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Abstract

PECULIARITIES OF EYE MORPHOGENESIS IN THE EMBRYOUS AND PREPARATIVE  
PERIODS OF HUMAN ONTOGENESIS

Background: Finding out the sources, the chronological sequence of the germs and the formation of the struc-
ture of the human orbit remains a pressing task for morphologists. A comprehensive study of the features of deve-
lopment, formation, topographic and anatomical changes in the structures of the orbit (in particular, the muscles 
of the eyeball, blood vessels and nerves), the dynamics of their syntopic changes during the erly prenatal period 
of ontogenesis is important to determine the structure, preconditions and time of occurrence of their congenital 
malformations

Material and methods: Using a complex of methods of morphological examination 30 series of consecutive 
histological sections of human embryos and prefetuses aged from 3 till 8 weeks od IUD (3.0-30.0 mm parietal-coc-
cygeal length (PCL)) were studied.

Results: at the 3rd week of IUD the orbital region is represented by the place of close contact of the neuroecto-
derm of the optic vesicle with the adjacent integumentary ectoderm, as well as the mesenchyme surrounding this 
place of contact. In embryos of 3.5 mm PCL, the rudiment of the optic stalk is observed as a result of the transfor-
mation of the junction of the area of   the eye rudiment with the brain.

Conclusions: 1. The rudiments of the organ of vision (lens placodes) appear in the 3rd week of IUD. At the 
5th week of IUD as a result of gradual intussusception of crystalline placodes into the adjacent mesenchyme, lens 
pit are formed, and then – lens vesicles. 2. Rudiments of the extraokular muscles (except for the inferior oblique 
muscle) was detected at the end of the 5th week of IUD. The rudiment of the inferior oblique muscle develops from 
a single mesodermal islet located in the mesenchyme medially and below the eyeball. Simultaneously with the 
rudiments of the extraokular muscles, the trochlear and abductor nerves are develop and ingrown into the orbit. 
3. The development of blood vessels of the orbit occurs from two sources – from the islands of local angiogenesis, 
which begins in the 5th week of IUD, and from extraorganic vessels, which can be traced in the form of a vascular 
network at the end of the 6th week of IUD. The combination of both sources is observed at the end of the 7th week 
of IUD. 4. The embryonic period of ontogenesis is the first critical period in the development of the human orbit, 
due to the formation of the muscles, nerve and vascular structures.
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Actuality

Finding out the sources, the chronological sequence of the germs and the formation of the struc-
ture of the human orbit remains a pressing task for morphologists. Eye diseases in 85.3% of cases 
are congenital or acquired in childhood [1, 2]. 

One of the main causes of strabismus, amblyopia, binocular vision disorders, myopia and astig-
matism is the pathology of the eyeball muscles [3]. 

Clinicians have repeatedly emphasized that scientific studies of age-dependet morphological 
features of the organ of vision are clearly insufficient [4]. 

In addition, the development and application of new microsurgical operations require a deeper 
knowledge of the surgical anatomy of the orbit [5]. 

Anatomical data on the development and formation of topography of the vascular-nervous and 
muscular structures of the human eyeball are fragmentary and do not give a clear data of   the se-
quence of structural changes during intrauterine development (IUD) [1, 3]. 

A comprehensive study of the features of development, formation, topographic and anatomical 
changes in the structures of the orbit (in particular, the muscles of the eyeball, blood vessels and 
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nerves), the dynamics of their syntopic changes during the erly prenatal period of ontogenesis is 
important to determine the structure, preconditions and time of occurrence of their congenital mal-
formations [6, 7].

Material and methods

Using a complex of methods of morphological examination (morphometry, microscopy, three-
dimensional computer reconstruction and statistical analysis) 30 series of consecutive histological 
sections of human embryos and prefetuses aged from 3 till 8 weeks od IUD (3.0-30.0 mm parietal-
coccygeal length (PCL)) were studied.

Results and discussion

To development of the orbit region with the organ of vision precedes the process of differentia-
tion of the rudiment of the anterior part of the neural tube from three cerebral vesicles (anterior 
– forebrain, middle – midbrain and posterior – rhombencephalon) into five due to the separation of 
the middle and posterior cerebral vesicles. 

The anterior cerebral vesicles forms the diencephalon and the telencephalon. The stage of the 
five-vesicles rudiment of the brain is clearly observed between the 2nd and 3rd weeks of IUD. 

