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The thyroid gland is the first endocrine 
gland which appears in about the 3rd 

week of embryonic development as an 
epithelial proliferation in the floor of the 
pharynx, at a point later indicated by the 
foramen caecum. With further development, 
the gland descends in front of the hyoid 
bone and the laryngeal cartilages. It reaches 
its final position in front of the trachea in 
the 7th week. During this migration, the 
gland remains connected to the tongue by 
a narrow canal named as thyroglossal duct. 
This duct later becomes solid and finally 
disappears. Then, the thyroid gland acquires 
a small median isthmus and 2 lateral lobes.1,2

The lateral lobes extend up to the sides of 
the thyroid cartilage and their bases are at 
the level of the fourth or fifth tracheal ring. 
The isthmus is usually anterior to the second 
and third tracheal cartilages.3 Until the fetal 
thyroid completely develops into a follicular 
structure and becomes functionally active in 
about 12 weeks of embryonic development, 
normal maternal thyroid function is 
compulsory.2,4 Fetal serum thyrotropin 
(TSH) levels increases between 18 and 22 
weeks, coincident with the maturation of 
the hypothalamic-pituitary axis.5 Thyroid 
hormone is essential for normal fetal growth 
and maturation of the central nervous system 
and both hypo- and hyperthyroidism may 
be harmful to brain development. Although 
undiagnosed thyroid disorders during 
intrauterine life significantly increase fetal, 
neonatal morbidity and mortality successful 
in utero treatment is possible.4,6-10 Congenital 
hypothyroidism is the most common 
congenital endocrine disorder (one newborn 
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ABSTRACT

Objectives:  To investigate the morphologic structures and 
developmental anomalies of the thyroid gland in human fetuses. 

Methods:   This study performed in the Department of Anatomy,  
Meram Faculty of Medicine between February and April in 2002. 
Fetuses were obtained from the Gynecology Department of the 
Meram Faculty of Medicine, Selçuk University, and Dr. Faruk Sukan 
Maternity Hospital (Konya, Turkey). Sixty spontaneously aborted 
fetuses (30 boys and 30 girls) between the ages of 13.5th and 32.5th 
weeks, which had no detectable anomalies, were evaluated. The gland 
was dissected under the microscope. The location of the gland was 
determined according to the tracheal ring levels and laryngeal cartilage 
levels. The length, width and thickness of both lobes and isthmus of 
the gland were measured and then, the developmental anomalies were 
noted. The obtained data were statistically analyzed by Least Squares 
in variant analysis. 

Results:  Although there was no significant difference regarding to the 
gender for all parameters except in width of the right lobe (p<0.05),
difference in the length and width of lobes and the length of isthmus 
between trimesters was significant (p<0.05). All measured parameters 
were increasing with advancing gestational age. The pyramidal lobe 
was observed in 18.3% of the cases. 

Conclusion: Normal dimensions and developmental anomalies of 
the fetal thyroid, which was shown in this study, may provide useful 
information for the prenatal diagnosis and in-utero treatment of 
thyroid dysfunctions.
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in 3000) and represents the most common cause of 
preventable mental retardation.11,12 In the literature, 
some different techniques such as amniotic fluid 
assessment, cordocentesis or fetal blood sampling with 
ultrasonography (USG). have been described to evaluate 
and manage intrauterine fetal thyroid disorders.13-17  
Fetal goiter most commonly occurs as an indirect result 
of maternal ingestion of goitrogenic drugs, including 
propylthiouracil, methimazole, and iodine in large 
doses or as a direct result of fetal hyperthyroidism 
and thyrotoxicosis. Untreated fetal   hyperthyroidism 
may  lead to intrauterine growth retardation, 
oligohydramnios, malpresentation during labor, neonatal 
tracheal obstruction, tachycardia, craniosynostosis 
and death.  Other reported complications include 
delayed perceptual-motor, visual-spatial, and language 
development.5,8,9,18-20 Newborn screening programs have 
been widely implemented, and early treatment in infants 
has been shown to have a beneficial effect on cognitive 
performance.8  Evaluation of the fetal thyroid as well as 
surrounding neck structures is an important part of the 
sonographic evaluation. The fetal thyroid can be figured 
out as early as in the middle of the second trimester, 
and fetal goiters can be identified in utero.5 Clearly, the 
most important role of the ultrasound examination is to 
determine if there is thyroid tissue in its right position 
in the neck or not. Establishing whether the thyroid is 
small, normal, or enlarged is also important because 
mild enlargement of this gland may be one of the first 
signs of fetal thyroid dysfunction.5,21 The antenatal 
diagnosis of potentially treatable thyroid disease in the 
fetus frequently depends on the detection of abnormal 
growth of the fetal thyroid gland.8 Mostly, assessing the 
fetal thyroid rely on a subjective impression of increased 
thyroid size. The presence of fetal head extension as 
an adjunct for diagnosing enlargement of the fetal 
thyroid has been used, but this is present only in fetuses 
with very large goiters. Due to the fact that the early 
diagnose lesser degrees of fetal thyroid enlargement a 
nomogram is necessary for an accurate diagnose and 
several nomograms have been published.9  There are 
many variations in the shape, size and relative level of 
the gland.22 The object of this study was not only to 
establish the normal dimensions and the location of the 
thyroid gland in human fetuses, but also to compare 
our normative data with those reported in ultrasonic 
studies of other authors. In addition, the developmental 
anomalies of the gland were described.

