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SUMMARY

Biocompatibility is one of the most important characteristics of materials for implantation. It has been scientifi-
cally confirmed that the physical and chemical properties of the surface of metal implants or their elements can
have an impact on clinical safety. The structure of the material (porosity, smoothness, geometry) can influence
its incorporation into surrounding tissues. This requires conducting experiments with a longer contact interval
of the tested materials under in vivo conditions.
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KIIMHNYECKAS BE3OIACHOCTb UCTOJIb3OBAHUA MATEPUAJIOB
A1 UMIMTJTIAHTALIMOHHOW XUPYPIM I HA OCHOBE TUTAHA
U Ero CrJIABOB 10 JAHHbIM INMOKA3ATEJIEVN BUOCOBMECTUMOCTU

AoaraneB AA.AA.', BopobbeB M.C.2 MpokoneHko H.A.2, YoHnawsuam A.3.3,
Fesyes IK.%, ABaHucsaH B.M.", NMuckos C.U.5, PxxenakoBckuun U.B.5

I CTABPOMOAbCKMIN TOCYAQPCTBEHHbBIM MEAULIMHCKUI YHMBEPCKMTET, CTABPOMNOAL, POCCHMMCKAS
PeaepaLms

2 IHCTUTYT CUMABHOTOYHOM SAEKTPOHUKM CUBOUPCKOTO OTAEAEHMS POCCUMCKOM AKOAEMMM HAYK, TOMCK,
Poccuickas Peaepaums

3 CeBepo-OCEeTUHCKMM TOCYAQPCTBEHHbIM YHUBEPCUTET MMEHM KOCTA AEBAHOBMYA XETArypoBa,
BAaaamkaskas, Poccumckas Peaepaums

4 OO0 «AEHTAA-CUTUY, TpO3HbIM, HeveHckasd PecnybAmka

> CeBepo-KaBkasckmit doeaepaAbHbIn YHUBEPCUTET, CTABPOMOAb, POCCHMMCKAN PeaepaLLms

PE3IOME

BroCcoBMeCTMMOCTb BbICTYNAET OAHOM M3 BAXKHEMLLMX XAPAKTEPUCTMK MATEPUAAOB AAT MMIAAQHTALMM. HAy4HO
MOATBEPXKAEHO, YTO COU3NYECKME N XMMMYECKME CBOMCTBA MOBEPXHOCTU METAAMYECKUX MMMIAQHTATOB MAM UX
SAEMEHTOB MOTYT OKQ3bIBATb BAMSHUE HA KAMHMYECKYtO 6e30MacHOCTb. CTRYKTYpPQ MATEPMAAQ (MOPUCTOCTb,
[AQAKOCTb, FrEOMETPUSA) MOXKET OKQA3bIBATb BAUSHUE HA €0 BKAIOYEHME B OKPYXKAIOLLIME TKAHM. DTO ToebyeT npo-
BEAEHMS DKCMNEPUMEHTOB Mpu BOAEE AAMTEABHOM MHTEPBAAE KOHTAKTA TECTUPYEMbIX MATEPUAAOB B YCAOBMSAX
in vivo.

KAIOYEBBIE CAOBA: T1TAOH, BT6, 5MBPUOTOKCHMYHOCTD, OBMOCOBMECTUMOCTb, KYPUHbBIE SMBOPUOHDI.

KOH®PAUKT UHTEPECOB. ABTOPbI 3Q4BASIOT OO OTCYTCTBMM KOHGDAMKTA MHTEPECOB.

UcTo4HnK buHaHcupoBaHma. PQBOTA BLIMOAHEHQ 30 CYET MPAHTA POCCHMMCKOrO HAy4YHOro gooHAQ (MpaHT Ne 24-
69-00074). https://rscf.ru/project/24-69-00074/.
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Introduction

Medical materials science includes the development
and research of materials that are used in medicine, created
to compensate for the loss of organs or tissues. The subject
of inorganic medical materials science are metals or metal
alloys in the form of load-bearing structures or diagnostic
preparations; materials of inert metals, oxide materials in-
tended for the treatment of bone tissue defects or the cul-
tivation of cell cultures when applied to appropriate metal
surfaces [2, 8].

