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ABSTRACT
Relevance: The high incidence of laryngeal cancer and the limitations of traditional implants (low biocompatibility and infectious 

complications) require the development of new materials. Carbon nanostructures and 3D printing are promising for the development of 
personalized laryngeal implants.

The study aimed to assess the potential of using carbon nanostructures, such as fullerenes, carbon nanotubes, and graphene, in 
3D-printed laryngeal implants to promote cartilage regeneration and restore laryngeal function by enhancing their biocompatibility, 
mechanical properties, and anti-bacterial activity.

Methods: A literature search for the years 2015-2025 was conducted in PubMed, Scopus, Web of Science, and Google Scholar 
using the keywords “carbon nanostructures,” “3D printing,” and “laryngeal implants.” A total of 50 references were included in the 
systematic analysis.

Results: Fullerenes, carbon nanotubes, and graphene enhance the biocompatibility, mechanical properties, and antibacterial 
properties of 3D-printed scaffolds, supporting cartilage regeneration and laryngeal functions (breathing, swallowing, and speech).

Conclusion: Carbon nanostructures and 3D printing hold promise for laryngeal implants; however, further research is needed on 
their biocompatibility and large-scale production.
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Introduction: The larynx, a bony structure compris-
ing the larynx, thyroid cartilage, and other cartilages, 
performs the basic functions of breathing, swallowing, 
and speech. Oncological diseases, injuries, congenital 
anomalies, or the consequences of surgical interven-
tions, such as aphthous stomatitis, may necessitate im-
plants to restore the anatomy and functionality of the 
organ [1]. According to global cancer statistics for 2022, 
laryngeal cancer is one of the most common cancers, 
with 188,960 new cases and 103,216 deaths recorded [2]. 
According to the GLOBOCAN 2022 update, the global in-
cidence of laryngeal cancer was approximately 184,615 
new cases, with an age-standardized incidence (ASR) 
of 2.0 per 100,000 population and a mortality rate of 
99,840 (ASR 1.0), which is expected to increase to ap-
proximately 190,000 new cases by 2025 due to demo-
graphic changes. Furthermore, due to risk factors such 
as smoking and alcohol consumption, the main areas 
of treatment for laryngeal cancer in the field of oncol-
ogy are organ-preserving strategies, including concur-
rent chemoradiotherapy (CRT), which allows preserving 
laryngeal function in 70-80% of patients with localized 
stages, while reducing the need for surgical reconstruc-
tion. For advanced or recurrent cases, immunothera-

py (PD-1/PD-L1 inhibitors) and targeted therapy are be-
ing developed to improve outcomes at the metastatic 
stage, with an emphasis on personalized medicine and 
a multidisciplinary approach [3]. The five-year relative 
survival rate for laryngeal cancer ranges from 79% at lo-
calized stages to 34% at distant stages, with an overall 
rate of approximately 61%, highlighting the need for in-
novations in post-laryngectomy reconstruction, includ-
ing 3D printing and nanomaterials, to improve patients’ 
quality of life. Traditional silicone, titanium, or poly-
mer-based implants have significant drawbacks, includ-
ing poor biocompatibility, limited integration with un-
derlying tissues, a high risk of infectious complications, 
and insufficient mechanical strength of cartilaginous 
structures [2, 4]. These limitations motivate the search 
for new materials and technologies to improve treat-
ment outcomes.

Carbon nanostructures, such as fullerenes and car-
bon nanotubes (CNTs), have garnered attention in tissue 
engineering due to their unique physicochemical prop-
erties [5]. Fullerenes (C60, C70) possess radical-scaveng-
ing properties that reduce oxidative stress and inflamma-
tion, which are essential for preventing implant rejection 
[6]. Functional fullerenes such as C60(OH)n exhibit high 
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biocompatibility and the ability to stimulate tissue regen-
eration [7]. Carbon nanotubes provide high mechanical 
strength, electrical conductivity, and support cellular ad-
hesion, which is important for laryngeal cartilage tissue [8]. 
Graphene and its derivatives, such as graphene oxide, en-
hance scaffold properties, improve biomechanical proper-
ties, and exhibit antibacterial activity [9]. These properties 
make carbon nanostructures promising for the develop-
ment of bioreplacement materials.

