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Introduction: Chest radiography is a frequently performed examination, and therefore, accurate patient dosimetry is important. One means of increasing dosimetric accuracy is through the use of size-specific dosimetry, and the aim of this work was to determine which patients would benefit from such a methodology applied in chest posterior–anterior (PA) projection radiography.Methods: A database of 44 voxel models was created from CT scans, representing adults with BMI from underweight, normal, overweight, and obese classes. Monte Carlo simulation was performed to generate dose conversion factors for each model. Correlation curves of the dose conversion factors with water equivalent diameter (WED) of the 44 voxel phantoms were obtained. A total of 8,536 chest PA examinations acquired between 2015 and 2019 using three X-ray systems were then retrospectively collected; 4,748 men (median age: 61 ± 21 years) and 3,788 women (median age: 60 ± 23 years). The WED of the patients was estimated from the ratio of detector air-kerma to incident air-kerma, using parameters in the DICOM header of the images. For all patients, a size-specific conversion factor was selected automatically using the relation between WED and dose conversion factor determined for the phantoms. The size-specific organ doses and effective doses were calculated based on these conversion factors, and then compared to the standard effective dose calculation with a paired test.Results: The lung doses ranged from 7 μGy to 96 μGy and had a good correlation with patient size in terms of WED (p < 0.01, R² between 0.52 and 0.77). The doses for thyroid ranged from 2 μGy to 42 μGy and correlated strongly with the patient size (p < 0.01, R² between 0.65 and 0.85). Breast doses ranged from 2 μGy to 13 μGy, and the correlation with the patient size was weak (p < 0.01, R2 between 0.01 and 0.28). The size-specific effective dose ranged from 4 μSv to 42 μSv. The difference between the size-specific and standard effective dose ranged from −35% to 69% (p < 0.01), with differences exceeding ± 20% for 37% of the cases.Discussion: In conclusion, the method presented in this study enables automated size-specific dosimetry, within the proposed maximum deviation of ± 20%, and should be considered for routine application.Keywords: patient-specific dosimetry, radiography, phantoms, chest, organ doses, effective dose
1 INTRODUCTION
Chest posterior–anterior (PA) projection radiography is frequently used for many clinical investigations during diagnosis, treatment, and follow-up. Dose from a chest radiograph is relatively low, which substantially contributes to the collective population dose from medical radiation sources due to the high frequency [1].
One of the influencing factors in the dose received by an individual is the patient weight. The World Health Organization (WHO) estimated that in 2022, 43% of all adults worldwide were overweight and 16% were obese [2]. This has implications for the dose to obese patients, for all of the imaging modalities in modern X-ray imaging, from standard 2D projection radiography through to interventional radiology procedures where accumulated dose can be high. X-ray procedure optimization requires techniques both for estimating the image quality and for obtaining accurate, relevant patient dose values, regardless of body habitus. Furthermore, a means of incorporating patient size information in the dose estimate can enhance outlier analysis in dose management software, improving overall dose management.
Effective dose is a commonly used dose metric that was created for radiation protection purposes [3]. This metric is related to the stochastic risk from exposure to radiation and can be accumulated for the case of successive exposures. The metric was not intended for individual dosimetry or risk assessment [4], which is being calculated for a reference-sized phantom. However, a risk-related quantity for individuals is sometimes required, for example, when trying to compare doses between modalities. Patient size is a confounding factor, and phantoms of varying sizes matching the individual are needed for this. To this end, global metrics, such as detriment-weighted dose [5] or the size-specific effective dose [6], have been proposed, which are calculated from the absorbed doses estimated for different organs [7]. We have chosen to use the latter term in this study.
To achieve a consistent image quality, the automatic exposure control (AEC) of a digital radiography system is usually programmed to maintain the energy absorbed in the X-ray detector at some predefined level [8]. This results in a higher incident dose for patients with a thicker body habitus. In standard large-scale dose surveys, the spread in X-ray tube output, for example, quantified using the kerma-area product (PKA), reflects this size-specific element. Often, a single conversion factor is used to estimate the standard effective dose from the tube output, notwithstanding the fact that previous studies have shown that the patient size is a strong determinant of the absorbed patient dose [9, 10]. The main radiosensitive organs in the primary field of view of a chest radiograph are the lungs, breasts, and thyroid, and these are the focus of this study.
For an absolute risk estimation of adult radiology examinations, the International Atomic Energy Agency (IAEA) requires a dosimetric accuracy of 20% [11]. In order to achieve this 20% accuracy, we examine which patient groups undergoing a chest PA radiograph require patient size to be considered. To our knowledge, automated size-specific dosimetry is not applied to large chest radiography datasets. One of the reasons for this lies in the difficulty of easily obtaining an accurate estimate of patient size, either from the X-ray image itself or from the radiology information system, where patient height and weight are usually not present. This work implements a recently published methodology to estimate the patient size in terms of the water equivalent diameter (WED) [12], using parameters available in the DICOM header [13].
