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Given the TMJ's complexity and the diverse causes of TMD, extensive research is necessary to
enhance the understanding of these disorders and improve methods of diagnosis and treatment.

TMJ is one of the most intricate joints in the human body, facilitating both hinge-like and
sliding movements. It plays a crucial role in various functions, such as eating and speaking. Its
anatomy, which includes muscles, bones, discs, and ligaments, makes it vulnerable to different
dysfunctions. When the TMJ is not functioning properly, it can hinder essential activities like
chewing and talking, resulting in significant discomfort.

TMD encompass many issues affecting the muscles, joints, and related structures. These
disorders frequently present as chronic pain, jaw locking, and headaches, which can significantly
disrupt daily activities. Despite how common TMD is, its underlying causes remain debated.
Further research is essential to investigate not only mechanical factors like occlusion but also
psychological and social influences (Engel, 1977; de Kanter et al., 2018).

Investigating the development of temporomandibular joint and its related disorders is
essential because of their significant effect on vital human functions. Although the biomechanical
properties of the TMJ are well established, the intricate interplay of factors contributing to TMD
remains a topic of debate. Continued research is vital for improving diagnostic methods and
treatment strategies, especially as the influence of psychosocial factors on TMD becomes
increasingly recognized.

MORPHO-HISTOLOGICAL FEATURES OF THE DEVELOPMENT OF THE HUMAN
FRONTAL FONTANEL DURING THE EMBRYONIC AND EARLY FETAL PERIODS

Roman Sukhonosov, Anatoly Tereshchenko, Mariia Halycha
Kharkiv National Medical University
Kharkiv, Ukraine

Relevance: The process of fontanel development is closely related to the development of
the brain and the skull as a whole. Fontanels are a characteristic feature of a child's skull. The
diagnostic significance of fontanels, particularly the frontal fontanel, is well known in cases of
rickets. In such cases, the shape and size of the frontal fontanel indicate not only the severity of the
disease but also reflect the course of the illness and the effectiveness of treatment. The condition
of the frontal fontanel is crucial for diagnosing various organic brain and meningeal lesions. The
presence of sutures and fontanels during fetal life is also important during childbirth, as the
reduction of the fetal head size is possible due to the mobility of the skull bones in the area of the
sutures and fontanels.

Objective of the study: To examine the morpho-histological features of the structure and
changes in the frontal fontanel during the embryonic period.

Materials and methods: Theoretical: review and analysis of scientific and methodological
literature; Practical: personal research.

Results and Conclusions: In a human embryo at 4-5 weeks of development, during the
primary formation of tissues, organs, and systems, the skull bones consist of mesenchyme
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surrounding the brain vesicles. Unlike the dorsal perimedullary mesenchyme, the mesenchyme
surrounding the anterior wall of the three brain vesicles is more significantly developed. The ventral
perimedullary mesenchyme is also well developed in the region of the rhombencephalon, from
where it extends to the anterior wall of the spinal cord. The dorsal wall of the brain vesicles is
covered with a dense network of mesenchyme, consisting of oval and triangular cells. In both the
ventral and dorsal perimedullary mesenchyme, two layers can be distinguished: 1) the inner loose
layer, which is adjacent to the brain vesicles and rich in blood vessels, and 2) the outer dense layer,
composed of more tightly packed mesenchymal cells. In the layer of ventral perimedullary
mesenchyme, the notochord and auditory vesicle are located. The inner layer of the ventral
perimedullary mesenchyme, which contains a large number of blood vessels, fills the spaces
between the walls of the prosencephalon, mesencephalon, and rhombencephalon. In the area of
the hindbrain vesicle, folds of the inner layer of mesenchyme penetrate together with the dorsal
wall of the brain vesicle, forming the choroid plexus.

By the 8th week, at the end of embryonic development, the cartilaginous base of the skull
begins to form in the human embryo. Simultaneously, the histological differentiation of the pia
mater begins, which is formed by the condensation of the inner layer of perimedullary mesenchyme
and the formation of a large number of blood vessels within it.

