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Introduction

Nowadays, the use of X-ray as a reliable diagnostic tool in medi-
cal practice is inevitable [1-3]. Maxillofacial disease is one of 
the most common medical problems in communities which is 

detectable by the use of X-rays. Various radiography techniques are 
used for diagnosing and monitoring the treatment process in dental pro-
cedures. However, due to the complicated anatomy of maxillofacial re-
gion, a change from two-dimensional (2D) to three-dimensional (3D) 
imaging provides more anatomical details from treatment region [4, 5]. 
More recently, a technology utilizing a cone-shaped X-ray beam and 
flat-panel detectors which is called cone-beam computed tomography 
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ABSTRACT
Background: While the benefits of cone-beam computed tomography (CBCT) 
are well known in maxillofacial imaging, the use of this modality is not risk-free.
Objective: The aim of this study was to evaluate the exposure doses received by 
patients during maxillofacial imaging with CBCT.
Methods: Entrance surface dose (ESD) was measured by using thermoluminescent 
dosimeters (TLDs) attached to the eyes lids, parotid glands and thyroid of 64 patients 
in two imaging centers (A and B). Phantom dosimetry was performed by a cylindri-
cal poly-methyl methacrylate (PMMA) head-size phantom and an ionization chamber 
for different exposure parameters. NewTom VGi and Planmeca Promax 3D CBCT 
scanners were used at centers A and B, respectively.
Results: The mean ESD of the eyes, parotid glands and thyroid were 2.57, 2.33 
and 0.28 mGy in center A, 0.35, 2.11 and 0.37 mGy in center B, respectively. ESD 
of the eyes revealed a significant difference in two centers; in center B, it was 86.4% 
lower than center A. In the phantom dosimetry, the measured doses of NewTom VGi 
were 2.63 and 2.08 mGy, respectively by changing field of view (FOV) size from 
8×8 cm2 (height × diameter) to 6×6 cm2. For Planmeca Promax 3D, it ranged from 
0.98 to 3.24 mGy depending on exposure parameters.
Conclusion: There is a wide range of radiation doses dependent on the units, 
patients and selected scan parameters. Inappropriate selection of exposure settings, 
especially FOV size, can seriously increase patient dose.
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(CBCT) has been developed for 3D imaging 
in dental procedures [6]. In addition to CBCT 
diagnostic advantages to 2D imaging modali-
ties, its smaller size, lower price and lower ra-
diation dose to the patient compared to multi-
detector computed tomography (MDCT) 
scanners making it a desirable device for dif-
ferent clinical applications, including maxillo-
facial imaging centers [7-11].

During CBCT scans, patients are exposed to 
the ionizing radiation that is generally higher 
than conventional radiography [12]. In maxil-
lofacial imaging, the parotid glands, eyes and 
thyroid gland as critical organs are inside or 
adjacent to the radiation area [13]. This issue 
has raised concerns about the biological risks 
of radiation dose with CBCT. To address this 
problem, in 2011, a dose measuring method-
ology for calculating the dose index (DI) for 
dental CBCT was suggested by “Safety and 
efficacy of a new and emerging dental X-ray 
modality (SEDENTEXCT)” project that could 
be measured and used to establish diagnostic 
reference level (DRL). It can be useful for the 
optimization of exposure settings to devel-
op the radiation safety of patients who need 
CBCT imaging [14]. Moreover, several stud-
ies have been conducted on dosimetry using 
an anthropomorphic phantom, and effective 
dose has been reported [15-24]. Although this 
method is a useful approach to represent the 
overall risk from radiation exposure, it has 
some drawbacks, such as ignoring the influ-
ence of the demographical and anatomical fac-
tors of each patient on radiation-induced risks. 
Whereas patients will receive different doses 
regarding their sizes and masses as important 
factors, considering variation in patient dose 
is not easily carried out using a standard phan-
tom which has a fixed size, mass and gender 
of a reference patient [25-27]. Especially for 
children whose tissue sizes and positions are 
different from adults and in similar exposure 
settings, the absorbed dose to different organs 
in the head and neck regions may be higher 

than adults, because more tissues will be ex-
posed to the primary beam [25, 28]. Another 
shortcoming of phantom studies is that they 
may not completely show the clinical reality 
and variability of CBCT radiation dose which 
patients receive in actual clinical settings. Par-
ticularly in situations in which imaging cen-
ters do not use specific guidelines for CBCT 
exposures, radio-technologists do not use ap-
propriate exposure settings for different diag-
nostic purposes. Although these factors can 
extremely increase the patient’s dose, the role 
of them is not usually considered in studies 
done on the phantom.

