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The Usefulness of Fractal Geometry for
the Diagnosis of Small Peripheral
Lung Tumors

Naoki Mihara", Keiko Kuriyama?',

Shoji Kido?, Chikazumi Kuroda?,

Tsuyoshi Johkoh'", Hiroaki Naito®
and Hironobu Nakamura'

PURPOSE: To assess the usefulness of fractal geometry in
quantitatively evaluating the convergence of peripheral vessels
on peripheral lung tumors in maximum intensity projection
(MIP)images.

MATERIALS AND METHODS: We studied the MIP im-
ages of 34 pathologically proved small peripheral lung tu-
mors (lung cancer in 21, hamartoma in 13)in 34 patients. To
obtain MIP images, spiral CT (SOMATOM PLUS; Siemens)
was performed during a single breath hold (24-second scan
time, 2-mm section thickness, and 2mm/sec table feed time,
reconstructed at 1-mm increments). To evaluate the conver-
gence of the peripheral vessels and bronchi towards the tu-
mor, we fixed a region of interest (ROI)on the hilar side of
the lung tumor, parallel to the chest wall, which consisted
of 64 x 64 square pixels, in the images that divided at the
center of the window width. We counted the overlapping pix-
els by the two-dimensional box-counting method and obtained
fractal dimensional data on lung cancers and hamartomas.
RESULTS: There was a statistically significant difference
in the fractal dimension (D)between lung cancers (D = 1.81
+0.13)and hamartomas (D = 1.67 +0.10) (P = 0.0067).
CONCLUSION: Fractal geometry could be useful in the di-
agnosis of small peripheral lung tumors.
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Fig.1

(A) Thin section CT showed an 8 mm tumor \hlstologlc ally diagnosed
as cancer)with blood vessels and bronchi converging at the tumor.
(B) This maximum intensity projection (MIP)image more clearly shows
the convergence of blood vessels at the tumor.

(C)A 64 x 64 pixel region of interest (ROI)was set parallel to the chest
walll on the hilum side of the lung tumor. The image was digitized at

i the horizontal center of the data window.

T, @FREDNER LS. 7 ~24. 5|nln("‘i"‘ff'|15 Imm) T 5.
W HEEE, = Ay A 8E g iEEA T CTE I
SOMATOM PLUS % fv>, slice/& 2mm, table spee-d i
2mm, Scan time 24 ~36F012T, FEMERZE r4 5~
Tem®D I % helical scan|Z THf$ L, increment Imm, Iuah—
spatial frequency algorithm (2 T M{£ PR % 17 - /2 (Fig.
IA). Surface Shaded Display (SSD) {2 tt~<Maximum Intensity
Projection (MIP) Hi{% % Fiv: 2 & I R0 &4 X O AT &
<, MXEME CMImE RS hb/72012, SElbhb
MUIMIPIZ & B 3 RICHIRM$ % H v CHliEF w4 &
FEBRMEE & OB AR FROA L LT ETHmS EH72
TRCOFMDORE LY. F7o, EREREICERT S
MEFDT 77 5 VMg E 57012, ZNENOCTHET
e KDdensity 12 & AMIPHI{Z % {ER L 7z (Fig.1B).

IOk FELN/-MIPHE % E= % — - CThlin s, fiilE
R ENERT L MERELOELR VPRI LRD
MIPI&ZDEEE &g L7z, £72, window levelld Il @
AT T2 AR THERL T & %-600 HU (Hounsfield Unit)

ICREL:. ZOHETHS W RE 2 8% L /MIP
H{IZB\T, BESFIZM A PR DRl &5 E S AE %

TR 104E3 25 H

A X9 1264 x 64 pixels (pixel size 0.326mm) @ ROI (Region
of interest) %5 L7=. Z OROUINGEEI S PATICR A L9 (12
e L7z, i%sE L7-ROI%E 2 fHALALEE L, Box-countingikil
L£oTT7F7 77 NMRILEHEM L2 (Fig.10). 2B, HiHED 1
FEB ZFig 112, MEaRlED | fEf ZFig2lR L7z, L7
ROI%Z —iA%dDbox (25 HIL, HMETA2MENFEINLD
bomﬂﬁl'ﬁi%m Y&t Za =& 2 1Fig. 32BN T, d=5D
WEIZIAN@IRI7E RS, ZOdDEEELEE TN D
1l c%ﬂ.t%ﬂﬁ i f“'s»"@. MimiE» 7 7 7 % MEZFED
EARET B EN(d)IXdP(D . 77 7 F VR IZHHIT 5.
COMBERHVAZEIZLE 5 TN()=k - dP(k : HBIEE)
v AR, THUIRD 2 FEIC L DFigdn k9 (12
MAE T 7 7IZRT ZENTED, DT T TOHE DR
AETHLDNT T 7 ¥ NRILE RS,