In the area of the skull vault, three layers of mesenchyme can be distinguished:

1) The outer layer (ectocranium) consists of loosely arranged round and oval mesenchymal
cells.

2) The middle layer of the skull vault contains more densely packed mesenchymal cells than
in the outer layer. It is highly vascularized, with blood vessels resembling sinusoidal capillaries.
The lumens of the vessels contain many blood cells, including nucleated erythrocytes. Many blood
cells are also freely located between the mesenchymal cells.

3) The inner layer of the skull vault (endocranium) is the forming dura mater. It consists of
tightly packed, round and oval mesenchymal cells that are more properly oriented than in the
middle layer. A fine network of argyrophilic fibers is found between the cells. As in the middle
layer, a dense network of blood capillaries is present, containing a large number of blood elements.
At this stage, the pia mater is well developed and closely adheres to the brain tissue. In certain
areas, it penetrates together with the thin wall of the brain vesicle into their cavities, forming
choroid plexuses. These plexuses consist primarily of oval mesenchymal cells and a dense network
of blood vessels filled with blood. The presence of poorly differentiated blood cells suggests that
the choroid plexuses of the brain ventricles are local centers of hematopoiesis.

There is a rather wide space between the pia mater and the inner layer of the skull vault.

At this stage of development, the area of the fonticulus anterior is histologically well
defined. In this region, the skull vault appears macroscopically thinner and more transparent than
in other areas. Histological examination shows that in the area of the frontal fontanel, the band of
mesenchyme, which is a continuation of the endo-, meso-, and ectocranium of the skull vault, is
also divided into three layers:

1) The outer layer consists of round and oval-shaped mesenchymal cells connected by
processes. A fine network of argyrophilic fibers is distributed between these randomly arranged
cells. The second layer contains loosely arranged oval cells, with loosely distributed individual
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argyrophilic fibers. Deeper in the third layer, which corresponds to the endocranium of the skull
vault, the cellular elements and fibers are more densely packed. A dense network of blood vessels
is present in this layer, with walls formed by three to four endothelial cells. The lumen of these
vessels typically contains many erythrocytes, often including nucleated erythrocytes. Numerous
blood cells are also found in the surrounding tissue. In the area of the fontanel, these layers are
more densely packed and not as clearly separated from each other as in other regions of the skull
vault.

2) The middle layer of the fontanel differs from the middle layer of the skull vault in that
the dense vascular network, characteristic of ossifying regions of the skull capsule, is entirely
absent.

3) Along the sagittal line, the inner layer is closely associated with the developing falx
cerebri. At this stage of development, the falx cerebri consists of round, oval, and irregularly
triangular-shaped mesenchymal cells, interconnected by their processes. On some frontal sections,
the falx cerebri is seen to be formed by the pia mater, which penetrates between the forming
cerebral hemispheres and extends to the base of the skull. In the upper part of the falx cerebri, the
cellular elements form a loose network with many erythrocytes in its loops. The developing
superior longitudinal sinus of the dura mater is a fairly large vessel filled with blood, with a wall
consisting of a single layer of endothelial cells.

At the beginning of the fetal period, in human embryos at 9-12 weeks of development, the
cartilaginous base of the skull becomes fused with the dura mater, which consists of oval cells and
thin bundles of collagen fibers. Inside, the well-defined pia mater, composed of round cells, is
already formed. At the same time, ossification of the connective tissue skull capsule begins.

In the roof of the skull, as well as at its base, three distinct layers are clearly visible:
ectocranium, mesocranium, and endocranium.

1) The outer layer consists of fairly densely packed oval cells, between which, using the Van
Gieson staining method, fine collagen fibers are visible.

2) The middle layer is made up of oval mesenchymal cells, more loosely arranged than in
the outer layer. This layer contains many blood vessels, and in certain areas corresponding to
ossification points, bone tissue formation begins.

