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― Abstract ―

The purpose of this study was to determine the dose distribution and image quality according to slice 

thickness and BC(beam collimation) in the gantry aperture. CT scans were performed with a 64-slice 

MDCT(Brilliance 64, Philips, Cleveland, USA) scanner. To determine the dose distribution according to BC, 

a ionization chamber was placed at isocenter and 5, 10, 15, 20, 25 and 30 cm positions from the isocenter 

in the 12, 3, 6 and 9 o’clock directions. The dose distribution for phantom scan was also measured using 

CT head and body dose phantom with five holes at the center of the phantom and the positions of the 

12, 3, 6 and 9 o’clock directions. The image noise measurement for different BCs was performed using an 

AAPM CT phantom. Water-filled block of the phantom was moved by 5 cm or 10 cm to the 12 o’clock di-

rection, and the image noise was measured at the center of the phantom, and the points of 12, 3, 6 and 

9 o’clock direction respectively. Some points were placed beyond the scan field of view (SFOV), so that 

measurement was not possible at that points. The results are as follows:

The CTDIw showed a larger decrease as the source goes farther from the iso-center or the BC became 

wider. The CTDIw depends on the BC width more than the number of the channel of a detector array. 

The value of CTDIW decreased with increasing BC, but the value decreased 16.6~31.9% in the head phan-

tom scan in air scan and 51.0~64.5% in the body phantom scan. The value of the noise was 3.9~5.9 in 

the head and 5.3~7.4 in the body except for BC of 2×0.5 mm, regardless of the degree of deviation from 

the iso-center. When a subject was located within the SFOV, the position did not significantly affect image 

quality even if the subject was out of the center.
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Ⅰ. Introduction

Since the introduction of computed tomography (CT) 

in the 1970s, it has been recognized that the use of 

CT leads to high radiation exposure to patients. CT is 

responsible for the largest amount(35~40%) of the 

collective effective dose of X-rays to patients from 

diagnostic procedures1,2). The International Com‐
mission on Radiological Protection(ICRP) has recom‐
mended the establishment of diagnostic reference 

levels for radiological procedures3). The choice of the 

radiographic technique factors(kV and mAs) used in 

CT examinations has an important effect on CT image 

quality4–6). Changes in kVp(tube voltage) and mA(tube 

current) affect image contrast and image noise 

(mottle), thereby affecting the resultant of contrast- 

to-noise ratio(CNR). The size and composition of the 

object are also important factors that affect image 

quality in CT examinations. The improved diagnostic 

capabilities of multi–detector row CT (MDCT) tech‐
nology have resulted in the increasing number of CT 

examinations performed, which are responsible for a 

significant portion of patient radiation dose from all 

CT procedures7–9). The potential radiation risk from 

the incessant use of CT justifies that CT dose shall be 

kept as low as reasonably achievable. To fulfill this 

goal, it is important to understand the relationship 

between dose and image noise, as noise is a major 

factor in the determination of acceptable image 

quality and often dictates the dose for a particular CT 

protocol10). Such being the case, the dose distribution 

within the gantry aperture in CT is important. The 

purpose of this study was to determine the dose 

distribution and image noise according to beam 

collimation(BC) for the gantry aperture.

Ⅱ. Materials and Methods

CT scans were performed with a 64-slice MDCT 

(multi-detector computed tomography) scanner(Bril‐
liance 64, Philips, Cleveland, OH USA). Dose 

measurements were performed with a CT head(Model 

76-414 ; Nuclear Associates, New York, NY USA) and 

a CT body dose phantom(Model 76-415 ; Nuclear 

Associates). In addition, an accurate ionization 

chamber(Model 10×9-3 CT, S/N 05-0077 Radcal, 

Monrovia, CA USA) and a radiation monitor controller 

(Model 9095, Radcal) were used. Image noise measure‐
ment was carried out by measuring standard 

deviations of HU(Hounsfield units) in a water-filled 

block of an AAPM(American Association of Physicists 

in Medicine) CT performance phantom(Model 610, 

CIRS, Norfolk, VA USA).

