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Abstract
Objectives: Contemporary dental radiology offers a wide spectrum of imaging methods but it also contributes to an increase 
in the participation of dental radiological diagnosis in the patient’s exposure to ionizing radiation. The aim of this study is 
to determine the absorbed doses of the brain, spinal column, thyroid and eye lens for patients during panoramic radiogra-
phy, cephalometric radiography and cone beam computed tomography (CBCT). Material and Methods: The thermolumi-
nescent dosimetry and anthropomorphic phantom was used for measuring the doses. The 15 panoramic, 4 cephalometric 
and 4 CBCT exposures were performed by placing high-sensitivity thermoluminescent detectors (TLD) in 18 anatomical 
points of the phantom. Results: The maximum absorbed dose recorded during performed measurements corresponds to 
the point representing the brainstem and it is 10 mGy. The dose value recorded by the TLD placed in the thyroid dur-
ing CBCT imaging in relation to the panoramic radiography differs by a factor of 13.5. Conclusions: Cone beam computed 
tomography, in comparison with panoramic or cephalometric imaging technique, provides higher radiation doses to the pa-
tients. Int J Occup Med Environ Health 2017;30(5):705–713
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INTRODUCTION
The development of dental diagnostics and the availability 
of dental X-ray – as well as the necessity of dental X-ray 
images before, during, and after endodontic, orthodon-
tic and implantology treatments – requires an increase 
in the number of radiological images taken. As a result, 
the percentage share of dental radiological diagnosis in 
the patient’s exposure to ionizing radiation increases. 
However, an integral part of radiology is exposure of 

patients and, potentially, clinical staff to X-rays. No ex-
posure to X-rays may be considered to be completely free 
of risk, so the use of radiation by dentists is accompanied 
by the responsibility to ensure appropriate protection [1].
In Europe, diagnostic radiology represents the largest 
man-made contribution to the dose received by the popu-
lation [2]. This observation also applies to both developing 
and developed countries [3]. It is estimated that in 2014 
the average Pole’s exposure from sources of radiation 
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measurements. Before the measurements, the TL de-
tectors had been exposed in a 137Cs γ beam, with an air 
kerma of 1 mGy. Only detectors, the response of which 
was within the range of mean ± standard deviation were 
deemed appropriate for the measurements. Through this 
selection process, a batch of about 300 TL detectors was 
selected.

Phantom
The measurements were performed with head-neck slices  
of an anthropomorphic Rando phantom (Photo 1a and 1b). 

used for medical purposes, mainly for medical diagnostics, 
was 0.86 mSv [4]. International radiation protection stan-
dards have recommended that diagnostic reference levels 
meet the requirements imposed by the optimization and 
reduction of patients’ dose [5,6]. Diagnostic reference lev-
el values are the doses in medical diagnostic practice that 
relates to the typical examinations, for groups of standard-
ized patients or standard phantoms, for broadly defined 
types of radiological equipment [6,7].
Increased use of radiological imaging in dentistry has in-
creased the importance of using optimal X-ray operating 
parameters, making it possible to obtain a diagnostically full-
value image while optimizing exposure. The main aim of this 
exposure is to lower the dose of ionizing radiation for the pa-
tient during the examination. Much research on measuring 
and estimating patients’ doses has been published, using 
a variety of the radiographic techniques, operational param-
eters, and different patient exposure regions [6,8–14]. This 
paper intends to determine the absorbed doses to the brain, 
spinal column, eye lens and thyroid in an anthropomorphic 
phantom for a selection of panoramic, cephalometric radio-
graphy and cone beam computed tomography (CBCT) 
equipment, using thermoluminescent dosimetry.

MATERIAL AND METHODS
Detectors
High-sensitivity thermoluminescent detectors (TLDs) 
made of lithium fluoride (MCP-N (LiF: Mg, Cu, P) pro-
duced by the Polish company Radcard, were used for de-
termining the doses. The detectors are small (diameter 
of 4.5 mm, thickness of 0.9 mm) and reusable. The ab-
sorption properties of the detectors are comparable with 
those of the human soft tissues. The detectors may be used 
for measuring doses ranging from 2 μSv to 10 Sv [15,16]. 
The readings of the dosimeters were read out using 
an RA’04 reader from Mikrolab, Poland. The TLDs were 
subjected to a typical process of annealing in a TLD 
oven produced by PTW and could be used in subsequent 

Photo 1. Anthropomorphic Rando phantom: a) marked 
successive slices, b) a single slice with marked holes where 
thermoluminescent detectors (TLD) were inserted
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dak 9000, as well as 5 single exposures – by Kodak 9000, 
Kodak 8000, PaX-500, PaX-Reve 3D and Orthoralix 9200. 
The operational parameters of exposure for each of de-
vices are provided in the Table 2.

