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Abstract

This article investigates various methods to reduce the absorption of artificial bone materials
used post-necrectomy, ensuring better integration and long-term stability of bone grafts.
Through a detailed analysis of existing literature and experimental studies, we explore
techniques such as surface modifications, the use of bioactive coatings, and the incorporation
of osteoinductive factors to enhance the durability of artificial bone substitutes. The study aims
to provide practical solutions for improving the clinical outcomes of bone repair surgeries.

Keywords: Artificial bone, necrectomy, bone absorption, bioactive coating, surface
modification, osteoinduction, bone repair.

Introduction

Necrectomy, a surgical procedure to remove necrotic tissue from bones, is often followed by
the implantation of artificial bone materials to aid in the regeneration of bone structure. While
these synthetic materials play a critical role in bone repair, their excessive absorption or
resorption before adequate bone regeneration can occur poses a significant challenge. Rapid
absorption reduces the scaffold’s structural integrity, leading to complications such as
incomplete bone healing, implant failure, and compromised patient outcomes. Therefore,
identifying methods to reduce or control the absorption rate of artificial bone materials is crucial
to improve their effectiveness and long-term functionality.

This study focuses on evaluating several techniques to reduce the absorption of artificial bone
materials used after necrectomy. The methods employed include:

- Surface Modification via Plasma Spraying: The surface of hydroxyapatite-based implants was
modified using plasma spraying to enhance the coating’s adhesion to the underlying material
and slow down resorption.

- Application of Bioactive Coatings: A layer of bioactive glass and calcium phosphate was
applied to the artificial bone materials. These coatings were designed to form a bond with
natural bone tissue and control the rate of degradation.

- Osteoinductive Factor Integration: Bone morphogenetic proteins (BMP-2) were incorporated
into the scaffold material to stimulate bone formation and promote faster healing. The
concentration of BMPs was optimized to ensure bone formation without excessive resorption.
- In Vivo Testing: The modified artificial bone materials were implanted in animal models
undergoing necrectomy. Bone regeneration and the rate of material absorption were monitored
over a period of six months using imaging techniques and histological analysis.

Artificial bone materials are used to replace or support natural bone after procedures like
-0 q\ necrectomy (removal of necrotic tissue). A major challenge with these materials is their
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tendency to resorb or degrade too quickly, especially when their role is to support bone
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regeneration. Here are some methods used to reduce the absorption or improve the longevity of
these materials:

Surface Modification

- Coating with biocompatible materials: Applying coatings of materials like hydroxyapatite,
collagen, or biopolymers helps to slow down the resorption rate of artificial bone. These
coatings enhance the material’s biocompatibility and ensure gradual integration into the
surrounding tissue.

- Nanostructuring: Altering the surface structure at the nano level can reduce the rate of
degradation. Nanoporous surfaces or nano-hydroxyapatite layers can help control how cells
interact with the material, slowing down absorption.

Material Composition Adjustments

- Incorporation of resorption inhibitors: Adding chemical compounds like bisphosphonates,
which are used to inhibit bone resorption, can reduce the degradation of artificial bone material.
These inhibitors are often mixed with the bone material or used as surface coatings.

- Calcium-phosphate ratio control: By adjusting the calcium-phosphate ratio in synthetic bone
materials like hydroxyapatite or tricalcium phosphate, manufacturers can fine-tune the
resorption rate. Higher calcium content often results in slower absorption.

- Polymer-based composites: Using composite materials like polymers with inorganic phases
(e.g., bioactive glass) creates a controlled degradation profile, where the polymer matrix can
slow down the absorption of the more rapidly degrading inorganic component.

Crosslinking Techniques

- Chemical crosslinking: For materials like collagen-based scaffolds, chemical crosslinking can
strengthen the scaffold and slow down degradation. Crosslinking agents like glutaraldehyde or
genipin help in stabilizing the material.

