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The increased contrast resolution of Computed Tomographic (CT) measurement has held
promise to detect pulmonary nodule calcification which is not shown with conventional radio-
graphs. Detection of nodule calcification has been a strong indicator of benign lesions to
differentiate from malignancy.

We performed CT nodule densitometry in 55 patients with pulmonary nodule, comparing
with that of a lung phantom. The cases comprised 16 primary lung cancers, 24 metastases and
15 benign masses including 10 granulomas, 3 tuberculomas and 2 hamartomas. They were verified
by histologically or clinically diagnosed. The lung phantom was CIRS Model III Diagnostic
Phantom, Computerized Imaging Reference Systems, Norfolk, Virginia. The CT scanner used
was a TCT 60A-60 and CT images were taken with 2mm slise thickness. The phantom was
scanned immediately after the patient, with identical technical factors, in a configuration simulat-
ing as closely as possible the patient’s anatomy at the position of the nodule. The relative CT
number (RCT) was calculated to facilitate standardized quantitative analysis of pulmonary
nodule, dividing the attenuation value of pulmonary nodule by that of the phantom nodule.

RCT of 40 malignant tumors were less thar 0.75. And there were no significant differences
among the histological types of lung cancer cases. RCT of 13 benign lesions were more than 0.
8. In 2 cases of hamartoma, one case demonstrated calcified foci and the RCT was 2.78.
Remaining one case had no calcified focus, showing 0.39 RCT value.

CT numbers of pulmonary nodules significantly vary due to several factors such as position,
environment, nodule size etc, which can be standardized by using lung phantom. In addition, thin
slice scanning can avoid the effect of partial volume phenomenon.

In conclusion, using thin slice scanning method, lung phantom facilitates quantitative
analysis of pulmonary nodules.
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Fig. 1 Lung phantom

a. CIRS MODEL III Diagnostic Phantom.

b. Lower thorax section in the scanning position. Immediately after scanning the
patient, the appropriate section was affixed to its support board and plastic rod
positioned with in the lung cavity to simulate the size and orientation of the
nodule, since both factors can affect the CT Number.
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Table 1 Materials

Malignant Nodules 40
Lung Cancer 16

Squamous Cell Ca. 8
Adenocarcinoma 7
Large Cell Ca.
Metastatic Tumor
Lung Cancer
Esophageal Ca.
Choriocarcinoma
Tongue Ca.

Uterus Ca.
Synovial Cell Sarcoma
Benign Nodules
" Tubercuioma
Granuloma
Hamartoma

—

24

—

R R ™

15

Table 2 RCT (Relative CT Number)

RCT = CT Number of Pulmonary Nodule (H.U.)
g CT Number of Phantom Nodule (H.U.)

VRADKIE 7 7 v b AORBEOME IR U K X
SO 7 7V P ARBOTAF +r v L, HED
CT B0 il % 4T - 1,

(a) Zerhouni @ Jj

CRT E, EBI-SEEO#EEO2mm 2 5 4 %
BEoxx v A%, TRIZZ 7 v F A02mm R
FAABEDAF v v&E W~ (Fig, 2-a), @
1Y FUi@kl~4HU. &L, 914V FYer <
ETBROWEH 7 7 v b A28 2 5E LR £ (Fig,
2-b), LROEBROEHHOBE LI 7 LA K
E2Hx, 10%LEcERNL b DThHE, FK
DY, TivbbREDTHEMEIGE & HET 5,

(b) Relative CT Number (Table 2)

i€ 72 P CT EDOWIEM E L <, 2mm % 5
AAED A F v v TR LKW IEEOEEE O Ty
CT{E%, R—&Hokfi7 v b 20 CT
{ETBR L7fiE%, Relative CT Number (LT,
RCTfELEET) & LTHRdie,
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Fig. 2

Granuloma

a. Lower thorax section of the phantom with a 16mm nodule in the right lung
cavity (bottom) used to simulate the patient (top).

b. Simultaneous display at a window width of 4H.U. shows many pixels still
visible in the patient’s nodule (top), whereas the phantom nodule has disappear-
ed at 110H.U. (bottom). It indicates significantly calcification.

H.U e——= slice thickness 2mm
=—— slice thickness 10mm

150 4

CT numbers

size of the epoxy rods

Fig. 3 CT numbers as function of phantom size,
TCT 60A-60
To quantity the size-dependance of CT attenua-
tion values, we scanned a series of reference rod
with 2mm and 10mm slice thickness. The mean
CT numbers of the reference rods varied ranging
from 40H.U. to 140H.U.

