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Abstract — Establishing Diagnostic Reference Levels (DRLs) is crucial for optimizing patient radiation
protection during diagnostic imaging procedures. This study aims to develop national DRLs for diagnostic
radiology in Iran, based on a comprehensive retrospective analysis of previous research projects, and
studies. Necessary information was gathered from various data, including research project reports, graduate
theses, and articles published in scientific journals, or presented in national and international conferences.
After initial data validation, DRL values were established by detailed analysis. DRLs were established for
various anatomical locations including the four main imaging modalities, e.g., radiology, computed
tomography (CT), mammography, and interventional radiology. For instance, the DRL for radiology
abdomen imaging was set at an entrance surface dose (ESD) of 3.29 mGy, while for CT head imaging, the
DRL was a CTDI,,, of 499 mGy. The NDRL values in Iran showed some variability in Comparison with the
DRLs from other countries. This underscores the need for the establishment of natural DRLs. The study
highlights the importance of cooperative efforts among academic and research institutions for updating the
DRL values. This study provides national DRL for radiological imagings, contributing to the global effort in

radiological protection.
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1 Introduction

Due to the increasing use of diagnostic radiation imaging,
monitoring the dose received by patients while performing
these tests has been increasing in the last decades (Wall and
Shrimpton, 1998; Neofotistou et al, 2003; ICRP, 2007;
Faulkner er al., 2008; Padovani et al., 2008). The term
‘Diagnostic Reference Levels’ (DRLs) was first introduced in
publication No. 73 of the International Commission on
Radiological Protection (ICRP) (ICRP, 1996). ICRP defines
the DRL as an information-level tool for data optimization.
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The concept of DRLs has evolved significantly over the
years. Initially introduced to address the variability in
patient doses during diagnostic imaging procedures, DRLs
have become a cornerstone of dose optimization practices.
Given the increasing use of diagnostic radiology examina-
tions, it is essential to monitor and control the doses received
by patients during these tests and implement guidelines and
recommendations to optimize patient doses in line with the
As Low As Reasonably Achievable (ALARA) principle. It
means that to achieve optimal safety levels for patients
undergoing X-ray examinations, patient doses must be kept
as low as reasonably achievable, while maintaining
diagnosis objectives.
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International, and national organizations, including the
International Atomic Energy Agency (IAEA), ICRP, the
Institute for Radiation Protection and Nuclear Safety (IRSN)
of France, the United States Environmental Protection Agency
(EPA), Australian Radiation Protection and Nuclear Safety
Agency (ARPANSA), and the National Radiation Protection
Department of the Atomic Energy Organization of Iran
(NRPD), have addressed this crucial issue. International
organizations have provided frameworks and guidelines that
assist countries in developing their DRLs and ensuring
consistency in radiological protection practices worldwide.

National DRL values are currently obtained as the third
quartile of median dose values (rather than mean values) for a
sample of representative medical imaging centers, Based on
the ICRP publication 135 (ICRP, 2017).

National diagnostic reference levels, NDRLs, have been
established in different countries, for different diagnostic
imaging (Salama et al, 2017; Ferderbar et al., 2019;
Rawashdeh et al., 2019; Abuzaid et al., 2020; Alsufi, 2020;
Khelassi-Toutaoui et al., 2020; Kanda et al., 2021; Masoomi
et al., 2021; Peter et al., 2021; Abdou et al., 2022; Hakme
et al., 2023; HIQA, 2023; IRSN, 2023).

Iran is ranked as the 18th largest country in the world in
terms of area at 1,648,195 square kilometers. In Iran, diverse
population distribution in geographical regions, and at the
same time, unequal economic structure development, present
unique challenges in radiation optimization in diagnostic
radiology. The extensive land area, coupled with a diverse
population, necessitates the establishment of national DRLs to
ensure optimal radiation protection for patients across different
regions. In this country, various academic societies, organiza-
tions, and researchers have measured diagnostic doses in
different provinces. However, these measurements are mostly
independent and not done with sufficient cooperation between
these groups (Asadinezhad and Bahreyni Toossi, 2008; Norooz
Alizadeh et al., 2011; Bahreyni et al., 2013 Bahreyni Toossi
et al., 2013; Gholami et al., 2015; Najafi ef al., 2015; Toori
et al.,2015; Niksirat et al., 2016; Hosseini Nasab et al., 2017,
Rasuli et al., 2017; Mohsenzadeh et al., 2018; Sohrabi et al.,
2018; Zarghani and Bahreyni, 2018; Asadinezhad et al., 2019;
Afzalipour et al., 2019; Aliasgharzadeh et al., 2021; Tabesh
etal.,2021; MirDerikvand et al., 2023). Therefore, no national
DRL for medical imaging has been proposed so far. The
objective of this retrospective study is to establish the national
DRL based on the results of the latest domestic research.

