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Abstract 

Background The concept of diagnostic reference level (DRL) is considered a regular method to optimize radiation 
protection in diagnostic imaging system. The objective of implementing a reference level for dose is to produce high-
quality images by applying a minimum dose of radiation based on the As Low As Reasonably Achievable (ALARA) 
principle. Therefore, this study aimed to evaluate the status of radiation protection in diagnostic radiology wards of 
educational hospitals affiliated with Birjand University of Medical Sciences.

Methods This study was performed during a period of 11-months in the radiology center of the teaching hospital of 
Birjand University of Medical Sciences. The studied population included 477 patients who were referred to as clinically 
indicated x-ray radiography. In order to calculate local DRLs, dose area product (DAP) was measured by a DAP-meter 
(KERMAX-plus SPD, model 120–131 HS) for 11 devices at educational hospitals affiliated with Birjand University of 
Medical Sciences. The local DRL values was calculated as 75% of the mean DAP distribution for a specific patient trial 
at each center.

Results DAP for Chest PA examination was gained to be in the range from 0.12 Gy.cm2 to 0.42 Gy.cm2 with an aver-
age value of 0.23 Gy.cm2 which is above the value of the reference level (0.12 Gy.cm2) for Chest PA. For Chest lateral 
the observed DAP was found to be in the range from 0.18 Gy.cm2 to 1.48 Gy.cm2 with an average value of 0.65 Gy.cm2 
and are therefore twice the reference value (0.3 Gy.cm2). The higher DRL values (average = 2.73) are for lumbar spine 
lateral radiography. It is observed that the DRL values of chest PA, abdomen AP and Lumbar spine AP are much lower 
with the earlier studies.

Conclusions The DRLs helps in understanding the current practices in radiographic examinations. Comparison with 
other hospitals, the scope of dose optimization and ultimately patient dose reduction in hospitals affiliated with 
Birjand University of Medical Sciences needs further investigation.

Keywords Diagnostic reference level, Dose area product, Radiation protection

Background
Diagnostic x-ray examinations as a basic tool for preserv-
ing and recovery of human health play an important role 
in helping the radiologist to discover a defect, monitor 
the improvement of diseases and assess the cure reac-
tion. In the United States, medical radiation exposure is 
approximately the middle of whole radiation exposure 
from man-made and natural sources [1]. This is serious 
as the medical application of ionizing radiation over 95% 
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of all artificial radiation exposures and is the major radia-
tion source after natural radiation [2]. Ionization radia-
tion can both induce damaging consequences and supply 
a strong instrument for diagnostic goals. The relation has 
been demonstrated among radiation exposures and the 
occurrence of cancer. It is so important to evaluate the 
dose received at the x-ray examination. The dose assess-
ment is used either as a representation for radiation risk 
or as a stage in the real approximation of the risk. There 
are three basic concepts for radiation protection that are 
justification, optimization, and dose limit. The optimiza-
tion needs the usage of particular protocols to convince 
the remaining doses at a reasonably achievable low level 
(ALARA) [3]. One of the fundamental provisions for 
optimization is the perception of patient doses orderly; 
dosimetry is advised to appraise the dose of patients. 
Now measurement dose of the patient is considered as a 
perfect section of a quality assurance program. For opti-
mization, the dose reference level (DRL) is one of the 
most useful means. DRL is described by two quantities 
of dose area product and entrance skin dose (ESD) [4]. 
In the United States, the dosimetry and quality control 
of x-ray instruments regularly have shown and the estab-
lishment of DRLs has played substantial roles in decreas-
ing patient doses [5]. ESD for the 1964 to 2004 decrees 
50–70%. A similar x-ray examination in various countries 
may have different values. As a result, DRLs can be just 
defined for a city or country as local diagnostic reference 
levels (LDRLs), while nationwide surveys make national 
dose reference levels (NDRLs) [6]. However, by compari-
son another diagnostic imaging patient dose in radiogra-
phy is low, its quota to the collective dose is considerably 
caused to the repeated utilization of it. Dose-Area-Prod-
uct (DAP) is a result of the area of a patient that is 
exposed multiplied by the radiation dose [7]. The unit of 
DAP is Gy*m2. Measurement of DAP is appropriate to 
achieve the optimum level of protection in radiological 
tests of patients. In utilization, the ionization chamber 
is located vertically to the beam central and in a posi-
tion to totally cut off the total region of the x-ray beam. 
Compounding data of DAP with data on x-ray field size; 
can be applied to characterize the mean dose created by 
the x-ray. Then it must be located accurate reading. The 
reading from a DAP-meter can be varied by either chang-
ing the x-ray factors (kVp, mAs), or altering the field or 
both. Digital radiology over the last decade may demon-
strate the major technological development in medical 
imaging. Although digital radiology has the potential to 
decreases patient doses, they also have the potential to 
notably enhance them. This study evaluated the patient 
dose with a DAP meter and LDRLs for common radiog-
raphy examination by conventional and digital radiogra-
phy in South Khorasan, Iran.

