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AHHOTaNUA
HUccnenosano pnusiaue xiopuaa Hatpust (NaCl) kak mopooOpasyloriero areHra Ha MUKpopenbed U MOPUCTYIO
CTPYKTYpY OCTEOIIIaCTUYECKOr0 KOMITO3UTa Ha OCHOBE HU3KOMOJIEKYJISIPHOTO CHIIMKOHOBOro kayuyka CKTH
I', manomaennoro aspocuioM A 175 m otBepxkmaemoro HeomekanoatoMm BucmyTa (CAT 20A). Meromamu
ONTUYECKOW MPOQPUIOMETPHHA 1 MUKPOCKOIINH YCTaHOBIIEHO, 4TO BBeneHue 2-3 macc.4. NaCl (ppakuus 100-
200 MKM) IPUBOIUT K YBEIMUYCHUIO CpeHel mepoxoBatocTu Ra ¢ 6.22 mo 20.05 MkM 3a CY€T BBICTYIAIOIIUX
kpuctawioB cond. I[locne Boimenaynanusi NaCl B ¢uznonoruyeckoM pactBope GopMHUpYETCsS MOBEPXHOCT-
Has nopuctocTh 10-15% co cpennum nuameTpom mop okosio 88 MM (nuanaszon 60.8-105.4 mMkm), a miepo-
XOBaTOCTh MOBEPXHOCTH CHMkaercs 1o Ra = 4.77 mxwm. IlokazaHo, uTo chopMHPOBaHHBII MUKpOpebed
o0ecrieurBaeT rUAPOPHUIBLHOCTD MMOBEPXHOCTH (KpaeBOW yroyl cMauMBaHus 75.7°), coXpaHsis IpU 3TOM yJOB-
JIETBOPUTENbHBIE PU3NKO-MEXaHUYECKHE CBOWCTBA (IMTPOYHOCTh Ha cxkaTre 1.96-2.04-10° [Ta, snactuynocTh 23-
24%) 1 TEXHO-JIOTHYHOCTH (BpeMsi OTBepkaeHus 9-10 MUH.).

JIoTOTHUTENLHO OTMEYEHO, YTO HcIonb3oBanHas (pakuus comu 100-200 MxM obecnieunBaer Gpopmu-
POBaHHE MMOp NPEUMYILECTBEHHO OTKPBITOI'O THIA, COOOIIAIOMINXCA MEXIY COOOH, YTO BaXKHO Ul Ipopac-
TaHU KOCTHOW TKaHM U TpaHcnopTta Ouonornyeckux xunkocred. [Ipumenenne CKTH I' B kauecTBe MaTpHLibl
00yCJIOBJIEHO €T0 HU3KOH BSI3KOCTBIO, CIOCOOHOCTBIO OTBEPIKIIATHCS MTPH (PU3HOIOTHUECKUX TEMIIEpaTypax 1
OTCYTCTBHEM TOKCHYHBIX MPOJYKTOB peakuuu. Adpocuil A 175 BBHINONHSET poJib HAMOJHUTENS U PETyIsTopa
peonorndeckux cBoicTB, a CAT 20A obecrieurBaeT OBICTPOE U PABHOMEPHOE OTBEPIKICHNE KOMITO3UTA.

[onyuyennsle pe3ynbTaThl HOATBEPKIAIOT MEPCIEKTUBHOCTD Pa3padOTaHHOrO MarepHayia IJisi OCTEOKOH-
JTYKTHBHOTO 3aMELIeHHs] KOCTHBIX Ae(eKToB. TexHomorndeckas MmpocToTa METoJa, OCHOBAHHOIO Ha HMCIOJIB30-
BaHUM JIETKOYIANISIEMOTO TIOPO0OPa3oBaTesi U OBICTPOM OTBEPIKICHHH, JIETIACT MaTepUall MPUBIICKATEIBHBIM JUIS
MacIITa0UPOBaHKS ¥ MOTCHIHAILHOTO BHEAIPEHHS B KIMHUYECKYIO MPAKTUKY. TakuM 00pa3oM, MpesioKeHHast
crpaterusi GOPMHUPOBAHUSI MUKPOpEIbed)a U MIOPUCTOCTH OTKPHIBAET BO3MOXKHOCTH JIISL CO3/IaHus () (PEKTHBHBIX
OCTEOIUTACTHYECKUX MaTepHAIOB C 3aJaHHBIMH XapaKTEPUCTHKAMH.