2 MATERIALS AND METHODS
This was a retrospective study that extracted de-identified data from our dose management software database. The use of anonymized retrospective patient data to create the voxel models, from which the dose conversion factors were calculated, was approved by our institutional ethics board.
2.1 Voxel phantom creation
The voxel phantoms were created from the CT scan of patients who underwent a hybrid examination (PET/CT). This examination type was chosen because the CT scan range included the entire head and trunk region in a single acquisition. With the exception of the lymphatic nodes, all of the radiosensitive organs listed in Publication 103 from the International Commission on Radiation Protection (ICRP) [3] were included; lymphatic node dose was calculated from the other segmented organs [14–18].
A total of 44 patients were selected for segmentation, covering a range of adult body mass index (BMI) groups: underweight (including very severely and severely underweight), normal weight, overweight, and obese (moderately, severely, and morbidly). No major truncation of trunk organs was allowed, and the arms were positioned up during the examination. As a means of characterizing patient or model size, the WED [12] over the lung region was calculated.
Segmentation of 27 different organs and tissues was performed either semi-automatically or manually, according to the methods of the eurados school [19]. A physician in training supervised the segmentation and visually checked that the anatomy was complete for each model. The segmentation itself was conducted using ImageJ (National Institutes of Health, USA). The segmented organs include adrenals, bladder, bones, brain, breasts, colon, extra-thoracic region, gallbladder, heart, kidneys, liver, lungs, muscles, esophagus, oral mucosa, pancreas, salivary glands, small intestine, spleen, stomach, thymus, thyroid, skin, uterus or prostate, ovaries or testes, as well as remaining air in the body and remaining (adipose) tissue.
The segmentation proceeded as follows. First, the table and other unwanted objects were removed. The whole body was then segmented by setting a threshold that maintained the patient voxel data and removed the air. Next, the skin was obtained from the whole body using the outline function of ImageJ, giving a skin layer thickness of one voxel (0.98 × 0.98 × 6 mm³). For the segmentation of the lungs and esophagus, the wand (tracing) tool was used. Grey value thresholding was used for the bones, muscles, and remaining air; however, remnants of other tissues that were incorrectly segmented due to similar grey values had to be removed. Other tissues were segmented (semi-)manually: in most cases, the wand (tracing) tool was used to give an initial contour, which was then manually updated to more closely follow the actual tissue contour. The outside of the mouth cavity was used for the oral mucosa and the extra-thoracic region corresponded to the outline of the pharynx and larynx. The other organs were segmented (semi-)manually using the wand tracing tool, which was then manually refined to ensure the complete organ or tissue was accurately delineated. This segmentation process was applied to each CT slice. The segmented tissues were assigned specific pixel (grey) values, and then, all the 27 segmented tissues were combined to form the final voxel phantom. An example of the segmentation procedure on one CT slice in the thorax region is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Overview of the segmentation process on one CT slice in the thoracic region of a female patient. It starts on the top left with the original CT slice, and then the table was removed. Next the different tissues were segmented and on the bottom the created phantom slice is shown.
2.2 Monte Carlo simulations
An in-house Monte Carlo framework based on EGSnrc (version 4-2.4.0, National Research Council Canada, Canada) [20] was used for dosimetric calculations. This framework was calibrated and validated for the purpose of this study [21]. Chest PA projection radiography exams with common clinical settings (Table 1) from the three systems were simulated (system A: DRX-Revolution, Carestream, Rochester, New York, United States, system B: Axiom Luminos dRF, Siemens, Erlangen, Germany, and system C: CXDI-11, Canon Medical Systems Corporation, Tokyo, Japan).
TABLE 1 | Common settings of the three systems used for the Monte Carlo simulation.
[image: Table 1]The Monte Carlo simulations were carried out with 9 × 108 histories, resulting in coefficients of variation for the organ doses in the primary field of view that were well below 5%; coefficient of variation for most organs was below 1%. The photon-electron transport included Compton and Rayleigh scattering, with photon cut-off of 0.01 MeV and the kerma approximation for the electrons. The National Institute of Standards and Technology (NIST) conducted the XCOM photon cross-sections [22].
The simulations resulted in absorbed organ dose conversion factors (Dcf) per unit of PKA as a function of the patient size, which is characterized using the WED calculated for each voxel phantom. The patient-specific effective dose conversion factors were calculated using the tissue weighting factors from ICRP Publication 103 [3]. The dose conversion factors were then correlated with the phantom size characterized using the WED; correlation between the organ dose conversion factor and the WED was considered significant if p < 0.05. When this condition was satisfied, an exponential regression curve was fitted between the dose conversion factors (Dcf) and WED:
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with Dcf as the dose conversion factor of the tissue and α and β as the fitted exponential slope and intercept, respectively. If the correlation was not significant (p > 0.05), the average dose conversion factor of that tissue (<Dcf>) was used. This can be written as follows, using the previous notation:
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2.3 Clinical patient data
Dosimetric data from January 2015 to December 2019 for 8,536 chest PA exams from the three X-ray devices listed in Table 1 were retrospectively extracted through the dose management system (Dose by Qaelum, Leuven, Belgium). The extracted data included the standardized exposure index (EI) [23] and the PKA. Additionally, the dose management system provided the standard effective dose, which is obtained by multiplying PKA by a conversion factor (Ecf,ST) for a reference-sized phantom, with [image: image]. The conversion factor used in the dose management system is based on simulations made in PCXMC [14] for a standard chest PA exam.
A methodology established in a previous study was used to determine the patient size in terms of the WED [13]. In short, this method estimates the WED from the ratio of the detector air-kerma to incident air-kerma of the chest PA examination, with a maximum deviation of 15% and mean deviation of 4% [13]. The detector air-kerma was calculated from the standardized EI, whereas the incident air-kerma was calculated from the PKA, field of view, and source to detector distance. These parameters were all available in the DICOM header of the images and were extracted using the dose management software. In the present study, we had access to this estimated WED for all patients.
2.4 Size-specific dose calculations
The WED was estimated for patients who underwent a clinical chest PA radiograph on one of the three systems between 2015 and 2019. Size-specific dose conversion factors were calculated using the correlation curves from the Monte Carlo simulations (Section 2.2). The size-specific organ doses (DT) were then calculated by multiplying the size-specific dose conversion factor (Dcf,T) for a specific tissue by the PKA for a radiography examination:
[image: image]
The doses for the lungs, breasts, and thyroid were evaluated, as these are the major radiosensitive organs within the primary field of view.
Additionally, the size-specific effective dose (ESP) was calculated from the size-specific dose conversion factors (Ecf), again based on the patient WED and PKA of the clinical radiograph:
[image: image]
The difference (∆E) between the ESP and the standard effective dose (EST) from the dose management software was then calculated:
[image: image]
3 RESULTS
3.1 Voxel phantoms
The demographics of the 44 created adult voxel phantoms (22 female and 22 male) are shown in Figure 2. Phantom BMI ranged from 12 kg/m2 to 43 kg/m2, whereas the WED over the lung region varied from 18 cm to 38 cm. The voxel phantoms had an in-plane resolution of 0.98 × 0.98 mm2 and a z-resolution of 6 mm.
[image: Figure 2]FIGURE 2 | Demographics of the 44 voxel phantoms: the water equivalent diameter of the lung region as a function of the body mass index.
3.2 Dose conversion factors
The dose conversion factors of the size-specific effective dose, lungs, breasts, and thyroid are shown in Figure 3. For both female and male cases, the patient-specific effective dose conversion factors of system A correlated with the WED of the models (p < 0.01 for both female and male), and an exponential curve fit was obtained with an R2 of 0.58 and 0.71, respectively (Figure 3A). Similarly, for the lung and breast dose conversion factors for both female and male cases (Figures 3B,C), the correlation was significant (p < 0.01 for all). The exponential curve fits for female and male phantoms had an R2 of 0.51 and 0.71 for the lung and 0.91 and 0.88 for the breast, respectively. However, for thyroid (Figure 3D), the correlation of conversion factor with the WED of the models was not significant (p = 0.10 for female and p = 0.44 for male). The average dose conversion factor of the models was therefore used to estimate the thyroid dose. Similar behavior of the different dose conversion factors was found for systems B and C (Figure 3). The statistical parameters for all three systems, along with the fit parameters, are provided in Table 2.
[image: Figure 3]FIGURE 3 | The dose conversion factors (dose per unit of kerma area product) for the three systems (women and men) as a function of the water equivalent diameter for (A) patient-specific effective dose, (B) lung dose, (C) breast dose and (D) thyroid dose.
TABLE 2 | Exponential fit values (α and β) for the dose conversion factors (Dcf) as a function of the water equivalent diameter (WED) for three systems.
[image: Table 2]3.3 Clinical patient data
The WED was estimated for an initial dataset of 8,781 patients. Two controls were applied to these results: PKA was plotted as a function of the WED and the EI was plotted as a function of the PKA. Datapoints that appeared as outliers on these graphs were examined based on the thumbnail images available in the dose management system. These thumbnail images look like screenshots of the original images and are generated by the dose management system prior to the deletion of the complete image information. Evaluation of the outliers led to the exclusion of 245 patients or 3% of the data. A total of 44% of these cases were outliers due to incorrect positioning (a large part of abdomen included), 36% were lateral images instead of PA, and 10% were a different exam type (mainly pelvis or abdomen). The thumbnail images were not available in 8% of the cases and thus could not be reviewed. In 2% of the cases, the PKA was high, indicating that the dose area product meter was not reset properly, as the tube current time product was not particularly high for these exams.