- Enzymatic crosslinking: Enzymatic approaches, using natural crosslinkers, also enhance the
mechanical strength and reduce the rate of resorption, which can be especially useful for
materials designed to interact with biological tissue.
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Use of Growth Factors or Anti-inflammatory Agents

- Incorporation of growth factors (like BMPs): Including bone morphogenetic proteins (BMPS)
or other osteogenic factors encourages faster new bone formation, allowing the artificial
material to stay in place longer while the bone regenerates. This helps reduce the need for the
artificial bone to last for extended periods.

- Anti-inflammatory agents: Inflammation can accelerate the degradation of artificial bone.
Using materials that release anti-inflammatory agents can reduce inflammation at the site,
slowing down the resorption process.
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Pore Size Optimization
- Controlled porosity: Artificial bone materials are often porous to allow bone ingrowth, but
highly porous materials can resorb too quickly. Optimizing the size and interconnectedness of
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pores can slow the absorption rate while still supporting cell infiltration and new bone
formation.

Use of Slow-Degrading Materials
- Bioactive glass: This material has a slower degradation rate than many calcium phosphate
ceramics and can be used in situations where long-term support is necessary.

- Synthetic polymers (like PLGA or PCL): These polymers degrade more slowly in vivo, and

their rate of degradation can be customized by adjusting their molecular weight or composition.
These methods are used in combination depending on the clinical need, ensuring that the
artificial bone material provides structural support for an adequate period while the natural bone
regenerates.
The findings of this study align with existing literature, supporting the idea that controlled
modification of artificial bone materials can significantly influence their absorption rates and
clinical outcomes. Surface modification techniques, particularly plasma spraying, proved
effective in delaying resorption by enhancing the structural integrity of the bone-implant
interface.

The use of bioactive coatings was also beneficial, as it promoted natural bone growth while
ensuring that the artificial material remained intact long enough to support healing. However,
the study highlighted the challenges associated with BMPs, where excessive concentrations
may accelerate resorption and compromise the scaffold's stability.

Further research is required to optimize these techniques and establish standardized protocols
for clinical use. Factors such as patient age, bone density, and the extent of necrosis should also
be considered when selecting and modifying artificial bone materials for post-necrectomy
applications.

Conclusions

The study concludes that reducing the absorption of artificial bone materials post-necrectomy
is achievable through a combination of surface modifications, bioactive coatings, and
osteoinductive factors. These methods enhance the long-term stability of artificial bone
materials and improve clinical outcomes. However, careful optimization of these techniques is
necessary to prevent complications associated with premature resorption.

- Future studies should focus on refining the concentration and application methods of
osteoinductive factors such as BMPs to balance bone regeneration and scaffold longevity.

- Clinical trials are needed to validate the efficacy of these techniques in human patients.

- Exploring other bioactive substances and surface treatments could lead to further
improvements in artificial bone material performance.

By continuing to innovate in this field, we can improve the success rates of bone graft surgeries
and offer better quality of life to patients undergoing necrectomy.

m
~
a
<
Q.
>
U
©
c
=
=
o
=
ici)
[gv]
c
| .
S
o
=
o
0
[,
=

v
-
O
=
-
@
>
L=
©
c
©
9
72
=
©
c
<
(U
@
©
-
| -
-
e
)
.U)'
D
—
@
>
o
O
B2,
()
Y
O
@)
=

(o
°

s °

3o

<+
QD

3|Page

Licensed under a Creative Commons Attribution 4.0 International License.

e, -



Y

Volume 2, Issue 11, November - 2024 ISSN(E): 2938-3773

"g\' References

L 1. Kuboki, Y.; Jin, Q.; Takita, H. Geometry of Carriers Controlling Phenotypic in BMP-
o Induced Osteogenesis and Chondrogenesis. J. Bone Joint Surg. 2001, 83, S105-S115.
[CrossRef]

Kiba, H.; Kuboyama, N.; Uchida, R.; Ishizaki, T.; Nishiyama, N. Bone Ingrowth into the

Parallel Cylindrical Tubes with Different Sizes of Porous Hydroxyapatite Implanted into

the Rabbits. J. Hard Tissue Biol. 2012, 21, 307-314. [CrossRef]

3. Baldino, L.; Cardea, S.; Maffulli, N.; Reverchon, E. Regeneration techniques for bone-to-

tendon and muscle-to-tendon interfaces reconstruction. Br. Med. Bull. 2016, 117, 25-37.

