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Introduction

The precise measurement of entrance skin dose (ESD), in diag-
nostic radiology imaging is helpful in optimizing patient protec-
tion and developing standards and reference levels of diagnostic 

in countries. Many researchers in different countries have studied this 
parameter in various radiography imaging modalities [1-5]. In addition, 
risk assessment is not possible except by measuring the dose delivered 
to different organs. The International Committee for Radiation Protec-
tion (ICRP) suggests measuring the dose of various organs to evaluate 
the biological effects of radiation on the body [6]. Orthopantomogram 
(OPG) or panoramic dental imaging is widely used in forensic sciences 
[7, 8] and diagnostic radiology in diagnosis of various malformations of 
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ABSTRACT
Background: Thermoluminescence dosimetry(TLD) has been known as one of 
the most effective methods for dose estimation in diagnostic radiology. Orthopanto-
mogram (OPG) imaging is used by many dentists, oral and maxillofacial surgeons as 
an effective tool for choosing an appropriate treatment plan. 
Objective: This study aims to measure the entrance skin dose and the dose val-
ues received by different head and neck organs in OPG imaging using TLD dosim-
eters (TLD-100).
Material and Methods: In this experimental study, the entrance skin dose 
and doses of various organs during imaging were measured by TLD dosimeters 
inside and on the surface of the Rando-Phantom. Doses to various organs, including 
thyroid, eye, esophagus, parotid and sublingual and submandibular salivary glands 
were measured. The measurements were repeated twice, and the dose values obtained 
in the two steps were compared. 
Results: Based on the results obtained in this study, the minimum dose values 
were found in Esophagus; 65.81, and 59.31 µGy, respectively. The maximum organ 
dose value was found for left parotid glands, 3842.42, and 3399.58 for the two mea-
surements, respectively.  
Conclusion: The results show that the dose values can vary based on devices, 
exposure conditions, and TLD positioning. 
Citation: Ahmadi A, Negarestani A, Sina S, Sarshough S. Measurement of Entrance Skin Dose and the Dose Received by Different Organs in 
Panoramic Dental Imaging. J Biomed Phys Eng. 2020;10(5):569-574. doi: 10.31661/jbpe.v0i0.878. 
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the head, jaw, and face, especially in orthodon-
tic treatments; therefore, the dose reduction 
in these systems has been the subject of dif-
ferent investigations [7-11]. The children and 
adolescents dose reduction issue in diagnos-
tic radiology has always been one of the main 
concerns in health physics science because of 
their higher radiation sensitivity [12, 13] and 
higher life expectancy than adults. Thus, mea-
suring the dose delivered to patients in various 
radiographic tests and optimizing the image 
quality, and dose to reduce the risk of radia-
tion exposure are very important. Thermolu-
minescence dosimetry has always been one of 
the effective dosimetry methods for estimating 
doses in diagnostic radiology, nuclear medi-
cine and radiotherapy [14-20]. The purpose of 
this study is to estimate the entrance skin dose 
and the doses received by various organs in 
OPG imaging.

Material and Methods

Determination of ECC of TLDs
In this experimental study, cubic chips of 

T1D-100 (LiF, Mg, Ti) with dimensions of 
1 × 3 × 3 mm3 were used for dose measure-
ments. At first, a batch containing one hun-
dred TLD-100 chips was selected for dosim-
etry. All TLDs were heated at 400 °C for 20 
hours then at 80 °C for 1 hour. The TLDs were 
then exposed to an equal value of dose; and 
the responses of these TLDs were read out us-
ing the Harshaw-4500 TLD reader device to 
obtain the ECC factor of the TLDs according 
to Equation (1). 

i
TLEECC
TLE

=                         (1)

In which ECCi and <TLEi> are the element 
calibration coefficient and readout of TLD 
chip i, respectively, and <TLE > is the average 
readings of TLDs. After obtaining ECCs, 50 
chips with ECCs close to 1 were selected to be 
used for dosimetry, and calibration.

Calibration of TLDs
In order to obtain the TLD calibration curve, 

12 TLD chips in 4 plastic packs were used af-
ter annealing procedure (1 hour at 400 °C and 
20 hours at 80 °C). Three triple packs of these 
TLDs were exposed to specific doses of 416, 
2190, and 5642 µGy. A package was also used 
to measure background radiation. The calibra-
tion process was performed with an X-ray ma-
chine with the same X-ray quality of the OPG 
unit. Subsequently, all exposed chips were 
read out by the TLD reader, and the corrected 
readings of each chip (according to Equation 
2) were used to plot the calibration curve.
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Where Ri-C and Ri are the primary readout 
and corrected readout of the ith chip. Rj-b is the 
readout of the jth background chip, ECCi and 
ECCj-b are the ECC values of the TLD chip i 
and background chip j, respectively and, and 
finally, n is the number of TLDs assigned to 
the background measurement.

