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ABSTRACT

Objectives: The objective of this study is to estimate the annual average effective dose for dental workers
in Saudi Arabia from the period of 2015 to 2019. Also, to compare the average annual effective doses
received with the International Commission of Radiological Protection limits.

Methods: A cross-sectional study was conducted on radiation doses for 2,128 dental workers. Their radi-
ation doses were monitored by using Thermoluminescent dosimeters.

Results: The annual average effective dose was in the ranges of 0.44-1.04 mSv. A two-tailed independent
samples t-test (o0 = 0.05) was used to compare the means of the effective doses for dentists and dental
nurses. There was not enough evidence to conclude that dentists’ scores (M = 0.79, SD = 0.49) were
any different from dental nurses’ scores (M = 0.77, SD = 0.46), t (2126) = 0.58, p = 0.55.

Conclusions: The annual average effective dose, averaged over the five years, was found to be 0.72 mSv.
All of the workers received occupational doses below the annual effective dose limit. These results of
annual mean effective doses are a good indicator of dental radiation safety practices in Saudi Arabia.

© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Ionizing radiation (IR) is widely used in many fields including
medical, research, and industrial applications. Workers in these
fields can be exposed to IR, which can pose health risks such as
cancer and cataract (Linet et al., 2010; Milacic, 2009). In the med-
ical field, the radiation dose is received when performing diagnos-
tic or therapeutic procedures. Medical staff can be exposed to low-
level radiation over a long period of time (chronic exposure), which

Abbreviations: IR, lonizing radiation; RPP, Radiation Protection Program; TLD,
Thermoluminescent dosimeter; ACED, Annual collective effective dose; AAED,
Annual average effective dose; SE, Standard error; SD, Standard deviation; MDL,
Minimum detectable limit; ALARA, As low as reasonably achievable.
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can be associated with biological effects (Sahin et al., 2009; Covens
et al., 2012).

Dentistry is one of the occupations involving chronic exposure
to IR (UNSCEAR, 2016). It was reported in several studies that IR
is one of the major occupational risks among dentists (Mehta
et al., 2013; Sont et al., 2001; Leggat et al., 2007). Advancements
in radiographic technologies and radiation protection practices
have played an important role in decreasing radiation exposure
to the workers (Linet et al., 2010; Leggat et al., 2001). However,
there has been an increase in the number of diagnostic procedures
and thus an increase in the occupational radiation dose (Smith-
Bindman et al., 2008). In dental radiology, the number of radio-
graphs is rising worldwide. According to The United Nations Scien-
tific Committee on the Effects of Atomic Radiation, 340 million
dental radiology examinations were performed globally in 1988.
This number increased in 2008 to approximately 480 million,
which comprises 15% of all diagnostic x-ray examinations in health
care (UNSCEAR, 2008). Due to high exposure radiation, determinis-
tic effects to dentists’ fingers have been reported. This is a result of
dentists holding the film in patients’ mouths (Monsour et al., 1988;
Wagner and Archer, 1988). Radiation exposures to dental x-rays
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have been found to be linked with an increased risk of thyroid can-
cer (Memon et al., 2010), brain cancer (Picano et al., 2012; Lin et al,,
2012; Claus et al., 2013), and salivary gland tumors (Preston-
Martin and White, 1990; Horn-Ross et al., 1997; Preston-Martin
et al., 1988).

Monitoring radiation exposure by personal dosimeters is rec-
ommended if the dental professionals receive an annual effective
dose above 1 mSv (NCRP, 2019). The recommended dose limits
for radiation workers, including dental workers, are as follows:
20 mSv for annual effective dose (whole-body), 20 mSv annual
equivalent dose to the lens of the eye, and 500 mSv for an annual
equivalent dose to the extremities (hands and feet) or the skin. The
dose limit for a declared pregnant worker is 1 mSv, which is equiv-
alent dose to the fetus per month (ICRP, 2007, 2012). Dental pro-
fessionals receive less exposure to IR than other occupationally
exposed medical workers (ADA, 2012; Lee et al., 2009). The pur-
pose of this study is to investigate occupational radiation exposure
to dental workers in Saudi Arabia.

2. Materials and Methods

A cross-sectional study was conducted on annual effective dose
for 2,128 dental workers in Saudi Arabia from 2015 to 2019. The
workers were distributed across 43 dental centers and hospitals
in all 13 Saudi administrative regions: Riyadh region, Makkah
region, Madinah region, Qassim region, Eastern region, Asir region,
Tabuk region, Hail region, the Northern Border region, Jazan region,
Najran region, Al Baha region, and Al Jouf Region.