Methods.   This study was performed in 
spontaneously aborted 60 fetuses (30 boys and 30 girls) 
(40 second trimester and 20 third trimesters) with 
no detectable congenital malformations or maternal 
history of risky pregnancy. The fetuses were obtained 

from the Gynecology Department of the Meram 
Faculty of Medicine, Selçuk University, and Dr. Faruk 
Sükan Maternity Hospital (Konya, Turkey). In order 
to use the fetuses as experimental materials, the signed 
consents were obtained from the families and the 
experimental procedures were ethically approved by 
the official laws and regulations of Turkish Ministry of 
Health and Selcuk University. The fetuses with external 
and internal anomalies which were seen after dissection 
such as gastroschisis, renal agenesis, ectopic kidneys, 
agenesis of external genitalia, spinal cord abnormality, 
vertebral column anomalies, polydactyl and so forth, 
were also excluded from the study. The ages of the 
fetuses were determined to be between the 13.5th and 
32.5th postmenstrual weeks base on the crown-rump 
length (CRL) measurements.23 The fetuses were fixed 
using the immersion technique in 10% formalin.  In 
the neck region, the thyroid gland was examined after 
the skin and regional surrounding soft tissues were 
dissected under the microscope (Colposcope Plus; Carl 
Zeiss, Oberkochen, Germany). The location of the gland 
was determined according to the tracheal ring levels 
and laryngeal cartilage levels. The measured parameters 
by a single observer were as follows: 1) The maximal 
length between superior pole border and inferior pole 
border of the right, left lobes and isthmus. 2) The 
maximal transverse width of the right and left lobes. 3) 
The maximal anteroposterior thickness of the right, left 
lobes and isthmus (Figures 1a & 1b). All measurements 
were carried out using electronic digital calipers (150 
x 0.01 mm). The obtained data were statistically 
analyzed by Least-Squares in variant analysis (Minitab-
7 for windows).24 The developmental anomalies were 
evaluated and photographed.

Figure 1 - Photograph of a) the maximal length of the right, 
left lobes and isthmus. Number 1 = length of 
right lobe, length of left lobe, length of isthmus. 
b) The maximal width of the right and left lobes.  
The maximal thickness of the right, left lobes and 
isthmus.  Number 2 = width of right lobe, width
of left lobe, number 3 = thickness of right lobe,
thickness of left lobe, thickness of isthmus, o = 
esophagus, tr = trache,

a b
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Table 1 - Comparison of the data (mm, mean ± standard deviation) of the thyroid gland in human fetuses according to gender.

Parameter (mm) Boys  (n = 30) Girls  (n = 30) Total (n = 60) P value

Length of right lobe
Width of right lobe
Thickness of right lobe
Length of left lobe
Width of left lobe
Thickness of left lobe
Length of isthmus
Thickness of isthmus

11.09 ± 0.43
  6.05 ± 0.29
  3.02 ± 0.18
10.47 ± 0.45
  5.38 ± 0.27
  2.98 ± 0.18
  4.34 ± 0.26
  1.46 ± 0.11

10.66 ± 0.43
  5.16 ± 0.29
  2.92 ± 0.18
10.20 ± 0.45
  5.06 ± 0.27
  3.00 ± 0.18
  3.86 ± 0.26
   1.38 ± 0.11

10.87 ± 0.30
  5.61 ± 0.20
  2.97 ± 0.13
10.33 ± 0.32
  5.22 ± 0.19
  2.99 ± 0.13
  4.10 ± 0.19
  1.42 ± 0.08

>0.05
<0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05

p<0.05

Table 2 - Comparison of the data (mm, mean ± standard deviation) of the thyroid gland in human fetuses according to trimesters.

