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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.
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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.
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