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Intercomparison of CT-Scanner Imaging Quality (I)
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Yukio Tateno and Yoshio Suda

Division of Clinical Research, National Institute of Radiological Sciences
*Department of Radiology, Tokyo University Medical School

Research Code: 208
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Several CT-Scanners, most of which belong to so-called the first generation, were tested in their imaging
quality by common phantoms of head size. Tested CT-Scanners were CT-1000, CT-H250, Siretom I,
ACTAO0100 and Delta-50. First, relatins of CT-numbers were determined by CT-numbers measured for several
plastic pins. CT-numbers had linear relationships with one another scanner. Second, noise and uniformity were
tested with a water phantom. third, small lesion (low contrast) detectability was tested with a Mix-D phantom
inserted in water. A head phantom was also scanned and its scans were compared. For some scanners (CT-1000
and CT-HZ250), profile plots of a high contrast edge and noise spectrums were obtained. On the whole, head
scanners were better than body scanners. Exposure dose, spatial resolution and artifact (motion and alignment)
were not tested. If these three are added to this report, it will give a full set of performance testing of CT-

sCcanners.
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Table 1. Performance descriptors recommended
by AAPM (American Association of Physicists
in Medicine)

(1) Noise (Precision)

(2) Spatial Resolution

(3) Patient Dose

(4) Sensitivity (Small Lesion Detection)

(5) Contrast Scale

(6) Artifact
(a) Motion and Alignment Artifact
(b) Spatial Uniformity

(7) Linearity
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5 (D~ (DOFEADH B, (1), @, &),
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Table 2. CT-Scanners of which performance was tested, with their imaging conditions

and display conditions.

Company nh pplication “I;:‘er Irm.;ging ('Jcmditir.mS ]::fpl?y Cbn;itic-n.“
§ | Voltage | Cument | 0 | Sise | Size

CT-1000 1 Head Yes 120 kV 33mA 24cm 1.5mm 160
EMI Il Head Yes 120 33 24 1.5 160
)i Head Yes 120 33 24 1.5 160
Hitachi CT-H250 Head No 120 30 28 1.1 256
Siemence Siretom 1 Head Yes 130 30 24 0.95 256
Pfizer ACTA0100 Body No 130 30 24 1.5 160
Ohio Nuclear | Delta-50 | Body No 120 30 30 1.2 256
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a ) Cross section of the water phantom,
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b)) Cross section of the phantorn for CT-number
measurement. 1, Polypropylene, 2. Polyethyle-
ne, 3. ABS, 4. Nylon, 5. Polycarbonate(Lexan),
6. Lucite, 7. Bakelite, 8. Delrin.

Fig. 1
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¢ ) Cross section of the phantom for sensitivity
measurement, This phantom is made of Mix-D
and inserted in teflon cylinder filled with water,
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d ) Cross section of the head phantom.

LUCITE

Phantoms for performance testing of CT-Scanner,

Table 3. Mass electron density, physical density, electron density and effective
atomic numbers of materials used for CT-number measurement.

] Electron! Effective Atomic®
Natesial Mass_ electron® PhySfcal‘b’ Density Number

Density Density (elfem®) Z: Za

Polypropylene (C;FI;) 3.44 X 10%el/g 0.90g/cm’ 3.10x10% 5.22 5.%6
Polyethylene (C,H,) 3.44 0.95 3.27 5.22 5.56
Water (H,0) 3.35 1.00 3.35 7.16 7.54
Nylon (C,,H,.N,O,) 3.30 1.12 5.70 5.91 6.25
Polycarbonate (Lexan)(C,;H,,0,) | 3.18 1.20 5.82 6.11 6.36
Lucite (C;H,0,) 3.25 1.18 3.84 6.25 6.60
Bakelite (C,,H,,0,) 3.18 1.25 3.98 6.06 6.31
Delrin (CH,O) 3.21 1.41 4.53 6.75 7.06

a) Calculated by the formulas of refr. (4)
c) Values for coherent scattering.

b)) Measured data.
d) Values for photoelectric effect.
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Table 4. Means and standard deviations of CT-numbers for materials listed in Table Z.