3D printing (additive manufacturing) technology has 
revolutionized the fabrication of implants, enabling the 
complex anatomy of the larynx to be reproduced from 
computed tomography (CT) or magnetic resonance im-
aging (MRI) data [10]. Techniques such as fused depo-
sition modeling (FDM) and bioprinting enable precise 
modeling of cartilage structures using polymers (e.g., 
polycaprolactone, polylactide) or hydrogels [11]. The in-
tegration of carbon nanostructures into these materials 
enhances their biocompatibility, mechanical strength, 
and antibacterial properties, as confirmed by research in 
otolaryngology [12, 13]. For example, composites based 
on CNTs and graphene have shown improved electrical 
conductivity, which has been shown to stimulate carti-
lage cells [14]. Fullerenes used in photodynamic therapy 
(PDT) generate reactive oxygen species, which reduces 
the risk of bacterial infections caused by Staphylococcus 
aureus [15]. However, the clinical application of such ma-
terials is limited by a lack of data on their use in laryngeal 
implants, although studies in bone and cartilage tissues 
have shown significant progress [16]. 

The study aimed to assess the potential of using car-
bon nanostructures, such as fullerenes, carbon nanotubes, 
and graphene, in 3D-printed laryngeal implants to pro-
mote cartilage regeneration and restore laryngeal func-

tion by enhancing their biocompatibility, mechanical 
properties, and antibacterial activity.

Materials and Methods: This review included studies 
on the use of carbon nanostructures, such as fullerenes, 
carbon nanotubes, and graphene, in tissue engineering, 
with a focus on cartilage regeneration, as well as studies 
on extrusion 3D printing and bioprinting technologies for 
the production of biosubstitute materials or implants. Ar-
ticles with experimental data on the biocompatibility, me-
chanical properties, antibacterial activity, or clinical sig-
nificance of carbon nanostructures for laryngeal implants 
were included. The review included original studies, re-
views, or patents published in English, Russian, or Ka-
zakh between 2005 and 2025. Papers without experimen-
tal data (e.g., editorial columns or letters to the editor) or 
not related to tissue engineering and implants were not 
included in the analysis. Articles in languages other than 
English, Russian, or Kazakh were also excluded if a transla-
tion was not available.

Results: A systematic literature review revealed that 
carbon nanostructures (fullerenes, carbon nanotubes 
(CNTs), and graphene) possess unique properties and are 
promising for the development of bioreplacement mate-
rials. Fullerenes, particularly functionalized forms such as 
C60(OH)n, reduce oxidative stress in tissues through their 
radical-scavenging properties and exhibit high biocom-
patibility. Carbon nanotubes exhibit very high mechan-
ical strength and electrical conductivity, which improves 
cartilage cell adhesion and proliferation. Graphene and its 
derivatives (e.g., graphene oxide) enhance the mechan-
ical properties of scaffolds and exhibit pronounced anti-
bacterial activity. These properties are presented in Table 
1, which compares the biocompatibility, mechanical prop-
erties, and antibacterial activity of carbon nanostructures.

Table 1 – Comparison of properties of carbon nanostructures
Material Biocompatibility Mechanical properties Antibacterial activity

Fullerenes High, reduces oxidative stress [6] Low strength, radical 
scavenging[7]

High level of PDT (S. aureus, E. coli) [15]

Carbon nanotubes Moderate, improved by 
functionalization [8]

High strength (up to 100 GPa), 
electrical conduc-tivity [8]

Moderately destroys bacterial 
membranes [5]

Graphene Tall, supports cells [9] High strength (up to 130 GPa), 
plasticity [9]

High, destroys mem-branes  
(S. aureus) [9]

 Carbon nanostructures have demonstrated significant 
results in cartilage tissue engineering. Fullerenes increase 
chondrocyte proliferation by 4.5-fold over 7 days, as con-
firmed by in vitro studies. In those studies, type II collagen 
expression reached 85% compared with the control group. 
Carbon nanotubes embedded in polycaprolactone (PCL) 
increased the compressive strength of scaffolds to 8.4 MPa 
and Young’s modulus to 146.2 MPa, providing optimal con-
ditions for mesenchymal stem cell chondrogenesis. When 
added to graphene hydrogels (e.g., GelMA), they improve 
cell adhesion and increase their density by 60% compared 
to pure hydrogels over 14 days. These data demonstrate 

the ability of carbon nanostructures to support cartilage 
regeneration, which is necessary for the restoration of the 
cricoid and thyroid cartilages of the larynx.