The biomaterial should be biocompatible and can be
biodegradable [1, 9]. Biocompatible materials are materi-
als that have a nonbiological origin and are used in medi-
cine to achieve interaction with a biological system. They
have the ability to function with the appropriate reaction
of the host body in a particular case of use, without causing
inflammation or necrosis of the surrounding tissues [3, 4, 7].
Biocompatible materials and devices act or function harmoni-
ously and coherently when in contact or inside a living body,
without causing serious diseases or complications.

The biocompatibility of materials includes:

1. immunological compatibility, which is mainly related
to the selection of antigen-compatible tissues, cells,
and bioengineered structures;

2. morphofunctional compatibility (embedding, integra-
tion with surrounding tissues);

3. biomechanical compatibility (the ability to withstand
mechanical, hydrodynamic and other types of loads)
[2, 10].

Biocompatibility is a complex selective property of an or-
ganism, in which the possibility of coexistence of a biomate-
rial and a biosystem is mediated with the preservation of all
tissue functions and its ability to regenerate [6]. The use
of biomaterials becomes vital due to their special effect
on the quality and duration of human life. Implants should
not cause a local inflammatory reaction, systemic patholog-
ical processes, exacerbate complications, and must preserve
the declared properties during their service life, thus confirm-
ing their clinical safety while using [5].

Materials and methods of research

The studied samples were titanium washers of the Ti VT 6
brand, similar to Ti-6Al-4V, with a diameter of 6 mm and
a thickness of 1.5 mm with a functional coating. The film was
pure titanium (Ti) and zirconium (Zr), as well as titanium ox-
ides (TiO,) and zirconium (ZrO,). The thickness of the func-
tional film was 3 microns. The coating was applied by the
vacuum arc plasma-assisted method on the vacuum experi-
mental installation “QUINTA” [11], which is included in the
list of unique installations “UNIQUUM?” (https://ckp-rf.ru/
catalog/usu/434216/). The samples were mounted in special
equipment, which allows covering > 98% of the surface area
of the sample.

The biocompatibility of the product samples was studi-
ed using the chorioallantoid membrane (CAM) model
of a chicken embryo in accordance with the method des-
cribed in [7, 9]. For the experiment, fertilized eggs were treat-
ed with 70% ethanol and incubated in an automatic incubator
Rcom Maru Deluxe Max 380 (AUTOELEX CO., LTD, Ko-

rea). On the 3" day of incubation, 3 ml of protein was aspi-
rated from the sharp pole of the egg through a drilled hole.
The hole was sealed with sterile paraffin. On the 8" day of
incubation, a square window measuring ~2.5 cm? was cut out
in the shell and sterile products of four variants (n=8) were
inserted into the CAM, one sample per egg. Sterile round
cover glasses of a similar diameter (5 mm) based on silicate
glass were used as a control. The hole in the shell was sealed
with transparent tape to prevent dehydration, and the eggs
were incubated for another 6 days.

All manipulations with the CAM of the chicken em-
bryo were performed in a box of abacterial air medium
BAVnp-01-"Laminar-S”-1.5 (LORICA, CJSC “Laminar Sys-
tems”, Russia). The experiment included eight embryos per
group. On day 14, the embryos were euthanized in a gas cham-
ber (70% CO,, 30 minutes). The sealing tape was removed,
the eggs were opened, the implantable products were excised
with the surrounding areas of CAM tissue. Macroscopic as-
sessment of CAM areas in contact with implantable prod-
ucts was performed using an Axio ZOOM.V 16 macroscope
equipped with the AxioCam MRc5 image visualization system
and the Zen 2 Pro software package (Carl Zeiss Microscopy,
Oberkochen, Germany). CAM tissues in contact with prod-
uct samples were carefully separated and fixed in a buffered
solution of 10% formalin for subsequent histological analysis.

Assessment of the condition and visualization of CAM
blood vessels in dynamics 5 minutes after applying the test
solutions to CAM was performed using an ARSTEK SZ0850
stereo microscope (China) and image fixation using a digi-
tal camera (38 MP Samega V6) and the S-EYE2.0 program
(YOUNG WIN Technology Co., Ltd.).

All quantitative data were analyzed using univariate anal-
ysis of variance. The Biostat software package (version 4.03)
was used. The differences were considered statistically sig-
nificant at p<0.05.

Results and discussion

The chemical composition, structure and texture
of the surface of a material usually determine its main char-
acteristics. The interaction of these properties in vivo is dif-
ficult to predict, so the final results can only be obtained em-
pirically.

