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Abstract

Background and Purpose: Investigations of the larynxes in thyrty in-
fants during the first year of life of both sexes, randomized trial, were per-
formed by morphological and histologic analysis. Morphometric parame-
ters of the larynx as: length (anterolateral parameter), width (transverse
parameter) and thickness (anteroposterior parameter) were determined.
These parameters determine the size and shape of the larynx. The rep-
ciprocal relation parameters which determinate size of the larynx in infants
and the body length are in high correlation. Therefore, the equation for cal-
culating the size of the larynx out of the body heght was founded. Histologic
characteristics of the laryngeal cartilage are constant. They indicate evident
changes, that are the basis for approximate determination of a child’s age.

Materials and Methods: The organs of the infants were taken from
pathoanatomical autopsies. None had changes in the respiratory system.
The major methods of the investigatio were anatomical macrodissection,
morphological and histologic analysis and statistics.

Results: The average body length in infants was 540 = 20 mm (54 *
2cm) and the average larynx length was 11.9% 0.3 mm. There was a corre-
lation between these parameters p < 0.01 (r = 0.75). The average value of
the width of the larynx in infants was 17.7 * 0.5 mm. The width of the lar-
ynx was in correlation with the body length p < 0.01 (r = 0.79). The average
value of the thickness of the larynx was 12.6 % 0.4 mm. This parameter was
correlated with the body length p < 0.01 (r = 0.82). Histological analyses
results of our investigation, cartilage of the larynx in infants, show that
hyalin structure is the result of age changes.

Conclusion: Quantitative anatomical knowledge on the larynx in the
pediatric population are necessary for the clinical orientation, particularly
for choosing a suitable endotracheal tube. Size of the larynx in prematures,
neonates and small children, constantly follows the external body dimen-
sions, particularly the body height, that is confirmed by the correlation fac-
tor in its highest value. They indicate evident changes, that are the basis for
approximate determination of a child’s age. Hyalin structure is in correla-
tion to the children’s age.

INTRODUCTION

irst investigations of the larynx were carried out by Bouchut (7).
The author used a small, iron-ring shaped device, »virole», which
was inserted between vocal cords with a probe. Data on intubation and
artificial ventilation for resuscitation of newborn children were given by
Delfraysse (2). The development of laryngeal cartilages were studied by
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Hiroschi ez al. (3). The authors paid particular attention
to the thyroid cartilage and triticea cartilage, particularly
to the position of the latter between cornua superiora of
the thyroid cartilage and cornua majora of the hyoid
bone. The ossification of laryngeal cartilages was studied
by Mupparapu and Vuppalapati (4). They concluded
that there is a general trend of increased ossification of la-
ryngeal cartilages with advancing. Modern equipment
and techniques enable the use of anaesthesia and artifi-
cial ventilation particularly in pediatric population, such
as premature babies and babies born with smaller gesta-
tional age; such cases are present in a large number
(Hackez al. and Lee ez al., 1980) (5, 6). Frequent intuba-
tions in premature babies and neonates are followed by a
high risk of laryngeal and tracheal damage, especially by
laryngeal stenosis which shows a trend of constant in-
crease (7). The main cause of laryngeal damage and
mortality of infants is inadequate application of the endo-
tracheal tube in relation to the anatomical shape of the
airway. The shape of the standard endotracheal tube in
children is not corresponding to the anatomical shape of
the airway, so it represents the most frequent cause of the
occurrence of lesions while this procedure is applied for
therapeutical and diagnostical purposes. The damages
occur on the larynx (cricoid and arytenoid cartilage) and
on the trachea. The smallest endotracheal tube available
for clinical usage has internal diameter of 1.5 mm, and its
external diameter is 2.7 mm. That represents the smallest
size of the larynx that can be intubated by this size of
tubus described by Schild (§).

Although the incidence of neonatal subglottic stenosis
markedly decreased in the 1990s, the currentincidence of
neonatal sublottic stenosis is about 2 % (9).

Significance of the bifid epiglottis was described by
Stevens and Ledbetter as a rare and heterogeneous ano-
maly (10).

