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The study of the intratruncal structure of the facial nerve has long been a focus of interest for researchers. In this article,
the age-related morphological features of the facial nerve segment extending from the base of the brain to the internal acoustic
meatus were examined. The material consisted of cross-sections of the intracranial (cisternal) portion of the facial nerve, obtained
from 96 human cadavers of both sexes and various stages of postnatal development. According to the case history, no pathological
changes were identified in the skull or temporal bone, and no facial nerve pathologies were recorded in any of the cadavers. For
histological examination, the cadavers from which the study material was obtained were divided into five age groups: group I (7—
12 years) — 8 cadavers; group II (13-20 years) — 11 cadavers, group III (21-35 years) — 22 cadavers, group IV (36-57 years) — 35
cadavers and group V (58—74 years) — 20 cadavers. The samples were fixed in a solution containing 2 % paraformaldehyde, 2 %
glutaraldehyde, and 0.1 % picric acid in 0.1 M phosphate buffer (pH 7.4). The results showed that in adults, the shape of the facial
nerve is either oval or irregular, but its configuration is not directly related to the internal organization of the nerve. The number
and arrangement of nerve bundles, as well as their myeloarchitectonic structure, are determined by the characteristics of early
ontogeny. The study also found that the shape, size, number, and topography of the nerve bundles are variable parameters that
depend on both individual features and age. These indicators are closely related to the connective tissue stroma of the nerve trunk.
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I.E. Kepim3ane

BIKOBI MOP®OJIOTTYHI OCOBJIUBOCTI BHYTPIIIIHBOUYEPEIHOT'O
(LIUCTEPHAJIbHOI'O) CETMEHTY JIMLIEBOT'O HEPBA Y IOCTHATAJIBHOMY
MEPIOI

BuBUeHHSI BHYTPIIIHBOCTBOJIEHOT CTPYKTYPH JIMLIEBOTO HEPBa TPUBAIIMIA Yac repeOyBajio y LEeHTpPi yBaru J0CIiJHUKIB.
V 1poMy IOCHIKEHHI PO3DISAAAINCS BiKOBI MOP(OIOTiYHI 0COOIMBOCTI CErMEHTA JIMIICBOTO HEPBA, IO TATHETHCS BiJl OCHOBU
MO3KY 10 BHYTPIIIHBOTO CIyXOBOTO MPOXoay. MarepiaioM Jisl OCHiPKSHHs CITyTyBaJli IMOMEPeyHi 3pi3H BHY TPILIHbOYESPEITHOT
(uMcTepHaIbHOT) YaCTHHY JIMLIEBOTO HEpBa, OTPUMaHi BiJ 96 TpymiB JOAChKUX 000X CTaTel Ha Pi3HUX eTamax MOCTHATAJIbHOIO
PO3BHTKY. 3TiHO 3 aHAMHE30M, Y >KOJHOMY BHIIQJIKy HE OyJIO BHSBJICHO IMATOJOTIYHMX 3MiH B 00JacTi depemna abo CKpOHEBOI
KICTKH, a TakoX He Oyno 3a(ikCOBaHO MATOJIOTiH caMOro JMIBOBOTO HepBa. I TICTONOTIYHOTO JOCTIHKEHHS TPymu OyIo
MOAIICHO I'ATh BikoBUX TpyI: I rpyma (7—12 pokiB) — 8 Tpymis; Il rpyma (13-20 pokiB) — 11 Tpymis; III rpymna (21-35 pokis) — 22
Tpynu; IV rpyna (36—57 pokiB) — 35 Tpymis; V rpyna (58—74 poki) — 20 TpymiB. 3pa3ku (ikcyBanu y po3uuHi, IO MIiCTHTb 2 Y%
napadopmainszeriny, 2 % mryrapoBoro anpaeriny Ta 0,1 % mikpuHOBOI kuciaoru Ha ocHoBi 0,1M docdarroro Oydepa (pH 7,4).
PesynbraTti mokasanu, 0 B JOPOCIMX OCIO JIHILOBMH HepB ab0 OBajbHOI, a0 HEUITKO OKpeciieHoi (opmu, IpoTe HOro
KOH(Irypallisi HeMae MpsIMOTO 3B'SI3KY 3 BHYTPIIIHBOI OpraHisaifieto Hepsa. KilbKicTh Ta po3TaliyBaHHSI HEPBOBUX My UKiB, a TAKOK
X MieoapxiTekToHiuHa Oy/10Ba BU3HAYAIOTHCSI OCOOIUBOCTAME PAaHHBOTO OHTOreHe3y. Takok BCTAaHOBJICHO, 1110 (popMa, pO3MipH,
4qUCII0 Ta Tonorpadis HEPBOBUX MyUKIiB € 3MiHHUMH ITapaMeTpaMu, 10 3aJIeXaTh BiJ iHIUBiAyaJbHUX OCOOIUBOCTEHl, TakK i Bif
BiKy. Lli moKa3HUKH TiCHO TOB's13aHi 3 OyTOBOIO CIIOTYYHOTKAHHHHOI CTPOMH HEPBOBOTO CTOBOYpa.

