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ABSTRACT

To evaluate the usefulness of Volume Axial Mode by comparing analyzing the exposure dose of the patients
and the quality of each images from CT images obtained from high pitch mode using the local phantom or
volume axial mode to determine the usefulness of he volume axial mode in diagnosing the head and cervical
disease in adults. High Pitch Mode, Helical Mode, and Volume axial Mode as adult phantom were tested
according to 70 kVp, 80 kVp, and 100 kVp tube voltages during an adult frontal CT scans. The equipment used
was GE's Revolution (GE Healthcare, Wisconsin USA) model and iMED X-ray Phantom.The exposure dose of
phantom was compared using the images obtained from each protocol, and the image quality was compared by
calculating SNR and CNR by setting ROI on each image. When examined using Volume Axial Mode, the
exposure dose of phantom was measured 17.12% lower than Helical Mode, 5.35% lower than High Pitch Mode,
and both SNR and CNR were improved. Volume Axial Mode is a useful test that reduces investigation time
without table movement using high speed rotary scanner, and in which exposure dose is reduced and image
quality is improved by acquiring images in a short time of 0.28 seconds of phantom than using High Pitch Mode
and Helical Mode. In addition, the fast testing time of Volume Axial Mode can be seen as the biggest advantage
CT scans of emergency patients or patients with physical discomfort.
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I. INTRODUCTION
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Image Quality and Dose Assessment According to Examination Mode during Head CT Examination
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+ ¥ PitchE AR&ste] A4S HEL 34 A
e 140 sEshs AR SR ER AT
U Volume Axial Modet:= &t ol 0.28%2] ZHEF]
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FHU S 55 4SS 7 99 7€ CT
of Hlal w2 A~7MAIH} Y=
w, ZFHA7F AAA ol S HF
4 Atk T3 Detector Coverage’} %14 Scan
Time©o] WebA]aL il A2 Ao 2w HAP} 7}
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I. MATERIAL AND METHODS

1. 4848

£ A A8+ Phantom> Fig. 132} 7+¢] iMED
X-ray Phantom= AF8-3}$131, CT FH]& Fig. 29+
Zo] GEAFY] Revolution (GE Healthcare, Wisconsin
USA) 2d& o] &3qitt.

Fig. 2. GE’s Revolution.
(GE Healthcare, Wisconsin USA)

2. AEWH

2.1. gApe] v Bl

AAF -2 A2l Protocole ©]-8-3}4] Helical M
ode(©] 3} H-mode), High Pitch Mode(©]3} HP-mode),
Volume Axial Mode(®]3} VA-mode)= Z+2} 7 A}SH
o] B3t o™ 70 kVp, 80 kVp, 100 kVpe} mAs

=Ql o= A4t} Scan Parameter
Table 13 7t} Bwo] & WAsls= Koo tj
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slod Fig. 3% Zo] ROIE Y2 A3t SNR(Si
gnal to Noise Ratio), CNR(Contrast to Noise Ratio)
AlLket 5 Anje A 25 Al F3k= Dose Reportol]
¥ A5 & DLP(dose-length-product) #S o] &3}

ML S

Table 1. Scan Parameter

Helical  High Pitch ~ Volume

kV 70/80/100 70/80/100 70/80/100

smart mA-ODM 40-500 40-500 40-500
Detector coverage 40cm 40cm 120cm
Slice Thickness 2.5mm 2.5mm 2.5mm
Pitch 0.984:1 1.375:1 none
Rotation Time 0.28sec 0.28sec 0.28sec

DFOV(cm) 25 25 25
2.2. Image J
ZF 22 e ZEe doji o] ¥4 9 (Region

of Interest; RO A3t HA = ROIA Mean +
SDE AI4Eet7] 913 Image J& AH&-3F3ITH

2.3. 3du|

Ao stAnuwE AE o SH|(Signal to
SNR)®} WZ%  ZS-H|(Contrast to
Noise Ratio, CNR)Z ¥ 7}5}91t}. SNR¥} CNRS =
Ast7] Y& 9 Fig. 33 29| Image J& ©]-&-3)
Revolution CT “ZH] 2] Z} 32 mode® AR I
7} o32do] ROIZ 44 3}3 Mean + SDE -390t}
7} ROI= 2 =M Wmlo] A5 dojuf= -9
Mz d4stelrt.

Noise Ratio,

1) SNR

7} Helcal-mode, High Pitch Mode, Volume Axial
Mode AALRE A2 g2l Fig. 33 2ol A4dd 5
7H2] Object ROIZH-E T3] Mean + SDE U3
Eq. (el tidsle] SNRS Al AHsFSI T}

o]_'C;f_ 7}

- —
R2EZHZ P SNRELS Ht S A=351o] v
skt
svp = Gbject Mean )

Object SD

(A) H-mode (B) HP-mode

(C) VA-mode

Fig. 3. ROI of Each Mode.

