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Fundamental Studies on Computed Tomography (8 th Report)
—Radiation Absorbed Dose under Cranial Computed Tomographic
Condition (for eight models of scanners)—

Isamu Mano and Masao Kaneko
Department of Radiology, Hamamatsu University School of Medicine, Hamamatsu
Eiichi Takenaka
Department of Radiology, Tokyo University Fuculty of Medicine, T'okyo
Kyoichi Fujii
Department of Diagnostic Radiology, National Medical Center Hospital, Tokyo

Research Code No.: 200
Key Words: Computed tomography, Radiation absorbed dose, Intercomparison,
Tonization chamber dosimeter, Slice thickness

Radiation absorbed doses of eight scanners (CT-H, EMI-1010, SCT-100N, Neuro-CAT, ACTA-
150, EMI-5005, ACTA-200FS, CT/T-7800) were measured under cranial computed tomographic

condition.
The measurement was performed using head-sized phantoms and two different types of dosimeters,

a jonization chamber type “Tomorad” and a thermoluminescent dosimeter. In addition, the slice
thickness was measured in order to discuss the data of “Tomorad” effectively.

The results obtained were as follows. (1) The averaged absorbed doses of multiple scans at a
constant interval of 1 cm were ranged from 0.9 rad (9 mGy) to 11.4 rad (114 mGy). (2) The averaged
surface maximum doses of single scan were ranged from 1.0 rad (10 mGy) to 6.1 rad (61 mGy).

Finally, these data were discussed in relation to the image performance parameters, such as noise,

spatial resolution which were already reported,
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CT/T-7800 (GE) o 4 i Th%.

£ CT 35 ofgiedffiy Table 1 @R Uizl
T, G ORF RIS RS 317 % BRI o e
C—HIETHS. M, SEOHKRLINIF A
19784 7 B ¥ TOWMPIICERKBIh T 5.
FHu~ic fiEET Capintec 2% CT BH & L
THAFE L7z Tonization Chamber B0 b @ (i
fm4s =Tomorad) &, TLD (Thermoluminescent
Dosimeter) »TChsb. FiFED 7w — 7L PC-4P
LT h, F 4 voAA—-HoEET 3ml, X310
cm Thr, coFe—7ofdc CT oXifEy
— AREACAHT D XSy P AT X
2T, 1EAF v VR OBELG L DT g
DREIEEIhS XHIKinsTnd (2 OWEERE
F&Z @ Suzuki 3 Exposure Length Product X IFE
AT DY, Hffik Roentgen « cmfSlice CE 5
hs). ¥, AFEEFHL NBS THIEShicig
iAW, ROEETTRIEEhTW5. Bib
G.E. Maxitron 300 o X Ea v, #E L 7
r — 7 DfEHE 100cm, 100KV, HVL 4.3mm Al
DX TR T2, Kkic Tomorad DFIFEE
OFBELX B CT-H T VBB LA+ + Y LTH
Nickh, L1 ZUWTHST. ZDPC-AP 7
r—F I WIc7 » v b A4 FRLT,
Fig. LIZR Lcin < #HEH 20em CHAE% >~ § o
V=t LkdDThHS. FoOEXx15em T, 7
R —7%FAT 5w DERL2. Tmm OFHI55
BB LTHET SRV, ShbofLiilES,

Table 1. Main specification for CT-scanners

Scanners CT i Application Sy f pactsion Scan time Elf“ﬁli)(?: ’ :;Ei:;el

(generation) C(kV) (mA) (sec) per scan | (mm)
AT 1st Head 120 30 225 2 1.1
“g” 2nd Head 120 33 60 2 1.5
“c” 2nd Head 120 18 40 1 1.0
“p” 3rd Head 120 34 13 1 1.0
“E” 1st Whole body 120 20 360 2 1.5

L U 2nd Whole body 140 23 70 Ik 0.75
“G” 2nd Whole body 140 25 30 | 1 1.0
“p” 3xd | Whole body | 120 | S 2.2 mmsec 9.6 1 1.1




530—(54)

160 mm Dia. 80 om Dia.

200 ma Dia. 160 ma Dia.

