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INTRODUCTION
The spaces that are found in the infrahyoid region are 
the clinical landmarks for possible spreading diseases 
of inflammatory (reactive adenopathy or the soft tissues 
inflammation), odontogenic, traumatic or oncological 
origins  [1, 2, 3]. For instance, these may be oncological 
metastases (squamous carcinoma of larynx, lymphoma, 
thyroid cancer), Zenker’s diverticulum, thyroglossal duct 
cyst etc. [4, 5]. Moreover, braches of nerve supply such as 
recurrent laryngeal nerve may be often damaged during 
thyroid surgeries [6]. One of the most common severe 
complications in the deep infrahyoid region is septic 
thrombosis of the internal jugular vein (IJV) [2]. Infrahy-
oid region of neck is also found to tend in high frequency 
of congenital malformations like thyroglossal duct cyst, 
lymphangiomas and branchial cleft cysts [3, 7]. Because all 
congenital malformations are formed from embryological 
tissue, knowledge on normal morhogenesis will allow to 
understand better possible ways of their formation and 
further effective treatment.

Infrahyoid muscles are used in surgery as flaps for 
reconstruction procedures of the larynx, esophagus and 
tongue [8]; laryngopharyngeal reconstruction in patients 
with pyriform sinus carcinoma [5]. The infrahyoid myocu-
taneous flap, fed by the superior thyroid artery and with 
double venous drainage, is used as a reliable and convenient 
technique for over 40 years [9, 10] by surgeons with differ-
ent modified methods of incisions and flap preservation. 
We believe that detailed studies of the infrahyoid region 
in the focus of human prenatal development may help to 
improve surgical techniques of reconstructive surgeries 
in children and develop additional prenatal diagnostic 
indexes for possible congenital malformations detection.

THE AIM
To investigate and circumscribe morphology, topography and 
developmental changes of anatomical structures in the infrahy-
oid triangles of human neck during prenatal period of human 
development and provide morphometrical data of those.

PEQULIARITIES OF MORPHOGENESYS AND TOPOGRAPHY OF 
INFRAHYOID TRIANGLES IN HUMAN PREFETUSES AND FETUSES

10.36740/WLek202101120 
 
Olexandr V. Tsyhykalo1, Iryna S. Popova2, Olga Ya. Skrynchuk3, Tetiana D. Dutka-Svarychevska4, Larysa Ya. Fedoniuk5

1DEPARTMENT OF HISTOLOGY, CYTOLOGY AND EMBRYOLOGY, BUKOVINIAN STATE MEDICAL UNIVERSITY, CHERNIVTSI, UKRAINE
2DEPARTMENT OF HISTOLOGY, CYTOLOGY AND EMBRYOLOGY, BUKOVINIAN STATE MEDICAL UNIVERSITY, CHERNIVTSI, UKRAINE
3DEPARTMENT OF PHARMACY, BUKOVINIAN STATE MEDICAL UNIVERSITY, CHERNIVTSI, UKRAINE
4DEPARTMENT OF HISTOLOGY, CYTOLOGY AND EMBRYOLOGY, BUKOVINIAN STATE MEDICAL UNIVERSITY, CHERNIVTSI, UKRAINE
5MEDICAL BIOLOGY DEPARTMENT OF THE I. HORBACHEVSKY STATE MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