Since the calibration curve of TLDs is a lin-
ear curve, the relationship between the doses 
of each TLD and its corrected readings is as 
following:

( ) [ ]  i i CD Gy a Rµ −= ×                                    (3)

Where Di(µGy) is the dose received by chip 
i, and a is the calibration coefficient of TLDs.

Dosimetry with TLD chips
In this step, a number of annealed TLD chips 

were packed in dark plastic envelopes for 
measurement of the entrance skin dose of the 
Phantom. Several TLD chips were also placed 
within the Rando phantom at the position of 
the target organs (thyroid, eyes, esophagus, 
sublingual, and parotid, and submandibular 
salivary glands). Rando phantom was exposed 
with OPG device, with the routine exposure 
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conditions used for the patients, i.e. 68kv, 
8mA, and 13.5 s. The geometry of Rando 
phantom is shown in Figure 1. Three TLD 
chips were also used to measure background 
radiation. The exposed TLDs were read out 
by Harshaw 4500, TLD-reader. Considering 
the linear calibration curve, the dose received 
by each TLD was obtained according to equa-
tion (3). The whole process was repeated once 
more.

Results
The calibration curves obtained for the TLD-

100 in the two steps are shown in Figure 2. 
The dose of each TLD was obtained by mul-
tiplying the chip readout by calibration coef-
ficient of each step, i.e. 68.72 (µGy/nc), 71.67 
(µGy/nc) for the first, and the second steps, re-
spectively. Figures 3a and b compare the dose 
in different organs obtained in the two steps. 
Table 1, a comparison of the entrance dose 
measured in each step is shown. The analysis 
of the TL dosimetry uncertainty is also shown 
in Table 2. In Table 3, there is a comparison 

of the measured values of entrance skin dose 
and organ doses in this study with the reported 
values in other investigations.

Discussion
According to the results shown in Figure 3, 

and Table 1, the results obtained in both mea-
surements are comparable to each other. The 
small difference in the results may be due to 
the uncertainties in TLD, and positioning of 
the phantom. The total uncertainty in the TLD 
measurements is about 6%. The uncertainty 
type-A of the TLD response due to the itera-
tion of the measurements was 4%, while type 
B uncertainty due to the calibration was 5%. 
The errors due to the energy dependency of 
the TLDs were ignorable, as the energy spec-
trum used for the calibration was similar to en-
ergy spectrum used for the measurement. As 
the calibration TLDs, and those used for the 
measurement were read out at the same day, 
the uncertainty for fading of the TLD signals 
can be ignored.

Conclusion
It can be concluded the dose values can vary 

based on devices and exposure conditions. 
The difference observed between the doses 
values obtained in this study, and those report-
ed by the previous investigators may be due to 
several reasons such as phantom positioning, 
the imaging technique, filtration of the x ray 
beam, and position of the dosimeters inside or 
on the phantom. 

For instance, the large differences observed 
between the doses of thyroid, and parotid 
glands may mainly be because of the patient 
positioning (the parts of the head and neck 
which is irradiated as the main field size). 
Another reason for such differences may be 
because of the different position of the TLDs 
inside the organ. 

Therefore, it can be concluded that we 
should put more TLD chips inside each organ, 
when we want to estimate the effective dose 
accurately.

Figure 1: Imaging geometry
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Figure 2: Thermoluminescence dosimetry (TLD) -100 calibration curve

Figure 3: Comparison of absorbed dose of different organs in Orthopantomogram (OPG) imag-
ing.
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Organ
Surface dose (µGy) 

Entrance skin dose(µGy)
First time Second time

Right cheek 79.55
Left cheek 47.24

Temporal surface-Right 11.15
Temporal surface-Left 4.80

Head 13.29
Right back of the neck 360.58
Left back of the neck 334.28

Neck 377.59
Thyroid surface 52.68

Eye-Right 29.25 30.00
Eye-Left 29.79 24.98

Table 1: Entrance dose measured in each 
step

Uncertainty 
Component Type A (%) Type B (%)

Iteration of measure-
ments with TLDs 4 ---

Dose Calibration --- 5

Correction of energy 
dependency

--- ---

Correction for nonlin-
earity and fading

--- ---

Combination of errors σA-total=4 σB-total=5

Total error ( ) ( )2 2 6.4A Bσ σ σ= + =

Table 2: Thermoluminescence dosimetry er-
ror analysis of dosimeters

This study 68kv, 8mA, 
13.5s

Gavala [21] 66kV,           
8 mA

Eftekhari moghadam [22] 
70Kv, 10mA, 14s

Country Iran Athens Iran
Year 2017 2009 2015

parotid 3397.48 320 1825 

thyroid 46.75 60 1415 

submandibular 1572.50 416 1450

Entrance skin 
Dose (µGy)

360.58 Right back of neck; 
334.28 Left back of neck

170 back of neck

90  skin (occipital area)

79.55 for right cheek
20 for skin (zygomatic area)

47.24 for left cheek

Table 3: Comparison of measured doses in different investigations with the results of this study
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