BobixoaHble 1aHHBIE 1151 IUTHPOBAHUS PYCCKOSI3LIYHOI E€YATHOW BEPCHM CTATHU:

Kyznenosa A.P., 3eanToBa JI.A. ®opmupoBanne MUKpopenbeda U OBEPXHOCTHON MOPUCTOCTH B
OCTEOIUIACTHYECKOM MaTepurasie Ha OCHOBE HU3KOMOJIEKYJISIPHOTO CUIIMKOHOBOTO Kayuyka. bymaepogckue
coobwenus. 2026. T.87. Ne§. C.123-133. DOI: 10.37952/ROI-jbc-01/26-87-8-123

BbixoaHble faHHBIE A HUTHPOBAHUSA PYCCKOSI3bIYHOI 2JI€KTPOHHON BEPCHM CTATHH:

Kyznenosa A.P., 3eantoBa JI.A. @opmupoBanne MUKpopesbeda 1 MOBEPXHOCTHON MOPUCTOCTHU B
OCTEOILIaCTHYECKOM MaTepHalle Ha OCHOBE HU3KOMOJIEKYJISIPHOIO CHIIMKOHOBOTO KaydyKa. bymieposckue
coobwenus A. 2026. T.14. Ne3. 1d.15. DOI: 10.37952/ROI-jbc-01/26-87-8-123/ROI-jbc-A/26-14-3-15 (Russian)

The output for citing the English online version of the article:

Alia R. Kuznetsova, Lyubov A. Zenitova. Formation of microrelief and surface porosity in an osteoplastic material
based on low molecular weight silicone rubber. Butlerov Communications A. 2026. VVol.14. No.3. 1d.15.

DOI: 10.37952/ROl-jbc-01/26-87-8-123/ROI-jbc-A/26-14-3-15

r. Kasane. Pecy6muka TarapcTan. Poccus. © Bymneposckue coobuenus. 2026. T.87. Ne8. 123



ITonas ucciaenoBarebcKas Hyﬁ.JII/IKaIII/Iﬂ Kysnenosa A.P., 3enurtosa JLA.

Jlureparypa

[1] JloceB ®.®., boposckwii JI.B. TIoTpeOGHOCTD B KOCTHO-IUTACTUYIECKUX MaTepuaiax B Poccuu ¢ yuérom
pacrpocTpaHEHHOCTH TeQEKTOB KOCTeH 1 aHanu3a peraka. Cmomamonozus. 2025. T.104. Ne6. C.55-59.
DOI: 10.35164/0554-2901-2025-06-1055. [F.F. Losev, L.B. Borovsky. The need for bone-plastic
materials in Russia, considering the prevalence of bone defects and market analysis. Stomatologiya.
2025. 104(6). P.55-59. DOI: 10.35164/0554-2901-2025-06-1055. (Russian)]

[2] Tonynau I1.B., Cunikuna A.M. OrieHKa pe3y/ibTaToB KOCTHOIUTACTHIECKUX OICPAIUii B MOJOCTH PTa:
OCJIOKHEHUS U ucxonbl. Knunuueckas cmomamonozus. 2022. T.25. Nel. C.54-61. DOI: 10.37988/1811-
153X 2022 1 54.[P.V. Polupan, A.M. Sipkin. Evaluation of the results of bone-grafting operations in
the oral cavity: complications and outcomes. Clinical Dentistry. 2022. 25(1). P.54-61. (Russian).

DOI: 10.37988/1811-153X 2022 1 54]

[3] Ju 1., Bau C., Croii I1. u mp. IIpenBapuTenbHbIi 0630p MOTAGUIMPOBAHHOTO MOIAMETHAMETAKPHIIATA
Y KOCTHOTO [IEMEHTA Ha OCHOBE KATBIIWS JJIsI YIYUIIICHHS] CBOMCTB TP OCTEONIOPOTHYSCKUX
KOMITPECCHOHHBIX TIepeNioMax MO3BOHKOB. Frontiers in Materials. 2022. T.9. Apt. 912713.