KuiouoBi ciioBa: nuieBuii HepB, Mi€I0apXiTEeKTOHIKA, Mi€TiHOBI HEPBOBI BOJIOKHA, CIIOJyYHOTKAHUHHA CTPOMA.

A review of the literature shows that the study of the intratemporal structure of the facial nerve has
been a focus of researchers’ attention for many years [3]. The majority of studies have been dedicated to
the extracranial segment of the nerve — specifically, the part following its exit from the stylomastoid
foramen. This focus is of particular importance for addressing the complications that arise during the
restoration of the nerve after injuries sustained in surgical interventions in the middle ear, parotid gland,
and the cervicofacial region. The individual variability of each peripheral nerve is reflected in changes in
the number and spectrum of myelinated fibers at different stages of life. In the dynamics of the formation
of the intratemporal structure of the facial nerve, three main developmental stages are distinguished: active
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development and differentiation of myelinated nerve fibers and connective tissue; a period in which the
main parameters of the nerve remain relatively stable; and involutional shifts and destabilization of the
conductive and stromal elements [5]. It should be noted that the limited number of studies on the internal
structure of the facial nerve have primarily focused on its segment located within the temporal bone [4,
11]. These studies are particularly significant in the context of evaluating structural changes in the nerve
during intracanalar inflammation or compression — factors considered relevant in the etiopathogenesis of
idiopathic palsies such as Bell’s palsy. The morphometric characteristics of the facial canal and their
potential compressive effect on the nerve are of special interest in this regard. It has been observed that
there are only a limited number of studies concerning the myeloarchitectonics of the facial nerve,
particularly its intracranial — cisternal segment [7, 13].

The purpose of the study was to investigate the age-related morphological characteristics of the
segment of the facial nerve extending from the brainstem to the internal acoustic meatus.

Materials and methods. The research material was obtained from the intracranial segments of
the facial nerve of 96 cadavers, collected between 2020 and 2024 from the morgues of the Forensic
Medical Examination and Pathological Anatomy Union — a public legal entity under the Ministry of
Health of the Republic of Azerbaijan. For histological examination, the cadavers from which the study
material was obtained were divided into five age groups: group I (7-12 years) — 8 cadavers; group II
(13-20 years) — 11 cadavers, group III (21-35 years) — 22 cadavers, group IV (36-57 years) — 35 cadavers
and group V (58-74 years) — 20 cadavers. The number of tissue sections obtained for each age group is
presented in Fig. 1.

162 Samples were fixed in a solution

15.4% consisting of 2 % paraformaldehyde, 2 %

glutaraldehyde, and 0.1 % picric acid

prepared in 0.1 M phosphate buffer (pH 7.4).
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Fig. 1. Distribution of sections taken from the intracranial segment ~azure Il and basic fuchsin, or toluidine blue,

of the facial nerve for histological examination by age groups. 1,2,3,4,5 and examined under a Primo Star (Zeiss) light

 88C groups. microscope. Relevant regions were photo-

graphed using a Canon EOS D650 digital camera. Ultra-thin sections (50—70 nm) cut from the same blocks

were stained first with 2 % uranyl acetate and then with 0.6 % lead citrate prepared in 0.1N NaOH. These

sections were examined using a JEM-1400 transmission electron microscope operated at 80-120 kV, and

electron micrographs were taken. For each section, the area and perimeter of the nerve bundle and its

fragments were measured, as well as the shape factor coefficient, which characterizes the morphology of
the nerve fibers within the bundle.

