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ABSTRACT

The aim: To study the forms of anatomical variability of the external structure of the upper and lower parathyroid glands in the fetal period of human ontogenesis.
Materials and methods: The study involved 48 specimens of human fetuses with 81,0-375,0 mm of crown-rump length (CRL). The study was conducted by means of macro-

microscopic preparation, morphometry and variation statistics method.

Results: The age and individual anatomical variability, complex way of development and formation of synotopic embryotropographic correlations of the upper and lower
parathyroid glands in the prenatal period of human ontogenesis create numerous prerequisites for the emergence of variants of their external structure and topography in the

fetuses of both different and the same age groups.

Condlusions: There is a significant anatomical variability of the upper and lower parathyroid glands in 4-10-month-old fetuses, which is manifested by varieties of their shape
and topical location. Aplasia of the upper parathyroid glands, which was found in two human fetuses aged 7 months, was due to the fetures of their organogenesis and the
formation of syntopy in the embryonic and prefetal periods of their development. Parathyroid glands are mainly supplied with blood by the branches of the inferior thyroid
artery. The branches of the upper thyroid artery and the arteries of adjacent organs: larynx, trachea and esophagus are involved in the blood supply. The right and left inferior
thyroid veins are tributaries of the corresponding brachiocephalic vein, paired (right and left) superior and middle thyroid veins are those for the internal jugular vein.
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INTRODUCTION

The problem of specific complications in thyroid surgery
is very acute in both Ukraine and in the world, which
is associated with a large number of operations on the
thyroid gland (TG) (in Ukraine there are 11-12 thou-
sand operations per year) and the incessant tendency to
increase the incidence of diseases [1]. Among the main
specific complications in thyroid surgery (damage to the
laryngeal nerve with subsequent paresis of the larynx and
hypoparathyroidism with hypocalcemia syndrome), it is
the postoperative reduction of parathyroid hormone secre-
tion that is the most common type of undesirable effects of
surgery occurring in 20-60% of patients and which causes
significant deterioration in the quality and duration of
their life [2, 3, 4]. Therefore, the data on the features of the
topographic anatomy of the parathyroid glands (PTG) and
possible variants of their structure are important to avoid
postoperative hypoparathyroidism [5, 6, 7].

The identification of PTG during surgical interventions
may be complicated due to their small size, number, ana-
tomical variations, close location to important structures
and unreliable visualization [8, 9, 10].
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The PTG play an important role in controlling the level
of calcium and, therefore, have a direct impact on muscle
contraction and neurotransmission. Structural variants
and ectopic location of the PTG increase the complexity of
surgical interventions on the TG and PTG [11, 12].

Heterotopia of the PTG due to aberrant migration in the
early stages of development and the impossibility of their
identification may lead to errors in surgical interventions
on the TG and PTG, in the mediastinum and pericardium
area. According to anatomical studies, the incidence of
PTG ectopia is about 2-43% and 14-16% in patients with
primary and secondary hyperparathyroidism, respectively.
The ectopic localization of the lower PTG in the anterior
mediastinum is most frequently observed, and the most
common heterotopia of the upper PTG is the tracheo-
esophageal groove or the retroesophageal region [13, 14].

Finding patterns of the development of the structure and
topography of fetal organs and systems is important for the
interpretation of the true direction of organogenesis processes,
mechanisms of normal body growth, the emergence of ana-
tomical variants and congenital malformations [15]. Studying
the shapes of anatomical variability of organs and structures, in
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Fig. 1. The organs and structures of the neck and thoracic cavity of the
fetus with 170.0 mm of CRL. Gross specimen. Augm. 2,6x:

1 —the right lower parathyroid gland;

2 —the isthmus of the thyroid gland;

3 —the trachea;

4 — the common carotid arteries;

5 —the arch of the cricoid cartilage;

6 — the vaqus nerves;

7 —the left recurrent laryngeal nerve.

Fig. 2.The organs and structures of the neck and thoracic cavity of the fetus
with 190.0 mm of CRL. Gross specimen. Augm. 2,7x:

1— the right lower parathyroid gland;

2 —the thyroid gland lobes;

2 — the isthmus of the thyroid gland;

4 — the common carotid arteries;

5 — the vagus nerves;

6 — the inferior thyroid veins;

7 —the trachea;

8 — the thymus.