2 Materials and methods

This research is based on a retrospective study, involving
meticulous analysis of the results of previous studies, and
research projects concerning DRL values, mostly for the last
7 yr. To conduct this retrospective study and extract DRL
values, several stages were implemented.

Before reviewing the previous studies, a consultative
expert meeting was held to define the inclusion and exclusion
criteria for incorporating previous research into the current
study. The criteria selected were: studies conducted on adult
patients (18 yr and older); studies conducted on patients with
normal weights (50-90kg), excluding very fat or very thin
patients; studies on frequent and high-dose procedures; and

studies with appropriate geographical distribution across the
country, compared to the distribution of the medical imaging
systems in the country. Figure la shows the map of Iranian
provinces, and Figures 1b and lc show the distribution of
digital radiology systems in various provinces in Iran as two
examples of the geographical distribution of different medical
imaging systems. The unequal distribution of medical imaging
devices is obvious from the figure. Based on the information
obtained from the Atomic Energy Organization of Iran
(AEOI), more than 32% of the radiology systems are located
in the medical centers of Tehran province.

An extensive review of previous research was conducted,
with articles and studies obtained from various platforms. This
included articles presented at national and international
conferences, articles published in scientific journals, reports
of previous research projects, and relevant theses and
dissertations. After collecting these materials, the first stage
of data validation was performed. This stage involved refining
the data, removing outliers and invalid data, and documenting
the reasons for their removal.

The collected data were analyzed after the initial review
and validation to determine the DRL values. This process
involved reviewing and validating the quality of studies and
their adherence to the defined criteria, excluding studies that
did not meet the necessary conditions, and conducting a
detailed analysis of the remaining data to determine DRL
values. The comprehensive and accurate determination of
DRL values, which are essential for optimizing patient dose
management in diagnostic medical imaging, was made
possible by this systematic approach.

Before the publication of the ICRP-135 recommendations
in 2017, the investigators used the 75" percentile of the mean
values for a sample of representative medical imaging centers
for obtaining diagnostic reference levels. In 2017 the use of
median values was recommended instead of mean values, as
the mean values are highly affected by the outlier data points.

Unfortunately, a large number of investigations reviewed
in this study reported the mean and the third quartile values. As
there was not enough information about the median values in
all studies, the old method, (i.e., Q3 of the distribution of the
mean values of the appropriate DRL quantity observed at each
healthcare facility) was used for establishing the DRL values.
Meanwhile, the raw data was available for some investigations
used for the establishment of the DRL. To reduce the effects of
the very high, or very low data points on the DRL values, we
deleted the outlier data, from such data, and the mean values
for these studies were obtained without the effect of the outlier
data points on the results. Finally, the third quartile of the mean
values were obtained, and reports as the DRL.

We utilized Al-based tool (Chatgpt4O) for language
editing and grammar corrections to enhance the clarity and
accuracy of the manuscript.

3 Results

3.1 Screening of mammography studies

In the initial screening phase for mammography studies, 20
studies met the basic entry criteria. After a detailed
examination of abstracts and results, five studies were
excluded as they focused solely on simulation for calculating
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Fig. 1. a) map of Iranian provinces. Geographical distribution of b) digital radiology systems, and c¢) conventional radiology in various provinces

in Iran.

the mean glandular dose (MGD). A secondary review of 16
studies led to the exclusion of two systematic reviews and four
studies lacking patient dose data. As shown in Figure 2, This
left 10 studies for final analysis, representing data from 10
provinces, encompassing 73.4% of the mammography
devices. The data were used for proposing the DRL values
for Mamography. The DRL values were shown in Table 1.

