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Analysis of Bronchial Branching Pattern Using Inflated
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and the Other Types of Branches —
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(Chief : Prof. A. SUZUKI)

ABSTRACT Numerous studies on bronchial branching pattern were performed in the 1960’s
using the bronchial cast. Weibel’s symmetrical branching model is still very popular and was widely
applied for physiological studies. However, it was confirmed by Horsefield ef al. that a lot of asym-
metrical dichotomy exists in human lungs.

In Japan, Yamashita used the term daughter branches for smaller branches of asymmetrical
dichotomy. The concept of daughter branches become important as a result of recent advances in
the modality of image diagnosis which made it possible to visualize the inner zone in the transaxial
plane. Although the outline of the daughter branches has already been reported, detailed measure-
ment of daughter branches in comparison with the other types of branching has not yet been done.

In this study, we measured the diameter and branching angle of almost all bronchi using a
inflated and fixed lung prepared by Heitzman’s method. The branching angles were determined using
a three-dimensional image analyzing system. The bronchi were classified into several groups accord-
ing to the branching patterns. Daughter branches and axial branches are the smaller and larger
branches of asymmetrical dichotomy, respectively. Symmetrical branches are branches with sym-
metrical dichotomy.

The ratio of diameters of daughter, axial and symmetrical branches to parent branches were 0.
54+0.11, 0.91£0.10 and 0.77+0.15 (mean=S. D.), respectively. The ratio of diameters of daughter,
axial and symmetrical branches to other branches bifurcating from the same parent branch were 0.
61+0.15, 1.690.33 and 1.03+0.25, respectively. The branching angles of daughter, axial and sym-
metrical branches were 56.31+19.6, 21.0+14.9 and 34.8+16.1, respectively. Daughter branches fre-
quently exist in S and S°.

Ninety percent of the symmetrical and axial branches supplied the outer layer in the transaxial
plane, however, almost the same percentage of daughter branches supplied the inner layer. The
favorable ratio of diameters of one branch to another to select daughter branches from dichotomous
branches was 0.75.

These results are expected to contribute a great deal to the study of the influence of branching
pattern on unhomogeneity in the transaxial plane of the human lung.

(Received September 10, 1991 and accepted september 25, 1991)
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Fig. 1 Schematic drawing of a traced slice.

Bronchi, pulmonary arteries and pulmonary
veins are colored in yellow, red and blue,
respectively. The light blue lines are inter-
lobular septa observed under a dissection
microscope. The light blue dotted lines indi-
cate the borders of the secondary pulmonary
lobules estimated from the directions of the
alveolar ducts. The thickness of this slice is
about 6 mm.
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Fig. 2 Classification of the bronchi and measurement
of branching angle.

The symmetrical branch is defined as a
branch with symmetrical dichotomy. The
daughter branch and axial branch are the
smaller and larger branches of asymmetrical
dichotomy, respectively.
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Fig. 3 Estimation of the angle in three-dimensions
from the length and angle in the plane and
thickness of the plane.
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Table 1 Class and order of the measured bronchi

L, &7%. £AXB% @ L3HLWETHAK 6=2—  Order DB AX SYM TRI DBD Total
5. T
o LS . ‘ 3 1 6 8§ 0 0 15
nX, B, LT, A X, B OZhZhEN-E5 5 3 4 T2 10 18 181
U BX, AB, AX' D&% a, y, b5, ARX 6 50 66 101 46 2% 289
CX BWEETHFEOMEY do, BEIUX 23FET 7 62 33 132 21 21 269
BREOBEY dy £ T5&, 3UTLTOEREORR 1, 8 30 12 79 19 8 148
Iy LI3FHER 9 8 1 33 9 5 56
L2=a%+d? 10. 1 0 14 6 0 21
EZFbZ+daZ, 195 199 476 120 82 1072
. 1y?=Y2+ (da+dy)?, DB : daughter branch, AX: axial branch
&5, SYM : symmetrical branch
LAXB % @’ 75 L FHCRESNIAE §=n— TRI : trichotomy branch
& DBD : distal branch of daughter branch
KHEOFEHL ,
) Table 2 Incidence of daughter branches in the broncho-pulmonary segments
Segment 1+2 3 4 5 6 8 9 10
N 31 30 15 10 26 29 25 28
Incidence 14.5% 17.1% 18.5% 14.7% 16.4% 24.2% 21.7% 18.5%
Diameter 0.97 1.03 1.09 1.16 0.96 1.09 1.03 1.06
(mm)
R to P.B. 0.54 0.53 0.50 0.55 - 0.53 0.56 0.57 0.55
R to A.B. 0.59 0.61 0.60 0.70 0.61 0.62 0.66 0.60

R to P.B.: ratio to parent branch

R to A. B.: ratio to the other branch bifurcating from the same parent branch
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Fig. 4 Frequency distribution of the ratio of diame-
ter to the parent branch.
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Fig. 5 Frequency distribution of the ratio of diame-

ter to the other branch.
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Fig. 6 Frequency distribution of the angle.
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Fig. 7 Schematic drawing of daughter branches and their supplying area.
The transaxial slices from (a) to (f) are shown according to the direction from the apex to the base

of the lung. The indicated bronchi obliquely lined are daughter branches. The shaded areas show the

areas supplied by the daughter branches.

Closed arrows indicate the symmetrical branches supplying the

inner zone, while open arrows are the daughter branches supplying the outer zone.
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Fig. 8 Supplying zone of each branch.
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DB : daughter branch, AX: axial branch, SYM: symmetrical branch

TRI : trichotomy branch, DBD: distal branch of daughter branch

Fig. 9 Classes of the branches in the inner and outer
zone.
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Table 3 Concordence rate between the daughter branches by our classification and those by the
vatio of diameters to the pavent branch and to the other branch
Parent Branch The other Branch
AX and SYM DB AX and SYM DB

(N=672) (N=194) (N=672) ‘ (N=194)
Ratio N % N % Ratio N % N %
0.55 644 95.5% 99 51.0% 0.65 656 97.3% 138 71.1%
0.60 616 91.4% 144 74.2% 0.70 646 95.8% 161 83.0%
0.65 585 86.8% 170 87.69% 0.75 628 93.2% 176 90.7%
0.70 537 79.7% 183 95.3% 0.80 600 89.0% 184 94.8%
0.75 447 66.3% 192 99.0% 0.8 574 85.2% 186 95.9%

DB/: daughter branch, AX: axial branch, SYM: symmetrical branch
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Fig. 10 Frequency distribution of ratio of diameéters in the inner and outer zone.
At ratio of diameters to the parent branch
B : ratio of diameters to the other branch bifurcating from the same parent branch
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