ABSTRACT
The aim: To investigate morphology and developmental features of anatomical structures in the infrahyoid triangles of human neck during prefetal and fetal periods of human 
ontogenesis. 
Materials and methods: We have studied 30 specimens of human prefetuses from 7th till 12th week (16,0-82,0 mm of parieto-coccygeal length (PCL)) and 30 human fetuses aged 
from 4th till 10th month (84,0-360,0 mm PCL) of intrauterine development by the means of macro-, microscopy, morphometry, three-dimensional remodeling and statistical analyses. 
Results: We can observe anterior triangle in human fetuses after the time when common precursor muscular mass splits into two: the anterior and posterior portions which 
will give rise to the sternocleidomastoid and trapezoid muscles accordingly. The area index of the central triangle in human fetuses 4th – 10th month of intrauterine development 
shows the increasing tendency with the highest rates at 8th–10th months period – 1100-1200 mm2. The angulated course of omohyoid muscle is visible at late prefetal and early 
fetal periods (3-4th month; 80,0-130,0 PCL) as well as the presence of intermediate tendon. Peaks of the area of sternocleidomastoid region area evaluation was observed in 
190,0-210,0 mm PCL and 260,0-270,0 mm PCL human fetuses; 6th and 7,5th months accordingly.
Conclusions: The critical periods for the AT and SCM regions should be considered 6th and 8th months of the IUD. Prefetal period shows the presence of AT and border structure 
for the IH neck – precursor of HB. Fetal period of IUD (4th – 10th months of IUD) should be considered as such that represents an adult-alike morphology of IH neck: presence of 
IH triangles with fully developed vascular, muscular and fascial content.
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MATERIALS AND METHODS
The study was performed in accordance with the provi-
sions of the declaration of Helsinki (1995) as revised in 
Edinburgh (2000), ICH GCP (1996) and had been ap-
proved by the Bukovinian State Medical University Ethics 
Committee. Study is a part of complex scientific work of 
the Department of Histology, Cytology and Embryology 
“Regularities of morphogenesis and structural features of 
tissues and organs in human ontogenesis” (registration 
number 0116U002938).

Specimens of the fetuses (of both genders) from the Cher-
nivtsy Regional Pathologists Office had been used for research 
in accordance to bilateral contract on scientific collaboration 
with the Department of Histology, Cytology and Embryology. 

The specimens of human prefetuses aged from 7th till 12th week 
(16,0-82,0 mm of parieto-coccygeal length ((PCL) and human 
fetuses aged from 4th till 10th month (84,0-360,0 mm PCL) of 
intrauterine development (IUD) were investigated by means of 
morphological methods (macroscopy for fetuses, microscopy 
for prefetuses (with fixation, embedding in dense material, 
staining with haematolixil & eosin), 3D-reconstruction for 
prefetuses (based on series of histological labeled slides, n = ± 
50 from each prefetus specimen), morphometry and statistical 
analyses). All specimens were obtained from ectopic pregnan-
cies or spontaneous abortions, and no part of the material gave 

Fig. 1. 3D reconstruction of anatomical structures of the anterior triangle of 
neck of human prefetal specimen 55,0 mm PCL (10th week). Antero-inferior 
view. Magn.: x12: 1 – mandible; 2 – sternocleidomastoid muscle; 3 – hyoid 
bone; 4 – main vasculo-nervous bundle of the neck; 4.1 – common carotid 
artery; 4.2 – internal jugular vein; 4.3 – vagus nerve; 5 – trachea; 6 – 
thyroid cartilage; 7 – esophagus; 8 – vertebrae; 9 – external jugular vein.

Fig. 2. Frontal section of the neck organs in the human prefetus 30,0 mm PCL. 
Stained with H&E. Magn.: х30: 1 – trachea; 2 – oesophagus; 3 - retropharyngeal 
space; 4 - recurrent laryngeal nerve; 5 – platysma; 6 - common carotid artery; 
7 – sternocleidomastoid; 8 – sternothyroid; 9 – omohyoid.

Fig. 3. The area of the central triangle in human fetuses 4th – 10th month 
of intrauterine development (85,0-360,0 mm PCL).

Fig.4. Borders of infrahyoid triangles. Macrospecimen of male human fetus 
150,0 mm PCL, left view. Magn.: x2: 1 – sternocleidomastoid muscle and 
region: 1.1 – sternal head, 1.2 – clavicular head; 2 – omohyoid muscle; 
3 – sternohyoid muscle; 4 – trapezius muscle; 5 – braches of v. jugularis 
interna; 6 – clavicle; 7 – hyoid bone; 8 – supraclavicular nerve twigs; 9 – 
twigs of cervical plexus.
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indications of possible malformation. Series of histological 
specimens (embedded in paraffin and stained with haema-
toxilin and eosin) from prefetal material were conducted by 
microtome in sagittal and horizontal axes with photographing. 
Micro- and macroscopy, morphometry was conducted under 
the control of binocular microscope. 

