3.3.1. AHaTomus Yenoseka

Science & Innovations in Medicine Vol.7(3)/2022 (MeanuvHcKue Haykin)

YOK 611.819.5
DOI: 10.35693/2500-1388-2022-7-3-155-159

Check for
updates

Variability of histological features
and thickness of the dura mater in adults
related to sex and age

© Anatolii A. Balandin, Mikhail K. Pankratov, Irina A. Balandina
Perm State Medical University named after Academician E.A. Wagner (Perm, Russia)

Abstract

Aim — to conduct a comparative analysis of the structure and thickness
of the dura mater between men and women in the first period of
adulthood and in old age.

Material and methods. We analysed the results of the complex
morphological study of the dura mater in 91 deceased (49 male and
42 female) aged of 22 to 32 and 75 to 88 years. The deceased were
divided into two groups according to their age. Group I included 49
cases of the first period of adulthood: 26 men and 23 women who died
at the age of 22 to 32. Group II consisted of 42 cases of senile age:
23 men and 19 women who died at the age of 75 to 88. The autopsy
material was collected around the parietal bones, in the projection of
the sagittal suture.

Results. The dura mater was represented by dense unformed
connective tissue. The collagen fibers in the first period of adulthood
are compactly organized, have a clear direction and structure. In the
old age there is a pronounced disorder of the fibers. The walls of blood
vessels in senile patients are usually thickened. The dura mater thickens
with age by 29.2% in men and by 28.2% in women.

Keywords: dura mater, aging, collagen fibers, connective tissue,
morphometry.

Conflict of interest: nothing to disclose.

Citation

Balandin AA, Pankratov MK, Balandina IA. Variability of histological features

and thickness of the dura mater in adults related to sex and age. Science and
Innovations in Medicine. 2022;7(3):155-159. doi: 10.35693/2500-1388-2022-7-3-155-159

Information about authors

Anatolii A. Balandin — PhD, Associate professor of the Department of normal,
topographic and clinical anatomy, operative surgery.

ORCID: 0000-0002-3152-8380

E-mail: balandinnauka@mail.ru

Mikhail K. Pankratov — senior assistant of the Department of normal, topographic
and clinical anatomy, operative surgery.

ORCID: 0000-0001-6556-6644

E-mail: mischa280798@gmail.com

Irina A. Balandina — PhD, Professor, Head of the Department of normal, topographic
and clinical anatomy, operative surgery.

ORCID: 0000-0002-4856-9066

E-mail: balandina_ia@mail.ru

Corresponding Author

Irina A. Balandina

Address: Perm State Medical University, 26 Petropavlovskaya st.,

Perm, Russia, 614990.

E-mail: balandina_ia@mail.ru

Received: 30.05.2022
Revision Received: 18.07.2022
Accepted: 22.07.2022

FncTonornyeckasa xapakTtepucTuka U U3MeHeHUsA
TOJILWMHbI TBEPAON MO3roBOM O60JIOHKN Y MYXKUYMH
W XXEeHLUMUH B NepBOM nepuope 3penoro Bo3pacrta
U B CTap4YeCKOM BOo3pacTte
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AHHOTauusa

Llenb — npoBecTH CPaBHUTEIBHYIO XapaKTEPUCTUKY CTPYKTYPHI U
TOJIIIMHBI TBEPIIO MO3TOBOI 000IOUKY YeT0BeKa B IIEPBOM ITEPHOJIE
3peJIoro BO3pacTa 1 B CTapueCcKOM BO3pacTe.