Methods
This study was performed in South Khorasan, Iran in 
the departments of radiology at the educational hospi-
tals affiliated with Birjand University of Medical Sciences 
department during the period September 2019 to Octo-
ber 2020. There were four active radiology rooms in three 
educational hospitals of Birjand city (Emam reza, Valias 
and Razi). The technical specifications of the devices 
are shown in Table  1. They were chosen from patients 
randomly who had been referred to the radiographic 
department of hospitals in South Khorasan. Data were 
accumulated from physical parameters such as kVp, mAs, 
and patient data (age, sex, and weight), and type of pro-
jection which are as follows: neck (AP), lumbar spine (AP 
and Lat), skull (AP and Lat), abdomen (AP), pelvis (AP) 
and CXR. All unite used were conventional and digital 
radiography (Table 1). All projections and measurements 
were performed on four different x-ray machine models. 
The first step for the examined x-ray machine performed 
a quality control test. Total filtration for all units was 
3.5 mm aluminum at 80 kV. Also, the DAP-meter for each 
type of x-ray projection registers by itself.

DAP was measured by a DAP-meter (KERMAX-
plus SPD, model 120–131 HS). It is capable of measur-
ing output X-ray tubes, with an energy range of 40–150 
kVp (less than 3  mm Al). The condition recommended 
is as followed: temperature between + 10 °C and + 50 °C, 
humidity between 30 and 75% without condensation, and 
pressure between 700 and 1060 hPa. It transfers data to a 
connected computer every 5 ms.

DAP-meter must be calibrated before being used. Cali-
bration process was done according to the method sug-
gested by NRPB protocol, to achieve DAP values [8]. The 
DAP had a monitor and a detector. The detector was fixed 
under the beam collimator. A calibrated X-ray test device 
piranha model was used to measure the performance of the 
examined X-ray machine and for quality control. The X-ray 
machines were calibrated. Digital images were acquired by 
the complete automatic system. An essential quality control 
test for all x-ray machines including accuracy of the timer, 
kVp, mA linearity, mAs reciprocity, half value layer (HVL) 
check, and output check) was done to ensure the high accu-
racy. The absorbed dose (in unit of Gy) multiplied by the 
area of tissue irradiated is defined as DAP which reflects 
dose in the radiation field [9] The DAP values were meas-
ured in cGy*cm2 and then were converted to Gy*m2. Aver-
age DAP values were calculated from the measurements for 
each device for the 8 conventional examinations considered 
in this study: Neck(AP), Skull(lat), Skull(AP), Abdomen, 
CXR, Lumbar(Lat), Lumbar(AP),Pelvic. The third quartile 
DAP values were then calculated from the results for each 
radiographic examination type and view and adopted as the 
LDRL in Birjand.
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Results
In this study radiographic and demographic information 
of 477 patients was collected. Table 2 shows the radiolog-
ical and patient parameters (weigh patient, high patient, 

kVp, mAs). Table  3 displays the average, minimum, 
maximum, mean, median, first quartile, third quartile 
of DAP for X-ray examination. Observed DAP for CXR 
was Minimum of average and quartile3th DAP is CXR of 

Table 1 The technical specifications of the devices

Device Manufacture Maximum KV Year of installation AEC system Total filtration 
thickness (mm 
Al)

1 TOSHIBA 150 2018 Yes(not used) 2.4

2 SEMENS 150 2018 NO 1

3 SHIMADZU 150 2019 NO 2.5

4 Varian 150 2019 NO 2.7

Table 2 The radiological and patient parameters (weigh of patient, height of patient, kVp, mAs)

Projection Number Patient age Patient weight (kg) Patient height (cm) Tube voltage (kvp) mAs

Conventional
Neck(AP) 21 53.25

(18–88)
75.6
(51–97)

170.6
(149–203)

61.75
(60–70)

14.4
(12–20)

Skull(lat) 21 44.15
(18–85)

67.2
(41–95)

161.95
(135–187)

66.2
(60–72)

15.4
(12–20)

Skull(AP) 21 49.9
(20–87)

67.35
(43–95)

162.7
(140–187)

69.5
(65–75)

19.2
(16–20)

Abdomen 41 50.31
(22–82)

72.05
(55–99)

165.76
(146–189)