Cricotracheal resection in children of two and less
than two years of age was performed by Johnson et al.
(11). Navsa et al dissected and measured the neonatal
cricothyroid membrane on 27 cadavers. They established
that cricoid membrane dimensions are too small for the
tracheal tube to pass through. That is why the larynx car-
tilage fracture may occur. Little is known about the anat-
omy of the neonatal airways, particularly about the cri-
coid membrane size (16).

The anatomy of the larynx in infants

In small infants, the larynx has special anatomical re-
lations. In newborns, larynx has smaller dimensions in
comparison to the body than it is the case in adults. At
this age larynx is characterized by a high position be-
cause it lies on the level of the 4th cervical vertebrae, and
descends in the childhood period. The axis of respiratory
system is parallel to digestive system axis, which enables
contemporary breathing and swallowing in newborns.

Significant anatomical characteristic of the larynx at
this age is soft cartilaginous structure of the skeleton and
relatively narrow larynx lumen. In small infants the lar-
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ynx is a narrow gate in the area of vocal cords. It is 7-9
mm wide, and conal subglottis in sucklings is 5.5-6 mm
wide (13). If it is narrowed to 4 mm because of edema,
breathing is almost impossible. Softness of the cartilagi-
nous skeleton additionally favors deformity of the larynx
and trachea. Infants’ laryngeal tissue is in its entirety
softer than in adults. The upper end of the larynx is
cone-shaped, the cricoid cartilage is inclined backward,
vocal cords are shorter, and epiglottis is narrower. In fact,
epiglottis hangs above the larynx. Epiglottis often has the
shape of the Greek letter omega, but later on it assumes
the normal shape of a leaf or a triangle. In a human be-
ing, the larynx has a special function as a phonatory or-
gan, not just as a respiratory tube (14).

The Physiology of the larynx in infants

Aristotel is considered a creator of phonetics. He stud-
ied anatomy of phonatory organs. He spoke on breath,
pneuma, that produces voice. Galen made a progress
performing experiments in this field. He compared the
human throat to musical instruments that have a mouth-
piece, and the human mouthpiece is the glottis. In the
middle ages, phonetics was forgotten.

In the new age, Leonardo da Vinci showed an interest
in phonetics. Currently, vocal cords are considered to vi-
brate mainly in horizontal position, which means that
they move during phonation away from the middle and
again nearer to the middle. Those excursions are 4 mm
long for each vocal cord, which means that distance be-
tween vocal cords for some tones is 8 mm. A newborn is
capable to produce sounds by the first octave, immedi-
ately after birth. It is just a reflex at the beginning, and
serves as an unconscious preparation for speech func-
tion. In the third or fourth month of life, or during the firt
half of the first year of life, a child babbles sounds, while
at the end of the first year a child pronounces one-sylla-

ble words (13, 14, 15).

The objective of this study was to investigate the anat-
omy of the larynx in infants in the first year of life, in-
cluding size and shape of the larynx, size of the cartilage
and their histologic composition, and to establish charac-
teristics that determine a child’s age.

MATERIAL AND METHODS

The investigations were performed on the larynges of
thirty infants, of both sexes, during the first year of life as
a randomized trial applying morphological and histo-
logical analyses. The organs of the infants were taken
from pathoanatomical autopsies. None had changes in
the respiratory system. Dissected organs were fixed in 4%
buffered formalin, each organ for seven to ten days.

Experimental procedures

The major methods of the investigation were: ana-
tomical dissection, microdissection, morphological and
histological analysis and statistics. Morphometric para-
meters that determine the size of the larynx were mea-
sured (30 children). These are: length (anterolateral pa-
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rameter — from the middle of the incurae thyroideae
superior to the low margin of the cricoid cartilage), width
(transversal parameter — at the level of tubercula superiora
cartilaginis thyroideae), and thickness (anteroposterior
parameter — the midst of incisurae thyroideae superior to
midst of the upper margin of the laminae cartilaginis
cricoideae).

Every single cartilage of the larynges was separated by
anatomical preparation and then measurements were
performed on the cartilage of thyroidea, cricoid cartilage,
vocal cartilages and epiglottis.