1. Dose distribution measurement in the 

gantry aperture

1) Air scan study

In order to determine the radiation dose in a 

specific location within the gantry aperture, a 

section of styrofoam was used in a size that could be 

inserted into the gantry aperture and the styrofoam 

was fixed in a location that would not affect the 

path where X-rays could be examined. In the 

styrofoam, holes were drilled at intervals of 5 cm 

from isocenter to 30 cm in the direction of the 

x-axis(3 and 9 o'clock direction) and y-axis (12 and 6 

o'clock direction) to measure the radiation dose. After 

inserting a pencil type ionization chamber into the 

holes, the central part of the chamber to be scanned 

was positioned and the radiation dose was measured 

within the gantry aperture(Fig. 1). During the 

measurements, the scanning parameters were 120

kVp, 400mAs, scan time of 1 s and a rotation time of 

1 s for the head parts and 120 kVp, 230mAs, scan 

time of 1 s and a rotation time of 1 s for the body 

parts, respectively. The measurements were prefor‐
med under the different BCs (beam collimations; 

2×0.5mm, 12×0.625 mm, 16×0.625mm, 20×0.625

mm, 12×1.25mm, 40×0.625mm, 32×1.25mm, 

64×0.625mm and 16×2.5mm) provided by the 

equipment manufacturers. During the air scan study, 

the radiation dose was measured three times at each 

location and the mean values convert into the 

computed tomography dose index (CTDI) and weighted 
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computed tomography dose index (CTDIw).

2) Phantom scan study

To emulate subjects within the gantry aperture as 

compared to an air scan, the central part of the CT 

head and body dose phantom was placed on the 

isocenter respectively. The head and body dose 

phantom consisted of five holes with a diameter of 

1.21 cm were placed at the center and the points of 

the 12, 3, 6 and 9 o'clock directions. In addition, an 

accurate ionization chamber and a radiation monitor 

controller were used, as shown in figure 2.

The changes in radiation dose were examined under 

the same experimental conditions as for the air scan 

study. The radiation doses were subsequently 

measured. The phantom scans were repeated three 

times for the respective body parts to increase the 

reliability of the radiation dose. The mean values 

were converted into the CTDI and CTDIw. 

3) Data analysis

The computed tomography dose index (CTDI) was 

calculated from the measured exposure as follows:

CTDI=
fELC
nT (1)

where f is the conversion coefficient of the 

dosimetry phantom (0.893), E is the exposure (mR), 

L is the length of the ionization chamber (100mm), 

C is the conversion coefficient of the ionization 

chamber (8.33×10-6 mGy/mR), n is the number of 

slices and T is the slice thickness.

The weighted computed tomography dose index 

(CTDIw) was converted using the relationship:

CTDI W=
1
3
CTDI C+

2
3
CTDI P (2)

where CTDIC is the CTDI at the center of the 

phantom and CTDIP is the CTDI at the periphery of 

the phantom.

The measurement data were analyzed by the use of 

SPSS (Statistical Package for the Social Sciences) 

version 12.0 K, with the descriptive statistics method 

(SPSS, Chicago, IL USA).

2. Image noise measurement

Quantitative image noise was measured using 

AAPM CT performance phantom with the water-filled 

block at the center and at the points in 12, 3, 6 and 

9 o'clock direction. The phantom was moved by 5 cm 

or 10 cm to the 12 o'clock direction, and the image 

noise was measured at the center of the phantom, 

and the points of 12, 3, 6 and 9 o'clock direction 

respectively. In the case of 0 cm (isocenter), the 

noise could be measured at five all positions. In the 

case where the phantom was moved by 5 cm or 10 cm 

to the 12 o'clock direction, some points would be 

placed beyond the scan field of view (SFOV), so that 

measurement was not possible at that points (Fig. 3). 

Figure 1. The dose measurement points in gantry 

aperture for air scan

Figure 2. Schematics of the CT head and body dose 

phantom, electrometer and ionization chamber
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The images were acquired with the multi- detector 

row CT scanner with the scan parameters and beam 

collimations as described previously. Image noise was 

measured as the standard deviation of the atten‐
uation value by the water-filled block in the AAPM 

CT performance phantom. A square region of interest 

(ROI) was selected as 1,608mm2 at the center, 12, 3, 

6 and 9 o'clock positions respectively. The ROI was 

selected three times with a slightly different area on 

a respective part to increase the reliability of the 

noise measurements.

Ⅲ. Results

1. Dose distribution for air scan study

In air scan study of the head and body, the CTDIw 

decreased as the BC became wider, but the CTDIw was 

similar at the same BC(32×1.25 mm, 64×0.625mm 

and 16×2.5mm). In addition, the more far from the 

isocenter, the more CTDIw was reduced(Fig. 4).