2) CNR
Z} Helical Mode2} Volume Axial Mode FAALZ
= G2l Fig. 33 o] AA ¥ 5719 Object ROI
Z2HE T3 Mean + SD} BKG ROIZH-E
&7 Mean + SDE Tt Eq. (2)°l th3sle] CNRS
ALsEaTt. o] 7 2 EFHE 3 CNREk

o] S AbEshe] vl ekt

_ Object Mean — BKG Mean

CNE= BKG SD )

III. RESULT

1. AF3 7}t

% DLPY] AT #S 73t 27}, Helical mode 97
o] DLP B2 59.75 mGy x cm©| 3l High Pitch
Mode %3732 47.97 mGy x cm, Volume Axial Mode
AL 4262 mGy x emO 2 SAEHAT. 242+ D
LP H kS vusHdS ul, VAE AFEPS o
Helical modee®]] BB &= 17,12%9] AFHAS H

31, High Pitch Mode®ll W3l 5.35%<] A=7ta
Bk & AdellA ZhzFe] A Modeoll A 70 kVp

il
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S AFESIS W g W DLPRES S 5 A
of Al HA HARA S ZF Mode M 2 VAmode: 0.
3%, High Pitch Modet™ 1%, HE 1.3%7F 285 %
t}. 71¥9] Helical mode: 3~5%9] A|7to] AH X
gk 3 Agel A= 0.28%9] #-2 Rotation Time 2 =

Q184 Scan TimeS =Y + AT

120.00
100.00
25.34

— 8000
E LLD7
é;" 4000 67.76 =0 kVp
E ) —80 kVp
2 iﬂﬂ\
=] o 100 kVp

4000 %i—' 36.05

2000 - 24.07

0.00 T T 1
Helical High Pitch  Volume Axial

Fig. 4. DLP Comparison Values for Each Mode.

2. 3EH|

2.1 The Result of Signal Analysis
2.1.1 70 kVp Signal Analysis

Table. 29} 7+©] Helical Modei= Back Ground®ll A
-996.15, A Ao A -194.57, B A Aol A -195.79,
C A3l A —205.15, D A5l A -189.41, E A F
X -304.882] Zko]%lal, High Pitch Mode-modet™
Back Ground®l| 4] -997.03, A XA -196.18, B
Aol A -197.95, C Al A -198.01, D A5 ol A]
-187.24, E A A -305.429] Fkel 3L, Volume
Axial Mode= Back Ground©ol A -998.03, A #|
Al -190.41, B A AolA -200.83, C A HlA -
194.88, D A Al A -183.37, E A ol 4] -301.009]
ghol ATk

2.1.2 80 kVp Signal Analysis

Table. 37} 7+o] Helical Modei= Back ground®l A
-995.60, A A Ao A 27334, B A HellA] -274.19,
C A Hol A -282.97, D A A -271.06, E XA
A -365.159] #kol®1al, High Pitch Mode-mode:
Back Ground®l| 4] -997.21, A A oA —273.98, B
AR A 27773, C AR NA -277.85, D A5 el A

27172, E A Aol A -368.479 3Zto] L, Volume
Axial Mode™ Back Groundol]l A -996.68, A A%
Al -267.80, B A A4 -279.52, C AFNA -
273.82, D A HoA 26733, E A Z A -364.252]
Fhol ATt

2.1.3 100 kVp Signal Analysis

Table. 42} Z©] Helical Mode:= Back Ground©l] A
99488, A A o4 -384.64, B A Aol A 38931,
C A Aol A -397.51, D A/ Al A -386.56, E A 5 °ll
A -460.909] Fkel9lal, High Pitch Mode-modet
Back ground®l] 4] -998.52, A X H |4 -386.38, B A
el A -389.57, C A4l A -388.61, D Ao A -
386.09, E A AolA -463.669] 7koliL, Volume
Axial Mode= Back Ground®l|A -996.59, A |7 d
Al -382.43, B A HollA -391.68, C AHANA -
39226, D Aol A —383.49, E A &l A -459.842]
ghol et

Table 2. The Results of 70 kVp Signal Analysis

ROI Helical High Pitch Volume Axial
A -194.57 -196.18 -190.41
B -195.79 -197.95 -200.83
C -205.15 -198.01 -194.88
D -189.41 -187.24 -183.37
E -304.88 -305.42 -301.00
BKG -996.15 -997.03 -998.02

