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Abstract. - OBJECTIVE: The aims of this study
are the identification of differences in the diameter,
length, area and branching angles of the trachea
and bronchi with gender and age, and the identi-
fication of trachea types by using MDCT images.

PATIENTS AND METHODS: The thoracic MDCT
images of 253 patients (0-74 years old, 142 male
and 111 female) were evaluated. Tracheal diameter,
tracheal cross-sectional area, diameter and length
of bronchi, and several angles of the bronchial tree
[e.g. subcarinal angles (SCA), interbronchial angles
(IBA)] were measured.

RESULTS: Average anteroposterior and trans-
verse diameter of the trachea in adult patients
were measured as 15.8 + 2.9 mm and 17.5 = 3.7
mm respectively. Average tracheal cross-section-
al areas in adult patients were calculated as 160.7
* 41.3 mm? in females and as 275.7 + 57.3 mm?
in males. Four types of trachea were identified
as circular (68% in adults, 73% in children), oval
(13%, 15%), rectangular (11%, 5%) and horseshoe
shaped (8%, 7%). The average right and left SCA
were calculated as 34.5° + 8.1° and 38.1° + 8.9° re-
spectively. The average right and left IBA were cal-
culated as 32.4° +7.7° and 35.2° + 8.1° respectively.

CONCLUSIONS: The findings of this study
may be helpful during bronchoscopy and tube
and stent application procedures. MDCT seems
to be a convenient technique for the evaluation
of the bronchial tree.
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Introduction

Bronchial tree constitutes an important part
of the respiratory system'. It is affected by many
diseases which have similar symptoms. It has
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been evaluated by several techniques including
posteroanterior chest radiography, bronchoscopy,
bronchography, computed tomography and multi-
detector computed tomography (MDCT)?*".

MDCT is a new form of computed tomogra-
phy technology for diagnostic imaging. It pro-
vides the improved quality of two-dimensional
multiplanar and three-dimensional reconstruc-
tion images*’. With image reconstruction, me-
diastinal and hilar structures, pulmonary and
systemic vascularity and bronchial structures
can be imaged in axial, coronal and sagittal
planes®’. Three-dimensional reconstruction pro-
vides better diagnostic thoracic imaging®®. Tt
was reported that disease of the bronchial tree
could be best diagnosed by MDCT'* !,

It is important to know diameter, length and
branching angles of airways for safe and suc-
cessful applications of bronchoscopy and dou-
ble lumen tube (DLT) application. Bronchoscopy
is another important diagnostic and therapeutic
technique in routine use'>"®. DLT is used for the
one lung ventilation in thoracic anesthesia'*">.

The aims of this study are the identification of
differences in diameter, length, area and branch-
ing angles of trachea and bronchi with gender and
age; and identification of trachea types by using
MDCT images. The findings of this work will
help clinicians in applications such as bronchos-
copy and DLT.

Patients and Methods

This study was approved by the local Ethic
Committee with approval number 2009/343. Tho-
racic MDCT (Toshiba, Aquilion super 4, Japan)
images of 253 patients (0-74 years old, 142 male

3351



M. Ulusoy, LI. Uysal, A.S. Kivrak, S. Ozbek, A.K. Karabulut, Y. Paksoy, N.U. Dogan

and 111 female) were evaluated. These patients
had no detected pathology. Patients were grouped
according to age as 0-18 years-old, 19-37 years
old, 38-56 years old and 57-74 years old. Beside
these patients were also grouped as children (0-18
years old) and adults for some parameters.

Axial CT images with a slice thickness of 3
mm were transferred to a separate workstation
for three-dimensional reconstructions. The mea-
surements of the central airways were made by
the same person.

Tracheal diameter, tracheal cross-section-
al area, diameter and length of right and left
main bronchus, right and left lobar bronchus and
branching angle of lobar bronchi from their main
bronchus and branching angle of lobar bronchi
between each other were measured'®!’ (Figure 1).
Beside, angles between an imaginary line pass-
ing through the middle of the lumen of the main
bronchi and an imaginary line passing through
the middle of the lumen of the lobar bronchi were
measured'”!® (Figure 2).

1 3 men
&W.?
2

Anteroposterior and transverse diameter of
the trachea were measured in a slice 10 mm above
the carina from axial images'**. To standardize
identification of trachea types, the ratio of the
anteroposterior diameter (a) to the transverse
diameter (b) was calculated. With this ratio, four
types of trachea were identified as circular (a /b
=1+0.2 mm), oval (a/b <1 =+ 0.2 mm), horse-
shoe-shaped (a /b > 1 = 0.2 mm) and rectangular
(a/b=1/2=%0.2 mm). Beside tracheal cross-sec-
tional area was calculated from the same slice.