The Radiation Protection Program (RPP) of the Saudi Ministry of
Health maintains records of all workers’ radiation doses. There is
information pertaining to the name, gender, national identification
number, quarterly radiation dose, and occupation of each individ-
ual worker. Dental workers were grouped into two occupational
categories: dentists and dental nurses. Their radiation doses were
monitored by using whole-body Thermoluminescent dosimeters
(TLD-100) made of Harshaw detector crystal of LiF:Mg,Ti elements.
Quarterly, TLD badges were collected and analyzed using a Har-
shaw model 6600, plus an automated TLD reader. For calibration
and quality control analysis, the reader was calibrated under
reproducible reference situation using an internal irradiator a
905r/°0Y, with a radiation activity of 0.50 mCi, was used. The sensi-
tivity of the reader has a range of 10 uGy to 1 Gy, with a linearity of
about 5% and a minimum detectable limit (MDL) of 1 uSv. Also, the
time temperature profile had a 1200 C preheated temperature and
an acquisition temperature rate of 200 C/s up to 3900 C. The read-
ing system used a purified nitrogen source with a pressure that
ranged from 40 to 95 psi. The ideal flow rate mode of the reader
is 28 1/h.

The TLD readings were analyzed by using a Statistical Package
for the Social Sciences (SPSS) software, version 20 (SPSS Inc., Chi-
cago, IL).

3. Results

Of the 2,128 dental workers, 45% were dentists and 55% were
dental nurses. The female workers accounted for 62% of dental
workers, while the male workers accounted for just 38%. Approxi-
mately 60% of the dental workers worked in densely populated
provinces, such as: Riyadh province, Eastern province, Makkah pro-
vince, and Asir province. The most frequent imaging procedures
performed in these dental centers were panoramic x-ray, followed
by intraoral x-ray, cephalometric x-ray, and cone-beam computed
tomography. Panoramic x-ray is widely used since it screens a
wider area than regular intraoral x-ray procedures. Therefore, this
procedure can provide beneficial information about multiple oral
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issues such as maxillary sinuses, tooth positioning and bone abnor-
malities. Table 1 shows the number of occupationally exposed den-
tal workers, their annual collective effective dose, and the annual
average effective dose during 2015-2019.

Table 2 represents the mean, minimum, maximum, and stan-
dard deviation for the effective dose for all the workers during
2015-2019. The results revealed that the highest annual effective
dose reported was 7.39 mSv for a male dentist in 2015.

The number of dental workers were distributed into five effec-
tive dose intervals, which are: minimum detectable limit (MDL) -
0.49 mSy, 0.50-0.99 mSv, 1-1.99 mSv, and > 3 mSv as illustrated
in Table 3.

The results of the annual collective effective doses and number
of dental workers are schematically shown in Fig. 1.

As shown in Fig. 2, the annual average effective dose for the
dental workers did not obey a specific trend during the 5-year
study period. The lowest and the highest annual average effective
doses were found to be 0.55 mSv in 2016 and 1.03 mSv in 2019
respectively.

4. Discussion

During the study period, the annual average effective dose was
in the range of 0.55-1.02, and 0.44-1.04 mSv for dentists and den-
tal nurses respectively. The annual average effective dose over the
period of five years for all of the dental workers was found to be
0.72 mSv.

By comparing dentists and dental nurses, the annual effective
doses, averaged over the study period for both, were 0.76 and
0.70 mSv respectively. These numbers show that dentists received
about 8% more radiation dose than the dental nurses. The interest
was in determining a significant mean difference between dentists
and dental nurses in terms of effective dose. As such, a two-tailed
independent samples t-test (o« = 0.05) was used to compare the
means. The comparison results were not significant. There is not
enough evidence to conclude that dentists’ doses (M = 0.79,
SD = 0.49) are any different from dental nurses’ doses (M = 0.77,
SD = 0.46), t (2126) = 0.58, p = 0.55.

During the 5-year study period, there was no incidence of a
dose above the annual dose limit of 20 mSv for all of the dental
workers. Fig. 3 shows the frequency of the effective dose for all
workers combined during 2015-2019 with the normal distribution
curve. The results showed that more than 76% of the workers
received an annual effective dose of less than 1 mSv, while just less
than 2% received an annual effective dose of more than 2 mSv.

A two-tailed independent samples t-test was used to compare
the mean difference in effective doses between the male workers
(n = 809) and the female ones (n = 1319). The Type I error rate
was set at alpha = 0.05. The results suggest that the average effec-
tive dose is greater for males (M = 0.82, SD = 0.49) than for females
(M =0.76, SD = 0.46), t (2126) = 2.73, p = 0.006.

The results indicated an increase in the annual collective dose,
mainly in 2018 and 2019 due to an increase in the number of
workers. The highest collective dose for all workers was found to
be 697 person-mSv in 2019.

The comparative analysis of the annual average effective doses
in dentistry for different countries is illustrated in Table 4
(UNSCEAR, 2008). Regardless of the differences in the data range,
the table provides a rough assessment of the occupational radia-
tion dose.