On the thyroid cartilage, ventral diameter, dorsal di-
ameter right and dorsal diameter, left (from the margin
of cornu superius to the margin of cornu inferius) were
determined On the cricoid cartilage height of arch (from
upper to lower margin), height of laminae (from upper
to lower margin), internal sagittal diameter (from the
midst of the inner side of arch to the midst of inner side of
laminae), external sagittal diameter (from the midst of
external side of arch to the midst of external side of
laminae), inner transversal diameter (middle point of
arch, right and left), and external transversal diameter
(between lateral points of laminae). On vocal cartilages,
these measurements were performed: height to the left
(between apex and basis), height to the right, basal width
to the left (between processus muscularis and processus
vocalis), and basal width to the right. Length (from front
to back position) and width (between the most distant
points of the back part) were determined on the epiglot-
tis. Laryngeal cartilages were investigated by microana-
tomical techniques.

Histologic sections of every single cartilage were made.
Sections for histological preparations were made accord-
ing to the largest diameter of cartilage. Laryngeal carti-
lages were embedded in paraffin, and sections were cut
on Reichter microtome.The sections were coloured by
the following methods: hematoxillin-eozin, van Gieson
and periodic acid according to Schiff. Histological sec-
tions were analyzed by Polyvar-Reichert microscope. All
measurement were carried out in duplicate and approxi-
mate values considered. For this purpose calliper (Ver-
nier) and nonius were used as measurement instruments.

Standard statistical methods were used such as: mean
value x, standard deviation SD, standard error SEM, sig-
nificance of results was tested by T- and F-test. The coef-
ficient of correlation was used and its statistical signifi-
cance was taken by a risk under 1% (p < 0,01). The
correlation degree was determined among the parame-
ters determining the size of the larynx and body height
and parameters of a single larynx cartilages. The coeffi-
cients of regressive line y = ax + b were calculated for the
measured values that were in correlation.

Techniques for larynx preparation

The technique for anatomical preparation of the lar-
ynx differs much from the preparational methods of the
larynx in persons whose death is determined by forensic
expertise. This particularly concerns the persons (adults,
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infanticide) whose death was caused by strangling (man-
ually or by some ligature). Anatomical preparation is
characterized by graduality, precision and diversity in
preparational methods. This means that the larynx can
be seen in total, isolated with muscles, hyoid bone and
thyroid gland; only the cartilagous skeleton of the larynx
can be shown; in total larynx can be isolated together
with the pharynx, with no moving away external muscles
of larynx. At the end, separation of cartilaginous skeleton
can be done by precise dissection.

RESULTS

The average body length in infants was 540 = 20 mm
(54 = 2cm) and the average larynx length was 11.9+ 0.3
mm. There was a correlation between these parameters p
< 0.01 (r = 0.75). The average width of the larynx in in-
fants was 17.7 = 0.5 mm. The width of the larynx was in
correlation with the body length p < 0.01 (r = 0.79). The
average value of the thickness of larynx was 12.6 = 0.4
mm. This parameter was correlated with body length p
< 0.01 (r = 0.82) by means of coefficients (a and b) of the
regression line y = ax + b; from the assumed size of body
length it was possible to estimate the size of the larynx in

infants (Table 1).

TABLE 1

Functional dependence of the estimated size of the
larynx on the assumed body length.

Estimated size of Assumed body length SEP
the larynx (y) (x)

ILIL, 0.013 x height + 4.82 0.90

WL 0.022 x height + 5.70 1.35

TL 0.017 x height + 3.56 0.91

Legend: LL — length of the larynx, WL — width of the larynx, TL —
thickness of the larynx, SEP — Standard error of the predicted value

Functional dependence of the estimated size of the
larynx on the assumed body length.

These parameters determine the size and shape of the
larynx. The short and wide type of the larynx is domi-
nant in infants during the first year of life (Figures 1, 2).

We examined the morphological characteristics of la-
ryngeal cartilages (Figure 3).

