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MORPHOMETRIC STUDY OF THE TRACHEA IN HUMAN FETUSES
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ABSTRACT

Background: The advancement of perinatal health care combined with the advancement of visual techniques that
have been implemented allows surgeons and anesthesiologists to perform airway management and detect,
monitor and surgically treat life-threatening tracheobronchial tree abnormalities. In this context it is very
important to know the anatomy of the trachea in fetuses.

Results: The total length of trachea had significant progressive growth with the gestational age, highlighted
differences the 20-24 week age group, 29-32 week age group and 33-38 week age group. Similar occurrence was
found in these same groups with respect to pre-bifurcation length. Regarding to proximal transverse external
diameter and distal transverse external diameter it was observed significant differences between age groups
from 20 to 24 weeks, 25 to 28 weeks and 33 to 38 weeks. As the influence of gestational age and sex or both of the
measures studied tracheal significant differences occurred only in relation to gestational age. This did not occur
with respect to BL and number of cartilage rings.

Conclusions: It is possible that the current findings are a contribution in the child’s anatomy course and lead the
clinical and surgical interest of that act, especially in intensive care units of newly born, as well as in surgery of
children’s airways.
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-tely 4 cm and increases by about 50% until
puberty and triples in adulthood. The average
diameter increases from about 6 mm at birth to
up to 20 mm in adulthood [1,2]. The anterolat-
eral part consists of incomplete cartilaginous
rings and the posterior one by a flat muscular
wall. It descends from the larynx at the level of
the sixth cervical vertebra to the upper edge of
the fifth thoracic vertebra, where it divides into
the right and left main (pulmonary) bronchi. The

INTRODUCTION

The trachea, considered as the continuation of
the larynx, is an elastic tube formed by horse-
shoe-shaped cartilage and subsequently by a
membrane fibromuscular internally lined with
mucosa, located between the lower border of
the cricoid cartilage to the bifurcation of the
bronchi. It is lined with a mucous tunic formed
by ciliated pseudostratified cylindrical epithe-

lium and longitudinal elastic fibers, as well as a
submucosal layer with glands [1,2].

In adults, its length varies from 9 to 15 cm and
its diameter from 1.5 to 2.0 cm. The trachea is
divided into two portions, one cervical and one
thoracic. In the newborn, its length is approxima-
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bifurcation level may change depending on age:
at birth, it is at T3 or T4 level; at 4 years of age,
at T5; and from 12 years of age to adulthood,
between T5 and T6. This anatomical detail is
very important when performing external
evaluation of the carina during an intubation,
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as proper endotracheal tube position is essen-
tial for optimal ventilation [1,2].

The first rudiments of the 16 to 20 cartilages
appear as a crescent shape around the eighth
week of pregnancy (28 to 30 mm embryo), in
the thickness of the condensed mesenchyme
surrounding the trachea. The number of tracheal
rings will be the same until the end of the
individual’s life, being arranged regularly, with
the function of keeping the airflow passage open
[2,3]. This period coincides with the considered
fetal period, which lasts from the ninth week
until birth and is characterized by maturation of
tissues and organs, and rapid body growth [4].

The dimensions and shape of the trachea can
be modified due to several variables: intralumi-
nal pressure, respiratory phase and position
(erect, supine, prone, flexion, extension or
rotation). Changes are also seen with age. For
example, after puberty there is an increase in
tracheal length, mainly as a result of an increase
in annular ligament width [2].

Quantitative data on anatomical aspects
during tracheal growth in human fetuses have
remained a recurring theme in the literature. In
general, our knowledge of the functional and
structural features of the entire tracheobronchial
treeis limited, largely because of problems that
restrict the study of the respiratory system
during life. The maximum available data on
tracheal size and shape were obtained from
cadavers, either by direct tracheal mold
measurement or by dilators [5,6].

The advancement of perinatal health care
combined with the advancement of visual
techniques that have been implemented allows
surgeons and anesthesiologists to perform
airway management and detect, monitor and
surgically treat life-threatening tracheobronchial
tree abnormalities. The systematic use of
placental oxygenation in ex-utero intrapartum
treatment (EXIT) has resulted in the survival of
many healthy children [6-10].

In general, attempted fetal intubation or airway
interventions are performed from the gesta-
tional age of 24 weeks [4,11].

Information about the anatomical knowledge of
the trachea, especially its dimensions, is
considered important for any specialty that works
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in the airways, especially physiotherapists,
otolaryngologists, speech therapists, anesthe-
tists and emergentists, among others. Anatomi-
cal knowledge of the airways is essential to the
success of tracheal intubation, a common
procedure in emergency units, intensive care
and operating rooms. Access to the airways
without prior anatomical knowledge can have
serious consequences. Anatomical study of the
airways may also be useful in research on
pulmonary physiology, in anthropometry and in
various tracheobronchial tree procedures
[12,13].

