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Dose distributions in
 adult and child head phantoms for
panoramic and cone beam computed tomography imaging

of the temporomandibular joint

Durer Iskanderani, BDS, MDSc,a,b Mats Nilsson, PhD,a,c Per Alstergren, DDS, PhD,d and

Kristina Hell�en-Halme, DDS, PhDa
Objectives. The aim of this study was to map and compare the distributions of absorbed doses with Gafchromic film for pan-

oramic radiography and cone beam computed tomography (CBCT) examinations of the temporomandibular joint (TMJ) by using

adult and child phantoms.

Study Design. Gafchromic films were placed at 5 selected levels of anthropomorphic head phantoms of an adult and a child. Clin-

ical protocols for panoramic and CBCT imaging of the TMJ were used for three 2-dimensional or 3-dimensional dental x-ray units.

Mean absorbed doses in a set of radiosensitive tissues within the oral and maxillofacial regions were estimated.

Results. The absorbed doses varied considerably among and within radiosensitive tissues. The bone surface and the salivary

glands received the highest absorbed doses compared with other tissues, in both panoramic and CBCT examinations of the TMJ.

The radiation burden to the adult phantom was generally higher than that to the child phantom. Small right and left fields of view

were associated with lower amounts of radiation, in contrast to a single larger field of view.

Conclusions. The absorbed dose within all radiosensitive tissues varied considerably in relation to examination type, x-ray unit,

clinical settings, and patient age. The mean doses were smaller when using 2 (bilateral) 4 £ 4 cm volumes than with use of one

14 £ 5 cm volume. (Oral Surg Oral Med Oral Pathol Oral Radiol 2020;130:200�208)
Radiography is a valuable and useful diagnostic tool

that is widely used in dentistry. For verifying clinical find-

ings and improving the quality of the diagnostic decision

as well as the treatment plan, more and more radiographic

examinations are being performed. As a result, total

patient radiation dose has increased over time in combina-

tion with the presence of radiosensitive structures in the

oral and maxillofacial region, raising concerns about the

total delivered dose. This is potentially more risky for

young patients whose developing tissues are more radio-

sensitive.1 Thus, radiographic examinations should hold

radiation doses to a minimum level that still delivers the

required diagnostic information, according to the ALADA

(As Low As Diagnostically Acceptable) principle.2

In general dental practice, panoramic imaging often

helps map the maxillofacial region and rule out odonto-

genic sources of disease or gross osseous alterations.3

However, the technique has poor reliability among

observers and low sensitivity; that is, it underestimates

the radiologic findings of disease. For this reason, it has
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limited use in investigating temporomandibular joint

(TMJ)�related osseous changes4,5 and is not included in

the diagnostic criteria for temporomandibular disorder

(TMD).4 Three-dimensional TMJ imaging has been asso-

ciated with better appreciation of TMJ anatomy and func-

tion.3 Thus, additional cone beam computed tomography

(CBCT) imaging is recommended when detailed diagnos-

tic information is required, further radiographic imaging

is needed, or standard treatment has failed. Several previ-

ous studies have indicated the important contribution of

CBCT imaging to TMJ diagnosis and treatment planning

because of its high diagnostic accuracy and the relatively

low radiation dose compared with other 3-dimensional

(3-D) imaging techniques, such as multidetector com-

puted tomography (CT).6-8 CBCT units, which offer

varying spatial resolutions and radiation doses, provide

clinicians with a variety of protocols and fields of view

(FOVs) for imaging the TMJ.

