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The morphology of osteonecrotic processes and osteogenesis of experimental periodontitis with various degrees 
of severity were examined in 60 white outbred rats. In bone tissue of the alveolar process during chronic generalized 
periodontitis, immunohistomorphology revealed resorption processes with the participation of macrophages in the form of 
swelling and total lysis of osteocytes and histiocytes. Disruption of osteogenesis with insufficient bone neoplasm was noted 
during the progression of the disease, when along with intensive osteolytic processes, atypical bone formation was observed. 
Furthermore, in some areas of the bone tissue of the alveolar process, there was an inordinate change in resorption and 
bone-building processes. Therefore, a description of the pathological process in the form of «bone atrophy» does not reflect 
the pathology, whereas «osteoporosis and bone tissue repair» most accurately explains the mechanisms and manifestations 
of the pathological process of chronic generalized periodontitis.
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На 60 белых беспородных крысах исследована морфология остеонекротических процессов и процессов 
остеогенеза при экспериментальном пародонтите различной степени тяжести. В костной ткани альвеолярного 
отростка при хроническом генерализованном пародонтите иммуногистоморфологически выявлены резорбци-
онные процессы с участием макрофагов в виде набухания и тотального лизиса остеоцитов и гистиоцитов. На-
рушение остеогенеза с недостаточным новообразованием кости отмечено при прогрессировании заболевания, 
когда наряду с интенсивными остеолитическими процессами наблюдается атипичное костеобразование, а в от-
дельных участках костной ткани альвеолярного отростка – беспорядочная смена процессов рассасывания и по-
строения кости. Термин «атрофия кости» не отражает сути, в то время как «остеопороз и рарефикация костной 
ткани» наиболее точно объясняют механизмы и проявления патологического процесса при хроническом генера-
лизованном пародонтите.
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EMA	– epithelial membrane antigen 
IHC	 – immunohistochemistry
NSE	– neuron-specific enolase

V9	 – vimentin
α-SMA	– α-smooth muscle actin
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Chronic generalized periodontitis is an 
inflammatory dystrophic disease leading to 
tooth loss as often as complications of caries 

[1, 2]. Depending on the severity of periodontitis, 
morphological changes in the bone tissue of the 
alveolar bone of the jaw become more pronounced. 
They are especially pronounced in severe cases of 
the disease [3, 4].

The clinical and radiological indicators are very 
clear, and the issue is not diagnosis of periodontitis, but 
the degree of destruction in bone tissue of the alveolar 
process [5, 6]. Moreover, the metabolic changes 
occurring in the jaw bone remain controversial in addition 
to the legitimacy of the use of the terms «osteoporosis» 
and «bone atrophy» for chronic generalized periodontitis 
[4, 7, 8].

The aim of the study was to evaluate pathological 
changes in the bone tissue of the alveolar bone of 
the jaw during chronic generalized periodontitis by 
immunohistomorphology.

Material and Methods. This study used 60 white 
outbred male rats weighing 180–200 g. Periodontal 
tissues of 10 normal rats were used for comparison.

To establish an experimental model of periodontitis, 
oral dysbiosis was induced by intramuscular injection of 
lincomycin hydrochloride at a dose of 30 mg/100 g body 
weight, according to a previously published method [9]. 
Local lesions of the gums and tissues of the vestibule 
in the mouth were established by application of a 
suspension of bee venom at a dose of 2–5 mg/100 g body 
weight. Applications were performed in two sections of 
the vestibule of the mouth between the lower lip and 
incisors of the lower jaw and between the molars of 
upper and lower jaws and the cheek on the right. Animals 
were housed in a common cage with an area of 0.015 m2 
per individual. During the experiment (30 days), 4 ml 
sunflower oil per animal was added to the standard diet, 
which was heated in the presence of 2 % copper sulfate 
for 24 hours until the peroxide value was above 20–40 U.

