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Morphometric development of the tongue in fetal cadavers
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Abstract

Purpose The tongue is a specific organ for the sense of taste. It consists of the striated muscle and mucous membrane. Fur-
thermore, it helps the functions of speech, chewing, and swallowing. In this study, we aimed to reveal some morphometric
properties of the tongue in fetal cadavers.

Methods The study was conducted on a total of 45 fetal tongues (25 male tongues, 20 female tongues) aged between 17
and 40 weeks. The fetuses were divided into three groups as trimester II, trimester III, and full term. For each tongue, the
length, width, area, free tongue length, and the terminal sulcus angle were measured using Image J program. The free tongue
length/tongue length ratio was examined.

Results The obtained data were compared according to the trimester groups and genders. It was determined that the tongue
length, width, area, and free tongue length increased during the trimesters and that there was no significant difference in the
terminal sulcus angle and the free tongue length/tongue length ratio between the trimesters. No significant difference was
found in all parameters between the genders.

Conclusions This study presented significant data on morphometric development of the tongue. These data are thought to

be useful for determining the anomaly and variations of the tongue.
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Introduction

The tongue, which is located at the base of the oral cavity,
is an organ composed of the striated muscle. In addition to
speech, it has functions such as chewing, swallowing, respi-
ration, control of secretions, suckling, and the sensation of
taste [12, 18]. The tongue, which is wrapped by a mucous
membrane, consists of three parts: the radix, corpus, and
apex linguae. On the posterior side of the dorsum linguae,
there is a “V”’-shaped groove called the terminal sulcus with
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the forward-looking opening. In the middle of the terminal
sulcus, there is a blind-ended opening called the foramen
caecum. The foramen caecum is the embryonic remnant of
the upper end of the thyroglossal duct [24].

The frenulum of the tongue is a fold located in the mid-
dle part of the mucosa covering the inferior surface of the
tongue. With this fold, the tongue is connected to the base of
the mouth [24]. The term-free tongue length is defined as the
length of the tongue from the insertion of the lingual frenu-
lum into the base of the tongue to the tip of the tongue [14].

Tongue development begins in the fourth and fifth weeks
of the intrauterine period. Unlike the maxillary and man-
dibular structures, the tongue differentiates from the occipi-
tal myotome. Subsequently formed primary tongue cells
migrate to the oral cavity. This process has a significant
effect on the shaping of the oral cavity [2, 9, 23]. Knowing
the typical development of the tongue facilitates the diag-
nosis of tongue-related oral cavity pathologies and tongue
anomalies in the intrauterine period.

The tongue, which continues to develop during the post-
natal period, grows faster than maxillofacial structures
[9]. This plays an essential role in the development of the
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mandibular arch by causing muscular stimulation [11, 16].
Significant reduction in the size of the tongue causes the
down and forward growth of the mandible to slow down.
Disorders in the transverse development of the mandibular
arch in aglossia cases and lower lip retraction and microg-
nathia in hypoglossia cases are examples of this condition
[11]. Pierre Robin sequence is a congenital anomaly char-
acterized by mandibular hypoplasia, glossoptosis, and cleft
palate. The small jaw may cause airway obstruction by caus-
ing the tongue to fall backward into the hypopharynx [7].
In Down syndrome, the rapid development of the tongue
compresses the pharynx and causes mandibular prognathism
[9]. Macroglossia is significantly correlated to mandibular
prognathism [28].

Investigating the development of the tongue in fetal
cadavers and revealing standard parameters will guide the
early diagnosis and treatment of congenital anomalies in
studies on the tongue. In the present study, some morpho-
metric properties of the tongue in fetal cadavers and changes
that occurred in these properties with development were
examined. Most of the studies on the tongue have been car-
ried out using imaging methods [1, 16]. Although there are
histological studies carried out on fetal tongues [2, 9, 26],
there are few morphometric studies on tongue development
[23]. This study aimed to investigate some morphometric
properties of the tongue in fetal cadavers and the effect of
development on these morphometric properties.

Materials and methods

The study was carried out in the Laboratory of Siileyman
Demirel University, Faculty of Medicine, Department of
Anatomy on 45 fetuses (25 males, 20 females), which had no
external anomaly and pathology, were aged between 17 and
40 gestational weeks, and which were provided from Isparta
Maternity and Children’s Hospital with the permission of
their families between the years 1996 and 2014. The causes
of death in fetal cadavers are unknown. All fetal cadavers
were fixed by arterial injection of 10 L of 10% (v/v) formal-
dehyde solution into the water and stored in a pool of 10 L
of 10% (v/v) formaldehyde solution. Although there was no
study on tissue contraction of formaldehyde in the human
tongue, in a study on the cervix, the median shrinkage was
found to be zero in both distal and proximal anteroposte-
rior diameters in 8% formalin fixation. The median shrink-
age in the longitudinal direction was 3.0% and 2.4% in the
transverse direction [3]. When rat liver tissues were fixed in
1.3 M formaldehyde solution and examined by an acceler-
ated video camera, 1 X 1 X 8 cm rat liver strips shrunk to only
about 3% at room temperature [6]. Although formaldehyde
has a shrinkage effect on tissues, it can be understood from
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the publications that this rate is 3%. The 3% effect should be
considered in the evaluation of the data in the publication.