The literature describes various dosimetric methods

for evaluating radiation dose distributions. Gafchromic

film dosimetry, in particular, is one of the more com-

mon methods for providing dose verification and for

measuring dose maps with high spatial resolution, low
Statement of Clinical Relevance

Accurate measurement of the absorbed dose in the

small radiation fields in dental radiology is challeng-

ing. The use of Gafchromic film has shown promising

outcomes for mapping absorbed dose distributions,

permitting dose comparisons between adults and chil-

dren, and among different protocols.
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energy dependence, and adequate accuracy.9-11 Gaf-

chromic film is a self-developing film and has a radio-

sensitive layer that contains a crystalline diacetylene

monomer, which, when irradiated, polymerizes and

darkens.12 The amount of darkening is related to the

absorbed dose.12

Several studies have measured doses absorbed during

radiographic TMJ examinations by using thermolumines-

cent dosimeters (TLDs).13-17 In organ dose measurements,

TLDs are associated with limited spatial resolution; this is

a disadvantage in situations with steep dose gradients.18

Gafchromic film has been suggested as a more feasible

tool for radiation measurements,12,19,20 but only 1 report

has described the use of Gafchromic film in TMJ dosime-

try.20 The aim of this study was to map and compare the

absorbed dose distributions with Gafchromic films in pan-

oramic radiography and CBCT examinations of the TMJ

by using adult and child phantoms.
MATERIALS ANDMETHODS
Imaging units
Absorbed dose distributions were measured by using 3

dental x-ray units from the same manufacturer (J. Morita

Corp., Kyoto, Japan): Veraviewepocs 3-D F40, Vera-

view X800, and 3-D Accuitomo 170. Panoramic expo-

sures were made with the Veraviewepocs 3-D F40 and

Veraview X800 units using both the adult and child pro-

tocols with 220-degree rotation. CBCT volumes were

centered on the TMJs bilaterally and made with the

Veraviewepocs 3-D F40 and Veraview X800 units using

both the adult and child protocols. The Veraviewepocs

3-D F40 was used at 180-degree (half) rotation (this unit
Table I. Exposure parameters of the three dental x-ray units

Protocol Unit

1. Panoramic adult Veraviewepocs 3-D F40

2. Panoramic child Veraviewepocs 3-D F40

3. Panoramic adult Veraview X800

4. Panoramic child Veraview X800

5. CBCT, TMJ B, adult Veraviewepocs 3-D F40

6. CBCT, TMJ B, child Veraviewepocs 3-D F40

7. CBCT, TMJ B, adult Veraview X800

8. CBCT, TMJ B, adult Veraview X800

9. CBCT, TMJ B, child Veraview X800

10. CBCT, TMJ B, child Veraview X800

11. CBCT, TMJ B, adult 3-D Accuitomo 170

12. CBCT, TMJ B, adult 3-D Accuitomo 170

13. CBCT, TMJ B, child 3-D Accuitomo 170

14. CBCT, TMJ B, child 3-D Accuitomo 170

15. CBCT, TMJ B, adult 3-D Accuitomo 170

16. CBCT, TMJ B, adult 3-D Accuitomo 170

17. CBCT, TMJ B, child 3-D Accuitomo 170

18. CBCT, TMJ B, child 3-D Accuitomo 170

B, bilateral; CBCT, cone beam computed tomography; FOV, field of view

temporomandibular joint.
is limited to 180-degree rotation), and exposures were

made with the Veraview X800 unit at 360-degree (full)

rotation and 180-degree (half) rotation with both units

using a 4 £ 4 cm FOV. The 3-D Accuitomo 170 used

adult and child protocols, each with full- and half-rota-

tions, at 4 £ 4 cm and 14 £ 5 cm FOVs. All instrument

settings were those commonly used in the clinic, accord-

ing to the manufacturer’s recommendation (Table I).
Phantoms and Gafchromic films
Two phantoms were used in dose distribution measure-

ments: the head section of an adult anthropomorphic

RANDO phantom, which was 175 cm in height and

73.5 kg in weight (The Phantom Laboratory, Salem,

NY); and the head of a CIRS anthropomorphic phantom

of an average 10-year-old child, 140 cm in height and

32 kg in weight (Computerized Imaging Reference Sys-

tems, Norfolk, VA). Both phantoms were cross-sectional

in design, with 25-mm-thick sections, and consisted of a

human skeleton (RANDO) or bone-equivalent material

(CIRS) embedded in soft tissue�equivalent materials.

