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Abstract. The use of flat-panel detector (FPD) systems in TV equipment for gastrointestinal tract 
examination is increasing. The use of FPD systems is believed to reduce the exposure dose. When our 
institution changed its TV equipment from an image intensifier (GE;MS90Tj) system to an FPD 
(Shimadzu;SONIALVISION safire DAR-3500) system, we measured the doses produced and carried out 
a comparative examination of the extent to which exposure could be reduced. Two TV systems were used. 
We used an analyzer to measure output waveform, tube voltage, and half-value layer (HVL), and an 
ionization chamber dosimeter to carry out dose-in-air measurements. Body thickness, number of image 
acquisitions, and fluoroscopy time are required for the calculation of entrance skin dose (ESD). We 
therefore measured body thicknesses in 1000 upper gastrointestinal tract (UGI) and barium enemas and 
obtained average body thicknesses for males and females by age group. Values used for number of image 
acquisitions and fluoroscopy times were the averages in our institution over a two-year period. When an I.I. 
system was used, the average ESD during UGI examination were 126.8 mGy fluoroscopy dose and 11.62 
mGy imaging dose, for an average total dose of 138.42 mGy per examination. ESD during barium enema 
averaged 201.73 mGy fluoroscopy dose and 45.2 mGy imaging dose, for an average total dose of 246.92 
mGy per examination. When an FPD system was used, the average ESD during UGI examination were 
58.71 mGy fluoroscopy dose and 5.72 mGy imaging dose, for an average total dose of 64.43 mGy per 
examination. ESD during barium enema averaged 112.21 mGy fluoroscopy dose and 24.55 mGy imaging 
dose, for an average total dose of 136.76 mGy per examination. The use of an FPD system reduced both 
fluoroscopy dose and imaging dose by 50%. The number of TV systems equipped with FPD in Japan has 
increased from around 1300 in 2006 to around 1700 in 2007. The use of FPD systems can be expected to 
increase in future. This will enable major reductions in patient exposure dose. 
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1. Introduction 
 
The use of digital gastrointestinal fluoroscopic imaging equipment (TV systems) is increasing, with a 
shift in progress from image intensifier (I.I.) to flat-panel detector (FPD) systems. FPD systems have 
the following features: (1) they offer image quality at least as good as that of I.I. systems; (2) they are 
light weight and compact; (3) they offer undistorted images over a large field of view; and (4) their use 
enables a reduction in exposure dose. For these reasons, such devices are being installed at an 
increasingly rapid rate. The number of FPD TV systems in Japan rose from 1300 in 2006 to 1700 in 
2007 [1-2]. It is predicted that FPD will replace I.I. as the standard in future. Our own institution 
installed FPD in 2007 when it replaced its equipment. Among these features of FPD, it is important to 
evaluate the reduction in exposure dose and find out what the patient exposure dose actually is. It has 
been reported that FPD reduces the exposure dose for fluoroscopy by 25% and for imaging by 13% in 
cardiovascular systems, but there have been few reports regarding TV systems [3]. We therefore 
measured and evaluated the exposure dose for FPD and I.I. in the TV systems used at our institution.  
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2. Materials and Methods 
 
2.1. Measurements made with analyzer 
 

During imaging, we measured tube voltage and half-value layer (HVL) by using a non-contact 
analyzer (Victoreen; NERO mAx8000 ). The analyzer was positioned for measurement as shown in 
Figure 1. The focus-center distance (FCD) was set at 60 cm and the focus-detector distance (FDD) at 
110 cm. As measurement conditions, tube current was fixed at 250 mA and imaging time at 50 ms, and 
tube voltage varied between 70 kV, 80 kV, and 90 kV. During fluoroscopy, the analyzer was left in the 
same position and its mode switched to dose-rate mode, with pulse fluoroscopy set to 30 f/s. 
Measurements were made at tube voltages of 65 kV, 70 kV, 80 kV, 95 kV, 103kV, and 120kV. 

