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INTRODUCTION

Radiation exposure during diagnostic radiologic examina-
tions is an emerging problem in the United States (1). Among 
the various types of diagnostic radiologic examinations, digital 
radiography has become one of the most commonly used tech-
niques. By using automatic exposure control (AEC), some clin-
ical investigators have reported that digital radiography pro-
vides a substantial reduction in the radiation dose while 
maintaining sufficient diagnostic image quality (2-5). However, 
there is a potential risk of a very high radiation dose being giv-
en to oversized patients when an AEC mode is used. Since the 
exposure time in the AEC mode increases in accordance with 

the thickness of the patient’s body in order to maintain image 
quality, obese patients are exposed to a greater radiation dose 
than thinner patients (6, 7).

Previous studies have shown that a patient’s body size, in-
cluding the abdominal fat thickness, can influence the radiation 
dose in abdominal radiologic examinations (7-12); however, 
only a few studies have reported about the influence of patient 
factors on the effective dose in plain radiography. In addition, 
metallic devices, such as pancreaticobiliary or gastrointestinal 
stents, endovascular devices, or spinal metallic instruments, 
may cause an increase in the radiation dose in patients under-
going abdominal radiography. Therefore, the purpose of this 
study was to identify independent factors associated with an in-
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creased radiation dose and to evaluate the effect of the patient’s 
position on the effective dose in abdominal digital radiography.

MATERIALS AND METHODS

Study Design and Patient Population

From October 2013 to December 2013, we retrospectively an-
alyzed the data from 242 patients who underwent digital ab-
dominal radiography at our hospital. This retrospective study 
was approved by the institutional review board of our hospital, 
and the requirement for obtaining informed consent was waived 
owing to the retrospective nature of the study.

After excluding 20 patients aged < 15 years, 222 adult patients 
who underwent abdominal radiography in both the supine and 
standing positions were included in this study. Since there are 
no reported standardized values to indicate a “high effective 
dose in abdominal digital radiography” in previous studies, we 
divided the study patients by using the upper third quartile val-
ue (0.311 mSv) of the effective dose in all study patients: group 
A (n = 166, effective dose < 0.311 mSv) and group B (n = 56, ef-
fective dose ≥ 0.311 mSv). We then evaluated the two groups ac-
cording to the following factors: patient age, body mass index 
(BMI), sex, ascites, presence of an abdominal stent or tube, and 
spinal metallic instrumentation. In our study, BMI was classi-
fied into two categories by using the cut-off value of 23 kg/m2 
for statistical analysis according to the International Associa-
tion for the Study of Obesity, the International Obesity Task 
Force, because the criteria for overweight and obesity for adult 
Asians are not consistent with those for non-Asians.

Radiographic Equipment and Exposure Parameters

We used a commercial digital radiography system with cesi-
um iodide-amorphous silicon, flat-panel detector (Definium 
8000; GE Healthcare, Chalfont St. Giles, UK) in this study. The 
AEC of the flat-panel detector system was adjusted to a speed 
class of 200. The three AEC chambers were used in all patients. 
To compare the effective dose in terms of BMI, presence of asci-
tes, or overlapping metallic instruments in the body area, we also 
measured the output parameters including milliampere second 
(mAs) and the dose-area product (DAP). DAP was measured 
by the DAP meter that was mounted on the tube collimator, and 
mAs was recorded from Digital Imaging and Communications 

in Medicine (DICOM) images. This study was performed with 
80 kVp, field size (35 × 41 cm), and inherent beam filtration of 3.1-
mm aluminum at a fixed source-to-image distance of 120 cm. We 
performed phantom equipment testing and calibration for both 
DAP and AEC every 3 months to ensure stability of the systems.

