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Performance Evaluation of Computed Tomographic Equipment

Samsung Medical Center, ‘Seoul Health College
Dong Kyoon Han - Moon Chan Kim - Han Joon Yang® - Shin Kwan Ko

ABSTRACT

In medical equipments as complex as a computed tomographic equipment, routine quality control procedures
are essential to the detection of small pathologic change in soft tissue as well as and the maintenance of
optimal image quality. This study was conducted to evaluate the current status of performance in computed
tomographic equipments under popular technical factors by using performance phantom made by Nuclear
Associates LTD.. In this study we surveyed total numbers of 30 equipments in Seoul, as it were, 7
conventional CT equipments and 23 helical CT equipments.

The results obtained were as follows;

1.

The mean value of CT No. in water in 30 equipments was 094%52HU and ranged from -189HU to

12.8HU, and the mean value of noise in whole equipments was 060£0.31HU and the largest was 1.87HU,
the smallest was 0.29HU.

. The mean value of uniformity in 30 CT equipments was 1.74+1.03 and ranged from 0.3 to 45.
. The mean value of correction coefficient for linearity was 0.989+2.22X10™ and ranged from 0.984 to 0.992.
. High contrast resolution ranged from 0.60mm to 0.75mm, and 80%(24 equipments) of surveyed showed

0.75mm,

. Low contrast resolution ranged from 3.2mm(1/8nch) to 127mm(1/2inch), and 87%(26 equipments) of

surveyed showed below 6.4mm(1/4inch).

. In Imm slice thickness 74% of surveyed equipments were acceptable, in 3mm and 10mm slice thickness,

97% of surveyed were acceptable, and in 5mm and 7mm slice thickness whole equipments surveyed were
acceptable tolerance value(within nominal slice thickness ¥ lmm).

. A% of surveyed equipments showed artifacts free image. And linear artifact was shown at 1 equipment,

and ring artifacts at 2 equipments. Horizontal deviation of beam alignment for patient positioning ranged
from -4.7mm to 41.7mm, and ranged from -4.7mm to 46mm at vertical deviation.

Key words : computed tomographic equipment, quality control, performance phantom, noise, uniformity,

contrast resolution
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1% 1. The locations for noise and uniformity measurement in water phantom image

2) Contrast scale @ AXAA
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2% 2. The locations of pins for contrast scale and linearity measurement

(a) High contrast resolution (b) Low contrast resolution
% 3. The image of high contrast resolution and low contrast resolution measurement
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19 4. The section profile image for slice thickness measurement
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3) CT number®] #¥4%

ﬁa‘E% galel Tt FHE Aol AW CT number oA RE AXolA waste] By
1] 0322 7P i C-27} 452 7P4 oW B 174103 otk 288 FUEE Avnw
ATFS AS 7P Ae AL 04, 7P 2 Aol 3990m BFE LB 1F BAE 1
2 Z0] 03, 7 & Aol 2101908 HFL 122405601tk @i CaFANE 743 2He Ao
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M 1. The result of CT number and noise, uniformity measurement

Group Iig;?; e(:.f CT number Noise Uniformity
A-1 0.2 0.45 1.6
A-2 -0.1 0.46 1.7
A-3 -189 0.53 29
A-4 -2.9 0.43 3.9
A-5 1.1 0.44 1.1
A-6 -0.3 0.49 0.4
A A-7 2.5 0.41 2.9
A-8 -5.9 0.45 0.8
A-9 12.8 0.46 0.9
A-10 ~-2.4 0.43 1.1
A-11 -2.3 0.40 2.3
A-12 -2.9 0.39 2.3
Mean=® SD -1.60*7.14 0.45%0.04 1.83%£1.05
B-1 4.0 0.60 0.3
B-2 1.5 0.50 1.0
B-3 -0.3 0.91 2.1
B-4 0.9 0.88 1.6
B-5 1.8 ' 0.95 1.1
B B-6 2.4 0.88 05
B-7 -0.1 0.81 15
B-8 2.1 1.87 0.8
B-9 -1.0 0.84 0.9
B-10 09 0.31 1.3
B-11 1.1 0.46 1.3
Mean*SD 1.21+1.40 0.82+0.41 1.22+0.56
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C-1 2.0 0.29 2.6
C-2 X 0.60 4.5
C-3 9.7 0.4 1.8
C C4 2.3 0.63 3.6
C-5 5.3 0.48 19
C-6 3.4 0.46 0.9
C-7 4.6 0.34 15
Mean=*SD 4.86+1.81 0.48+0.13 240*1.26
Total Mean*SD 0.94%+5.20 0.60*0.31 1.74+1.03