15 Holes, 12.7 mm Dia, (perforated]
X-Rar Tuee Scan STaRT

Fig. 1 Schema of the phantom used for dose mea-
surements summarized in Table 2. The marks
such as “D-1", “D-2" indicate the positions
where the measurements were performed.
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h, “D-2” %90/, “D-3 (%180 @ friF ikt
T35 Xo@nrhTns,. “D-6” & “D-8” ofip
BCHELITIF, 75 v b A%I0EEE S %
T “D-5" & “D-T” ofl&#f\% X 51C i,
—75 TLD TofllEk o 1,3008 v — 4 —
& MSO-S (Mg,SiO,) EF DO LM (2mmgx 10
mm) FEH407 W TfTo%k. 2o TLD off
EERUE, 507 OFF LiFieo Tomorad fiiEFH
LRI B OFEREI00cm OB THARTEE,
120KV 4= A —T0KeV O X T CRIFIR
HETWEEER LTk, FOERICKIT5H
FRIDA5 Y138 % Thote. Yic TLD T
DREEBRCH 7 » v b 2 134R20em, B X
Smm @7 7 Y AR OEBIT KE Hifc Licd
D (BLF20em K7 » v b & EFESR) THB. &
DEROFER T 4 %5 e b HAET, RRLOR
TOEI07 H XHE Y — & OEB) T &P lc %
X EgEEe Tl (Fig. 2),
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Starting position of

X-ray tube motion

Fig. 2 Schema of the phantom used for dose
measurements summarized in Table 3.
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3—1. Tomorad FREFHT X 5 PWEREHE
Table 2 |3 Fig. 1 iR Liz7 » v b ADE(L
B LT, Wgo CT #HE 7R LIcERs R
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Fig. 3 An example of CT image of slice geometry phantom.

Table 2 Dose-Length Product [rad (10-*Gy).cmfslice]) for head study. This data represent the

average absorbed doses per one slice along the chamber axis of 10 ¢m.

| 533';,',?;;,;;1* | D—1 I D—2 | D—3 | D—4 ‘ D—5 | D—6 | p—7 | p—8 | D—9 | Mean
| Scanner “A” | 470 | 7.29 | 4.47 | 1.83 | 3.76 | 4.94 | 3.76 | 2.49 | 3.38 | 4.07
“B” | 4.26 | 6.06 | 3.76 | 1.63 | 3.62 | 4.59 | 3.24 | 1.63 | 3.22 | 3.56
- “C” | 2.26 | 2.82 1.69 | 0.66 1.79 1.97 1.41 0.94 | 1.41 | 1.66 __
) “D” | 1.23 | 1.08 | 1.20 | 1.05 | 1.08 | 0.92 | 1.04 | 0.86 | 0.85 | 1.04 |
. “E” | 0.99 | 1.81 | 1.03 | 0.75 | 1.11 | 0.81 | 0.5 | 0.75 | 0.91
} “F” | 13.21 |17.53 |11.99 | 5.36 | 11.47 | 14.34 | 10.95 | 7.61 | 10.43 | 11.43
G | 2.7 | 3.29 | 2.%7 176 | 2.32 | 1.76 | 1.14 | 1.62 | 1.92
| “w” [ 263 | 2.50 | 267 [ 2.68 | 2.78 [ 2.82 [ 2.82 | 277 [ 273 | 2.74

See Fig. 1.

Table 3 Surface dose in rad (107*Gy) for head study using 20cm water
phantom plus thermoluminescence dosimeter (single scan).

| Position at

the phantom* | S—1 | 572 | | NE S
mer TAT | 22 | 87 | 22 | 0.7 2.2
“B” | 2.6 4.3 | 2.7 ! 0.4 2.5
| .1 | 1.6 | 08 | 0.2 0.9

) “_D” I . o H(-.;i-.'“measuréélm ) N
“E” | 0.7 | 1.7 | 1.0 T 0.3 0.9
| 59 | 8.4 | 5.9 1.4 5.4
e [ 14 | 20 | 1.2 0.6 1.3

' ‘v | 18 | 17 |13 | 13 | 15 |

See Fig. 2,
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Table 4. Nominal slice thickness (FWHM#) in millimeters at five locations

Position at Sc

Sr Sh sl Mean

the Phanton™®* St_ . S e

Scanner ‘A’ 9.6 mm 9.9 mm 9.7 mm 10.1 mm| 10.8 mm 10.0 mm)
“B” 9.4 10.2 9.2 10.2 9.5 9.7
“or 7.5 7.9 7.7 6.6 6.3 7.2
“p* not measured
“E” 7.0 6.9 7.0 6.0 5.0 6.6
CE 13.3 13.0 13.3 14.0 14.8 13.7
G 8.5 9.1 8.6 8.7 9.0 8.8
“HY not measured

#* FWHM is an abbreviation for full width at half maximun.

#%  See Fegi. 3.
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A/ N BET T 2em T L OKD T), T
WOMHEA F v ¥ AT - T O Pl i T,
HowHiEVE ““Exposure-Length Product® (2481 1,

({» Estimated Patient Exposure--- A % 4 90 F
— AR K A L UTHIEAY ¢ o 1B
DEEWERES R T, “Exposure-Lenght Product”

% A4S THlSfofic (LEIAF v v T2AF4A
BohsAxy 7“@;&—?1 ol 1) F L
L,

© Exposure for a complete slicing---4 5 o
ARIOERD I, 2ED T - T AKD &, AT
A A L LCHBEA T ¢ v 24T KB
Wk gEsg ReT,  “‘Exposure-Length Product’ %~ A
54 AREH At CTHlS IfHICE LY, DO3HAT
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Table 5 Characteristic absorbed dose and dose
for a complete slicing [rad(=10"Gy)].

