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1. Introduction

After the Chernobyl accident the field of application of the ESR dosimetry of tooth enamel has consid-
erably been extended. By now one of the main problems, which should have been solved in order to
put the ESR dosimetry into mass handling, e.g. for dosimetric support of epidemiological investiga-
tions, is the necessity of reduction of the threshold dose without loss in accuracy of its determination.
Here, we are speaking of doses whose order of magnitude is 10 cGy or less, which are typical for
Chernobyl accident victims. In determination of such doses, of principal significance are not only the
accuracy of measurement of the total dose accumulated by a tooth but also the accuracy of determina-
tion of its components, such as doses caused by x-ray diagnostics or by the background environment
radiation, that may contribute to the total dose, since the dose due properly to the accident is calculated
by subtracting the such components from the total dose.

To determine the dose component brought by the x-ray procedures, in 1986 Aldrich and Pass have put
forward a method with separate study the ESR signal from the front and back sides of a tooth.

In the present study a theoretical calculation of doses for the front and back sides of a tooth has been
made, allowing - in the developing of the Aldrich-Pass' method - for the contributions to the total dose
due not only to the incident but also to the scattered radiation. The results of our calculations have been
used to explain the experimental doses for the front and back sides of teeth.

2. Experiment

Samples and methods

All teeth used in experiments were extracted by medical reasons.

The teeth were represented by the following types: molar, premolar, canine, incisor, by five teeth of
each type. Incisors were represented by five large and five small teeth (the characteristic dimensions
will be explained below). These teeth were planned to be exposed in air without any imitation tissue.
Besides, there were the five small incisors and five premolars to be exposed through an 8-mm poly-
methylmetacrylate plate.

The samples were exposed using a stomatological roentgen equipment MINIDENT 55 (Humenne,
Chirana Stara Tura, Slovakia) with an X-ray tube DO3. According to the technical documentation on
the equipment, the maximal output power of the x-ray tube is equal 375W, although any information
about the amperage and voltage under different conditions of tube exploitation is absent. The geometry
of incident radiation was made as nearly as possible to be the same as used in the tooth rontgenography
practice. Teeth were exposed by five for a time, the distance between the x-ray tube and the tooth sur-
face being ca 1 cm. Each tooth was exposed to 30 single doses, which made it possible to measure with
good precision the corresponding radiation-induced ESR signals from the enamel. The most of teeth
were exposed in air. Two sets of teeth were exposed through an 8-mm polymethylmetacrylate plate that
imitated the cheek tissues and was intended to create the conditions for the equilibrium of secondary
electrons.

After exposure, each tooth was cut in two parts, the front and the back with respect to the incident
beam. The enamel was separated from dentine by still drill. Enamel was powdered in an agate mortar
to the fraction of 0.25-0.5 mm. Then, the samples were weighted and their ESR spectra were recorded
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using a spectrometer ECS-106 (Bruker). After recording, the original ESR spectra were corrected in
order to ensure the more accuracy determination of the radiation signal intensity.

The transformation of the ESR signal intensity into the dose was made using the calibration curve ob-
tained by means of irradiation of mixed enamel samples with different doses from a 137Cs gamma-
irradiator. As a result, an Cs-equivalent dose of X-ray exposure was determined instead of the real
dose accumulated by the tooth enamel.

Results of the experiments

The results of determination of 137Cs-equivalent doses yielded by a single roentgenogram are listed in
Table 1. The averaged (by doses of 5 teeth) values are reported.

Table 1. The mean equivalent dose per tooth produced by a single roentgenogram for different types of
teeth and different geometries of irradiation

Tooth type and
exposure conditions

Molar, in air
Molar, through PMCa

Premolar, in air
Canine, in air
Big incisor, in air
Big incisor, through PMC
Small incisor, in air
Small incisor, through PMC

The mean dose of
tooth enamel, cGy

7.110.9
5.810.7
6.6+0.5
6.2+0.8
7.0+0.6
7.2+0.9
8.9+1.0
6.3+0.7

The dose per front
part of a tooth, cGy

12.311.0
9.010.9
9.810.7
8.710.8
8.810.7
7.911.0
10.211.2
7.311.1

The dose per back
part of a tooth, cGy

2.210.6
2.410.5
4.110.6
1.811.2
3.611.0
2.910.9
4.8+1.4
4.411.3

a 0.8-cm layer of polymethylmetacryiate

As can be seen from Table 1, the mean dose imparted to the tooth enamel by a single act of rontgenog-
raphy falls into the range of 6 to 7 cGy while exposing through an imitation tissue
(polymethylmetacryiate plate) and increase by 1.5-2.0 cGy while exposing in air. The dose imparted to
the front side of a tooth falls, correspondingly, into the range 7-9 cGy in the first case and 9-12 cGy in
the second, whereas the dose imparted to the back side appears to be much the same and falls into the
range 2-5 cGy in either case.

X-ray examination of chest.

Besides direct X-rays examinations of tooth, peoples are
i n . j - r r . v i ,i i Figure 1. Doses of different tooth after photoroentgenogra-
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medical investigations. Most widespread of them is
photoroentgenography. Evidently, tooth are exposure at
that.
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A roentgen equipment RUM-20M (Moscow, Russian)
and ALDERS ON type phantom with TLD pellets was
used for assessment of contribution from photoroent-
genography into the dose accumulated by the tooth.

