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Abstract : The lung structures including airway tree, lung lobes and pulmonary segments are important information that
are required by the development of computer-aided diagnosis systems. The structure of airway tree is the most important
key point and provides the basic information for recognizing the lung lobe and lung segments. However, automated
extraction and recognition of airway trees are difficult and the prior knowledge for supporting the extraction is expected. In
this research, the distributions of angle, length, and diameter of airways in different branches were investigated using X-ray
CT images from 50 patient cases. The experimental results showed that directions of each bronchial branch of airway
regions in 50 CT cases distributed within a range of +30 degrees, and the decreasing ratio of airway diameter between the
child/parent bronchial branch was 0.7-0.8. These results showed that the possibility of sequentially estimating the direction
and diameter of airway tree from parent bronchial branch to its child bronchial branches may be useful for extraction and

recognition of the airway trees in CT images.
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Fig.1 Measurements of direction,
bronchial branch (white line : skeleton line, Vi (i=1,2,3) :

length and diameter at

direction vector, Bi (i=1,2,3) : bifurcation).
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Table 1 Mean of directions of bronchus of the child bronchi from the parent bronchial bifurcation [unit vector].
p values show the differences between genders by Wilks’lambda method.

Direction Male (n = 35) Female (n = 15) 0
X y z X y z

LMB 066 027 070 | 065 027 071 |[0.874
RMB |-061 017 0.77 |-0.60 0.15 0.79 |0.773
LSLB 081 -039 -044 | 088 -0.38 -0.30 |[0.100
LILB 0.50 0.26 0.83 0.56 0.25 0.79 |0.957
SDB 053 -006 -084 | 053 -0.13 -0.84 |0.802

LB 075 -034 0.57 072 -036 059 |[0.721
RSLB |-0.88 -010 -046 |-0.96 -0.20 -0.18 |0.410

IB -0.34 010 094 |-034 0.14 0.93 | 0.066
MLB -0.50 -065 058 [-048 -0.62 0.62 |0.280
RILB [|-050 029 081 |-052 025 0.82 |0.751

* . Significant difference between male and female (p < 0.01)
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Table 2 Angle from the average directions of bronchus where 95.5% patient cases are contained [degree].

Degree LMB RMB LSLB LILB SDB LB RSLB IB MLB RILB
Angle Male (n=35) | 16 25 23 21 23 22 30 12 19 23
& Female (n=15)] 18__ 22 18 13 26 16 20 16 15 15

Table 3 Results of airways length. p values show the differences between genders by Mann-Whitney U-test.

(a) Length of each bronchial branch [mm]

(b) Length ratio between item A and item B (item B / item A) [ratio]

Airway Male (n = 35) Female (n = 15) 0 Airway Male (n = 35) Female (n = 15) b
Median -20 20 |Median -20 20 Item A Item B|Median -20 20 |Median -20 20
TR 107.0 779 1543| 915 65.6 132.4]|* 0.006 TR LMB | 057 040 086| 063 0.38 0.89]|0.038
LMB | 61.2 518 747 571 474 686 | 0242 TR RMB | 025 0.13 043| 027 0.12 045(0435
RMB | 275 165 453 | 244 134 385 | 0.501 LMB RMB | 045 026 073| 044 0.23 0.71]0.890
1B 332 221 46.8 | 298 20.6 44.0 ] 0.233 RMB IB 122 059 227]| 117 059 227]0.873

* . Significant difference between male and female (p < 0.01)

Table 4 Results of airways diameter. p values show the differences between genders by Mann-Whitney U-test.

(a) Diameter of each bronchial branch [mm]

(b) Diameter ratio between item A and item B (item B / item A) [ratio]

Al Male (n = 35) Female (n = 15) Airway Male (n = 35) Female (n = 15)
"WeVI'Median 20 20 |Median 2020 P Ttem A Item B|Median =20 20 |Median 20 20 | "
TR 1726 13,76 20.62| 1450 1112 17.26( * 0.001 TR LMB 073 062 085 073 064 085(0.616
LMB | 1238 10.12 15.00( 10.38 8.38 13.00| * 0.002 TR RMB 076 064 089| 0.79 066 0930461
RMB | 13.00 10.00 16.26| 11.38 8.00 14.12| *0.007 LMB RMB 1.06 084 1.23| 1.05 092 1.27]|0.387
1B 988 762 11.76[ 838 6.38 10.24|* <0.001 RMB 1B 075 062 0.99| 0.75 060 0.99[0.422

* : Significant difference between male and female (p < 0.01)
L7z, #F% Table 1 1IRT. $72, THOFEYAEDS

20 (o: EilEFE) ORERISAT S ME% Table 2 12/R
¥, Table 1 TlE, H#RELICDOWT, FIEERA S D JiH)
N7 FIVHS A, Table 2 T, & OMEOIXSDE
HERTE S, %2 B, Table 1 & Table 2 TiZ, LMB/RMB :
fE/AEREX, 1B P %5 E L, LSLB/RSLB : f£/4f
FRERAES, MLB . PIEAE S, LILBRILB : //4 T
[E, SDB . EXRAEY, LB HFXAEL, L EiLT
b, F, TNSOHEDOET V% Fig.2 127 . Fig.2 %
5, B ETHOMBRERTNICIIETE S,

Table 1 IZBWTREN S L )12, BMEDHE, BLH
TR L 72T RCOMOAFIZEREED R 212720, &
BRXoOAEICOWTHNOEVZEETLLEIIRVWES
5.

KIZ, Table 2 12BWT/REND L) IZ, BE»S DA
DAL/ S WTFEETIE 20° AN, ZEASK E WA T
b 30° LN O HFH T 20 DREBI O 4% O 577 23 FERE S 7z,
2F, ZORKEDOSTETL DX OHE LTS 30°
PAIZ 206 DFEBIA DA L TV 5B, L72d5-> T, BBEE
MDA, FROBEFRERZAEICL > TRETS 572
B, FEXOBERIAFT IS LA R E D —DT
HbHEVZ D, 1272, KB CTIRSEERELL % T O
ELLTWa720, RECBMLZBOBEICIZ) A
EEFETELZVWERISN, 48, BETTLILEDLND 5.

4.2. [E - QEXORS CER

A[E, FREX, BLIOTHBRAEXORES LEREOF
it R % Table 3 (a) & Table 4 (a), BlfkL THDILE%E
Table 3 (b) & Table 4 (b) IZZ 11K L, Mann-Whitney
DUBEIZ L DB LEDRERRDEDLETRT. Zh
Lhb, 58 - FEXORI LEEONEME, Btk
#E L7 EOTHOMSW L IESHERETE S, L
BEEIZDOWT, SOORERRD SIZIER A Lzh -
TAERVIE O N o 2720, WE L 7EOREMEZ
i, I5°&% 20 TENENEL TS, 4P, Table 3

& Table 4 Ti3, TR : 5%, LMB/RMB : f&/5 £ 5458 %,

TR

Fig.2 A sketch of the central line of the bronchial branches.
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