The average value of the ventral diameter of thyroid
cartilage in infants was 6.79 = 0.23 mm and the right
dorsal diameter was 17.18 = 0.46 mm and the left dorsal
diameter was 17.09 = 0.43 mm.

The average value of the arch of cricoid cartilage
height was 2.54 = 0.60 mm and the average lamina
height was 9.01 = 0.19 mm. The average value of the in-
ner sagittal parameter of cricoid cartilage was 5.96 = 0.18
mm and the average value of the external sagittal param-
cter was 8.85 £ 0.21 mm. The average value of the inner
transversal parameter of cricoid cartilage was 6.44 + 0.15
mm and the average value of the external transversal pa-
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Figure 1. The larynx in small infant (3,5 months old) short and wide
type (front and back position).

Figure 2. The larynx in small infant (1 year old) short and wide type
(front and back position).

rameter was 9.81 = 0.20 mm. The average value of the
height of the left vocal cricoid was 5.78 = 0.15 mm and
the average value of the height of the right vocal cricoid
was 5.73 = 0.14 mm. The average value of the basal
width of the left vocal cricoid was 5.82 % 0.13 mm and
the average value of the basal width of the right vocal
cricoid was 5.82 = 0.13 mm. The average value of the
width of epiglottic cartilage was 8.92 = 0.30 mm and the
average value of the length of epiglottic cartilage was
13.15 = 0.44 mm.

A significant statistical difference in arithmetical mean
was found between the ventral diameter of thyroid carti-
lage and the height of arch of the cricoid cartilag, p <
0.05. Values of the ventral diameter and the height of arch
of cricoid cartilage were in correlation, p < 0.01 (r =
0.55). It is possible to estimate the height of arch of
cricoid cartilage (y) out of the assumed value of the ven-
tral diameter of thyroid cartilage (x) by means of the coef-
ficient (a, b) of regression liney = 0.14 X + 1.57. Signifi-
cant difference was found in arithmetic means between
ventral diameter of e thyroid cartilage and the height of
left arytenoid cartilage p < 0.05. These parameters were
in correlation, p < 0.05 r = 0.80. It is possible to estimate
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Figure 3. Every single laryngeal cartilages of infants.

the height of the left arytenoid cartilage (y) out of as-
sumed value of the ventral diameter of thyroid cartilage
(x) by means of coefficients (a, b) of regression line y =
0.51 + 2.33. Significant difference was found in arithme-
tic means between the ventral diameter of thyroid carti-
lage and the height of right arytenoid cartilage p < 005,
these parameters were in correlation p < 0.01 r = 0.82. It
is possible to estimate the height of arytenoid cartilage
right (y) out of the assumed value of the ventral diameter
of thyroid cartilage (x) by means of coefficients (a, b) of
regression line y = 0.15X + 2.27.

Significant difference in arithmetic means was found
between the ventral diameter of thyroid cartilage and and
the length of left epiglottis, p < 0.05. These parameters
are in positive statistical correlation, p < 0.01 (r = 0.67).
It is possible to estimate the length of epiglottis(y) out of
the assumed value of the ventral diameter of the thyroid
cartilage (x) by means of coefficients (a, b) of regression
liney = 1.29X + 4.36. (Table 2).

Functional dependence of the the estimated size of
height of the arch of cricoid cartilage, of the height of
arytenoid cartilages and of the length of epiglottis on the
assumed size of the ventral diameter of thyroid cartilage.

Period biol, Vol 112, No 1, 2010.
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TABLE 2

Functional dependence of the the estimated size of
height of the arch of cricoid cartilage, of the height of
arytenoid cartilages and of the length of epiglottis on the
assumed size of the ventral diameter of thyroid cartilage.

