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The purpose of the work was to study the histo-
logical structure of the mucous membrane of all the
walls of the frontal sinus of a person in order to ob-
tain morphometric data on its structural components:
surface blood vessels — arteries and veins, and links
of the hemomicrocirculatory bed — arterioles, capillar-
ies and venules in the lamina propria of the mucous
membrane of all the walls of the human frontal sinus
in a norme.

Materials and methods. The material for the study
was the mucous membrane of the frontal sinus of 110
people who died at the age of 22—86 years from caus-
es not related to the pathology of the paranasal sinus-
es. The collection of material was carried out in the
conditions of the Poltava Regional Pathological and
Anatomical Bureau of the Department of Health of the
Poltava Regional State Administration and in the con-
ditions of the Forensic Morgue of the Bureau of Fo-
rensic Examination of the Department of Health of the
Poltava Regional State Administration in accordance
with the cooperation agreements. In our work, we
used age periodization according to G. Craig (2000).
After obtaining the mucous membranes of the frontal
sinus, their fragments were fixed in a 2.5% solution of
glutaraldehyde in a phosphate buffer. Subsequently,
sealing was performed in epoxy resin “Epon-812”.

Results. The results of the study showed that the
average diameter of the lumen of the resistive and
capacitive links of the hemomicrocirculatory bed is the
largest in the mucous membrane of the anterior wall
of the human frontal sinus (respectively, 11.16 + 0.37
pum on the left / 11.34 £ 0.31 pm on the right (p<0.05)
and 7.63 £ 0.08 ym on the left / 7.57 £ 0.09 um on the
right), the smallest — in the composition of the mucous
membrane of the posterior wall (respectively, 6.96 +
1+ 0.19 ym on the left/ 6.56 + 0.35 pym on the right and
8.82 £ 0.16 ym on the left/ 9.02 £ 0.43 pm on the right
(p<0.05)). Exchangeable hemomicrovessels with the
smallest diameter — 3.89 + 0.08 ym on the left and
4.19 + 0.02 um on the right (p<0.05) are found in the
certain area. The widest capillaries determined by us
in the composition of the mucous membrane of the
inferior wall were 4.88 £ 0.07 um on the leftand 4.73 +
1 0.12 ym on the right (p<0.05) of the frontal sinus.

Conclusion. The blood supply of the mucous
membrane of the human frontal sinus is provided by
the vascular hemomicrocirculatory bed, in which we
identified 2 main components: surface microvessels
(arteries and veins), which provided epithelial troph-
ism and a deep vascular net (arterioles, capillaries
and venules), which was localized in the connective
tissue of the lamina propria and was represented by
arteries and veins.

Keywords: human, frontal sinus, mucous mem-
brane, hemomicrocirculatory bed, surface microves-
sels, morphometric method.

Introduction. State institution “Center of Medical
Statistics of the Ministry of Health of Ukraine” showed
that in Ukraine in 2014 such statistics of acute rhi-
nitis, rhinosinusitis and rhinopharyngitis were 489.9
cases per 10,000 population, and the incidence rate
was 5-15 cases per 1,000 population depending on
season [1].

These patients in relative numbers make up 60—
65% of outpatients of ENT doctors, and the diagnosis
of acute rhinosinusitis is established in 25% of cases
among the twenty diagnoses most often established
by otorhinolaryngologists (according to Medical Data
Management) [1].

From literary sources, we can see that chronic
inflammatory diseases of the upper respiratory tract,
such as mucous membranes of the nasal cavity, para-
nasal sinuses, and nasopharynx, are among the most
common pathologies of the respiratory tract [2, 3, 4].

In recent years, we have seen a trend towards
an increase in pathological inflammatory conditions of
the upper respiratory tract, in particular of paranasal
sinusitis, both in relative and absolute numbers in the
general structure of ENT-morbidity [2, 3, 4].

Therefore, our study is appropriate and relevant
today in the context of modern morphology and clini-
cal medicine, primarily otorhinolaryngology.

The purpose of the work was to study the his-
tological structure of the mucous membrane of all the
walls of the human FS in a norme in order to obtain
morphometric data on its structural components: sur-
face blood vessels — arteries and veins, and links of
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the hemomicrocirculatory bed — arterioles, capillaries
and venules in the lamina propria of the mucous mem-
brane of all the walls of the human FS in a norme; to
identify the differences in metric data to get an idea of
the functional load on each wall of the FS separately.