Table 3. The Results of 80 kVp Signal Analysis

ROI Helical High Pitch Volume Axial
A -274.34 -273.98 -267.80
B -274.19 -271.73 -279.52
C -282.97 -2717.85 -273.82
D -271.06 -271.72 -267.33
E -365.15 -368.47 -364.25
BKG -995.60 -997.21 -996.68

Table 4. The Results of 100 kVp HU Analysis

ROI Helical High Pitch ~ Volume Axial
A -384.64 -386.38 -382.43
B -389.31 -389.57 -391.68
C -397.51 -388.61 -392.26
D -386.56 -386.09 -383.49
E -460.90 -463.66 -459.84
BKG -994.88 -998.52 -996.59
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2.2. The Results of SNR and CNR Analysis

1) 70 kVp SNR and CNR Analysis

Table. 59} 9] ZF mode2] 70 kVp SNR 3+ =}
o] B = A A2 9-Volume Axial Mode”}
Helical Mode®.U} ¢F 02 A% Z13, High Pitch
Mode® .t 9F 0.16 A% Zith B AH A9
Volume Axial Mode”} Helical Mode®. T} <F 0.63 %
%= Z131, High Pitch Mode®.Th= <F 039 A% Zith
C AHe 4= Volume Axial Mode®] Helical
Mode®2.t} 0.4 A% %]3l, High Pitch Mode®.th=
°F -0.26 J&= Zlth. D A3 ¢l 4% VAZ} HIE T
oF 0.28 A= 7] il, High Pitch Mode .t} <F -0.63
AX Zth E A2 7-$Volume Axial Mode”} H
Bt} 271 AX Z 3L, High Pitch ModeX th oF
0.52 A% ZIth ZF mode2] 70 kVp CNR H i *}9]
FANME A A9 H$ Volume Axial Mode”}
Helical Mode®.t} ¢F 1.52 X% %31, High Pitch
Mode® tH= 9F 1652 A% Zith B A @ A%
Volume Axial Mode”} HE.U} 0.69 A% Zl3l, High
Pitch Mode 2.0}= oF 15.72 A% Zit) ¢ X1d 9] 4
¢ VAZ} HEt 9k 205 A% Z 3L, High Pitch
Mode®.Th= oF 1622 A% Zith D Ao A%
Volume Axial Mode”} Helical Mode . TF <F 1.69 %
% 31, High Pitch Mode H.th= 16.52 A% Zit}h E
A4 2] -9 Volume Axial Mode”} Helical ModeX.
o} oF 135 JX% %131, High Pitch ModeX®.thi= ©F
1421 A= Zth

Table 5. The Results of 70 kVp SNR and CNR

2) 80 kVp SNR and CNR Analysis

Table. 62} 7+o] Z} mode2] 80 kVp SNR H i =}
o] A= A A H 2] -$ Volume Axial Mode
7} Helical Mode®.t} 0.59 A% %131, High Pitch
Mode®.Th= °F -024 A% Zlth. B A A9 A%
Volume Axial Mode”} Helical Mode .t} ¢F 1.07 %
%= Z131, High Pitch Mode®.Th= <F 0.83 A% Zith
C A4 9% Volume Axial Mode”} HE.T} 0.19
A% 731, High Pitch Mode .tF= ¢k 1077 A% 7
t}. D X132 H-$ VAZ} Helical Mode® .U} ©F 1.28
M % Z13, High Pitch Mode® Ut oF -0.76 A%
Zith E A9 H-9 Volume Axial Mode”} HE.U}
2.58 A% ZJ]3l, High Pitch Mode®.th 9F 0.25 &
= ZIh ZF mode?] 80 kVp CNR 3t =}o] H-A]
M= A A9 % Volume Axial Mode”} Helical
ModeX.t} °F -5.83 A %= %131, High Pitch ModeX.T}
= °F 1341 A% Zith B A ] 4 $Volume Axial
Mode”} Helical Mode®.t} -7.16 X% %13, High
Pitch Mode 2.UH= oF 12.46 A% Zith ¢ A1 ¥ 73
<€ Volume Axial Mode”’} Helical Mode®. T} 2F -
5.44 A% Z)31, High Pitch Mode . th= <F 13.11 4
= Zth D A 49 Volume Axial Mode”}
Helical Mode®.t} ©F -6.17 % Z1 3, High Pitch
Mode® .t 1326 A% Fth E AHY AS
Volume Axial Mode”} Helical Mode®.t} ¢F -5.61
A% ZF3, High Pitch Mode® U&= oF 11.53 A%
ZAtt.