This corresponds to the outside measurement of the aver-
age human being (height of 175 cm and weight of 73.5 kg). 
A phantom consists of a human skeleton covered in a tis-
sue-like material.

Calibration of detectors
Thermoluminescent detector energy response was stud-
ied using RQR Narrow compliant with PN-EN 61267 at 
the Secondary Standard Calibration Laboratory [17]. 
The value of the dose rate was measured by using an ion-
ization chamber of reference device – UNIDOS. Tem-
perature and pressure corrections were taken into ac-
count. The distance between the source and the phantom 
was 2 m. The values of calibration coefficients had been 
determined for each measurement point individually. 
Thermoluminescent detectors were calibrated in terms 
of the dose absorbed by air.

Methods
The Rando phantom was positioned for panoramic, 
cephalometric and CBCT radiography without the TLDs. 
The exposure settings recommended by the manufacturer 
for the particular image and patient size were used. For 
the dose measurements, the detectors were placed in trans-
parent foil. Background radiation was taken into account 
during the measurement as well. The TLDs were attached 
at 18 anatomical points of a Rando phantom. Additionally, 
in the case of panoramic exposure, 2 TL detectors were 
placed on the surface of the Rando phantom at the level of 
the right and left lens of the eye and the left and right side 
of thyroid gland. The tissues/organs in which the absorbed 
dose was measured and the number of TLDs used are pre-
sented in the Table 1. Measurements were made in a variety 
of dental offices, using different dental imaging units and 
the radiographic settings used in the routine exposures, too 
(the exposure settings recommended by the manufacturer).
Two series of 5 measurements each were performed 
by 2 dental panoramic devices – Orthoralix 9200 and Ko-

Table 1. Location of the thermoluminescent detectors (TLD) 
in the anthropomorphic Rando phantom

Organ/Tissue/Slice of phantom TLD number

Middle point of brain
1 1
2 2
3 3
4 4

Center of the spinal column
5 5
6 6
7 7
8 8
9 9
10 10

Thyroid
9

right T1
center T2
left T3

10
right T4
center T5
left T6

Surface of the phantom at the level 
of the thyroid gland
9

right side T7
left side T8

Eye lens
3

right E1
left E2
right surface E3
left surface E4
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For thyroid gland the highest absorbed dose (0.17±0.04 mGy) 
was recorded by TLDs placed at the T2 point.
The use of an anthropomorphic phantom allowed for 
the placement of detectors inside as well as on the surface 
of the phantom. The absorbed dose values at the points 
identified as the right and left side of the thyroid gland dif-
fered in a statistically significant way (p ≤ 0.05).
It should be noted in the analysis of the eye lenses exposure 
during the panoramic radiography that the dose values re-
corded by the TLD positioned at the points representing 
the left eye lens did not differ in a statistically significant 
way from those which were recorded by detectors placed 
in the point corresponding to the right eye lens (p > 0.05). 
The measurements carried out by using an anthropomor-
phic phantom allowed for the placement of detectors not 
only in the position of the eye lens but also on the sur-
face of the phantom at the level of the lens of the eye. 
There was no statistically significant difference between 
the values of the absorbed dose registered in the points 

Cephalometric exposures were performed by using: Or-
thoralix 9200 (twice), Kodak 8000 C and PaX-500. In 
the case of CBCT technique, 5 exposures were performed 
by using Kodak 9000 C device (twice), GX-CB 500, PaX-
Reve 3D (twice). After each exposure, the detectors were 
removed and read.
For the purpose of the analysis of the results, Mann-Whit-
ney U statistical test was used.

RESULTS
Panoramic radiography
The highest doses (± standard error) during panoramic ra-
diography were recorded by TL detectors identified as 6, 7 
and 5 (the center of the spinal column). They are as follows: 
2.43±0.03 mGy, 2.13±0.14 mGy, and 1.87±0.07 mGy, 
respectively. The TLDs recorded the highest doses for 
the points which were positioned in the rotational plan of 
the image. Comparable values of absorbed doses were re-
corded in the middle point of the brain.