2. Dose distribution for phantom scan 

study

In phantom scan study of the head and body, the 

CTDIw decreased as the BC became wider. The CTDIw 

was similar at the same BC (32×1.25mm, 64×0.625 

mm, 16×2.5 mm), as it was seen in the air scan 

study. In addition, the CTDIw in the head phantom 

scan study decreased between 16.6% and 31.9% as 

compared with that in air scan study, and the CTDIw 

in the body phantom scan study decreased between 

51.0% and 64.5% as compared with that in air scan 

study (Fig. 5).

Figure 4. CTDIw with various beam collimation at each position for the air scan study(left; head parts, right; body parts)

Figure 3. Image noise measurement points; isocenter (left), 5 cm (middle) and 10 cm (right) from the isocenter
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3. Image noise evaluation

Noise depending on BC showed a large difference 

according to the measurement points. The noise 

values were between 3.9 and 53.9 in the head parts, 

and between 5.3 and 69.7 in body parts. However, 

when the phantom was moved 5 cm or 10 cm from 

isocenter towards the 12 o'clock direction at the same 

BC, the noise values at the center and around of the 

phantom showed a slight difference for the head 

parts and body parts respectively. In addition, at the 

same BC and at the same measuring point, noise 

values were lower at around the phantom than that at 

the center of the phantom (Table 1).

Ⅳ. Discussion

As compared to a general X-ray examination, the 

dose distribution in a CT examination is different; 

CT involves much higher patient radiation dose11,12). 

Even if the radiation dose in a CT examination is 

greater than that for other X-ray examinations, the 

application of CT has been expanded due to its 

accuracy and reliability to detect disease13). In 

Table 1. Noise values at water-filled block in AAPM CT performance phantom at 0 cm, 5 cm and 10 cm from isocenter of 

gantry aperture in the 12 o'clock direction. 

BC 

(mm)

Head parts Body parts

Peripheral (cm) Central (cm) Peripheral (cm) Central (cm)

0 5 10 0 5 10 0 5 10 0 5 10

2×0.5  43.7  43.8  44.4  52.0  53.9  51.1  56.3  58.1  59.8  68.5  69.7  65.5

12×0.625   4.7   4.6   4.7   5.7   5.3   5.5   6.1   6.1   6.5   7.3   7.3   7.2

20×0.625   4.6   4.7   4.8   5.4   5.6   5.7   6.1   6.2   6.1   7.3   7.4   7.0

16×0.625   4.1   4.0   4.1   4.7   4.7   4.7   5.4   5.8   5.3   6.4   6.3   6.2

12×1.25   4.0   4.1   4.2   4.8   4.6   4.7   5.3   5.5   5.6   6.4   6.4   6.3

40×0.625   4.0   4.1   4.3   4.8   4.8   4.7   5.3   5.5   5.6   6.3   6.5   6.2

32×1.25   3.9   4.1   4.3   4.7   4.8   4.7   5.3   5.4   5.5   6.4   6.2   6.2

64×0.625   4.0   4.2   4.3   4.9   4.8   4.8   5.5   5.3   5.7   6.4   6.5   6.2

16×2.5   4.1   4.1   4.2   4.9   4.9   4.8   5.4   5.5   5.8   6.3   6.2   6.4

Figure 5. Comparison of CTDIw in air and phantom scan study(left ; head parts, right ; body parts)
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addition, interest in the effects of an accumulated 

radiation dose has influenced the determination of 

exposure factors in CT examination14). Due to the 

geometry and usage, CT is a unique modality and 

therefore has its own set of specific parameters for 

radiation dose2,15-20). General radiographic techniques 

are taken from one source position and the entrance 

skin dose is much larger than the exit skin dose, 

creating a large radiation dose gradient across the 

object. In contrast, CT scans with a full 360-degree 

rotation result in a radically symmetric radiation 

dose gradient within the object. The magnitude of 

the dose gradient (the size of the difference from the 

center to the periphery) is affected by several 

factors, including the size of the object, the X-ray 

beam spectrum and the attenuation of X-rays by the 

material or tissue. Especially, the differences in the 

amount of radiation from the center to the periphery 

are very much dependent on the size of the object, 

also indicating that the absolute values of the 

absorbed doses are size dependent21).