Effective Dose Measurement and Calculation

DAP is defined as the product of the irradiated area multiplied 
by the absorbed dose in air (13, 14). The DAP value was obtained 
from the DAP meter (PD-8100; Toreck Co. Ltd., Yokohama, Ja-
pan) that was mounted on the tube collimator. The effective dose 
for each patient was calculated by using a PC-based, Monte Car-
lo (PCXMC version 2.0; STUK, Helsinki, Finland) program. 
PCXMC is based on Monte Carlo simulation and is intended for 
calculating patients’ organ doses and the effective dose in radio-
logic examinations (15, 16). In PCXMC, the exposure techniques, 
patient height, patient weight, and irradiation geometry were en-
tered, including the DAP value. The simulation was performed 
with 2 × 104 photons. The simulation conditions were identical 
to the actual exposure conditions. The effective dose was deter-
mined by using the revised tissue-weighting factors of the In-
ternational Commission on Radiological Protection (publica-
tion 103) (17).

Definitions and Statistical Analysis of Data

In this study, the mean effective dose in one patient was de-
fined as the mean value of the effective doses obtained in the su-
pine and standing positions. The presence of ascites was defined 
in accordance with the diagnosis from prior computed tomog-
raphy (CT) or ultrasound (US) examinations. The patient age, 
BMI, and sex, and the presence of ascites, abdominal stent/tube 
or spinal metallic instrumentation were analyzed in groups A 
and B by using the chi-square test or Fisher’s exact test. To com-
pare the effects of patient position on the effective dose, the paired 
t-test was used. Continuous variables, including age and BMI, 
were classified into two subgroups by using the cut-off values of 
65 years for age and 23 kg/m2 for BMI, and were analyzed with 
the chi-square test or Fisher’s exact test. Logistic regression anal-
ysis was performed to identify independent factors associated 
with patients who received a high effective dose. Factors with a 
p value < 0.05 were entered into the multivariate logistic regres-
sion analysis. All statistical analyses were performed with Sta-
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tistical Package for Social Sciences (SPSS) version 21 (SPSS Inc., 
Chicago, IL, USA). A two-sided p value < 0.05 indicated statisti-
cal significance.

RESULTS

Exposure Parameters and Effective Dose 

The patient characteristics, effective dose, and DAP value in 
both groups are summarized in Table 1. The median effective 
dose for the total patient material was 0.224 mSv (interquartile 
range, 0.172–0.311 mSv). In group A, the types of abdominal 
stents or tubes used in the patients were as follows: percutane-
ous transhepatic biliary drainage (PTBD) tube (n = 9); endo-
scopic nasobiliary drainage (ENBD) tube (n = 7); pancreatico-
biliary stent (n = 7); ureteral stent (n = 4); gastrointestinal stent 

(n = 3); and inferior vena cava (IVC) stent (n = 1). In group B, the 
types of stents or tubes used were as follows: pancreaticobiliary 
stent (n = 6); PTBD tube (n = 4); ENBD tube (n = 2); IVC stent 
(n = 1); and ureteral stent (n = 1). In the nine patients with spi-
nal metallic instrumentation, screws and instruments were used 
for posterior fixation of the lumbar spine. The median time in-
terval from CT (n = 10) or US (n = 6) showing ascites and study 
radiographs was 3 days (interquartile range, 1.00–5.25 days). 
All values including mAs, DAP value, and effective dose in group 
A were significantly lower than those in group B (p < 0.001). The 
effective dose for the total patient population, group A, and 
group B was 0.255, 0.196, and 0.431 mSv, respectively. In group B, 
the mean BMI was significantly higher than that in group A. The 
distribution of the effective dose for both the supine and stand-
ing positions according to BMI in the total patient population is 

Table 1. Patient Characteristics, Effective Dose and DAP Value According to Patient Position
Factor Group A (n = 166) Group B (n = 56) p-Value

Age (mean ± SD) 55.6 ± 14.4 60.1 ± 10.5 < 0.197
< 65 years 119 (71.7) 35 (62.5)
≥ 65 years 047 (28.3) 21 (37.5)

BMI (mean ± SD) 21.3 ± 2.90 25.7 ± 2.30 < 0.001
< 23 kg/m2 117 (70.5) 08 (14.3)
≥ 23 kg/m2 049 (29.5) 48 (85.7)

Sex < 0.155*
Male 101 (60.8) 40 (71.4)
Female 065 (39.2) 16 (28.6)