74.2
(70–78)

6.36
(5–8)

CXR 41 44.43
(18–74)

69.84
(46–103)

166.76
(145–188)

99.87
(90–110)

3.32
(3.2–4)

Lumbar(Lat) 21 50.45
(19–87)

78.3
(48–123)

166.35
(145–189)

84.6
(79–90)

31.3
(25–32)

Lumbar(AP) 21 53.1
(19–90)

70.75
(44–98)

169.3
(145–189)

70.65
(65–78)

21
(20–225)

Pelvic 41 55.2
(18–89)

67.25
(49–94)

166.25
(143–195)

72.5
(65–80)

17
(16–20)

Digital
Neck(AP) 21 67.95

(27–90)
67.85
(45–103)

165.9
(144–199)

61.75
(60–65)

16.4
(12–20)

Skull(lat) 21 51.8
(18–86)

73.4
(47–98)

163.45
(130–190)

63.55
(60–70)

18.2
(16–20)

Skull(AP) 21 45.8
(18–86)

74.15
(48–94)

168.75
(142–192)

70.75
(65–75)

19
(16–20)

Abdomen 41 57.3
(23–88)

75.2
(52–97)

161.95
(140–188)

74.7
(70–78)

7.53
(5–8)

CXR 41 55.3
(24–82)

71.05
(45–123)

162.9
(140–194)

100
(95–108)

3.32
(3.2–4)

Lumbar(Lat) 21 53.85
(21–87)

64.4
(45–89)

161.45
(143–190)

84
(80–85)

28.85
(25–32)

Lumbar(AP) 21 44.55
(21–86)

68.4
(49–95)

168.05
(144–195)

75.5
(70–80)

23
(20–25)

Pelvic 41 60.85
(23–84)

76.35
(47–98)

169.7
(140–190)

81.95
(80–87)

19
(16–20)

neck(Lat) 21 46.85
(19–87)

72.85
(46–97)

168.95
(142–194)

63
(60–65)

17.8
(16–20)
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conventional radiography. DAP for Digital radiography 
for CXR is 0.11. The observed DAP for Chest PA exami-
nation was gained to be in the range from 0.12 Gy.cm2 to 
0.42 Gy.cm2 with an average value of 0.23 Gy.cm2 which 
is above the value of the reference level (0.12 Gy.cm2) for 
Chest PA given in Table 3. For Chest lateral the observed 
DAP was found to be in the range from 0.18 Gy.cm2 to 
1.48  Gy.cm2 with an average value of 0.65  Gy.cm2 and 
are therefore twice the reference value (0.3 Gy.cm2) given 
in Table 3.

Table  4 displays DRLs for different projection radiog-
raphies in this study, and our results were checked with 
DRLs reported by NRPB, Japan, and NDRL. According to 
Table 4, the 3rd quartile of the measured by digital radi-
ography is upper than convolution radiography. The dose 
of all projection is lower than in other studies. Figure 1 
shows the different means of dose obtain by digital and 
convolution radiography. DRL for digital radiography is 
upper than convolution radiography.

Table 3 Shows the average, minimum, maximum, mean, median, first quartile, third quartile of DAP for X-ray examination

Mean Min Max First quartile Median Third quartile

Digital
Neck(Lat) 0.13559 0.0813 0.1603 0.1272 0.1415 0.1581

Neck(AP) 0.11583 0.0728 0.1435 0.0903 0.11495 0.14115

Lumbar(Lat) 2.696855 2.4213 3.0849 2.431175 2.68355 3.0423

Lumbar(AP) 2.044285 1.9699 2.1263 1.9789 2.02165 2.120075

Skull(Lat) 0.29328 0.2318 0.4298 0.256375 0.2863 0.315425

Skull(AP) 0.29574 0.1748 0.4215 0.1901 0.283 0.380175

Skull(AP) 0.5211 0.5005 0.5053 0.5198 0.503110256 0.4611

Pelvic 1.6178 1.4498 1.5322 1.5712 1.496433333 1.2528

CXR 0.1128 0.0922 0.0934 0.0975 0.096048718 0.0868

Conventional
Pelvic 1.3405 0.801775 0.9365 1.09705 0.963776316 0.7812

Lumbar(AP) 2.73039 0.3509 42.11 0.419725 0.62625 0.934375

Lumbar(Lat) 2.491505 1.6411 3.0821 2.3871 2.6719 2.7394

CXR 0.091282 0.0632 0.1435 0.0789 0.092 0.0945

Abdomen 0.372174 0.234 0.5428 0.32525 0.35775 0.461

Skull(AP) 0.26941 0.0449 0.4047 0.23865 0.25255 0.3029

Skull(Lat) 0.20284 0.1497 0.2771 0.1863 0.1961 0.2133

Neck(AP) 0.11606 0.0745 0.2089 0.093375 0.10215 0.135275

Table 4 Displays DRLs for different projection radiographies in this study, and our results were check with DRLs of other study

