
Do high speed films reduce exposure? No 9.4 7.4 10.3 0.012°
1 don’t know 35.6 27.7 15.7
. . Very important 73.5 89.4 843
Specify the importance of the use of Moderatel
collimators and filters in dental im ortanty 23.5 9.6 13.0 0.034*
radiography? . P
Unimportant 3.0 1.1 2.6
Which collimator helps in reducing the Round 44.0 36.2 25.0 0.021°
patient’s exposure? Rectangular 56.0 63.8 75.0 )
4 ft1,39500 to 14.4 13.8 7.8
W‘h:dt is the ideal distance of operator 4 ft, 60° to 90° 12.9 35 1.7 .
Position Distance Rule when exposed to 6 ft. 90° 0.000
dental radiography? tl’ 350 to 42.4 58.5 70.4
6 ft, 60° to 90° 30.3 19.1 20.0

*Significant at P < 0.05. &e same superscript letters indicate no significant differences [P > 0.05].

TABLE III: PRACTITIONERS’ AWARENESS AND KNOWLEDGE TOWARDS RADIATION PROTECTION ACCORDING TO THEIR WORKING

AREA
Working Area
Government Pr‘ivate Clinic P -value
[%] hospital [%] [%]
Are you familiar with the ALARA principle? Yes 62.9 74.2 394 0.038*
No 37.1 25.8 40.6
. . . Yes 39.3 444 359
Are you familiar with the recommendations of the NCRP and ICRP? No 60.7 55.6 64.1 0.391
Yes 77.5 78.2 74.2
Does digital radiography require less exposure than conventional? No 5.6 8.1 3.1 0.215
I don’t know 16.9 13.7 22.7
Yes 68.5 66.1 60.2
Do high speed films reduce exposure? No 5.6 7.3 12.5 0.400
I don’t know 25.8 26.6 27.3
Very important 76.4 88.7 78.1
Specity the importance of the use of collimators and filters in dental Moderately 16 97 172 0.011*
radiography? important
Unimportant 0.0 1.6 4.7
. . . . . Round 32.6 33.9 40.6
Which collimator helps in reducing the patient’s exposure? Rectangular 674 66.1 504 0.390
4 ft, 90° to 135° 11.2 10.5 14.1
What is the ideal distance of operator Ppsition Distance Rule when exposed to 4 ft, 60° to 90° 12.4 8.9 3.9 0356
dental radiography? 6 ft, 90° to 135° 53.9 58.9 55.5
6 ft, 60° to 90° 22.5 21.8 26.6

*Significant at P < 0.05. &e same superscript letters indicate no significant differences [P > 0.05].

Table IV shows practitioners’ attitude and practice towards
radiation protection according to their education level.
Results showed that the endodontic consultants were best in
following the radiation protection measures as compared to
post-graduate students and general practitioners.
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Table V shows practitioners’ attitude and practice towards
radiation protection according to their working area. Results
show that practitioners working in the government setup lack
adherence to the radiation protection protocols as compared
to the clinics and private setup.
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TABLE IV: PRACTITIONERS’ ATTITUDE AND PRACTICE TOWARDS RADIATION PROTECTION ACCORDING TO THEIR EDUCATIONAL

LEVEL
Educational level
General practitioner Operative dentistry Operative dentistry and
performing endodontic and endodontic post endodontic P -value
treatment graduate student consultant/specialist
b lead f . Frequently 22.0 16.0 41.7
© youuse ead apron forpatients . i onally 333 383 20.9 0.000*
during exposure?
Never 44.7 45.7 374
b tvroid collar f Frequently 6.8 6.4 15.7
0 you use thyroid collar for Occasionally 19.7 18.1 17.4 0.125
patients during exposure?
Never 73.5 75.5 67.0
b ot . Frequently 31.8 38.3 28.7
© you ask patients to hold the fim ., 5 ha11y 34.1 415 34.8 0.112
while taking radiographs?
Never 34.1 20.2 36.5
D P hof Frequently 242 34.0 18.3
© you stand directly in the path of -y i appy 311 34.0 23.5 0.004*
the primary radiation?
Never 44.7 31.9 58.3
b d behind a lead barri Frequently 20.5 14.9 37.4
© you stand behind a fead barrier .o nally 25.0 26.6 19.1 0.003*
during exposure?
Never 54.5 58.5 43.5
If within the same area do you stand Frequently 235 23.4 45.2
6 ft away from primary x-ray beam  Occasionally 41.7 40.4 322 0.002*
during exposure ? Never 34.8 36.2 22.6
b hold the film in i . Frequently 553 479 39.1
© you hoid the fiim in the patients ;. i onally 26.5 34.0 30.4 0.048*
mouth during exposure?
Never 18.2 18.1 30.4
D i " Frequently 70.5 64.9 50.4
© you stay within the same clinic oy o nafly 19.7 26.6 27.0 0.003*
during x-ray exposure?
Never 9.8 8.5 22.6
If you decide to stay within the Frequently 14.4 53 24.3
same clinic during x-ray exposure, Occasionall 235 277 21.7
y 0.0005*
do you use lead apron on a regular
basis? Never 62.1 67.0 53.9
. Frequently 27.3 29.8 15.7
It)h‘; Zg‘;;lg’ﬁiﬁe(;ileotsuigﬁeﬁzdf Occasionally 29.5 28.7 235 0.022%
g exp v Never 432 415 60.9

*Significant at P < 0.05. &e same superscript letters indicate no significant differences [P > 0.05].