Fig. 3. The organs and structures of the neck and thoracic cavity of the
fetus with 192,0 mm of CRL. Gross specimen. Augm. 2,3x:
1 —the right upper parathyroid gland;

2 —the right lateral lobe of the thyroid glandnpasa;

3 — the right middle lateral lobe of the thyroid gland;

4 — the right lower lateral lobe of the thyroid gland;

5- the right paramedian lobe of the thyroid gland;

6 — the left lobe of the thyroid gland;

7 — the arch of the cricoid cartilage;

8 —the trachea;

9 — the common carotid arteries;

10 — the internal jugular veins;

11— the left recurrent laryngeal nerve.

Fig. 4. The organs and structures of the neck and thoracic cavity of the
fetus with 225,0 mm of CRL. Gross specimen. Augm. 2,1x:

1—the left lower parathyroid gland;

2 — the thyroid gland;

3 — the left recurrent laryngeal nerve;

4 —the vaqus nerves;

5 — the common carotid arteries;

6 —the trachea.
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Fig. 5. The organs and structures of the neck and
thoracic cavity of the fetus with 240,0 mm of CRL.
Gross specimen. Augm. 1,8x:

1—the left lower parathyroid gland;

2 —the lobes of the thyroid gland;

3 — the pyramidal process of the thyroid gland;

4 —the thyroid gland isthmus;

5 —the common carotid arteries;

6 — the left vagus nerve;

7 —the internal jugular veins;

8 — the cricoids cartilage arch;

9 —the trachea.

4 —the trachea;

particular the glands of the internal secretion during the fetal
period of human ontogenesis is a comprehensive task. The
sources of literature contain rare reports on prenatal morpho-
genesis and variant anatomy of the PTG [8, 16], which does
not fully reflect their age and individual anatomical variability.

THE AIM

To study the forms of anatomical variability of the external
structure of the upper and lower parathyroid glands in the
fetal period of human ontogenesis.

MATERIALS AND METHODS

The study involved 48 specimens of human fetuses with
81,0-375,0 mm of crown-rump length (CRL) by using gross
and fine dissection and morphometry. The study of fetal
spesimens with a mass of 500.0 g or more was conducted
in the Chernivtsi region Communal Medical Establishment
«Pathologoanatomical Bureau» in accordance with the
cooperation agreement. The study also involved spesimens
of fetuses of all ages without external signs of anatomical
abnormalities or abnormalities of the cervical and anterior
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Fig. 6. The organs and structures of the neck and thoracic cavity of the fetus with 280,0 mm of
(RL. Gross specimen. Augm. 2,4x:

1—the right lower parathyroid gland;

2 —the lobes of the thyroid gland;

3 — the isthmus of the thyroid gland;

5 — the common carotid arteries;
6 —the vagus nerves;

7 — the internal jugular veins;

8 — the lower thyroid veins;

9 — the left brachiocephalic vein.

thoracic areas from the Museum of the Department of
Human Anatomy named after M.G. Turkevych of HSEI of
Ukraine «Bukovinian State Medical University».

The Commission on Biomedical Ethics of Bukovinian
State Medical University revealed no moral and legal vio-
lations during medical scientific research.

RESULTS AND DISCUSSION

At the beginning of the fetal period of human ontogenesis,
PTG develop intensively. 11 of the examined 4-5-month-
old fetuses had the variability of the shape of the right and
left upper (UPTG) and lower (LPTG) parathyroid glands.
For instance, the elongated shape of UPTG and its variants
(elongated-oval, elongated-round, spindle-shaped) was
observed in 10 cases (45.5%), oval shape in 7 observa-
tions (31.8%) and bean-shaped one in 5 cases (22, 7%).
The following variants of the shape of LPTG were found:
round - 8 observations (36.4%), oval — 6 cases (27.3%),
elongated - 5 (22.7%) and crescent-like one- 3 (13.6%).
The UPTG in 4-5 month old fetuses are mainly located at
the level of the middle third of the posterior surface of the
thyroid gland (9 cases, 40.9%) or between the upper and
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middle third of the thyroid gland (6 observations, 27.3%),
less frequently - at the level of the upper third of the TG
lobes — 3 cases (13.6%), on the border of the middle and
lower third of the thyroid gland - 2 observations (9.1%) or
in the thickness of the thyroid gland - 2 (9.1%). The right
and left LPTG take the following positions: at the level of
the lower third of the posterior surface of the thyroid gland
(8 cases, 36.4%), below the TG lobes - 6 (27.3%), on the
border of the middle and lower third of the thyroid gland -
4 (18, 2%), within the limits of the vascular-nerve bundles
of the neck - 3 (13.6%) and in the thickness of the thyroid
gland - 1 case (4.5%).