Data obtaining after exposure of phantom are shown in
Fig. 1.

As can be seen in this figure, contribution into total dose
after photoroentgenography is not large. However, we
must take into account that photoroentgenography are
repeated one time per 3 years. This condition not change situation because for an adult person (50-60
years) dose of the molar from photoroentgenography will equal approximately 2.5 - 3.2 mGy. There-
fore, it is not necessary to allow for this component during of determination of the accident dose.
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I incisors:
Big incisor: a=8 mm, b=7 mm, c=7 mm,

d=e=0.7 mm.;
Small incisor: a=6 mm, b=S mm, c=S mm,

d=e=0.5 mm.
1 - front side, 2 - rear side of the tooth

3. Calculation

Method of calculation of absorbed dose

The dose calculation was done via the Monte-Carlo method using of the software BRAND. The inci-
dent radiation geometry was chosen so as to ensure a parallel homogeneous beam of monoenergetic
photons to fall on the sample in question. The beam energy could be ranged from 12 keV to 10 MeV.
The software used the model of the transfer of energy in 3-D space, herewith both the calculation of the
total energy liberated in the bulk of the sample (called henceforth as detector) and its distribution
through energetic pockets were possible. In other words, the software made it possible to calculate not

only the dose caused by the incident radiation but also the contribu-
Figure 2. Geometry of the incisor as simulated tion to the dose made by scattered radiation. Likely, only the first of

in Monte Carlo calculation. m e above-mentioned components of the dose was allowed for by
give" for ™es °f big a"d Aldrich and Pass in their calculation of mass energy absorption co-

efficient of enamel. The contribution of the second component to
the total dose proved to be dependent on the energy of the incident
beam as well as on the geometry of the sample.

Different sample geometry's were studied.

We will show the results of calculation on the example of real ge-
ometry of an incisor; the characteristic dimensions can be seen in
Fig. 2. For the simplicity, the incisor was assumed to be filled by
enamel of density 2.85 g cm'3. The accumulated doses were calcu-
lated within the areas 1 and 2 indicated in Fig. 2; these areas used to

serve as analogs of the front and back sides.

Results and discussion

As a general result of calculation, it was found that dose dependence with thickness of enamel don't
correspond to the exponential low but is determined rather by geometry of enamel and energy of inci-
dent radiation. This makes impossible the use of mass absorption coefficient for calculation of dose
attention in the real tooth.

The results of calculation of the doses per front and back parts are shown in Fig. 3. The calculation was
made for the energy range 12 keV to 1.25 MeV for the big incisor geometry shown in Fig. 2. The dose
values were normalized on the air kerma. The curve 1 cor-
responds to the dose of the front side, and the curve 2 - to
the dose of the back side. Both curves reveal a maximum
near to 40 keV and for energies 660 and 1250 keV they are
approached by one. For 660 keV, the dose of the front side
exceeds the dose of the back side by 8% only, and for 1250
keV the difference becomes still smaller.

Further, from the experimental data the ,,front to back" dose
difference of big incisors appears to be close to 2. Fig. 3 il-
lustrates the dependence of the normalized doses acquired
by the front and the back sides of the incisor on the energy
of incident radiation. In order to go from the dependence
shown in Fig. 3 to the dose yielded by X-ray diagnosing, it
is necessary to know air kerma of the X-ray source as a
function of energy. Then, multiplying both curves by each
other and integrating the resulted curve, we can determine the total dose of the corresponding side of
the tooth. We have run such a procedure under the conditions specified in Table 2.

Figure 3. Calculated values of absorbed dose at
front (1) and back (2) sides of incisor as a
function of source energy. Geometry and
dimensions of tooth are shown in Fig. 2

100 150 1200

Energy (keV)

Session 5 573



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 199

By multiplying the data of the Table 2 on the corresponding coefficients specified in Fig. 3 for different
values Emax (from 50 to 70 keV), we found that the ratio of doses of the front and back sides of the
tooth in question are varied from 2.97 to 2.07. In our case, experimental data for big incisor (see Table
1) show a good agreement with results of the calculation - the ratio equals to 2.4.

Table 2. The Dependence of the air kerma of an X-ray source on the energy of radiation (The data char-
acterize an ideal source)

The energy of photons, E/Emax The air kerma"
_ _ _ _

0.33 0.76
0.43 1.0
0.5 0.93

0.58 0.75
0.66 0.48
0.75 0.3
0.83 0.19
0.91 0.09

1 0
aThe relative units are used.

4. Conclusions

The mean dose imparted to teeth of different types by a single X-ray exposure have experimentally
been determined to be 6-7 cGy while using calibration against a l37Cs source. The values of decrease in
the dose observed experimentally while going from the front to the back side can be accounted for as-
suming that the total dose is composed of two components, one due to absorption of the incident ra-
diation, and another due to absorption of scattered radiation. Whereas the first of the components can
readily be calculated via exponential low, the second is rather complexly related to the sample geome-
try and the location within the sample.

A procedure for calculation of doses of the front and back sides of teeth has been put forward, and its
application in the case of an incisor has been demonstrated. The procedure presupposes the knowledge
of the air kerma of the X-ray source and certain coefficients like those specified in Fig. 3. The latter
can easily be calculated for different types of teeth.
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