2. Contrast scale 2@ A4

RE SAUAEA Y contrast scaled] HHFL 1.996x104+1.490%10°0)1t}h. Contrast scale?] ¥
19x10*F] ko] 9ul(30%6)01 QAR 1.9X107%0] 4 ~20%10* wwke] A= 9ul(30%), 2.0X10*0]4F~21x
10 ] 7ko] 1Ti(3%), 2110 *0]4¢~22x10“u]gko] 10t)(33%), LE)x 22x10%0]4ko] 1t)(3%)ol Atk
T ARE IFHEE HE AOFAA 7P FE AL 1817x10°, 7P & AL 2181x107°8 VEhgten
B 2013x101£158%10° o]Qlek B1ge) A9 74 2 slo] 178107 7Hg & Aol 2106
X102 Yepgten] HFe 1962x10°+1.045x10° otk CaEAME 7 2 Ao] 1693%X10%
7 & A0 227110722 Yehgon g 202x10711997x10° 22 Yehyich

AFFEE 2250x10'01312 392 A4S 30U FX F 2900(97%)7F ol A@aigdon & 109l
C-647} F4 &3}t

FA AzZALA AT 2 A FF CT number® 71202 dt¢] 2HE BE Ax)9 DM A
BAT BEE 0984~09929) Heldl SRom PFL 0989£222x10°0 At 1 ARE 1%
HEE AJFANME 0989~09929) BEE UehiAdr FF 0991+0.798%10°01% 3, B2F& ~
09928] EXo|x HFL 098+2300x10° 0]tk 2E T CaFNME 094~099201 A2 BHFE 099
+2.854%x107%e) At}

A ABAF BAFES 0990(1.0%) o HE 3RS A% 30U SAWAEA F old] A
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M 2. The result of contrast scale and linearity measurement

Grou Kinds of CT number Correction | Contrast
roup scanner PE PS |Water|Nylon |Lexan| Acryl | coefficent scale

ngl’:f:l -92 | -24 0 92 | 102 | 120 1.000 2.250% 10

A-1 =575 -231| 13 | 1059|1073 1334 | 0.990 1.817x10 "

A-2 -605 | 246 | 06 | 103211058 | 1322 ] 0991 1.824x10 "

A-3 -749 | -415 | -166 | 798 | 838 [ 1099 | 0.990 1.897x10™"

A-4 -555 | -239] 01 | 982 | 1015|1277 | 0989 1.881x10°

A-5 -60.8 | -266 | 1.0 | 1006 | 99.3 | 1258 | 0991 1.923%x10 *

A-6 -60.0 | -246 | 1.1 [1044 1011|1252 | 0991 1.934x10 "

A A7 -575 | -236| 35 | 100 | 101 |1262] 0.991 1.956x10°

A-8 -64.1 | -31.2| 54 | 975 | 965 | 1184 | 0.990 2.181x10™

A-9 -469 | -133 | 114 [ 1122|1114 ] 1359 | 0990 2.169%x 10"

A-10 | -629]-300] -39 | 952 | 964 | 1214 | 0990 2.155x10 *

A-11 | -598|-246] -07 | 94 | 994 [1244| 0992 2.158x10*

A-12 | -603|-265] -16 | 922 | 961 | 1231 | 0991 2.165x10 "