Materials and methods. The material for the
study was the mucous membrane of the FS of 110
people who died at the age of 22—86 years from caus-
es not related to the pathology of the paranasal si-
nuses.

The collection of material was carried out in the
conditions of the Poltava Regional Pathological and
Anatomical Bureau of the Department of Health of the
Poltava Regional State Administration (DoH of PRSA)
and in the conditions of the Forensic Morgue of the
Bureau of Forensic Examination of the DoH of PRSA
in accordance with the cooperation agreements.

In our work, we used age periodization according
to G. Craig (2000) [5].

After obtaining the mucous membranes of the
FS, their fragments were fixed in a 2.5% solution of
glutaraldehyde in a phosphate buffer. Subsequent-
ly, sealing was performed in epoxy resin “Epon-812”
[6, 7, 8].

To obtain semi-thin sections, an ultramicrotome
of Sumy VO “Selmi” UMTP-7 was used. The evalua-
tion of the quality of the obtained sections was carried
out using a stereoscopic microscope. For high-qual-
ity attachment of sections to the surface of a glass
slide, the latter with the sections were kept for a day
in a thermostat at a temperature of 45-50°C. Sections
were stained using a 0.1% solution of toluidine blue
and 1% methylene blue according to J. A. Lynn, or the
polychrome method of staining of histological prepa-
rations [9, 10, 11].

The study of the obtained preparations was car-
ried out with the help of a light microscope “Konus”,
equipped with a digital microphotography attachment
Sigeta DCM-900 9.0MP with the Viorex 3 program
(serial number 5604) adapted for these studies.

A MOV-16 eyepiece-micrometer was used to ob-
tain morphometric indicators [12].

The morphometric method was used to deter-
mine the metric indicators — the diameters of arteries,
veins, capillaries, venules, veins in the lamina propria
of the mucous membrane of all the walls of the human
FS.

Statistical processing of the obtained results was
carried out on a personal computer with the help of
Statistica 13 and Microsoft Excel 2010 software pack-
ages [13].

The work was carried out in accordance with
the requirements of the “Instructions on Conduct-
ing a Forensic Examination” (order of the Ministry of
Health of Ukraine No. 6 dated January 17, 1995), in
accordance with the requirements and norms, stan-
dard regulation on ethics of the Ministry of Health of

ExcnepuMeHTanbHa meauuuHa i mopdonorisa

Ukraine No. 690 dated September 23, 2009, “The
Procedure for Extracting Biological Objects from the
Dead, whose Bodies are Subject to Forensic Exam-
ination and Pathological-Anatomical Research, for
Scientific Purposes” (2018).

Results and discussion. We carried out a mor-
phometric analysis for surface blood vessels — arter-
ies and veins, and links of the hemomicrocirculatory
bed — arterioles, capillaries, and venules in the lamina
propria of the mucous membrane of all the walls of the
human FS in a norme.

For the vessels of the anterior wall, the average
values of the diameter of the arteries of the surface
net were 27.58 + 3.07 ym on the left and 26.77 £ 3.17
pum on the right (Table 1). The average value of the di-
ameter of the veins exceeded that of the arteries and
was equal to 33.09 + 1.64 um on the left and 32.97 £
+ 1.56 ym on the right.

For the resistive link of the hemomicrocirculatory
bed of the anterior wall, the average diameter values
were 11.16 + 0.37 ym and 11.34 + 0.31 ym on the
left and right, respectively (Table 1). Capillaries in the
lamina propria of the mucous membrane of the ante-
rior wall of the human FS were of the somatic type,
their average diameter was 4.30 + 0.06 pym on the left
and 4.48 + 0.10 uym on the right.

The average values of the diameter of the ve-
nules of the anterior wall were almost twice as high as
the indicators for the exchange link of the hemomicro-
circulatory bed, but were significantly greater than the
similar indicators for arterioles (Table 1).

We established that the average values of the di-
ameter of the arteries of the surface net of the inferior
wall were 18.55 + 1.70 uym on the left and 18.62 +
1 1.38 ym on the right (Table 1). The obtained metric
data indicate that the diameter of the studied vessels
is almost 30% smaller than the average values for the
anterior wall (Table 1).