The dose values for this study are an indication of improved
radiation protection practices compared to other countries in pre-
vious years. This improvement is due to many factors, such as:
keeping the dental clinics up to date with new radiation protection
policies, using high efficiency dental radiography machines, raising
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Table 1
Number of occupationally exposed dental workers, their annual collective effective dose (ACED), and annual average effective dose (AAED) during 2015-2019.
Occupation 2015 2016 2017 2018 2019
Dentist No. of workers 97 134 140 262 318
ACED (person-mSv) 80.23 73.95 99.11 189.32 325.14
AAED (mSv) 0.82 0.55 0.70 0.72 1.02
Dental Nurse No. of workers 146 179 168 327 357
ACED (person-mSv) 64.56 100.41 127.51 236.74 371.76
AAED (mSv) 0.44 0.56 0.75 0.72 1.04
Total No. of workers 243 313 308 589 675
ACED (person-mSv) 144.79 174.36 226.62 427.06 696.9
AAED (mSv) 0.59 0.55 0.73 0.72 1.03
Table 2

Mean with standard errors (SE), minimum, maximum, and standard deviation (SD) of the effective dose for all the occupationally exposed dental workers during 2015-2019 at a

95% confidence interval (o = 0.05).

Occupation 2015 2016 2017 2018 2019
Dentist Mean * SE 0.66 = 0.07 0.55 £ 0.03 0.70 £ 0.02 0.72 £ 0.02 1.02 £ 0.02
Minimum 0.10 0.09 0.07 0.11 0.08
Maximum 7.39 2.87 1.98 2.48 3.20
SD 0.76 0.38 0.33 0.35 0.49
Dental Nurse Mean * SE 0.54 £ 0.03 0.56 £ 0.02 0.75 £ 0.02 0.72 £ 0.2 1.04 £ 0.02
Minimum 0.10 0.11 0.13 0.04 0.04
Maximum 3.89 1.62 3.09 2.95 4.00
SD 0.38 0.28 0.35 0.39 0.53
Total Mean * SE 0.59 £ 0.03 0.55 £ 0.01 0.73 £ 0.01 0.72 £ 0.01 1.03 £ 0.01
Minimum 0.10 0.09 0.07 0.04 0.04
Maximum 7.39 2.87 3.09 2.95 4.00
SD 0.57 0.32 0.34 0.38 0.51
Table 3
Distribution of the dental workers in several effective dose durations.
Year MDL - 0.49 mSv 0.50 - 0.99 mSv 1.00 - 1.99 mSv 2 -2.99 mSv >3 mSv
2015 118 106 17 0 2
2016 147 140 25 1 0
2017 75 169 63 0 1
2018 165 306 113 5 0
2019 68 324 247 32 3
Variables
ido B Number of dentists
M Number of dental nurse
Annual collective
M effective dose for
dentists (mSv)
200 Annual collective
M effective dose for dental
3 nurse (INSv)
=
E 200
100

2015 2016

2017

Year

2018 2019

Fig. 1. Annual collective effective dose associated with the number of dental workers.

staff awareness about the importance of using adequative radia-
tion protection equipment, and having access to the latest radiol-
ogy literature. The RPP in Saudi Arabia requires full quality
control tests to ensure that radiation protection for patients, work-
ers, and the public is optimal.

5. Conclusion

This study is the first of its kind to provide a reference of the
effective dose for dental workers in Saudi Arabia. During 2015-
2019, all of the workers received occupational doses below the
annual effective dose limit. In agreement with the ALARA principle,



Y. Alashban, N. Shubayr, M. Almalki et al.

120

1.00

80

60

40

Annual Average Effective Dose (mSv)

00
2015 2016

Journal of King Saud University — Science 33 (2021) 101250

2017 2018 2019

Year

Fig. 2. Annual average effective dose for dental workers in the period of 2015-2019 at o = 0.05.
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Fig. 3. Frequency of the effective dose for all workers combined during 2015-2019 with the normal distribution curve.

Table 4
The comparative analysis of the annual average effective doses in dentistry for
different countries.

Data range Country Annual average
effective dose (mSv)
1995-1999 Chile 1.40
2000-2002 Japan 1.52
2000-2002 Canada 0.79
2000-2002 Spain 0.98
2000-2002 Greece 1.05
1990-1994 Worldwide 0.89
2015-2019 Saudi Arabia 0.72

(current study)

the occupational doses were spread towards a low dose range. The
annual effective dose, averaged over the study period for all of the
dental workers, was found to be 0.72 mSv. The results showed that
there is no significant difference for the annual effective dose
between dentists and dental nurses. More than 76% of the workers

received an annual effective dose of less than 1 mSv. The highest
collective dose was found to be 697 person-mSv in 2019. The low-
est and the highest annual average effective doses were found to be
0.55 mSv in 2016 and 1.03 mSv in 2019 respectively.

By comparing the results in this study with others in the liter-
ature, it can be concluded that, in general, dental workers are
exposed to lower doses in Saudi Arabia than in Chile, Japan,
Canada, Spain, and Greece. Moreover, the annual average effective
dose value in dentistry of worldwide (0.89 mSv) is greater than
that for dental workers in Saudi Arabia (0.72 mSv). These results
of annual mean effective doses are a good indicator of dental radi-
ation safety practices in Saudi Arabia.
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