Estimated size(y) Assumed size(x) SEP
HACC 014 x VDTC + 157 028
HACL 051x VDTC + 233 046
HACR 051 x VDTC + 227 048

LE 129 x VDTC + 436 183

Legend: HACC — height of the arch of cricoid cartilage, HACL —
height of the left arytenoid cartilage, HACR — height of the right
arytenoid cartilage, LE — length of the epiglotttis, VDTC — ventral di-
ameter of the thyroid cartilage

Significant difference was found in arithmetic means
between the height of arch of cricoid cartilage and left
arytenoid cartilage height, p < 0.05, and these parame-
ters were in correlation, p < 0.01, r = 0.50, It is possible
to estimate the height of arytenoid cartilage, left (y), out
of the assumed size of the arch of cricoid cartilage (x) by
means of coefficients (a, b) of regression liney = 1.21 +
2.69. Significant difference in arithmetic means was
found between the height of arch of cricoid cartilage (x)
and the height of right arytenoid cartilage, p < 0.05.
These parameters were in positive statistical correlation
p < 0.01 r = 0.55. It is possible to estimate the height of
right arytenoid cartilage (y) out of assumed height of
arch of the cricoid cartilage (x) by means of coefficients
(a, b) of regression line y = 1.32X + 2.38. (Table 3).

Functional dependence of the the estimated height of
vocal cartilages on the assumed height of the arch of
cricoid cartilage.

Significant difference in arithmetic means, p < 0.05,
was found between dorsal diameter of the right thyroid
cartilage and the height of the lamina of the cricoid carti-
lage. The same diameters were in correlation, p < 0.01 r
= 0.71. It is possible to estimate the height of the arch of
cricoid cartilage (y) out of the assumed size of dorsal di-
ameter of the right thyroid cartilage (x) by means of coef-
ficients (a, b) of regression line y = 0.33X + 3.42. Signif-
icant difference in arithmetic means was found between
the dorsal diameter of the left thyroid cartilage and the
height of the lamina of cricoid cartilage, p < 0.05. The
same parameters were in correlation, p < 0.01,r = 0.67.

It is possible to estimate the height of the lamina of
cricoid cartilage (y) out of the assumed size of dorsal di-

TABLE 3
Functional dependence of the the estimated height of
vocal cartilages on the assumed height of the arch of
cricoid cartilage.

Estimated size (y) Assumed size (x) SEP
HACL 1.21 x HACC + 2.69 0.70
HACR 1.,32 x HACC + 2.38 0.67
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TABLE 4

Functional dependence of the estimated height of the
lamina of cricoid cartilage on the assumed size of the
dorsal diameter of thyroid cartilage, right and left.

Estimated size (y) Assumed size (x) SEP
HLC 0.33 x DDTR + 0.79

3.42
HLC 0.32xDDTL + 0.82

3.49

Legend: HLC — height of the lamina of cricoid cartilage, DDTR —
dorsal diameter of thyroid cartilage, right, DDTL — dorsal diameter of
thyroid cartilage, left

ameter of the left thyroid cartilage (x) by means of
coefficients (a, b) of regression liney = 0.32X + 3.49, Ta-
ble 4.

Functional dependence of the estimated height of the
lamina of cricoid cartilage on the assumed size of dorsal
diameter of the right and left thyroid cartilage.

A significant difference in arithmetic means was ob-
served between the external transversal diameter of the
cricoid cartilage and the basal width of the left arytenoid
cartilage, p < 0.05. The same parameters were in correla-
tion, p < 0.01, r = 0.58. Itis possible to estimate the basal
width of the left arytenoid cartilage (y) out of the as-
sumed width of the cricoid cartilage (x) by means of coef-
ficients (a,b) of regression line y = 0.38X + 2.05.

Significant difference in arithmetic means was found
between external transversal diameter of the cricoid car-
tilage and basal width of the right arytenoid cartilage, p
< 0.05. The same diameters were in correlation, p <
0.01, r = 0.55. It is possible to estimate the basal width of
the right arytenoid cartilage (y) out of the assumed size
of external transversal diameter of cricoid cartilage (x) by
means of coefficients (a,b) of the regression line y =

0.37X + 2.23, Table 5.

Functional dependence of the estimated size of basal
width of arythenoid cartilages on the assumed size of ex-
ternal transversal diameter of the cricothyroid cartilage.

Significant difference in arithmetic means was found
between external transversal diameter of the cricoid car-

TABLE 5

Functional dependence of the estimated basal width of
arythenoid cartilages on the assumed size of external
transversal diameter of cricothyroid cartilage.

