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Pesitome. [TockoyibKy KOCTHAsl TKaHb YEIIOCTU TTOJIBEPraeTcsl TpaBMaTUYECKOMY BO3JIEMCTBUIO Ha 3Tare
BHEJPEHUST METAJIMYECKOTO AEHTAJIbHOIO MMILIaHTAaTa, aKTyaJIbHOW OocTaeTcs MpobaeMa pa3BUTHS Bocna-
JIATEJIbHBIX OCJIOXXHEHUWM, TIPUBOISIILIMX K CPBIBY OCTeOMHTEerpauuu. [Ipeactasisitor MUHTEpeC UMMYHOJIOTH-
yecKre MeXaHU3Mbl pa3BUTUSI BOCHAJIMTEIbHOTO Mpoliecca MpU SMUCCUM HAHOPA3MEPHBIX METAJLJIOCOAEP-
JKaIlUX YacTUll, a TaK>Ke MEXaHU3Mbl €ro CTUXaHUS T10C/Ie yaJeHUs! METAJNIMUYEeCKOro 00beKTa U3 KOCTHOM
TKaHu. B paboTe npoBeaeH MUKPOCKOMUYECKUN U JIEMEHTHBIN aHaIu3 CerMeHTa KOCTHOU TKaHU HUXKHEN
YeJI0CTU KpbIChl TMHUK Wistar mocjie MCKYCCTBEHHOUW TpaBMaTM3alMU. B Xone aKcnepruMeHTa MOJEJIUpPO-
BaJIM TIPOLIECC HAXOXAECHUSI METAJNIMUYECKOr0 MHOPOJHOIO Teja B KOCTHOM Jioxe. s 3TOro B coeAnuHU-
TEJbHOTKAHHOE COE€NMHEHWE HUXKHEN YeJIIOCTU KPBbIChl BBOAWJIM WHCYJIMHOBYIO MIJTY, C MOCIEAYIOIIUM €€
M3BJIEUEHUEM Uepe3 ceMb JHel. MUKPOCKONMMYECKU aHaJIM3 KOCTHOW TKaHU MPOBOAUIN METOAOM pac-
TPOBOI 3JICKTPOHHON MUKPOCKOIINHU ¢ TOMOIIBIO ITprubopa Tesscan Vega 4 ¢ cuctremoit EDX Oxford Xplore
30. ITo maHHBIM 3JEKTPOHHOI MUKPOCKOIIMHU IIIHN(a YeTIOCTA KPBICHI B 00JIACTH JIYHOK HIDKHUX PE3IL0OB
Npu MajiOM YBEJIMUEHUU B MPSIMOU MPOEKIIMU OMPEAESIOTCS: MOBEPXHOCTh KOPTUKAIBHOTO CJIOSI aJIbBEOJT
3y0O0B, XpSIIEBOE U COEAMHUTEILHOTKAHHOE COEAUHEHUE YETIOCTEN C pa3pblBOM, PAaCCIOCHUE XPSIIEBOTO
ciosi. B obnactu XpsIeBOoro U COeAMHUTEIbHOTKAHHOTO COEIMHEHUS aJbBEOJSIPHBIX OTPOCTKOB YEJIIO-
cTeil mpu OOJIbIIIEM YBEIUYEHUU B MPSIMOU MPOEKIUN HAXOASATCS TNIOTHOCTPYKTYPHBIE KPUCTAJIMYECKUE
BKJTIOUCHUSI, O9ard HEKPOTU3AIINU. DIIEMEHTHBIN COCTaB KOCTHOM TKaHU OB TTOJIYYeH METOIOM aTOMHO-
SMUCCUOHHOM creKTpockonuu (mpubop — smuccuoHHbiin ciekrpomeTp iCAP 6300 Duo). B uccienyemom
o0pa3slie KOJIMYECTBEHHOE COOTHOILLIEHUE KalbLius 1 (pocdopa coctaBuio 1,68, 4TO He3HAYUTEIBHO IIPEBbI-
LIaeT ONTUMAaJIbHOE, paBHOE 1,67. MI3MeHeHne JaHHOTO COOTHOIICHUS B CTOPOHY YBEJIUYEHUSI TOBOPUT O
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CHMKEHHHU YpOoBHS pocdopa B KOCTHOM TKaHU, YTO MOKHO MHTEPIIPETUPOBATh KaK JTOKAJIBHBIN OCTEOITOPO3.
Kpome Toro, ooHapykeHbI aieMeHThI: Bi, Ga, Pb, Ti, Zn B KonuuectBe 0,03-0,06 MaccoBbIX MPOLIEHTOB.
IlepedyeHb 3TUX BIIEMEHTOB COOTBETCTBYET XUMUYECKOMY COCTABY MHCYJIMHOBOM UTJIbI, YTO CBUIETEIHLCTBYET
O TIPOHMKHOBEHUM METAJUTMYECKUX YACTUI] B TKAHU KOCTHOTO JIOXKa. DMUCCHST HAaHOPa3MEPHBIX YaCTUIL T UIX
rnocJjeayoliee 00beAMHEHNE 10 MUKPO- U CYOMUKPOHHBIX pa3MepoB, UX EPCUCTEHLIMS, a TAKXKE OMOKOPPO-
31s1 B 30HAX aKTUBHOTO KOCTEOOpa30BaHUs MOTYT SIBJISIThCSI ITYCKOBBIM MEXaHU3MOM TSI Pa3BUTHS aCEIITH -
YeCKOTr'0 BOCITAJIUTEIBHOIO IIpoliecca. DTOT 3(PpdheKT 00yCITOBICH KaK IIPSIMBIM TTOBPEXIAIOIINM (DaKTOPOM,
TaK M OMNOCPEIOBAaHHBIM BO3JECTBHEM, Yepe3 CrielUUHbIE CUTHAIbHBIE MOJIEKYJIBI, BbIpadaThbiBacMbIe B
OTBET Ha ITOBPEXIeHNE TKaHEM.