HU. 2oL bhi, iz 7 v F 2 0OERE
AN W, CT EREMELY RTEAN L LR, B
£20mm LL Tk, HEH—Fo CTEZRL

f

(b) FifEEROAE
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WA ER LT,

() AR

@iz 7 v b a0 CT W, W77 712
OFEICEBf-BE, 5~6HU. 0 EREZFEDI,
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K37 7 v + Al KBIGEERONAREE
e R BEEEEBELT, EEi7 7 b
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(&) X #AEBRD BIEETT

BpEtmE b & KEEE Y DA F + v TDEHCT
fEpzEE, 0 F730.1HU. TEEOEXRDL
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(a) Zerhouni ®FEiz X AR (Table 3)
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Table 3 Results by Zerhouni’s method

Benign (15) Malignant (40)

Lower than

reference 3/15(20%) 40/40(100%)

nodule ( 20 Qranu]oma

1. hama:‘toma

Higher than

reference 12/15(80%) 0/4000%)

nodule

Lung Ca. -

Meta:r;z;tricv "".”'5"5';

Tuberculoma | L . . . E .....
ranuloma
Hamartoma -‘
10 2.0 30 RCT

Fig. 4 RCT of pulmonary Nodules
The relative CT number (RCT) was calculated
to facilitate standardized quantitative analysis of
pulmonary nodule, dividing to attenuation value
of actual pulmonary nodule by that of the phan-
tom nodule.

EARETHET BV AV EY « LA TS
77V P ADE 7 EARERELTED, LHNE
HEDFELie o, BUMREEISFIOR, WEBO
2B BIRACE %4 F BB IED 1 Hlot 3 Fnt
BB LT h, PSFIES O, R%IE 361458
RIE 1GIZERD D L 2B I he,

ek, MEEMEOWE X BEHE T, AR
Db D B A R TSI, AR 4 71,
T 3 0, BIRME 1 BICHh - e,

(b) Relative CT Number i= X 5 #F (Fig. 4,
Table 4)

RCT fEie o\ T DRE CIx, BHEEE063,
WERB0.75LU T ERL, AEEION, #i%EE 3
Bk, 0.8LL LD RCTEXE U7, @i 2 Hlo
o, BIRALEEET % 143, RCT E2.79TH -

—7H, ARAHEEE L 1FTiE, 0.39C
Y, BHESHYEL S EJYRLE.
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Table 4 RCT of Pulmonary Nodules
Diagnosis Nodules Mean+S.D.
Malignant Nodule 40 0.490£0.127
Lung Cancer 16 0.518+0.112
Metastatic Tumor 24 0.471+£0.135 i
i ; p<0.05
Benign Nodule 15
Tuberculoma 3 .
Granuloma 10) 6.98%7.45
Hamartoma
Calcified foci (+) 1 278
# - 1 0.3
Lung Cancer
Nodules Mean+5.D.
Adenocarcinoma n 0.516+£0.156
Squamous Cell Ca.  (8)  0.512+0.075)

EVEREEG & R, #RMED RCT iz, 5%
DEMREBETHEEEL DD, FERUEMNE L EBH
Fififeg, BRFEMENGRE D KA 2, HEAEIIR
dhihleho ol

4, E B

(D i (%) 7984t (Fig. 5)

b B AN E R 12mm DR EIRR Y A 2
®»% (Fig. 5-a). CT T3, FBORESFEOL »
AN CRT =2 — Li%T59 14 Fg - v
TEOHEHiZ7r v 202 v LDFE Y
DERAFL Tk h B g bRk (Fig 5-b, ¢).
RCT fEiZ, 0.69 L {EfEZ R L1, FHOER, B
BTH ot

(2) BFRE S5k (Fig. 6)

AT B AN E & 14dmm oS EIRE E 2 2
% % (Fig. 6-a), Zerhouni ® T, HRKAL
&7 2 (Fig. 6-b, ¢), RCT i, 0.39& fi£
EZR L, FHRORERE, BHRS L kERS

BLBRIE T H - 7= (Fig. 6-d), &G, i 7 »
YhARZEDCTR2HICENDOR Lo B
FEEID 1HITH -7,

5 #F =

IHEFFERTE % CT ORI L W ERT 232
LRI B le 3 hTE e, BRETNEFZERIT
BORNIRD I =ik, FRAT A AMEA
Fr VX WV MOBBRBRSE BT, TRit7 — 5
777 bORBDLRBATA ARBRINLTSH,CT

- ‘1?,



1256 itz 7 v b alc Xk BHEHSEEERED CT 2

.

 .§ ﬁﬁ

!EE

T
e T

5b ic
Fig. 5 Lung cancer

a. Chest radiograph shows a nodule in the right upper lobe.

b. Middle thorax section with a 12mm phantom nodule in the right lung cavity
(bottom) used to simulate the patient (top).

¢. Comparison of patient (top) and phantom scan (bottom). At a window level
of 90H.U. the patient’s lesion is no longer visible. Final diagnosis for this patient
was adenodarcinoma.
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Fig. 6 Hamartoma
a. Chest radiograph shows a nodular shadow which is 14mm in diameter in the

right lower lobe.

b. Lower thorax section of the phantom with a 14mm phantom nodule in the right
lung cavity (bottom) used to simulate the patient (top).

c. Comparison of patient (top) and phantom scan (bottom) at a window width of
4H.U. At a window level of 100H.U. the patient’s lesion is no longer visible.
Therefore we considered that this lesion was probably malignant.

d. Tumor resected by surgery was a hamartoma.

o CTHEHIRER L, ¥, CT %8, EEER
TAT) XA, BEHROZERICL - TH CT A
DEBTAHZENEShTE YD1 = %
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fHIEME L LT RCT %R, LB L, &

62410 5251
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