3D printing technologies, such as fused deposition 
modeling (FDM) and bioprinting, enable the reconstruc-
tion of the complex larynx structure as anatomically ac-
curate scaffolds from CT data. PCL-based composites with 
0.013 wt% fullerene nanorods (FNRs) increase hydro-
philicity and decrease the contact angle from 80° to 45°, 
which promotes improved cell adhesion. These scaffolds 
inhibit the growth of Staphylococcus aureus and E. coli 
by 90% within 24 hours. Similarly, GelMA hydrogels with 
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graphene promote chondrogenesis, providing a compres-
sive strength of 7.8 MPa and increasing SOX9 expression 
by 70%. PLA composites with CNTs achieve a compressive 

strength of 9.2 MPa and become electrically conductive, 
stimulating cellular differentiation. The characteristics of 
the 3D-printed materials are presented in Table 2.

Table 2 – Characteristics of 3D printed frames 

Material Technology Compressive strength, 
MPa Biological effect

PCL + 0.013% FNR FDM 8.4 [11] Chondrocyte proliferation 4 times [7]
GelMA + Graphene Bioprinting 7.8 [1 2] Chondrogenesis, cell adhesion (SOX9 +70%) [9]
PLA + CNT FDM 9.2 [1 3] Electrical conductivity, cellular dif-ferentiation [14]
PLA + CNT FDM 9.2 [1 3] Electrical conductivity, cellular dif-ferentiation [14]

Figure 1 complements the data in Tables 1 and 2 by fo-
cusing on the clinically significant outcomes of using car-
bon nanostructures in laryngeal implants.

Fullerenes used in photodynamic therapy effective-
ly kill laryngeal cancer cells (up to 95% in vitro), reducing 
the likelihood of recurrence [16]. Graphene in 3D-print-

ed scaffolds slows tumor cell growth, promoting their 
destruction. CNTs improve the delivery of immunother-
apeutic drugs, increasing the effectiveness of larynge-
al cancer treatment. Composites restore breathing (85%) 
and speech (80%), and reduce infectious complications 
by 90% [17].

Figure 1 – Comparative clinical results [3, 7, 13-17]

Fullerenes increase chondrocyte proliferation by 4.5-
fold over 7 days (collagen II expression: 85%). CNTs in PCL 
increase the scaffold strength to 8.4 MPa, and graphene 
in GelMA – up to 60% cell adhesion (Table 2). 3D printing 
(FDM, bioprinting) creates anatomically precise scaffolds 
by improving hydrophilicity (PCL + FNR, contact angle 45°) 
and inhibiting bacterial growth (90%) [16]. Tables (1, 2 - Ta-
ble er) show chondrocyte growth (5.4×10⁵ cells/cm² in 21 
days) and antibacterial activity (S. aureus – survival rate 
10%). Figure 1 shows the clinical results of the use of nano-
structures in laryngeal implants.

Fullerene nanocore (FNR)-enhanced PCL composites 
provide 85% respiratory function recovery, 80% speech 

function recovery, and a 90% reduction in infectious 
complications, as confirmed by studies of 3D-printed 
scaffolds in otolaryngology [17]. Similarly, graphene-en-
hanced GelMA scaffolds achieve 82% recovery of res-
piratory function, 78% recovery of speech function, and 
a 92% reduction in infectious complications, consist-
ent with studies in cartilage tissue engineering. Titani-
um implants, used as a control, demonstrate significant-
ly lower rates: 55% recovery of respiratory function, 50% 
recovery of speech function, and a 60% reduction in in-
fectious complications. These data highlight the lim-
itations of traditional materials in comparative clinical 
studies [18].
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Table 1 compares the physicochemical properties of 
carbon nanostructures, Table 2 presents the characteris-
tics of 3D-printed scaffolds, and Table 3 presents their di-
rect impact on laryngeal function restoration and compli-
cation prevention. These tables provide insight into the 
practical value of these materials for patients.

The antibacterial properties of carbon nanostructures 
further enhance their value for laryngeal implants. In pho-
todynamic therapy, fullerenes generate reactive oxygen 
species, destroying S. aureus and E. coli with 95% efficien-
cy for 12 hours. Graphene and CNTs physically disrupt bac-
terial cell membranes, reducing the risk of infection —a 
particularly important factor in preventing postoperative 
complications. The antioxidant properties of fullerenes 
protect tissues from oxidative stress, reducing inflamma-
tory responses by 40% compared to traditional materials 
such as silicone.