-60.0 | -26.4 | -0. . . . 0991+ | 2013x10™*

MeanSD | 50 | 55| + 08| ~5.03| +601 | 609 |0.7585 107 | 41580 10°

B-1 -489 | -158] 32 [1135]111.3]1384| 0986 1.997x10°°

B-2 -575 | -252 | 12 [1158 | 1155 [ 1417 | 0987 1.922x10°"

B-3 -55.2 | -21.8 | 03 |1079]107.7 | 1341 | 0983 2.018x10*

B-4 -545|-190| 1.8 | 1093|1098 | 136 0.989 1.788 10"

- B-5 -54.1 | -189 | 28 [ 110511051368 | 0.989 1.791x10™°

B-6 -499 | -168 | 24 [ 1175|1128 | 1414 | 0985 1.943%x 10

B B-7 -52.71-204| 04 | 1115]1098 1364 | 0986 1.985%10™"

B-8 -51.9 | -189 | 2.7 |109.7 | 1105|1385 | 0.987 1.983x10 "

B-9 -582 | -21.3| 03 | 1077 | 1065|1341 ] 0.992 2.106%10

B-10 | -599|-245| -03 | 1124 | 1114 | 139.1 | 09838 1.937x10™"

B-1 | -652|-291] 17 | 987 | 101.1 | 1299 | 0992 2.106><10‘;1

- _ 0.988+ 96210

Mean=SD | 2070 | 5ap | +120| +a57| +382 | +544]2300210°| + 1 00 10°

C-1 -632|-290| 01 |1055| 99.7' | 1269 | 0.990 1.896x 10

C-2 -56.7 | -29.2 | 25 | 1114|1072 | 1443 | 0984 1.693x 10

C-3 -546 | -196 | 54 | 1075|1055 | 1329 | 0990 2.118x10*

C-4 -596 | -228 | 51 | 1024 | 1047 | 1324 | 0992 212110

C C-5 -520 | -185 | 46 | 1077 | 1043 | 131.2 | 0.989 1.896x 10"

C-6 -69.3 | -349| 23 | 91.0 | 938 | 121.2 | 0992 2.271x10™

C-7 -576 | -228 | 54 | 958 | 1042 | 1306 | 0992 2.157%x10

-59.0 | -25. . i i _ 0.990% [2.022x10*+

Mean+SD i%??% i??s5.935 i32.604 ioiqu% i042.§7 571.511 2.854%10° 19997>< 10°

- - + X104+

o | wen- o0 | 55 ]| 006 087 | 0000 [
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4. d2ER3 %
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7b eSS0l 7 FEd Ao Uehgm BaEe A% 1Y 3 1097} 32m(1/8 AR =4
HAZ YA 19 A7 64m(1/4 QAR ZAHATY C2FY 4S99 FA F 1= 32m
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2 260@7%) R o C1g9 4ty 2A%s )

5. &l A Foy
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M 3. The result of high contrast and low contrast resolution measurement

Kinds of High contrast Low contrast
Group
scanner resolution resolution
A-1 0.75mm 3.2mm
A-2 0.75mm 3.2mm
A-3 0.75mm 3.2mm
A-4 0.75mm 3.2mm
A-5 0.75mm 3.2mm
A A-6 0.75mn 3.2mm
A-7 0.60mm 3.2mm
A-8 0.75mm 3.2mm
A-9 0.60mm 3.2mm
A-10 0.60mm 3.2mm
A-11 0.60mm 3.2mm
A-12 0.60mm 3.2mm
B-1 0.75mm 3.2mm
B-2 0.75mm 3.2mm
B-3 0.75mm 3.2mn
B-4 0.75mm 3.2mm
B-5 0.75mm 3.2mm
B B-6 0.75mm 3.2mm
B-7 0.50mm 3.2mm
B-8 0.75mm 6.4mm
B-9 0.75mm 3.2mm
B-10 0.75mm 3.2mm
B-11 0.75mm 3.2mm
C-1 0.75mm 9.5mm
C-2 0.75mm 6.4mm
C-3 0.75mm 9.5mm
C C-4 0.75mm 12.7mm
C-5 0.75nm 6.4mm
C-6 0.75mm 3.2mm
C-7 0.75mm 12.7mm
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it 4. The result of slice thickness accuracy measurement