The average diameter of the veins of the inferior
wall was 21.72 £ 1.49 um on the left and 22.03 + 1.01
pm on the right (Table 1). A significant difference be-
tween the indicators of both sides has not been deter-
mined, but the diameter of the veins of the inferior wall
was 30% smaller than the indicators for the anterior
wall of the human frontal sinus (Table 1), as well as
for arteries.

For the resistive link of the inferior wall of the
hemomicrocirculatory bed, the average diameter val-
ues were 7.60 £ 0.34 ym and 8.01 + 0.25 ym on the
left and right, respectively (Table 1), which was also
smaller than the value for the anterior wall of the hu-
man frontal sinus (Table 1).

The average diameter of somatic capillaries in the
mucous membrane of the inferior wall of the human
frontal sinus was 4.88 + 0.07 ym on the leftand 4.73 £
1+ 0.12 ym on the right (Table 1), and was probably
greater than the value for the anterior wall (Table 1).
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Table 1 — The ratio of the morphometric parameters of the diameters of surface blood vessels and links of
hemomicrocirculatory bed of all the walls of the human frontal sinus in a norme, um

Anterior wall Inferior wall Poterior wall Septum
Indicator on the 01.1 the on the or_n the on the 01.1 the on the or_n the
left right left right left right left right
(n=10) (n=10) (n=10) (n=10) (n=10) (n=10) (n=10) (n=10)
. 18.55+ 18.62+ 10.72+ 11.02+ 17.59+ 18.06+
Diameter 27.58+ 26.77+
of arteries +3.07 £3.17 +1.70 *1.38 *0.35 *0.69 *0.09 *0.69
. 7.60+ 8.01+ 6.96+ 6.56+ 7.71% 7.64+
Diameter 11.16% 11.34+
of arterioles +0.37 +0.31 *0.34 *0.25 *0.19 *0.35 *0.12 *0.21
4.88+ 473+ 3.89+ 4,19+ 4.82+ 491+
Diameter 4.30+ 448+
of capillaries | +0.06 £0.10 *0.07 *0.12 *0.08 *0.02 *0.06 *0.11
. 8.34+ 8.46+ 8.82+ 9.02+ 8.62+ 8.76x
Diameter 7.63% 7.57+
of venules +0.08 +0.09 10;05 10;(1 3 1*0.3*6 iP.iS 10;21 103;32
. 21.72+ 22.03% 15.42+ 15.84+ 23.34+ 23.11+
Diameter 33.09+ 32.97+
Gades | el | es | S| S0 ) ews | e | ocen ) an
Note: hereinafter — « —p <0.05 compared | Note: * — p < 0.05 com-| Note: * — p < 0.05 com- | Note: * — p < 0.05 com-
to the indicators for the opposite side. pared to the values for|pared to the values|pared to the values
the anterior wall. for the anterior wall;|for the anterior wall;
** —p < 0.05 compared |** — p < 0.05 com-
to the values for the infe- |[pared to the values
rior wall. for the inferior wall;
*** — p < 0.05 compared
to the values for the pos-
terior wall.

The average values of the diameter of the ve-
nules of the inferior wall were equal to 8.34 + 0.05 ym
on the left and 8.46 + 0.13 uym on the right (Table 1).
Compared with the indicator for the anterior wall, we
have found a probable difference — an excess of 10%
(Table 1).

The average values of the diameter of the ar-
teries of the surface net of the mucous membrane
of the posterior wall of the human FS were 10.72 £
1 0.35 pm on the left and 11.02 £ 0.69 pm on the right
(Table 1).

When compared with the morphometric data giv-
en above, it was found that the diameter of the arter-
ies in this area of the mucous membrane of the hu-
man frontal sinus was almost three times smaller than
the values for the anterior wall (Table 1) and twice
as much for the same indicator for the inferior wall
(Table 1).

The average diameter of the posterior wall veins
was 15.42 + 0.69 um on the left and 15.84 + 1.27
pum on the right (Table 1). No probable difference be-
tween the values for the parties was found.

Compared with the metric data for the anterior
and inferior wall veins, a negative difference of 50%
and 25% was established, respectively (Table 1).