3) The inner layer is the forming dura mater. Its endocranium starts to differentiate into the
arachnoid mater and is characterized by a more orderly arrangement of cellular elements.

In the region of the frontal fontanel, as in other areas of the skull vault, three main layers
can be distinguished:

1) The outer layer contains round and oval-shaped mesenchymal cells arranged along the
width of the fontanel.

2) The middle layer has more loosely arranged cells than the outer layer and is characterized
by more elongated cells. Among the spindle-shaped cells, there are also oval-shaped cells.

3) The inner layer has cells similar in shape to those in the middle layer, but they are arranged
along the length of the fontanel. Thus, in frontal sections, this layer appears to be made up of round
cells. This layer of the fontanel extends directly into the falx cerebri, with cells from the upper
layers also growing into it.

Thus, it can be said that the falx cerebri in human embryos at the 3rd month of embryonic
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development is formed by the pia mater and the tissue elements of the frontal fontanelle that grow
into it. Among the mesenchymal cells in the fontanelle at this stage of development, fibroblasts and
histiocytes are already present. In all layers of the fontanelle, especially in the inner layer, many
blood cells are distributed. The intercellular substance in the fontanelle tissue of three-month-old
fetuses is more significantly developed. Among the argyrophilic fibers, thin collagen fibrils can be
found. In fetuses at three months of embryonic development, the primordial skull is already formed.
The base of the skull is represented by hyaline cartilage, with which the dura mater is tightly fused
from the inside. The dura mater consists of closely packed oval cells and dense collagen fibers,
between which blood vessels lie. The pia mater is completely separated from the dura mater.

In the area of the cranial vault, bone tissue continues to develop in the mesocranium. The
cranial bones appear as thin round bone plates. The center of the bone is denser, while toward the
periphery it becomes thinner. The edges of the bone have the appearance of separate bone spicules
that radiate outward from the denser center, separated by areas of connective tissue rich in cellular
elements, primarily fibroblasts. Around the bone islands, osteoblasts and osteoclasts are located. In
the area where bone tissue is forming, there are a large number of blood vessels.

Externally, periosteum forms on the developing bone. It consists of tightly packed thin
collagen fibers and spindle-shaped mesenchymal cells lying between them. From the inside, the
dura mater, which is closely attached to the ossifying skull capsule, consists of dense collagen
fibers and spindle-shaped cells.

The pia mater enters the cerebral sulci, and at the crests of the gyri, it tightly adheres to the
substance of the brain.

The frontal fontanelle in three-month-old human fetuses, like the entire cranial vault, shows
further histological differentiation. However, the development of the cranial vault in the area of the
fontanelle proceeds differently. Here, there is no separation of distinct layers.

The endocranium, mesocranium, and ectocranium in the area of the fontanelle, which are
well differentiated in two-month-old embryos, merge and form a solid connective tissue membrane
composed of closely packed oval cells and collagen fibers that run in a specific direction. In the
outer layer, the cells and fibers are correctly oriented along the width of the fontanelle. Deeper, the
cells and fibers are arranged chaotically. In the inner layer of the fontanelle, the collagen fibers and
the cells lying between them are oriented in an anterior-posterior direction. The cells and fibers of
the fontanelle extend into the substance of the falx cerebri. The cellular elements of the fontanelle
at this stage of development are represented by fibroblasts and fibrocytes, among which histiocytes
and a large number of blood cells are present. Between the cells, a thin network of argyrophilic
fibers is distributed, with relatively thick bundles of collagen fibrils located against this
background. Elastic fibers are not found in the fontanelle at this stage of development.

Despite existing research in medical science, many issues concerning the fontanelles in
infants remain controversial and insufficiently substantiated.

EHAOBACKYJISAPHA JIABEPHA TEPAIIISA OYHOI'O SABJIYKA ITPH
EKCHEPUMEHTAJIBHOMY BEHO3HOMY 3ACTOIO
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