RESULTS AND DISCUSSION
We have observed that the infrahyoid portion of the neck is 
represented by triangular areas that are found in space between 
the hyoid bone (HB) downwards to thoracic inlet starting from 
55,0-60,0 mm PCL prefetuses and later on in the fetal period 
of the IUD. IH region (including infrahyoid triangles) are seen 
on three-dimensional reconstructions in middle-aged human 
prefetuses (35,0-65,0 mm PCL) by the means of outlined IH 
group of muscles, main vascular structures and by the main 
landmark for delimiting infrahyoid region – the HB (Fig. 1). 
Three-dimensional reconstruction is believed to be a reliable 
method for early human development studies [11, 12] and we 
have used it to investigate topographical peculiarities in human 
fetus o f10th week developmet. 

With the help of histological investigation of prefetal material 
and macroscopic studies of fetal specimens, we have seen that 
spaces in the infrahyoid region are divided by the means of the 
deep cervical fascia leaves. Visceral, carotid and the periverte-
bral spaces are seen much clear comparing to retropharyngeal 
and posterior cervical in the prefetal period (30,0-80,0 mm 
PCL). The superficial covering for infrahyoid neck is skin, 
superficial neck fascia and platysma. Platysma is represented 
by a broad thin line of muscular fibers going in one direction, 
placed immediately beneath the hypodermis. Platysma in fe-
tuses originates from the clavicle and acromion and has oblique 
direction of fibers towards its insertion to the mandible near the 
external oblique line; in prefetuses it has shown bigger content 
of fibrous component comparing to those in fetuses. 

We can observe anterior triangle in human fetuses after the 
time when common precursor muscular mass splits into two: 

the anterior and posterior portions which will give rise to the 
sternocleidomastoid (SCM) and trapezoid muscles accordingly 
(Fig. 2). This period is important as a possible time for congen-
ital malformations development [13, 14].

This histological picture may be found starting from the 
middle prefetal period (40,0 mm PCL specimens and on), 
when SCM has enlarged to the definitive shape and is fixed at 
its anatomical attachment points (mastoid process in superior 
portion and the clavicle in the inferior portion of the neck). As 
a result of this split we can observe boundaries of the anterior 
triangles in human neck and those lined above by the precur-
sor of HB will be the infrahyoid ones: carotid, omotracheal, 
omoclavicular, omotrapezoid and SCM region, that are often 
used in reconstructive surgeries [8, 9]. The mandible superiorly, 
anterior borders of SCM laterally and the midline of neck are 
the margins for the AT, covered by the superficial layer of the 
deep neck fascia and supported deeply by the visceral layer of 
the deep neck fascia. Multilayered configuration of the neck can 
be seen starting from 90,0 mm PCL in fetal period, as we have 
seen that deep cervical fascia has developed its subdivisions: 
superficial, visceral and deep layers. Fascial layers create fascial 
spaces, that can be distinguished macroscopically starting from 
early stages of fetal period (85,0-100,0 mm PCL and on) as they 
develop some volume of the fatty tissue inside and later on can 
be classified using an estimated topographical classification [15]. 

The area of AT is important index for us as it generalizes the 
content volume of the strap-like infrahyoid muscles: omohy-
oid (OH), sternohyoid (SH), thyrohyoid, sternothyroid (ST). 
Blood supply of IH muscles in fetal period (7th-10th months) is 
supported by superior and inferior thyroid arteries. The area 
index (mm2) of the central triangle (-713,8855+218,2721*x) in 
human fetuses 4th – 10th month of IUD (85,0-360,0 mm PCL) 
shows the increasing tendency during IUD with the highest 
rates at 8th–10th months period – 1100-1200 mm2 (Fig. 3). 