Estimated size (y)  Assumed size (x) SEP
BWAR 0.33x ETDCC + 0.79

3.42
BWAL 0.32x ETDCC + 0.82

3.49

Legend: BWAL — basal width of arytenoid cartilage, left, BWAR —
basal width of arytenoid cartilage, right, ETDCC — external trans-
versal diameter of cricoid cartilage
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TABLE 6
Functional dependence of the estimated width of epiglottis
on the assumed size of external transversal diameter of
cricoid cartilage.

Estimated size (y) Assumed size (x) SEP
WE 1.17x ETDCC - 2.59 1.08

Legend: WE — Width of epiglottis

tilage and width of epiglottis, p < 0.05. The same param-
eters were in correlation p < 0.01 r = 0.78. It is possible
to estimate the width of the epiglottis (y) out of the as-
sumed size of the external transversal diameter of cricoid
cartilage (x) by means of coefficients (a, b) of regression

liney = 1.17X — 2. 59, Table 6.

Functional dependence of the estimated width of epi-
glottis on the assumed size of the external transversal di-
ameter of cricoid cartilage

Histological analysis
Thyroid cartilage (cartilago thyreodea)

Thyroid cartilage in children is of hyaline structure
with a very thin layer of mucose that lies on the cartilage.
The cartilage shows changes in coloring intensity. This is
connected to the quantity of chondroid matrix, so some
fissures can be seen in the cartilage and they represent
artefacts made in the course of preparing the sections as
the result of liquid extraction. Mucose is thin and with-
out specific changes (Figure 4).

by, PRI
o
%

Figure 4. Thyroid cartilage (van Gieson 10X). Ratio of the connec-
tive tissue, mucose and cartilage.

Cricoid cartilage (cartilago cricoidea)

Cricoid cartilage in infants is of hyaline type, with dif-
ferent amount of chondroid substance, which affects the
coloring intensity. Mucose is much thicker than the one
coating the thyroid cartilage. It is composed out of fi-
brous fibres with many serosal glands that show different
secretion intensities. Perforative ducts with different
amount of connective tissue can be frequently found in
the cartilage. When cricoid cartilage is observed by con-
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Figure 5. Cricoid cartilage (van Gieson 10 x) Ratio of the cartilage
and mucose rich by glands.

Figure 6. Cricoid cartilage (phase contrast 10 x). View of the cartilage
and corresponding mucose.

trast-phase microscope, a layer of elastic and collagen
fibres can be clearly seen between mucose and cartilage
(Figures 5, 6).

Arytenoid cartilages
(cartilagines arytaenoideae)

Arytenoid cartilages in infants are of hyalin type.
They are of unequal thickness. The mucose has a thick
layer of fibrous tissue just near the cartilage. This layer is
also found in the vocal cartilages of adults, so it probably
participates in forming the larynx shape. Mucose is rich
due to serosal glands (Figure 7).

Epiglottis

Epiglottis in infants is an elastic cartilage character-
ized by thick mucosa and abundance of serosal glands on
both sides (Figure 8). Oral side of this cartilage is coated
by cuboidal —stratified epithelium, and partly by respira-
tory epithelium. Characteristic age change is migration
of the cuboidal-stratified epithelium to the laryngeal
side. Epiglottis in infants contains more elastic tissue
than in adults, in whom certain amount of collagen pre-
cipitates, which makes epiglottis firmer.

Period biol, Vol 112, No 1, 2010.
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Figure 8. Epiglottis (van Gieson 10 x). Ratio of the cartilage and the
mucosa.

DISCUSSION

Anatomical investigations in the field of laryngomet-
ry show that parameters of the larynx follow the growth
of the body (Noback; Klock; Eckel and Sittel; Ward and
Tigklia) (16—19). Schild (1984) investigated mutual rela-
tions of larynx dimensions and body size and gestational
age in prematures, neonates and infants (8). Larynges of
27 infants, weighing 250 gr — 9160 g were investigated.
Twenty —two infants were in 24-40 weeks of gestational
age. Five infants died before reaching six weeks of life,
post partem, but they were involved in the investigation
because of their small size. Mutual relation between lar-
ynx size and standard clinical measures (body height —
head — foot and height, height — head — buttock) was lin-

car.