In particular, the fetus with 170.0 mm CRL had an
H-shaped thyroid gland and the right LPTG was located
under its lower pole. The latter is rounded, 3.5 mm high
and 4.5 mm wide, adjacent to the lower end of the right
thyroid lobe and is located between the trachea and the
right common carotid artery (Fig. 1). The left lobe of
the thyroid gland is adjacent to the lateral surface of the
trachea, cricoid cartilage, and the lateral surface of the
esophagus. The isthmus of the thyroid gland is at the level
of the 3rd tracheal cartilage. The topical placement of the
right and left UPTG, as well as the left LPTG is without
any variant features.

The thyroid gland of a fetus with 190.0 mm of CRL is
characterized by a horseshoe shape. The right LPTG which
is oval, 7.0 mm high and 3.5 mm wide, is located laterally
and 8.0 mm below the basement of the right lobe of the
thyroid gland. The back surface of the right side LPTG is
closely adjacent to the right common carotid artery. The
right vagus nerve is adjacent to the lateral surface of the
LPTG, and the right lower thyroid veins to its paramedian
surface. (Fig. 2).

Studying 21 fetuses aged 6-7 months in 2 observations
(255.0 and 260.0 mm of CRL) found aplasia of the right
and left UPTG. The fetus with 192.0 mm of CRL had the
atypical asymmetric shape of the thyroid gland, which
consisted of 5 lobes: the left one;the right paramedian; the
right upper lateral one; the right middle lateral and the right
lower lateral ones. The fetus did not have the isthmus of
the thyroid gland or the pyramidal lobe either. The right
UPTG, which is oval, 5.0 mm long and 3.5 mm wide, is
located atypically, namely: medially of the right upper lat-
eral lobe of the thyroid gland and slightly above the right
paramedian lobe of the thyroid gland. The oblique part
of the cricothyroid muscle is located medially to the right
UPTG. The back surface of the right HPTG is adjacent to
the first tracheal ring (Fig. 3).

6-7 month-old fetuses were found to have the following
types of UPTG: oval — 13 cases (34.2%), elongated — 10
(26.3%), rounded - 7 (18.4%), crescent-shaped — 5 (13.2
%), lentil-shaped — 3 (7.9%). The LPTG is characterized by
the variability of the shape as well: rounded - 16 (38.1%),
lentil-shaped - 10 (23.8%), bean-shaped - 8 (19.1%), oval
-5(11.9%), elongated - 3 (7.1%). In 6-7 month-old fetuses
UPTG are generally localized between the upper and mid-
dle third of the posterior surface of the thyroid gland - 15
cases (39.5%) and at the level of the middle third of the

thyroid gland - 11 (28.9%), less frequently — at the level of
the upper third of the thyroid gland - 7 (18.4%) or within
the vascular nerve bundles of the neck, more laterally to the
thyroid gland lobes — 5 (13.2%). LPTG are topically found
within the lower third of the thyroid back surface lobes — 19
observations (45.2%), below the thyroid gland lobes — 11
(26.2%), on the border of the middle and lower thirds of the
thyroid gland lobes - 8 (19%), within the vascular-nerve
bundles of the neck - 2 (4.8%) or behind the sternum - 2
(4.8%). The fetus with 225.0 mm CRL was found to have
an atypical shape of the thyroid gland which looked like
the letter «L», represented by a vertical (the right lobe with
a pyramidal process) and a horizontal (the isthmus and
the left lobe) parts, as well as the position of the left LPTG
under the lower pole. The left LPTG is lentil-shaped, 3.0
mm high and 6.0 mm wide, adjacent to the lower edge of
the left lobe of the thyroid gland and is located between the
trachea and the left common carotid artery (Fig. 4). The
anterior surface of the left LPTG is closely adjacent to the
left recurrent laryngeal nerve.