 
Figure.1 Experimental setup for HVL      Figure.2 Experimental setup for dose measurements 
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2.4. Calculations of entrance skin dose (ESD) 
 
The entrance surface dose is calculated as: 
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where 
 
Dm       entrance surface dose (mGy); 
Xair      incident exposure per mAs (C· kg–1); 
B.S.F.     back scatter factor from B.Grosswendt data ; 
Wair / e   33.97 (J / C) 

men )/( ρμ   energy absorption coefficient in medium (cm2 / g); 

airen )/( ρμ  energy absorption coefficient in air (cm2 / g); 
FCD      focus chamber distance (cm); 
FSD      focus skin distance (cm); 
 
3. Result 
 
The relation obtained by means of the analyzer between tube voltage and HVL during imaging is 
shown in Table 1, and that during fluoroscopy in Table 2. For the same equipment, the relation 
between HVL and tube voltage is almost the same during both imaging and fluoroscopy, with no 
difference according to radiation quality. The HVL for FPD was over 1.5 times that for I.I.. The 
relation obtained by means of the dosimeter between tube voltage and irradiation dose during imaging 
is shown in Figure 3, and that during fluoroscopy in Figure 4. During imaging, the HVL for both FPD 
and I.I. were directly proportional to both tube voltage and irradiation dose, but the dose for I.I. was 
double that for FPD. For fluoroscopy, the relations with tube voltage and irradiation dose differed for 
I.I. and FPD. In both FPD and I.I., the dose increased exponentially up to 90 kV. For I.I., it flattened 
out above 90 kV. At 90 kV, the dose for I.I. was 4.5 times that for FPD. Table 3 shows the average 
body thicknesses for barium enema and UGI examinations. Table 4 shows average values for number 
of image acquisitions and fluoroscopy time. Table 5 shows the relational expression between mAs 
values for phantom thickness during imaging and tube voltage. Table 6 shows tube voltages during 
fluoroscopy and average tube currents. This relational expression was used to calculate the tube 
voltages, mAs values, and average tube currents for the average body thicknesses given in Table 3. 
Table 7 shows the ESD per single image acquisition for each type of examination. The imaging dose 
for FPD was on average 70% lower than that for I.I. Table 8 shows ESD rates per minute of 
fluoroscopy. As with imaging, the fluoroscopy dose for FPD was on average 70% lower than that for 
I.I. Tables 9 and 10 show the ESD for a single examination. In comparison with I.I., the values for 
FDP are 66% lower for barium enemas and 76% lower for UGI examinations. 
 
Table.1 The relation between tube voltage and HVL (radiography) 
 

X-ray TV system Detector Approximate type Decision coefficient R2

GE(MS90Tj) I.I. y=0.0413x－0.3208 0.9798 
SHIMADZU(safire DAR-3500) F.P.D y = 0.0664x－0.5534 1 

 
Table.2 The relation between tube voltage and HVL (fluoroscopy) 
 

X-ray TV system Detector Approximate type Decision coefficient R2

GE(MS90Tj) I.I. y = 0.0395x - 0.1921 0.9913 
SHIMADZU(safire DAR-3500) F.P.D y = 0.0599x－0.062 0.9978 
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Table.3 The average of the body thickness by each examination 
 

Sex barium enema(front) barium enema(profile) UGI(standing) UGI(decubitus)
man 20.5 28.2 21.8 19.1 

woman 17.9 27.1 19.3 19.2 
total 19.2 27.7 20.6 19.1 

                                                                        (cm) 
Table.4 The average of exposure times fluoroscopic time by each examination 
 

 barium enema
(front) 

barium enema
(profile) UGI(standing) UGI(decubitus) 

Number of image 
acquisitions (piece) 14 6 3 12 

fluoroscopic time 
(minute) 3.98 1.71 1.07 4.27 

 
Table.5 The relational expression between mAs values for phantom thickness during imaging and tube 

voltage 
 

X-ray TV system Detector
Approximate type in 
mAs value 
(Decision coefficient R2)

Approximate type in 
tube voltage 
(Decision coefficient R2)

GE(MS90Tj) I.I. y = 23.361Ln(x) + 13.93
(0.9838) 

y = 1.2308x－7.0769 
(0.9971) 

SHIMADZU(safire DAR-3500) F.P.D y = 1.2729e0.0951x

(0.9845) 
y = 0.9808x + 65.756 

(0.9938) 
 
