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To differentiate benign pulmonary nodules from malignant nodules, digital analysis of comput-
ed radiography (CR) was performed retrospectively. A total of 142 histologically or clinically
proved cases were studied. Digital analysis was performed using the method of gradient process-
ing reported by Sherrier et al. Gradient number with and without background trend correction
and gradient number corrected by L-value were obtained from the raw data of CR. The mean
gradient of 93 malignant nodules was significantly different from that of 49 benign nodules. The
analysis of gradient number without background trend correction and L-value correction was
most sensitive. Seven radiologists evaluated these nodules as to benign or malignant, status,
degree of calcification and homogeneity. A correlation was found between the detectability of
benign nodules and degree of calcification.

In conclusion, CR-gradient analysis is useful as a screening test to differentiate benign nodules
from malignant ones.
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Fig. 1 Gradient histograms of processed nodule
(granuloma, solid line) and processed lung (dotted
line) : 75 th percentile gradient number for the nodule is
23.
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Fig. 2 Difference of the mean gradient numbers of the
benign nodules and the malignant nodules
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Table 1 All methods of the gradient number analysis show definite difference between the mean values of benign
and malignant nodules (p<0.01%). Each analysis were performed for the area which included the edge of the nodules
(edge(+)), and which die not include the edge of the nodules (edge(—)).

Gradient Number Analysis

Minimum Maximam Mean Std.Dev.
gradient number (G.No.) (edge(—))
benign 7 19 11.612 3.341
malignant 6 13 8.720 2.002
G.No.(edge(+))
benign 9 23 13.959 3.136
malignant 6 13 9.548 2.129
corrected G.No.(edge(—))
benign =il 12 5.347 3.314
malignant —2 9 2.527 2.632
corrected G.No.(edge(+))
benign 1 17 T.694 3.507
malignant =] 9 3.355 2.648
L-Go.No.(edge(—))
benign 15.2 41.8 24.094 6.060
malignant 10.8 28.6 17.707 4.203
L-G.No.(edge(+))
benign 18 46 29.220 6.363
malignant 10.8 31.2 19.459 4.762
L-corrected G.No.(edge(—])
benign —2.1 26.4 11.051 6.626
malignant —5.2 15.4 5.026 5.065
L-corrected G.No.(edge(+))
benign 1.8 34 16.178 7.255
malignant —2.2 18.9 6.766 5.253

Table 2 Detectability of benign nodules : Threshold of the benign nodules is decided by the mean
of the malignant nodules added to double of the standerd deviation. Non corrected gradient
number including the edge of the nodules shows highest detectability. The column of benign
nodules show true positive rate. The column of malignant nodules shows the malignant nodules
which evaluated as benign nodules.

Detectability of Benign Nodules
(based on the gradient numbers of malignant nodules)

Mean Std.Dev. threshold benign nodules malignant nodules
gradient number (G.No.)
edge(—) 8.720 2.092 12.904 19(38.8%) 6(6.5%)
edge(+) 9.548 2.129 13.806 27(65.1%) 0(0%)
corrected G.No.

edge(—) 2.527 2.632 7.791 15(30.6%) 3(3.2%)
edge(+) 3.355 2.648 8.651 21(42.9%) 3(3.2%)
L-G.No.

edge(—) 17.707 4.203 26.133 17(34.7%) 1(1.1%)
edge(+) 19.459 4.762 28.983 26(53.1%) 3(3.2%)

L-corrected G.No.

edge(—) 5.026 5.055 15.136 15(30.6%) 1(1.19%)
edge (+) 6.766 5.253 17.272 26(53.1%) 1(1.1%)

FRL5 410 H 25 B (39)
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Fig. 3 Correlation of the detectability of the benign
nodules between the radiologists and gradient analysis
: Simple regression analysis shows high correlation (p
=0.0026).

malignant : 1, may be malignant : 2, unknwn : 3, may
be benign: 4, benign: 5.
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Fig. 4 Correlation of gradient numbers and calcifica-
tion : Simple regression analysis shows high correlation
(p=0.0002).
no calcifications: 1, may be no calcifications: 2,
unknown : 3, may be calcified : 4, calcified: 5
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Fig. 5 Correlation of gradient numbers and homogene-
ity : No definite correlation is shown.

homogeneous: 1, almost homogeneous : 2, unknown :
3, slightly inhomogeneous : 4, inhomogeneous : 5.
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