The sources of the eyeball rudiment are traced at the beginning of the 3rd week of IUD (embryos 
of 3.0 and 3.3 mm PCL), when the lateral protrusions of the neuroectoderm of the diencephalon 
(optic vesicles) reach the ectodermal cover of the embryo. 

During this period, the orbital region is represented by the place of close contact of the neuroec-
toderm of the optic vesicle with the adjacent integumentary ectoderm, as well as the mesenchyme 
surrounding this place of contact. In embryos of 3.5 mm PCL, the rudiment of the optic stalk is 
observed as a result of the transformation of the junction of the area of   the eye rudiment with the 
brain (Fig. 1). 

Fig. 1. Frontal histological section of the cranial end of the human embryo 3.5 mm PCL  
(3rd week of IUD) (right half). Hematoxylin and eosin staining. Microphotograph. Magn.: x200:  

1 – neuroectoderm of the optic vesicle; 2 – ectodermal lens placode; 3 – VII cranial nerve; 4 – VIII cranial 
nerve; 5 – neuroectoderm of the midbrain; 6 – optic stalk; 7 – neuroectoderm of the telencephalon.

In embryos of 4.0-5.0 mm PCL (4th week of IUD) structural transformations of tissues at the 
point of contact of the nervous tissue of the eyeball and the ectoderm of the lens placode are ob-
served. 
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Nerve tissue continues to protrude into the adjacent mesenchyme in the direction of the ec-
toderm, and the ectoderm of the lens placode thickens, invaginates the adjacent neuroectoderm, 
which leads to the formation of lens pits and the beginning of formation the optic cups (Fig. 2).

Fig. 2. 3D-reconstruction of the upper half of the human embryo 3.5 mm PCL.  
Right posterior projection. Magn.: x20: 1 – lens pit; 2 – the rudiment of the brain; 3 – heart; 4 – notochord; 

5 – dorsal aorta; 6 – cardinal veins; 7 – aortic arches; 8 – frontal process.

The mesenchyme surrounds the vesicles and the optic stalk, and extends from the brain to the 
ectodermal covering of the cranial part of the embryo. 

In human embryos of 4.0 and 5.0 mm PCL (4th week of IUD) observed a condensation of the 
mesenchyme in the rudiment of the orbital region, it localized around the junction of the optic stalk 
with the cerebral vesicle. We believe that this condensation of the mesenchyme in the form of a 
membranous plate, close to the rudiment of the brain, has no direct anatomical relation to the organ 
of vision, and is the rudiment of the ectomeningeal capsule.

In embryos of 7.0 and 7.5 mm PCL (5th week of IUD) there is a gradual intussusception of lens 
placodes into the adjacent mesenchyme, which leads to their transformation into lens pit, and then 
– in the lens vesicle. The lens vesicles begin to untie from the integumentary epithelium of the head, 
close and turn into epithelial bodies of round shape, adjacent to the optic vesicles. 

Their wall is invaginated, as a result of which they gradually turn into double-walled cups. The 
optic cups are connected to the cavity of the anterior cerebral vesicle by means of the optic stalk. 
Both optic cups and optic stalks are in the cell mass of the mesenchyme. Subsequently, the lens pla-
coda forms the lens of the eye, while the optic cup forms the retina and other parts of the eye (Fig. 3).

The sources of the extraocular muscles (except for the inferior oblique muscle) was first detect-
ed at the end of the 5th week of IUD, when in embryos 7.0-7.5 mm PCL in the adjacent mesenchyme 
behind the optic cups and around the optic stulks appear the foci of condensation of mesodermal 
cells of irregular elongated shape (Fig. 4). 

The rudiment of the inferior oblique muscle develops from a single mesodermal islet located in 
the mesenchyme medially and below the eyeball.

3D-reconstruction revealed the general mesodermal rudiment of the eyeball muscles, its shape 
and the beginning of differentiation of each individual muscle from the mesoderm rudiment, which 
has a funnel-shap and covers the optic stalk. Its thickened end is directed towards the eyeball and 
ends in front with five small protrusions. These protrusions, as shown by studies of microspecimens 
of older age groups (prefetal period of IUD), are a morphological substrate for the development of 
individual muscles of the eyeball (Fig. 5). 
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Fig. 3. Frontal section of the left cranial part of the embryo 9.0 mm PCL (6th week of IUD).  
Hematoxylin and eosin staining. Microphotograph. Magn.: x40:  

1 – the rudiment of the eyeball; 2 – optic stulk; 3 – lens vesicle; 4 – hyaloid artery.

