Paediatric organ and effective doses in dental cone beam computed tomography
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Abstract— Cone beam computed tomography (CBCT) is an
x-ray emerging technology with wide applications in the dental
and maxillofacial disciplines. Dental CBCT has been associ-
ated with higher radiation risk to the patients compared to
conventional dental x-ray imaging.

Several studies have investigated the radiation doses in-
volved in dental CBCT for adults but none has looked into
paediatric doses. This study estimates the organ and effective
doses to two paediatric tissue-equivalent phantoms using
thermoluminescent dosimeters for three dental CBCT units
and six imaging protocols. The doses to the thyroid, salivary
glands and brain ranged from 0.068mSv to 1.131mSv,
0.708mSyv to 2.009mSv and 0.031mSv to 1.584mSyv respectively.
The skin and red bone marrow have received much lower
doses than the other three organs.

The effective doses ranged from 0.022 mSv to 0.081 mSv.
The highest effective dose was calculated for the NewTom VG
using the dental protocol and the lowest was observed for the
Next Generation i-CAT using the 6cm maxilla protocol. The
effective doses calculated in this study were much higher than
these of panoramic x-ray imaging but lower than conventional
CT.
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I. INTRODUCTION

Dental Cone Beam Computed Tomography (CBCT) is a
cutting-edge X-ray technology applied in oral and maxillo-
facial disciplines. The ability of the CBCT systems to pro-
vide 3-dimensional (3D) high resolution images with diag-
nostic reliability resulted in a significant CBCT increase in
areas such as orthodontics, endodontics, oral medicine and
surgery, periodontics and restorative dentistry [1-6]. The
radiation absorbed dose to the patient is two-fold lower than
conventional medical CT but three to seven times higher
than conventional panoramic imaging [1-2]. Therefore it is
of major importance to assess the radiation risk imposed on
the patient by performing dental CBCT examination. The
radiation risk should also be evaluated for paediatric pa-
tients since orthodontics x-ray imaging is primarily carried
out on children and teenagers.

Several studies have measured absorbed organ and effec-
tive doses for a range of dental CBCT examinations and

units using thermoluminescent dosimeters (TLDs) and an-
thropomorphic phantoms [1-3, 7-10]. Although these stud-
ies have measured doses to adult patients for a range of
CBCT units and imaging protocols, none has estimated the
organ and effective doses to paediatric patients. In addition,
for most of the studies the number of TLDs used for meas-
uring the average organ doses was rather limited which
might have led to underestimation or overestimation of the
organ absorbed and effective dose. For large organs such as
the brain or for small organs such as the salivary glands
which are positioned along several phantom slices, a large
number of TLDs should be placed to ensure that the mean
absorbed dose is accurately measured.

The aim of this study is to estimate average organ ab-
sorbed and effective doses to two paediatric anthropomor-
phic phantoms for a range of CBCT units and imaging pro-
tocols using a large number of TLDs.

II. METHODS AND MATERIALS

A. Anthropomorphic phantoms

Two tissue-equivalent anthropomorphic phantoms
(ATOM Model 702-C and ATOM Model 706-C, Computer-
ized Imaging Systems, Inc, USA) were used in the meas-
urement of radiation absorbed doses. Models 702-C and
706-C simulate an adult female and a 10 year old child
respectively. An adult female phantom was used to simulate
a teenager as there are no commercially available teenager
tissue equivalent anthropomorphic phantoms. The ATOM
phantoms are based on ICRP 23 [11] and ICRU 48 [12] and
available anatomical data. The tissue simulated in the
ATOM phantoms are average bone and soft tissue, carti-
lage, spinal cord, spinal disks, lung, brain, sinus, trachea
and bronchial cavities. The paediatric simulated bone tis-
sues match age related density. The bone tissue is an aver-
age of known cortical to trabecular ratios and age based
mineral densities.

The ATOM phantoms are available in 25 mm slices and
for the purposes of this study the head, neck and shoulders
of both phantoms were used as shown in figure 1.