Measurement of patients’ dose in X-ray ex-
aminations especially radiographic procedures 
have been widely done in different imaging 
centers to determine real radiation dose which 
received by the patients [29-32]. But there are 
few studies based on dose measurement on pa-
tients undergoing CBCT imaging [25]. 

The aim of this study was to obtain entrance 
surface dose (ESD) in sensitive organs of head 
and neck region on patients undergoing CBCT 
examinations at two main maxillofacial im-
aging centers in East Azerbaijan for the first 
time. Evaluation of the appropriate exposure 
parameters for patient’s dose reduction was 
also conducted using dose measuring meth-
odology (SEDENTEXCT project). We hope 
this study promotes to perform similar coun-
trywide studies for the evaluation of a national 
diagnostic reference level (NDRL) for maxil-
lofacial CBCT imaging in Iran.

Material and Methods

CBCT Scanners
Two CBCT units were included in this 

study; exposure parameters varied between 
patients and between CBCT models; the first 
group of scans was performed by NewTom 
VGi (Quantitative Radiology, Verona, Italy) 
in center A. In this unit, field of view (FOV) 
could vary from the smallest size of 6×6 cm2 
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(height × diameter) to the largest of 15×15 
cm2 , and it could be selected directly from the 
software. Tube voltage was fixed at 110 kVp 
and the mAs was determined through a type 
of automatic exposure control based on a 2D 
scout image. The second group of scans was 
performed by Planmeca Promax 3D CBCT 
(Planmeca OY, Helsinki, Finland) in center B. 
This x-ray machine uses a tube voltage vary-
ing from 54 to 84 (2 kV intervals), and mA 
from 8 to16 (in 2-mA increments). FOV size 
could vary from 5×4 cm2 to 8×8 cm2.

Patients
In total, 64 patients were included involv-

ing two main maxillofacial imaging centers 
in East Azerbaijan. Two patient groups were 
studied: the first group consisted of 32 patients 
who  referred to Oral and Maxillofacial Radi-
ology, Faculty of Dentistry, Tabriz University 
of Medical Sciences (center A), and the second 
group consisted of 32 patients who referred to 
a private Oral and Maxillofacial Radiology 
Clinic in Tabriz (center B). All patients imag-
ing was performed as routine examinations, 
patients were not exposed to any additional ra-
diation, and the images were used for diagnos-
tic purposes. There were no exclusion criteria 

regarding age, weight or other parameters. All 
patients are given an informed consent prior 
to the examination. The Ethical Committee 
of Tabriz University of Medical Sciences ap-
proved the ethical conditions of this study.

Before examination for all patients, demo-
graphical and anatomical data were recorded 
including gender, age, weight, height and 
chin-thyroid distance. The body mass index 
(BMI) for each patient was calculated using 

the equation: BMI= 2

( )
( ( ))
Weight kg
Height m

. Patients’ 

information is summarized in Table 1. Accord-
ing to BMI, the patients were divided into four 
groups:  Less than 18.5 as underweight, 18.5 
to 25 as normal, 25 to 30 as overweight and 
above 30 are considered obese.

