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The effect of exposure technique on image quality and radiation dose from CT simulation

image of chest (phantom study)
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Abstract

Introduction: Computed tomography simulation imaging is a processing for treatment plan that may cause patients

high radiation dose receiving. Thus, exposure techniques variation could reduce dose risk.

Objectives: Purpose of this study was to study effect of exposure technique on image quality and radiation dose

(CTDI,,, and effective dose) from CT simulation image of chest.

Materials and methods: Exposure parameters (tube voltage, tube current and slice thickness) were varied to
achieve low radiation dose with equal reference image quality (120 kVp, 100 mAs). In this study, chest phantom
was used. Scanning parameters were 90, 120,140 kVp, in which each kVp was varied to 50, 100, 150 mAs and
slice thickness at 3 mm and 5 mm were tested. CTDI,,, from each scan was recorded. Effective dose of chest and
breast was calculated by impact scan program. Image noise was measured in lung and heart regions. Image quality

was evaluated by 2 radiation oncologists.

Results: The results showed that kVp and mAs were affected to radiation dose. mAs was direct proportional to while
kVp increased radiation dose. In addition, image noise measured in heart and lung region with increasing kVp or

mAs, were reduced. Moreover, 3 mm-slice thickness showed higher noise than 5 mm-slice thickness.

Conclusion: The recommended exposure parameters for computed tomography simulation assessed by radiation
oncologists were 140 kVp, 50 mAs for 3 mm- and 5 mme-slice thickness, respectively. The radiation dose reduced
26.35% (5.92 to 4.36 mGy) from reference exposure technique. Effective dose of chest and breast were 0.7 and
0.57 mSy, respectively
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Figure 1 Chest Phantom.
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Table 1 The exposure techniques for CT scanning on chest phantom.

Exposure tech- Slice thickness Collimator Rotation time FOV Pitch Matrix size
niques (mm) (sec) (mm)
90kVp 50mAs 3 5 16x1.5 0.75 350 0.938 512x512
90kVp  100mAs 3 5 16x1.5 0.75 350 0.938 512x512
90kVp  150mAs 3 5 16x1.5 0.75 350 0.938 512x512
120kVp  50mAs 3 5 16x1.5 0.75 350 0.938 512x512
120kVp  100mAs* 3 5 16x1.5 0.75 350 0.938 512x512
120kVp  150mAs 3 5 16x1.5 0.75 350 0.938 512x512
140kVp  50mAs 3 5 16x1.5 0.75 350 0.938 512x512
140kVp  100mAs 3 5 16x1.5 0.75 350 0.938 512x512
140kVp  150mAs 3 5 16x1.5 0.75 350 0.938 512x512

*Reference Technique
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Figure 2 Region of interest (ROI) location.
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Table 2 The CTDI,,, of CT scanning on chest phantom by setting 3 mm. and 5 mm. slice thickness, and the effective

dose of chest and breast.

CTDI,,, (mGy) Effective dose (mSv)
Exposure techniques
3 mm 5 mm Chest Breast

90 kVp 50 mAs 1.30 1.30 0.20 0.16

90 kVp 100 mAs 2.61 2.61 0.40 0.33

90 kVp 150 mAs 3.89 3.91 0.60 0.49
120 kVp 50 mAs 2.96 2.96 0.49 0.38
120 kVp 100 mAs* 5.92 5.92 0.97 0.75
120 kVp 150 mAs 8.88 8.88 1.50 1.10
140 kVp 50 mAs 4.36 4.36 0.70 0.57
140 kVp 100 mAs 8.72 8.72 1.40 1.10
140 kVp 150 mAs 13.08 13.08 2.10 1.70

*Reference Technique
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Figure 3 Noise value (HU) in heart regions of CT scanning by 3 mm. and 5 mm. slice thickness.
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Figure 4 Noise value (HU) in left lung regions of CT scanning by 3 mm. and 5 mm. slice thickness.
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Figure 5 Noise value (HU) in right lung regions of CT scanning by 3 mm. and 5 mm. slice thickness.
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Table 3 The qualitative image quality evaluation of oncologists.

Scoring
No. Exposure techniques
Oncologists 1 Oncologists 2 Average
1 90 kVp 50 mAs 3 mm 1 3 2
2 90 kVp 100 mAs 3 mm 2 3 25
3 90 kVp 150 mAs 3 mm 2 2 2
4 120 kVp 50 mAs 3 mm 2 2 2
5 120 kVp 100 mAs 3 mm* 3 3 3
6 120 kVp 150 mAs 3 mm 3 2 2.5
7 140 kVp 50 mAs 3 mm 3 3 3
8 140 kVp 100 mAs 3 mm 3 2 25
9 140 kVp 150 mAs 3 mm 3 2 25
10 90 kVp 50 mAs 5 mm 2 2 2
11 90 kVp 100 mAs 5 mm 2 3 25
12 90 kVp 150 mAs 5 mm 2 2 2
13 120 kVp 50 mAs 5 mm 2 3 2.5
14 120 kVp 100 mAs 5 mm* 3 2 25
15 120 kVp 150 mAs 5 mm 3 2 2.5
16 140 kVp 50 mAs 5 mm 3 3 3
17 140 kVp 100 mAs 5 mm 3 3 3
18 140 kVp 150 mAs 5 mm 3 3 3

*Reference Technique
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