Table 2. The radiographic settings of devices used in absorbed dose measurements

X-ray technology/Device
Settings

voltage of the tube
[kV]

current
[mA]

time exposure
[s]

Panoramic radiography
Orthoralix 9200 70 6 12.0
Kodak 9000 70 8 14.3
Kodak 9000 70 10 14.3
Kodak 8000 73 12 13.9
PaX-500 70 8 12.9
PaX-Reve 3D 75 8 12.0

Cephalometric radiography
Orthoralix 9200 80 7 8.0
Kodak 8000 C 80 10 0.5
PaX-500 78 9 0.9

Cone beam computed tomography (CBCT)
Kodak 9000 C 70 10 32.4
GX-CB 500 120 5 23.0
PaX-Reve 3D 85 5 25.0
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radiography and CBCT was similar (Figure 1). The average 
absorbed dose recorded in the point 6 during the CBCT 
exam was as follows: 9.89±6.73 mGy, which was 8 times 
higher as compared to the average absorbed dose at the 
same point during panoramic radiography, and 100 times 
higher than during cephalometric radiography. The lowest 
radiation doses (taking into account the absorbed dose) 
were recorded during cephalometric radiography.

Thyroid exposure during extraoral dental diagnostics
The Figure 2 presents the values of absorbed doses to thy-
roid gland during panoramic radiography, cephalometric 
radiography and CBCT.
In the case of the thyroid, it is difficult to discern the dif-
ferences in the nature of exposure of individual data 
points (Figure 2). Clearly, the most spectacular difference 
in the case of these 3 types of exposure is the recorded 
absorbed dose. In this case, the largest exposure to radia-
tion (in absorbed dose units) in dentistry still occurs dur-
ing CBCT. The average absorbed dose recorded during 

corresponding to the position of the left and right lens of 
the eye as compared to the doses recorded at the level of 
eye lens (p > 0.05).

Cephalometric radiography
The highest doses (± standard error) during cephalomet-
ric radiography were recorded by TLDs identified as 1, 
2 and 3 (Table 1). They are as follows: 0.69±0.03 mGy, 
0.30±0.01 mGy, and 0.273±0.003 mGy, respectively.
Differences in the technique of the cephalometric exam, 
compared with the panoramic radiography technique, 
resulted in a different type of exposure of the points in 
the brain and spinal column. The lowest doses were re-
corded at the points corresponding to the spinal column.
The highest doses for the 3 points located in the thyroid 
gland were: 32.5±0.02 μGy (T2), 32.4±0.03 μGy (T3), 
16.23±0.01 μGy (T1), respectively. The absorbed doses 
recorded by TLDs in points located within the Rando 
phantom, slice No. 10 (T4–T6), were on average 3 times 
lower as compared with the absorbed doses recorded with-
in slice No. 9 (T1–T3).
The maximum value of the dose absorbed by the right eye 
lens was 80.0±0.7 μGy. Comparison of the dose absorbed 
by the right and left lens of the eye during the cephalo-
metric radiography showed no statistically significant dif-
ference (p > 0.05).

Exposure of the brain and spinal column 
during extraoral dental diagnostics
Absorbed dose values recorded at the respective mea-
suring points using CBCT exposure technique have been 
compared to 2 already researched exposure techniques in 
dentistry.
The Figure 1 presents the values of the dose absorbed by 
the middle point of brain and spinal column during pan-
oramic radiography, cephalometric radiography and CBCT.
The nature of exposure of measurement points located in 
the area of the brain, and spinal column during panoramic 
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Fig. 1. The mean absorbed doses (± standard deviation) 
to brain and neck structure during panoramic radiography, 
cephalometric radiography and cone beam computed 
tomography (CBCT) measured in anthropomorphic  
Rando phantom
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dose in the left lens of the eye during CBCT examination 
was 0.4±0.3 mGy.

DISCUSSION
In this study, the absorbed radiation doses were mea-
sured at certain anatomical sites corresponding to head 
and neck areas in a Rando phantom, during panoramic 
radiography, cephalometric radiography and cone beam 
computed tomography (CBCT). The measurements were 
performed by using different dental imaging units during 
routine exposure in a variety of dental offices and different 
radiographic settings (recommended by the manufactur-
er). The lowest radiographic settings were used for 2 digi-
tal devices: Orthoralix 9200 and Kodak 9000. A compari-
son of the exposures performed using Kodak 9000 and 
Orthoralix 9200 devices shows that in the case of pan-
oramic radiography, the doses absorbed by the patients in 
the region of the brain, brain stem, and at the height of 
the thyroid gland on the right side (the dose as measured 
on the surface of the phantom), are statistically different 

CBCT examination in point T2 was 0.85±0.55 mGy, while 
the average absorbed dose at the same point (T2) dur-
ing panoramic radiography was 59.4±43.4 μGy and 
18.6±11.7 μGy in cephalometric radiography.