In coronal images, a vertical line passing
through the middle of the carina (tracheal axis)
was drawn. Angles between tracheal axis and
inferior outer edge of right and left main bron-
chus [right and left subcarinal angles (SCA)] and
angles between tracheal axis and imaginary lines
passing through the middle of the lumen of the
right and left main bronchus [right and left inter-
bronchial angles (IBA)] were measured!™®2,

Beside diameter and length of right main
bronchus, right upper lobe bronchus, bronchus

Figure 1. Measurement of anteroposterior (1) and transverse (2) diameter of the trachea (A) and tracheal cross-sectional area
(B) in axial plane. Measurement of diameter (1) and length (2) of right main bronchus (C) and left upper lobe bronchus (D) in
coronal plane. Measurement of diameter (a) and length (b) of middle lobe bronchus and diameter (c) and length (d) of right lower

lobe bronchus in sagittal plane (E).
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Figure 2 Measurement of right and left subcarinal angle (a). right and left interbronchial angle (b). and external (1) and internal
(2) angle between right upper lobe bronchus and right main bronchus (c) in coronal plane. Measurement of external (1) and
internal (2) angle between left main bronchus and left lower lobe bronchus in sagittal plane.

intermedius, left main bronchus, left upper lobe
bronchus and left lower lobe bronchus were mea-
Sured17’21’22.

The diameter of bronchus was identified as the
distance between its lateral and medial walls. The
length of bronchus was identified as the distance
between the beginning of bronchus and level of
its first branch. In coronal images external and in-
ternal angles between main and a lobar bronchus
were measured. External angle was identified
as the angle between external walls of bronchus
whereas internal angle was identified as the angle
between an imaginary lines passing through lu-
men of bronchus.

Because of their anatomic location, middle
lobar bronchus and right lower lobe bronchus
cannot be evaluated accurately in coronal plane.
Therefore, they were evaluated in sagittal plane

images. Diameter and length of these bronchi
and external and internal angles between these
bronchi were measured (Figure 2).

Statistical Analysis

The distribution of continuous variables was
examined for normality. Descriptive statistics
(mean and standard deviation (SD), and percent-
age) were used to summarize the data. All data
is normally distributed. Student’s #-test was used
for comparing means of two groups and one-way
analysis of variance (ANOVA) was used compar-
ing means of more groups. Significant differenc-
es were evaluated by post hoc testing (Tukey’s
honestly significant difference). Statistical signif-
icance was defined as a p-value of less than 0.05.
Statistical software (SPSS for Windows, release
11.0; SPSS, Chicago, IL, USA) was used.
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Table I. Average measures of trachea diameter according to gender and age groups.

Parameter Gender 0-18 years 19-37 years 38-56 years 57-74 years
(mean =SD) (mean =SD) (mean =SD) (mean =SD)
[mm] [mm] [mm] [mm]
Anteroposterior Female 9.4+32 129+ 1.7 13.8+19 133+24
diameter [mm] (n:15) (n:27) (n:49) (n:20)
Male 12.2+3.0 16.8 + 1.7 18.4+2.3 179 +2.1
(n:26) (n:44) (n:50) (n:22)
Transversal Female 9.9+3.0 15629 153+2.6 13.9+£22
diameter [mm] (n:15) (n:27) (n:49) (n:20)
Male 13.7+£3.9 19.2+3.2 197+£29 19.0+4.1
(n:26) (n:44) (n:50) (n:22)
Results Average tracheal cross-sectional areas in adult

All MDCT images were performed in The De-
partment of Radiology at The Selcuk University
Hospital between January 2011 and December
2011. These images were reviewed retrospectively.

Tracheal Findings

Average anteroposterior and transverse diam-
eter of the trachea in patients were measured as
15.8 £ 2.9 mm and 17.5 + 3.7 mm respectively
from slices obtained 1 cm above the carina. Av-
erage values of tracheal diameters according to
gender and age groups were shown in Table 1.

According to a proportional formula obtained
from anteroposterior and transverse diameter of
the trachea of 253 patients in this work, four
types of trachea were identified. These are circu-
lar (68%, n: 170), oval (13%, n: 34), rectangular
(11%, n: 29) and horseshoe shape (8%, n: 20) in
adult patients; and circular (73%, n: 30), oval
(15%, n: 6), rectangular (5%, n: 2) and horseshoe
shape (7%, n: 3) in child patients. Types of tra-
chea according to gender and age groups were
shown in Table II.

Table Il. Trachea types according to gender and age groups.

patients were calculated as 160.7 = 41.3 mm? in
females and 275.7 = 57.3 mm? in males. Average
values of tracheal cross-sectional area according
to gender and age groups were shown in Table I11.