Ascites < 0.001*
No 161 (96.9) 45 (80.4)
Yes 005 (3.1) 11 (19.6)

Stent < 0.265*
No 151 (90.9) 48 (85.7)
Yes 015 (9.1) 08 (14.3)

Tube < 0.816*
No 150 (90.4) 50 (89.3)
Yes 016 (9.6) 06 (10.7)

Spinal metallic instrumentation (vertebral screw) < 0.009*
No 163 (98.2) 50 (89.3)
Yes 003 (1.8) 06 (10.7)

Effective dose (mSv) < 0.001†

Supine 0.173 0.383
Standing 0.220 0.478

DAP (mGy · cm2) < 0.001†

Supine 704.5 1731.4
Standing 855.1 2032.3

Data are the number (%) of patients. Group A (n = 166, effective dose < 0.311 mSv); group B (n = 56, effective dose ≥ 0.311 mSv). 
*p-values were calculated by using chi-square test, †Fisher’s exact test or paired t-test. 
BMI = body mass index, DAP = dose-area product, SD = standard deviation
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shown in Fig. 1. Compared with the effective dose for patients 
with the lowest BMI (13.8 kg/m2), the effective dose for patients 
with the highest BMI (31.3 kg/m2) was nine times higher (0.069 
mSv vs. 0.653 mSv). Ascites and spinal metallic instrumenta-
tion were significantly more frequent in group B than in group A. 
The highest value of the mean effective dose per patient was 1.127 
mSv and the value was 17 times higher than the lowest value 
(0.069 mSv) of the mean effective dose in this study. 

Factors Influencing the Effective Dose 

On univariate analysis, patient age, sex, and presence of an ab-
dominal stent or tube were not associated with an increase in 
the effective dose. However, high BMI [odds ratio (OR), 14.327; 
95% confidence interval (CI), 6.314–32.509; p < 0.001], pres-
ence of ascites (OR, 7.871; 95% CI, 2.601–23.826; p < 0.001), 
and spinal metallic instrumentation (OR, 6.520; 95% CI, 1.573–
27.019; p = 0.009) were significantly associated with an increase 
in the effective dose (p < 0.001, p < 0.001, and p = 0.009, respec-
tively) (Table 2). Multivariate logistic regression analysis revealed 
that high BMI (OR, 25.201; 95% CI, 8.576–74.051; p < 0.001) and 
ascites (OR, 25.132; 95% CI, 5.381–117.376; p < 0.001) were sig-
nificantly associated with an increase in the effective dose. 

Comparison of the Effective Doses between the 

Supine and Standing Positions

The distribution of the effective doses according to the patient 
position in groups A and B is demonstrated in the box plot pre-
sented in Fig. 2. In the total patient population, a significant ef-
fective dose reduction (22.6%) was noted when the patient was 
placed in the supine position than in the standing position (p < 
0.001). Among them, patients with BMI 23 kg/m2 in the supine 
position received a lower effective dose than those in the stand-
ing position (supine: 0.296 mSv vs. standing: 0.382 mSv). In ad-

Fig. 1. Scatterplot and quadratic curve fitting showing the distribu-
tion of the effective dose for both the supine and standing positions 
according to the patient’s body mass index (BMI). The effective dose is 
significantly decreased in the supine position than in the standing po-
sition, especially in patients with BMI > 23 kg/m2 (red dotted line).
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Table 2. Univariate and Multiple Logistic Regression Analysis to Iden-
tify the Independent Factors Associated with Increased Effective Dose 
of Abdominal Digital Radiography

Factor OR 95% CI p-Value
Univariate

BMI 14.327 6.314–32.509 < 0.001
Ascites 7.871 2.601–23.826 < 0.001

Spinal metallic 
instrumentation

6.520 1.573–27.019 0.009

Multivariate
BMI 25.201 8.576–74.051 < 0.001
Ascites 25.132 5.381–117.376 < 0.001