Quantitative data obtained during the study were analyzed using IBM SPSS Statistics version 26,
employing methods of variation and dispersion analysis. Descriptive statistics for the variation series
included the mean (M), standard error (+m), 95 % confidence interval (95 % CI), and central tendency
measures such as the median (Me), quartiles (Q1, Q3), minimum, and maximum values. Analysis of
variance (ANOVA) was applied for preliminary comparison of the data series. Differences between
grouped variables were assessed using the F-test (Fisher’s criterion). In comparisons involving two groups,
results were further clarified using the non-parametric Mann—Whitney U test. The null hypothesis was
rejected when the difference was statistically significant at p < 0.050. Additionally, for each age group, the
frequency of occurrence of specific parameters relative to the group mean was determined.

Results of the study and their discussion. In the sections examined, the facial nerve
predominantly exhibited an oval or irregular configuration. It should be noted that these morphological
shape variations are not directly related to the internal structural characteristics of the nerve.

Furthermore, the number of nerve bundles, their conductive properties, and the
myeloarchitectonics of the nerve are predetermined by the characteristics of early ontogenesis. Studies
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have shown that the shape, size, number, and topography of the nerve bundles are variable parameters.
These indicators are influenced by individual anatomical features and age-related changes and are closely
associated with the connective tissue stroma of the nerve trunk (Fig. 2).

The facial nerve typically consists of several nerve fascicles. The configuration of these fascicles
can vary even within the same nerve trunk, and their sizes exhibit a wide range of variation. Usually, 2-3
large fascicles are located in the central part of the nerve trunk, while smaller fascicles are observed in the
peripheral regions. These smaller fascicles generally consist of dozens of myelinated nerve fibers, which
are densely packed. This dense arrangement is associated with the underdevelopment of the endoneurium.
In some cases, the fascicles are distributed unevenly. A structural pattern has been identified: the smaller
the size of individual fascicles, the greater their number, and vice versa.

In certain cases, the nerve is composed of a small number of large fascicles that are
morphologically similar to one another. Analysis of the cisternal (intracranial) segment of the nerve trunk
revealed the absence of both the perineurium and epineurium.

In the adult age period, the number of nerve fascicles does not change, and there are no significant
alterations in the connective tissue sheaths. The obtained results suggest that adulthood can be considered
a stage during which all parameters of the facial nerve remain stable. Nevertheless, by the end of adulthood,
a decrease in the total area of conductive elements and a relative increase in connective tissue stroma are
observed (Fig. 3).
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Fig. 2. Structure of an ultrathin light microscopy

) 1 ! ’ Fig. 3. Structure of an ultrathin light microscopy section
section of the left cisternal segment of the facial nerve obtained of the left cisternal segment of the facial nerve obtained from a
from a 21-year-old cadaver. 1 — myelinated nerve fiber; 2 — 58-year-old cadaver. 1 — myelinated nerve fiber; 2 — myelin
myelin sheath; 3 — axon; 4 — endoneurial sheath. sheath; 3 — axon; 4 — endoneurial sheath.

These findings indicate that the processes of myelination and differentiation of myelinated nerve
fibers are mostly completed during adulthood. In age group I, the area of the main nerve fascicle was
5.797.741.09 um?, and its fragment measured 21.132.53 um? The perimeter of the main fascicle was
11.305.06 um, while that of the fragment was 597.27 um. The shape factor was 0.57 for the main fascicle
and 0.75 for the fragment.

The number of myelinated fibers in the fascicle was 67.490, occupying a total area of 14,648.27
pm?, which constitutes 69.32 % of the total fascicle area. The average diameter of small myelinated fibers
was 2.64+0.07 um (min—-max: 1.63-3.95 um), medium fibers — 6.06+0.13 um (4.03—7.98 um), and large
fibers — 9.57£0.12 pum (8.01-11.84 pm). Small-diameter fibers made up 32.5 % (21,934 fibers), medium-
diameter fibers — 34.6 % (23352 fibers), and large-diameter fibers — 32.9 % (22204 fibers), indicating an
approximately equal distribution.

In age group II, the main fascicle area was 511.090.46 um?, the perimeter — 3.426.64 pm, and shape
factor — 0.57. The fragment measured 18.534.24 um? in area, 545.43 pum in perimeter, and had a shape
factor of 0.78.

The area occupied by myelinated fibers was 9,573.21 um?, accounting for 51.65 % of the fascicle.
A total 0f 5,901 myelinated fibers were observed. Among them, fibers of 1-4 um comprised 23.36 % (1,379
fibers), 4-8 um — 50.47 % (2978 fibers), and 8—12 um — 26.17 % (1545 fibers).