Depending on the severity of periodontal lesions to be 
modeled, the dose of the bee venom was changed from 2  
to 5 mg per 100 g body weight (2, 3, and 5 mg=mild, mode- 
rate, and severe periodontitis, respectively). In addition, 
peroxide in sunflower oil was increased (20, 30, and 40  
U=mild, moderate, and severe periodontitis, respectively).

When modeling severe periodontitis in rats, a 
scheme similar to that described above with additional 
intramuscular administration of ammonium chloride at a 
dose of 5 mg/100 g body weight once a day for 7 days 
was used.

The experimental model of chronic generalized 
periodontitis was considered to be established by the 
following clinical and radiological signs: periodontal 
pockets of 5 mm or deeper, gingival hyperemia and 
bleeding, cortical plate discontinuity along the edge of 
the dental alveoli, and alveolar atrophy.

Animals were sacrificed by an overdose of ether 
on days 7, 14, 21, and 60 after establishment of the 
periodontitis model. Biopsy specimens of interdental 
bone septa and bone tissue of the alveolar ridge from the 
lateral parts of the upper and lower jaws were obtained.

After fixation in 10  % neutral formalin for 7 days, 
the isolated tissues were decalcified in 12  % nitric acid 
and then placed in celloidin. Sections were stained with 
hematoxylin-eosin or subjected to picrofuxin by van 
Gieson staining, and Mallory and Masson staining.

For immunohistochemistry (IHC), we used monoclonal 
murine antibodies against vimentin (V9), α-smooth 
muscle actin (α-SMA, 1A4), neuron-specific enolase 
(NSE), and epithelial membrane antigen (EMA, E29) 

(SpringBioScience, USA). The immunohistochemical 
reactions were performed on paraffin-embedded 
sections using the highly sensitive imaging system 
Revealbiotin-freepolyvalent DAB (SpringBioScience). 
IHC staining was imaged under an Olympus BX45 digital 
microscope. For morphometry, we used the Video-Test-
Morphology 5.1 program for Windows.

All surgical interventions were performed under 
general anesthesia (Zoletil 50) in compliance with 
established requirements.

Data were processed by variation statistics according 
to Fischer-Student in Primer of Biostatistics 4.03 for 
Windows. Differences were considered significant at 
p<0.05.

Results and Discussion. Signs of gingival 
inflammation corresponding to mild periodontitis in 
the experimental rats were observed on day 7. By day 
14, swelling and cyanosis of the gums were distinct, 
periodontal pockets appeared in the incisor area up to  
2 mm deep, and incisor mobility was 2–3°, corresponding 
to periodontitis of moderate severity. On day 21, all signs 
of destruction of the top of the interdental septum were 
determined radiologically, including lysis of the latter, 
3° tooth mobility, and periodontal pockets of more than  
5 mm deep, corresponding to severe periodontitis.

Morphological analysis also confirms the effective- 
ness of the method to establish a model of chronic perio- 
dontitis in rats, which excluded periodontal surgical injury.

On day 7 after the establishment of experimental 
periodontitis, IHC showed significant changes in 
cellular components of bone tissue and the side of the 
intercellular substance. In cells of neuroectodermal 
origin, intense expression of coarse-grained cytoplasmic 
immunoreactive material was noted. Cells positive for 
NSE (an isoform of the enolase necessary for glycolysis) 
were located mainly near blood vessels (Fig. 1a). Less 
commonly, NSE+ cells were seen in the area of the bone 
substance in osteons of intact trabeculae and periosteum 
(Fig. 1b). Bone cells of the alveolar ridge underwent 
dystrophic changes during the process of oncosis and 
were then destroyed. The metabolism and structure of 
the intercellular bone substance were also disrupted.