[CrossRef]

Krause, D.S.; Theise, N.D.; Collector, M.l.; Henegariu, O.; Hwang, S.; Gardner, R.;

Neutzel, S.; Sharkis, S.J. Multi-Organ, Multi-Lineage Engraftment by a Single Bone

Marrow-Derived Stem Cell. Cell 2001, 105, 369-377. [CrossRef]

5. Tsujigiwa, H.; Nishizaki, K.; Teshima, T.; Takeda, Y.; Yoshinobu, J.; Takeuchi, A.; Orita,

Y.; Sugata, Y.; Nagatsuka, H.; Nagai, N. The Engraftment of Transplanted Bone Marrow-

Derived Cells into the Olfactory Epithelium. Brain Res. 2005, 1052, 10-15. [CrossRef]

[PubMed]

6. Friedenstein, A.J.; Gorskaja, J.F.; Kulagina, N.N. Fibroblast Precursors in Normal and
Irradiated Mouse Hematopoietic Organs. Exp. Hematol. 1976, 4, 267-274.

7. Jiang, Y.; Jahagirdar, B.N.; Reinhardt, R.L.; Schwartz, R.E.; Keene, C.D.; Ortiz-Gonzalez,
X.R.; Reyes, M.; Lenvik, T.; Lund, T.; Blackstad, M.; et al. Pluripotency of Mesenchymal
Stem Cells Derived from Adult Marrow. Nature 2002, 418, 41-49. [CrossRef]

8. Akhrorov Alisher Shavkatovich, Usmanov Rakhmatillo Fayrullaevich, Akhrorov Feruz
Zokirovich. Modern Methods of Treatment of Facial Injuries. Journal of Intellectual
Property and Human Rights. 2022/10/31. Ctp. 110-114

9. Axpopos A. III., YcmanoB P. @., bypukynos A. M. OCOBEHHOCTHU [TPUMEHEHU A
KOCTHOI'O BJIOKA, B34ATOI'O WMW3 30HbBI CKVYJIO-AJIbBEOJISIPHOI'O
KOHTP®OPCA //Journal of new century innovations. — 2024. — T. 47. — Ne. 2. — C. 149-
157.

10. AxpopoB A., Ilymaroa b., Hazaposa IlI. YCOBEPIIEHCTBOBAHUNE TAKTHUKU
XUPYPTUUECKOI'O JIEUEHIS BOJIbHBIX C TPABMOI CPE):[HEI71 30HBbI JIMTIA
//Memniaa 1 naHoBarmu. — 2021. — T. 1. — Ne. 4. — C. 199-204.

11. Axpopos A. ., Yemanos P. @. JIEHEHUSA BOJIBHBIX C TPABMOM CPEI[HEPI
30HBI JIMIIA ITYTEM BUPTY AJIbBHOE MO/IEJIMPOBAHUE //O6pa3oBanue Hayka u
WHHOBAIMOHHBIE uaeu B mupe. — 2023. — T. 13. — Ne. 6. — C. 16-23.

12. Akhrorov A. S. et al. Modern Approaches to Surgical Treatment of Fractures of the Zyno-
Orbital Region //Annals of the Romanian Society for Cell Biology. — 2021. — T. 25. — Ne.
1. — C. 242-250.

13. AxpopoB A. III., Hcaes V. HU., Exy6os ®. II. CIELUAJIU3MPOBAHHON
ME}II/ILII/IHCKOPI IIOMOIIIN BOJIbBHBIM C IIEJIIOCTHO-HI/ILIEBOIZ TPABMOI1
CPEJIHEM 30HbI JIULIA //Journal of new century innovations. — 2023. — T. 21. — Ne. 1.

g —C. 126-129.

