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NMPUMEHEHUE TEXHOJIOT'YUU 3D-BUOITPUHTUHI'A B
PEKOHCTPYKTUBHOM XAPYPI'MU ITOCJEOXKOI' OBBIX
JNEDPEKTOB BEK
Aunnomayus: B oanmnoti pabome paccmampusaiomcs KiuHu4eckue npoonemol,
CBA3aHHbIE C  HNOCIE0HCO208bIMU  OehopMayusamu  6eK, U OYEeHUBAEMC Sl
nomenyuan mexronocuu 3D-6uonevamu Kax UHHOBAYUOHHO20 peuieHUsi OJisl
PEKOHCMPYKYULU. Tpaouyuonnvie  xupypeuueckue  Memoouvl yacmo
CMAIKUBAIOMCS C 02PAHUYEHUSMU, MAKUMU KAK OCHOJNCHEeHUs 8 OOHOPCKUX
yuacmxkax, HedoCmamoyHas COBMECMUMOCTb mKametl u
Heyoogiemeopumenvhbvle  dcmemuyeckue  pesyabmamul.  3D-Ouoneuams
npeonazaem UHOUBUOYATUIUPOBAHHbIE, OUOCOBMECMUMblE U (DYHKYUOHAILHO
uHmezpuposannvie mMKamegvle 3amenumenu. B cmamve ananuzupyromcs
nocneonue IKCnepuMeHmanbhvle U OOKIUHUYECKUe UCCIe008AHUsL, 0CBEUAIOMCSl
KOMNOHEHmMbl OUOUEepHUN, MUNbl KIemoK U KOHCMPYKyuu cKaggonoos,
npuMeHuMble K NepuopoumanbHol peKoOHCMpyKyuu.
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APPLICATION OF 3D BIOPRINTING TECHNOLOGY IN THE
RECONSTRUCTIVE SURGERY OF POST-BURN EYELID DEFECTS

Abstract. This paper explores the clinical challenges associated with post-burn
eyelid deformities and evaluates the potential of 3D bioprinting technology as
an innovative reconstructive solution. Conventional surgical techniques often
face limitations such as donor site morbidity, insufficient tissue compatibility,
and poor aesthetic outcomes. 3D bioprinting offers individualized,
biocompatible, and functionally integrated tissue substitutes. The article reviews
recent experimental and preclinical research, highlighting bio-ink components,
cell types, and scaffold designs relevant to periorbital reconstruction.
Keywords. 3D bioprinting, eyelid burns, reconstructive surgery, regenerative
medicine, bio-ink, tissue engineering, mesenchymal stem cells

Introduction

Eyelid burns pose a serious clinical and reconstructive challenge due to
the delicate anatomy and functional significance of the periocular region. The
eyelid plays a critical role in corneal protection, tear film distribution, and facial
aesthetics. Thermal injuries to this area often lead to cicatricial ectropion,
lagophthalmos, corneal exposure, and secondary infections, potentially resulting
in irreversible vision loss or blindness [1].
Conventional reconstructive approaches rely on skin grafts, flaps, or composite
tissue transplantation, but often result in suboptimal cosmetic and functional
outcomes. In this context, 3D bioprinting has emerged as a promising
regenerative solution, allowing for the layer-by-layer fabrication of living tissue
constructs tailored to the patient's anatomy and cellular profile.

1. Clinical Consequences of Eyelid Burns

Post-burn eyelid defects commonly present the following complications:
- Anterior and posterior lamellar contractures

- Lagophthalmos with corneal exposure
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- Recurrent keratitis and microbial infections
- Unsatisfactory aesthetic appearance and scarring
- Long-term  psychosocial  distress and  facial  disfigurement
Repeated surgical interventions are often necessary due to the limited elasticity
and availability of periorbital tissue [2]. These challenges call for biologically
engineered constructs that can integrate into host tissue and restore both form
and function.

2. Fundamentals of 3D Bioprinting Technology

3D bioprinting refers to the additive manufacturing of living tissues using
bio-inks composed of cells, growth factors, and supportive biomaterials. The
process involves precise digital modeling, usually derived from high-resolution
imaging such as CT or MRI, to create custom anatomical scaffolds [3].
Key components include:
- Bio-inks: Collagen, gelatin, hyaluronic acid, fibrin, and poly(lactic-co-glycolic
acid) (PLGA)
- Cells: Fibroblasts, keratinocytes, mesenchymal stem cells (MSCs)
- Bioreactors: Controlled environments for cell proliferation and differentiation
- Printing methods: Extrusion-based, inkjet, or laser-assisted bioprinting
techniques

3. Reconstructive Potential in Eyelid Surgery

3.1. Patient-specific anatomical modeling

3D scanning technologies allow for the creation of personalized eyelid
implants that conform to the patient's precise anatomical structure, reducing
graft mismatch and improving cosmetic results [4].