The median age (± interquartile range) of all 8,536 included patients (56% male and 44% female) was 61 ± 22 years. A total of 2,671 examinations were from system A (median: 62 ± 23 years, 1494 male), 3,588 from system B (median: 59 ± 21 years, 57% male), and 2,277 from system C (median: 64 ± 23 years, 52% male). The estimated WED ranged from 15 cm to 38 cm; the median WED was 24 ± 4 cm for female and 27 ± 4 cm for male cases. The PKA of the examinations had a median value of 0.51 ± 0.19 dGy.cm2 for female and 0.64 ± 0.27 dGy.cm2 for male cases in system A. These values were 0.39 ± 0.21 dGy.cm2 for female and 0.45 ± 0.24 dGy.cm2 for male cases in system B and 0.35 ± 0.17 dGy.cm2 for female and 0.48 ± 0.19 dGy.cm2 for male cases in system C (Table 3). The differences in PKA are mainly due to the differences in the setup of the different devices (Table 1). The PKA correlated with the estimated WED (p < 0.01 for all), with the higher PKA for larger water equivalent diameter, as expected when the automatic exposure control is used [8].
TABLE 3 | Statistical parameters of the clinical examination parameters of the three systems (minimum, maximum, median, and interquartile range).
[image: Table 3]3.4 Size-specific organ doses
Including all three systems, the lung dose ranged from 7 µGy to 96 µGy (median: 21 ± 10 µGy), the breast dose ranged from 2 µGy to 13 µGy (median: 5 ± 2 µGy), and the thyroid dose from 2 µGy to 42 µGy (median: 7 ± 4 µGy). The values for the different systems separately are included in Table 4. Among the different systems, the order of magnitude of the doses was the same; however, an ANOVA test showed that for each organ, the doses between the systems were significantly different (p < 0.01). This is due to differences in conversion factors (Table 2), which in turn reflect differences in the system setup (Table 1), and the overall dose operating points of the three systems (Table 3).
TABLE 4 | Statistical parameters of the organ doses of the three systems (minimum, maximum, median, and interquartile range).
[image: Table 4]The organ doses are plotted as a function of the estimated WED in Figure 4. The lung, breast, and thyroid doses correlated with the WED (p < 0.01 for all), whereas correlation was weaker for the breast dose (R2 between 0.01 and 0.18) than that for the lung and thyroid doses (R2 between 0.52 and 0.81) (Table 4).
[image: Figure 4]FIGURE 4 | Organ doses for the lungs, breasts, and thyroid of the three systems (A–C) for both women and men, with (A) System A, women; (B) System A, men; (C) System B, women; (D) System B, men; (E) System C, women; (F) System C, men.
To study the relative impact of the patient size, the doses were normalized to the mean (organ) dose of the respective system, and this was repeated for both sexes. As shown in Figure 5, the proportionality of dose with the WED depends on the organ type. For thyroid, there was no size-specific conversion curve but simply a fixed value, and therefore, the proportionality follows the kerma-area product. The dose to the lungs increased more gradually with the increasing WED, and the breast dose increased even more slowly. The male breast doses of system C even fell as the WED increased (Figure 5F).
[image: Figure 5]FIGURE 5 | Curves of the normalized (organ) doses (to the mean) for the lungs, breasts, thyroid, and dose area product (PKA) of the three systems. (A) System A, women (B) System A, men (C) System B, women (D) System B, men (E) System C, women (F) System C, men.
3.5 Effective dose
For female patients, the size-specific effective dose ranged from 4 µSv to 42 µSv, with a median of 10 ± 5 µSv. For male patients, the range was from 4 µSv to 34 µSv, with a median of 9 ± 4 µSv. The standard effective dose for female cases ranged from 3 µSv to 40 µSv (median: 9 ± 5 µSv), with a range from 3 µSv to 41 µSv (median: 11 ± 6 µSv) for male cases. Detailed statistics for each device are shown in Table 5.
TABLE 5 | Statistical parameters of the effective doses of the three systems (minimum, maximum, median, and interquartile range).
[image: Table 5]Although the median values of the size-specific and standard effective dose were similar, a paired test on each system showed significant differences between the distributions (p < 0.01 for all). This is illustrated in Figure 6, which shows the patient-specific differences (∆E). These differences ranged from −35% to 22% (median: −12% ± 16%) for female and from −20% to 69% (median: 16% ± 23%) for male patients. In 37% of the cases, the difference was outside the ±20% range.
[image: Figure 6]FIGURE 6 | Difference (∆E) in effective dose between the size-specific effective dose and standard effective dose as a function of the water equivalent diameter for three radiography systems (A–C).
Both the size-specific and standard effective doses correlated with the WED (p < 0.01 for all three systems, R2 between 0.44 and 0.81). A full set of results are presented in Table 5. The mean-normalized dose curves are shown in Figure 7. For the standard effective dose, the normalized dose curve followed the normalized kerma-area product curve (Figure 7). This is due to the use of a single conversion factor multiplied by the kerma-area product of the exam to obtain the standard effective dose. The slope of the standard effective dose was steeper than that for the size-specific effective dose, when plotted as a function of the WED. This shows that differences between the size-specific and standard effective dose were relatively larger for patients with smallest and largest WEDs (Figure 6).
[image: Figure 7]FIGURE 7 | Caption: Normalized dose curves as a function of the water equivalent diameter for the size-specific effective dose (ESP), standard effective dose (EST), and dose area product (PKA). (A) System A, women (B) System A, men (C) System B, women (D) System B, men (E) System C, women (F) System C, men.