The gestational age of fetuses was determined accord-
ing to the crown rump length (CRL), bi-parietal diameter
(BPD), head circumference (HC), and femur length (FU). In
the fetal period, fetuses were evaluated by being divided into
three groups: fetuses between 17 and 25 weeks were deter-
mined to be trimester II, fetuses between 26 and 37 weeks
were determined to be trimester 111, and fetuses between 38
and 40 weeks were determined to be full term.

First, the general parameters of each fetus (CRL, BPD,
HC, and FL) were determined. Afterward, the mandible
of the fetuses was dissected from the joints and removed
from the fetuses with fat, muscle, and skin. The tongue of
the fetuses was ablated together with the root of the tongue
using a scalpel. The extracted tongues were placed on a flat
surface close to the intraoral position. The photographs of
the removed tongues were taken next to a ruler. The photo-
graphs were recorded with Olympus SP-600UZ camera with
12.0 megapixels, 15 X optical zoom. The taken photographs
were transferred to the Image J program, and the following
parameters were measured (Fig. 1).

Tongue length: a distance from the tip of the tongue to
the foramen caecum.

Tongue width: the measured widest distance of the dor-
sum of the tongue.

Tongue area: an area of the region in front of the terminal
sulcus.

Free tongue length: the length of the tongue from the
insertion of the lingual frenulum into the base of the tongue
to the tip of the tongue.

Male: the angle between the lines drawn to the front edge
of the place, where the palatoglossal arch ends in the tongue,
by considering the foramen caecum as the center.

Statistical analysis was performed using SPSS Inc. SPSS
for Windows 17.0 statistical package program. According to
gestational age (trimester), the parameters’ arithmetic means
and standard deviations were determined. The parametric
values presented according to trimesters were displayed
as arithmetic mean + standard deviation. Other parameters
except the tongue area showed normal distribution. We
used nonparametric analysis methods, because the number
of data was less than 30 in the inter-group comparison. The
Kruskal-Wallis test was used for the comparison of param-
eters between the trimester groups, and the Mann—Whitney
U test was used for the comparison between the genders.
Pearson’s correlation analysis was used in the correlation
analysis of the tongue length and tongue width with gesta-
tional age, because the data were normally distributed.
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Results in the field calculation. The mean values of these param-

eters according to trimesters are presented in Table 2. It
The tongue length, width, area, free tongue length, the ter- ~ Was determined that among these parameters, the length,
minal sulcus angle, and free tongue length/tongue length ~ width, area, and free tongue length increased during tri-
ratio, and the maximum, minimum, and mean values,  mesters, and there was a statistically significant difference
and standard deviations of these parameters are shown in ~ between the trimesters (p “0.05; Table 2). No significant
Table 1. We think that the reason for the high standard  difference was found between the trimesters in terms of the
deviation of the tongue area is due to the use of two factors
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Fig.1 Measured parameters related to tongue

Table 1 Minimum, Mmaximum, Parameters N  Minimum (mm) Maximum (mm) Mean =+ std. deviation (mm)
mean and standard deviation

values of measured parameters

Tongue length 45  14.68 37.78 27.38+6.87
related to tongue Tongue width 45 1031 30.26 21394535
Tongue area 45 107.89 768.40 454.59+201.73
Free tongue length 45 2.73 13.80 7.02+2.45
Free tongue length/tongue length 45 0.16 0.40 0.26+0.055
The angle of terminal sulcus 45  68.58 115.03 93.36+8.32

Table 2 Comparison of measured parameters related to tongue according to trimesters

Group N Tongue length (mm) Tongue width (mm) Tongue area (mm?) Free tongue The angle Free tongue
length (mm) of terminal length/tongue
sulcus length

2nd trimester 15 192+36a 15+29a 217.4+86a 47+x1.2a 91.0°+11.6° 0.25+0.059
(17-25 weeks)

3rd trimester 21 29.7+3.1b 232+1.7b S511.7+78b 77+25b  94.7°+6.4° 0.26+0.057
(26-37 weeks)

Full term (38— 9 352+16¢ 27.6+19c¢ 716.4+62 ¢ 9.1+2b 94.7°£3.0° 0.026 +0.049
40 weeks)

)4 <0.001 <0.001 <0.001 <0.001 0.255 0.701

In paired comparisons between groups (trimester), each group was represented by letters. If the letters were the same, there was no statistically

significant difference between the groups (p>0.05) and if the letters were different, there was statistically significant difference between the
groups (p <0.05)
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terminal sulcus angle and the free tongue length/tongue
length ratio (p > 0.05; Table 2).