Bronchial Findings

Average right and left SCA were calculated as
34.5° £ 8.1° and 38.1° + 8.9° respectively. Average
right and left IBA were calculated as 32.4° + 7.7°
degree and 35.2° = 8.1° respectively. Average right
and left SCA were greater in females than in
males, although not significant, in each age group
except 0-18 years old age group (Table 1V).

Average external and internal angle between
right main bronchus and right upper lobe bronchus
were calculated as 121.5° £ 12.5° and 118.3° + 12.8°
respectively. Average external and internal angle
between right upper lobe bronchus and intermediate
bronchus were calculated as 86.8° + 16.3° and 81.0°
+ 12.6° respectively. Average external and internal
angle between middle lobar bronchus and right
lower lobe bronchus were calculated as 47.1° + 13.9°
and 45.1° + 13.5° respectively. Angles of right main
bronchus were greater in females (p < 0. 05).

Parameter  Gender 0-18 years 19-37 years 38-56 years 57-74 years P
(Female n:15, (Female n:27, (Female n:49, (Female n:20
Male n:26) Male n:44) Male n:50) Male n:22)
Round Female 73% (n:11) 56% (n:15) 70% (n:34) 65% (n:13)
Male 73% (n:19) 70% (n:31) 72% (n:36) 50% (n:11)
Oval Female 20% (n:3) 5% (n:7) 18% (n:9) 5% (n:1)
Male 11% (n:3) 12% (n:5) 8% (n:4) 9% (n:2)
Square Female 0% (n:0) 18 % (n:5) 10% (n:5) 15% (n:3) p=<005
Male 8% (n:2) 16% (n:7) 8% (n:4) 14% (n:3)
Horseshoe Female 7% (n:1) 0% (n:0) 2% (n:1) 15% (n:3)
Male 8% (n:2) 2% (n:1) 12% (n:6) 27% (n:6)
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Table Ill. Average measures of trachea cross-sectional area according to gender and age groups.

Parameter Gender 0-18 years 19-37 years 38-56 years 57-74 years P
(mean =SD) (mean =SD) (mean =SD) (mean =SD)
[mm?] [mm?] [mm?] [mm?]
Tracheal Female 78.4+443 157.1+39.5 169.1 £42.1 145.2 +£38.2
Croos- (n: 15) (n: 27) (n: 49) (n: 20) » <001
sectional Male 138.5+63.8 2619 £54.8 282.4 +£66.5 275.2 £ 61.1
area [mm?] (n: 26) (n: 44) (n: 50) (n: 22)

Average diameter and length of right main
bronchus in adult patients were calculated as
13.4 + 2.0 mm and 24.7 = 4.8 mm respectively.
Average diameter and length of right upper lobe
bronchus in adult patients were calculated as 10.0
+ 2.2 mm and 12.5 £+ 2.8 mm respectively. Aver-
age diameter and length of intermediate bronchus
in adult patients were calculated as 12.0 £ 1.7 mm
and 24.1 £ 5.9 mm respectively. Average diam-
eter and length of middle lobar bronchus were
calculated as in adult patients 5.4 + 1.2 mm and
9.5 £ 3.2 mm respectively. Average diameter and
length of right lower lobe bronchus were calculat-
ed as in adult patients 6.4 + 1.6 mm and 11.3 + 4.3
mm respectively. Average external and internal
angle between left main bronchus and left upper
lobe bronchus were calculated as 142.2° + 11.2°
and 140.6° = 11.4° respectively. Average external
and internal angle between left upper lobe bron-
chus and left lower lobe bronchus were calculated
as 58.7° £ 16.7° and 56.2° = 15.4° respectively.

Average diameter and length of left main bron-
chus in adult patients were calculated as 11.0 £ 1.9
mm and 51.7 £ 7.8 mm respectively. Its average
diameter is greater in 38-56 years old age group
whereas its average length is greater in 19-37 years

old age group. Average diameter and length of left
upper lobe bronchus in adult patients were calculat-
ed as 8.6 = 1.7 mm and 12.3 + 3.6 mm respectively.
Average diameter and length of left lower lobe
bronchus in adult patients were calculated as 7.7 +
1.8 mm and 18.7 £+ 6.8 mm respectively.

Discussion

Most of the morphometric studies associated
with bronchial tree have been done by only the
posteroanterior chest radiography. There are sev-
eral studies measuring diameter, length and an-
gles of the trachea and main bronchi in different
levels and planes by computed tomography'™*'.
And there is only one morphometric study evalu-
ating bronchial tree by MDCT'.