4 DISCUSSION
A number of studies have shown the influence of patient size on the dose conversion factors for projection radiography [9, 10, 24]. In this retrospective study, a large dataset of examinations performed on three X-ray systems was used to practically implement a patient size-specific method. First, a patient size-related metric was estimated using a recently published methodology that only required radiography DICOM information [13]. This estimated patient size, that is, the WED, ranged from 15 cm to 38 cm for the patient dataset.
The patient-specific effective dose and lung and breast dose conversion factors correlated with patient size on all three systems (p < 0.01 for all), and an exponential curve fit between the conversion factors and WED was obtained. The conversion factors were lower for larger-sized patients due to the shielding of internal organs by adipose tissue and the larger volume of some organs. This effect is less pronounced in the neck region, explaining the weak correlation between thyroid dose conversion factors and the patient WED. This is consistent with thyroid dose conversion factors found in the literature [10].
The kerma-area product for all examinations ranged from 0.15 dGy.cm2 to 1.92 dGy.cm2. As expected, the use of automatic exposure control (AEC) results in a correlation between the kerma-area product and patient size [8], and therefore, both organ dose and effective dose will vary with WED. This fundamental principle was the basis for the estimation of the WED. The size-specific organ doses showed a large variation with patient WED, reflecting the variation in the kerma-area product and the size-specific conversion coefficients.
The median doses to the lungs, breasts, and thyroid of the patients were 21 ± 10 µGy, 5 ± 2 µGy, and 7 ± 4 µGy, respectively. These doses are consistent with values in the literature [25, 26]; however, literature organ doses are generally obtained using a single conversion factor and not adjusted for patient size as in this work. The dose to the lungs and thyroid correlated strongly with the patient WED (p < 0.01 for all three systems, R2 between 0.52 and 0.81), with higher doses for thicker patients. The thyroid dose curve as a function of water equivalent diameter was steeper than the lung dose curve. For breasts, which are located close to the detector during a chest PA radiography, the correlation was weaker (p < 0.01 for all systems, R2 between 0.01 and 0.28). This is due to the position of the breasts on the beam exit side, where the air-kerma becomes strongly linked to the target value of the AEC set for the system. When the organ dose was plotted as a function of the patient WED, the slope was shown to depend on the (anterior–posterior) position of the organ within the patient.
The differences between the size-specific and standard effective dose ranged from −35% to 69%, with a higher size-specific effective dose for slender patients and a lower dose for heavy patients compared to the standard effective dose. This is due to the use of size- and system-specific conversion factors in contrast to a single conversion factor for the chest PA exams. Large differences between patient-specific dosimetry and referenced-size dosimetry have also been shown for all the modalities in radiology [9] [27–29]. In 37% of the cases in this work, the difference was outside the ±20% range; for these patients, size-specific dosimetry should be performed to be within the maximum proposed dose deviation of ±20% [11]. The differences will become more pronounced in the case of cumulative dose calculations from repeated examinations. The deviations are expected to be similar in X-ray modalities where chest PA projections are performed and may even hold outside the chest region [27].
A limitation of the study was that the specific X-ray field of view was not included in the dose conversion factor, as the Monte Carlo simulations were performed for a fixed field of view, in line with the practice in the hospital. We have now undertaken action to improve this situation. For lung and breast doses, with both organs completely in the field of view, there will only be a minor influence on the conversion factors. This is not the case for the thyroid dose, as a smaller field of view would protect the thyroid dose from the primary beam, hence reducing the dose to this radiosensitive organ.
The data in this study came from three systems in our hospital. Therefore, the (median) values are determined by our specific population and the clinical operating point set for these X-ray systems. Patients are allocated to one of the X-ray rooms based on availability, so there should be no difference in patient population between the rooms. Additional research is needed to determine the influence of different systems and settings, such as the tube voltage and filtration, on the estimated dose conversion factors.
In conclusion, the novel methodology presented in this work enables a more size-specific approach in digital radiography dosimetry. This can be achieved routinely, on a large scale, as only basic DICOM information is required, along with a dedicated calculation of conversion factors per system. This can be performed just once, if shared within the community. This method can provide more accurate dosimetry results for patient dose reporting. For the chest PA exam, effective dose to obese patients was up to 69% lower than what would be estimated using reference-sized conversion factors, whereas effective dose to underweight patients was up to 35% higher. It can be anticipated that the impact in other X-ray exams is similar.
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OPS/images/fphy-12-1441316-t005.jpg
Sex Dose type System Maximum Median