Table.6 Tube voltages during fluoroscopy and average tube currents 
 

X-ray TV system Detector
Approximate type in 
mAs value 
(Decision coefficient R2)

Approximate type in 
tube voltage 
(Decision coefficient R2)

GE(MS90Tj) I.I. y = 0.1808x－0.9436 
(0.9976) 

y = 2.2115x + 49.346 
( 0.982) 

SHIMADZU(safire DAR-3500) F.P.D y = 0.1423x + 0.3359 
(0.9998) 

y =2.6154x + 39.128 
(0.9954) 

 
Table.7 The ESD per single image acquisition for each type of examination 
 

X-ray TV system Detector barium enema
(front) 

barium enema
(profile) 

UGI 
(standing) 

UGI 
(decubitus)

GE(MS90Tj) I.I. 2.48 5.08 2.48 2.07 
SHIMADZU(safire 

DAR-3500) F.P.D 0.58 1.99 0.71 0.57 

(mGy/piece) 
Table.8 ESD rates per minute of fluoroscopy 

X-ray TV system Detector barium enema 
(front) 

barium enema
(profile) 

UGI 
(standing) 

UGI 
(decubitus

) 
GE(MS90Tj) I.I. 72.71 98.25 72.71 60.97 

SHIMADZU(safire 
DAR-3500) F.P.D 14.57 48.22 18.03 14.46 

(mGy/minute) 
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Table.9 The ESD for barium enemas 
 

X-ray TV system radiography fluoroscopy total 
GE(MS90Tj) 59.67 412.11 471.78 

SHIMADZU(safire DAR-3500) 20.01 140.33 160.34 
(mGy) 

 
Table.10 The ESD for UGI examinations 

 
X-ray TV system radiography fluoroscopy total 

GE(MS90Tj) 32.29 338.13 370.42 
SHIMADZU(safire DAR-3500) 8.99 81.03 90.02 

(mGy) 
 
Figure.3 The relation between tube voltage and in-air exposure (radiography) 
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Figure.4 The relation between tube voltage and in-air exposure (fluoroscopy) 
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4. Discussion 
 
When an FPD system is used, the dose is 66% lower than that with an I.I. system for barium enemas 
and 75% lower for UGI examinations. We have confirmed that the installation of FPD greatly reduces 
the ESD in comparison with when an I.I. system is used. FPD is far better than I.I. in terms of both 
sensitivity and spatial resolution, and we may conceive that the use of FPD, with its excellent 
signal-to-noise attributes, will enable low-dose imaging. The use of pulse fluoroscopy and of grid 
control for wave-tail cutoff may be regarded as contributing to the reduction in dose through the 
precise elimination of unnecessary X-rays. In the case of barium enemas, the guideline reduced target 
value is 200 mGy for a single examination. For UGI examinations, it has been set at 100 mGy for a 
single examination [4]. When examinations were carried out with an I.I. system, they greatly exceeded 
the reduced target values set out in the Guideline for Medical Exposure issued by the Japan 
Association of Radiological Technologists (JART). These guidelines propose an ESD during 
fluoroscopy of 15-20 mGy/min, and during imaging of 0.5–3 mGy per image [4]. When the I.I. system 
was used, the dose during imaging was almost the same, but fluoroscopy examinations required about 
three times this dose. This may be regarded as arising from the characteristic of I.I. to deteriorate if the 
ABC mechanism is used, resulting in an increased dose. It may be conjectured that our institution had 
not carried out dose measurements over time, but had been using an I.I. system that had deteriorated 
beyond the limits of adjustment. When the FPD system was used, the guidelines could be adhered to. 
As there is very little change over time in FPD, there is almost no chance of the sort of increased dose 
seen in the I.I. system. It is still necessary, however, to carry out regular dose measurements and assess 
the exposure dose for patients [1-2]. This research compared an I.I. system that exhibited severe 
deterioration with an FPD system. The result confirmed that the use of FPD reduced the dose. This 
suggests that even a comparison between an adjusted I.I. system and an FPD system might show 
reductions in exposure of around 10% for UGI examinations and 20% for barium enemas.  
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