3.2 Screening of general radiography studies

In the second phase, focusing on general radiology, data
were gathered from 25 articles, theses, and research projects

related to the topic. Exclusions were made for various reasons:
one article was excluded due to improper differentiation of data,
such as failing to distinguish between different imaging
modalities; another was excluded due to insufficient information
provided by the authors to determine DRLs. Additionally, one
article that calculated doses through simulation and another with
discrepancies between the reported data and the data required for
determining DRLs were also excluded. After these exclusions,
21 articles were finalized for data extraction. A sample example
of general radiography is illustrated in Figure 3. The dataset
includes information from 29 provinces, covering 97.6% of the
radiology devices. The distribution of ESD values in general
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No research

Fig. 2. Geographic distribution of measurements taken for mammo-
graphy imaging in different provinces.

radiology across different Iranian regions shows a normal
distribution with slight skewness in some imaging views, such as
lateral lumbar radiography. Such outliers could benefit the dose
optimization strategies by using the NDRL.

3.3 Screening of CT scan studies

In the third phase, which focused on CT studies, an extensive
collection effort yielded 67 related articles, theses, and research
projects. Several exclusions were necessary during this phase:
two investigations were removed due to duplicate data; two
others used dose calculations via simulation; seven articles
focused on dual-modality imaging (e.g., SPECT-CT), which
were not suitable for our analysis; and nine studies determined
organ doses, which are not applicable for establishing DRLs.
This rigorous selection process left 47 investigations for final
data extraction and analysis. A sample example is illustrated in
Figure 4. The dataset includes information from 29 provinces,
encompassing 96.2% of the CT devices. Based on the results, the
distribution of CT dose values across the provinces appears
normal with minimal skewness, indicating uniform practices
across the country.

3.4 Screening of orthopantomography studies

In the fourth phase, focusing on dental OPG (orthopanto-
mography), 10 related articles, theses, and research projects
were reviewed. Parameters such as Dose Area Product (DAP)
were considered in this review. However, eight articles were
excluded for including unrelated parameters such as ESD,
Dose Width Product (DWP), and organ doses. Consequently,
only two articles remained relevant for the final analysis.

3.5 Screening of interventional radiology studies

In the fifth phase, which focused on interventional
radiology, 11 related articles, theses, and research projects

were collected. One article was excluded due to lack of access
to the mentioned data, leaving 10 articles to proceed to the final
review and data extraction stage.

The dataset includes information from two provinces,
accounting for 8% of the dental OPG devices, which is not a
good representative of the entire country, and therefore not
sufficient for establishing national DRL. However, according
to the publication of ICRP, the method used for establishing
DRL should be flexible, and dynamic. It means that the initial
DRL values can be derived from small data while waiting for
wider surveys to be conducted, for updating the DRL values.
Therefore, the local provincial data can be used until further
studies are performed.

3.6 Comparison of NDRLs in Iran with other countries

The national DRL values established for various imaging
modalities in Iran are summarized in Table 1. These values
were compared with international standards from countries
such as Japan, the UK, Ireland, and France (Tabs. 2—4).

The national DRL values for mammography in Iran,
specifically the MGD, are 1.58 mGy for the MLO view and
1.49 mGy for the CC view. When compared to international
standards, these values are lower than those reported in the UK
and Ireland but slightly higher than in Japan.

The NDRL values for Entrance Surface Dose (ESD) values
in radiology imaging in Iran were compared with those from
Japan, the UK, and other countries. For example, the national
diagnostic reference level of the ESD for abdominal
radiography in Iran is found to be 3.29 mGy, which is higher
than that of Japan (2.5 mGy) but lower than the DRL reported
for the UK (4 mGy).

The national DRL values for CT dose indicators, such as
CTDIvol and DLP, were compared to those from the UK,
Ireland, Japan, and France. For instance, the NDRL for
CTDIvol for abdomen/pelvis CT in Iran is 11.78 mGy, which is
comparable with those of France, and the UK, but lower than
the DRL of Japan. The NDRL values for the DLP are generally
comparable with other countries. The local DRL for Fars
province was found to be 157.56 mGy.cm?, and 99.7 mGy.cm?
For Yazd province. Such value was reported as 81 mGy.cm? in
the UK.

The cause of the differences in the DRL values may be
because of the difference in imaging techniques used by the
technologists, and the difference in medical imaging devices.
One of the possible causes of such difference may be the
method used for obtaining the DRL values, (this study is based
on the mean values, while other recent studies).