Parameter (mm) Second trimester (n = 40) Third trimester (n = 20) Total  (n = 60) P value

Length of right lobe
Width of right lobe
Thickness of right lobe
Length of left lobe
Width of left lobe
Thickness of left lobe
Length of isthmus
Thickness of isthmus

8.75 ± 0.35
4.57 ± 0.24
2.83 ± 0.15
8.48 ± 0.37
4.57 ± 0.22
2.87 ± 0.15
3.47 ± 0.22
1.29 ± 0.09

12.99 ± 0.49
  6.64 ± 0.33
  3.11 ± 0.21
12.19 ± 0.52
  5.87 ± 0.31
   3.11 ± 0.21
   4.73 ± 0.30
    1.55 ± 0.12

10.87 ± 0.30
  5.61 ± 0.20
  2.97 ± 0.13
10.33 ± 0.32
  5.22 ± 0.19
  2.99 ± 0.13
  4.10 ± 0.19
  1.42 ± 0.08

<0.01
<0.05
>0.05
<0.05
<0.05
>0.05
<0.05
>0.05

p<0.05

Table 3 - Comparison of the data (mm, mean ± standard deviation) of the thyroid gland in human fetuses according to gender and trimesters. 

Parameter (mm) Second trimester Third trimester P value

Boys
(n = 20)

Girls
(n = 20)

Boys
(n = 10)

Girls
(n = 10)

Length of right lobe
Width of right lobe
Thickness of right lobe
Length of left lobe
Width of left lobe
Thickness of left lobe
Length of isthmus
Thickness of isthmus

9.01 ± 0.49
4.92 ± 0.33
2.87 ± 0.21
8.74 ± 0.52
4.88 ± 0.31
2.97 ± 0.21
3.79 ± 0.30
1.45 ± 0.12

8.49 ± 0.49
4.22 ± 0.33
2.79 ± 0.21
8.22 ± 0.52
4.27 ± 0.31
2.77 ± 0.21
3.15 ± 0.30
1.12 ± 0.12

  13.17 ± 0.69
   7.19 ± 0.47
   3.18 ± 0.30
 12.20 ± 0.74
   5.89 ± 0.44
2.98 ± 0.29
4.89 ± 0.43
1.46 ± 0.17

12.83 ± 0.70
  6.09 ± 0.47
  3.05 ± 0.30
12.18 ± 0.74
  5.85 ± 0.44
  3.24 ± 0.29
  4.57 ± 0.43
  1.64 ± 0.17

>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05

p<0.05

Results.  After determination of location and 
variation types, the results are listed as follows:  according 
to the tracheal ring levels, the inferior pole border of 
the thyroid gland was determined as given below: For 
right lobes: 1st: 3.3%, 2nd: 10%, 3rd: 58.3%, 4th: 
20%, 5th: 8.3%.  For left lobes: 1st: absent, 2nd: 3.3%, 
3rd: 56.7%, 4th: 31.7%, 5th: 8.3%.  According to the 
thyroid (1/3) and cricoid cartilage levels, the superior 
pole border of the thyroid gland was observed as below: 
For right lobes: 10% upper, 61.6% middle, 16.6% 
lower 1/3 of the thyroid cartilage levels and 11.6% of 

the cricoid cartilage level. For left lobes: 3.3% upper, 
38.3% middle, 38.3 % lower 1/3 of the thyroid cartilage 
levels and 20% of the cricoid cartilage level. There was 
no significant difference regarding to the gender for all 
parameters except the width of the right lobe (p<0.05).
The mean values of the gland in boys were greater than 
girls in all parameters excluding the thickness of the 
left lobe (Table 1). There were significant differences in 
the length and width of lobes (p<0.05). The length of 
isthmus between trimesters were showing meaningful 
differences (p<0.05) (Table 2). Distributions of the 
values according to gender in trimesters are shown in 
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Table 3 and the results were not statistically significant.
The thyroid gland was in normal structure in 49 of all 
fetuses while, developmental anomalies were observed 
in the rest 11 thyroid gland. The pyramidal lobe was 
present in 18.3% (6 boys and 5 girls) of the cases 
(Figures 2a, 2b & 2c).