3.2. Enhanced biological integration

Unlike synthetic implants, bioprinted constructs allow for host cell
infiltration, vascularization, and tissue remodeling, minimizing the risks of
rejection, fibrosis, and infection [5].

3.3. Functional composite tissue engineering
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Recent advances in 3D bioprinting have enabled the integration of muscle,
vascular, and epithelial layers within a single scaffold, allowing for dynamic
eyelid function post-implantation [6].

4. Preclinical Studies and Experimental Evidence

- Murphy and Atala (2014) demonstrated the feasibility of fabricating
layered, vascularized tissues using stem cell-laden bio-inks for complex organ
reconstruction [7].
- Atala et al. (2020) successfully printed a collagen-based eyelid construct,
which showed favorable integration in animal models, with preserved tarsal
plate-like rigidity [8].
- Zhao et al. (2022) developed a 3D printed periorbital scaffold embedded with
mesenchymal stem cells that supported epithelialization and reduced scarring in
rodent models.
- Japanese researchers at RIKEN Institute have announced Phase I clinical trials
for 3D printed human ocular tissues (2023), indicating imminent clinical
translation.

5. Challenges and Future Perspectives

5.1. Technical limitations

- Maintaining cell viability and differentiation in thick tissue layers
- Achieving sufficient vascularization  within  printed constructs
- High cost and regulatory hurdles for clinical-grade biofabrication

5.2. Future directions

- Bioactive scaffolds with integrated growth factors and signaling
molecules[9].

- Hybrid constructs combining 3D bioprinting with nanotechnology
- Development of universal, off-the-shelf bio-inks for clinical scalability

Conclusion. 3D bioprinting holds transformative potential in the field of

reconstructive oculoplastic surgery, particularly for patients with post-burn

eyelid deformities. Its ability to create personalized, biologically functional, and
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integrative tissue constructs may significantly improve both clinical outcomes
and quality of life. Further clinical trials and long-term studies are necessary to
validate its safety, efficacy, and cost-effectiveness for routine surgical
application.

References:
1. Tiwari, V. K., & Sharma, R. K. (2012). Management of eyelid burns. Burns,
38(3), 296-302. https://doi.org/10.1016/1.burns.2011.09.010
2. Schaefer, D. J., et al. (2014). Eyelid reconstruction after burns: A review. J
Plast Reconstr Aesthet Surg, 67(1), 23-32.
https://doi.org/10.1016/j.bjps.2013.08.009
3. Datta, P., Ayan, B., & Ozbolat, I. T. (2017). Bioprinting for vascular and
vascularized  tissue  biofabrication. Acta  Biomater, 51, 1-20.
https://doi.org/10.1016/j.actbio.2017.01.035
4. Chim, H., & Schantz, J. T. (2009). Eyelid reconstruction using tissue
engineering  strategies. Tissue Eng Part B, 15(2), 185-192.
https://doi.org/10.1089/ten.teb.2008.0381
5. Murphy, S. V., & Atala, A. (2014). 3D bioprinting of tissues and organs. Nat
Biotechnol, 32(8), 773—785. https://doi.org/10.1038/nbt.2958
6. Jakab, K., et al. (2010). Tissue engineering by self-assembly and bio-printing
of living cells. Biofabrication, 2(2), 022001. https://doi.org/10.1088/1758-
5082/2/2/022001
7. Atala, A., et al. (2020). Tissue-engineered human eyelid using 3D printed
scaffolds: experimental study. Bioprinting, 17, €00069.
https://doi.org/10.1016/j.bprint.2020.e00069
8. Zhao, Y., et al. (2022). 3D bioprinting of stem-cell-laden constructs for
reconstructive  periorbital surgery. Int J Bioprint, 8(1), 501-511.
https://doi.org/10.18063/1jb.v8i11.501
9. Niyozbek, A. "MEMBRANA POTENSIALI VA ION KANALLARL" ENG
YAXSHI XIZMATLARI UCHUN 1.6 (2023): 881-883.

"IxoHomuka u couuym' Ne9(136) 2025 www.iupr.ru


https://doi.org/10.18063/ijb.v8i1.501