Among CAM’s in vivo experiments, analysis is a fairly
fast, simple, reproducible and practical method for studying
the primary biocompatibility reaction of materials. The CAM
system and the developing chicken embryo are recognized as
a useful tool for assessing the toxic properties of engineer-
ing structures in vivo. The absence/presence of inflammatory
and other reactions at the implantation site, as well as the
mortality of the chicken embryo, are accepted as a method
for assessing the biocompatibility of implants.

Biocompatibility is one of the most important character-
istics of implantation materials. It has been scientifically con-
firmed that the physical and chemical properties of the surface
of metal implants or their components can affect clinical safe-
ty. The structure of the material (porosity, smoothness, geome-
try) can affect its incorporation into surrounding tissues. This
requires conducting experiments with a longer contact inter-
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Considering the proven similarity of tissue reactions (vas-  biocompatibility of the tested products in vivo was studied
cular permeability, acute and chronic inflammation, granu- by implanting the products on the CAM of a chicken embryo
lation tissue formation and fibrosis) CAM and mammalian  (Figure 1).

V16 VT6+Ti VTé+TiO, VTé+1rO,
Fig. 1. Implantation of test products on the CAM of a chicken embryo on the 8" day of incubation

As in experiment of other researchers [4], because of their  tissue. As a result, all the surfaces of the implanted product
weight, the products placed on the CAM gradually dropped ~ were in contact with the vascular network of the CAM (Fi-
within an hour after implantation. Flooding of the implants  gure 2).
was accompanied by their complete confinement in the CAM

Fig. 2. Immersion of the implanted product in CAM ftissues

Macroscopic assessment of CAM tissues in contact ticles and adjacent CAM sites for macroscopic assessment
with samples of metal products was performed after exci- of the vasoproliferative response were made for each sample
sion on the 14% day of incubation. Images of implanted ar-  (Figure 3).

VT4 VT6+Ti VT6+TIO, VT6+Zr0,
Fig. 3. Appearance of metal structures extracted from CAM é days after implantation
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V16 VTé+Ti VTé+TiO, VT6+1rO,

Fig. 3 (cont.). Appearance of metal structures extracted from CAM 6 days after implantation
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Toxic substances can cause pronounced morphological
and vascular changes in the CAM. Implantation of a ma-
terial with toxic properties can be accompanied by coagu-
lation, hemorrhage, discoloration of the contacting CAM
tissues, the appearance of ghost vessels, and embryo mor-
tality. Implantation of VT6, VT6+Ti, VT6+TiO,, VT6+ZrO,
samples on CAM did not critically affect the survival of em-
bryos up to 14 days of development. In these groups and
in the control group, the percentage of embryo mortality
did not exceed 15%, which is not out of the reference range
for the conditions of conducting such experiments and, pre-
sumably, is associated with manipulations with the incuba-
tion egg, rather than with the toxicity of implanted materials.

Macroscopic visualization of the extracted implants
clearly shows vascularization and proliferation of contact-
ing tissues around the products, which confirms their bio-
compatibility under CAM conditions. It was visually noted
that the samples VT6+TiO,, VT6+ZrO, were characterized
by the highest rate of capsule formation from CAM tissues
around the implanted products VT6+TiO,, VT6+ZrO,.

According to the presence of signs of vascular lysis,
which is one of the signs of a toxic reaction, the implant sam-
ples were distributed in the order of its decrease as follows:

1. VT6;

2. VT6 +ZrO,;

3. VT6 +Ti=VT6 + TiO,.

Signs of CAM hemorrhage were also recorded for all
product groups. To reduce the appearance of signs of hemor-
rhage, the samples were arranged as follows:

1. VTé;
2. VT6+Ti=VT6+Z10,;
3. VT6+TiO,.

It should be borne in mind that registered hemorrhag-
es of CAM in contact with samples can be regarded not
so much as a consequence of the toxic effect of the pro-
ducts, but rather as a result of mechanical injury and stret-
ching of the CAM vessels. This fact is described in some
works [9] and logically confirmed by the recorded hemor-
rhages in the control group (Figure 4).

Fig. 4. Appearance of CAM and silicate glass samples (control) implan-
ted on CAM after treatment on the 14" day of incubation

Conclusion

Summarizing the results of the evaluation of biocompat-
ibility of coatings based on titanium, zirconium and their al-
loys deposited on implants using vacuum-arc sputtering with
plasma assistance, we can conclude the following.

