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Effects of Exposure Dose Reduction by Optimization of Automatic Exposure Control
Factors in Digital Radiographic Examination of Paranasal Sinus

Min-Gyu Jeong"-Youl-Hun Seoung?

Y Department of Radiology, ChungBuk National University Hospital
? Department of Radiological Science, College of Health Medical Science, Cheongju University

Abstract The purpose of this study was to reduce dose while maintaining image quality during digital radiographic ex-
amination of paranasal sinus by using the automatic exposure control (AEC) system. The tube voltage was set as six
stages that increased by about 10 kVp to 70 kVp, 81 kVp, 90 kVp, 102 kVp, 109 kVp and 117 kVp. And then the AEC
system conditions were consisted of 9 setting environments, that change mode of the sensitivity (5200, S400, S800) and
the density (+2.5, 0, -2.5). We measured automatically exposed tube current (mAs) under 54 conditions with combined
these, and assessed SNR and PSNR through the acquired images. In addition, four radiologists performed a qualitative as-
sessment of the acquired images for each combination on a five-point scale of the Likert, As a result, the lowest dose
and the highest values of SNR and PSNR in images with a qualitative assessment more than 4 point were the AEC con-
trol factors of 90 kVp, S800, D2.5. We applied this condition to the clinical trial, it showed an effect of 83.1% reduction
in exposure radiation dose (mR). Therefore, AEC system could be used as dose reduction technology if it understood and

used related regulatory factors and physical characteristics,

Key Words : Automatic exposure control, Paranasal sinus, Digital radiographic examination, Dose reduction, Control factors

a0 C A xﬂoﬂ HHlE oA g 011/\}\174/\} AMEE 71}\ Z&e1A)
I kl =2 CT), A7 &H G4 ( Magnetic Resonance Imaging; MRI)

ZAE5ol $itk. CT9F MRIz= HAMgo] A9 Xek2] et
Hu|Eo zlolaol WAy od2y], W A9, JE-,% go] Eot FFEAEA T2 AT vhHol| T
Aglel l

olAL, AolEu] olA, Al So ofs) HEEeo]  AAARS A Io] Zkgsha AL Alzke] ARow H]go]

g Eiok AR Q] T-10%0 4 sk E5t ek Al Stk ARo] 9lof 271 A U AR e AR
o 2R AolRE AdZTIA G Aol BHS Eo] gl HHIL Ty FulE ANARAR A] AN W= 2
of HUEGS RulE o) guhlTol day g sel AT A w38 S glel Folrh wasld,

sllok Ak 4= i} o2 &elsly] 93t JArelst AxlR = 2|A5lo] €] ALARA(As Low As Reasonably Achievable)
A A AHA) AASFEE G A Computed Tomography; of wht A FHE T o= GAdT = U= HollA 7t

Corresponding author: Youl-Hun Seoung, Department of Radiological Science, Cheongju University, 298, Daesung-ro, Cheongwon—gu,
Cheongju—si, 28503, Republic of Korea / Tel: +82—43-229-7993 / E-mail: radimage@cju,ac kr

Received 15 June 2021; Revised 26 June 2021; Accepted 28 June 2021

Copyright (©2021 by The Korean Journal of Radiological Science and Technology

b 7)e3e 20219 Al449 A3E 173



ot

ot WA AgE fRIskeloF geH2,3]. 2007 dof ey
A WA S £]¥3](International Commission on
Radiological Protection; ICRP) 7J|A<tof|A= AL o
Zof oJgt ffsliE 2axstslr] ffsf Qhtoll gt A==
oleF 2757 skoltH4l, FulsdS Xdshy] fleixd=
Ao r Hojop & 75 u TR M) S
5/ HAl ot 57| HH(air—fluid level)S T2t
- ook Bk, e A0 2 AR AL
St A5 G4 BSo] olelg) Ak AL Tejul
gl opgm AlLdat gl gAY AL
He BEER Q8 4 HgonE G425

gt 2= QLA HIGlH-T), TR BB 25 ok
X—ray) A2 A4 B2 == F2]3%(Dose Creep)
e fustel Bl BT Mol s - et
(8], 20154 ASFHOIAL FAEE B PEA FolE
Aol 45 ZAEAE AN ssich, o] A E
ZA|o](Automatic Exposure Control; AEC) A X|= A3
A BAIEO] S HES Sto] == I WS
ofRstar A As}t avs Hol7]|= gheHo-11]. A3y
TollAl= AECY] o2 S} 7t ZE 11 o=
FEEE] A8t glo] 2199 YAREHA TS A FThL
Hsleliz), T o)5e] AHATE S, B B
W Aol @ Holeke Tl 9ick,

webd] 2 Qels SUlE M A P15 A
chofl Zagt Huf 9 A5 dAet 42 nAt A RS
HEA717] 98l AECS] 2RSS FA3lelal =AM
T AE avE dopR At sheiTt,