For each adult phantom slice, the boundaries of the

organs of interest were delineated by using an anatomy

atlas.21 At the time of this study, the literature had no

cross-sectional anatomy atlas that could be consulted for

a 10-year-old child, so an oral radiologist studied a num-

ber of anonymized CT examinations of 10-year-old chil-

dren in the hospital image archive to estimate organ

shape and location. These findings were correlated with

the corresponding structures in the adult anatomy atlas. In

general, the sites were similar, with minor differences

among the slices.
used for panoramic and CBCT examinations

kV mAs Rotation FOV

70 74 220 N/A

64 65 220 N/A

75 119 220 N/A

75 104 220 N/A

90 47 180 4 £ 4

90 47 180 4 £ 4

100 107 360 4 £ 4

100 56 180 4 £ 4

100 90 360 4 £ 4

100 47 180 4 £ 4

90 105 360 4 £ 4

90 54 180 4 £ 4

90 105 360 4 £ 4

90 54 180 4 £ 4

90 105 360 14 £ 5

90 54 180 14 £ 5

90 105 360 14 £ 5

90 54 180 14 £ 5

; kV, kilovolt; mAs, milliampere-seconds; N/A, not applicable; TMJ,
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Gafchromic XR-QA2 film (ISP Corp., Wayne, NJ)

was used as the dose measurement tool. Because the

Gafchromic film response to absorbed dose is nonlinear,

it was calibrated against a Radcal 10 £ 6-6 ionization

chamber (Radcal Corporation, Monrovia, CA).12 The

film was exposed to 8 doses of radiation between 2000

and 110,000 mGy; 1 nonirradiated film was used for cal-

culating the background value. In a previous study,11 the

film was calibrated for kilovolt (kV) settings from 60 to

120 kV by using the same ionization chamber (which

has a flat energy response in this interval). It was found

that the calibration curves coincided. Therefore, the

same calibration curve could be used for all exposure

settings. All films were scanned into 24-bit RGB images

(8-bit per channel) on an Epson Perfection 4990 Photo

flatbed scanner (Seiko Epson Corp., Nagano, Japan)

with a consistent orientation by using a template for the

shape of each phantom level.

The images were then converted into 8-bit gray scale

and analyzed with ImageJ software (National Institutes of

Health, Bethesda, MD) to calculate net pixel values (pixel

value in the exposed image minus the mean pixel value

in the background film) to plot a dose�response calibra-

tion curve (Figure 1). Before applying the dose calibration

equation to the net pixel value data, these were converted

to 32-bit floating point data to avoid truncation errors.
Radiation dose measurements
Scout images of the phantoms were made to ensure cor-

rect and reproducible positioning within the selected

FOV, with the sectional planes parallel to the floor. Gaf-

chromic films were loaded into 5 levels of the phantoms.

For panoramic examination, 1 film was centered at the

occlusal level, and 2 films were positioned superiorly and

2 inferiorly. For the TMJ examination, 1 film was centered

on the TMJ region, and 2 films were positioned superiorly

and 2 inferiorly. For each examination protocol, the cen-

tral beam of all radiation fields was deliberately placed
Fig. 1. Dose response calibration curve for Gafchromic XR-

QA2 film, Lot # 07271701 (ISP Corp., Wayne, NJ).
1 cm away from the central level where a film was placed,

thus avoiding irradiating the film with a parallel beam

(Figure 2). Multiple exposures were made to obtain a dose

that was within the dynamic range of the Gafchromic

films (see Table I). After reading the image into the

ImageJ program and subtracting the background value,

we converted the net pixel value matrix to absorbed dose

by using the dose�response curve. The absorbed dose

matrix was then divided by the number of exposures,

which provided an absorbed dose matrix for 1 exposure,

that is, the clinical situation. Figure 3 illustrates the steep

dose gradients in 1 panoramic and 2 CBCT examinations.

