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Background: Keeping in view the great variations in different dimensions of the human trachea and
its remarkable clinical importance, the present work was undertaken. It included the study of
dimensions of adult trachea of both sexes in West Bengal population. In addition, an effort was
made to establish their relationship with selected external measurements. Methods: This was a
cross-sectional, observational study on 60 cadavers. Relatively disease-free fresh adult cadavers
were selected from West Bengal population. Study variables were tracheal length, internal
transverse diameter and internal anteroposterior diameter. Selected external measurements were
height and sternal length. Results: In males, the highest correlation was observed between tracheal
length and height (r = 0.800), and tracheal length and sternal length (r = 0.799). In females, the
highest correlation coefficient was found between tracheal length and height (r = 0.809).
Conclusion: Different formulae were obtained by linear regression with all measurements being in
centimeters. Therefore, it is possible to predict the tracheal dimensions from simple external
measurements.
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Introduction
The trachea is an unpaired hollow tube which lies
approximately in the sagittal plane. It descends as a
continuation of the larynx from the level of the sixth
cervical vertebra to the upper border of the fifth
thoracic vertebra, where it divides into right and left
principal bronchi [1]. Accurate anatomical
knowledge regarding the dimensions of the trachea
has immense importance in anesthesiology,
reconstructive surgery and other clinical fields.

There is a wide variation in different dimensions and
shapes of trachea described in different textbooks
and journals.The book, “Gray’s Anatomy” by
Standring states that adult trachea is 10-11 cm
long. Its external transverse diameter is typically 2
cm in adult males, and 1.5 cm in adult females. The
lumen in live adults has an average transverse
diameter of 12 mm, although this increases after
death because smooth muscle making up its
posterior aspect relaxes. The transverse shape of
the lumen is variable, especially in later decades of
life, and may be round, lunate or flattened [1].
According to the book, “Principles of Surgery” by
Schwartz the adult trachea has an average length of
11 cm (range 10 to 13 cm) segmented by 18-22
semicircular cartilage rings and has elliptical internal
dimension averaging 2.3 cm in transverse diameter
and 1.8 cm in anteroposterior diameter [2].

Kiriluk and Merendino studied the length and
diameters of the trachea and principal bronchi in
136 cadavers of both sexes. The data reported did
not represent a detailed analysis of the
measurements taken [3]. Griscom and Wohl
measured dimensions of the growing trachea in
relation to height of the individual, length,
anteroposterior and transverse diameters, cross
sectional area, and volume of the trachea in
subjects younger than 20 years of age using
computed tomography [4]. Cadaveric dissection
studies on trachea were replaced by CT based
studies because of easy accessibly to study subjects
of different age groups. However, Randestad et al
reported that the cadaveric studies should have less
measurement errors [5]. Anthropometric variables
are individual characteristics and their range of
normality differs between races and even ethnic
groups in the same race [6].

Population based study on the anthropometric
variables like the dimensions of trachea and other
large airways have not received adequate attention
in the past decades.

There is a wide variation in different dimensions of
the major components of human tracheobronchial
tree in a same age group as well as in different age
groups in both sexes.

Different anatomical landmarks were used in various
studied for prediction of airway length with variable
success. By linear regression, Cherng et al. obtained
a formula to estimate the optimal endotracheal tube
length in intubated patients [7].

Techanivate et al. found moderate correlation
between height of a person and canine to carinal
length [8]. Evron et al. used some topographic
methods for detection of airway length [9].

Mukherjee et al. conducted a study for bedside
prediction of airway length by measuring upper
incisor-manubriosternal joint length [10].

Keeping the above factors in limelight, the present
population-based study (cross-sectional,
observational study) was conducted to measure the
tracheal dimensions from adult cadavers.

In addition, an effort was made to establish their
relationship with selected external measurements.
Different formulae were obtained by linear
regression to predict the airway length and
diameters.

Aims and Objectives
To study the morphometric variations of adult
human trachea (tracheal length, internal transverse
diameter, internal anteroposterior diameter) in West
Bengal population and to evaluate relationship
between the tracheal measurements and selected
external measurements (height and sternal length)

Materials and Methods
Study setting: The present study was conducted
on 60 cadavers in Kolkata Police Morgue and
Department of Anatomy, Medical College, Kolkata
over a span of one year after acceptance of the
research proposal by Institutional Ethics Committee.

Type of study: It was a cross-sectional,
observational study.

Sampling methods: A total number of 60 cadavers
(30 adult males and 30 adult females) aged
between 20 and 65 years were selected by random
sampling. An official document to substantiate their
birth in West Bengal was sought.
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Attempts were made to collect the specimens from
relatively fresh and disease free cadavers.

