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Abstract: 

During current medical X-ray diagnosis, 

an automatic exposure control system is 

widely used. The system can provide proper 

X-ray exposure, which varies by the patients’ 

physical type. It is difficult to measure 

exposure dose using a traditional dosimeter. 

Therefore, it is proposed that it is possible to 

use a small-type OSL dosimeter for direct 

dose measurements. For this application, 

evaluation of basic properties such as angular 

and energy dependences is important. 

Moreover, even when derived, some ideas 

are needed to apply this information to 

dosimetry. In this paper, the concept of a 

calibration curve using 83 kV X-rays is 

introduced and it is proposed that an 

uncertainty of 15% should be added. 

Moreover, when dosimeter is applied to CT 

examination, consideration of pitch factor is 

needed. It is estimated that the uncertainty of 

PF is at most 25%, and overall uncertainty 

will be approximately 30%. It is also 

important to determine whether or not the 

dosimeter influences the medical image. 

Typical X-ray images of chest X-ray and CT 

scan of whole body are presented, and an 

explanation that the OSL dosimeter can be 

applied to actual clinical examinations. 
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1. Introduction 

In current medical examinations, X-rays 

have been widely used, and there is a lot of 

research concerning proper management of 

exposure doses [1, 2]. The advantage of using 

X-rays for these examinations is to achieve 

short examination time and high-resolution 

medical images. Recently, a new technique, 

called an automatic exposure control (AEC) 

system, can make it possible to reduce 

exposure dose [3-6]; using this technique, the 

amount of irradiated X-rays are automatically 

determined so as to obtain proper medical 

images. However, from the view point of 

management of exposure dose, the current 

situation is very complexed. Appropriately it 

is thought that a new approach to managing 

exposure dose is needed. 

Figure 1 shows a comparison between 

three different situations of general X-ray 

examinations in which entrance-skin dose 

(ESD) should be managed. (a) shows an 

actual situation, the ESD is results from the 

exposure of incident X-rays and 

back-scattering X-rays. However, the ESD to 

the actual patient is difficult to measure 

because many available dosimeters interfere 

with medical images; therefore many 

phantom studies have been carried out [7]. 

Section (b) shows a general method using an 

air-kerma measurement. In theory, air-kerma 

of incident X-rays is measured by an 

ionization chamber, and the contribution of 

back-scattering X-rays is corrected. The 

correction is known as back-scatter-factor 

(BSF) and many reports are published on this 

topic [8-11]. This estimation method is 

widely used, but there are demerits; the 

method does not take into consideration the 

effect of complexed structures, such as 

human bodies, and also cannot be applied to 

diagnosis in which exposure dose is 

automatically determined by AEC. Based on 

the above considerations, a new management 

method using a small-type optically 

stimulated luminescence (OSL) dosimeter 

has been proposed. Using a dosimeter, direct 

dose measurement can be carried out as 

shown by section (c) in Fig. 1. 

In this paper, the characteristics of the 

small-type OSL dosimeter for dose 

management in actual X-ray diagnosis are 

reviewed. 

2. General properties of a small-type OSL 

dosimeter 

2.1. Construction 

The small-type OSL dosimeter, named 

nanoDot, is commercially available by 

Landauer, Inc. There are many reports 

concerning nanoDot OSL dosimeters [12-27], 

and most of the reports are concerned with 

the radiation therapy region [12,16,17,20]. It 

is important to study the basic characteristics 

of the nanoDot OSL dosimeters in the 

diagnostic energy region [11-14]. 

Initially a description the construction of 

the dosimeter will be presented. This 
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information is useful when carrying out a 

Monte-Carlo simulation. For many 

researchers, it is difficult to obtain a 

schematic drawing of the detector. 

Fortunately, Lehmann et al. published 

detailed construction data (cross sectional 

view of the detector) using a micro-CT (see 

Fig. 5 in reference [17]). Based on this 

published data, one can easily see it’s 

simplified construction of the nanoDot OSL 

dosimeter. One example used in our 

simulation is illustrated in Fig. 2. Detection 

material is composed of Al2O3: C and glue 

(polyester), and the outer region (plastic case) 

is made of acrylonitrile-butadiene-styrene 

(ABS) resin. Table 1 summarizes a detailed 

description of the detection region. As shown 

in this table, three different compositions are 

reported. Kerns et al. [16] and Lehmann et al. 