Moreover, Figure 3 shows the general dependence of fetal age 
(in month of IUD) to the area of anterior triangle and we may 
deduce the deviations of indexes during each month which 
shows high rate of individual anatomical distinctions. Even 

Fig. 5. The width of sternocleidomastoid region in human fetuses 4th-10th 
month of intrauterine development (85,0-360,0 mm PCL).

Fig. 6. The area of sternocleidomastoid region in human fetuses 4th-10th 
month of intrauterine development (85,0-360,0 mm PCL).
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though this area index reaches its peak point around 8,5-9th 
months of IUD, the critical period of its morphogenesis should 
be considered 7th month of IUD. This can be explained by the 
highest intensity of bony structures development (mandible, 
clavicle, sternum) as well as the critical period for muscular, 
vascular and fascial structures IUD modification.

Muscular triangle (MT) is lined anteriorly by the midline of 
neck from the HB to the sternum; posteriorly by anterior border 
of SCM; apically by superior belly of OH muscle. At middle of 
prefetal stage (3rd month of IUD; 54,0-80,0 PCL) OH muscle 
is found to be innervated from the twigs on ansa cervicalis 
(AC) and seen as a straight long muscle without intermediate 
tendon. The angulated course of OH is visible at late prefetal 
and early fetal periods (3-4th month; 80,0-130,0 PCL) as well 
as the presence of intermediate tendon. OH anterior belly 
arises behind the SCM as a continuation of the posterior belly, 
ascending almost vertically in close topographical relation to 
SH muscle (Fig. 4) and attaches to the lower part of HB, that 
correlates with anatomical studies on OH morphology [16, 17].

The roof of MT is represented by skin, superficial fascia, thin 
platysma (innervated by superficial braches of the cervical 
plexus) and leaf of deep neck fascia. Floor of MT is represented 
by SH and ST muscles. SH and ST are found to be covered by 
deep layer of the deep neck fascia that is seen as thick layer of 
dense connective tissue, attached to the posterior border of 
the HB. In late fetal period (230,0-350,0 PCL; 7-9th month of 
IUD) the space between two layers of the deep cervical fascia 
was found to contain moderate amount of adipose tissue. MT 
contains common carotid artery (CCA), IJV and vagus nerve 
that lies between the vessels (Fig.4).

SCM runs obliquely across each sides of the neck and is 
covered by two layers of deep cervical fascia. Prefetuses 55,0-
80,0 PCL already show the presence of two heads in the place 
of SCM attachment to the sternum and clavicle (Fig.4). Sternal 
head of SCM starts as a tendon at upper anterior portion of the 
sternum, that goes upwards as a dense muscle fiber turning 
backwards obliquely. Clavicular head of SCM is attached to 
the inner 1/3 posterior border of clavicle as a compact mus-
cle fiber directed vertically upwards. The space between the 
arising heads of the SCM varies in its triangular shape and 
size depending on the total lengths of the SCM and its width. 
Both heads fuse together to form a SCM at the level of HB and 
attach to the mastoid process. The width of SCM region (Fig. 
5) has evaluated gradually during fetal period (width of SCM =  
0,5171+0,1536*x; 0,95) that may be used while studying peal 
force capabilities of the SCM [18]. 

Critical periods of its formation may be considered 6th and 7th 
months of IUD (190,0-260,0 mm PCL). Deviations of indica-
tors from Fig. 5 can prove the variety of morphological course 
of the SCM development: width can predict the area index 
and the morphological features of topographical neighboring 
structures in the IH neck of the future newborn. Deviations of 
abovementioned index 9if measured prenatally) can be predic-
tor for abnormal course of the SCM morphogenesis (wryneck, 
development of additional heads etc. [18]).

Area index of the SCM region (Fig. 6) that was analyzed 
statistically (area of SCM = -36,1279+15,035*x), shows that the 
highest parameter can be found at the 9th month of IUD. This 

index varies and each IUD period, but also tends to increase 
gradually. We have observed the highest rate (peaks of evalua-
tion) in 190,0-210,0 mm PCL and 260,0-270,0 mm PCL human 
fetuses, 6th and 7,5th months accordingly (Fig. 6). 