3.7 The distribution of the patients’ dose

The results show that patients in different diagnostic
procedures receive a variety of doses. This may depend on
several reasons, like different imaging techniques, personnel
skills, and medical imaging equipment. Figures Sa—5c¢ show
the box plot showing the distribution, i.e., minimum, lower
quartile, median, upper quartile, and maximum values, of the
patient dose values for some of the imaging modalities in
different facilities for determination of the DRL.
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Table 1. National DRL values for different imaging.

Imaging The desired parameter for DRL — (unit) National DRL

1 Radiology-Abdomen Entrance surface dose (ESD) — mGy 3.29

2 Radiology-Cervical-AP Entrance surface dose (ESD) — mGy 1.24

3 Radiology-Cervical-LAT Entrance surface dose (ESD) — mGy 0.85

4 Radiology-Chest-AP Entrance surface dose (ESD) — mGy 0.63

5 Radiology-Chest-LAT Entrance surface dose (ESD) — mGy 1.58

6 Radiology-Chest-PA Entrance surface dose (ESD) — mGy 0.6

7 Radiology-Lumbar-AP Entrance surface dose (ESD) — mGy 4.08

8 Radiology-Lumbar-LAT Entrance surface dose (ESD) — mGy 8.36

9 Radiology-Pelvis Entrance surface dose (ESD) — mGy 2.32

10 Radiology-Skull-AP Entrance surface dose (ESD) — mGy 2.61

11 Radiology-Skull-LAT Entrance surface dose (ESD) — mGy 1.57

12 Radiology-Skull-PA Entrance surface dose (ESD) — mGy 2.72

13 Radiology-Thoracic-AP Entrance surface dose (ESD) — mGy 2.33

14 Radiology-Thoracic-LAT Entrance surface dose (ESD) — mGy 5.23
CT-Abdomen/pelvis CTDIvol — mGy 11.78

15 CT-Abdomen/pelvis Dose length product (DLP) — mGy.cm 517.72
CT-Chest CTDIvol — mGy 11

16 CT-Chest Dose length product (DLP) — mGy.cm 250.27
CT-Head CTDIvol — mGy 49

17 CT-Head Dose length product (DLP) — mGy.cm 685
CT-Sinus CTDIvol — mGy 24.7

18 CT-Sinus Dose length product (DLP) — mGy.cm 223.5
CT-Angiography CTDIvol — mGy 50.01

19 CT-Angiography Dose length product (DLP) — mGy.cm 826

20 Interventional Dose area product (DAP) — mGy/cm2 70.82

21 Mammography — MLO Mean glandular dose (MGD) — mGy 1.58

22 Mammography — CC Mean glandular dose (MGD) — mGy 1.49

2
1

No research

2
1

No research

Fig. 4. Geographic distribution of measurements taken for abdomen/
Fig. 3. Geographic distribution of measurements taken for abdomen pelvis CT imaging in different provinces.

radiology imaging in different provinces.
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Table 2. Comparison of DRLs for Entrance Surface Dose (ESD) in mGy.

N Imaging Iran (current research) Japan (2020) (J-RIME, 2020) UK (2010) (GOV.UK, 2010)
1 Radiology-Abdomen 3.29 2.5 4
2 Radiology-Chest-AP 0.63 0.2
3 Radiology-Lumbar-AP 4.08 3.5 5.7
4 Radiology-Lumbar-LAT 8.36 9 10
5 Radiology-Pelvis 2.32 2.5 4
6 Radiology-Skull-AP 2.61 1.8
7 Radiology-Skull-LAT 1.57 1.1
8 Radiology-Skull-PA 2.72 1.8
9 Radiology-Thoracic-AP 2.33 3 35
10 Radiology-Thoracic-LAT 5.23 5 7

Table 3. Comparison of DRLs for CTDIvol and DLP in CT imaging, expressed in mGy.cm and mGy.

N Imaging Iran UK (2022) Ireland (2022) Japan (2020) France (2021)
(current research) (GOV.UK, 2022) (HIQA, 2023) (J-RIME, 2020) (IRSN, 2023)

1 CT-Abdomen/pelvis-CTDI 11.78 10 18 13

2 CT-Abdomen/pelvis-DLP 517.72 530 556 880 625

3 CT-Chest-CTDI 11 8.5 13 9.5

4 CT-Chest-DLP 250.27 290 510 350

5 CT-Head-CTDI 49 47 77 46

6 CT-Head-DLP 685 790 1350 850

7 CT-Sinus-CTDI 24.7 12 14

8 CT-Sinus-DLP 223.5 160 184 250

Table 4. Comparison of DRLs for Mean Glandular Dose (MGD) in mammography, expressed in mGy.

