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Аннотация
Цель – провести сравнительную характеристику структуры и 
толщины твердой мозговой оболочки человека в первом периоде 
зрелого возраста и в старческом возрасте.

Материал и методы. Работа основана на анализе результатов 
комплексного морфологического исследования твердой мозговой 
оболочки 91 погибшего (49 мужчин и 42 женщин) в возрасте 22–32 и 

75–88 лет включительно. Погибших разделили на две группы соглас-
но их возрасту. Группа I включает 49 лиц первого периода зрелого 
возраста (26 мужчин и 23 женщины, погибших в возрасте 22–32 лет), 
группа II состоит из 42 лиц старческого возраста (23 мужчины и 
19 женщин, погибших в возрасте 75–88 лет). Для стандартизации 
исследования забор аутопсийного материала осуществляли в об-
ласти теменных костей в проекции сагиттального шва.

© А.А. Баландин, М.К. Панкратов, И.А. Баландина
ФГБОУ ВО «Пермский государственный медицинский университет имени академика Е.А. Вагнера» 

Минздрава России (Пермь, Россия)

© 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.
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 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.

 AIM
This study conducted a comparative description 

of the structure and thickness of human DM in early 
adulthood and old age.

 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 μm thick histological sections 
were prepared on a rotary microtome. Sections were 
stained with hematoxylin and eosin. Quantitative 

Результаты. Твердая мозговая оболочка представлена плотной 
неоформленной соединительной тканью. Коллагеновые волокна 
в первом периоде зрелого возраста располагаются сравнительно 
компактно, имеют четкое направление и структуру. В старческом 
возрасте просматривается выраженная неупорядоченность во-
локон. Стенка кровеносных сосудов у лиц старческого возрас-
та, как правило, утолщена. С возрастом происходит утолщение 
твердой мозговой оболочки: у мужчин к старческому возрасту ее 
толщина увеличилась на 29,2%, у женщин – на 28,2%.

Ключевые слова: твердая мозговая оболочка, старение,  
коллагеновые волокна, соединительная ткань, морфометрия.
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(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).

 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 

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 1. View of the dura mater after extraction of the brain from 
the cranial cavity.
Рисунок 1. Вид твердой мозговой оболочки после извлечения 
головного мозга из полости черепа. 

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.
Рисунок 2. Фрагмент твердой мозговой оболочки мужчины 
28 лет. Окраска гематоксилином и эозином. Увеличение 100. 
1 – периостальный, 2 – менингеальный, 
3 – погранично-клеточный слои.

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.
Рисунок 3. Фрагмент твердой мозговой оболочки мужчины 
75 лет. Окраска гематоксилином и эозином. Увеличение 100. 
1 – периостальный, 2 – менингеальный, 3 – погранично-
клеточный слои.
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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).

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.

 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). 

Conflict of interest. The authors declare no conflict  
of interest.

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)
Таблица 1. Сравнительная характеристика параметров 
толщины твердой мозговой оболочки у мужчин и женщин 
первого периода зрелого возраста и старческого возраста 
(мкм) (n=91)

Age group M±m Мах Мin σ Cv Ме

Men

Early adulthood 
(n = 26) 630,0±30,0 870,0 420,0 4,47 0,03 620,0

Old age (n = 23) 890,0±20,0 1070,0 690,0 3,16 0,01 870,0

Women

Early adulthood 
(n = 23) 610,0±30,0 940,0 370,0 5,48 0,05 570,0

Old age (n = 19) 850,0±30,0 1120,0 610,0 4,47 0,02 835,0
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