Area index of SCM that we have measured can be used 
clinically for the prenatal diagnostic, as the SCM region itself 
holds part of CCA, IJV and vagus nerve. IH portion of SCM 
in fetal period is supplied by branch of superior thyroid artery.

SCM is the posterior border for the carotid triangle, that 
contains upper part of CCA and is a place of its bifurcation on 
external (ECA) and internal carotid arteries (ICA); hypoglossal 
nerve and the accessory nerve. In the medial portion of ECA, 
close to HB we have seen internal branch of superior laryngeal 
nerve. The inferior border for carotid triangle is the superior 
belly of the omohyoid; superior border is held by stylohyoid and 
posterior belly of the digastricus. Roof in carotid triangle is rep-
resented by skin, superficial fascia, platysma, investing layer of 
the deep cervical fascia. CCA runs cranially and complements 
neurovascular bundle of the neck. Human prefetuses (82,0 
mm of PCL) show the presence of fascial coverings (sheath) of 
the carotid space that are formed as prolongations of the deep 
cervical fascia covering. We have found fibrous septs between 
each of the blood vessel within cervical vascular trunk which 
were included in one common covering. On the right plate of 
the infrahyoid region of prefetal neck (70,0-82,0 mm PCL), 
right CCA lies between trachea and anterior scalene muscles. 
AC lies in the anterior wall of carotid layer which is overlapped 
by anterior edge of SCM. Terminal branches of AC in prefetal 
and fetal periods show the variety of topographical anasto-
moses that supply innervation of the infrahyoid muscles [19]. 
Behind the carotid vessels we may dissect prevertebral fascia 
that participates in creation of carotid sheath. In front of the 
carotid vessels next to investing layer of neck fascia we may see 
pretracheal fascia that continues to the HB.

We haven’t found any signs of branchial structures residuals 
at the prefetal stage (20,0-80,0 mm of PCL) that is why no 
possible congenital abnormalities were observed. We also have 
not found the residuals of thyroglossal duct at this stage within 
the strap muscles which means that at prefetal stage tissue of 
thyroid lobules has isolated from pharyngeal precursor. The 
thyroid cartilages (cricoid, thyroid and arytenoids) are fully 
developed in prefetuses 67,0-80,0 mm PCL and finishes the 
ventral fusion in early fetal period (96,0 mm PCL). Two laminae 
of the thyroid are formed and we may see ventral fusion also. 

The vertebral vein is found to descend above the foramen 
magnum following the course of the posterior jugular vein 
in prefetuses. It runs above the vertebral artery and descends 
vertically in the canal of the transverse process of cervical ver-
tebrae next to the artery. Running above the subclavian artery it 
ends in a trunk to subclavian jugular confluence. The vertebral 
vein drains venous blood from the deep structures of the IH 
region and deep cervical veins. Posterior jugular vein is found 
to be connected with IJV and vertebral veins. IJV together 
with subclavian veins create jugular venous angle, which may 
be considered as the content of lateral triangle of neck and 
should be carefully operated while conducting neck infection 
surgeries [2], especially in cases of additional infrahyoid muscles 
presence [20].
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CONCLUSIONS
1.  Prefetal period of human ontogenesis is characterized 

by intensive processes of organogenesis and formation 
of infrahyoid neck triangles with district borders and 
content. 

2.  Fetal period of prenatal development (4th-10th months 
of IUD) shows definite morphology of infrahyoid neck 
that is close to an adult one: muscular, carotid and SCM 
regions are differentiated with fully developed vascular, 
muscular and fascial content. 

3.  Morphometrical indexes of IH neck rely on topographi-
cally close structures. The critical periods for the AT and 
SCM regions should be considered 6th and 8th months 
of the IUD. Provided morphometric data may be used 
as some prenatal diagnostic criteria for human fetuses 
of last trimester.
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