Results of this investigation show that larynx size is in
correlation with body size, i.c. with body height. Our re-
sults are partially in accordance with other authors’ re-
sults. The main reason for possible difference is in re-
search methodology. Our results show that the layrnx
size can be estimated out of the size of the body height, by
arithmetic and statistical methods (correlation factor and
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coefficient of the regression line, with standard error in
prediction). Some authors think that larynx dimensions
are more closely connected to the body weight than to the
infants’ age (17).

Results of histological analyses of cartilage of the lar-
ynx in infants our investigation show that hyalin struc-
ture is the result of age changes. Changes in the cartilage
composition are in strict correlation to the age. It is
known that larynx cartilages are of the hyalin type at the
beginning of life, later on they differentiate into different
forms, so that huge cartilages remain and the small ones
turn elastic. The laryngeal cartilages composed of elastic
connective tissue are prone to calcification, and the carti-
lages composed of the hyalin tissue are prone to ossifica-
tion. In the available literature there are no data on
histological investigations of layrngeal cartilages in in-
fants.

Eckel and Sittel (1995) performed laryngeal morpho-
metry on adults in horizontal position (18). They inves-
tiagted the entire organ in the series of larynx sections
which were histologically analyzed

Clinical importance of the investigation

Laryngotomy in little children is connected to a high
risk and followed by many complications. Therefore,
findings of anatomical investigations on the larynx size
(laryngometry) that are the basis for cannula size deter-
mination, as well as the cannulation timing and compli-
cations, are of great importance (20, 21).

Fracture of the laryngeal cartilage has a special foren-
sic-medical importance, as it is associated to the neck
trauma (hanging, strangling — infanticide), because it
happens most frequently on the cornua superiora of the
thyroid cartilage (3). The data on laryngeal angles, air —
lumen and thickness of the laryngeal skeletal parts can
significantly help in planning endolaryngeal surgeries,
or during transcutanecous insertion of electrodes for la-
ryngeal electromiography.

Garel ez al. (1992) examined larynges in children by
means of ultrasonography, which represented a new me-
thod for researching normal and pathologic states, par-
ticularly functional disorders of the larynx (22). Phono-
surgical laryngoplastics is a relatively new branch in
surgical laryngology (23). Kaufman (2001) described the
problems and complications that occur when perform-
ing laryngoplastics, because of the anatomical variations
in larynx and unexpected events in surgery connected to
this procedure, such as: variable size of the lower thyroid
incisure, or its lack, which can cause thyroid cartilage
fracture; ossification of thyroid cartilage in the early child-
hood; tubercules occurring in the region of cricoary-
tenoid joint which, if large, represents a good orientation
in searching this joint; occuring ankylosis and pseudo-
ankylosis. If a surgeon has not learned about existence of
this type of variations, he/she may cause ankylosis of the
larynx joint (24).
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CONCLUSION

Quantitative anatomical knowledge on the larynx in
pediatric population is necessary for clinical orientation,
particularly for choosing a suitable endotracheal tube.
The size of the larynx in prematures, neonates and small
children constantly follows the external body dimen-
sions, particularly the body height, which is confirmed
by the highest value of correlation factor. Therefore,
equation was established for calculating the size of the
larynx based on body heght.

Histologic characteristics of the laryngeal cartilage are
constant. They indicate evident changes that are the ba-
sis for approximate determination of a child’s age. Hya-
lin structure is in correlation to the children’s age.