w R

TEFRINGRED 7 F 27 5 WRIC L EEHED £ N & DEFEBID
T—# kFigSI R L7z, £, Theo7--4 OFEER I
2, 2 B X - Tl 77 7128 L7z O Fig. 4T

(%]



150

TASORATON PLUS

P95-05-249

———

(A)

(B)

DRI RINHE OB B A 7 5 7 ¥ Lo MY

Fig.3 Each side of the ROl was di\-;j(-iéd into d boxes. The number of boxes
(17 in this figure)containing a target vessel (indicated with a bold line)is
N(d).
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Fig.2

(A) Thin section CT showed a 7 mm tumor (histologically diagnosed as a
hamartoma). Blood vessels and bronchi did not contribute to this tumor.
(B)MIP image shows the relationship between the tumor, blood vessels and
bronchi more clearly.

(C)A ROI was set and the image digitized as in Fig.1(C)
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Fig.4 Data obtained from analysis is shown in this double loga-
rithmic graph. The fractal dimension was calculated from the slope
of each curve. The slope of the line for lung cancer is —1.83, and
that for the hamartoma is —1.58. The fractal dimensions for the
lung cancer and hamartoma are 1.83 and 1.58.
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Fig.5 This graph was cbtained by plotting the fractal dimension
for all cases used in the present study. A statistically significant
differences was found.

R G2 Ik EEINLE, FOHEY
E(ELTVBEEZZOND, TOIZ EIZXY, HiifE &R
FhY BLEIES C B 5 #ailE & OEmBIZET T, %mttﬁm
EDRMRIZ BV TEBIN LB X A BRI TId &
ERAic X Ao et RE SNz, Thbb, 77
7 & VIRHTIC & B sE R AE I OFHEI, EEEETH
AR & BAERES T & 5 8aaE & D& O—B) & & HThE
WAH s EEbRAL, SREObNUbNORFETIE, 757
& VARAT % 4T 9 BRICMIPH{§ % 2 0K & L TRIRL 724,
MIPH[{£13 3 KT F— ¥ D 2 KICFH~DHEBIETH D,
JEATS A B2 3%5E L 7-RONIESS & EIERIR L 2V INE DB
HLTL 2D H 5. ZOMBEEZHRT H720121E3
KEDFR) 2= LF—FEfnTHIFTaZ &2k, &
SRR 2 AT RETH B L Bb 5.

Wizize A

X

1) A a1 (FHeT)) — E RATEOBIM. 43(9)1996 : 47-59

2) LB © BRI O FEE & F O FATEL HiE 67(5) ¢
81-87

3) IR, WRHBHEE, FEERsE, o BN (g
AThin-section CTOA . Mifs 27 © 671-678, 1987

4) BT, BAEET, L 15, 0 RS R O
T FRAE thin-section CTHM. FRFREUHR 36 : 1321-1330,
1991

5) Napel-S, Rubin GD, Jeffrey RB Jr.: Maximum and minimum
intensity projection of spiral CT data for simultaneous imaging
of the pulmonary vasculature and airways. Radiology 185: 126,
1992

FRI10E3H 25 H

6) AP G | K AL E B TR L 77 2 5 v,
CADM News Letter No.12, 6, 1995

7) Mandelbrot BB: The Fractal Geometry of Nature: W. H. Free-
man, New york, 1983

§) Horsfield K: Diameters, generations, and orders of branches in
bronchial tree. J Appl Physiol 68: 457-461, 1990

9) Kitaoka H, Itoh H, et al: Spatial distribution of the peripheral
airways: application of fractal geometry. Forma 6: 181-19, 1991

10) Lawrence M, Boxt MD, Katz J, et al: Fractal Analysis of Pul-
monary Arteries: The Fractal Dimension Is Lower in Pulmonary
Hypertension. Journal of Thoracic Imaging 9(1): 8-13, 1994

23