B. Thermoluminescent dosimeters (TLDs)

The dose measurements were performed using thermolu-
inescent dosimeters chips TLD-100H, LiF:Mg,Cu,P (Har-
shaw Thermo Fisher Scientific Inc, USA). The TLDs were
calibrated free in air against an ionisation chamber with
calibration traceable to national standards. The calibration
was performed using a conventional diagnostic x-ray tube at
80kV (HVL=3.02 mm Al). A flat energy TLD response was
observed from 60 kV to 100 kV. Chips with a reproducibil-
ity error of less than 10% were used. The chips were read
using an automatic TLD reader (Harshaw 5500, Harshaw
Thermo Fisher Scientific Inc, USA). Five TLDs were kept
outside the CBCT room to measure the background signal.

Fig. 1 ATOM Models 702-C and 706-C

C. Evaluation of organ and effective doses

Absorbed doses were measured in the brain, salivary
glands, thyroid gland, red bone marrow, skin and lungs as
these are the most radiosensitive organs in the head, neck
and shoulders according to ICRP 103 [13]. Bone surface,
oral mucosa and oesophagus are also listed as radiosensitive
organs in the ICRP 103 [13]. It was assumed that the bone
surface and oesophagus absorbed doses are equal to the red
bone marrow and thyroid ones respectively. Multiplying the
red bone marrow dose with the bone surface tissue weight-
ing factor (wr) resulted in an insignificant dose. The oral
mucosa is listed as a ‘remainder’ organ and therefore its
contribution to the average ‘remainder’ dose is insignificant
since the rest of the ‘remainder’ organ doses are zero. Fi-
nally, the dose to the oesophagus was assumed to be small
since it has to be fractionated over 14-16 slices. Therefore
these three organs were not taken into account for the calcu-
lation of the effective dose.

For small organs such as the brain, salivary glands, thy-
roid gland, a uniform irradiation can be assumed and there-
fore the factors f; which account for the fraction of the total
mass of the specified organ in the phantoms slice i are re-
duced to unity. For large organs like the skin and the red
bone marrow the average doses per slice were fractionated
using the f; values from the Huda et al study [14]. The effec-
tive dose was calculated as the product of the radiation

weighted average organ doses and the relevant ICRP 103
[13] wr summed over all of the tissues/organs exposed.

Table 1 Location and number of TLDs in the two ATOM phantoms

Organ ATOM model 706-C ATOM model 702-C
Number of Slices Number of  Slices
TLDS TLDs

Brain 35 2-6 27 2-7

Right submandibular 2 8 2 7

gland

Left submandibular 2 8 2 7

gland

Right parotid gland 3 6-7 2 6

Left parotid gland 3 6-7 2 6

Sublingual gland 1 8 1 7

Thyroid gland 5 10 5 9

Red bone marrow 59 2-12 36 2-11

Skin 48 2-12 44 2-11

D. Dental CBCT units and imaging protocols

Table 2 shows the CBCT units and the imaging protocols
used in this study while table 3 summarizes the exposure
factors. The imaging protocols were the ones most fre-
quently used by the dental practices.

Table 2 Dental CBCT units and Imaging protocols

Organ Manufacturer Imaging protocol

NewTom VG
Next Generation i-CAT

QR s.r./AFP Imaging  Dental, Maxillofacial
Imaging Sciences
International
Morita MFG. CORP

6 cm mandible, 6 cm
maxilla, 10 cm

3D Accuitomo 170 4x4 molar mandible

Table 3 Technical factors used in this study

NewTom VG Next Generation i- 3D Accuitomo
CAT (all protocols) 170
702-C 706-C 702-C  706-C  702-C 706-C
kv 110 110 120 120 90 90
mA 2.5 2 5 5 5 3

mAs 8.2 (dental) 4.8 (dental) 18.5 18.5
15.8 (max) 11.7 (max)

Scan time 17.5 17.5
FOV 9 9 6 x16 6x16  4x4 4x4
10x16  10x16
Voxel size 0.3 0.3 0.4 0.4

(mm)




II. REsuLTs
Tables 4 and 5 summarise the organ absorbed doses to

the five radiosensitive organs for both phantoms. Figure 2
shows the effective doses for the two phantoms.