TABLE V: PRACTITIONERS’ ATTITUDE AND PRACTICE TOWARDS RADIATION PROTECTION ACCORDING TO THEIR WORKING AREA
Q4. Which practice do you work in?

Government Private hospital  Clinic P -value
Frequently 16.9 25.0 359
Do you use lead apron for patients during exposure? Occasionally 29.2 40.3 21.9 0.001*
Never 53.9 34.7 422
Frequently 34 8.9 14.8
Do you use thyroid collar for patients during exposure? Occasionally 20.2 21.8 14.1 0.043*
Never 76.4 69.4 71.1
Frequently 30.3 33.9 32.8
Do you ask patients to hold the film while taking radiographs? Occasionally 43.8 38.7 28.9 0.127
Never 25.8 27.4 38.3
Frequently 23.6 26.6 242
Do you stand directly in the path of the primary radiation? Occasionally 39.3 25.0 26.6 0.173
Never 37.1 48.4 49.2
Frequently 11.2 30.6 28.1
Do you stand behind a lead barrier during exposure? Occasionally 30.3 19.4 22.7 0.013*
Never 58.4 50.0 49.2
L . . Frequently 16.9 37.1 34.4
If within the same area do you stand 6 ft aw:y from primary x-ray beam during Occasionally 49 4 306 375 0.010%
exposure?
Never 33.7 32.3 28.1
Frequently 52.8 46.8 45.3
Do you hold the film in the patients mouth during exposure? Occasionally 34.8 28.2 28.1 0.134
Never 124 25.0 26.6
Frequently 65.2 60.5 61.7
Do you stay within the same clinic during x-ray exposure? Occasionally 29.2 25.8 18.8 0.037*
Never 5.6 13.7 19.5
. L o . Frequently 7.9 12.1 23.4
If you decide to stay within the same clinic during X-1ay exposure, do you use lead Occasionally 213 26.6 234 0.011*
apron on a regular basis?
Never 70.8 61.3 53.1
Frequently 33.7 21.8 19.5
Do you allow people to come inside the room during exposure to x-ray? Occasionally 33.7 27.4 22.7 0.007*
Never 32.6 50.8 57.8
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IV. DISCUSSION

Over the past few decades, the use of dental radiography
has been significantly increased [3]. This has led to improved
diagnosis and treatment planning but is also associated with
increased risk of undesirable exposure to the operator and the
patient. Although it is generally believed that the risk of
radiation exposure with dental radiography is less but there is
still possibility of hazard since even with a small dose
stochastic effects may result [6]. Therefore, this has led to the
concept of ALARA “as low as reasonably achievable”.

Regarding the awareness and knowledge of practitioners
towards radiation protection, 74.2% of the general
practitioners were unaware of the NCRP and ICRP
recommendations compared to 46% of the consultants and
57% of the post-graduate students. In dental radiography, it is
known that a rectangular collimator can reduce radiation
exposure by 60% compared with a round collimator [15]. In
the present study, 75% of the consultants thought rectangular
collimation is better compared to 56% of the general
practitioners. This is in contrast to a previous study in South
Africa where only 20% of the specialists were aware that
rectangular collimation is better [15]. This could be due to the
fact that the current curriculum of South African dental
students included rigorous training in oral and dental
radiology.

The ideal distance of operator position distance rule
according to the principle of ALARA is 6 ft, 90° to 135°. In
the current study, only 42.4% of the general practitioners
were aware of the ideal position compared to 70.4% of the
specialists. In the current study, post-graduate students and
consultants showed better awareness as compared to the
general practitioners. This could be due to the fact that most
of the consultants and post-graduate residents being part of
the academic sector are up to date in their knowledge. The
results were similar to previous studies which showed that
level of awareness was directly related to the level of
education, with consultants having better awareness as
compared to the general practitioners [2], [16], [17].

Radiation protection guidelines by NCRP, ICRP and
American Dental Association has made it mandatory to use
thyroid collar on patients and the use of lead apron if other
recommendations are not rigorously followed. Several
studies have reported increased risk of thyroid cancer
associated with repeated exposures to dental x-rays [2]. In the
current study, 41.7% of the endodontic consultants were
using lead apron on patients compared to 16% post-graduate
students and 22% general practitioners. 15.7% were using
thyroid collars on patients compared to only 6.4% and 6.8%
of the post-graduate students and general practitioners
respectively.

The overall results of the current study revealed that
consultants/specialists had better attitude and practice
compared to post-graduate students and general practitioners.
Although, the percentage of specialists having thorough
knowledge regarding radiation protection was good,
application in clinical practice was relatively low e.g., 70%
of the consultants were aware of the safe distance from the
primary radiation but only 45% of them were applying it in
their clinical practice.

Practitioners working in the government sector had poor
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awareness and practice compared to private hospitals and
clinics. One of the significant findings was a positive
correlation between the awareness level and workplace
setting showing that the doctors of private hospitals had more
mean awareness score and practice as compared to the
doctors of government setup. The main reason for this
correlation could be due to increased scrutiny and
accountability in  private hospitals as  governing
bodies/shareholders are conscious about the repute of their
setup.

One of the limitations of our study was that under-graduate
students were not included. Another limitation was that the
number of respondents varied among working sectors/area
and were not equally distributed.

The knowledge and practice of radiation protection was
fair in the endodontic consultants and private hospitals. The
current study provides valuable data for developing courses
to improve knowledge and awareness especially among
general practitioners and government setups and to help apply
the knowledge in their clinical practice.
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