In this study, which determines the radiation dose 

and image quality within the gantry aperture of 

MDCT, the CTDIw in air scan study was decreased as 

it was farther from an isocenter for the same BC and 

was reduced as the BC widened(Fig. 4). Furthermore, 

when there was a subject (head phantom and body 

phantom) within the gantry aperture in phantom scan 

study, the CTDIw was likely to show the same 

tendency as air scan study(Fig. 5). It was found that 

the CTDIw value was more dependent on the BC width 

than the number of the channel of a detector array or 

a pixel size(Fig. 4, 5). For comparing image quality 

with the noise value, when a subject was positioned 

within the SFOV, the position did not significantly 

affect image quality even if the subject was out of 

the center (Table 1).

Ⅴ. Conclusions

The CTDIw depends regardless the object is placed 

in or out of the gantry aperture, the distance from 

the isocenter and BC width, respectively. In addition, 

there is little impact on the image quality if an object 

positioned only within the SFOV of the aperture in a 

CT examination, even if the object deviates from the 

isocenter.
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Abstract

전산화단층촬영 검사 시 Gantry Aperture 내의 선량분포와 영상의 질

조평곤·김유현1)·최종학1)·이기열·김형철·김장섭·신동철·이성현2)·이준협3)·신귀순4)

고려대학교 의료원 안산병원 영상의학과·1)고려대학교 보건과학대학 방사선과·
2)고려대학교 의료원 구로병원 영상의학과·3)고려대학교 의료원 안암병원 영상의학과·4)동남보건대학 방사선과

슬라이스 두께(slice thickness)와 선속시준(beam collimation, BC)의 변화에 따른 CT gantry aperture 내의 선

량 분포와 영상의 질을 알아보고자 하였다. 

CT장치로는 64-slice MDCT 스캐너(Brilliance 64, Philips, Cleveland, USA)를 사용하였다.

피사체가 없는 경우(air scan)의 선량측정을 위해 CT용 전리함을 gantry aperture내의 회전중심점(isocenter)과 

12시, 3시, 6시, 9시 방향에서 회전중심점으로부터 5 cm 간격으로 30 cm까지 BC를 변화시키면서 각각 측정 하

였다. 또한 5개의 구멍(팬텀의 중심과 12시, 3시, 6시, 9시 방향)으로 구성된 CT head and body dose phantom

을 gantry aperture 내에 위치시키고 각 지점에서 선량을 측정하였다. 

Gantry aperture 내 피사체의 위치변화에 대한 영상의 노이즈를 비교하기 위해서 AAPM CT용 팬텀의 물통을 

회전중심점과 12시 방향으로 5 cm와 10 cm 이동시킨 후 BC를 변화시키면서 스캔한 후 팬텀의 중심과 12시, 3

시, 6시, 9시 방향의 지점에서 노이즈를 측정하였다. 이 중에서 몇 군데의 위치는 영상 영역에서 벗어나서 측정

할 수가 없었다. 이때 노이즈 측정을 위해서 영상재구성의 슬라이스 두께는 5 mm로 하였다.

측정한 결과 다음과 같은 결론을 얻었다: 

첫째, CTDIw는 회전중심점으로부터 멀어질수록, BC가 넓어질수록 감소하였다. 

둘째, BC의 넓이가 비슷한 경우의 CTDIw는 거의 유사한 값을 보였다. 즉, CTDIw는 검출기 배열의 수나 화

소의 크기 보다는 전체적인 BC의 넓이에 의존하고 있음을 알 수 있었다.

셋째, air scan과 phantom scan 경우 모두에서 CTDIw는 BC가 증가될수록 감소하였다. 그러나 air scan의 경

우보다 head phantom scan 시 약 30%, body phantom scan 시 약 52% 정도 CTDIw의 값이 감소하였다.

넷째, BC와 팬텀의 위치 변화에 따른 노이즈 값은 2×0.5 mm의 BC을 제외하고는 head phantom scan한 경

우 3.9~5.9, body phantom scan한 경우 5.3~7.4로 나타나, BC와 팬텀의 위치변화에 따라서 큰 차이가 없었다.

따라서 피사체의 위치가 gantry aperture 내 SFOV(scan field of view)에 포함될 경우 회전중심점에 정확하게 

위치시키지 않아도 영상의 질에는 많은 영향을 미치지 않는다는 것을 알 수 있었다.

중심단어 : 전산화단층촬영, 선속시준, 방사선량, 영상노이즈 
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