The average values of the diameter of the resis-
tive link of the hemomicrocirculatory bed of the poste-

58

rior wall were 6.96 + 0.19 ym and 6.56 + 0.35 ym on
the left and right, respectively (Table 1). Compared
with the indicators of the diameters of the arterioles
of the anterior and inferior walls of the human frontal
sinus, the values were by 40% and 10% smaller, re-
spectively (Table 1).

The average diameter of the capillaries of the
mucous membrane of the posterior wall of the hu-
man frontal sinus on the left and right did not differ
significantly and amounted to 3.89 + 0.08 ym and
4.19 = 0.02 um, respectively (Table 1). When com-
pared with previously obtained morphometric data
of other departments of the mucous membrane, it
was probably by 10% and 20% lower than the val-
ues for the anterior and inferior wall, respectively
(Table 1).

Morphometric indicators of the average diameter
of venules in the mucous membrane of the posterior
wall of the frontal sinus was equal to 8.82 + 0.16 pm
on the left and 9.02 + 0.43 uym on the right (Table 1).
Compared with the indicators for the anterior and in-
ferior walls, the values were higher by 20% and 10%,
respectively (Table 1).

The average values of the diameter of arteries
in the lamina propria of the mucous membrane of the
human FS septum were 17.59 + 0.09 um on the left
and 18.06 + 0.69 uym on the right (Table 1). When
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compared with the above morphometric data regard-
ing the diameters of the arteries of other walls, it was
found that the diameter of the arteries in the mucous
membrane of the human FS septum is by 30% sig-
nificantly smaller than the indicators for the anterior
wall (Table 1), probably did not differ from the similar
indicator of the inferior wall (Table 1) and is statisti-
cally significantly greater by 70% than the diameter of
the arteries of the posterior wall of the human frontal
sinus (Table 1).

The average diameter of septal veins was 23.34 +
1 0.62 pm on the left and 23.11 £ 0.74 pm on the right
(Table 1). A probable difference between the values
for the parties has not been established.

Compared with the metric data for the veins of
the anterior wall the established negative difference
was 30% (Table 1), compared with the indicator of the
lower wall the difference is not reliable (Table 1), and
the average values of the diameter of the veins of the
frontal sinus septum exceed the corresponding value
of the veins of the posterior wall by 50% (Table 1).

The average value of the diameter of arterioles
in the lamina propria of the mucous membrane of the
frontal sinus septum was 7.71 £ 0.12 ym and 7.64 +
+ 0.21 ym on the left and right, respectively (Table 1).

Compared with the indicators of the average di-
ameter of the arterioles of the anterior and posterior
walls of the human frontal sinus, the values were by
30% lower and 10% higher, respectively (Table 1).
The indicator did not differ statistically significantly

ExcnepuMeHTanbHa meauuuHa i mopdonorisa

from the values of the diameter of the arterioles on
the inferior wall (Table 1).

The average diameter of the capillaries of the
mucous membrane of the septum of the human fron-
tal sinus on the left and right did not differ significantly
and was 4.82 + 0.06 ym and 4.91 + 0.11 ym, respec-
tively (Table 1).

Thus, the severity of frontitis is due to the vari-
ability of the structure of the frontal sinuses (FS) and
intranasal structures, which can be accompanied by
the narrowing of the nasal passages and impaired
ventilation of the paranasal sinuses [14], but the pe-
culiarities of the microscopic structure of the mucous
membrane of the indicated sinus are also important in
this matter [4].

Conclusion. The blood supply of the mucous
membrane of the human frontal sinus is provided by
the vascular hemomicrocirculatory bed, in which we
identified 2 main components: surface microvessels
(arteries and veins), which provided epithelial troph-
ism and a deep vascular net (arterioles, capillaries
and venules), which was localized in the connective
tissue of the lamina propria and was represented by
arteries and veins.

Perspectives of further research. To investi-
gate at the microscopic level the relationship between
changes in morphometric indicators of surface blood
vessels — arteries and veins, and links of the hemomi-
crocirculatory bed — arterioles, capillaries and venules
in acute and chronic frontitis.
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CYOANHHUX KOMIMOHEHTIB CITU30BOI OEOJTOHKU YCIX CTIHOK

NOBOBOI NA3YXU NIOOUHU Y HOPMI

Cepbiu C. I., ly6una C. O., BoHOapeHko C. B.,

®uneHko b. M., Konmee M. M., lMupoe-3aka3sHikoea A. B.