)

-

ysis and Inventions

@) webofjournals.com/index.php/3

-2 Web of Discoveries: Journal of Anal

4| Page

Licensed under a Creative Commons Attribution 4.0 International License.

e, -


http://journals.academiczone.net/index.php/jiphr/article/view/395

i, ———

Volume 2, Issue 11, November - 2024 ISSN(E): 2938-3773

14. Shavkatovich, Ahrorov Alisher, and Pulatova Barno Juraxanovna. "Optimization Of
Surgical Tactics For Treating Patients With Midrace Trauma." The American Journal of
Medical Sciences and Pharmaceutical Research 3.02 (2021): 96-100.

15. Axpopos A. III. FEATURES OF THE USE OF A BONE BLOCK TAKEN FROM THE
ZONE OF THE ZYGOMATIC-ALVEOLAR BUTTRESS //Web of Medicine: Journal of
Medicine, Practice and Nursing. — 2024. — T. 2. — Ne. 3. — C. 58-64.

16. Axrorov Alisher Shavkatovich. New Technique for Gum Plastic Sugery with Single-Stage
Implantation. Eurasian Scientific Herald. 2024/3.Tom-1. Ctp. 8-12.

17. Axpopos A. III. OAOHTOI'EHHbBIE MTHOEKIU I"OJIOBBI U IEU //World scientific
research journal. — 2024. — T. 25. — Ne. 1. — C. 60-70.

18. AxpopoB A. I, Kawomos II. M. JIEHEHMA  BOJIbHBIX  IIPU
EPEBPO®AITAJILHON TPABME 41 YCOBEPUIEHCTBOBAHUE
XUPYPTMUECKUIM TAKTUKH //Jlyuine uHTEIUICKTyabHbIe nccaenosanus. — 2024. —
T. 16.— Ne. 3. — C. 85-92.

19. Axpopos A. I11., Yemanos P. @. MOJJU®UILIMPOBAHHbIN CUHYC-JIMOTUHI BE3
NCIIOJIb3OBAHUS I'PADTA //Jlyumine nHTEIUIEKTyanbHbIe nccienoBanus. — 2024. —
T. 15.—Ne. 5. —C. 47-52.

20. Axpopos A. HI, VYemawoB P.  ®. 3YBOCOAEPXAIIIASA  KUCTA
BEPXHEYEJIIOCTHOM TIA3YXU C JIOKAJIM3ALIMEN 3AYATKA 3VBA B
OBJIACTH HWKHEN CTEHKMU I'IASHULIBL. KJIMHUYECKUN CIIYYAMN //JTyqmme
MHTEIUIeKTyalbHbIe uecnenoBanus. — 2024, — T. 15. — Ne. 5. — C. 53-60.

21. Axpopos, Anmumiep lllaBkaroBud, Paxmarnmno @aiizyaesuy Y cMaHoB, and AGymycium
Maxunzona bypukynos. "OCOBEHHOCTU TTPUMEHEHMSA KOCTHOI'O BJIOKA,
B3ATOI'O U3 30HbI CKYJIO-AJIBBEOJIIPHOT'O KOHTP®OPCA." Journal of new
century innovations 47.2 (2024): 149-157.

22. Axpopos, Amumep IllaBkaroBuu, Paxmatuiio QaiizynnaeBuu YcmanoB, and Ilax3on
Illyxparosuu Karomos. "CHMJKEHUE PHCKA TPABMbI TPETUM BETHBU
TPOMHUYHOI'O HEPBA IIPM YJAJIEHMU TPETBEI'O MOJISIPA HIDKHUIA
YEJIFOCTU." Journal of new century innovations 47.2 (2024): 144-148.

23. Axpopos A. I1I. CoBpeMeHHBII METOBI TMAaTHOCTUKHU TIPU (JIETMOHAX JTHA MTOJIOCTH pTa U

@) webofjournals.com/index.php/3

peabiuranus mociie xupyprudeckoro BmemareiactBo //Open Herald: Periodical of
Methodical Research. —2023. — T. 1. — Ne. 8. — C. 63-66.

24. Shavkatovich A. A., Davronovich M. D. MODERN DIAGNOSTIC METHODS FOR
PHLEGMONS OF THE FLOOR OF THE ORAL CAVITY AND REHABILITATION
AFTER SURGICAL INTERVENTION //Frontline Medical Sciences and Pharmaceutical
Journal. —2023. — T. 3. — Ne. 12. — C. 41-47.