[17] used the data to simulate the response of 

the nanoDot OSL dosimeter using a 

megavoltage photon beam and they 

compared with experimental results; although 

the data for high energy X-rays are in good 

agreement with the simulated data, it is 

unclear that these reports can be applied to 

the diagnostic X-ray region. Jursinic [18] 

reviewed the above mentioned research and 

used the data and an estimation to verify this 

experimental data. 

Recently, there have been difficulties in 

the simulation have been noticed [28]. In the 

simulation, it is important to construct the 

actual detection components, which may be 

compositions of Al2O3 and polyester, but in 

an actual situation, we can measure the 

luminescent light from Al2O3. In the current 

Monte-Carlo simulation, it is difficult to 

reproduce a situation in which powder type 

Al2O3 is found in polyester, and only the 

energy absorption of the Al2O3 powder can 

be calculated. This problem still remains. In 

this paper, presents the results in which the 

detection region consists of 100% Al2O3 with 

thickness 0.2 mm and effective density 1.41 

g/cm
3
. 

 

2.2. Dosimetry for clinical situations 

using the nanoDot OSL dosimeter 

Here, clinical situations which measure 

exposure doses are assumed. Figure 3 shows 

a schematic drawing of a chest X-ray. 

Generally speaking, air-kerma of direct 

X-rays should be measured, because the 

air-kerma is strongly related to the 

management of amount of X-ray exposure, 

and if need, the ESD can be assumed as 

described above. Using nanoDot OSL 

dosimeters, to the measurement of not only 

air-kerma of direct X-ray but also ESD and 

air-kerma of scattered X-rays is proposed. To 

achieve these goals, the responses of the 

nanoDot OSL dosimeter, such as angular 

dependence and energy dependence, should 

be evaluated. This point is completely 

different from that of general dosimetry. 

During the air-kerma measurement of direct 

X-ray, the research scientist should check the 

quality of X-ray as a parameter of half-value 
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layer of aluminum [29], and the there is no 

need to evaluate angular dependence. On the 

other hand, when researchers want to 

evaluate air-kerma of scattered X-rays and 

ESD, which are caused by direct X-ray and 

scattered X-rays (containing different angles 

and energies), the angular and energy 

dependence should be estimated. Moreover, 

when one plans to measure ESD in an actual 

clinical situation, the research scientist 

should check whether the dosimeter 

interferes with the medical image or not. If 

these problems are solved properly, 

dosimetry using a nanoDot OSL dosimeter 

will become an important topic in the 

radiology; only direct measurements can 

evaluate the actual dose under the AEC 

technique. 

Figure 4 shows another example, in which 

nanoDot OSL dosimeter is used during 

computed tomography (CT) [25]. Section (a) 

shows a demonstration of the phantom study, 

in which approximately 100 dosimeters are 

set on the surface of the human body 

phantom. Then, whole-body scans were 

performed without and with AEC, and the 

resulting dose distributions are presented in 

(b) and (c), respectively. A significant dose 

reduction in the chest region can be observed, 

however there is not a large difference in the 

abdomen region. As just described, the AEC 

technique plays an important role in current 

X-ray diagnosis, and a new dose evaluation 

procedure is hoped for. 

2.3. Angular dependence 

Because the nanoDot OSL dosimeter has a 

disk geometry, there is an angular 

dependence. There are few reports 

concerning the angular dependence in the 

diagnostic X-ray region [13], therefore our 

precise data are valuable. [19, 23]. Typical 

results for angular dependence against 40 kV 

X-rays are presented in Figure 5 (a). The blue 

open circles show experimental data, which 

are measured using pure X-ray beams; 

namely, an original collimator [30] to reduce 

scattering X-rays generated from the movable 

diaphragm [31] was used. The red dashed 

line shows simulated results; which was 

performed using Monte-Carlo simulation 

code EGS5 [32]. The simulated data are in 

good agreement with the experiment. A rapid 

drop in responses at 0.7 at 90 degrees and 

270 degrees can be seen; in these situations, 

nanoDot OSL dosimeters were irradiated 

from a side direction, which was caused by 

geometrical restrictions. When the research 

scientist uses a nanoDot OSL dosimeter 

during a general X-ray examination, the 

scientist pays attention to the direction of the 

nanoDot OSL dosimeter; when the nanoDot 

OSL dosimeters are necessarily set at the 

positions where X-rays will be incident from 

side directions, the scientist should correct 

for the difference of efficiency (angular 

dependence). The precise data for angular 

dependence are found in references [19, 23]. 
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Moreover a more useful simulation, in 

which X-rays were randomly irradiated to the 

nanoDot OSL dosimeter was carried out. 