Eye lens exposure during extraoral dental diagnostics
The Figure 3 shows the values of the absorbed dose to eye 
lenses during panoramic radiography, cephalometric radi-
ography and CBCT.
The Figure 3 shows the different nature of exposure be-
tween eye lenses during radiological diagnostic tests in 
dentistry – especially during cephalomeric radiography, 
as compared to panoramic radiography or CBCT. How-
ever, there were no statistically significant differences 
(p > 0.05) between the dose absorbed by the left and right 
lens in CBCT, just like the panoramic and cephalometric 
radiography. A clear difference remains in the values of 
recorded doses. Exposure of the eye lens during CBCT 
technique (in units of absorbed dose) is also higher in 
relation to the other 2 techniques. The average absorbed 
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Fig. 2. The mean absorbed doses (± standard deviation) to 
thyroid gland during panoramic radiography, cephalometric 
radiography and cone beam computed tomography (CBCT) 
measured in anthropomorphic Rando phantom

E1 – right eye lens, E2 – left eye lens; E3, E4 – points located on 
the surface of the phantom on the level of the right and left eye lens, 
respectively.

Fig. 3. The mean absorbed dose (± standard deviation) to eye 
lens during panoramic radiography, cephalometric radiography 
and cone beam computed tomography (CBCT) measured in 
anthropomorphic Rando phantom.
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imaging. It is a type of imaging technology that is entirely 
new to dentists. Since it is a relatively new technique, 
majority of dental CBCT dosimetry research has used 
the more recent tissue weighting factors as compared to 
the published works on conventional dental radiographic 
techniques pre-dates the recent revision of tissue weight-
ing factors by the International Commission on Radiologi-
cal Protection (ICRP) 103 [25].
It is still important to recognize that the doses reported for 
one dental CBCT machine may be quite different to an-
other and that ranges of dose are more appropriate to use 
than absolute figures. Pauwels et al. [13] have presented 
data on average relative contribution of organ doses to ef-
fective dose in dental CBCT. The bulk of the contribution 
comes from remainder organs, salivary glands, thyroid 
gland and red bone marrow.
Liu et al. [22] give that for CBCT tooth doses are higher than 
those of 2D projection image: 3D imaging is about 14 times 
higher than 2D because 3D uses high working voltage, cur-
rent, longer irradiation time and broader field size, thus dos-
es are higher. The mean dose for midline thyroid during the 
CBCT phantom exposure for the setting of 15 mA, 120 kVp 
is equal to 8.4 mGy and for the mid brain the mean doses 
recorded by TLD is 6.03 mGy and 5.93 mGy for the center 
C spine [26]. Tsiklakis et al. [27] give that the thyroid gland 
received 0.32 mGy, the cervical spine received 1.28 mGy 
and the lens of eyes – 0.61 mGy.
Soares et al. [28] note that CBCT is an imaging technique 
that has better three-dimensional spatial resolution and 
lower absorbed doses to organs/tissues than those re-
sults, usually obtained with medical computed tomogra-
phy indental applications. The use of CBCT technology 
in clinical practice provides a number of potential advan-
tages for maxillofacial imaging as compared with conven-
tional CT [27,29,30]. Scarfe et al. [29] highlight that cone 
beam technology will become an important tool in dental 
and maxillofacial imaging over the next decade or two. 
Clinical applications of CBCT are rapidly being applied to 