Pe3tome. Memoro gocnimkeHHs Byno oTpMMaHHs METPUYHUX AaHUX — CEPeHbOro AiaMeTpy NoBepxHe-
BUX KPOBOHOCHUX CyAMH — apTepil i BeH, Ta TaHOK reMOMIKPOLIMPKYNSATOPHOrO pycna — apTepion, Kaninspis ta
BEHYI Y BNACHIN NNacTuHLi crin3oBoi 060MOHKM YCiX CTIHOK NOBOBOI Nasyxu MIOANHN Y HOPMI.

Mamepian i memodu. [ocnigXeHo cnn3oBy 060OHKY NTOGOBOI Nadyxu, OTPUMaHy Npu naTosioroaHaTo-
Mi4HOMY po3TuHi 110 ntogernt 06ox ctaTew, Bikom Big 22 fo 86 pokiB, siki NOMEPM Bif MPUYMH HE MOB’A3aHNX
3 NaTornoriet NpMHocoBMX nNasyx. 3abip maTtepiana 3A4iNCHEHO 3rigHO 3 MPKHapOAHUMUW HOPMaMKn NPOBEAEHHS
BionoriyHMx gocnigpkeHb 3a y4acTio NoaMHU. 3acToCoBaHMI MeToA 3abapBritoBaHHS MCTONOMYHUX Npenapa-
TiB HAMIBTOHKMX 3Pi3iB NOMIXPOMHMM GapBHMKOM, 3 NoAanblUMM CTAaTUCTUYHUM OMpautoBaHHAM OTPUMAaHMX
MOPPOMETPUYHNX AAHMX.

Pesynbmamu OOCNigXEHHS MoKasanu, Lo CepefHi giameTp MpOCBITY PE3UCTUMBHOI i EMHICHOI JTaHOK
reMOMIKpOLMPKYSITOPHOIO pycna € HanbinbLwmm B Cnn3oBiin 060MoHLi NepeHboi CTiHKM NT060BOI Nasyxu nio-
Aunnn (BignosigHo 11,1610,37 3nia / 11,34+0,31 cnpasa mkm (p<0,05) Ta 7,63+0,08 3nisa / 7,57+0,09 cnpasa
MKM), HalMEHLUUM — B CKIlafi Cnmn3oBoi 060NMOHKM 3aOHbOI CTiHKKM (BignoBigHo 6,96+0,19 anisa / 6,56+ 0,35
cnpaea Mkm Ta 8,82+ 0,16 3niea / 9,02+0,43 cnpaBa MkM (p<0,05)). Y BU3HaYeHIN AiNsHUi BUABNAOTLCA 06-
MiHHI reMOMIKpOCYyAMHM 3 HanMeHwWnM giameTtpom — 3,89+0,08 anisa ta 4,19+0,02 cnpasa mkm (p<0,05). Han-
LWMpPLLI Kaninspy BU3Ha4YeHi B CKnagi crim3oBoi 060MOHKM HUXKHBOI CTiHKM No6oBoi nadyxu — 4,88+007 3nisa Ta
4,73+0,12 cnpaBa mMkm (p<0,05).

BucHosku. KpoBonocTtayaHHs cnn3oBoi 060MnoHKM noboBoi nasyxu niognHu 3abesnedye cyagmHHe reMomMi-
KPOLIMPKYTSAITOPHE PYCIio, B sikoMy Oyno BUAINEHO 2 OCHOBHI KOMMOHEHTU: MOBEPXHEBI MiKpocyauHu (apTtepii
Ta BeHM), LWo 3abe3neyytoTb Tpodpiky enitenito, Ta rMmMboKy CyaMHHY CiTKy (apTepionu, Kaninsapu Ta BeHymnu),
sika nokanidyBanacs B CMOnyYyHin TkaHWHI lamina propria, i 6yna npeacrasneHa apTepismu 1a BeHaMu.

KnrouyoBi cnosa: niogunHa, nobosa nasyxa, cnnsosa 060mnoHKa, reMOMIKpOLMPKYNSTOPHE PyCIo, NOBEpX-
HeBi MiKpoCyanHN, MOPOMETPUYHNIA MeTo .
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