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Abstract

We selected several image density indices to establish
CAD for prediction of biopsy in lung diseases. Our results
suggested that significant difference was not observed in
the image density indices between bilateral lungs at each
slice level. Our own designed image indices may be reli-
able parameters in the establishment of CAD system and
pathologic diagnosis for lung disease [1,2].
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Introduction

There has been a rapid progress in the modality of
CT since it was developed by Mr. Hounsfield. The earlier
CT had been upgraded to the helical CT and for the time
being the MDCT is widely used in the radiology practice.
The up-to-dated MDCT is supported by the detectors of
64 rows or more [3-5].

The slice thickness of CT has been reached to 0.1
mm, based on the noble high resolution it reflects the
indirect the pathological findings and enables working
on the algorithm and image density index anticipating
the pathological diagnosis. Some researchers reported
the characteristics of image density in healthy lungs us-
ing the various indices including the mean value, stan-
dard deviation, maximum in the region of interesting
[6-8].

Recently, the free service of MDCT is provided for di-
agnosis of patients at some health facilities. Taking the
advantage of the high resolution, we have selected the
new quantitative index of image density other than HU

and obtained the basic data for CAD and prediction of
the pathological findings in lung diseases [9,10].

Materials and Methods

We analyzed the CT findings of 40 males and 40 fe-
males without respiratory symptoms and abnormal
X-ray findings.

The findings of target group was disaggregated by
sex and analyzed.

And we selected the image density index and com-
pare the index results of the bilateral lungs at the level
of vertebrae thoracales from No. 1 to 8.

Each image density indices were evaluated when
setting range of HU from 0 to 5000 instead of -1000 to
4000.

Result

1. The indices were selected to quantitatively evalu-
ate the image density.

Density grade is Density ratio of interior half and ex-
terior half of healthy lung (Table 1, Table 2, Table 3 and
Table 4)

Average value of energy (Table 5 and Table 6)
M, = Sf/Ly

S, : Integration of quarter division of spectrum
L:Area of quarter division of spectrum

Average range ratio of high frequency and low fre-
quency
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Table 1: Density grades in male group.

Height
Th1 Th2 Th3 Th4 Th5 Th6é Th7 Th8
Location
Right lung 269+099 3.75+0.18 1.80+0.06 1.27+0.09 1.02+0.08 0.75+0.01 |0.61+0.02 0.47 +0.02
Left lung 264+086 392+0.12 1.86+0.06 1.23+0.08 0.96+0.05 0.73+0.02 0.59+0.03 0.45+0.02
Table 2: Density grades in female group.
Height
Th1 Th2 Th3 Th4 Th5 Th6é Th7 Th8
Location
Right lung 268+1.04 382+0.12 1.83+0.16 [1.25+0.12 1.01+0.04 0.56+0.01 0.59+0.03 0.47+0.02
Left lung 267+090 392+0.13 1.88+0.15 1.21+0.29 097+0.16 0.55+0.01 0.57+0.03 0.45+0.01
Table 3: Average range ratio of high frequency and low frequency in male group.
Height
Th1 Th2 Th3 Th4 Th5 Th6é Th7 Th8
Location
Right lung 272+015 3.00+£0.13 295+0.12 267+0.19 258+0.08 290+0.11 3.46+0.18 2.96+0.10
Left lung 268+0.17 284+0.19 [294+0.09 266+0.16 252+0.15 3.01+0.11 3.37+0.16 |3.04 +0.17
Table 4: Average range ratio of high frequency and low frequency in female group.
Height
Th1 Th2 Th3 Th4 Th5 Thé Th7 Th8
Location
Right lung 267+017 290+0.15 293+0.13 2.60+0.11 252+0.11 3.04+0.13 3.41+0.14 3.10+0.14
Left lung 269+013 287+015 294+0.16 2.61+0.19 244+0.13 3.08+0.13 3.30+0.12 3.04+0.10
Table 5: Average value of energy in male group.
Height
. Th1 Th2 Th3 Th4 Th5 Th6é Th7 Th8
Location
Right lun 51.93 + 76.15 117.03 + 138.52 + 147.43 157.65 + 161.34 + 152.34 +
ghtiung 1.17 1.37 2.48 2.71 1.83 1.88 1.14 2.33
Left lun 50.73 = 7743 115.08 + 140.23 + 146.25 + 156.49 + 162.43 + 154.62 +
9 1.44 1.24 273 2.49 2.19 278 2.34 158
Table 6: Average value of energy in female group.
Height
Th1 Th2 Th3 Th4 Th5 Th6é Th7 Th8
Location
Right lun 51.72 + 67.27 + 118.3 ¢ 140.72 + 145.95 + 156.51 + 165.40 + 156.04 +
ghtiung 1.75 2.69 1.41 1.90 2.82 3.18 2.79 2.50
Left lun 50.84 + 70.25 + 117.21 13942 + 147.50 + 157.55 + 163.98 + 155.71 +
9 1.93 2.57 1.75 1.83 2.61 3.01 2.87 2.71
Table 7: Histogram of parenchyma of healthy lungs in male group.
Height
Th1 Th2 Th3 Th4 Th5 Thé Th7 Th8
Location
. 28.90 + 58.66 + 71.84 + 74.09 + 70.19 77.10 = 77.86 =
Right lung 1.36 1.95 1.34 1.01 752133 538 1.22 1.46
Left lun 28.59 + 59.76 + 71.36 £ 74.34 + 74.05 7182+ 76.83 + 7710
9 1.32 1.16 1.30 1.29 1.47 2.04 1.44 1.20

C.=H/L (Table 3 and Table 4)

C.is the average range ratio of high frequency and

low frequency of the regions in healthy lungs.