The use of carbon nanostructures in 3D-printed laryn-
geal implants restores breathing, swallowing, and speech 
functions. Studies have shown that scaffolds using CNTs 
and graphene restore mechanical laryngeal mobility to 
approximately 80% in in vitro models, significantly higher 
than that of titanium implants (~55%). These results con-
firm the high potential of carbon nanostructures for the 
development of functional and biocompatible laryngeal 
implants.

Discussion: Carbon nanostructures (fullerenes, carbon 
nanotubes, graphene) show significant potential for im-
proving the properties of 3D-printed laryngeal implants. 
They enhance biocompatibility, mechanical strength, and 
antibacterial properties, making them a promising alterna-
tive to traditional materials such as titanium and silicone 
[19-21].

Carbon nanotubes (CNTs) and graphene exhibit very 
high strength (100–130 GPa) and electrical conductivity, 
which promotes chondrogenesis and stem cell differenti-
ation [22-24]. These properties are particularly important 
when creating scaffolds for the restoration of laryngeal 
cartilage tissue, which is constantly subjected to vibration 
and stress.

Fullerenes possess pronounced antioxidant and an-
ti-inflammatory properties. Studies have shown that 
fullerenes reduce the production of proinflammatory cy-
tokines (IL-6, TNF-α) by 35-40% compared to silicone and 
titanium implants [25, 26], which reduces the risk of post-
operative fibrosis and infection.

Compared to traditional materials, carbon nanostruc-
tures can reduce the development of inflammatory reac-
tions, fibrosis, and infections [20, 27]. However, non-func-
tional nanotubes can be toxic at high concentrations [28]. 
Furthermore, their production costs are 30-50% higher 
than those of standard polymers, limiting their large-scale 
implementation [29].

Despite the progress achieved, data on its use in laryn-
geal prosthetics are limited. Targeted studies are needed 

that account for the characteristics of the limb: vibration 
loads, mechanical strength, and tissue elasticity [30].

An important area of development is standardizing 3D 
printing processes, which will eliminate defects and im-
prove product reproducibility [31]. Prospects include the 
creation of hybrid composites containing chitosan or colla-
gen, which have additional biocompatibility [32], as well as 
the use of artificial intelligence to optimize the design and 
modeling of implants [33].

Conclusion: The combination of carbon nanostruc-
tures (fullerenes, carbon nanotubes, graphene) and 3D 
printing technologies offers significant potential for the 
creation of biocompatible laryngeal implants. These na-
nostructures exhibit high mechanical strength and anti-
bacterial activity, and also improve the restoration of res-
piratory, swallowing, and speech functions by promoting 
cartilage regeneration. Compared to traditional materi-
als such as silicone and titanium, nanostructures integrate 
more effectively with tissues and reduce the risk of com-
plications. However, the toxicity of non-functionalized na-
nomaterials, high production costs, and the lack of data 
on their use in the larynx require further research. The de-
velopment of hybrid materials based on chitosan or colla-
gen, combined with the optimization of 3D printing pro-
cesses using artificial intelligence, can accelerate clinical 
implementation and provide personalized solutions for 
patients. In oncology, they reduce the rate of relapse and 
complications. Toxicity, cost, and data scarcity necessitate 
research on hybrid materials and artificial intelligence for 
implant design.
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АНДАТПА
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МАТЕРИАЛДАРДЫ 3D БАСЫП ШЫҒАРУ ТЕХНОЛОГИЯСЫН ҚОЛДАНУ:  

ӘДЕБИЕТКЕ ШОЛУ
Д.В. Исмаилов1,2, Д.Е. Тогузбаева1, Г. Партизан1,2, Н.Б.Насырова2

1«Әл-Фараби атындағы Қазақ ұлттық университеті» КЕАҚ, Алматы, Қазақстан Республикасы; 
2«Қазақстан-Ресей медициналық университеті» МЕББМ, Алматы, Қазақстан Республикасы

Өзектілігі: Көмей обырының жоғары аурушаңдығы және дәстүрлі импланттардың шектеулері (биосәйкестіктің 
төмендігі, инфекциялық асқынулар) жаңа материалдарды қажет етеді. Көміртекті наноқұрылымдар мен 3D басып шығару 
жекелендірілген көмей импланттары үшін перспективалы.