MaTtepuan n metopbl. PaGora ocHOBaHa Ha aHaJIM3e PE3yJIbTATOB
KOMILIEKCHOTO MOP(MOIOTMYECKOro UCCIIeNOBAaHNS TBEPIO MO3TOBOIM
000J104ku 91 rorubiero (49 My>kunH 1 42 XeHILUMH) B Bo3pacte 22—32 1

75—88 siet BximounTtesibHO. [ToruGImx pa3nesmiiv Ha IBe TpYIIbI Coriac-
Ho ux Bo3pacTy. [pynma I Bkimoyaet 49 JivIr IepBoro reproa 3peioro
Bo3pacTa (26 My>kKUrH 1 23 KEHIHBI, TIOrMOIINX B Bo3pacTe 22—32 JieT),
rpynmna I1 coctout u3 42 iuil crapueckoro Bo3pacta (23 My>KUMHBI U
19 XeHILMH, norudIImx B Bo3pacte 75—88 siet). [Iist craHnapTuzauuu
uccaenoBaHus 3a00p ayTONICMITHOTO MaTepuasa OCyIeCTBISUIM B 00-
JIACTH TEMEHHBIX KOCTE B MPOEKLIMU CATUTTAIBHOTO 111Ba.
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Hayka u nHHoBauum B MmeguunHe T.7(3)/2022

Pe3ynbraTtbl. TBepnast Mo3rosast 060J104Ka TPEACTaBIeHa TWIOTHON
Heo(hOPMIIEHHOM COeIMHUTENLHOM TKaHbio. KoutareHoBble BOJIOKHA
B [IEPBOM IIEPUO/IE 3PEJIOTO BO3PACTa PACIIONATAIOTC CPABHUTEIBLHO
KOMIIaKTHO, IMEIOT YETKOE HAITPaBJIeHUEe U CTPYKTYpPY. B cTapueckom
BO3pAcTe NIPOCMATPUBAETCS BbIPAXEHHAs HEYIIOPANOYEHHOCTD BO-
J10KoH. CTeHKa KPOBEHOCHBIX COCYIOB Y JIML CTAPYECKOTO BO3pac-
Ta, KaK npaBuio, yronuieHa. C BO3pacTOM IIPOUCXOIUT YTOJIIEHUE
TBEPIOI MO3TOBOI 000JIOUKM: Y MyXXYMH K CTAPYECKOMY BO3DPACTY €€
TOJIIMHA YBeaudniach Ha 29,2%, y xeHuiuH — Ha 28,2%.
Knio4yeBble cnoBa: TBepaas MO3roBas 000J0YKa, CTapeHUe,
KOJIJTATEHOBBIE BOJIOKHA, COEAMHUTEIbHAA TKaHb, MOP(POMETPUSL.
KOH(pNNKT MHTEPECOB: He 3asiBjieH.
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m BACKGROUND
Aging is an essential part of human life and is
a complex, multicomponent, nonmodifiable
risk factor for the development of complications
and aggravation of most diseases. Among other
things, such conditions lead to emotional and social
expenditures not only for the patients but also for
their families [1—3]. It is not without reason that
numerous studies in the scientific literature highlight
the problems of aging and the peculiarities of
managing older patients with senility [4—6].

With the development of approaches to patients
of this cohort, we have learned to restrain the aging
process, control the course of certain diseases that
arise with age, and improve the quality of life among
older people with senility; however, factors such
as injuries cannot be completely prevented. Older
patients are already at risk of increased injury rates
because they have problems with coordination [7];
at that time, injuries resulting from road traffic
accidents, industrial and household injuries, and
criminal actions must be also considered.

A common injury among the population is
craniocerebral injury (CCI), which has serious
complications leading to subsequent disability
and decreased quality of life because of the
risk of incomplete resolution of cognitive and
neurological impairments [8§—9]. Subdural
hematoma is indisputably a severe complication of
CCI [10]. Researchers note the high importance
of the patient’s age in the prognosis of the injury
outcome, considering it to be equivalent to factors
that aggravate the condition of the patient admitted
to the clinic, such as the volume and localization of
the hematoma, severity of dislocation syndrome, and
a history of anticoagulant therapy [4, 10—13]. This
can be explained by age-related neurodegenerative
changes in brain tissue, which deteriorate the quality
of resistance to disturbances of homeostasis [14—
16]. However, nearly no studies have examined age-
related characteristics of the dura mater (DM). This
motivated our research and determined its aim.
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m AIM

This study conducted a comparative description
of the structure and thickness of human DM in early
adulthood and old age.

m MATERIAL AND METHODS

The study was performed in the Thanatology
Department of the Perm Regional Bureau of
Forensic Medicine in 2020—2021 and was based
on an analysis of the results of a comprehensive
morphological study of the DM of 91 patients
(49 men and 42 women) who died at the age of 22—
32 and 75—88 years. The study used histological,
morphometric, and statistical methods. Permission
to conduct the study was obtained from the ethics
committee of the E. A. Wagner Perm State Medical
University (No. 10 dated November 27, 2019).