25. Shavkatovich A. A. Modern Aspects of Treatment of Odontogenic Sinusitis //Genius
Repository. — 2023. — T. 25. — C. 23-26.

26. Shavkatovich, Ahrorov Alisher, and Maksudov Dilshod Davronovich. "PECULIARITIES
OF THE TREATMENT ALGORITHM FOR THE CONGENITAL DEFECT THAT
CROSSES THE PALATE." Intent Research Scientific Journal 2.10 (2023): 101-107.

27. Axpopo A. II. u ap. XPOHUYECKOE BOCHAJIEHUE JOECEH-I'MHI'MUBUT
/[Scientific Impulse. —2023. — T. 1. — Ne. 12. — C. 35-38.

<

v
-
O
=
-
()
>
=
©
C
©
AL,
(7p)
=
©
-
<
Y
O
©
-
—
=
O
)
E/).
)
T
@
>
O
O
AL,
()]
Y—
O
O
=
@,

5|Page

Licensed under a Creative Commons Attribution 4.0 International License.

e, -



T, E——

Volume 2, Issue 11, November - 2024 ISSN(E): 2938-3773

28. Shavkatovich A. A., Fayzullaevich U. R. OPTIMIZING THE TREATMENT OF
TEMPOROMANDIBULAR JOINT ARTHRITIS //OBPASOBAHUE HAVYKA U
MHHOBAIIMOHHBIE UJIEM B MUPE. — 2023. — T. 30. — Ne. 3. — C. 11-15.

)

~ 29. Kapumosa P. ®@., Tenemanosa XK. ®@., Axpopos A. III. OIITUMU3ALINA OKA3ZAHUA

KBAJIMOUKAILIMPOBAHHOM MEJUIIMHCKOM IIOMOIIM B CEJBCKOM
%2, MECTHOCTMU //Journal of new century innovations. — 2023. — T. 23. — Ne. 3. — C. 109-
g 111.

30. AxpopoB A., OnmumxoHoB T. Xupypruueckasi TaKTUKa JIe4eHUSI OOJBHBIX C MEPEIIOMaMU
CKYJIOBOM KOCTH //AKTyanbHbIE BOIPOCHI XUPYPIHUECKOW CTOMATOJOTUH U JIEHTATBHOU
umiuiantonoruu. — 2022, — T. 1. — Ne. 1. — C. 23-25.

31. AxpopoB A., I[lynatoBa b. JIleuenne nmocTpasaBmiux ¢ TpaBMaMu CKYJIOBOH KOCTH U JIyTH
IIPU TIOMOIIY HCIOJIb30BaHUS MaJOMHBA3UBHBIX METOAOB //OOLIECTBO U MHHOBALUU. —
2021. —T.2.— Ne. 2. — C. 289-295.

32. Axpopos A., [TynaroBa b. OnTumMu3zanus XupypradueckKoil TaKTUKU JEUCHHUsS OOJBHBIX C
TpaBMOii cpeiHelt 30HbI nna //JKypran onomenuuunel u npaktuku. — 2021, — T. 1. — Ne.
4.-C.21-27.

33. Axpopo A. I, [Tynaroa b. XK. JIVHEBAA IMATHOCTUKA ITPU ITEPEJIOMAX
CKYJIOOPBUTAJIBHOI'O KOMIUJIIEKCA //Mutepnayka. — 2020. — Ne. 44. — C. 35-30.

34. Axpopos A. III., Ycemanos P. @. JIEUEHUS BOJIBHBIX C TPABMOI CPEJHEN
30HbI JIMIA ITYTEM BUPTY AJIbBHOE MOJIEJINMPOBAHUE //O6pa3oBanue Hayka u
nHHOBaMoHHbIe uaen B mupe. — 2023. — T. 13. — Ne. 6. — C. 16-23.

Journal of Analysis and Invent

@) webofjournals.com/index.php/3

2 Web of Discoveries

6|Page

Licensed under a Creative Commons Attribution 4.0 International License.

e, -