Il et &

Atoll A= Fig, 13} Zo] 18 oA = E214 HE o
QF, W= (Sensitivity), 5=(Density) 2] Z&IX}

A2 55t 2 BARHmAY T 4% 2 4
EE W7ER AEC 2 HAsketoit) ot
AolM 28 Hde] 2EAAE QA GAS 455
1, o]29] AAARES BASHL ofd F AR

AR} 2ANFS vlwste] A Aet wuE Bl

| 1 Step: Optimization of AEC condition for PNS X-ray in phantom |

Tube voltage
Sensitivity '—'

[
Density |—| D-25 D0, D25 |
‘ Dose (mAs) evaluation | |

‘ Measurement Auto-exposure mAs | | Quantitative evaluation by SNR, PSNR ‘

70, 81, 90, 102, 109, 117 kvp |

Control
factors

5200, 5400, 5500 |

Image quality evaluation ‘

| Qualitative evaluation (Likert 5 scale) ‘
]

‘ Selected an optimal AEC condition ‘

| 2 Step: Applied for clinical PNS X-ray as optimized AEC condition |
|

| Analysis repeat examination rate for clinical PNS X-ray |

| Assessment the effect of dose reduction to using AEC |

Fig. 1. Diagram of experiments design
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Fig. 2, Set up of PNS examination for AEC optimization with
waters method
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1 Sharpness What is the degree of sharp at the orbit wall boundary?
Contrast What is the degree of contrast of structures in the nasal cavity?
Noise What is the degree of roughness in the image?

SN GSI V]

Reading suitability

What is the degree of reading suitability in the image?
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Table 2, mAs measurements according to kVp, sensitivity, density changes

kVp Sensitivity Density mAs SD kVp Sensitivity Density mAs SD
$200 D -2.5 28.1 0.19 $200 D 25 7.6 0.28
$200 DO 50.7 0.05 $200 DO 12.1 0.00
5200 D +2.5 92.1 0.00 5200 D +25 20.8 0.42
S400 D -2.5 14.5 0.12 $400 D 2.5 4.0 0.14
70 $400 DO 25.4 0.08 102 S400 DO 6.9 0.28
S400 D +25 455 0.26 S400 D +25 113 0.38
S800 D -2.5 7.1 0.08 $800 D -25 2.1 0.05
S800 DO 12,9 0.37 S800 DO 3.6 0.17
$800 D +2.5 22,7 0.29 $800 D +2.5 6.3 0.31
$200 D -2.5 14.6 0.31 5200 D 2.5 6.0 0.26
$200 DO 25.8 0.36 $200 DO 10.1 0.52
5200 D +2.5 46.3 0.28 $200 D +25 16.7 0.38
$400 D -25 7.8 0.38 $400 D -25 3.2 0.14
81 $400 DO 13.1 0.33 109 S400 DO 5.5 0.24
$400 D +2.5 23.1 0.28 $400 D +2.5 9.2 0.45
$800 D -2.5 3.9 0.22 $800 D 25 1.8 0.05
S800 DO 6.9 0.36 S800 DO 29 0.17
$800 D +2.5 11.9 0.47 $800 D +25 5.1 0.22
$200 D -25 9.7 0.28 5200 D 2.5 4,9 0.24
$200 DO 16.9 0.31 $200 DO 8.1 0.38
$200 D +25 30.0 0.36 5200 D +25 13.5 0.38
$400 D -2.5 5.1 0.17 $400 D 25 2.6 0.14
90 $400 DO 9.0 0.34 117 S400 DO 4.4 0.28
$400 D +2.5 14.9 0.00 $400 D +25 7.4 0.42
$800 D -2.5 2.6 0.09 S800 D 25 15 0.05
S$800 DO 4.5 0.19 S800 D 0 2.4 0.09
$800 D +25 7.8 0.33 S800 D +25 4.0 0.24
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Table 3, SNR measurements according to kVp, sensitivity, density changes
kVp Sensitivity Density SNR SD kVp Sensitivity Density SNR SD
$200 D -25 18.86 0.03 $200 D -25 24,99 0.18
$200 D0 18.61 0.18 $200 DO 24,57 0.16
$200 D +25 19.01 0.04 $200 D +25 24,57 0.07
S400 D -25 19.03 0.18 S400 D -25 25,43 0.18
70 S400 DO 19.61 0.10 102 S400 DO 25,42 0.24
$400 D +25 19.58 0.05 S400 D +25 24,59 0.78
S800 D -25 19.09 0.24 S800 D -25 25.62 0.15
S800 DO 19.79 0.09 S800 DO 25.55 0.27
S800 D +25 20,16 0.07 S800 D +25 25.68 0.26
5200 D -25 21,76 0.07 5200 D -25 24,08 0.16
$200 DO 2227 0.10 $200 DO 23.78 0.28
$200 D +25 22,69 0.27 $200 D +25 23.53 0.09
S400 D -25 22,12 0.20 S400 D -25 23.93 0.18
81 S400 DO 22,55 0.13 109 S400 DO 24,15 0.42
$400 D +25 23.39 0.05 S400 D +255 23.95 0.32
S800 D -25 22,64 0.51 S800 D -25 24,24 0.66
S800 DO 22,96 0.35 S800 DO 24,16 0.73
S800 D +25 23.50 0.35 S800 D +25 24.60 0.31
$200 D -25 25.00 0.12 $200 D -25 22,8 0.44
$200 DO 25.22 0.06 $200 DO 227 0.32
$200 D +25 25.34 0.10 $200 D +25 224 0.46
S400 D -25 25,42 0.06 S400 D -25 233 0.31
90 S400 DO 25.46 0.17 117 S400 DO 22,9 0.40
$400 D +25 25,32 0.16 S400 D +25 22,7 0.46
S800 D -25 25.86 0.27 S800 D -25 23,5 0.25
S800 DO 25.98 0.09 S800 DO 23.0 0.32
S800 D +25 26,02 0.02 S800 D +25 229 0.53
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Table 4, PSNR measurements according to kVp, sensitivity, density changes