Kinds of Slice thickness (mm)
Group

scanner 1mm 3mm Smm 7mm 10mm

A-1 14 4.0 54 0.8 9.3

A-2 1.0 3.0 54 7.3 9.8

A-3 2.0 2.5 4.0 7.0 10.0

A-4 15 3.0 5.0 6.3 9.3

A-5 1.2 2.5 44 6.4 9.1

A A-6 15 2.9 4.4 6.8 8.9
A-T7 14 2.4 49 7.6 10.3

A-8 2.5 4.0 5.0 8.0 10.0

A-9 3.0 4.0 5.0 7.0 10.0

A-10 3.0 4.0 5.0 7.0 10.0

A-11 2.0 3.0 5.0 7.0 10.0

A-12 3.0 4.0 6.0 8.0 11.0

B-1 18 4.0 50 7.0 10.0

B-2 17 3.1 4.8 6.6 9.2

B-3 1.7 3.3 5.2 7.2 98

B-4 2.0 2.5 52 6.8 9.0

B-5 2.0 4.0 54 6.8 9.3

B B-6 1.1 2.8 4.4 6.6 9.2
B-7 1.2 3.3 51 7.2 10.0

B-8 1.6 3.8 46 6.8 9.0

B-9 2.8 3.3 45 6.6 9.7

B-10 2.0 4.0 6.0 7.0 11.0

B-11 3.0 4.0 5.0 6.1 10.0

C-1 - 3.5 5.0 - 0.8

C-2 - 45 6.0 - 11.0

C-3 - 4.0 5.8 - 9.0

C-4 - 35 46 - 9.1

c C-5 — 28 46 - 95
C-6 - 35 51 - 9.8

C-7 - 3.6 52 - 9.8
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M 5. The result of beam alignment for position and artifact measurement

Kinds of . . . .
Group Shape of pin Position of pin(X,Y) Artifact
scanner
A-1 Ring 1.4om, 2.4mm None
A-2 Ring 4.4mm, 2.4mm None
A-3 Ring 0.5mm, 2.4mm None
A-4 Ring 0.5mm, 1.5mm None
A-5 Ring 0.2mm, 4.6mm None
A A-6 Ring 0.2mm, 0.2mm None
A-T7 Ring 42mm, 1.7mm None
A-8 Ring 0.7mm, 0.2mm None
A-9 Ring 1.7mm, 0.7mm None
A-10 Ring 0.2mm, 0.0mm None
A-11 Ring 2.0mm, 2.0mm None
A-12 Ring 4.5mm, —-3.0mmn None
B-1 Ring 0.0mm, 0.5mm None
B-2 Ring 0.2mm, 0.2mum Ring
B-3 Ring -0.5mm, —0.4mm None
B-4 Ring 0.4mm, 0.2mm None
B-5 Ring 0.2mm, 0.2mm None
B B-6 Ring 1.0mm, 1.0mm None
B-7 Ring 0.0mm, 1.0mm None
B-8 Ring -0.4mm, 0.2mm None
B-9 Ring 0.2mm, 0.2mm None
B-10 Ring -0.7mm, 1.0mm None
B-11 Ring 0.3mm, 0.3mm None
C-1 Ring 0.3mm, 0.2mm Streak
C-2 Ring 41.7mm, 0.5mm Ring
C-3 Ring 1.0mm, 0.0mm None
C-4 Ring 1.5mm, 1.0mm None
¢ C-5 Ring -0.2mm, 0.4mm None
C-6 Ring =4{om, —3.7mm None
Cc-7 Elliptic 2.0mm, —4.7nm None
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