REFERENCES

1. BOUCHUT M E 1857-1858 D'Une Nbouvelle Méthode de Tra-
itement du Croup le Tubage du larynx. Bull Acad Imperiale med 23:
1160-1162

2. DELFRAYSSE M 1858 Tubage du Larynx dans un cas d" Asphxie
chez un Nouveau. Ne Gaz Hosp (Faris) 31: 543544

3. HIROSHI W, KATSUYOSHI K, TATUSYA M 1982 A Morpho-
metrical Study of Laryngeal Cartilages. Med Sci Law 22: 255-260

4. MUPPARAPY M, VUPPALAPATT A 2005 Ossification of Laryn-
geal Cartilages on Lateral Cephalometric Radiographs. Angle Or-
thod 75 : 196-201

5. HACK M, FANNAROFF A, MERKATZ IR 1979 The Low Birth-
-Weight5 Infant Evolution of Changing Outlook. N Engl ] Med 301:
1162-1165

6. LEEKS,PANETHN, GARTNERL M 1980 I: An Analysis of the
Recent Improvement in the United states. Am | Pub Health 70:
15-21

7. RASHE R F H, KUHNS L R 1972 Histopathologic Changes in
Airwax Mucosa of Infantes after Endotracheal Intubation. Pediatrics
50: 632-637

8. SCHILD A ] 1984 Relationship of Laryngeal Dimensions to Body
Size and Gestational Age in Premature, Neonates and Small In-

fants. Laryngoscope 94: 1284-1292

82

20.

21.

2

2.

2.

WALNER D L, LOEWEN M S, KIMURA R E 2001 Neonatal
Subglottic Stenosis-Incidence and Trends. Laryngoscope 111 : 48-51

STEVENS C A, LEDBETTER] C 2005 Significance of Bifid Epi-
glottis. Am | med Gener A 134: 447449

. JOHNSONRFE RUTTERM, COTTON R, VIJAYASEKEARN S,

WHITE D 2008 Cricotraheal Resection in Children 2 Years of Age
and Younger. Ann Otol Rhinol Laryngol 117: 110—112

NAVSA N, TOSSEL G, BOON J M 2005 Dimensions of the Neo-
natal Cricothyroid Membrane — how feasible is a Surgical Crico-
thyroidotomy? Pediatr Anaesth 15: 402—406

SERCER A 1959 Medicinska enciklopedija (ed 3), Leksikografski
Zavod FNR], Zagreb, p 213

SERCER A 1965 Otorinolaringologija (ed 2), ps. Jugoslovenski Lek-
sikografski Zavod, Zagreb, p 326-327, 627-632

NEGUS V E 1929 The Mechanism of the Larynx, London.

NOBACK G J 1925-1926 The Lineal Growth of the Respiratory
System during Fetal and Neonatal Life as Expressed by Graphic
Analysis and Analysis Empirical Formulae. Am | Anat 36: 235-273
KLOCK L E 1968 The Growth and Development of the Human
Larynx from Birth to Adolescence. Medical Thesis, University of
Washington.

ECKELHE, SITTEL C 1995 Morphometry of the Larynx in Hor-
izontal Sections. J/ Otolaryngol 16: 4048

WARD R F, TIGLIA ] M 2000 Airway Growth after Cricotracheal
Resection in a Rabbit Model and Clinical Application to the Treat-
ment of Subglottic Stenosis in Children. Laryngoscope 110: 835-844
KLEINSASSER N, MERKENSSCHLAGER A, SCHROTER C,
MATTICK C, NICOLAI T, MANTEL K 1996 Fatal Complica-
tions in Tracheotomized Children. Laryngo-Rhino-Otologic 75: 77-82
GAREL C, CONTENCIN B POLONOVSKI ] M, HASSAN M,
NARCY P 1992 Laryngeal Ultrasonography in Infants and Child-
ren. A New Way of Investigating. Normal and Pathological Find-
ings. Internac | Pediatric Otorhinolaryngol 23: 107-115

KOUFMAN J A 1988 Laryngoplastic Phonosurgery. In: Johnson J
T, Blitzer A, Ossof R, Thomas ] R(eds.): Instructional Courses, 1.
American Academy of Otolaryngology-Hed and Neck Surgery, CV
Mosby Co., St. Louis.

KOUFMAN ] A, ISAACSON G 1991 Laryngoplastic Phonosur-
gery. Oto Clinic NA 24: 1151-1177.

KOUFMAN J A 2001 Laryngoplastic Phonosurgery. C Voice Dis 11
(29): 1-17

Period biol, Vol 112, No 1, 2010.