Discussion.  Several studies previously reported 
that the fetal thyroid can be evaluated in utero by 
using different ultrasound parameters  such as thyroid 
diameter, circumference and volume.5,8,25-27 Because  
some reported results differ from one another, it was 
mentioned that such differences could be related 
to variations in ambient iodine.  Some part of the 
differences in fetal thyroid size can be attributed to the 
anthropometric differences between races. Besides, it is 
believed that the published data were largely different 
due to  methodological approaches of  the studies.4,8

Perry et al21 have studied normal ranges of volume and 
linear measurements of thyroid gland in 100 neonates 
(49 boys and 51 girls) in the United Kingdom. They 
reported that there were no significant differences 
between the right and left lobes in dimensions of 
the gland. The mean ± SD (range) length, width and 
thickness were 1.94 ± 0.24 cm (0.9-2.5), 0.88 ±  0.16 
cm (0.5-1.4), 0.96 ± 0.17 cm (0.6-2.0), respectively. 
In their study, comparison of the thyroid dimensions 
according to gender showed no difference except longer 
right lobe in boys, and deeper left lobe in girls. By 
ultrasonic examination, Bromley et al5 evaluated the 
transverse width and circumference of the gland in 
31 fetuses in 23 and 40 weeks in gestational ages that 
resulted at low risk for perinatal thyroid disease. They 
noted an increase in size with advancing gestational 
age. The thyroid width and circumference increased by 

0.36 mm and by 0.94 mm in a sequence per week of 
gestation to their calculated regression equation. Achiron 
et al8 found an approximately 2-fold greater increase 
in thyroid width and circumference of 0.68 mm and 
2.30 mm per week of gestation. While the estimates of 
Bromley et al5 were 17.4 mm and 21.0 mm at 20 and 
30 weeks, respectively, Achiron et al8  predict a thyroid 
width of 9.7 mm and 16.5 mm at 20 and 30 weeks of 
gestation according to their measurements. Achiron et 
al8 reported that the mean ± SD thyroid width was 11.7 
± 4.1 mm and circumference was 39.5 ± 14.1 mm. In 
a study made by Vade et al27 the mean measurements 
for the sum of both lobes for transverse dimension 
was 13.9 mm, anteroposterior was 15.1 mm, and 
longitudinal was 34.6 mm. No significant correlation 
of these measurements was found with gestational age. 
These studies do not take the size of the thyroid isthmus 
into account, but the dimensions of the isthmus were 
measured in this study. In addition, the mean values of 
the gland were greater in boys for all parameters except 
the thickness of the left lobe.  Variations of the thyroid 
gland commonly associated with its development such 
as the ectopic gland, hemiagenesis or agenesis.28,29

The congenital hypothyroidism, which caused by 
an absent or defective thyroid gland classified as 
agenesis (22-42%), ectopy (35-42%) and place defects 
(24-36%).12 Most of the variations in the gland are due 
to a partial persistence of the median or thyroglossal 
duct. The most obvious example of this persistence is 
the lobus pyramidalis. The pyramidal lobe represents a 
persistent portion of the inferior end of the thyroglossal 
duct and may extend superiorly from the isthmus for a 
variable distance. It is usually attached to the isthmus on 
the left side of the median plane, but it may join either 
of the lateral lobes. The isthmus may be incomplete, 

Figure 2  - a-c) Photograph of  different developmental variations in the shape, size and relative level of the thyroid gland.

a b c
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failing to join the lateral lobes. There may be one or 
more fragments of thyroid tissue separate from main 
gland. The pyramidal lobe is present in about 50% of 
all humans and more commonly is associated with the 
left side of the isthmus.30,31 In this study, the pyramidal 
lobe was observed in 18.3% of the cases.  As a rule, the 
2 lateral lobes are almost equally well-developed, but 
occasionally they are unequal in size, and the right lobe 
may be twice as large as the left.31,32   In rare cases, one 
lobe may be absent. The isthmus varies greatly in size 
and is frequently not developed. In the adult it usually 
overlies the second, third and fourth tracheal rings.22

The thyroid gland may also be absent. The presence of 
thyroid tissue within the tracheal lumen is an unusual 
cause of upper respiratory obstruction.31  Consequently, 
knowledge of formation, position and developmental 
anomalies of the thyroid gland are of great practical 
importance for the radiologists, gynecologists and 
pediatricians to prevent both maternal and fetal 
complications in the fetal and neonatal period.
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