 

  
 Fig. 1. Micrograph of a biopsy fragment from the dentoalveolar 

segment of the lateral lower jaw on day 7 (chronic generalized 
periodontitis of mild severity): a – NSE+ cells around blood 

vessels (1) and NSE+ cells in the wall of arterioles (2).  
IHC of NSE. Positive staining is brown. Ok. 10, Obj. 400;  

b – NSE+ cells in the periosteum (1). IHC of NSE.  
Positive staining is brown. Ok. 10, Obj. 400
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By day 14, the foci of destruction of the alveolar bone in 
the area of osteocyte oncosis did not tend to increase. The 
destruction process consisted mainly of leaching calcium 
from the bone matrix and homogenization of bone tissue, 
but not the formation of lacunae in the bone substance 
(Fig. 2a). In some areas, the destruction of the alveolar 
process in the oncosis zone preceded cell death, and in 
areas of complete osteocyte lysis, it was so pronounced 
that hematopoietic loosening of connective tissue 
necrosis, osteonecrosis of the bone tissue sections with 
gradual exposure, and decay of the collagen base of the 
bone were observed (Fig. 2b). As a result, lacunae formed 
in the bone tissue and the alveolar bone was rectified.

 

  
 Fig. 2. Microphotographs of a biopsy fragment from the 

dentoalveolar segment of the lateral lower jaw on day  
14 (chronic generalized periodontitis of moderate severity):  

a – Zones of calcium leaching from the bone matrix (1), 
cementing lines for bonding bone fragments (2), and 

osteoblasts (3); b – Necrosis of hematopoietic loosening  
of connective tissue (1) and osteonecrosis of bone tissue (2). 

Hematoxylin and eosin staining. Ok. 10, Obj. 40

Dystrophy of bone tissue with restructuring 
characterized by a decrease in the number of bone 
trabeculae per unit volume of the alveolar bone during 
periodontitis was greatly facilitated by the proliferation 
of cells such as macrophages, which was especially 
pronounced and observed in all areas at this stage of 
the disease. Resorption by macrophages proceeded 
from both the side of the edges of bone structures (from 
the side of the endosteum and periosteum) and in the 
compact and perimedullar layer. In addition to osteocyte 
lysis, they were modified and converted into the most 
aggressive cellular element (i.e., macrophages). These 
occurrences indicated particularly deep disruption of the 
bone tissue in the alveoli of the tooth.

Resorption with the assistance of histiocytes in the 
compact and perimedullar layer often occurred towards 
resorption from the endosteum and periosteum. In 
the walls of the formed cavities, resorption of the bone 
continued, both with the participation of histiocytes, and 
smooth, segmental resorption with the appearance of 
sites of dissimilation due to the activation of epithelioid 
cells and osteoclasts.

The occurrence of osteonecrosis was associated 
with significant acceleration of osteolysis in certain areas 
of the bone with complete simultaneous dissolution 
of all constituents of the bone substance (osteocytes, 
collagen fibers, and amorphous adhesive and mineral 
salts). The rapid development of the osteolytic process 

led to a plasma-like homogeneous bone mass at the site 
of bone tissue, without any microscopically visible stages 
of its formation.

IHC to detect polysaccharides revealed accumulation 
of acid mucopolysaccharides in bone tissue in the area of 
destruction zones. Bone metachromasia was completely 
removed by incubation of the sections in a hyaluronidase 
solution. This phenomenon is the result of enzyme 
cleavage of acid mucopolysaccharides formed during 
bone resorption. In addition, acid mucopolysaccharides 
were intensively stained by hematoxylin and eosin, and 
the revealed basophilia of tissues was due to the acidic 
properties of the stained cellular components, mainly 
nucleic acids.

On day 21 of severe periodontitis, the processes of 
bone tissue resorption of the alveolar process occurred 
in all areas. In some areas, the processes of resorption 
and bone building had changed dramatically. Active 
EMA+ cells were found in the intertrabecular cavities of 
the damaged area of the cortical plate (Fig. 3a).