A series of experiments conducted to assess the bio-
compatibility of the tested products under the conditions
of the CAM model of a chicken embryo confirmed the ad-

equacy of its application. The size and weight of the stu-
died samples were accompanied by subsidence deep into
the CAM and their complete confinement in the tissue.
As a result, all the surfaces of the implanted product were
in contact with the vascular network of the CAM, which
ensured the same conditions and the validity of conducting
a comparative analysis of the tested samples. Mechanical
action during implantation of the studied products on the
surface of CAM did not affect the viability of chicken em-
bryos up to 14 days of embryogenesis. Observations made
at this stage of the study using specific in vivo techniques
showed that the studied samples of products were compatible
with the biological environment of CAM and did not show
pronounced irritating, angiotoxic properties.

However, it should be borne in mind that this study has
some limitations. The model of a developing chicken embryo
and the CAM system may not always fully reflect the picture
of the real clinical situation and act primarily as a preliminary
screening test. The CAM model is mainly used for short-term
studies due to the relatively short incubation period. In ad-
dition, substances introduced into the air chamber of the in-
cubation egg may not correspond to the amount absorbed
by the embryo, as they can spread to other egg structures.
Therefore, to study the long-term effect and interaction,
in some cases, it is obvious that it is advisable to expand
the range of studies of the tested materials in mammalian
models.

Reference

1. bBorawesa B.C., Aoaraaes A.A., XpuctogpopaHao A.FO., [apa-

xa C.H., Bopobees M.C., Yonumarsmam A.3., Caaosckui B.B., Asa-
HucaH B.M., Tesyes K. MlccreaoBaHne BMOCOBMECTUMOCTH M QH-
rmMoreHe3a in Vivo HQ MOAEAM XOPHMOAAAQHTOMCHOM OBOAOYKM
KYPMHOrO 3MOPHMOHA OOPA3LIOB AAS MMIAQHTALMOHHOM XMPYP-
M HQ OCHOBE TUTAHA M ero CrAaBoB // MeAMUMHCKMY QACDOBMT.
2024;(28):107-111.
Botasheva V.S., Dolgalev A.A., Christoforando D.Yu., Garaza S.N.,
Vorobyev M.S., Choniashvili D.Z., Sadovsky V.V., Avanisyan V.M.,
Gezuyev G.K. Study of biocompatibility and angiogenesis in vivo
on a model of chorioallantoid shell of chicken embryo samples
for implantation surgery based on titanium and its alloys // Medical
Alphabet. 2024;(28):107-111.

2. Baiguera, S., Macchiarini, P., & Ribatti, D. (2012). Chorioallantoic
membrane for in vivo investigation of tissue-engineered construct
biocompatibility. Journal of Biomedical Materials Research Part B:
Applied Biomaterials, 100(5), 1425-1434. DOI:10.1002/jbm.b.32653.

3. Breban-Schwarzkopf D., Chioibas R., Macasoi I, Bolintineanu S.,
Marcovici l., Draghici & Szuhanek C. (2024). Comprehensive in vitro
and in ovo assessment of cytotoxicity: Unraveling the impact of sodi-
um fluoride, xylitol, and their synergistic associations in dental prod-
ucts. Biomolecules and Biomedicine, 24(4), 923-938. DOI:10.17305/
bb.2024.10181.

4. Fabricky M.M., Gabor A.G., Milutinovici R.A., Watz C.G., Avram §.,
Draghici G., ... & Sinescu C. (2021). Scaffold-Type Structure Dental Ce-
ramics with Different Compositions Evaluated through Physicochemi-
cal Characteristics and Biosecurity Profiles. Materials, 14(9), 2266.

5. Fernandes P.F., Grenho L., Fernandes M.H., Sampaio-Fernandes J.C.,
& Gomes P.S. (2023). Microgap and bacterial microleakage dur-
ing the osseointegration period: An in vitro assessment of the cover
screw and healing abutment in a platform-switched implant system.
The Journal of Prosthetic Dentistry, 130(1), 87-95.

6. Huang Y., Huang C., Tsai P. et al. Three-Dimensional Printed Porous
Titanium Screw with Bioactive Surface Modification for Bone — Ten-
don Healing: A Rabbit Animal Model // Int. J. Mol. Sci. 2020. Vol. 21.
N. 10. P. 3628.

7. Kaur M., Singh K. Review on titanium and titanium based alloys
as biomaterials for orthopaedic applications // Materials Science
and Engineering C. 2019. Vol. 102. N. 9. P. 844-862. DOI: 10.1016/j.
msec.2019.04.064.