H.: Average range of high frequency

L: Average range of low frequency

Histogram of parenchyma of healthy lungs (Table 7
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and Table 8)
Rh= Hmax_Hmin
H

m

.- Maximum density of histogram
H_..: Minimum density of histogram

Average histogram value of healthy lung parenchy-
ma (Table 9 and Table 10)

M, = Th/Rh
T,: Total value of histogram
R,: Range of histogram
Entropy (Table 11 and Table 12)
L-1 . .
Entropy = z”=0p(Zl) logZP(Zl)
2. The value of image density indices of bilateral

lungs at each level of vertebrae thoracales are shown in
the tables below.

As mentioned above, the quantitative indices have
been newly identified to indicate the characteristics
of image density of healthy lungs. Subsequently the
diagnostic algorithm was drafted to compare the im-

age density of ill lung and healthy lung at slice levels.

According to the results of study on image density of
healthy lungs at the level of vertebrae thoracales from
No. 1 to 8, the significant deviation was observed in the
histogram at the level of vertebrae thoracales from No.
4 to 8, though not observed in the density grade, ratio
of high frequency and low frequency, average frequen-
cy, histogram and entropy.

We could note that the comparison of image densi-
ty of healthy and ill lungs at the appropriate slice level
would be one of key approaches to anticipate the patho-
logical diagnosis regarding the values of the indices vary
from disease to disease.

Conclusion

The quantitative indices have been newly identi-
fied to indicate the characteristics of image density of
healthy lungs. The significant deviation was observed in
the histogram at the level of vertebrae thoracales from
No. 4 to 8, though not observed in the density grade,
ratio of high frequency and low frequency, average fre-
quency, histogram and entropy.

Table 8: Histogram of parenchyma of healthy lungs in female group.

Height
Th1 Th2 Th3 Tha Th5 Thé Th7 Th8
Location
Right lung 2866+126 5808+128 7282+128 7416+12 |7594+241 7188+1.18 76.35+226 7656+222
Left lung 2950+1.16 |59.16+1.31 7266+1.24 7533+1.19 7400+223 7083+1.12 74.16+214 75661217
Table 9: Average histogram value of healthy lung parenchyma in male group.
Height
Th1 Th2 Th3 Th4 Th5 Thé Th7 Th8
Location
Right lun 79.78 £ 173.77 £ 27151+ 44113 435.21 452.85 + 469.59 + 43478 +
ghtiung 3.82 3.75 3.24 3.16 414 351 4.28 4.61°
Left lun 79.47 174.87 27244 + 344.32 + 335.73 34578 + 309.07 + 359.54 +
9 3.84 3.78 4.45 3.78 3.81 3.74 499 3.98
(p <0.05)
Table 10: Histogram value of healthy lung parenchyma in female group.
Height
Th1 Th2 Th3 Th4 Th5 Thé Th7 Th8
Location
Right lun 78.97 175.28 + 270.38 + 34518 + 437.31 ¢ 466.55 + 468.44 + 435.44 +
ghtiung 2.29 2.88 3.79 3.90° 3.89° 312 3.54° 3.35°
Left lun 78.37 177.06 + 27429 + 342.38 + 358.48 + 346.90 + 303.11 352.68 +
9 2.25 2.59 3.61 4.09 3.93 3.54° 3.21 3.61
(p <0.05)
Table 11: Entropy in male group.
Height
Th1 Th2 Th3 Th4 Th5 Thé Th7 Th8
location
Right lung 612575 * '113'515 * '11 2'133 * '11 ;540 *  996+124 -975+1.23 -9.51+1.47 '112568 *
Left lun -11.64 + -19.41 -13.84 + -11.81 -10.73 ¢ -11.72 -11.87 = -12.00 +
9 0.21 1.48 1.61 1.45 1.58 1.74 1.40 1.48
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Table 12: Entropy in female group.

Height
Th1 Th2 Th3 Tha Ths Thé Th7 Ths
Location
Riht lun 1181+  -1815+ 1334+ 1127+  -1009+ 975+ 942+ -10.68 +
ghtiung 0.47 1.34 1.62 1.25 1.52 1.23 1.24 1.58
Left lun 1273+ 1941+ 1384+ 1181+  -1064+ 1156+ -11.87+ -11.91+
9 0.46 1.49 1.61 1.46 1.45 1.47 1.40 1.24
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