Figure 5 (b) shows the results. The horizontal 

axis is tube voltage of X-rays. The results 

clearly indicate that the change of efficiency 

is at most -4% when compared with zero 

degree. This result strongly supports the 

validity of direct exposure dose measurement, 

when the nanoDot OSL dosimeters are used 

to measure scattering X-rays and/or X-rays 

during CT examinations. 

2.4. Energy dependence 

In addition to the angular dependence, the 

energy dependence is important, because 

both the energy and angle of Compton 

scattered X-rays differ from the incident 

X-rays [33]. 

The energy dependence of the nanoDot 

OSL dosimeter is represented in Figure 6. 

The blue open circles show measured data by 

Gasparian et al. [22]; they carried out 

measurements using a standard X-ray field. 

Energy dependence was measured using 

characteristic X-rays [21] and results were 

consistent with Gasparian’s data. The red 

dashed line shows simulated results using 

EGS5 code. The simulated data is in good 

agreement with the experiments. In the 

diagnostic energy range, the response of the 

nanoDot OSL dosimeter rapidly changed. 

The response rises to the 3.5 level at 30 keV, 

and it falls right down to the 1.0 level at 100 

keV, and it is steady at 1.0 to a higher energy 

region. When scientists use the nanoDot OSL 

dosimeter in the diagnostic region, the 

scientist should pay attention to the 

differences in response. 

 

3. A unique method to evaluate exposure 

dose in the diagnostic X-ray region 

3.1. Calibration curve 

As represented above, the nanoDot OSL 

dosimeter has a relatively small angular 

dependence and a relatively large energy 

dependence in the diagnostic energy region. 

Therefore, when the scientist wants to 

evaluate exposure doses at each measurable 

point as described in Fig. 3 and/or Fig. 4, 

they should consider the effect properly. 

In order to consider these effects, a unique 

method [24] is being proposed. In a previous 

paper, Takegami et al. proposed a way to add 

proper uncertainty; namely, it was 

determined that a calibration curve having a 

proper uncertainty could be available instead 

of precise corrections for angular and energy 

dependencies. A calibration curve with 83 kV 

X-rays was constructed, and it was verified 

that the curve can be used for both air-kerma 

and ESD measurements when an additional 

15% of uncertainty is applied to the measured 

value. The results of the calibration curve are 

represented by Figure 7. The red dashed line 

shows the calibration curve, which was made 

from air-kerma of 83 kV X-rays, as shown in 

the upper graph of Fig. 7. Then it was 
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determined that the air-kerma of different 

tube voltages (55 kV and 108 kV) and ESDs 

concerning different X-ray fields (diameters 

of 10 cm, 20 cm, and 30 cm) are consistent 

with the calibration curve, and the differences 

of these data from the calibration curve are 

within the 15% uncertainty as shown in the 

lower graph of Fig. 7. A previous paper [24] 

reports that the origin of this 15% uncertainty 

could be analyzed by error propagation of the 

following elements: 5% was from the 

individualities of the dosimeters (systematic 

uncertainty), 5% from angular dependence, 

10% from energy dependence, and so on. 

Note that the energy dependence should be 

evaluated by the effective energies of 

continuous X-ray spectra used during 

diagnosis. The detailed analysis is described 

in reference [24]. In this way, the effect of 

energy and angular dependencies when 

determining the uncertainties of the 

calibration curve was taken into 

consideration, therefore the analysis of 

exposure doses without irradiation condition 

information can be achieved. 

When scientists want to use dosimeters 

during CT examinations, the consideration of 

pitch factors (PF) is needed. When PF equals 

1.0, dosimeters attached on the patients will 

be irradiated uniformly. But this is rare 

during clinical examinations, and a normal 

examination does not use a PF of 1.0 and an 

over beaming effect should be considered. 

Therefore, some dosimeters will be irradiated 

by both direct and scattered X-rays, and 

others will be irradiated by only scattered 

X-rays. In order to consider the difference, 

the effect of PF on exposure doses was 

examined, and it was concluded that 

scientists should add an additional 25% 

uncertainty when the nanoDot OSL 

dosimeter is applied to CT examinations 

having a PF of less than 1.0 [25]. Coupled 

with the consideration of angular and energy 

dependences (15% uncertainty), it was 

determined that the exposure dose can be 

estimated to be approximately 30%. 

This knowledge strongly helps the direct 

measurement of exposure doses in clinical 

situations. Recently research scientists 

measured exposure dose during actual 

clinical examinations using the nanoDot OSL 

dosimeter [26, 27] and the present data 

supports those results. 