When the correlation between the tongue length
(r=0.907) and tongue width (r=0.941) was examined
according to gestational age, a very strong positive correla-
tion was found (Fig. 2).

When among the tongue-related parameters, the length,
width, area, free tongue length, the terminal sulcus angle,
and the free tongue length/tongue length ratio were com-
pared between the genders, the mean values of males were
higher in all parameters except for the free tongue length/
tongue length ratio, but there was no significant difference
between genders in any parameters (p > 0.05; Table 3).

Discussion

An abnormal tongue size can be associated with more than
25 syndromes and diseases [8, 13, 20-22]. Macroglossia is
considered to be rare among children [15]. However, accord-
ing to a study conducted on tongue disorders in a child popu-
lation, macroglossia is one of the most common diagnoses
(24%) [10]. It is difficult to determine the accurate incidence
of macroglossia because of its multiple causes. Various syn-
dromes include macroglossia, such as Down syndrome (1
per 700 live births) [4, 19] and the Beckwith—Wiedemann
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syndrome (0.07 per 1000 live births) [27, 28], gangliosi-
dosis, athyrotic hypothyroidism sequence, trisomy 4p, and
autosomal dominant macroglossia [5, 25]. The enlarged
tongue can be observed occasionally in cases such as tri-
somy 21, Hurler syndrome, Robinow syndrome, and Scheie
syndrome. The small tongue is often observed in the oro-
mandibular extremity hypogenesis spectrum and hypoglos-
sia—hypodactylia syndrome, and rarely in other syndromes
such as Arthrogryposis syndrome type I, Freeman—Sheldon
syndrome, Lenz-Majewski hyperostosis syndrome, Moebius
sequence, Pallister—Hall syndrome, and Short rib-Polydac-
tyly Majewski type [5]. Knowledge of typical tongue param-
eters may be helpful in detecting these syndromes when
abnormalities are encountered in tongue measurements to
be performed during the intrauterine period. This may be
the main step for further investigations.

Aguiar et al. [2] found a positive correlation between
gestational age and tongue length and circumference in
the macroscopic analysis of 55 tongues aged between 23
and 40 weeks: R2=0.527; p <0.001. In the present study, a
strong correlation was determined between the tongue length
and gestational age: R*=0.822; p <0.001 (Fig. 2). In the
study in which Bronshtein et al. [5] studied 80 fetuses aged
between 13 and 18 weeks using transvaginal ultrasonogra-
phy, a linear relationship between gestational age and lingual
width was found: R?=0.83. In the present study, a linear
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Fig.2 Graphs of correlation of tongue length and width with gestational age

Table 3 Comparison of measured parameters related to tongue according to gender

Gender N Tongue length (mm) ~ Tongue width (mm) ~ Tongue area (mm?)  Free tongue The angle of Free tongue
length (mm) terminal sulcus  length/tongue
length
Male 25 28.15+6.27 21.86+4.84 466.43+183.40 7.20+£2.54 95.11°+7.60°  0.254+0.060
Female 20 26.41+7.59 20.79+5.99 439.79+226.58 6.77+2.37 91.33°+8.85°  0.256+0.049
p 0.537 0.568 0.732 0.819 0.284 0.784
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correlation was determined between the tongue width and
gestational age: R?=0.885; p <0.001 (Fig. 2).

Using regression equations, Siebert [23] defined the rela-
tionship between the weight, length, width, and thickness of
83 healthy tongues, aged between 25 weeks and 10.5 years,
with various body and head circumference measurements. In
this study, Siebert [23] could not find any difference between
genders in the tongue dimension. In contrast, Liegeois et al.
[17] examined the tongue volume of 70 volunteers (35 males
and 35 females) aged between 20 and 37 years by the mag-
netic resonance imaging method and determined that the
tongue volume was different between genders. In the present
study, no significant difference was found between genders
in terms of the measured parameters (Table 3).

The frenulum of the tongue is demonstrated to be shaped
according to changes in the embryonic process of the tongue
[9]. In the present study, the mean value of the measurement
which was made from the frenulum of the tongue to the
apex of the tongue and is called the free tongue length was
found to be 7.02 +2.45 mm. This value was higher in males,
but there was no statistically significant difference between
males and females. The free tongue length increased during
the trimesters, but the free tongue length to tongue length
ratio was not different between trimesters. Knowing the dis-
tance from the distal of the frenulum of the tongue to the
tip of the tongue will be useful for the early diagnosis of
pathologies such as ankyloglossia, hypertrophic frenulum
linguae, and short frenulum.

Conclusions

The tongue is a vital organ that plays a critical role in the
development of adjacent maxillofacial structures such as
oral and nasal cavities, pharynx and maxilla, and abnormal
tongue development is associated with congenital maxillofa-
cial anomalies. In the present study, the typical development
of the tongue was defined on fetal tongues, which had no
congenital anomaly morphometrically. It is believed that the
data obtained from this study will be useful in the prenatal
diagnosis of cases such as developmental disorders of the
tongue and congenital syndromes.
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