Women Size-specific effective dose (uSv) A 7 36 12 070
Women Size-specific effective dose (uSv) B 5 42 1 071
Women Size-specific effective dose (uSv) c 4 20 8 067
Women Standard effective dose (uSv) A 6 39 1 080
Women Standard effective dose (uSv) B 3 40 8 080
Women Standard effective dose (uSv) c 3 23 7 079
Men Size-specific effective dose (Sv) A 6 28 1 055
Men Size-specific effective dose (uSv) B 4 34 9 072
Men Size-specific effective dose (Sv) c 4 19 8 044
Men Standard effective dose (uSv) A 6 39 14 070
Men Standard effective dose (uSv) B 3 4 10 081
Men Standard effective dose (uSv) c 4 2 10 065

The correlation of the dose with the water equivalent diameter was significant (p < 0.01 for all), and the R of the correlation is included. IQR: interquartile range.
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Sex Dose type System um Maximum Median IQR

Women Lung dose (4Gy) A 14 81 2 8 075
Women Lung dose (4Gy) B 9 96 2 | 1 077
Women Lung dose (4Gy) (o 7 a 15 6 074
Women Breast dose (1Gy) A 3 12 6 [ g 023
Women Breast dose (uGy) B 3 12 5 2 028
Women Breast dose (1Gy) c 3 7 4 [ 1 018
Women Thyroid dose (1Gy) A 5 32 9 3 080
Women Thyroid dose (uGy) B 3 42 9 [ 5 0.80
Women Thyroid dose (uGy) {o: 3 19 6 3 079
Men Lung dose (4Gy) A 13 65 A 9 059
Men Lung dose (4Gy) B 8 75 2 9 075
Men Lung dose (4Gy) c 8 40 16 5 052
Men Breast dose (1Gy) A 3 10 5 1 001
Men Breast dose (KGy) B 3 13 4 1 021
Men | Breast dose (WGy) c 2 7 3 1 003
Men Thyroid dose (1Gy) A 3 21 7 3 070
Men Thyroid dose (1Gy) B 2 30 7 4 081
Men Thyroid dose (1Gy) c 3 16 6 2 065