The mean doses absorbed by the radiosensitive

structures within the oral and maxillofacial region

(brain, eyes, salivary glands, oral mucosa, and bone

surface) were estimated by overlapping the correspond-

ing regions of interest on the dose distribution matrices

and calculating the mean absorbed dose inside each

region of interest. This was repeated for all film sheets

from both phantoms. For large structures lying in mul-

tiple phantom levels, the mean values were calculated

by the mean of the mean values in which the structure

was present.
Fig. 2. Phantoms loaded with Gafchromic films on 5 levels.

A, Adult phantom, for temporomandibular joint examination.

B, Child phantom, for panoramic examination, as indicated

by the numbers. C, Child phantom with the central x-ray

beam placed 1 cm away from the central level where a film

was placed, thus avoiding irradiating the film with a parallel

beam.



Fig. 3. Absorbed dose distributions are given as isodose lines in microgray for an adult phantom (left to right): A panoramic

examination and temporomandibular joint (TMJ) examinations, using two 4 £ 4 cm and one 14 £ 5 cm cone beam computed

tomography (CBCT) volumes.

Table III. Mean absorbed doses for the organs of inter-

est in the panoramic examinations of an

adult and a child phantom with two 2-D/3-D
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Deriving the absorbed dose to bone surface needs

special attention. The higher atomic number for bone

will result in a higher absorbed dose value at a point

than it would have been for soft tissue. This can be

accounted for by multiplying the measured dose value

with the ratio of the mass energy absorption coeffi-

cients, men/r, for bone and soft tissue, respectively.22

As this ratio is strongly dependent on photon energy, it

has to be evaluated for the different situations at hand.

The mean photon energies for the x-ray spectra using

kV (see Table I) and total filtration (Table II) were cal-

culated,23 representing the x-ray spectrum impinging

on the phantom. In addition, the mean photon energies

after penetration of 100 mm of soft tissue were calcu-

lated. The mean of these 2 values was used for estimat-

ing the ratio of the mass energy absorption coefficients,

which were retrieved from Evans.24 For the x-ray spec-

tra in question, the ratio values varied from 3.0 to 4.1.

The values obtained were comparable for the differ-

ent x-ray units, phantoms, and protocols. For conve-

nience, the values in Tables III through VI were

normalized to one of the protocols, and this allowed for

calculation of relative radiation burden percentages.
Table II. Parameters affecting the depth dose charac-

teristics for the 3 CBCT units used in this

study

Unit Isocenter distance

(mm)

Total filtration

(mm Al)

kV

Veraviewepocs

3-D F40

340 9.5 90

Veraview X800 400 11 100

3-D Accuitomo

170

540 4.7 90

CBCT, cone beam computed tomography; kV, kilovolt.
Measurement uncertainty
The overall error of the absorbed dose estimation in 1

single pixel, e, is caused by:

1. Uncertainty of the calibration of the ionization

chamber. For an instrument of this type it is typi-

cally in the order of § 10%.

2. Uncertainty of determining the net pixel value in the

8-bit images for the dose calibration curve. As the

pixel values in a uniformly irradiated film follow a

normal distribution, this error (standard error of

measurement) is around § 1.5%.

3. Uncertainty of the curve fitting to the dose points

(see Figure 1). This is around § 8%.

4. Uncertainty of determining the pixel value as a

result of truncation errors in the point where the

dose is calculated. This error is around § 2%.
combined dental imaging units (J. Morita

Corp., Kyoto, Japan)

Organ Mean absorbed organ doses (mGy)

Veraviewepocs 3-D F40 Veraview X800

Adult Child Adult Child

Brain 150 80 210 150

Eyes 100 70 140 110

Salivary glands 700 660 850 940

Oral mucosa 250 190 260 270

Bone surface 1440 980 1670 1480

Relative radiation

burden %

100* 67 114 104

*Normalization value for panoramic examinations.