DOLI: 10.3389/fmats.2022.912713 [C. Li, S. Wang, J. Xu, et al. A preliminary review of modified
polymethyl methacrylate and calcium-based bone cement for improving properties in osteoporotic
vertebral compression fractures. Frontiers in Materials. 2022.9: 912713. DOI: 10.3389/fmats.2022.912713]

[4] Myxanos B.B., Cakanos [I.A., JlenncoB A.A. KocTHO3aMeIaoomnme MaTepruaibl B JICICHHH KPYITHBIX
ne(heKTOB KOCTH: KIIMHUYECKOe MPUMEHEHNE U IePCIIeKTUBEL. Bioimplantat.ru. 2019. [V.V. Mukhanov,
D.A. Sakalov, A.A. Denisov. Bone-substituting materials in the treatment of large bone defects: clinical
application and prospects. Bioimplantat.ru. 2019. (Russian)]

[5] Kayuyk cumukoHoBsii Hu3koMoekymsapubsiii CKTH. Texuuueckue yemosust: TY 38.403-123-2016.
Kazanw: AO «Kazanckuii 3a600 cunmemuueckozo kayuykay. 2016. 24c. [Low-molecular-weight silicone
rubber SKTN. Technical specifications: TS 38.403-123-2016. Kazan: JSC “Kazan Synthetic Rubber
Plant”. 2016. 24p. (Russian)]

[6] A. Colas, J. Curtis. Silicone biomaterials: history, chemistry and medical applications of silicones.
Biomaterials science: An introduction to materials in medicine. 2nd ed. Academic Press. 2004. P.697-712.
DOI: 10.1016/B978-0-12-582460-6/50027-6.

[7] Yxan JI., Xau C., Uxoy LI. u ap. BiusiHie MukpoTonorpaduu Ha OCTEOMHTErPALIMIO HMILTAHTUPYEMBbIX
OmomarepuanoB U cTpateruu e€ momudukanyn. Frontiers in Bioengineering and Biotechnology. 2022.
T.10. Apt.981062. DOI: 10.3389/fbioe.2022.981062 [L. Zhang, X. Han, J. Zhou, et al. Influence of
microtopography on osseointegration of implantable biomaterials and strategies for its modification.
Frontiers in Bioengineering and Biotechnology. 2022. 10: 981062. DOI: 10.3389/fbioe.2022.981062]

[8] Henmcor A.A., KysueroB M. A. KoCTHO-ITaCTHUECKHE MATEPHAIBI TSI HMILIAHTOJIOTHHU: TIOAPOOHBIH
0030p. Bioimplantat.ru. 2019. [A.A. Denisov, I.A. Kuznetsov. Bone-plastic materials for implantology:
a detailed review. Bioimplantat.ru. 2019. (Russian)]

[9] Bau B., JIu M., JTro C. TTopucras KOHCTPYKITUS ¥ MOIH(HUKALINS TIOBEPXHOCTH MaTepHAIIOB Ha OCHOBE
TUTaHa JIJIS OCTeoreHe3a: 003op. Frontiers in Bioengineering and Biotechnology. 2022. T. 10. Apr.
973297. DOI: 10.3389/tbi0e.2022.973297. [Wang W., Li M., Liu X. Porous design and surface
modification of titanium-based materials for osteogenesis: a review. Frontiers in Bioengineering and
Biotechnology. 2022. 10: 973297. DOI: 10.3389/fbi0e.2022.973297.]

[10] KononoBuu H.A., T'op6au E.H., AutonoB H.W. HTerpamyst KOCTHOW TKaHH B TIOPHCTHIC TATAHOBBIC
uMIUIanTathbl. [ enuii opmoneouu. 2023. T.29. Ned4. C.412-418. DOI: 10.18019/1028-4427-2023-29-4-412-
418. [N.A. Kononovich, E.N. Gorbach, N.I. Antonov. Integration of bone tissue into porous titanium
implants. The Genius of Orthopedics. 2023. 29(4). P.412-418. DOI: 10.18019/1028-4427-2023-29-4-412-
418. (Russian)]

[11] OntumManbHas 11IepOXOBAaTOCTh MOBEPXHOCTH UMILIAHTATOB: technical review. Altracore Biomedical.
2019. 12c. [Optimal surface roughness of implants: technical review. Altracore Biomedical. 2019. 12p.
(Russian)]

[12] Onecora B.H., Mypamos M.A., HoBukoB A.B. ®akTopsl, BIUAIONINE HA OCTEOUHTETPALIHIO U
MpUMEHECHNE paHHel (pyHKIIMOHATBHOW HArpy3KH JUIsSl COKpAIEHHS CPOKOB JICUCHUS TIPH JICHTATBHOM
nMmiutaarauuu. Cmomamonozus. 2019. T.98. Ned. C.84-89. DOI: 10.17116/stomat20199804184.