Knrouesnie crosa: nepuumnianmum, UMRAGHMAYUSL, HAHOPA3MEPHble Yacmuuypl, eocnaienue, POM-muxpockonus,
pemodeauposatie Kocmu

MICROSCOPIC AND ELEMENTAL ANALYSIS OF JAW BONE
TISSUE IN INJURY

Kataeva N.N.2 Sarkisyan N.G.?, Chumakov N.S.’, Khlystova K.A.",
Medvedeva O.M.?, Shmygalev A.S.
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Abstract. Since the jawbone tissue is injured at the stage of metal dental implant introduction, the problem
of inflammatory complication development leading to a breakdown in osseointegration remains relevant. Of
interest are the immunological mechanisms of inflammatory process development during the emission of metal
nanoparticles, as well as the mechanisms of its subsidence after the removal of a metal object. Microscopic and
elemental analysis of the bone tissue of the Wistar rat lower jaw after artificial traumatization was carried out.
During the experiment, the situation of presence of a metal foreign body in the bone bed was simulated. An
insulin needle was injected into the connective tissue of the lower jaw, followed by its removal after seven days.
Microscopic analysis of bone tissue was performed using a Tesscan Vega 4 scanning electron microscope. The
teeth alveoli cortical layer surface, connection of the jaws with a gap, stratification of the cartilaginous layer were
determined at low magnification in direct projection. Using higher magnification in the direct projection there
are visible dense-structural crystalline inclusions, foci of necrosis in the area of junctions of the jaws alveolar
processes. The elemental composition of bone tissue was obtained by atomic emission spectroscopy by iCAP
6300 Duo. In the test sample, the quantitative ratio of calcium and phosphorus was 1.68, which slightly exceeds
the optimal value of 1.67. An upward change in this ratio indicates a decrease in phosphorus level, which can
be interpreted as local osteoporosis. In addition, the following elements were found: Bi, Ga, Pb, Ti, Zn in the
amount of 0.03-0.06 mass percent. The list of these elements corresponds to the chemical composition of an
insulin needle, indicating the penetration of metal particles into bone bed tissues. The emission of nanoparticles
and their subsequent association to micro- and submicron sizes, their persistence, as well as biocorrosion in
areas of active bone formation can be a trigger for the development of an aseptic inflammatory process. This
effect is due to both a direct damaging factor and an indirect effect through specific signal molecules produced
in response to tissue damage.