B Characteristic | Absorbed dose |
absorbed dose | for a complete

3 (mean) slicing (mean)
Scanner ‘A" 4.07 4.07 [
“B” 3.56 3.67 ?

“C” 1.66 2.31

“D” 1.04 =

“E” 0.91 1.38

L 11.43 8.34

“G” 1.92 2.18

“H” 2.74 —

Table 5 (£ L) |- @ “Characteristic Exposure”,
““Exposure for a complete slicing’’ % Table 2 *
Table 4 5 — 2 & HVCHH L, BRI E O
fir. rad (107%Gy) B Licb D THD.

4. £

2 HigE CT OFERMTE O 7o i £ L1

Capintec > Tomorad #pErili:, TLD (ki)
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Table 6 Summary of performance parameters for eight scanners
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I Pixel Dose-Length Product . High contrast 2,9,
S | o) vl | ey |G Q0jon | oD |k | ey
“A” 1 Head 1.1 4.07 0.77 1.5 3.21
“B” 2 Head 1.5 3.56 0.33 1.75— 2.0 1.31
con 2 Head 1.0 1.66 0.81 1.5 1.09
O 3 Head 1.0 1.04 0.28 1.75 0.08
“g” 1 Whole body | 1.5 0.91 0.85 2.0 2.22
SIp 2 Whole body | (.75 11.43 0.29 1.25 0.41
g7 2 Whole body | 1.0 1.92 0.71 1.5-1.75 0.97
“H” 3 Whole body 1.1 2.74 0.19 1.75 0.13
* DLP is an abbreviation for dose-length product.
L4 ORBER Y RETER LTV ECER SR M%_JL_F
%. BlBAEEHY Tonization Chamber J4R-C -‘N:h,]?ox
a .

Boicw, CT TFIHIhBBEOXIEH LT
i, =FAF—RKEERDIR, 7 e —FDlh
CT A%y vORECH LTEATH S, J
AR S v, BlFR TR, EER & #ELE
EEEEDTHUET Bcd, A5 A ANTOHE
AR % S e, XF o v =1L 3ml
&5 TS TR & Th B i, WE
BEXMEE . IS5 —4HTR LR
{, T® Tomorad st ks WEF — 2%
BHEOTHY, BKEERLEHRELL > T35,
L LART — 2 DL TiE, EaD &M ©HEFEA
F v VAT o TR OSHGHIRE A S BT F e
WOT, BRI X o TR A T A4 AN TOREDT
DIRBAE R D 5 Y, BliciilE Licdhidic s
o,

Hx3GE, 77 b AOEMH4L IFTIRONT
TLD CHIfE Lichs, 1 2FT104 OB FTIL X
Y—a% o Eh T, REOSMRBLILET 2
IKIEES e o7, L LE— AN TOREAER
BEOHINCOWTIE, —IGOREEHE L
D CEEAE L7z (Table 3),

RiC Tomorad FEFTHOLIICEZEAF » I D
WRT — 2 &, BRI Lic/ 4 X0Z2840) fREe
DF— 2 LRFLTELELTARS. F1LRWTL
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A REREEF AR, AT 4 AELROFRGE &
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B : B BB 5

W: ey 4 X

h: A5 4 AEL

Dy & fe KA B X
CDRIL o* WP (D) =K (—Eff) LZ81
5%. T CHEIOERC T, Tomorad &
FCHIE & huie “Exposure-Length Product’ 3,
(hDo) WHEPT B & E L BT LR TES, £A
F 4 FTOHMICH 7 » v} 2AXFA—Th 5
s, 20 ¢® W (bDy) Offi, A¥FDX
METFFA st B3R OMUB BT 2 L&
zbhb., T ORO BEffEY Table 6 12k
BLUTHRLA, o Table 6 & X huE, £ 14
RTHBAF v “A” L “E” 13, XERTFD
FIRZRAFE LB E WS kil s. K
SHRDAF + I “D”? & “H” BEEEWH =
Lichks, LhLod “D”? & “H” OF=2 v
5 A b DS, Table 6 1= ki, oFy 4
ZOECIItr LAG wicTF—X kit Tn%. §H
i CT BB IZELTh, # 1A+
v T EHIMMRAF » F O S IR R &
HohT, BRI CRE-TEETHS X5
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