 

3.2. Capability for medical application 

For applying the dosimeter to the medical 

X-ray examination, influence on the medical 

images should be discussed in addition to the 

scientific evidence described in the above 

section. 

In Figure 8, two typical examinations 

using phantoms are presented. Figure 8 (a) 

and (b) show experimental arrangements of 

the chest X-ray diagnosis and CT 

examination, respectively. The nanoDot OSL 

dosimeters are placed on the surface of the 

phantoms. Section (c) shows the X-ray image 
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taken using a computed radiography system 

[34,35]. In this image, the nanoDot OSL 

dosimeters cannot be clearly identified; this 

fact means that the dosimeter did not 

interfere with the X-ray image during a 

typical X-ray examination. This laboratory 

has published other evidence concerning the 

invisibility using spectrum measurement, and 

in the previous paper the limitations of the 

use of the nanoDot OSL dosimeter [36] have 

been discussed. The use of the nanoDot OSL 

dosimeter during general X-ray examinations 

is suspected especially in the irradiation field; 

therefore, if scientists want to apply these 

kinds of dosimetry, it is recommended that 

they confirm the lack of detection for the 

equipment used. On the other hand, the 

nanoDot OSL dosimeter can be identified in 

the CT image [25], but there are no harmful 

artifacts; therefore, it is thought that the 

nanoDot OSL dosimeter can provide valuable 

information concerning exposure dose during 

CT examination. 

 

4. Conclusion 

In this paper, the characteristics of the 

nanoDot OSL dosimeter have been reviewed 

with the aim that it is used for the direct 

exposure dose measurement in clinical 

situations. Current typical X-ray 

examinations and CT examinations use a 

technique called AEC, and the exposure dose 

may vary for each patient. It is thought that 

the nanoDot OSL dosimeter can be applied to 

direct dose measurements under 

consideration of angular and energy 

dependences. In previous studies carried out 

by this laboratory, it was verified that the 

uncertainties will be 15% for general X-rays 

and 30% for CT examinations. In the future it 

is hoped that the procedure of direct 

measurements of exposure doses can lead 

more safe medical tests, and provide valuable 

information for both patients and medical 

staff. 
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Figure Captions: 

Figure 1. Comparison of (a) actual 

testing, (b) general method and (c) proposed 

method for dosimetry of diagnostic X-rays. 

Using the proper dosimeter, we propose to 

perform direct measurements. 
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Figure 2. Detector construction of the 

nanoDot OSL dosimeter, which is 

commercially available by Landauer, Inc. 

The inset shows a photograph of the 

nanoDot OSL dosimeter. 
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Figure 3. Schematic drawing of chest X-rays. 

Using the nanoDot OSL dosimeters, 

exposure doses corresponding to the 

various points can be measured. 
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Figure 4. Demonstration of effect of AEC on 

the surface-dose distribution. (a) is a 

photograph of a phantom study. (b) and 

(c) show the results of surface dose 

distributions without and with AEC, 

respectively. 
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Figure 5. Angular dependence of the nanoDot 

OSL dosimeter. (a) is typical example for 

40 kV X-rays. (b) shows change of 

responses when X-rays are randomly 

irradiated to the dosimeter. 
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Figure 6. Energy dependence of nanoDot OSL dosimeter. 
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Figure 7. Proposed calibration curve for 

evaluating the exposure dose of nanoDot 

OSL dosimeter in the diagnostic energy 

region. The calibration curve is made from 

83 kV X-rays, and we proposed that an 

additional 15% uncertainty should be 

adopted. 
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Figure 8. Typical example of direct 

measurement of exposure dose by means 

of the nanoDot OSL dosimeters. (a) shows 

experimental setup of the chest X-ray 

examination. (b) shows experimental 

setup of CT examination for whole body 

scan. (c) shows obtained X-ray image of 

chest X-ray, and we cannot clearly detect 

the nanoDot OSL dosimeters. (d) shows a 

cross sectional view of a CT image in the 

chest region; one can identify the positions 

where nanoDot OSL dosimeters were 

attached, but there are no artifacts. 
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Table 1. Typically reported properties of the nanoDot OSL dosimeter. 

Authors 

Properties of the nanoDot OSL dosimeter 

Composition 
Thickness 

[mm] 

Effective Density 

[g/cm
3
] 

Kerns et al. [16] 100% Al2O3 0.20 3.96 

Lehmann et al. [17] 
78.4% Al2O3 

+21.6% Polyester 
0.20 1.41 

Jursinic [18] 
73.1% Al2O3 

+26.9% Polyester 
0.15 2.42-2.58 

 