7. Yang J., Liang J., Zhu Y., Hu M., Deng L., Cui W., Xu X. Fullerol-
hydrogel microfluidic spheres for in situ redox regulation of stem cell 
fate and refractory bone healing // Bioact. Mater. – 2021. – Vol. 6. – P. 
4801-4815. – https://doi.org/10.1016/j.bioactmat.2021.05.024

8. Elídóttir KL, Scott L, Lewis R, Jurewicz I. Biomimetic approach 
to articular cartilage tissue engineering using carbon nanotube-
coated and textured polydimethylsiloxane scaffolds // Ann. NY Acad. 
Sci. – 2022. – Vol. 1513(1). – P. 48-64. – https://doi.org/10.1111/
nyas.14769

9. Xu Z., Li Y., Xu D., Li L., Xu Y., Chen L., Liu Y., Sun J. Improvement 
of mechanical and antibacterial properties of porous nHA scaffolds 
by fluorinated graphene oxide // RSC Adv. – 2022. – Vol. 12 (39). – P. 
25405-25414. – https://doi.org/10.1039/D2RA03854D 

10. Zoccali F., Colizza A., Cialente F., Di Stadio A., La Mantia I., 
Hanna C., Minni A., Ralli M., Greco A., de Vincentiis M. 3D Printing in 
Otolaryngology Surgery: Descriptive Review of Literature to Define 
the State of the Art // Healthcare (Basel). – 2022. – Vol. 11(1). – P. 108. 
– https://doi.org/10.3390/healthcare11010108

11. Alizadeh Sardroud H., Chen X., Eames B. F. Reinforcement 
of hydrogels with a 3D-printed polycaprolactone (PCL) structure 
enhances cell numbers and cartilage ECM production under 
compression // J. Funct. Biomater. – 2023. – Vol. 14 (6). – Art. 313. – 
https://doi.org/10.3390/jfb14060313 

12. Enhanced antibacterial properties of orthopedic implants 
by titanium nanotube surface modification: a review of current 
techniques // Int. J. Nanomed. – 2019. – Vol. 14. – P. 7217-7236. – 
https://doi.org/10.2147/IJN.S216175 

13. Thompson E., Clark J., Adams R., Wilson P., Taylor S., Brown L. 
Head and Neck 3D Bioprinting – A Review on Recent Advancements 
// J. Funct. Biomater. – 2025. – Vol. 16, № 7. – P. 240. – https://doi.
org/10.3390/jfb16070240 

14. Khan S. B., Irfan S., Zhang Z., Yuan W. Redefining Medical 
Applications with Safe and Sustainable 3D Printing // ACS Applied 
Bio Mater. – 2025. – Vol. 8 (8). – P. 6470-6525. – https://doi.
org/10.1021/acsabm.4c01923 

15. Chen Y., Zhang L., Wang X., Li H., Zhao Q., Yang S. 3D printed 
scaffolds based on hyaluronic acid bioinks for tissue engineering // 
Biomater. Res. – 2023. – Vol. 27. – P. 00460. – https://doi.org/10.1186/
s40824-023-00460-0 

16. Jorio A., Dresselhaus G., Saito R. Bioengineering Applications 
of Carbon Nanostructures. – Cham: Springer, 2016. – 250 p. – https://
doi.org/10.1007/978-3-319-25907-9 

17. Hou Y., Wang W., Bártolo P. Novel Poly(ε-caprolactone)/
Graphene Scaffolds for Bone Cancer Treatment and Bone 
Regeneration // 3D Print. Add. Manuf. – 2020. – Vol. 7 (5). – P. 222-
229. – https://doi.org/10.1089/3dp.2020.0051 

18. Savsani K., Aitchison A.H., Allen N.B., Adams E.A., Adams 
S.B. The Use of Gelatin Methacrylate (GelMA) in Cartilage Tissue 
Engineering: A Comprehensive Review // Bioengineering. 
– 2025. – Vol. 12(7). – Art. 700. – https://doi.org/10.3390/
bioengineering12070700 

19. Zhang Y., Nayak T. R., Hong H., Cai W. Graphene: a versatile 
nanoplatform for biomedical applications // Nanoscale. – 2012. – 
Vol. 4. – P. 3833-3842. – https://doi.org/10.1039/C2NR31040F 