The fetus with 240.0 mm of CRL was found to have het-
erotopia of the left LPTG located in the left neurovascular
bundle of the neck, between the left common carotid artery
and the left internal jugular vein and is 4.0 mm below the
left lobe of the thyroid gland (Fig. 5). The LPTG is oval
and its posterior surface adjoins the anterior surface of
the left vagus nerve and the anterior-lateral surface of the
left common carotid artery. The left LPTGis 11,0 mm long
and - 5,5 mm wide. The TG, which is horseshoe-shaped,
consists of the right and left lobes, which are located on the
anterior surface of the trachea, at the level of I-III tracheal
cartilages. A pyramidal process leaves the right lobe of the
thyroid gland. It should be noted that the isthmus of the
thyroid is below the arch of the cricoid cartilage, while the
right lobe and the pyramidal process partly cover the arch
of this cartilage. The right common carotid artery closely
adjoins the right lobe of the thyroid gland laterally, while
the left vagus nerve and the left internal jugular vein are
adjacent to the left TG lobe. The thyroid cartilage consists
of two quadrilateral, symmetrical plates, the right and the
left ones, connected at an obtuse angle.

At the end of the fetal developmental period (16 fetuses
aged 8-10 months were studied), there is a variability of the
shape and position of the right and left UPTG and LPTG.
The following variants of the UPTG shape were observed:
oval (13 cases, 40.6%), rounded — 9 (28.1%), elongated - 7
(21.9%), flat - 2 (6.3%), droplet-shaped one - 1 (3.1%). The
LPTG are more likely to be rounded - 17 observations (53.1%)
and lentil-like ones — 10 (31.3%) ; rarely they are elongated
-4 (12.5%) and oval - 1 (3.1%). UPTG are, as a rule, located
on the border of the upper and middle third of the posterior
surface of the thyroid gland lobes- 12 cases (37.5%), or at the
level of the upper third of the thyroid gland - 11 (34.4%),
rarely — at the level of the middle third of the thyroid gland -
4 (12,5%), in the thickness of the thyroid gland - 3 (9,4%) or
above the thyroid gland lobes - 2 (6,2%). LPTG are mainly
localized at the level of the lower third of the posterior surface
of the thyroid gland lobes - 15 observations (46.9%). One or
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two-sided position of the LPTG under the lower ends of the
TG lobes thyroid was found in 7 cases (21.9%), on the border
of the middle and lower thirds of the thyroid gland lobes - 4
(12.5%), in the thickness of the thyroid gland - 4 (12.5%) and
within the corresponding neurovascular bundle of the neck -
in 2 observations (6.2%). It should be noted that sometimes
one and the same fetus has an asymmetry of the shape of the
right and left UPTG and LPTG.

The fetus with 280.0 mm of CRL was found to have an
atypical position of the right LPTG - caudolaterally to the
right lobe of the thyroid gland (Fig. 6). The latter is but-
terfly-shaped. The right LPTG, which is rounded, 5.0 mm
high and 6.5 mm wide, is placed between the lateral wall of
the trachea and the right vagus nerve. The posterior surface
of the right LPTG is adjacent to the anterior semicircle of
the right common carotid artery.

The blood supply of the PTG is mainly carried out by the
branches of the inferior thyroid gland. The branches of the
superior thyroid artery and the arteries of the adjacent or-
gans: the larynx, the trachea and the esophagus are involved
in the blood supply of the PTG. The thyroid venous plexus
is located on the anterior surface of the cervical part of the
trachea and thyroid gland, arches of the cricoid cartilage and
the plates of the thyroid cartilage. The right and left inferior
thyroid veins are tributaries of the corresponding brachio-
cephalic vein while the paired (right and left) superior and
middle thyroid veins are those of the internal jugular vein.

CONCLUSIONS

1. The age and individual anatomical variability, a difficult
way of development and formation of syntopic embryon-
ic tropographic correlations of UPTG and LPTG in the
prenatal period of human ontogenesis create numerous
prerequisites for the emergence of variants of their ex-
ternal structure and topography in the fetuses of both
different and the same age group.

2. 4-10 month-old fetuses are characterized by a signifi-
cant anatomical variability of UPTG and LPTG which
manifests itself by the varieties of their shapes and topical
location.

3. The UPTG aplasia, which was found in two human
fetuses aged 7 months, is due to the features of their
organogenesis and the formation of syntopy in the em-
bryonic and pre-fetal developmental periods.

4. The obtained data on the variant anatomy of the PTG
should be taken into account by surgeons-endocrinol-
ogists and doctors of ultrasound diagnostics during
diagnostic and operative manipulations.

Prospects of further research. The conducted study on the

dynamics of the formation of the shape and size of the PTG

in 4-10- month-old fetuses indicates the need to further
elucidate their variant anatomy in newborns.
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