Patient Dosimetry
ESD was measured using LiF, Mg, Cu, P 

TLD GR200 (Hangzhou, Zhejiang, China). 
Each chip was placed inside a plastic cover 
and specified with a special number. The sa-
chets were attached to the seven points on the 
head and neck of each patient, including left 
and right eye lids, left and right parotid glands 
and on the three points of thyroid gland. In 
each examination, two additional TLDs were 

Center A Center B
Male Female Total Male Female Total

Number of patients 16 16 32 20 12 32
Percentage (%) 50 50 100 62.5 37.5 100

Mean Mean
Male Female Total Male Female Total

Age (years) 45.25 52.5 48.8 48.4 51 49.14
Weight (kg) 87.75 62.75 75.25 79.4 74.5 78
Height (cm) 179.5 157.5 168.6 169.4 164.5 168
BMI (kg.m-2) 27.26 25.19 26.22 27.83 27.55 27.75
Chin-thyroid distance (cm) 5.7 6.1 5.9 5.9 6.75 6.1

Table 1: Demographical  and anatomical information of patients
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used to estimate background radiation, which 
was subtracted from the measured dose val-
ues.

All processes related to TLDs (i.e. calibra-
tion, annealing and reading) were performed 
by Secondary Standard Dosimetry Laboratory 
(SSDL) of Karaj-Iran”, and finally amount of 
dose was reported in mGy.

Exposure Parameters in each Center
In center A, tube voltage was fixed at 110 

kVp, and FOV was fixed at 15×15 cm2, and for 
center B different tube voltages (72-78 kVp) 
and mAs (146-160) were used, but the FOV 
was fixed at 8×8 cm2.

Phantom Dosimetry
A cylindrical head-size phantom (Un-

forsRaySafe, Gothenburg, Sweden) with 16 
cm diameter and 14 cm height and a pencil-
type ionization chamber (UnforsRaySafe, Go-
thenburg, Sweden) with an active length of 15 
cm was used for this study. The phantom was 
made up of polymethyl methacrylate (PMMA). 
It contained five cylindrical slots for the inser-

tion of an ionization chamber. Four homoge-
neous PMMA rods were provided for filling 
empty slots (Figure 1 (a)). For identification, 
each slot was assigned a code (C, P1, P2, P3 
and P4); where C is the central hole and P1, 
P2, P3 and P4 are four peripheral holes (Fig-
ure 1 (b)). In each scan, the dose at each point 
was measured and dose wasobtained using the 
equation suggested by SEDENTEXCT project 

(Dose = 
C P

2
+

) where P is the average dose of 

peripheral hole (P = 
P1 P2 P3 P4

4
+ + +

). The 

isocenter of units must be at the C point (the 
center of the phantom).

Statistical Analysis
The independent t-test was used for values 

which had normal distribution, and Mann-
Whitney U and Kruskal-Wallis tests were 
implemented for values which were not nor-
mally distributed. For all tests, the level of sig-
nificance (P) was considered <0.05. Statistical  

 
      

 
 

Figure 1: Phantom of cone-beam computed tomography (CBCT) dosimetry. (a): A cylindrical 
head-size poly-methyl methacrylate (PMMA) phantom with five cylindrical slots for the inser-
tion of an ionization chamber. (b): A schematic illustration of slot arrangement.

54



J Biomed Phys Eng 2019; 9(1)

www.jbpe.org Dosimetry in Maxillofacial Imaging

analysis was performed with SPSS 16.

Results

Patient’s Dosimetry
Table 2 summarizes results of ESD measure-

ments for two CBCT units used in two centers 
in this study. Measured ESDs to symmetrical 
organs (eyes and parotid glands) were aver-
aged.

In center A, the highest and lowest doses 
were received by eyes and the thyroid gland, 
respectively, while in center B the highest 
and lowest doses were detected in the parotid 
glands and the eyes, respectively. A statisti-
cally significant difference was found between  

eye doses in two centers (P < 0.001), the eye 
doses in center B were 86.4% lower than that 
of center A. Statistically significant differenc-
es were not found between the parotid glands 
and also thyroid gland doses in two centers (P 
= 0.35 for parotid glands and P = 0.18 for thy-
roid gland).

For none of CBCT devices, between the BMI 
groups and doses, no statistically significant 
difference was detected (P > 0.05). There was 
not any clear correlation between demograph-
ical and anatomical parameters and doses.