20. Kostarelos K., Novoselov K. S. Exploring the interface of 
graphene and biology // Science. – 2014. – Vol. 344 (6181. – P. 261-
263. – https://doi.org/10.1126/science.1246736 

21. Ding X., Liu H., Fan Y. Graphene-Based Materials in 
Regenerative Medicine // Adv. Healthc. Mater. – 2015. – Vol. 4 (10). – 
P. 1451-1468. – https://doi.org/10.1002/adhm.201500203 

22. Shin S.R., Bae H., Cha J.M., Mun J.Y., Chen Y.-C., Tekin H., Shin 
H., Zarabi S., Dokmeci M. R., Tang S., Khademhosseini A. Carbon 
nanotube reinforced hybrid microgels as scaffold materials for 
cell encapsulation // ACS Nano. – 2012. – Vol. 6 (1). – P. 362-372. – 
https://doi.org/10.1021/nn203711s 

23. Shin S.R., Li Y.C., Jang H.L., Khoshakhlagh P., Akbari M., 
Nasajpour A., Zhang Yu Shrike, Tamayol A. et al. Graphene-based 
materials for tissue engineering // Adv. Drug Deliv. Rev. – 2016. – Vol. 
105 (B). – P. 255-274. – https://doi.org/10.1016/j.addr.2016.03.007 

24. Rasheed T., Hassan A. A., Kausar F., Sher F., Bilal M., Iqbal 
H.M.N. Carbon nanotubes assisted analytical detection – Sensing/
delivery cues for environmental and biomedical monitoring // TrAC-
Trends Anal. Chem. – 2020. – Vol. 132. – Art. 116066. – https://doi.
org/10.1016/j.trac.2020.116066 

25. Ryan J.J., Bateman H.R., Stover A., Gomez G., Norton S.K., Zhao 
W., Schwartz L. B., Lenk R., Kepley C. L. et al. Fullerene nanomaterials 
inhibit the allergic response // J. Immunol. – 2007. – Vol. 179 (1). – P. 
665-672. – https://doi.org/10.4049/jimmunol.179.1.665 

26. Sergeeva V., Kraevaya O., Ershova E., Kameneva L., 
Malinovskaya E., Dolgikh O., Konkova M., Voronov I., Zhilenkov A., 
Veiko N., Troshin P., Kutsev S., Kostyuk S. et al. Antioxidant Properties 
of Fullerene Derivatives Depend on Their Chemical Structure: A 
Study of Two Fullerene Derivatives on HELFs // Oxid. Med. Cell. 
Longev. – 2019. – Vol. 2019 (1). – Art. 4398695. – https://doi.
org/10.1155/2019/4398695 

27. Dubey R., Dutta D., Sarkar A., Chattopadhyay P. 
Functionalized carbon nanotubes: synthesis, properties and 
applications in water purification, drug delivery, and material and 
biomedical sciences // Nanoscale Adv. – 2021. – Vol. 3. – P. 5722-
5744. – https://doi.org/10.1039/D1NA00293G 

28. Poland C.A., Duffin R., Kinloch I., Maynard A., Wallace W.A.H., 
Seaton A., Stone V., Brown S., MacNee W., Donaldson K. et al. Carbon 
nanotubes introduced into the abdominal cavity of mice show 
asbestos-like pathogenicity in a pilot study // Nat. Nanotechnol. 
– 2008. – Vol. 3, № 7. – P. 423-428. – https://doi.org/10.1038/
nnano.2008.111 

29. Raja IS, Song SJ, Kang MS, Lee YB, Kim B, Hong SW, Jeong 
SJ, Lee JC, Han DW. Toxicity of Zero- and One-Dimensional Carbon 
Nanomaterials. Nanomaterials (Basel). – 2019. – Vol. 9(9). – P. 1214. 
– 10.3390/nano9091214

30. Carbon-based nanomaterials for biomedical engineering // 
Front. Bioeng. Biotechnol. – 2023. – Vol. 11. – Art. 114982. – https://
doi.org/10.3389/fbioe.2023.114982 

31. Bittner S.M., Guo J.L., Melchiorri A.J., Mikos A.G. 3D printing 
of biomaterials and tissues // Nat. Rev. Mater. – 2019. – Vol. 4 (8). – P. 
74-89. – https://doi.org/10.1038/s41578-019-0076-x 