 

  
 Fig. 3. Microphotographs of a biopsy fragment from the 

dentoalveolar segment of the lateral lower jaw on days 21 (a) 
and 60 (b) (severe generalized periodontitis): a – Active EMA+ 

cells (1) in the intertrabecular cavities (2) of the damaged 
part of the bone plate (3). IHC of EMA. The reaction product is 
brown. Ok. 10, Obj. 100; b –  Active synaptophysin+ cells with 
nerve terminals (1) and total destruction of the nerve synapse 

(2) with terminals (3). IHC of synaptophysin. The reaction 
product is brown. Ok. 10, Obj. 400

By day 60, bone neoplasm slowed or stopped, be-
cause the newly formed bone substance was immediate-
ly subjected to lysis with total destruction of nerve synap- 
ses and terminals (Fig. 3b). The newly formed bone tis-
sue had a loose, coarse beam structure and differed from 
intact bone in pronounced basophilia. In some areas, 
bone substance with an amorphous structure was found, 
which was completely calcified with a small amount of the 
main gluing substance. The bone formed by the osteo-
blasts had low strength indicated by the numerous micro-
cracks and fractures.

Thus, the bone tissue of the alveolar bone with severe 
periodontitis had a rather mottled histological picture. 
Because of the intense osteolysis in combination with an 
atypical structure, boneless sections of the bone, friable, 
blocky-granular foci, basophilic bone areas, homoge-
nous foci with an erased pattern of the structure, lacu-
nae, cracks, and microfractures appeared.

These pathomorphological signs of bone atrophy in 
the jaw alveolar bone with chronic generalized periodon-
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titis revealed its anatomical and physiological nature and 
indicated the pathological processes occurring in bone 
materials, which were similar to those in modeling oste-
oporosis or destruction of bone tissue by chronic stress 
[10, 11].

Conclusions. During chronic generalized periodon-
titis, the main types of bone tissue resorption of the al-
veolar process are oncosis, as a form of cell death in 
which there is no activation of the genetically determined 
mechanism of cellular self-destruction, and conversely, 
resorption processes involving macrophages in the form 
of swelling and total lysis of osteocytes and histiocytes. 
Destructive changes in bone tissue were clearly observed 
in addition to the endosteum and periosteum in both the 
compact and perimedullar sections of the thinned com-
pact plate of the alveolar ridge of the jaw without the for-
mation of hypervascularization zones characteristic of 
any loaded bone tissue.

In the bone tissue of the alveolar process of the jaw, 
chronic generalized periodontitis occurs in phases. In the 
early phase of the pathological process (periodontitis of 
mild severity, i.e., day 7 of the study), many types of bone 
resorption with active participation of tissue-specific glyco-
lytic enzymes were most clearly seen. With the progression 
of disease along with intensive osteolytic processes, atyp-
ical bone formation was observed (periodontitis of moder-
ate severity, i.e., day 14 of the study), and in some parts of 

the bone tissue of the alveolar bone, a random change in 
the processes of bone resorption and construction (severe 
periodontitis, i.e., day 21 of the study) occurred.

Therefore, the use of the term «bone atrophy» for 
chronic generalized periodontitis does not reflect the on-
going metabolic changes, whereas the use of the term 
«bone osteoporosis» for periodontitis most accurately 
indicates the pathological process and the term «ratifica-
tion» describes its dynamics.

Financing. The study was carried out within the 
framework of the State Task of the Ministry of Health of 
the Russian Federation for Research and Development 
on the topic «Directional regeneration of periodontal tis-
sues in experimental osteoporosis».

Informed consent: The experiments were carried 
out in accordance with the international principles of the 
European Convention on the Protection of Vertebrate 
Animals used for Experiments and Other Scientific Pur-
poses (Strasbourg, 1986), in the principles of good lab-
oratory practice (National Standard «Principles of Good 
Laboratory Practice» GOST R 53434-2009), international 
recommendations on conducting biomedical research 
using animals (1985), the Laboratory Practice Rules in 
the Russian Federation (Order of the Ministry of Health 
of the Russian Federation, №  267 on 19.06.2003), and 
«General ethical principles of animal experiments» (Rus-
sia, 2011), and approval of the ethics committee.
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