Spinal metallic 
instrumentation

4.845 0.791–29.677 0.088

BMI = body mass index, CI = confidence interval, OR = odds ratio

Fig. 2. Box-plot showing the distribution of the effective doses accord-
ing to patient position in groups A and B.
*Outliers indicate values more than 1.5 times of upper quartile.
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dition, the effective dose in patients with ascites was signifi-
cantly lower (15.3%) in the supine position than in the standing 
position (supine: 0.384 mSv vs. standing: 0.453 mSv). The dif-
ference in the effective doses was statistically significant (p < 
0.001) (Table 3) not only in the comparison of the effective dose 
for patients with BMI < 23 kg/m2 both in the supine and stand-
ing positions, but also in the comparison of the effective dose 
for patients without ascites in both positions. 

DISCUSSION

In this study, we showed that the presence of ascites and a 
high BMI are independent factors for an increase in the effec-
tive dose in patients undergoing abdominal digital radiography. 
High density materials, such as an abdominal stent/tube or spi-
nal metallic instruments in the abdominal area, were not sig-
nificantly associated with an increased effective dose.

In previous studies, BMI was an important determinant of 
the radiation dose and overweight patients generally received a 
larger radiation dose during radiographic examinations (11, 18). 
Not only in abdominal radiography but also in ureteroscopy, 
patients with severe obesity received a three-fold higher radia-
tion dose than patients without obesity (12). 

The presence of ascites was also significantly associated with 
an increased effective dose. This finding is useful for identifying 
the methods for reducing patients’ radiation dose as no study 
has reported that ascites has an influence on the effective dose 
in abdominal digital radiography. For example, in this study, a 
patient with massive ascites received the highest effective dose 
(1.127 mSv) despite having a relatively normal BMI (22.7 kg/m2). 
Considering the influence of BMI and ascites on abdominal ra-
diography, these factors should be considered in order to reduce 
the effective dose. 

With respect to the effect of patient position on the effective 

dose, there was a significant dose reduction (22.6%) in the su-
pine position than in the standing position. This finding agrees 
with that of a previous study with respect to the effects of the pa-
tient’s position on the effective dose (18). The previous study in-
dicated that if the distribution of subcutaneous fat changes when 
a patient is placed in the supine position, only the thickness of 
the fat remaining within the X-ray field affects the patient’s ef-
fective dose. In addition, as some of the adipose tissue may move 
to a lateral position if the patient’s position is supine, lateral fat 
has little or no influence on the effective dose. Therefore, the 
authors claimed that the standing position during an abdomi-
nal radiographic examination results in a higher effective dose 
than the supine position. Although abdominal radiography was 
previously commonly performed in both the supine and stand-
ing positions, some radiologists suggest that this practice should 
perhaps be discontinued because of the excessive radiation dose 
(19). They also proposed that when a patient has an acute abdo-
men and pneumoperitoneum, only a single, supine abdominal 
radiograph should be performed (19, 20). However, to the best 
of our knowledge, there are no specific indications for selecting 
the position for abdominal digital radiography in patients with 
a high BMI and ascites. Thus, considering our results and the 
findings from previous studies, a single abdominal radiograph 
with the patient placed in the supine position should be consid-
ered in order to reduce the effective dose in patients with a high 
BMI and ascites. Some studies have suggested that the use of 
extra copper filtration and increasing the beam energy can also 
reduce the patient’s dose (21, 22). However, it should be noted 
that increased energy may affect image quality because a higher 
proportion of Compton interactions and more forward scatter 
reach the image receptor. 