[V.N. Olesova, M.A. Murashov, A.V. Novikov. Factors affecting osseointegration and the use of early
functional loading to reduce treatment time in dental implantation. Stomatologiya. 2019. 98(4). P.84-89.
DOI: 10.17116/stomat20199804184. (Russian)]

124 https://butlerov.com/ © Butlerov Communications A. 2026. Vol.14. No.3. 1d.15.




®OPMHPOBAHUE MHUKPOPEJIBE®A 1 OTKPBITOH ITOPUCTOCTH B OCTEOIITTACTUYECKOM... ___ 123-133

[13] A. Braem, A. Chaudhari, M. V. Cardoso, J. Schrooten, J. Duyck, J. Vleugels. Peri- and intra-implant bone
response to microporous Ti coatings with surface modification. Acta Biomaterialia. 2014. Vol.10. No.2.
P.986-995. DOI: 10.1016/j.actbio.2013.10.017.

[14] Bajuna A.P., 3enurosa JI.A., ®a3suiosa J[.1. CpaBHUTEIbHAS OLICHKA BUCMYT- U OJIOBOOPTaHHYECKUX
KaTaJlu3aTopOB B CHHTE3€ OMOCOBMECTHUMBIX KPEMHHUHOPTaHNIECKUX OCTEOMIACTHUECKUX KOMITO3UTOB.
THonzynosckuii gecmuux. 2026. Ne2. C.207-214. DOI: 10.25712/ASTU.2072-8921.2026.02.027.

[A.R. Vafina, L.A. Zenitova, D.I. Fazylova. Comparative evaluation of bismuth- and organotin catalysts
in the synthesis of biocompatible organosilicon osteoplastic composites. Polzunovsky Vestnik. 2026. (2).
P.207-214. DOI: 10.25712/ASTU.2072-8921.2026.02.027. (Russian)]

[15] Baguna A.P., ®a3puiosa I.U., Jynmaes C.D. CoBpeMEeHHbBIE METOIBI OTBEPIKACHHS CHIOKCAHOBBIX
KOMITO3UIH (0030pHAast CTarhs). Becmuux mexnonocuieckoeo yHusepcumema. 2021. T.24. Ne9. C.42-48.
[A.R. Vafina, D.I. Fazylova, S.E. Dulmaev. Modern methods of curing siloxane compositions (review
article). Herald of the Technological University. 2021. 24(9). P.42-48. (Russian)]

[16] R.T. Tran, E. Naseri, A. Kolasnikov, X. Bai, J. Yang. A new generation of sodium chloride porogen for
tissue engineering. Biotechnology and Applied Biochemistry. 2011. Vol.58. No.6. P.405-412. DOI:
10.1002/bab.46

[17] Uly6nanze I'K. CpaBHEeHHE PEHMYIIIECTB aHOAUPOBAHHOM TTOBEPXHOCTH UMILIAHTATa C APYTUMH
BUJaMu noBepxHoctei. Dental Magazine. 2017. Ne5. C.34-38. [G.K. Shubladze. Comparison of the
advantages of an anodized implant surface with other surface types. Dental Magazine. 2017. (5). P.34-38.
(Russian)]

[18] Maxkupor C.K., Tonyoesa A.C., CoruernkoB b.A. [IpuMeHeHne pa3IunIHbIX KOCTHOIIACTHYECKUX
MaTepHuayioB IpHu BepTedpo- U kudoractuke (0030p mmrepatypsl). PMIK. 2016. Ne23. C.1569-1574.
[S.K. Makirov, A.S. Golubeva, B.A. Sychenikov. The use of various bone-plastic materials in vertebro-
and kyphoplasty (literature review). RMJ. 2016. (23). P.1569-1574. (Russian)]

[19] I'OCT P FCO 14949-2014. IMnnaHTatsl JAJIsl XUPYPrUM. DIacTOMEPbl CHIIMKOHOBBIC
JIBYXKOMIIOHCHTHBIE, TOJYYCHHBIC TIPU OTBEPIKACHUH B Pe3yJIbTaTe peakiuu npucoeauneHus. Mocksa:
Cmanoapmunghopm, 2015. 16¢c. [GOST R ISO 14949-2014. Implants for surgery. Two-part addition-cure
silicone elastomers. Moscow: Standartinform. 2015. 16p. (Russian)]