Phantom Dosimetry
A total of 8 exposure protocols were per-

formed as summarized in Table 3. The ex-

Center A Center B
Min Max Mean SD* Min Max Mean SD

Eyes 2.22 2.88 2.57 0.25 0.18 0.50 0.35 0.12
Parotid 1.97 2.87 2.33 0.33 1.38 2.90 2.11 0.55
Thyroid 0.22 0.38 0.28 0.06 0.18 0.62 0.37 0.16

*SD: Standard deviation

Table 2: Entrance surface doses (mGy) for the eyes, parotid and thyroid glands for two maxil-
lofacial imaging centers

Voltage (kV) Amperage (mA) Exposure time(s) FOV (cm2)* dose (mGy)

CBCT unit 110 Auto Auto 8×8 2.63
NewTom VGi 110 Auto Auto 6×6 2.08
 84 8 12 8×8 1.37
Planmeca Promax 3D 84 12 12 8×8 2.36

84 16 12 8×8 3.24
84 8 12 5×8 0.98
84 12 12 5×8 1.56
84 16 12 5×8 2.33

*FOV: field of view (height × diameter)

Table 3: Exposure parameters and doses for two CBCT devices in phantom dosimetry
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aminations were repeated three times for each 
protocol to ensure the reproducibility of the 
measurements. Average of the three measure-
ments was considered as the dose at each slot.

According to the Table 3, for NewTom VGi, 
20.9 % reduction was observed in the dose, 
by changing the FOV from 8×8 cm2 to 6×6 
cm2. For Planmeca Promax 3D, by changing 
mA from 8 to 12, 12 to 16 and 8 to 16 with 
applying a fixed  FOV of 8×8 cm2, the amount 
of dose increased 42%, 37.3% and 57.7%, re-
spectively and when the FOV was 5×8 cm2 
with changing mA as mentioned, the dose in-
creased 37.2%, 33% and 55.4%, respectively. 
When mA was kept fixed at 8, 12 and 16, and 
while the FOV changed from 8×8 cm2 to 5×8 
cm2, dose reduction was 28.5%, 33.9% and 
28.1%, respectively.

Discussion

Patient’s Dosimetry
As seen in Table 2 at center B, the maximum 

ESD belonged to parotid glands. As expected 
in CBCT imaging, parotid glands due to their 
locations were exposed to primary beam and 
received greater dose in comparison with 
two other organs which were out of radiation 
field and mainly received scattered radiation. 
However, the interesting point to note is that 
in center A, eyes also received a high dose 
because of the large fixed FOV (15×15 cm2) 
used in this center leading to exposure of the 
eyes with primary radiation beam. Despite the 
fact that the height and diameter of the scan 
field can have different values and there are 
a variety of choices for selecting the FOV of 
the CBCT devices, both centers in this study 
used a fixed FOV for all patients that led to 
an increase in the patients’ dose. In a study 
performed by Pauwels et al. [25] measuring 
ESD in three imaging centers, the maximum 
doses for the eyes, parotid and thyroid glands 
were reported 2337, 2770, 2559 µGy, and the 
minimum dose for these organs were 20,71, 

6 µGy, respectively. The difference between 
measured ESDs in the present study and their 
study might be relevant to the type of CBCT 
units, exposure conditions, type, number and 
positioning of dosimeter and anatomical dif-
ferences of patients. Based on the results, 
although the measured ESD for different pa-
tients was different, there was no clear corre-
lation between demographical and anatomical 
factors and the measured dose. It seems that 
the effect of these factors on the dose is limited 
or overshadowed by other factors. Therefore, 
it can be concluded that the dose is a metric 
influenced by several factors such as differ-
ent exposure parameters (FOV size and mA) 
which can be dominant in comparison with the 
effect of demographical and anatomical fac-
tors on the dose.