Keywords: periimplantitis, dental implantation, nanoparticles, inflammation, scanning electron microscope, bone remodeling
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Introduction

Traumatization of tissue structures in the body, in
particular bone tissue, is always accompanied by the
development of an inflammatory process. The study
of post-traumatic bone changes is an important step
in assessing, among other things, the immunological
mechanisms of inflammation. In this case, the nature
of the mechanical action plays an important role.

Dental implantation is a surgical intervention
that involves the formation of a mechanical bone
defect, followed by the introduction of a metal
implant into the injured bone. Currently the causes
of chronic inflammatory complications in the long-
term functioning of dental implants are being actively
studied. [4]. One of the reasons for the development
of such complications is probably the release of
nanoparticles of the oxide layer of the dental implant
in the tissue of the bone bed [2, 7]. The accumulation
and conglomeration of such particles, as well as their
biocorrosion, can probably be a personalized cause of
the development of mucositis and peri-implantitis,
which is associated with the inability of the cells of
the immune system to timely utilize these particles,
preventing their conglomeration, and their early
death.

It is of interest to study the immunological aspect
of bone repair after removal of a metal foreign body
against the background of an inflammatory process.
Particularly interesting are the immunological me-
chanisms of the development of the inflammatory
process during the emission of nanoparticles, as well
as the mechanisms of its remitting after the removal of
a metal object from the bone tissue.

The purpose of the study was to study electron
microscopy and elemental composition of the jaw
bone tissue after traumatization with a metal implant
in order to identify the causes of the development
of a persistent inflammatory process, as well as
the likelihood of participation of nanoparticles in
triggering the immunological mechanisms of implant
rejection.

Materials and methods

The first stage of the research work was carried
out on the basis of the Institute of Immunology and
Physiology of Ural Branch, the Russian Academy
of Sciences, Yekaterinburg. There was simulated
the situation of presence a metal foreign body in the
bone bed to assess the state of the bone tissue after a
mechanical injury. To do this, an insulin needle 12 mm
long was inserted into the connective tissue joint of the
lowerjaw of the Wistar rat, followed by its removal after
seven days. A month after the removal of the foreign
body, rats were taken out of the experiment to isolate
the studied bone segment. All painful procedures were

performed in accordance with the WMA Declaration
of Helsinki on animal use in biomedical research.

Further, the study of the bone tissue sample
was carried out in the laboratory of the Center for
Collective Use of the Institute of High Temperature
Electrochemistry of Ural Branch, the Russian
Academy of Sciences, Yekaterinburg. Microscopic
analysis was performed by scanning -electron
microscopy (SEM microscopy) using a Tesscan Vega
4 scanning microscope with an EDX Oxford Xplore
30 system. The bones were preliminarily poured into
Struers Epofix epoxy resin, then a slice was prepared
on an Allied metprep 4 grinding and polishing
machine. The elemental composition of bone tissue
was obtained by atomic emission spectroscopy (in-
strument — emission spectrometer iCAP 6300 Duo,
Thermo Scientific, UK). Range of determined
elements: Li — N, Na— S, K— Se, Rb — Mo, Ru—1,
Cs — Nd, Sm — Bi, Th, U, Pu.

Results and discussion

Figures 1-3 show the data of SEM microscopy of a
segment of the bone tissue of the lower jaw of a rat in
different projections and scales.

In the studied segment of bone tissue, 67 chemical
elements were determined by atomic emission spe-
ctroscopy. The highest mass fraction belongs to the
following elements: calcium (22.13%), phosphorus
(13.14%), magnesium (0.69%), sodium (0.58%),
sulfur (0.16%) because these are the basic elements
of any mineralized bone tissue, including jaw bone
tissue [6]. The skeletal system actively responds to the
influence of various environmental and endogenous
factors. It is known that the state of the body’s
immune defense also affects the morphogenesis of
the skeletal system. Calcium and phosphorus are the
main elements of any bone tissue, the ratio of which
is an indicator of the quality of mineralization. For
bones, the optimal ratio of calcium and phosphorus
is 1.67, which indicates a normal degree of bone
mineralization. In the studied sample of bone tissue,
this ratio is 1.68. Even such a slight change in the
Ca/P balance indicates the occurrence of pathological
processes leading to the impossibility of normal repair.
An upward change in this ratio indicates a decrease
in the level of phosphorus in the bone tissue, which
can be interpreted as local osteoporosis. This state
of the peri-implant area prevents normal bone tissue
remodeling and provokes the development of bone
tissue resorption processes.