Inclusion criteria: (a) Both sexes with age
between 20 and 65 years (b) disease free fresh
cadavers

Exclusion criteria: (a) Age of cadavers less than
20 years and more than 65 years (b) cadavers
passed more than 24 hours of death (c) mutilated
cadavers (d) unidentified cadavers and (e) tracheal
abnormalities and thoracic abnormalities including
deformities of sternum.

Measurements and dissections: Data were
collected on gender and age. Selected external
measurements were recorded in centimeters with
the help of standard measuring tape. Autopsy
specimens of trachea with right and left principal
bronchi, and part of the larynx were collected.
Selected tracheal dimensions were measured in
centimeters with the help of standard measuring
scale and slide-caliper.

The cadaver was kept on the dissection table lying
supine, keeping the head erect and looking straight
ahead. Height was measured from the vertex to the
heel. Sternal length was taken from the
suprasternal notch to the lower end of xiphoid
process.

Dimensions of trachea were measured after proper
dissection of the autopsy specimen. Tracheal length
was measured from the lower border of the cricoid
cartilage to the lower border of the carina. A
segment of trachea, about 1 cm thick, was cut at
the junction between the upper third and middle
third of the tracheal length.

Shape of the dissected segment was noted and
internal transverse diameter (in midcoronal plane)
and internal anteroposterior diameter (in midsagittal
plane) were measured.

All the measurements obtained from the study were
tabulated by using appropriate charts. Finally,
relationship between standardized measurements of
trachea and selected external measurements were
statistically evaluated.

Results
A total number of sixty specimens of trachea were
collected from thirty adult male and thirty adult
female cadavers. Selected external dimensions like
height and sternal length (SL) of each cadaver were
measured.

Data on tracheal length (TL), internal transverse
diameter (TD) and internal anteroposterior diameter
(APD) were collected from each specimen of
trachea.

Statistical analysis of the data has been performed
using MINITABTM Statistical Software (version:
13.31, Minitab Inc. PA, USA). The t-test has been
used to test whether correlation between an
external measurement and a tracheal measurement
is significant or not. Linear regression lines are
drawn to indicate the linear relationship between
two correlated variables. A p-value of less than 0.05
is considered to indicate statistical significance.

Tables 1 and 2 give the range, mean and standard
deviation of the selected external measurements in
male and female subjects, while Tables 3 and 4 give
the tracheal measurements taken on the specimens
of trachea.

Table-1: External measurements in males.
Males Range Mean + SD

Height (cm) 145-182 164.43 + 11.23

SL (cm) 16-22 19.17 + 1.58

Table-2: External measurements in females.
Females Range Mean + SD

Height (cm) 138-174 149.73 + 9.02

SL (cm) 16-19 17.23 + 1.22

Table-3: Tracheal measurements in males.
Males Range Mean + SD

TL (cm) 9.7-11.2 10.42 + 0.495

TD (cm) 1.1-1.5 1.29 + 0.124

APD (cm) 1.2-1.8 1.55 + 0.183

Table-4: Tracheal measurements in females.
Females Range Mean + SD

TL (cm) 9.4-10.4 9.81 + 0.233

TD (cm) 1.1-1.5 1.20 + 0.103

APD (cm) 1.1-1.7 1.37 + 0.132

Tables 5 to 7 present the correlation coefficients
between external measurements and tracheal
measurements along with the corresponding p-
values.

Table-5: External measurements and TL.
All subjects Correlation coefficients p-values

Height (cm) 0.861 <0.001

SL (cm) 0.820 <0.001

Table-6: External measurements and TD.
All subjects Correlation coefficients p-values

Height (cm) 0.290 0.024
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SL (cm) 0.299 0.020

Table-7: External measurements and APD.
All subjects Correlation coefficients p-values

Height (cm) 0.508 <0.001

SL (cm) 0.480 <0.001

In males, the highest correlation was observed
between tracheal length and height (r = 0.800), and
tracheal length and sternal length (r = 0.799). In
females, the highest correlation coefficient was
observed between tracheal length and height (r =
0.809). When all the subjects were taken together,
tracheal length, internal transverse diameter and
internal anteroposterior diameter showed significant
correlation with height, and sternal length. Following
figures show the linear regression lines of tracheal
measurements on general characteristics with which
there is significant correlation.

Figure-1 (TL = 4.822+0.034´Height)

Figure-2 (TL=5.821+0.236´SL)

Figure-3 (TD=0.803+0.003´Height)

Figure-4 (TD=0.803+0.003´SL)

Figure-5 (APD=0.294+0.007´Height)

Figure-6 (APD=1.107+0.041´SL)

Discussion
In the present study, the average tracheal length
was 10.42 + 0.495 cm (range: 9.7-11.2 cm) in
males and 9.81 + 0.233 cm (range: 9.4-10.4 cm) in
females. The values showed similarity with the
studies conducted by Chunder et al [11] and Pak et
al. [12] but the values were higher than those
described by Begam et al. [13] and Munguia-
Canales et al [14].