Table 4 Organ absorbed doses for the 10 year old phantom

Red bone Skin  Thyroid Salivary Brain

marrow (mGy) (mGy) glands  (mGy)
(mGy) (mGy)
NewTom VG-  0.165 0.088  0.197 0.708 1.584
Maxillofacial
NewTom VG-  0.103 0.052 1.131 1.901 0.381
Dental
Next Generation 0.045 0.030 0.380 1.563 0.077
i-CAT-6cm
Mandible
Next Generation 0.086 0.036  0.190 1.021 0.285
i-CAT-6cm
Maxilla
Next Generation 0.090 0.040 0485 1.678 0.228
i-CAT-10 cm
3D Accuitomo  0.024 0.021 0.217 1.333 0.031
170
Average (mGy) 0.085 0.044 0433 1.367 0.431

Table 5 Organ absorbed doses for the teenager phantom

Red bone Skin  Thyroid Salivary Brain
marrow (mGy) (mGy) glands  (mGy)
(mGy) (mGy)
NewTom VG- 0.222 0.107  0.107 1.627 1.438
Maxillofacial
NewTom VG- 0.108 0.063  0.297 1.970 0.228
Dental
Next Generation 0.040 0.025 0.134 1.427 0.047
i-CAT-6cm
Mandible
Next Generation 0.058 0.029  0.068 1.084 0128
i-CAT-6cm
Maxilla
Next Generation 0.123 0.052  0.194 1.813 0.167
i-CAT-10 cm
3D Accuitomo  0.038 0.033  0.179 2.009 0.042
170
Average (mGy) 0.098 0.052 0.163 1.655 0.342
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Fig. 2 Effective doses for the 706-C phantom (10 year old) and for the
702-C phantom (teenager)

IV. DiscussioN

Figure 2 shows that the effective doses range from 0.025
mSv to 0.081 mSv for the 10 year old phantom and from
0.022 mSv to 0.063 mSv for the teenager phantom. The
maxilla imaging protocol of the Next Generation i-CAT unit
and the 3D Accuitomo give the lowest effective doses for
the two phantoms. The highest effective doses for both
phantoms were observed for the NewTom VG unit due
mainly to its fixed large FOV.

The effective doses for the 10 year old phantom are
higher than these of the teenager phantom for most of the
CBCT units and imaging protocols. This is mainly due to
the positioning of the thyroid, salivary glands and brain with
respect to the primary beam. As the 10 year old phantom is
smaller in size than the teenager phantom and the beam
field sizes on the phantoms are fixed for the same imaging
protocols, organs such as the thyroid, salivary glands and
brain are more likely to be positioned either in or closer to
the primary beam for the 10 year old phantom than for the
teenager phantom. For example, there is an almost two-fold
difference between effective doses for the NewTom VG-
Dental. Comparing the thyroid doses between the two phan-
toms shows that the dose to the thyroid for the 10 year old
phantom is almost four times higher than the one for the
teenager phantom due mainly to the field size and position-
ing. The thyroid gland for the 10 year old (slice 9) was fully
covered by the primary beam while the thyroid gland for the
teenager phantom (slice 10) was outside the primary beam.

Tables 4 and 5 show that the red bone marrow and skin
absorbed doses are lower than the thyroid, salivary glands
and brain absorbed doses. For the NewTom VG unit and for
the maxillofacial protocol, the brain contributes the most to



the effective dose for the 10 year old phantom while for the
teenager phantom the salivary glands contribute almost half
of the effective dose. For the rest of the imaging protocols
and units, the salivary glands contribute the most to the
effective dose for the teenager phantom while for the 10
year old phantom there is an almost equal contribution from
the salivary glands and thyroid gland to the effective dose.

Hayakawa et al [15] have calculated an average effective
dose of 9.8 pSv from rotational panoramic radiograph. The
average effective dose found in this study was 42 uSv. This
study confirms that the effective doses involved in dental
CBCT examinations are much higher than these involved in
conventional dental x-ray imaging.

The % radiation-induced fatal cancer risk per Sv in a UK
population for a 10 year old child is 11% and for a 15 year
old is 10% [16]. This study has calculated an average effec-
tive dose of 0.046mSv for a 10 year old child and 0.039
mSv for a teenager. The % radiation-induced fatal cancer
risk for a 10 year old child undergoing a dental CBCT exam
is 0.0004% and for a teenager is 0.00028%.

V. CONCLUSIONS

This study has estimated the organ and effective doses to
two paediatric tissue-equivalent anthropomorphic phantoms
for three dental CBCT units and for six imaging protocols.
It was found that the radiation doses to patients are signifi-
cantly higher than the traditional x-ray imaging.

As children are more radiation sensitive than adults it is
essential that the dental CBCT use is fully justified over
conventional dental imaging techniques.
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