Currently, the choice of an appropriately sized
endotracheal tube (ETT) for use in premature
newborns has been limited, as this choice
always seems to be based on clinical reports
and industry recommendations. From the
clinical point of view, knowledge of the anatomy
of the larynx as well as the trachea becomes
useful. This will allow healthcare professionals
to select the most appropriate size of endotra-
cheal tube, which will consequently entail the
airway safety of the premature infants who may
need intrauterine airway interventions [12,14].

The literature reports some types of lesions
related to the wrong choice of endotracheal tube
size. These studies demonstrated that the
lesion can occur on two levels: at the posterior
part of the gothic plan, with risk of vocal
process necrosis or cricoarytenoid ankylosis, and
at the subglottic level, with risk of cricoid
necrosis and subglottic stenosis. Regarding the
etiology, two types of lesions were described:
mucosal and ischemic lesions. Multiple causes
seem to be in the genesis of these lesions, but
most authors agree that the main determining
factor is excessive tube size [15]. Also, poor
placement of the endotracheal tube within the
airway can lead to serious complications such
as endobronchial intubation, vocal cord
paralysis, and accidental extubation [16-18].
The incidence of tracheal post-intubation
stenosis was decreased with recognition of its
etiology; however, it remains the most common
indication for tracheal surgery [16,19,20].

Treatment of pediatric laryngotracheal stenosis
is difficult. Congenital cases are rare and have
a better prognosis than acquired ones. As
with many disorders, the best treatment for
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pediatric laryngotracheal stenosis is prevention,
and a thorough knowledge of tracheal anatomi-
cal dimensions is essential in this process [20].

Tracheal length has been studied with the help
of different methods, with invasive and
noninvasive techniques: chest radiography, com-
puted tomography, magnetic resonance imag-
ing, flexible bronchoscopy or cadaver dissection.
Some of these studies have suggested that tra-
cheal length may be related to patient’s body
height, sternum length and thyro-sternal length
[14,21,22].

This study aimed to analyze morphometric
variables of the trachea in human fetuses and
correlate them with fetal sex and age, in order
to observe the growth of the trachea with
respect to these variables.

MATERIALS AND METHODS

The study consisted of a descriptive anatomical
design. Fifty-one human fetuses aged 20 to 38
weeks from both sexs, and kept fixed in 10%
formaldehyde solution were used. The fetuses,
obtained in accordance with the Brazilian Law
No. 8501 of 1992, which deals with the use of
unclaimed corpses for use in studies and
research, belong to the Anatomy Laboratory of
Tiradentes University. The research
was approved by the Tiradentes University
Ethics Committee

(process No. 67749317.2.0000.5371).

The fetuses were separated into four groups (G)
according to gestational age, which was
obtained from the measurement of the crown-
rump length (CRL), with subsequent comparison
with the fetal growth table [4] (Table 1).

Table 1: Selection of fetuses groups.

Fetuses groups by age Aisse _ PIHRes CRL
fetuses  Female Male
20 - 24 weeks (G1) 10 6 4 15-23cm
25 - 28 weeks (G2) 23 11 12 24-27cm
29 - 32 weeks (G3) 10 4 28-30cm
33 - 38 weeks (G4) 8 2 31-36cm
Total 51 23 28

With the dissected tracheas, the following
measurements were performed usinga 0.01mm
precision digital caliper: total tracheal length
(TL); pre-bifurcation length (PBL); bifurcation
length (BL); proximal transverse external
diameter (PTED); and distal transverse external
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diameter (DETED). The number of tracheal
cartilage rings (NCR) was also counted by
naked eye. These variables except the number
of cartilaginous rings (NCR) were twice
measured by two different researchers and
values used in this study correspond to the
average of the found values.

Figure 1 shows the morphometric reference
points: TL corresponding to the sum of BL plus
PBL; and PTED and DTED measured respectively
the first and last trachea cartilage to its
pre-split into right and left bronchi. The BL
corresponded to the distance from the upper
margin of the first cartilage that forms the
carina to the lower bifurcation angle; PBL is the
distance from the upper margin of the first
tracheal cartilage to the lower margin of the last
cartilage anterior to the carina.

r— -

OTED

Fig. 1: Schematic representation of distances of tracheal
morphometric variables. TL- Total length of the trachea;
PTED - Proximal transverse external diameter; DTED -
Distal transverse external diameter.