(p < 0.05). In the case of the cervical spine and the thyroid 
gland on the left side (the dose measured in the phantom), 
the right and left lens of the eye, as well as at the height of 
the right and left eye lenses (the surface of the phantom), 
there was no measured statistical difference in absorbed 
dose values (p > 0.05).
Most papers concerning radiation dose estimation in 
panoramic radiography draw comparisons between con-
ventional and digital panoramic radiography [11,18–20]. 
These studies have concluded that any dose reduction 
results in an image quality difference with a predomi-
nance of the conventional panoramic device [21]. Ga-
vala et al. [8] state that the radiation risk related to pan-
oramic radiography is still uncertain, although the ab-
sorbed doses received are low. Our results show that 
the average value of the dose absorbed by the thyroid 
during panoramic radiography is 34.4±33.9 μGy, and 
the order of magnitude corresponds to a value obtained 
by Gavala et al. [8]. In the case of the eye lens, the av-
erage absorbed dose is nearly 10 times lower, as com-
pared with the value obtained by Gavala et al. [8], and is 
equal to 6±5 μGy. Panoramic radiography is the source 
of the highest doses, especially for the brain and brain 
stem areas. Liu et al. [22] give the absorbed dose for eye 
lens during 2D dental panoramic is about 4 mGy and 
about 7 mGy for the thyroid.
When comparing the doses absorbed by the right and left 
eye lens, no statistically significant difference (p > 0.05) was 
found. No statistically significant differences were found, 
either, when comparing the doses absorbed by the thyroid 
and the eye lenses during cephalometric radiography.
In recent years, cone beam computed tomography (CBCT) 
has become a widely accepted radiographic tool for di-
agnosis, treatment planning and follow-up in dentist-
ry [13]. It provides a clear image of high contrast and is 
extremely useful for evaluating bone [23,24]. The Euro-
pean Commission (EC) Report 172 [1] notes that the ad-
vent of CBCT has been an enormous advance in dental 
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4. National Atomic Energy Agency. [Annual report 2014. An-
nual report on the activities of the President of the National 
Atomic Energy Agency and assessment of nuclear safety and 
radiological protection in Poland in 2014] [Internet]. The 
Agency; 2014 [cited 2015 Sep 24]. Available from: http://
www.paa.gov.pl/sites/default/files/RaportPrezesaPAA2014.
pdf. Polish.

5. International Commission on Radiological Protection. Ra-
diological protection and safety in medicine. Ann ICRP. 
1996;26(2).

6. Zenóbio MAF, da Silva TA. Absorbed doses on patients 
undergoing tomographic exams for pre-surgery planning of 
dental implants. Appl Radiat Isot. 2007;65:708–11, https://
doi.org/10.1016/j.apradiso.2007.01.016.

7. European Commission. Guidance on diagnostic reference 
levels (DRLs) for medical exposures. The Commission; 
1999.

8. Gavala S, Donta C, Tsiklakis K, Boziami A, Kamenopou-
lou V, Stamatakis HC. Radiation dose reduction in direct 
digital panoramic radiography. Eur J Radiol. 2009;71:42–8, 
https://doi.org/10.1016/j.ejrad.2008.03.018.

9. Walker C, van der Putten W. Patient dosimetry and a novel 
approach to establishing Diagnostic Reference Levels in 
dental radiology. Phys Med. 2012;28:7–12, https://doi.org/ 
10.1016/j.ejmp.2010.12.003.

10. Bianchi J, Goggins W, Rudolph M. In vivo, thyroid and lens 
surface exposure with spiral and conventional computed 
tomography in dental implant radiography. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod. 2000;90:249–53, 
https://doi.org/10.1067/moe.2000.107354.

11. Danforth RA, Clark DE. Effective dose from radiation 
absorbed during a panoramic examination with a new gen-
eration machine. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 2000;89:236–43, https://doi.org/10.1067/
moe.2000.103526.

12. Lambrecht JT, Roth J, Kiefer HP. Dose exposition from 
intra- and extraoral dental radiography. Int Congr Ser. 
2004;1268:1147–51, https://doi.org/10.1016/j.ics.2004.03.337.

dental practice. Nevertheless, taking into account the dose  
values recorded during diagnostic technique by CBCT, 
special attention should be given to the analysis of profit 
and loss (regarding health) for the patient, resulting from 
the use of this imaging technique.

CONCLUSIONS
Thermoluminescent detectors placed at all measurement 
points record higher doses of ionizing radiation in the case 
of CBCT exposure technique. Cone beam computed to-
mography, in comparison with panoramic or cephalomet-
ric imaging technique, provides higher radiation doses to 
the patients. The maximum absorbed dose recorded dur-
ing performed measurements corresponds to the point 
representing the brainstem and stands at 10 mGy. The 
dose value recorded by the TLD placed in the thyroid dur-
ing CBCT imaging in relation to the panoramic radiogra-
phy differs by a factor of 13.5.
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