The correlation of the dose with the water equivalent diameter was significant (p < 0.01 for all), and the R? of the correlation is included. IQR: interquartile range.
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Sex se type System Minimum Maximum Median IQR
‘ Women Dose area product (dGy.cm?) A 027 183 051 019 080
‘7 Women | Dose area product (dGy.cm?) B 015 187 039 021 080
‘ Women | Dose area product (dGy.cm?) o} 016 108 035 017 079
‘ Men Dose area product (dGy.cm?) A 030 185 064 027 070
Men Dose area product (dGy.cm?) B 016 ‘ 192 045 024 081
Men Dose area product (dGy.cm?) [o: 021 J 133 048 019 065

The correlation of the dose with the water equivalent diameter was significant (p < 0.01 for all), and the R? of the correlation is included. IQR: interquartile range.
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Sex Dose conversion factor type system a B p-value

Women Size-specific effective dose (uSv/dGy.cm?) A ~201E-02 387E+01 <001 058
Women Size-specific effective dose (uSv/dGy.cm?) B ~193E-02 445E+01 <001 058
Women Size-specific effective dose (uSv/dGy.cm?) c ~198E-02 3.58E+01 <001 0.60
Women Breast dose (yGy/dGy.cm®) A ~6.12E-02 543401 <001 091
Women Breast dose (Gy/dGy.cm?) B ~6.92E-02 7.52E+01 <001 094
Women Breast dose (Gy/dGy.cm®) (e ~5.88E-02 447E+01 <001 091
Women ‘ Lung dose (uGy/dGy.cm?) A ~L16E-02 6.58E+01 <001 051
Women Lung dose (Gy/dGy.cm?) B -8.38E-03 6.86E+01 <001 037
Women Lung dose (Gy/dGy.cm?) c ~101E-02 542E+01 <001 045
Women Thyroid dose (kGy/dGy.cm?) A 0 175E+01 0.10