mGy, microgray.
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Accordingly, the overall uncertainty of the absorbed

dose estimation in 1 single point, e, can be estimated to

§ 13%. However, all results presented in this paper are

mean doses to different organs and tissues. The mean

doses are calculated from thousands of measurement

points. Therefore, the overall error of the mean values

given in Tables III through VI is effiffi
n

p , where n is the total

number of pixels used to calculate the mean absorbed

dose. The uncertainties of the mean values are, there-

fore, very small. This applies even more to the integra-

tion of the radiation burden, which is carried out over

millions of measurement points.
RESULTS
Table III shows the mean absorbed dose for each organ

of interest in panoramic examinations of the adult and

child phantoms with the 2 dental x-ray units that could

produce panoramic images. Tables IV and V present

mean absorbed doses in CBCT examinations of the

same organs of interest in the adult and child phantoms

using full (see Table IV) and half (see Table V) rota-

tions with 2 and 3 dental x-ray units, respectively. In

all examinations, the highest absorbed doses occurred

in the bone surface and the salivary glands for both the

panoramic and the CBCT examinations. The other

organs and tissues received 270 mGy or less during the

panoramic examination and 1530 mGy or less in a

small FOV of the full- and half-rotation CBCT scans.

The radiation burden to the adult phantom was gener-

ally higher than that for the child phantom.

For both panoramic and full-rotation CBCT examina-

tions, Veraview X800 delivered the highest radiation bur-

den compared with the other units (see Tables III and IV).

In contrast, 3-D Accuitomo 170 delivered the lowest radi-

ation burden during the CBCT examinations, at both full-

and half-rotation angles (see Tables IV and V). The
Table IV. Mean absorbed doses for the organs of inter-

est in full-rotation CBCT examinations of

an adult phantom and a child phantom with

2 dental imaging units (J. Morita Corp.,

Kyoto, Japan)

Organ Mean absorbed organ doses (mGy)

Veraview X800 3-D Accuitomo 170

Adult Child Adult Child

Brain 950 680 680 570

Eyes 570 1530 870 1210

Salivary glands 3510 3070 1960 2210

Oral mucosa 610 480 430 380

Bone surface 5880 6030 4390 5150

Relative radiation burden % 100* 94 78 73

*Normalization value for CBCT examinations: full-rotation. CBCT,

cone beam computed tomography; mGy, microgray.
Veraviewepocs 3-D F40 unit showed the highest radiation

burden of the 3 units for half-rotation scans (see Table V).

Table VI presents the mean organ dose for the adult

and child phantoms at different FOVs for CBCT imag-

ing with the Accuitomo 170 unit. The mean organ dose

was lower in 2 small FOVs than in 1 large FOV with

only a few exceptions. When comparing these 2 situa-

tions, we also found a 27% lower relative radiation bur-

den in the bilateral 4 £ 4 FOVs compared with one

l4 £ 5 FOV in a 360-degree rotation for both phan-

toms, whereas 16% and 22% reductions were found

with a 180-degree rotation for the adult and child phan-

toms, respectively (Figure 4).

DISCUSSION
We chose not to report our results as effective dose. The

reason for this is that effective dose is often—and increas-

ingly—not used for its actual purpose.25-27 The medical

community must use the effective dose concept wisely,

realizing that an effective dose estimate represents a

generic estimate of risk from a given procedure to a

generic model of the human body. In no way does it rep-

resent risk to any one individual. Effective dose should

not be used for epidemiologic studies or the estimation of

population risks because of the inherent uncertainty and

oversimplification involved.27 This is especially true for

children, in our case the phantom for a 10-year-old child.

In such a situation, effective dose is not even defined

because of lack of data for estimating weighting factors.

The International Commission on Radiologic Protec-

tion is aware of and concerned about the widespread

misuse of the concept of effective dose and is presently

investigating if other quantities can be used or devel-

oped as a replacement. Ongoing research aims at intro-

ducing alternative ways of estimating radiation risk; for

instance, from the use of dose area product measure-

ments together with conversion factors that depend on

which body part is irradiated. Dose area product meas-

urements give readings that are proportional to the

energy imparted to a certain region of the body. This is

why we used the term “radiation burden” in the paper

because it also is proportional to the energy imparted.