Oliver et al'® had measured transverse and an-
teroposterior diameters of the trachea from thoracic
CT images of 101 male and 105 female patients to
evaluate the relation between measured diameters
of trachea and weight and height of patients for
choosing the appropriate size of DLT. They mea-
sured the diameters at the midclavicular level in the
axial plane. They found transverse and anteropos-

Table IV. Average measures of subcarinal angle according to gender and age groups.

Parameter Gender 0-18 years 19-37 years 38-56 years 57-74 years
(mean =SD) (mean =SD) (mean =SD) (mean =SD)
(Female n:15, (Female n:27, (Female n:49, (Female n:20
Male n:26)° Male n:44)° Male n:50)° Male n:22)°
Female 31.948.5 32.647.1 36.8+£7.4 39.0£7.3
SAl Male 353477 32.349.1° 34.148.1 33.848.0
Female 37.7+6.5 37.3£9.3 40.9+7.4 43.4+48.8
SA2 Male 37.248.8 35.0£9.0 38.149.3 34792
Female 29.6+8.0 31.246.8 34.6+6.8 35.9+7.4
IBA1 Male 33.146.0 30.048.1 32.748.6 31.047.6
Female 34.546.5 33.848.8 38.147.1 39.548.1
1BA2 Male 35.246.7 32.248.0° 35.5+8.4 31.848.7

SA1: Right subcarinal angle; SA2: Left subcarinal angle; IBA1: Right interbronchial angle; IBA2: Left interbronchial angle; SD:

Standart Deviation; °: Angle.
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terior diameter of thetrachea as 17.1 + 3.6 mm and
19.7 + 3.7 mm respectively in males; and 15.7 = 2.1
mm and 16.0 + 2.2 mm respectively in females. In
that study anteroposterior diameter of trachea was
greater than the transverse diameter although this
difference was significant only in males. Whereas
in our study the transverse diameter of the trachea
was greater than the anteroposterior diameter, al-
though not significant. This discrepancy can be due
to level of measurements since in our study mea-
surements were made at 10 mm above the carina in
axial plane; or due to patients population. Oliver et
al'® could not propose a proportion between the di-
ameter measurements and height and weight of pa-
tients for choosing appropriate size of DLT. Beside,
the relation between anteroposterior and transverse
diameter can be important for choosing appropriate
size of DLT. Considering findings of our and Oliver
et al'é, it is necessary to make further researches in
larger populations.

It was reported that intrathoracic trachea is usu-
ally circular or oval, and sometimes is rectangular or
horseshoe shape; and its shape can change accord-
ing to its level”?°. Gamsu and Webb" had reported
from thoracic CT images that trachea has different
shape in 22 out of 50 patients. 12 patients (24%)
have horseshoe shape trachea, 6 patients (12%) have
inverted pear shaped trachea and 2 (4%) patients
have rectangular trachea. These findings agree with
our findings. In our study, trachea types were deter-
mined according to ratio of its anteroposterior di-
ameter to its transverse diameter. Although there is
no other investigation performing proportional type
determination of the trachea in literature, it seems
that proportional type determination is convenient
method according to our findings and the findings
of Gamsu and Webb".

Vock et al** had measured tracheal slice area
at the level of intrathoracic inlet, middle of tra-
chea and subcarina from CT images of 25 male
and 25 female patients. They reported average
tracheal slice area as 272 mm? in male and 194
mm? in female. For male patients these findings
are agree with ours, but for female patients it
seems that there is important difference between
the two researches. In our study, measurements
were made only at 10 mm above the carina. It
seems that measurement at only one level is not
confident.

Previously'>!”, SCA and IBA were measured
as single i.e. they were not divided as left and
right. We divided SCA and IBA at an imaginary
vertical line passing through middle of carina to
right and left SCA and IBA to supply more data
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for safer entry to bronchi during bronchoscopy.
Karabulut®' reported average SCA as 70+ 16 in
males and 77"+ 14" in females; Kamel et al'® re-
ported average SCA as 76+ 20" in males and 81'+
20" in females. Taken right and left SCA together,
our findings (SCA is approximately 72" in males
and 76 " in females) are in agreement with the
findings of Karabulut* and Kamel et al'®. Also,
in these reports and our study, SCA is greater
in females than in males. Karabulut* reported
average IBA as 75+ 13" in males and 81'+ 12" in
females. Taken right and left IBA together our
IBA values (approximately 66" in males and 70" in
females) are somewhat lower than that of Karab-
ulut et al*’. However in both study IBA is greater
in females than in males. Considering all of these
findings MDCT seems to be confident technique
for measuring SCA and IBA.

Conclusions

In this present study, diameter, length and
angle values of bronchial tree according to age
and gender were obtained. These values can be
helpful during bronchoscopy and tube and stent
application procedures. Also considering findings
of our and other researches, MDCT seems to be a
convenient technique for morphologic evaluation
of the bronchial tree.
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