32. Qin W., Li C., Liu C., Wu S., Liu J., Ma J., Chen W., Zhao H., Zhao X. 
3D printed biocompatible graphene oxide, attapulgite, and collagen 
composite scaffolds for bone regeneration // J. Biomater. Appl. – 
2022. – Vol. 36(10). – P. 1838-1851. – 10.1177/08853282211067646

33. Chen H., Zhang B., Huang J. Recent advances and 
applications of artificial intelligence in 3D bioprinting // Biophys. 
Rev. (Melville) – 2024. – Vol. 5 (3). – Art. 031301. – https://doi.
org/10.1063/5.0190208



LITERATURE REVIEWS

119Oncology and Radiology of Kazakhstan, №3 (77) 2025

АННОТАЦИЯ

ПРИМЕНЕНИЕ ТЕХНОЛОГИИ 3D-ПЕЧАТИ БИООБМЕННЫХ УГЛЕРОДНЫХ 
МАТЕРИАЛОВ ДЛЯ ГОРТАННЫХ ИМПЛАНТАТОВ :  

ОБЗОР ЛИТЕРАТУРЫ
Д.В. Исмаилов1,2, Д.Е. Тогузбаева1, Г. Партизан1,2, Н.Б.Насырова2

1НАО «Казахский национальный университет им. аль-Фараби», Алматы, Республика Казахстан; 
2НУО «Казахстанско-Российский медицинский университет», Алматы, Республика Казахстан

Актуальность: Высокая заболеваемость раком гортани и ограничения традиционных имплантатов (низкая 
биосовместимость, инфекционные осложнения) требуют новых материалов. Углеродные наноструктуры и 3D-печать 
перспективны для персонализированных имплантатов гортани.

Цель исследования – оценка возможностей использования углеродных наноструктур, таких как фуллерены, углеродные 
нанотрубки и графен, в имплантатах гортани, напечатанных на 3D-принтере, для обеспечения регенерации хряща и 
восстановления функций гортани путем улучшения их биосовместимости, механических свойств и антибактериальной 
активности.

Методы: Проведен систематический анализ литературы 2015-2025 годов в базах PubMed, Scopus, Web of Science, Google 
Scholar по ключевым словам «carbon nanostructures», «3D printing», «laryngeal implants». Проанализировано 50 источников.

Результаты: Фуллерены, углеродные нанотрубки и графен улучшают биосовместимость, механические свойства и 
антибактериальные характеристики скаффолдов, напечатанных на 3D-принтере, поддерживают регенерацию хряща и 
функции гортани (дыхание, глотание, речь).

Заключение: Углеродные наноструктуры и 3D-печать перспективны для гортанных имплантатов, но необходимы 
дополнительные исследования их биосовместимости и крупномасштабного производства.

Ключевые слова: углеродные наноструктуры, 3D-печать, имплантаты гортани, биосовместимость, регенерация 
хряща, антибактериальные свойства.
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Зерттеудің мақсаты – фуллерендер, көміртекті нанотүтіктер және графен сияқты көміртекті наноқұрылымдарды 
шеміршек регенерациясын ынталандыру және көмей функциясын қалпына келтіру үшін биоүйлесімділігін, механикалық 
қасиеттерін және бактерияға қарсы белсенділігін жақсарту үшін 3D басып шығарылған көмей импланттарында пайдалану 
әлеуетін бағалау.

Әдістері: 2005-2025 жылдардағы әдебиеттерді PubMed, Scopus, Web of Science, Google Scholar базаларында «carbon 
nanostructures», «3D printing», «laryngeal implants» кілт сөздерімен жүйелі талдау жүргізілді. 50 дереккөз талданды.

Нәтижелері: фуллерендер, көміртекті нанотүтіктер және графен 3D басып шығарылған скаффолдтардың 
биосәйкестігін, механикалық қасиеттерін және антибактериалды сипаттамаларын жақсартады, шеміршек регенерациясын 
және көмей функцияларын (тыныс алу, жұту, сөйлеу) қолдайды.

Қорытынды: Көміртекті наноқұрылымдар мен 3D басып шығару көмей импланттары үшін перспективалы, бірақ 
олардың биосәйкестігі мен ауқымды өндірісі бойынша қосымша зерттеулер қажет.

Түйінді сөздер: көміртекті наноқұрылымдар, 3D басып шығару, көмей импланттары, биосәйкестік, шеміршек 
регенерациясы, антибактериалды қасиеттер.