KVpp Sensitivity Density PSNR SD kVp Sensitivity Density PSNR SD
$200 D -2.5 24,49 0.03 $200 D -25 30.62 0.18
$200 DO 2424 0.18 $200 DO 30.20 0.16
$200 D +25 24,64 0.04 $200 D +2.5 30.20 0.07
S400 D -2.5 24,67 0.18 S400 D -25 31.06 0.18

70 $400 DO 25.24 0.10 102 S400 DO 31.05 0.24
S400 D +2.5 2521 0.05 S400 D +25 30.22 0.78
$800 D -25 24.72 0.24 S800 D -25 31.26 0.15
S800 DO 25.42 0.09 S800 DO 31.18 0.27
$800 D +2.5 25.79 0.07 $800 D +25 31.31 0.26
$200 D -25 27.40 0.07 $200 D -25 29.71 0.16
$200 DO 27.90 0.10 $200 DO 29.41 0.28
$200 D +2.5 28.32 0.27 $200 D +2.5 29.16 0.09
S400 D -2.5 27.76 0.20 S400 D -25 29.56 0.18

81 S400 DO 28.18 0.13 109 S400 DO 29.78 0.42
S400 D +2.5 29.02 0.05 S400 D +2.5 29.58 0.32
$800 D -25 28.27 0.51 S800 D -25 29.87 0.66
S800 DO 28.59 0.35 S800 DO 29.79 0.73
$800 D +2.5 29.13 0.35 $800 D +25 30.23 0.31
$200 D -25 30.64 0.12 $200 D -25 28.41 0.44
$200 DO 30.85 0.06 $200 DO 28.33 0.32
$200 D +2.5 30.97 0.10 $200 D +25 28.01 0.46
S400 D -25 31.05 0.06 S400 D -25 28.97 0.31

90 S400 DO 31.09 0.17 117 S400 DO 28,56 0.40
S400 D +25 30.96 0.16 S400 D +25 28.37 0.46
S800 D -25 31.49 0.27 S800 D -25 29.14 0.25
S800 DO 31.61 0.09 S800 DO 28.63 0.32
S800 D +25 31.65 0.02 S800 D +25 28.52 0.53
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Fig. 3. AEC factors and kVp according to score ranking on radiographic phantom image
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