One attractive method for comparing the radiation bur-

den to the patient in relation to different x-ray units, pro-

tocols, and patient ages would have been to use the

concept of energy imparted. The definition of energy

imparted (e) to matter in a given volume is the sum of all

energy deposits in the volume; thus, e ¼ P
i ei, where

the summation is performed over all energy deposits, ei,
in that volume. However, we did not have absorbed dose

values over the whole volume, only for 5 slices in that

volume. By integrating the absorbed dose values in the 5

slices, we would get a useful quantity that represents the

“radiation burden” to the patient and which also would

be roughly proportional to the energy imparted.



Table V. Mean absorbed doses for the organs of interest in half-rotation CBCT examinations of an adult phantom

and a child phantom with 3 dental imaging units (J. Morita Corp., Kyoto, Japan)

Organ Mean absorbed organ doses (mGy)

Veraviewepocs 3-D F40 Veraview X800 3-D Accuitomo 170

Adult Child Adult Child Adult Child

Brain 760 560 680 520 480 410

Eyes 350 340 250 370 240 420

Salivary glands 2270 1900 1740 1810 1180 1300

Oral mucosa 320 240 340 250 200 190

Bone surface 3960 3330 3390 3090 2560 2660

Relative radiation burden % 100* 81 82 78 61 60

*Normalization values for CBCT examinations: half-rotation.

CBCT, cone beam computed tomography; mGy, microgray.

Table VI. Mean absorbed doses for the organs of interest for adult phantoms and child phantoms when comparing

different fields of view for cone beam computed tomography imaging with the 3-D Accuitomo 170 unit

(J. Morita Corp., Kyoto, Japan)

Organ Mean organ doses (mGy)

Adult phantom Child phantom

360-degree rotation 180-degree rotation 360-degree rotation 180-degree rotation

FOV 2(4 £ 4) 14 £ 5 2(4 £ 4) 14 £ 5 2(4 £ 4) 14 £ 5 2(4 £ 4) 14 £ 5

Brain 1360 2220 950 1460 1150 1590 810 1100

Eyes 1740 2290 480 340 2430 4650 850 870

Salivary glands 3930 4400 2370 1810 4420 4630 2610 2440

Oral mucosa 870 1530 400 580 760 1390 390 530

Bone surface 8820 11160 5110 4930 10290 12490 5290 6080

Relative radiation burden % 100* 138 54 65 94 128 53 68

*Normalization value for comparison of 2(4 £ 4) with 14 £ 5 FOVs.

FOV, field of view.

ig. 4. The percentage of relative radiation burden for adult

nd child phantoms when comparing different fields of view

FOVs) for cone beam computed tomography (CBCT) imag-

ng (Accuitomo 170, J. Morita Corp., Kyoto, Japan).
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In this investigation, we measured radiation burden asso-

ciated with various examinations by using a variety of

imaging techniques, x-ray units, examination settings,

FOVs, and phantoms. Because the main purpose of
panoramic radiography during TMJ assessment is to rule

out odontogenic causes, the standard panoramic radiogra-

phy mode was included. In panoramic imaging, the Vera-

viewepocs 3-D F40 unit produced a lower radiation

burden compared with the Veraview X800 unit. The

most likely reason was that the kilovoltage and milliam-

perage values were significantly higher for Veraview

X800. The higher filtration of Veraview X800 obviously

did not fully compensate for this.

Generally, all studied tissues were exposed to consider-

ably more radiation in CBCT examinations compared

with panoramic examinations, and this finding is consistent

with the literature.20,28,29 In the various protocols used in

this study, the bone surface and salivary glands received

the highest absorbed doses, and this finding also is in

agreement with reports from previous studies.13,14,20,30

The bone surface shows high absorbed dose values

because of the great attenuation of x-rays by bone. The

location of the salivary gland tissues—in the center of rota-

tion during x-ray beam and detector movement for both

panoramic and CBCT examinations—explains the high

absorbed dose of this organ. Even if most of the scanned
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anatomy is only momentarily irradiated, structures at the

rotational centers are exposed longer or continuously.