8. Murr L.E. Metallurgy principles applied to powder bed fusion 3D
printing/additive manufacturing of personalized and optimized

International Journal of Innovative Medicine No. 1 / 2024



metal and alloy biomedical implants: an overview // J. Mater. Res. tained after Titanium Implantation in the Ovine Model // Animals

Technol. 2020. Vol. 9. N. 1. P. 1087-1103. (Basel). 2021. Vol. 11. N. 12. P. 3569-3586.

9. Yan R., Li J., Wu Q. et al. Trace Element-Augmented Titanium Im- 11. Shugurov V.V., Koval N.N., Krysina O.V., Prokopenko N.A. QUINTA
plant With Targeted Angiogenesis and Enhanced Osseointegration equipment for ion-plasma modification of materials and products
in Osteoporotic Rats // Frontiers in Chemistry. 2022. Vol. 10. DOI: surface and vacuum arc plasma-assisted deposition of coatings //
10.3389/fchem.2022.839062. Journal of Physics: Conference Series. 2019. Vol. 1393, No. 012131.

10. Zdziennicka J., Wessely-Szponder J., Starobrat G. et al. The Effect https://doi.org/10.1088/1742-6596/1393/1/012131

of Neutrophil-Derived Products on the Function of Leukocytes Ob-

INFORMATION ABOUT THE AUTHORS

Dolgalev Alexander Alexandrovich, MD, Professor of the Department of General Dentistry and Pediatric Dentistry, Stavropol State Medical Universi-
ty, Ministry of Health of the Russian Federation, Stavropol, Russian Federation. ORCID: 0000-0002-6352-6750. E-mail: dolgalev@dolgalev.pro

Vorobyov Maxim Sergeevich, Doctor of Technical Sciences, Leading Researcher at the Institute of High-Current Electronics of the Siberian Branch
of the Russian Academy of Sciences, Tomsk, Russian Federation. ORCID: http://orcid.org/0000-0001-5136-5905. E-mail: vorobyovms@yandex.ru

Prokopenko Nikita Andreevich, Junior Researcher at the Institute of High-Current Electronics of the Siberian Branch of the Russian Academy
of Sciences, Tomsk, Russian Federation. ORCID: http://orcid.org/0000-0002-9381-872X. E-mail: prokopenko@opee.hcei.tsc.ru

Choniashvili David Zurabovich, Candidate of Medical Sciences, Associate Professor of the Department of Therapeutic, Surgical and Pediatric
Dentistry with a course in Implantology, reconstructive Surgery of the oral cavity, pediatric CHLH, Dean of the Faculty of Medicine of the North Os-
setian State University named after Kostya Levanovich Khetagurov (SOGU), Chief physician of the Clinical and Diagnostic Center Dentistry SOGU,
Vladikavkaz, Russian Federation. E-mail: davidchoniashvili@mail.ru

Avanisyan Vazgen Mikhailovich, prosthodontist, Assistant at the Department of Organization of Dental Care, Management and Prevention of Dental
Diseases, Stavropol State Medical University, Ministry of Health of the Russian Federation, Stavropol, Russian Federation. ORCID: https://orcid.org/
0000-0002-0316-5957. SPIN code: 1207-9234. E-mail: avanvaz@yandex.ru

Gezuyev Gimalai Kazbekovich, freelance orthopedic dentist, dental surgeon of DENTA CITY LLC, Grozny, Chechen Republic. ORCID: 0009-0009-
8612-4234. E-mail: denta_city@mail.ru

Piskov Sergey Ivanovich, PhD, Leading Researcher at the Interdepartmental Scientific and Educational Laboratory of Experimental Immunomor-
phology, Immunopathology and Immunobiotechnology of the Faculty of Medicine and Biology of the North Caucasus Federal University.
E-mail: spiskov@ncfu.ru. ORCID: http://orcid.org/0000-0002-5558-5486

Rzhepakovsky Igor Vladimirovich, PhD, Associate Professor, leading researcher at the Interdepartmental Scientific and Educational Laboratory
of Experimental Immunomorphology, Immunopathology and Immunobiotechnology of the Faculty of Medicine and Biology of the North Cauca-
sus Federal University. ORCID: https://orcid.org/0000-0002-2632-8923. E-mail: 78igorr@mail.ru

International Journal of Innovative Medicine No. 1 / 2024