[20] Kupumosa N.A., Cagosoit M.A., TTogopokuast B.T. Brope3opbupyemMbie KOCTHBIE MaTEPUAIbI: COCTOSHUE
B Poccuiickoii ®enepauuu. Journal of Trace Elements in Medicine and Biology. 2023. T.79. C.126-132.
DOI: 10.1016/j.jtemb.2023.127255. [L.A. Kirilova, M.A. Sadovoy, V.T. Podorozhnaya. Bioresorbable
bone materials: state of the art in the Russian Federation. Journal of Trace Elements in Medicine and
Biology. 2023. 79. P.126-132. DOI: 10.1016/].jtemb.2023.127255]

[21] Alia R. Kuznetsova, Lyubov A. Zenitova. Formation of microrelief and surface porosity in an osteoplastic
material based on low molecular weight silicone rubber. Butlerov Communications A. 2026. VVol.14. No.3.
1d.15. DOI: 10.37952/R0OI-jbc-01/26-87-8-123/ROI-jbc-A/26-14-3-15

[22] Ky3nenosa A.P., 3enutosa JI.A. ®opmupoBanne MUKpopesbeda 1 MOBEpPXHOCTHOW MOPHCTOCTH B
OCTEOIIACTHYECCKOM MaTeprasie Ha OCHOBE HU3KOMOJICKYJIIPHOTO CHITHKOHOBOTO KayuyKa. bymueposckue
coobuenus A. 2026. T.14. Ne3. 1d.15. DOI: 10.37952/ROI-jbc-01/26-87-8-123/ROI-jbc-A/26-14-3-15
(Russian)

© Bymaepoeckue coobuenus. 2026. T.87. Ne8. E-mail: journal.bc@gmail.com 125




ITonas ucciaenoBarebcKas Hyﬁ.JII/IKaIII/Iﬂ Kysnenosa A.P., 3enurtosa JLA.

The English version of the article has been published in the international edition of the journal

Butlerov Communications A
Advances in Organic Chemistry & Technologies

The Reference Object Identifier — ROI-jbc-A/26-14-3-15
The Digital Object Identifier — DOI: 10.37952/ROI-jbc-01/26-87-8-123/ROI-jbc-A/26-14-3-15

Formation of microrelief and surface porosity in an osteoplastic
material based on low-molecular-weight silicone rubber

© Alia R. Kuznetsova,” Lyubov A. Zenitova*
Department of Synthetic Rubber Technology. Institute of Polymers. Kazan National Research
Technological University. Karl Marx St., 68. Kazan, 420015. Republic of Tatarstan. Russia.
Phone: +7 (843) 231-41-61. E-mail: aliyshaa2811@gmail.com

*Supervising author; *Corresponding author
Keywords: osteoplastic material, siloxane elastomer, SKTN-G, surface roughness, porosity,
sodium chloride, leaching, osteointegration.

Abstract

The effect of sodium chloride (NaCl) as a porogenic agent on the microrelief and porous structure of an
osteoplastic composite based on SKTN-G low-molecular-weight silicone rubber, filled with Aerosil A-175 and
cured with bismuth neodecanoate (CAT 20A), was investigated. Using optical profilometry and microscopy, it
was established that the introduction of 2-3 pbw of NaCl (100-200 um fraction) leads to an increase in the
average surface roughness (Ra) from 6.22 to 20.05 um due to protruding salt crystals. After NaCl leaching in
physiological saline, a surface porosity of 10-15% is formed with an average pore diameter of approximately
88 um (range 60.8-105.4 um), while the surface roughness decreases to (Ra = 4.77) um. It was demonstrated
that the formed microrelief ensures surface hydrophilicity (contact angle of 75.7°) while maintaining
satisfactory physical and mechanical properties (compressive strength of 1.96-2.04-10° Pa, elasticity of 23-24%)
and processability (curing time of 9-10 min).

Additionally, it was noted that the used salt fraction of 100-200 pum ensures the formation of
predominantly open, interconnected pores, which is essential for bone tissue ingrowth and biological fluid
transport. The application of SKTN-G as a matrix is attributed to its low viscosity, ability to cure at physiological
temperatures, and the absence of toxic reaction byproducts. Aerosil A-175 acts as a filler and rheological
property regulator, while CAT 20A ensures rapid and uniform curing of the composite.

The obtained results confirm the promise of the developed material for osteoconductive bone defect
substitution. The technological simplicity of the method, based on the use of an easily removable porogen and
rapid curing, makes the material attractive for scaling and potential implementation into clinical practice. Thus,
the proposed strategy for microrelief and porosity formation opens up new avenues for designing effective
osteoplastic materials with tailored characteristics.
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