T~ Model CT-1000 ‘
S — , CT-H250 | Siretom12 | ACTA0100 |Delta-50v
Material ~_ 1 i I | i
“Polypropylene |--57.42.1 |—58.8423.0 |—57.31.9 [~52.1E 1.8 |— 7.5:£0.3 | 178.60£1.85 |—120= 7
Polyethylene |—34.64-1.8 |—34.1%£2.0 |—34.6£2.5 |—30.7£1.9 [--3.75:£0.4 | 188.45+1.36 | —77L£ &
Water — 0.7£2.0 | 0.7+2.1 |— 0.5+1.8 | 0.4%+2.1 (—0.75:£0.4 | 202.80%1.45 | — 2411
Nylon 42.7+3.4 | 48.1+2.6 | 43.6+2.3 | 41.6+1.9| 6.75:£0.4 | 221.65+1.64 | 78k 6
Polycarbonate | 49.7+2.2 | 54.042.5 | 49.8+2.6 | 48.6+2.0 | 7.75:£0.6 | 222.63+1.68 954 7
Lucite 63.4+2.2 | 68.6+2.0 | 63.9+2.2| 61.3%£1.8| 9.5:0.5|230.58+1.29 | 1244 7
Bakelite®’ 145.046.9 | 151.846.7 | — 137.0£2.6 | 25.75:£1.0 | 263.72£1.78 | 273116
Delrin 175.1+3.0 | 183.8+3.4 | 174.174.1 | 162.3%+1.8 | 29.0:£0.5 | 274.91+1.62 | 3384 7

a) Estimated on CRT display tprough MEASURE mode.
b) Measured through MEASURE mode of mean and standard deviation
c) Bakelite sample had a defect in it.
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Table 5. Relations between CT-1000( 1) EMI- =y /°: ayd Lo
number and other CT-numbers. (Equations of T 225
regression line)
~ -100
x : CT-1000( 1 ) EMI-number o = (: 1:o
CT-1000 (1) yi=1.04x+1.94
TT-1000 ( m v2=0.996x-+0.24 CT-NUMBER OF CT-1000 (1)
CT-H250 v3=0.927x+1.63 Fig. 2 CT-numbers as a function of the CT-num-
Siretom | v.=0.162x+0.58 ber of a certain Cl-Scanner {CT-1000 1.
! ACTA0100 ys=0.416x+203.0 These plots are obtained from Table 4. Lines are
: 5 iy regression lines whose equations are listed in
| Doty Yo=1.950—5.05 Table 5.

Table 6. Means and standard deviations of CT-numbers measured on the water

phantom. (Noise and Uniformity)

Means and Standard deviations
Model — - b C8, o
Center Peripherals®
_CT-1000 T [ =0.7£2.0 | —0.9%2.1] —0.7%2.2 | —0.6+2.0 | —1.242.3 | 2.11 | 1.00 | 2.1l |
1 0.7£2.1 0.7+2.2 | 1.0%2.1| 0.3%1.8| 0.5+1.6| 1.96 | 0.96 | 1.88
M | —0.5+1.8 | —0.4+1.9| 0.0+2.1| 0.1+1.7| —0.2+1.9| 1.88 | 1.00 | 1.88
CT-H250 0.4+2.1 2.5£1.7| 1.6+2.0| 1.9%1.8| 2.3+1.7, 1.8 | 1.08 | 2.0l
Siretom 1 | —0.75+0.40° | 0.40 | 6.17 | 2.47
ACTA0100  |202.80%1.45 1.45 | 2.40 | 3.48
Delta-50 — 24110 - 139 0+8 248 2+7 | 8.6 0.51 | 4.39 |

a) Calculations were made for the regions at distance about 5cm from center.
b) Means of five standard deviations.
c) EMI-number (CT-1000( 1)) corresponding to 1.0 CT-number of each CT-Scanner.
d) a1=0xC8, These values show the magnitude of noise normalized to EMI-number (CT-1000( 1 )).
e) Estimated on CRT display through MEASURE mode.

f) Measured through MEASURE mode of mean and standard deviation.
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Fig. 3 CT-Scans of the sensitivity phantm (Fig. (1c)). a) CT-1000 (1), b) CT-1000 (1), c¢) CT-H250,
d) Delta-50, ) ACTA0100
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Fig. 4 CT-Scans of the head phantom (Fig. (1d)).a) CT-1000( 1), b) CT-1000( 1 ), ¢) CT-H250, d) Sir-

etom [, e) ACTACLIO0, f) Delta-50. (Photographs are soraewhal degraded from original ones.)
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Fig. 5 Profile plots of CT-numbers for the teflon
cylinder filled with water. The difference between
CT-1000 and CT-H250 in the description of
water-teflon interface is clearly showed.
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