Women Thyroid dose (uGy/dGy.cm?) B 0 226E+01 018

Women Thyroid dose (pGy/dGy.cm?) c 0 1.75E+01 0.37

Men Size-specific effective dose (uSv/dGy.cm?) A ~2.57E-02 344E+01 <001 071
Men Size-specific effective dose (uSv/dGy.cm?) B ~263E-02 4.16E+01 <001 075
Men | Size-speciic effective dose (uSvidGy.cm?) c ~263E-02 331E+01 <001 077
Men Breast dose (1Gy/dGy.cm?) A ~8.19E-02 6.93E401 <001 088
Men Breast dose (Gy/dGy.cm) B -8.13E-02 8.28E+01 <001 090
Men Breast dose (Gy/dGy.cm?) e ~8.05E-02 5.89E+01 <001 089
Men Lung dose (uGy/dGy.cm?) A ~2.05E-02 6.72E+01 <001 071
Men Lung dose (uGy/dGy.cm?) B ~174E-02 7.15E+01 <001 067
Men Lung dose (uGy/dGy.cm?) ¢ ~1.92E-02 5.60E+01 <001 070
Men Thyroid dose (uGy/dGy.cm?) A 0 LI3E+01 044

Men Thyroid dose (kGy/dGy.cm?) B 0 154E+01 026

Men Thyroid dose (uGy/dGy.cm?) ¢ 0 1.22E+01 027

exp (a x WED); unit of

s Gy
Gyem® OF Gy
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FOV (cm be potential (kVp) Added filtrati
‘ System A 1795 42% 35 ‘ 120 None 46
‘ System B 150 38 % 37 ‘ 125 0.1 mm copper 69
‘ System C 180 2x43 ‘ 125 None 51

SDD, source-detector distance; FOV, field of view; HVL, half-value layer.





OPS/images/cover.jpg
’ frontiers | Frontiers in Physics

Automated size-specific
dosimetry for chest

posterior—anterior projection
radiography





OPS/images/fphy-12-1441316-g001.gif
i €I

Lungs

Whole body skin

e 7 O

Heart Breasts. Oesophagus Muscles






OPS/images/fphy-12-1441316-g002.gif





OPS/images/math_qu4.gif
Dy

Dy r % Pgy.





OPS/images/math_qu3.gif
p=1In<Dy>.





OPS/images/math_qu6.gif





OPS/images/math_qu5.gif
Egp

Egy X Pyy.