Mean values and standard deviations were
calculated for all age groups and sex. The
Mann-Whitney tests were used for comparison
in two groups, Kruskal-Wallis for three or more
groups, Kruskal-Wallis-Bonferroni in multiple
comparisons and bivariate ANOVA to assess the
influence of sex, gestational age and both on
measurements. The software used was R Core
Team 2019 and the significance level adopted
was 5%.

RESULTS

Of the 51 fetus tracheas studied, 28 were of
male fetuses and 23 of female ones. The fetal
CRL ranged from 15 to 36 cm and were
classified into groups, with the following quan-
tities (n): G1 n=10; G2 n=23; G3 n =10; and
G4 n=8.
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Gender
Total Female Male

Mean SD Mean SD Mean SD p-value

?:ngorl:ﬂs?%i:s;c::];?‘f TL 338 772 3393 816 3378 7.48  0.902
data from human fetuses in  PBL 2632 503 2649 493 2618 52  0.603

relation to gender. BL 5.42 1.71 5.32 1.44 5.5 1.92 0.82
PTED 5.65 0.83 5.56 0.8 5.72 0.87 0.399

DTED 5.61 1.1 5.49 1.18 5.7 1.05 0.368

NCR 16.28 2.26 15.88 2.32 16.57 2.23 0.608

Table 2 shows the morphometric data related to TL, PBL, BL, PTED, DTED and NCR regarding
gender. It can be observed that no statistically significant differences were found.
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Fig. 2: Boxplot for gestational age and tracheal measurements.

Caption: SD - Standard Deviation; Mann-Whitney
test; TLT - Total length of the trachea; PBL -
Pre-bifurcation length; BL - Bifurcation Length;
PTED - Proximal transverse external diameter;
DTED - Distal transverse external diameter;
NCR - Number of cartilage rings.

The TL had progressive growth with the gesta-
tional age (GA) (p <0.001), where significant
differences can be observed in the 20-24 week
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age group, 29-32 week age group (p = 0.002)
and 33-38 week age group (p = 0.003), Figure
2a.

Similarly, in BL, significant differences in growth
were also observed in the 20-24 week age group,
25-28 week age group, and 29-32 week age
group (p=0.002 and p =0.007) and 33-38 week
age group (p = 0.003 and p <0.001), Figure 2b.
Regarding DTED (Figure 2c) and PTED (Fig. 2d)
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it was observed significant differences
regarding the age groups from 20 to 24 weeks
with the other age groups and 25 to 28 weeks
with 33 to 38 weeks (p <0.05). Significant
differences regarding BL and NCR were not
observed. Figures 2e and 2f, respectively.

In order to investigate the influence of dyad, GA
and gender or both on tracheal measurements,
a bivariate ANOVA was used. Thus, it was
observed significant differences only for GA in
TLT, PBL, PTED and DTED measurements,
finding no evidence for gender or both. BL
measurements and NCR showed no evidence of
difference with GA, gender, or both (Table 3).

Table 3: GA and gender correlation in morphometric
measures.

GA Gender GA * Gender
F (p-value) F (p-value) F (p-value)

TL  4.659 (0.007) 0.413 (0.524) 0.101 (0.959)
PBL  18.75(<.001) 1.929 (0.172) 0.549 (0.652)
BL  2.500 (0.072) 0.021 (0.884) 0.298 (0.827)
PTED  11.02 (<.001) 0.017 (0.898) 2.585 (0.065)
DTED 17.60 (<.001) 0.998 (0.323) 0.485 (0.694)
NCR  2.089 (0.121) 1.192 (0.283) 0.460 (0.712)

Caption: F - Statistics F; ANOVA,; SD - Standard Deviation;
Mann-Whitney test; TL - Total length of the trachea; PBL
- Pre-bifurcation length; BL - Bifurcation Length; PTED -
Proximal transverse external diameter; DTED - Distal
transverse external diameter; NCR - Number of cartilage
rings.

DISCUSSION

There are several techniques used in the litera-
ture to study the trachea: the traditional method
of dissection, barometry, computed tomography
radiographic study, with or without contrast,
among others. In addition, there are also
applications and programs that facilitate the
study that may give more precision to the data
obtained.