Based on the hypothesis of radiation protec-
tion, any value of radiation dose can cause bio-
logical damage [13]. Therefore, CBCT device 
settings must be based on as low as reason-
ably achievable (ALARA) principles, which 
suggest strategies to dose reduction [16]. Ac-
cording to the International Commission on 
Radiological Protection (ICRP) guidelines, 
2000 mGy may create temporary erythema; 
this dose is considered as the threshold for 
deterministic effects [33]. The maximum skin 
dose recorded in this study did not exceed 2.9 
mGy that is about a 690 times smaller than the 
threshold. Although the allowed doses for the 
eyes and skin are similar but recent studies 
have shown that the risk of cataract increases 
with increasing dose, and threshold for cata-
ract is less than 500 mGy [33]. However, in 
the present study, the maximum dose to the 
eyes was 2.88 mGy which is 174 times less 
than the suggested threshold.

Because in this study the thyroid was not 
exposed to the primary beam in both centers, 
the dose range was 0.18 to 0.62 mGy which 
can be assumed as a low dose. Since thyroid 
is one of the critical organs and radiation can 
increase the risk of thyroid cancer [32], its 
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dose should be reduced as much as possible. 
In the present study, in none of the centers any 
special protection for the thyroid and eyes was 
not used, while one of the suitable methods for 
dose reduction is the use of shielding (thyroid 
collars and leaded glasses). Goren et al. [34] 
found that by using thyroid shield and leaded 
glasses, thyroid and eye lens dose reduced 
42% and 61%, respectively.

Phantom Dosimetry
In this study for measurement and report-

ing the result of phantom dosimetry, we used 
the method suggested by the SEDENTEXCT 
project, because of its convenient execution 
that can be used easily for further studies to 
establish DRL.

Results of the present study demonstrated 
that by reducing the FOV from 8×8 cm2 to 
6×6 cm2 in center A, the dose reduced 20.9%, 
and in center B by changing FOV from 8×8 
cm2 to 5×8 cm2, dose reduction was 28.5%, 
33.9% and 28.1% for the situation in which 
mA was fixed at 8, 12 and 16, respectively. 
According to the results, it can be concluded 
that decreasing the FOV is one of the effective 
ways to reduce the dose. Previous studies on 
phantoms have shown that effective dose can 
be reduced by decreasing the FOV. In a study 
performed with Planmeca Promax device, in 
situations where only the FOV was changed 
and other exposure parameters were fixed, the 
results showed that if the height was limited 
to the mandible or maxilla, the effective dose 
reduced to 57% of the full height for mandible 
and 44% for maxilla. If the diameter was re-
stricted just to the posterior or anterior areas, 
the effective doses would reduce to 66% and 
42% of the full diameter [35].

In the present study for Planmeca Promax 3D 
(center B) while only the mA was changed and 
other parameters were fixed, when the FOVs 
were 8×8 cm2 and 5×8 cm2, the observed dose 
reduction was 57.7% and 55.4%, respectively 

by decreasing mA from 16 to 8. Therefore, 
one of the effective options for dose reduction 
is reducing the mA. In principle, concerning 
the devices such as Planmeca Promax 3D in 
which mA can be selected manually by op-
erators, the mA should be reduced as much as 
possible. Of course, reducing the mA must be 
in such a way that the image quality is also 
acceptable. In a study, Qu et al. [35] observed 
65.8% reduction in effective dose by changing 
mA from 16 to 8 by use of Planmeca Promax 
device.

Conclusion
As evidenced in this study, a combination 

of scan parameters and patient’s factors could 
have effects on the measured ESD, especially 
exposure parameters like FOV and mA set-
tings which could change dose values; in-
appropriate selection of them can seriously 
increase patient’s dose. Therefore, it is recom-
mended to reduce the dose; the FOV should be 
selected as small as possible so that only the 
ROI is exposed to the primary beam, and other 
organs like eyes and thyroid gland have to be 
placed away from the primary beam. Another 
way for reducing the patient’s dose is decreas-
ing the mA, but it should be in a condition that 
the image quality could be acceptable. The re-
lationship between the mA and image quality 
of CBCT devices can be investigated in future 
studies. For dose reduction, development of 
guidelines and radiation protection principles 
and properly training of radio-technologists 
for the appropriate use of CBCT imaging 
based on the patient’s needs, clinical issues 
and ALARA principles are indispensable. We 
hope the results of this study, with the help of 
similar future studies, lead to set NDRL for 
CBCT examinations in Iran.
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