N View Iran (current research) UK(2022) (GOV.UK, 2022) Ireland (2022) (HIQA, 2023) Japan(2020) (J-RIME, 2020)
1 MLO 1.58 2.5 2.2 1.4
2 CcC 1.49 2.5 2.2 1.4

4 Discussion

The primary objective of establishing national DRLs is to
enhance patient safety by optimizing radiation doses during
medical imaging procedures. Setting these benchmarks helps
us ensure that the radiation doses administered are kept as low
as reasonably achievable (ALARA), while still providing the
necessary image quality for accurate diagnosis.

In this study, a comprehensive retrospective study was
performed for the establishment of national diagnostic reference
level, NDRL values in general, and interventional radiology.
This study represents a significant step forward in the
optimization of the dose values received by patients in Iran,
addressing the national reference levels that account for the
unique demographic and geographic factors present in the
country.

The overall data distribution for DRLs in Iran shows a
predominantly normal distribution with some skewness in a
few modalities, like the lateral lumbar, lateral skull, and lateral

thoracic imaging. Additionally, regional analysis revealed a
few outliers, particularly in provinces with fewer devices or
less frequent data reporting, indicating potential areas for
further investigation and improvement.

Our findings revealed that the national DRL wvalues
established in this study are generally in line with the DRLs in
other countries, though some variations were noted. For
instance, the NDRL of MGD for mammography in Iran is
slightly higher than in Japan but lower than in the UK and
Ireland. Similarly, the DRL for the entrance skin dose values
for general radiography and the CTDI,,, for CT scans in Iran
show some variability when compared to other countries.
These differences underscore the importance of developing
national DRLs that reflect the specific practices and
technologies used within each country.

The establishment of DRLs not only serves as a tool for dose
optimization but also as a catalyst for improving overall imaging
practices. By identifying regions or modalities where dose levels
are higher than necessary, targeted interventions can be
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Fig. 5. Distribution of the dose values in different imaging modalities.

implemented to reduce these doses without compromising
diagnostic efficacy. For example, our study identified certain
regions with outliers in dose values, indicating areas where further
investigation and potential corrective measures are warranted.

The National Radiation Protection Department of the
Atomic Energy Organization of Iran is developing an action
plan for updating and implementing of the National DRL values
in the optimization of patient Imaging. National guidelines will
be established for the investigators in the medical imaging
centers, on determination, and reporting of patient doses,
ensuring uniformity across all imaging centers. This standardi-
zation is essential for the reliable updating of the national, and
local DRL data over time, based on the recommendations of the
ICRP 135, and using median values. The action plan will be
twofold: it aims to improve the accuracy and consistency of data
collection for DRL determination and to help optimize imaging
practices across the country.

Furthermore, the action plan includes initiatives to train
medical staff on best practices in radiation protection, ensuring
that they are well-informed about the importance of dose
optimization and the role of DRLs in achieving this goal. By
fostering a culture of safety and continuous improvement,
these efforts will contribute to the long-term enhancement of
medical imaging practices in Iran.

5 Conclusion

In this survey, the national DRLs are proposed for
mammography, Computed tomography, and general, and
interventional radiography based on a retrospective study. The
research revealed a significant variation in the recorded dose
values in different imaging procedures in Iran. However, these
discrepancies can be accounted for if incorporated into the
National diagnostic reference levels. DRLs are designed to
help optimize radiation exposure in medical imaging
procedures. The concept of dose optimization is crucial in
ensuring radiation protection during medical imaging proce-
dures. The patient dose should not surpass what is needed for
sufficient diagnostic image quality.

In addition to researchers conducting studies, research
projects, and graduate theses an action plan for updating the
national DRL is being developed, by the Radiation Protection
Department of the Atomic Energy Organization of Iran, and
will be released soon. The action plan will help ensure that
DRLs are accurately updated, reported, and used, facilitating
better radiation protection and dose optimization practices
nationwide. By addressing the existing gaps and standardizing
the DRL determination process, the country can enhance the
safety and effectiveness of diagnostic radiology procedures.
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