The inclusion criteria were are follows: deceased
individuals with trauma or injury to the chest/
abdomen and pelvis as the cause of death, anamnestic
data of the patients without pathology of the central
and peripheral nervous system, drug and alcohol
addiction, postmortem interval not exceeding 24—
36 h, storage of corpses under the same conditions at
a temperature of +2°C, and absence of macroscopic
signs of DM pathology detected during the
collection of necropsy material. The deceased were
divided into two groups according to their age group,
considering the anatomical classification (Moscow,
1965). Group I included 49 early adults (26 men
and 23 women who died at the age of 22—32 years),
and group II consisted of 42 individuals of senile
age (23 men and 19 women who died at the age of
75—88 years).

To standardize the study, autopsy material was
collected from the area of the parietal bones in the
sagittal suture projection. The segments were fixed
in a 10% solution of Lillie buffered formalin (pH
= 7.2) for 24 h. After embedding the segments in
paraffin blocks, 4—6 pm thick histological sections
were prepared on a rotary microtome. Sections were
stained with hematoxylin and eosin. Quantitative
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Figure 1. View of the dura mater after extraction of the brain from
the cranial cavity.

PucyHok 1. By TBEpL[OV MO3roBovi 060/104KN MOCIIE U3BIIEYEHUS
ro/10BHOro Mo3ra 13 rosiocTu Yyepena.

(morphometric) analysis of the histological samples
was performed using BioVision version 4.0 (Austria).
Image capture was performed using a digital
microscope camera (CAM V200; Vision, Austria).

m RESULTS AND DISCUSSION

When analyzing scientific works focused on
the morphological study of connective tissue, the
following aspects can be noted. Haydont et al. (2019)
examined age-related morphological changes in the
skin and revealed that, along with its atrophy, the
thickness of collagen bundles decreases in people aged
50 years. Moreover, the space between such bundles
increases. All of these lead to a decrease in tissue
density, the so-called fiber separation [17].

Zhang and Wang (2015) and Magnusson and Kjaer
(2019) examined age-related changes in the quality
of fibroblast attachment in the extracellular matrix at
the cellular level. They revealed that the open space
surrounding the cells increases with age, whereas the
number of contacts between cells and collagen fibers
decreases. At the biochemical level, studies of age-
related changes in the connective tissues of tendons
in animals and humans have revealed a change in the
composition and an increase in the concentration of
extracellular proteoglycan, as well as the deposition
of calcium salts and lipids, which ultimately results
in a decrease in its strength [18—19].

Kinaci et al. (2020) comparatively assessed the
DM structure of people and animals and found
that the thickness parameters of human DM prevail
over the same parameters of horses, cattle, and pigs.
This study also described in detail the DM structure
and noted the presence of three layers, namely,
periosteal, meningeal, and boundary-cellular layers.
The outermost periosteal layer is attached to the
inside of the skull bones and contains the vasculature
and nerve fibers. Its structure represents elongated

www.innoscience.ru

Figure 2. Fragment of the dura mater of a 28-year-old man.
Hematoxylin and eosin staining. Magnification 100. 1 — periosteal,
2 — meningeal, 3 — boundary-cellular layer.