The mean diameters were: 3.24+0.083 um (1.92-3.99 um) for 1-4 um fibers, 5.82+0.11 um (4.01-
7.89 um) for 4-8 um fibers, and 9.48+0.13 pm (8.02—11.71 pum) for 8—12 um fibers.

In age group I1I, the main fascicle area was 4,075,541.78 pm?, perimeter — 8,740.43 pum, and shape
factor — 0.67. The fragment had an area of 21.132.53 um?, perimeter — 593.27 um, and shape factor — 0.75.
The area of myelinated fibers was 16,290.91 um?, which made up 77.08 % of the fascicle. A total of 50,528
myelinated fibers were counted. The average diameter of 1-4 um fibers was 3.05+£0.07 um (1.73-3.99 pum),
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4-8 um—6.20+0.12 pm (4.07—7.98 um), and 8—12 um —9.11£0.07 pum (8.01-11.55 pm). Fiber distribution:
22.52 % (11,379 fibers) for 1-4 pm, 41.22 % (20,828 fibers) for 4-8 um, and 36.26 % (18,321 fibers) for
812 pum.

In age group IV, the main fascicle area was 4.961.667.56 um?, perimeter — 9.469.64 um, and shape
factor — 0.70. The fragment had an area of 21.114.17 um?, perimeter — 593.15 pum, and shape factor — 0.75.
Myelinated fibers occupied 17.298.42 pum?, comprising 81.93 % of the fascicle. The total number of
myelinated fibers was 39,714. Of these, 21.3 % (8,459 fibers) were 1-4 um, 32.54 % (12,923 fibers) were 4—
8 um, and 46.16 % (18,332 fibers) were 8—12 pm. The mean diameters were: 2.994+0.10 pm (1.94-3.98 pm)
for small, 6.22+0.16 pm (4.05—7.86 um) for medium, and 9.66+0.11 pm (8.08—11.49 um) for large fibers.

In age group V, the main fascicle area was 4,929,089.96 um?, perimeter — 9,452.50 um, and shape
factor — 0.69. The fragment area was 21.132.53 pm?, perimeter — 593.27 um, and shape factor — 0.75.
During the examination, the area occupied by myelinated nerve fibers was 15,764.90 um?, accounting for
74.6 % of the fascicle. A total of 37,786 myelinated nerve fibers were identified within the fascicle. Among
them, fibers with a diameter of 1-4 pm constituted 16.69 % (6,306 fibers), those with a diameter of 4—8 pm
—40.73 % (15,390 fibers), and fibers with a diameter of 8—12 um — 42.58 % (16,090 fibers). We also
determined that in this age group, the average diameter of small-caliber fibers was 3.08+£0.09 pm (min—
max: 2.4-3.94 um), medium-caliber fibers — 6.09+0.15 um (min—-max: 4.03—7.99 um), and large-caliber
fibers — 9.63+0.12 um (min—max: 8.01-11.76 pum).

After determining the mean values of the diameter, perimeter, area, and shape factor of myelinated
fibers by age groups, as well as assessing the intra- and intergroup statistical significance of differences,
we analyzed the frequency distribution of each parameter around its mean values.

Statistical analysis of the frequency distribution of myelinated fiber diameters across age groups
revealed that in Group I, the most frequent diameters were within the ranges of 2.0-4.0 um and 8.0—
10.0 pm. In contrast, the frequency of fibers within the 4.0-8.0 pm range was comparatively lower in group
A (Fig. 4A).

In Group II, the distribution of fiber diameters between 2.0 um and 10.0 pm was relatively
homogeneous, with fibers of different calibers occurring at comparable frequencies. A similar trend was
observed in Group III. However, in this age group, the histogram exhibited a right-skewed pattern,
indicating a higher frequency of larger-diameter myelinated fibers.

This indicates that as age increases, the number and frequency of occurrence of large-diameter
myelinated nerve fibers also increase. In the IV and V age groups, the distribution of diameter values
appears more balanced and stable. The frequent observation of myelinated fibers within the 2.0-12.0 pym
range at these stages suggests that the diametric parameters tend to expand and appear more frequently
with advancing age.

Fig. 4B presents the frequency analysis of the perimeters of myelinated fibers. It reveals that in the
I-11I age groups, the frequency of perimeter values is below the average level, whereas in the IV and V age
groups, fibers with larger perimeters are observed more frequently.