Table 6. 80 kVp SNR and CNR Analysis

Variable ROl Helical  High Pich ~ VOlume Variable ~ ROI Helical  High Pitch " olume
A 5.48:0.12 5445029  -5.28+025 A -900:021  -8.17:0.88  -9.41=0.17
B 459006  -435£0.11  -3.96+1.85 B -7.1940.15  -695:039  -6.1240.12
SNR C 6435017 -577£025  -6.03£0.17 SNR C  -1046:038  -9.50:0.88  -10.27+0.32
D 7145016 -6.53£022  -6.86:0.12 D -12188030 -10.14£0.73  -10.90=0.01
E  -116141.04  -9.42:041  -8.90+0.38 E 14928040 -12.594135  -12.342024
A 71.68:194  56.6843.67  73.20+4.45 A 87913577  68.58:4.74  81.99+5.52
B 71574197 56.54£3.48  72.26:4.48 B 87.93£5.82 68224477  80.68+5.43
CNR C 7073192 56564379  72.78+4.21 CNR C  86.87£6.00 68224490 81334575
D 72.14£198  573143.66  73.83:4.42 D 88314582  68.79+4.82  82.05:5.53
E  6181£1.56 4895315  63.16:3.62 E  7685:5.10  59.62+4.19  71.15:4.91
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3) 100 kVp SNR and CNR Analysis
Table. 72} #+o] Z} mode2] 100 kVp SNR 3t

zpo] BAAME A AHe H$ Volume Axial
Mode”} Helical Mode .t} ¢F 1.6 % %131, High
Pitch Mode .UH= °F -2.63 B %= Zith. B A H <] 4
<9 Volume Axial Mode7} HXE.U} ¢F 22 A% Zl a1,
High Pitch Mode}®.th= °F -0.53 4% 7t} C A A
o] 49+ Volume Axial Mode”} HE.T} 2.83 A=
Z13l, High Pitch Mode®.th+= ¢F -6.02 %= Zlt}.
D 49 A% Volume Axial Mode’} HX.T} oF
492 H X Z13, High Pitch Mode R U= ©F 5.8 A
T ZAth. E A% 4% Volume Axial Mode”}
Helical Mode® .t} 528 A% #1131, High Pitch Mode
Bt oF 336 A% Zth 2 Mode 100 kVp
CNR 3t #fo] A A= A A2 74-F Volume
Axial Mode”} HXE.T} ¢F —4.77 A% %3, High
Pitch Modei® . th= ¢F 60.17 A% Zith B A9
749 VAZ} HE.Y} -5.5 A% %131, High Pitch Mode
HTh= oF 5885 A% Zth € XA 4 Volume
Axial Mode’} HRU} ¢F —4.14 AHX Zl3, High
Pitch Mode 2.U}= oF 58.67 4= ZIth. D A H <] 74
<€ Volume Axial Mode”} HE.T} ¢F 462 A% Z
, High Pitch Mode 2.t} 59.97 A% # v} E A H
7% Volume Axial Mode”} HE.U} oF -426 A=
31, High Pitch Mode®. U= ¢F 52.59 J %= Zlth

¥ o R

Table 7. 100 kVp SNR and CNR Analysis

Variabl = goi Helical High Pitch Volume
A -159840.41  -11.75:044  -14.38£1.53
B -1258:0.51  -9.85:028  -10.38£0.57
SNR € -20.66:0.99  -11.81£020  -17.83+3.20
D 22924214 -1230£134  -18.00:3.81
E -23.61+£1.30 -14.97+0.54 -18.33+£2.17
A 108.69:9.86  43.75£0.60  103.92+5.56
B 107.8749.96  43.530.55  102.37+5.91
CNR  C  10640:9.73  43.5940.61  102.26+5.69
D 10836:10.00 43.7740.68  103.74+5.52
E 95084820  3823£0.65  90.82+4.87

Iv. DISCUSSION
ATolA = AR FAH CT AAF Al A2 3
Agow wmay £ A4S ¢
Z}o] Scan Mode M & 84S 3
t}. H9 Volume Axial Mode “12]3L High Pitch
ModeE ©]€3] 7 70 kVp, 80 kVp, 100 kVpe] =
Hog AFE 3Fh A WA Image Quality 37}
o] Axz 7} g4kl Noiset= HRFH O 2 H] =g
, G5 Aol A= 9FgE =& Noise #hol WERRE
™, SNR¥} CNRY:= HFA 02 v =3k gro] e}
o ddAom AGeet xS vyl #18)
= % 2}
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ARl Bxfell Al 8 Aoz AR HY o] A9
AL A WA WP S o] & AP S s A
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V. CONCLUSION

Axial Mode A th& HAFR = B3] 0.28%

o WAzl FHe HA5stel NEAGo] sl
B gl B4 w9 PPEE FE9 A @
+ gl
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