PucyHok 2. ®parmeHT TBEPLOV MO3roBOvVi 0O0I0HKMN MYXXYNHbBI
28 net. OKpacka reMaToKCUIMHOM 1 303nHOM. YBenndeHue 100.
1 — nepuocTasnbHbIV, 2 — MEHUHIeasbHbIM,

3 — orpaHNYHO-KNIETOYHBIV C/T0U.

fibroblasts with large intercellular spaces. Compared
with the periosteal layer, the middle meningeal layer
contains more fibroblast bodies and proportionally
less collagen. Compared with the meningeal layer,
the boundary-cellular layer, the inner layer of the
DM, has fibroblasts with a relatively small number
of intercellular connections and is characterized by
the absence of extracellular collagen fibers [20].

In this study, upon examination of patients of both
age groups, the DM was found to be a shiny white
plate. It was smooth to the touch and consisted of
two sheets, loosely fused and easily separated from

Figure 3. Fragment of the dura mater of a 75-year-old man.
Hematoxylin and eosin staining. Magnification 100. 1 — periosteal,
2 — meningeal, 3 — boundary-cellular layer.

PucyHok 3. ®parmeHT TBEPLOV MO3roBOV 0OO0IOHKU MYXXHYNHBI
75 net. OKkpacka remMaTtoKCUIIMHOM 1 903MHOM. YBennderHne 100.
1 — nepmocTasbHbIv, 2 — MEHUHIreasbHbI, 3 — MorpaHnyHo-
KJ1I€TOYHbIV CIION.
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Agegrowp | Mem | Max | win [0 | ov | me
Men

Early adulthood

s 630,0:30,0 8700 4200 447 003 6200
Oldage (n=23)  890,0:200 10700 6900 3,16 0,01 870,0
Women
Efi'yza?“'thw" 610,0:30,0 9400 3700 548 005 570,0
Oldage (n1=19)  850,0:300 11200 6100 447 002 8350

Table 1. Comparative characteristics of dura mater thickness
parameters in men and women of the first period of adulthood
and old age (mkm) (n=91)

Tabnunya 1. CpaBHUTENIbHAsS XapaKTepncTuka rnapameTpos
TOJLLMHBI TBEPLAOV MO3roBOV O6OOHKMN Y MYXHYMH M KEHLNH
repBoro nepunoga 3pesioro Bo3pacta u cTapyeckoro so3pacra
(MkmM) (n=91)

each other, namely, the periosteal and meningeal
layers of the membrane (Fig. 1).

Histological examination showed that the DM
is represented by dense, unformed connective
tissue containing blood vessels. It has three layers
(periosteal, meningeal, and boundary-cellular
layers). Some fibroblasts were visualized in the
tissue. The uneven thickness and tortuosity of the
boundary-cellular layer are noteworthy. Collagen
fibers in histological samples of the DM of the early
adult group are located relatively compactly and
have a clear direction and structure, whereas in the
older group, a pronounced disorder of the fibers is
visible. Blood vessels are localized mainly in the
periosteal layer. The blood vessel wall in the older
group is usually thickened (Figs. 2 and 3).
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In the analysis of the results of DM thickness by
morphometry, a statistically significant increase in its
parameters with age was established in both men and women
(p <0.01) (Table 1). A tendency was revealed toward the
prevalence of DM thickness indicators in men compared
with those in women in each age group (p > 0.05).

The study results indicate that the DM thickens with
age. Thus, with age, its thickness increased by 29.2% in
men and 28.2% in women.

All three layers are visualized in histological
preparations of patients of both age groups. Collagen
fibers in the early adult group are more compactly packed
and have a clear structure and direction, whereas samples
from the older group demonstrate “fiber separation,” an
impairment of tissue compactness, which is caused by a
more pronounced disorder of fibers.

Thus, the results of this study, when comparing the
structure and thickness of human DM in early adulthood
and in old age, reflect the findings of previous studies.

m CONCLUSION

The study results showed that in old age, the DM
structural characteristics consist of a pronounced
impairment of collagen fibers in comparison with that in
early adulthood.

DM thickness is statistically significantly increased
in both men and women in the older group (p < 0.01).
A tendency was revealed for the prevalence of DM
thickness in men compared with women in each age group
(p > 0.05). w=
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