In addition, elemental analysis showed the
presence of foreign elements in the bone tissue, the
amount of which corresponds to the range from
0.01% to 0.06%. Basically, these are elements that
form simple substances, metals: bismuth, gallium,
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Figure 1. SEM microscopy of a slice of a rat jaw in the area of the holes of the lower incisors at low magnification in direct
projection seven days after the needle was inserted into the connective tissue joint of the jaws

Note. There are determined the surface of the cortical layer of the alveoli of the teeth (a), cartilaginous connection (b) and connective tissue
connection (c) of the jaws with a gap, stratification of the cartilaginous layer (d).

SEM H! ] VID: 14.48 mamn

SEM MAG: Det: B3E, SE

Figure 2. SEM microscopy of a slice of a rat jaw in the area of the cartilaginous and connective tissue junction
of the alveolar processes of the jaws at a higher magnification in the direct projection
Note. There are determined indurated inclusions (a), foci of necrotization (b).

Figure 3. SEM microscopy of a section of a rat jaw in the area of the socket of the lower incisor at a higher magnification
in the side projection

Note. There are determined part of the remaining cortical layer of the alveolus (a), pores (b), areas of cancellous bone (c), small and large
indurated inclusions (d).
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lead, iridium, titanium, zinc, mercury, molybdenum.
The list of these metals corresponds to the chemical
composition of the insulin needle in contact with bone
tissue during injury. Insulin needles are made of steel,
which includes alloying elements: Si, S, P, Bi, Pb,
Ti, Zn and others. Alloy steel has improved technical
characteristics: corrosion resistance, refractoriness,
high hardness, etc.

Since the chemical composition of the jaw bone
depends on many factors, for example, the quality
of nutrition, the degree of mechanical stress, the
physiological state of the body [1, 5], in addition to
the indicated elements, the content of other elements
in the range of 10-*-10* mass percent was identified in
the test sample.

It should be taken into account that any surgical
intervention, in particular dental implantation,
triggers a cascade of immunological mechanisms
induced by immunocompetent cells due to their
contact with the implant surface. The severity and
duration of the immune response affects the quality of
osseointegration. Isolation of inflammatory factors by
immunocompetent cells determines the composition
of the microenvironment and, as a consequence, the
vector of development of the immune response.

Particular attention is drawn to the mechanisms of
maintaining the immunological balance in the area of
implantation. In particular, the degree of migration
of neutrophils, thrombocytes and macrophages
producing growth factors, cytokines and chemokines
that promote the migration of other immune cells
involved in the processes of phagocytosis and
stimulation of the reparative process. There are two
macrophage phenotypes: M1 — pro-inflammatory,
producing IL-1B, IL-6 and TNF and inducing
differentiation of osteoclasts; and M2 — anti-
inflammatory, producing IL-4, IL-10, IL-13 and
TGF-p, affecting the reactions of healing and bone
tissue remodeling. It is likely that the emission and
biocorrosion of nanoparticles into the area around
the implant can cause a shift in the immunological

References

balance towards the chronicity of the inflammatory
process, which may be due to provoking the death of
immunocompetent cells, incomplete processing of
particles, the release of pro-inflammatory cytokines
and the formation of a vicious circle.

The presence of microparticles in the bone
tissue in contact with a metal foreign body indicates
the possibility of provoking the development of
an inflammatory process by nanoparticles and
their conglomerates. The formation of complexes
(conglomerates) of nanoparticles and their
enlargement to micro- or submicron sizes, with
the inability of immunocompetent cells to timely
utilization and subsequent migration, can lead to their
accumulation and provoke the occurrence of chronic
aseptic inflammation. Achievement of CDNanoMP
(Critical Dose of NanoMetal Particles) leads to early
death of the immune system’s own cells [3]. In this
case, microbial contamination takes second place as
an etiological factor in the occurrence of a breakdown
in previously achieved osseointegration, i.e., tissue
homeostasis provided by immunotolerance.

Conclusion

The emission of nanoparticles and their subsequent
association to micro- and submicron sizes, their
persistence, as well as biocorrosion in the areas of bone
tissue remodeling can be a trigger for the development
of an aseptic inflammatory process. This effect is
due to both a direct damaging factor and an indirect
effect through specific signal molecules produced in
response to tissue damage.
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