The range of variations in the internal diameters of
trachea is greater than that described in different
anatomy texts. The racial factors may be
responsible for such variations [15].
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Shape of the trachea and principal bronchi are not
uniform in a single specimen from above downwards
[16]. In the present study, the average internal
transverse diameter in males was 1.29 + 0.124 cm.
and the range was 1.1-1.5 cm. In females, the
average internal transverse diameter was 1.20 +
0.103 cm. and the range was 1.1-1.5 cm. Breatnach
et al. (1984) described that the coronal diameters
were 13-25 mm in men and 10-21 mm in women
[17].

According to the study conducted by Chunder et al.
the average internal transverse diameters of the
upper trachea were 1.24 cm and 1.22 cm and that
of the lower trachea were 1.2 cm and 1.1 cm in
adult males and females respectively [11].

Zahedi-Nezad et al. (2011) reported that the mean
coronal diameters of trachea in the upper part were
1.8 + 0.24 cm for men and 1.48 + 0.20 cm for
women, and the mean coronal diameters of trachea
in the lower part were 1.8 + 0.23 cm for men and
1.51 + 0.18 cm for women [18].

Prasanna Kumar and Ravikumar (2014) found that
the mean coronal diameter of trachea in adult
Indian male ranged from 13.18 mm to 17.68 mm
and the mean coronal diameter of adult Indian
female ranged from 8.7 mm to 15.34 mm [19].
According to Munguia-Canales et al. (2011) the
average internal transverse tracheal diameters in
the upper third of trachea were 1.9 + 0.2 cm in
male and 1.7 + 0.3 cm in female [14].

In this study, the average internal anteroposterior
diameter at the level of the junction between the
upper third and middle third of the tracheal length
in males was 1.55 + 0.183 cm and the range was
1.2-1.8 cm. In females, the average internal
anteroposterior diameter was 1.37 + 0.132 cm and
the range was 1.1-1.7 cm.

Breatnach et al. found that the sagittal diameters
were 13-27 mm in men and 10-23 mm in women
[17]. According to Zahedi-Nezad et al. (2011) the
mean sagittal diameters of trachea in the upper part
were 2.06 + 0.27 cm for men and 1.49 + 0.24 cm
for women, and the mean sagittal diameters of
trachea in the lower part were 1.86 + 0.27 cm for
men and 1.46 + 0.23 cm for women [18].

Munguia-Canales et al. (2011) found in their study
that the average internal anteroposterior tracheal
diameters in the upper third of trachea were 1.8 +
0.3 cm in male and 1.6 + 0.3 cm in female [14].

Different anatomical landmarks were used in various
studied for prediction of airway length with variable
success. Cherng et al. obtained a formula to
estimate the optimal endotracheal tube length in
orotracheally intubated patients: the length from 5
cm above carina to right mouth angle (cm) = [body
height (cm)/5] - 13. The proposed formula can
provide a useful guide to estimate the optimal
endotracheal tube tip position [7].

Techanivate et al. suggested formulae for
determining required length of the endotracheal
tube [8]. According to the formulae, length of oral
endotracheal tube (cm) = height (cm)/10+4 and
length of nasal endotracheal tube (cm)=height
(cm)/10+9.

In the present study, following formulae were
obtained by linear regression with all measurements
being in centimeters. Tracheal length= 4.822+
0.034´ Height. Tracheal length=5.821+0.236
´Sternal length. Internal transverse
diameter=0.803+0.003´Height.

Internal transverse diameter=0.803+0.003 Sternal
length. Internal anteroposterior diameter=0.294
+0.007´Height. Internal anteroposterior diameter=
1.107+0.041´Sternal length. Therefore, it is
possible to predict the airway length by making
simple external measurements.

Conclusion
Knowledge regarding the anatomy of trachea is
essential for airway management, tracheobronchial
resection and reconstruction procedures and for
understanding the pathophysiology of different
airway disorders. There is a wide variation in
different dimensions of human trachea in same age
group as well as in different age groups in both
sexes.

What this study adds to
existing knowledge
Keeping in view the great variations in tracheal
dimensions, the present work was undertaken. It
included the study of different dimensions of
trachea in adults of both sexes from West Bengal
population. In addition, an effort was made to
establish their relationship with two selected
external measurements. By linear regression,
different formulae were obtained to estimate the
tracheal length and diameters from height and
sterna length.
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