An interesting finding in this study was that between

the adult and child phantoms, the radiation burden was

significantly larger with the Veraviewepocs 3-D F40 unit

than with the Veraview X800 unit when used with the

manufacturer’s default settings for the supposed patient

ages of the phantoms. We believe that the more compact

design of the Veraviewepocs 3-D F40 unit with an x-ray

focal spot�center of rotation distance of 340 mm, versus

400 mm for the Veraview X800 unit, was the reason for

the larger difference in radiation burden. For the same

dose at the surface of the detector, the effect of the inverse

square law will be more pronounced when the distance to

the x-ray focal spot is 14% to 36% less, resulting in

higher doses and greater radiation burden.

Differences in the locations and sizes of the organs

could also contribute to differences between the phan-

toms. Wahid et al.31 and Al Najjar et al.32 reported

ambiguous results when comparing absorbed doses to

organs and tissues in adult and child phantoms; that is,

they found both higher and lower doses for adults com-

pared with children. Moreover, Choi and Ford33 reported

higher absorbed doses for a child phantom compared

with the adult with use of an ionization chamber.

The depth dose characteristics for the TMJ protocols

depend on (1) the attenuation of the primary beam (in

its dependence on kilovoltage and filtration); (2) the

focal spot�isocenter distance (inverse square law); and

(3) the buildup of scatter radiation. The 3 units studied

were indeed very different with regard to these parame-

ters, as summarized in Table II.

The greater decrease in depth dose as a result of the

shorter isocenter distance for the Veraviewepocs 3-D

F40 and Veraview X800 units than for the 3-D Accui-

tomo 170 unit is compensated for by the much higher

filtration, making the primary attenuation lower; the

extent of this effect could be studied by using measure-

ments in a homogeneous water phantom.

Because of these construction differences, it is not

evident whether the doses to the child phantom, in

general, should be larger than those to the adult phan-

tom. For instance, as can be seen in Table VI, the

mean dose to the brain is higher for the adult, proba-

bly because the adult phantom is larger and the dis-

tance from the x-ray source to the entrance point of

the phantom, especially at the back of the head, is

approximately 20 mm shorter than for the child phan-

tom, resulting in a higher entrance dose.

The smaller dimensions of the child phantom can

affect the dosage compared with those of the adult

phantom for other reasons. For instance, the eye dose

for a full rotation was significantly higher for the child

phantom (see Table IV); this is because the eye of the

child is closer to the irradiated 4 £ 4 cm volume.
The 3-D Accuitomo 170 unit has an even longer dis-

tance (540 mm) between the x-ray source and the center

of rotation. Accordingly, the radiation burden was high-

est for the Veraviewepocs 3-D F40 unit, followed by the

Veraview X800 unit; the 3-D Accuitomo 170 unit had

the lowest radiation burden (see Table V). A notable

finding was that organ doses generally were not halved

when using the half-rotation protocol instead of the full-

rotation protocol. The reason is the position of the

organs, for example, the eyes, in relation to the start and

stop angles of a half rotation.

As an independent method for comparison, we used the

PCXMC Monte Carlo program34 to verify some of our

measurements. To calculate the doses for the rotational

geometry of the CBCT units, we used the PCXMC20

Rotation module supplied with the program. Focal

spot�isocenter distance, field size, kilovoltage, and mea-

sured filtration values were entered for the dose calcula-

tions. The measured kilovoltage, filtration, and output of

the x-rays impinging on the phantom were almost unaf-

fected by position over the 4 £ 4 cm radiation field. We

used the mean dose to the salivary glands for the compari-

son (see Table IV). For the 3-D Accuitomo 170 unit, the

measured mean dose for the child was 12% higher than

that for the adult. The Monte Carlo calculations resulted in

a 9% higher dose for the child. For the Veraview X800

unit, the corresponding numbers were 13% lower (mea-

sured) and 10% lower (calculated) for the child compared

with the adult.