According to the analysis in Fig. 4C, in the I-III age groups, myelinated fibers with a surface area
greater than 100 um? are observed at a relatively high frequency. However, the frequency of fibers with
smaller surface areas particularly in the I age group — is notably low, especially at minimal values. In
contrast, in the IV and V age groups, surface area values are concentrated around the mean, and the
frequency distribution appears more uniform and stable. This demonstrates that with aging, the variation
in the surface area of myelinated fibers decreases, and the morphometric parameters shift toward a more
stabilized structural profile.

A group of authors [12] note that the true fascicular organization of the facial nerve forms after the
geniculate ganglion. In their study of 60 cross-sections of facial nerves taken from 30 embalmed adult
cadavers, they report that the intranuclear structure of the facial nerve is not yet fully developed proximal
to the geniculate ganglion; perineurium and epineurium are absent in the pontine-cerebellar cistern.
Overall, the researchers emphasize that the number of nerve fibers in the facial nerve increases from
proximal to distal segments.

It is also noted that the perineurium and endoneurium are not observed in the cisternal and internal
auditory canal segments of the facial nerve. Our results fully coincide with this view. We consider that the
brain’s pia mater envelops the nerve, forming its external connective tissue sheath.

In our previous study [6], we conducted a detailed investigation of the myeloarchitecture and age-
related characteristics of the extracranial trunk of the facial nerve. We would like to present some fragments
of the obtained results.
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The study showed that in adults, the diameter of the facial nerve ranges from 1697.4£51.1 pm on
the right side to 1630.4+56.1 um on the left side. This parameter is quite stable and does not show
significant changes during adulthood. At the section level, the shape of the nerve is oval or irregular, but
its configuration is not directly related to the internal structure of the nerve.

The results of our studies are consistent with the data on individual and age-related variability of
the facial nerve [10]. In this respect, the changes observed in the facial nerve do not fundamentally differ
from similar processes occurring in other structures of the nervous system.

Considering the morphological changes observed in nerves studied during old age, it should be
noted that these changes affect both the conductive elements of the nerve and the connective tissue stroma.
The total number of myelinated fibers decreases, the myelin sheath becomes thinner, and loses its tintorial
characteristics. The obtained results correspond to materials presented in studies related to other peripheral
nerves [8, 9].

Engelmann S. and colleagues [2] estimated the total number of axons in the extracranial trunk of
the facial nerve to be 66841884, while Hembd A. et al. [8] assessed it as 5329+1376.

The intracanalicular structure of the trunk in the facial canal has been studied in more detail
by representatives of Kharkiv National Medical University. Using complex morphological methods —
macroscopy, histotopography, and microscopy — Lupir M. investigated the intracanalicular structure
of the facial nerve in fetal, newborn, and adult human cadavers in different sections of the canal. The
author reports that the average number of myelinated fibers was 8458.5+976.4 in the internal auditory
canal, 10723+£993.2 inside the canal, and 8720.4+887.6 slightly below the stylomastoid foramen.
Analysis of the composition of myelinated fibers of various sizes at the level of the internal auditory
canal showed a predominance of medium-diameter fibers (10—73 %) and large-diameter fibers (20—
80 %). Proximally from the geniculate ganglion, the composition of myelinated fibers changes slightly
— large-diameter fibers constitute 15—70 %, medium-diameter fibers 20—-60 %, and small-diameter
fibers 10-35 % [1].

Conclusion

Thus, as a result of our study, it was determined that epineurium and perineurium are not observed
in the cisternal segment of the facial nerve. The ultrastructural organization of the nerve trunk and nerve
fragment revealed age-related differences in the frequency distribution of myelinated nerve fibers’
diameter, perimeter, area, and shape. These differences mainly increase from ages 7—12 and decrease in
old age. The obtained results can be used in creating the myeloarchitecture of the facial nerve — that is, its
morphological and functional mapping — and in identifying functional pathways corresponding to different
axon populations.

175



ISSN 2079-8334. Céim meouyunu ma odionozii. 2025. Ne 3 (93)

Thus, ultrastructural analysis of the cisternal segment of the facial nerve showed that age-related
changes in the nerve are closely related not only to changes in the connective tissue, but also to changes in
the quantitative and qualitative parameters of its myelinated fibers. This natural “model” can also be used
as an important basis for explaining ontogenetic changes observed in other peripheral nerves.
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