This study has several limitations. First, as the number of pa-
tients who had received stents, tubes or spinal metallic instru-
ments was relatively small, the effect of these materials on the 

Table 3. Effective Dose in Abdominal Digital Radiography According to Patient Position, Presence of Ascites, and BMI

Factor
Patient Position

Difference (%) p-Value
Supine (mSv) Standing (mSv)

With ascites 0.384 0.453 15.3 < 0.001
Without ascites 0.211 0.275 23.5 < 0.001
BMI ≥ 23 kg/m2 0.296 0.382 22.5 < 0.001
BMI < 23 kg/m2 0.169 0.211 17.9 < 0.001

p-values were calculated by using the paired t-test.
BMI = body mass index
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radiation dose could not be demonstrated well. Although the 
presence of metallic instruments was not an independent factor 
for an increased effective dose in multivariate logistic regression 
analysis, the univariate analysis showed statistical significance. 
Thus, future studies with large number of patients or prospec-
tive studies would be beneficial to prove the exact influence of 
these materials on abdominal radiography. Second, we deter-
mined that the upper third quartile value (0.311 mSv) of the ef-
fective dose is the cut-off value of a high effective dose as there 
are no previously defined highly effective doses for abdominal 
digital radiography. Moreover, the upper third quartile value of 
the effective dose assessed in our study was lower than the mean 
effective dose reported in other studies (0.44–1.5 mSv) (19, 23-26). 
One possible reason why the effective dose in our study showed 
a low value compared with that in other published studies was 
the relatively low BMI unlike in the other studies. However, the 
fact that various types of equipment, techniques, parameter set-
tings, and patient positions were used during abdominal exam-
inations makes it difficult to explain the differences in the amount 
of the effective dose noted in previous studies. Third, the dose 
calculations in PCXMC are based on a standard phantom that 
can be scaled in accordance with patient weight. However, the 
presence of ascites could possibly change the relative position 
and the contents of the abdominal cavity, thus adding uncer-
tainty to dose estimation for these patients. Nevertheless, our 
study suggests the possible factors influencing the increased ef-
fective dose in abdominal radiography, and it also suggests that 
future studies are required to reduce the radiation dose in pa-
tients undergoing radiographic examinations.

In conclusion, we showed that a high BMI and the presence 
of ascites were independent factors associated with an increased 
effective dose in abdominal radiography. For patients with a high 
BMI and ascites, the radiation dose was significantly lower for 
examination in the supine position than in the standing position. 
Therefore, significant dose reduction in patients with a high BMI 
or ascites may be achieved by placing the patient in the supine 
position during abdominal digital radiography.
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복부 디지털 방사선 촬영에서 증가된 유효선량에  
영향을 미치는 요인들

장지성1,2 · 구현정1 · 양형진2 · 박정훈1 · 조영철1 · 도경현1*

목적: 복부 디지털 방사선 촬영에서 유효선량과 관련된 환자의 관련 요인들을 알아보고, 환자의 자세가 유효선량에 미치

는 영향을 평가하였다.

대상과 방법: 누운 자세와 선 자세의 복부 디지털 방사선 촬영을 모두 시행한 222명의 환자들의 유효선량을 후향적으로 

분석한 후, 측정된 유효선량의 삼사분위값(0.311 mSv)을 기준으로 두 그룹으로 나누었다. 로지스틱 회귀분석을 통해, 높은 

유효선량과 관련된 독립인자들을 확인하였고, 환자의 자세가 유효선량에 미치는 영향은 대응표본 t 검정을 통해 평가하였다.

결과: 단변량 분석에서는 높은 체질량지수(body mass index ≥ 23 kg/m2), 복수, 그리고 척추금속기구가 높은 유효선

량과 유의한 관련이 있었고, 다변량 로지스틱 회귀분석에서는 높은 체질량지수[odds ratio (이하 OR), 25.201; 95% 

confidence interval (이하 CI), 8.576-74.051; p ＜ 0.001]와 복수(OR, 25.132; 95% CI, 5.381-117.376; p ＜ 0.001)

가 높은 유효선량과 유의한 관련이 있었다. 또한, 선 자세에서의 유효선량과 비교했을 때 누운 자세에서 유효선량이 

22.6% 감소하였고, 통계적으로 유의한 차이가 있었다(p ＜ 0.001).

결론: 높은 체질량지수와 복수는 복부 디지털 방사선 촬영에서 증가된 유효선량과 관련된 독립적인 인자들이다. 이러한 

인자들을 가지고 있는 환자들은 복부 디지털 방사선 촬영 시에 누운 자세로 촬영을 하면 선량을 감소시킬 수 있다.
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