Projection This study by 
convolution

This study 
Digital

Zarghani [10] Shandiz [11] Iran [12] Japan NRPB

Dose
Chest(AP) 0.09 0.08 0.64 0.25 0.97 – 1

Chest (PA) – – 0.54 0.22 0.41 0.3 0.2

Abdominal 0.46 0.46 2.15 1.29 4.06 3 6

Pelvic 0.78 1.25 1.47 1.09 3.15 4 4

Lumbar(PA) 0.93 2.12 1.99 0.7 3.43 11 6

Lumbar(Lat) 2.73 3.04 3.83 1.52 8.41 – 14

Skull pa 0.30 0.38 1.22 0.42 2.85 – 3

Skull Lat 0.21 0.31 1.01 0.39 1.93 – 1.5

cervical PA – – 0.58 0.15 1.83 0.9 –

Cervical Lat – – 0.74 0.16 0.93 3 –

Neck(AP) 0.13 0.14 – – – – –
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Discussion
The linear no-threshold theory says that low dose of 
ionizing radiation is also not safe. Therefore, decrease 
of the doses from medical exposures is a serious stage 
into radiation protection. Measurement of radiation 
dose in patients is crucial to optimize radiological 
protection in x-ray centers. This study presents use-
ful information about the radiation dose received by 
patients undergoing common radiology procedures at 
hospitals affiliated to Birjad university of medical sci-
ences. It can be used for comparing patients’ dose with 
the established DRL values in order to refuse unneces-
sary radiation exposure than needed. Table  3 shows a 
wide range of DAP values for radiographic procedures. 
These variations were also observed in a same device, 
for a specific procedure for different patients and in 
different devices for similar procedures. For instance, 
the maximum-to-minimum ratio of DAP for individual 
patients varied from 0.1 for chest LAT to 42 for skull 
AP/PA. Other studies also have reported such wide 
variations in diagnostic radiography practice [13, 14]. 
According to our results, the average DAP value for 
patients are consistent with reported by many stud-
ies have been done in Iran [10, 15–21]. The DAP value 
measured in this study for the CXR is consistent with 
the values reported by Faghihi et  al. [22] and Smans 
et  al. [12] for neonatal chest x-rays, whereas, it was 
lower than values reported by Bahreyni Toossi et  al. 
[23]. Both agreement and discordance were present 
between our study and other study performed by chest 
x-rays in Iran. Similarly, our results are inconsistent 
with DAP value reported by Zewdu et  al. for patients 
during chest x-rays [22]. Variation in the applied film 
to source distance (FSD) and exposure parameters (kVp 

and mAs), patient habitus, use or not use of anti-scatter 
grid and x-ray unites used in these studies are major 
reasons for the variation of data. We found no signifi-
cant correlation between patients’ sex and weight with 
DAP values, whereas, a significant correlation was seen 
for the applied kVp and mAs. These results are consist-
ent with the literature [6]. Variation in typical doses 
delivered by different x-ray rooms and departments is 
still substantial, indicating that there is further scope 
for patient dose reduction in those departments at the 
top end of the dose range. This verifies the continu-
ing usefulness of reference doses for identifying them. 
Digital devices have revolutionized medical imaging. 
Digital radiography can help reduce the patient’s dose 
as long as the operator is trained. There are solutions to 
reduce the dose and increase the quality of the image, 
which can be improved by training technologists. As 
mentioned, improper use of digital radiography can 
lead to an increase in the dose. What was also shown in 
this study was that the dose from radiographic convolu-
tion imaging was lower than from digital radiography. 
This is a sign of poor training for technologists. On the 
other hand, the dose range and the difference between 
the lowest and highest doses are very high, and this 
shows that it is possible to provide a suitable image in a 
specific projection by reducing the dose. Therefore, we 
need to work hard to reduce the dose.

Conclusions
Variation in typical doses delivered by different x-ray 
rooms and departments is still substantial, indicating that 
there is further scope for patient dose reduction in those 
departments at the top end of the dose range. Training 
radiation workers and implementing a QA program for 
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devices are necessary for lower patient doses and lower 
costs for medical health services.

Abbreviations
DRL  Diagnostic reference level
DAP  Dose area product
QA  Quality assurance
AP  Anterior posterior
PA  Posterior anteriopr
LAT  Lateral
CXR  Chest x-ray
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