Our results clearly indicate that with the same expo-

sure parameters, the use of 2 separate small FOVs (1

for each TMJ) generally results in lower doses and

radiation burden compared with 1 large FOV that cap-

tures both TMJs simultaneously. Furthermore, a

smaller voxel size associated with the smaller FOV

could lead to better image quality. Nascimento et al.13

reported a similar reduction in radiation burden. Lukat

et al.16 found similar results, although they compared

different units.

In this study, we used 2 different phantoms that were

available in our institution. Dosimetric methods that

can be used in the present situation are those based on

TLDs, optically stimulated luminescence dosimeters,

or self-developing films, such as the Gafchromic film.

However, use of LiF or aluminum oxide dosimeters in

a soft tissue environment will create a problem because

these dosimeters have a pronounced energy depen-

dence in a 30�150 kiloelectron-volt interval because

of their higher atomic number.35,36 Because the x-ray

spectrum varies with the position in the phantom, the

actual absorbed doses in the phantom where such dos-

imeters were placed would be very difficult to estimate.

Hourdakis and Nowotny37 expressed their concerns

about the use of LiF and aluminum oxide dosimeters in

radiation fields with spatially varying x-ray spectra.
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The radiosensitive material in the Gafchromic film is

diacetylene. The mass�energy absorption coefficient,

men/r, calculated by using National Institute of Stand-

ards and Technology data38 for this material, has an

energy dependence perfectly parallel to that of water

(soft tissue), making it suitable as a dosimeter because

it has the same energy absorption characteristics as its

surrounding material. Compared with air, the men/r
characteristics coincide, which explains why the cali-

bration curves for different kilovolt values are the

same. This notion was supported by Hourdakis and

Nowotny.37 The high spatial resolution of the film is

another desirable property for mapping dose distribu-

tions in radiation fields with steep dose gradients, as is

the case in dental radiology. Placing a TLD § 3 mm

from a point in the gradient can result in up to 85% var-

iation in the measured signal from the dosimeter.

Indeed, most of the radiation dosimeters are limited in

that the organ dose depends on loading the dosimeters

in manufacturer-determined locations in the phantom

as a representative of the whole organ volume.

For the Gafchromic film, using the red channel of the

RGB 24-bit images will give a more sensitive system (a

steeper calibration curve). This also means that a small

variation in pixel values in the high end of the usable

interval will give a large increase in absorbed dose. We

preferred to extend the dose measurement range instead

by converting the RGB image to an 8-bit gray scale.

Moreover, use of multiple color channels to convert the

scanned images on the Gafchromic film into dose maps

compensates for many of the common disturbances that

are usually associated with this dosimetric method, such

as the nonuniform thickness of the film’s active layer,

thus adding to data integrity and dosimetric accuracy.39

The currently available x-ray units with their different

settings are usually associated with varying amounts of

radiation. Because of the differences in their construc-

tion, it is important to make the dose measurements spe-

cific to each unit to estimate patient radiation doses.

Therefore, interpretation and comparison of dosimetric

studies must be made with caution.

Weighing the risks and benefits of exposure to ioniz-

ing radiation is a vital matter to be considered care-

fully, particularly for children, as their developing

tissues are more radiosensitive than adult tissues and

their longer life expectancy increases the lifetime risk

for developing radiation-induced cancers. Furthermore,

selection of the proper radiographic examinations with

the most appropriate clinical setting, as well as use of

low dose protocols, is important to ensure diagnostic

accuracy while adhering to the ALADA2 principle.

CONCLUSIONS
The absorbed doses within and between radiosensitive

organs and tissues varied widely. Mean absorbed dose
to the brain, eyes, salivary glands, oral mucosa, and

bone surface varied considerably between adult and

child phantoms. The bone surface and the salivary

glands received the highest absorbed doses compared

with other tissues, both in panoramic radiography and

CBCT of the TMJ. The radiation burden to the adult

phantom was generally higher than for the child phan-

tom. The mean doses measured were smaller when

using 2 (bilateral) 4 £ 4 cm volumes than for one

14 £ 5 cm volume.
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