Fig. 4. Frontal section of the left side of the human embryo head 7.0 mm PCL.  
Hematoxylin and eosin staining. Photomicrograph. Magn.: x60: 

1 – eye; 2 – the rudiment of the lateral rectus muscle; 3 – the rudiment of the superir rectus muscle;  
4 – brain; 5 – the left upper nasal conch; 6 – the rudiment of the optic nerve; 7 – mesenchyme of the head.

Fig. 5. 3D-reconstruction of the human prefetus head 13.5 mm PCL. Front projection. Magn.: x25:  
1 – the rudiments of the eyeballs; 2 – optic nerve; 3 – the rudiments of the extraocular muscles; 4 – hemi-

spheres of the brain; 5 – the rudiment of skull bones; 6 – Meckel’s cartilage; 7 – basilar artery.
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In addition, the mesodermal rudiment is the basis for the formation of a common tendon ring of 
the proximal ends of the eye muscles. The inferior oblique muscle develops from a single mesoder-
mal rudiment and therefore has a different location and fixation points.

Simultaneously with the rudiments of the extraocular muscles, the trochlear and abductor 
nerves are develop and ingrown into the orbit. In the embryonic period, we noted a fairly large 
diameter of these nerves relative to the small thickness of the rudiments of the muscles (Fig. 6). 
Later, in the process of further development, there is a gradual predominance of the growth of the 
extraocular muscles relative to the nerves that provide their innervation.

Fig. 6. 3D- reconstruction of the human prefetus head 17.0 mm PCL. Front projection. Magn.: x25: 
1 – eyeballs; 2 – lens; 3 – optic nerve; 4 – trigeminal nerve; 5 – facial nerve; 6 – the rudiments of skull bones;  

7 – Meckel’s cartilage; 8 – the rudiment of the mandible; 9 – spine; 10 – artery.

Fig. 7. Frontal section of the left half of the human embryo head 16.0 mm PCL.  
Hematoxylin and eosin staining. Photomicrograph. Magn.: x60: 

1 – pigment epithelium; 2 – mesenchyme of the orbit; 3 – rudiment of the frontal bone;  
4 – rudiment of the lacrimal bone; 5 – nasal cavity; 6 – optic nerve; 7 – blood vessels of the orbit;  

8 – brain; 9 – superior oblique muscle; 10 – medial rectus muscle; 11 – inferior rectus muscle;  
12 – lateral rectus muscle; 13 – upper rectus muscle.
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In the cell mass of the mesenchyme of embryos of 7.0-7.5 mm PCL, which surrounds the eyes 
and mesodermal sources of the muscles, form chains of islets of intraorganic hematopoiesis and 
cells such as erythroblasts. Part of the islets of intraorganic hematopoiesis is separated from the 
adjacent mesenchyme by a number of elongated endothelial cells. In embryos of 13.0-16.0 mm PCL 
there is a vascular network in the orbital region (Fig. 7). It is during this period that the differentia-
tion of the individual extraocular muscles begins.

In addition, the muscular connecting branches of extraorganic vessels grow into the eye mus-
cles. The combination of both parts of the vascular formations occurs in the prefetuses 18.0-22.0 
mm TCD. Thus, the vascular supply to the extraocular muscles is formed in two ways – in the form 
of islets of intra-organ hematopoiesis and ingrown muscle branches of extra-organ vessels.

Conclusions

1. The rudiments of the organ of vision (lens placodes) appear in the 3rd week of IUD. At the 5th 
week of IUD as a result of gradual intussusception of crystalline placodes into the adjacent mesen-
chyme, lens pit are formed, and then – lens vesicles. 

2. Rudiments of the extraokular muscles (except for the inferior oblique muscle) was detected 
at the end of the 5th week of IUD. The rudiment of the inferior oblique muscle develops from a sin-
gle mesodermal islet located in the mesenchyme medially and below the eyeball. Simultaneously 
with the rudiments of the extraokular muscles, the trochlear and abductor nerves are develop and 
ingrown into the orbit. 

3. The development of blood vessels of the orbit occurs from two sources – from the islands of 
local angiogenesis, which begins in the 5th week of IUD, and from extraorganic vessels, which can be 
traced in the form of a vascular network at the end of the 6th week of IUD. The combination of both 
sources is observed at the end of the 7th week of IUD. 

4. The embryonic period of ontogenesis is the first critical period in the development of the hu-
man orbit, due to the formation of the muscles, nerve and vascular structures.
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