The present study on the tracheal anatomy was
performed by dissecting fetuses fixed in form-
aldehyde solution. Fayoux et al (2006) [15]
worked with new fetal larynges to ensure that
airway dimensions were close to those of living
patients. However, Daroszewski et al (2013) [8]
reported that only 0.5-1.0% retraction occurred
in fetal tracheas that were immersed in 10%
neutral buffered formalin solution for 1 to 2
years. In turn, Szpinda et al (2012) [11] consid-
ered that the possible artifacts resulting from
formalin fixation would probably be expressed
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in younger fetuses, because immature tracheas
are mainly formed by loose connective tissue.
The findings of this study, although they were
obtained by dissecting fetal larynx fixed in
formalin, and appear safe similar to experimen-
tal and anatomical findings of Fayoux et al
(2006) [15] when they concluded that choosing
the ideal endotracheal tube size in newborns
would limit the risk of injury.

Regarding sex, it was not found significant
difference between any of the studied
parameters. This finding is reported from
several authors [3,5,11,12,16,23,24,25].

Harjeet et al (2008) [12] with the aid of a
caliper carried tracheae dissected measures,
which were radiographed after being injected
with the solution of barium sulfate. The fetuses
according to the crown-rump length (CRL) were
separated into the groups that had the follow-
ing measures: CRL 1 = 61-130 mm, CRL
2=131-200 mmand CRL3 =201-270 mm. The
length of the trachea in CRL 1 ranged from 12.72
+2.50, CRL 2 = 17.48 + 2.89 and CRL3 = 24.17
1 2.30; The external circumference of the upper
extremity ranged from9.94+2.17in CRL1,13.65
+1.42inCRL2 and 18.52 £ 1.11 in CRL 3. In its
turn, the external circumference proximal to the
carina ranged from 9.94 + 1.85 in CRL 1, 13.75
+1.89in CRL 2, and 18.53 £ 0.89 in CRL 3. The
lengths used by these authors allow only the
groups 2 and 3 of the present research could be
compared, they were found in G2 TL=34.06 +
9.28 and 35.01 £ G3 TL=4.13. In turn, the PTED
wasin G2=5.46+0.58and in G3=6.17+0.77,
while the DTED in G2 =5.4+£ 0.7 and G3 =6.41
+ 1.19, (p <0.001). The findings found in other
studies reported findings similar to those found
in this study, ie, TL, PTED and DTED grow with
AG, although the absolute values found in the
study were lower.

Pre-bifurcation and bifurcation lengths, proximal
transverse external diameters, and distal trans-
verse transverse diameters followed a linear
function, according to a study by Szpinda et al
(2011) [11]. The absolute values found by
Szpinda et al (2011) [11] are in agreement with
the data found in this study. According to Szpinda
et al (2012) [5], tracheal length values ranged
from 10.37 £ 2.15 mm for the 14-week fetus
group and from 26.54 £ 0.26 mm for the 25-week
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age group (p<0.0001). The present study was
performed with fetuses from 20 weeks of age,
and values of 27.27 + 2.22 mm were found for
the group of fetuses from 20 to 24 weeks and
34.06 + 9.2 mm for fetuses 25 to 28 weeks old.
Thus, the values of the current study seemed
close to the values described by Szpinda et al
(2012) [5] for fetuses within the same age range
and with the same level of significance.

Tracheal length in humans has been investigated
by only a few studies. Grillo (1964,1999) [24,25]
reported that adult human tracheas have an
average length of 11.8 cm (range 10 to 13 cm),
with 18 to 22 cartilage rings. For Standring (2010)
[1] the trachea would be 10 to 11 cm long and
composed of 16 to 20 tracheal cartilages.
Adamiec et al (2002) [3] stated that the number
of tracheal rings varies from 6 to 20, is constant
and would not depend on gender [3,16].

Cinar et al (2016) [16] counted the number of
tracheal rings in the median sagittal plane. The
trachea was measured between the lower
margins of the cricoid cartilage for trachea
bifurcation under two different conditions:
relaxed and maximally stretched. These authors
found that the number of cartilages ranged from
13.6 £ 1.7 for women and 13.3 + 1.6 for men.
Although this study was performed in adult
cadavers, it did not entail any implication, since
the total number of cartilages (16 to 20) is
already established before birth [2,16].

In the present study, the following NCR values
were found: G116.34+1.9; G2 15.37£2.27; G3
17.13£2.36; G4 17.83 + 1.47, with p = 0.058. It
can be observed that the NCR did not follow a
linear pattern, since G2 had values below G1.
Thus, there was no statistically significant varia-
tion with the GA.

Gender had no significance in relation to any of
the variables: total length of the trachea, the
pre-bifurcation, the length of the bifurcation, the
external transverse diameter proximal and
distal cross had a related growth as gestational
ageincreased. The number of tracheal cartilage
was not related to gestational age.

Conflicts of Interests: None
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