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Abstract

Nanofabrication techniques have emerged as pivotal tools in the creation of
artificial cells, tissues, and organs, which hold the potential to revolutionize
regenerative medicine and organ transplantation. The ability to precisely
engineer materials at the nanoscale allows for the replication of biological
structures, enabling the development of functional tissue replacements and
therapeutic devices. Traditional methods in tissue engineering often face
challenges in mimicking the complexity of natural tissues and organs, leading
to suboptimal functionality and biocompatibility. This study investigates
various nanofabrication strategies used in the development of artificial cells,
tissues, and organs, with an emphasis on their applications in biomedical
fields. The main objective of this research is to assess the effectiveness of
different nanofabrication approaches, such as 3D printing, self-assembly, and
nanolithography, in replicating the architecture and functionality of human
tissues. In vitro and in vivo models are employed to evaluate the
biocompatibility, structural integrity, and functional performance of fabricated
constructs. The results indicate that nanofabricated systems show significant
promise in replicating the mechanical, biochemical, and cellular properties of
natural tissues. In conclusion, nanofabrication offers an innovative approach to
the creation of functional artificial tissues and organs, which could
significantly impact the future of medical treatments, particularly in tissue
regeneration and transplantation.
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INTRODUCTION

Nanotechnology has emerged as one of the most promising fields in biomedical science,
particularly in tissue engineering and regenerative medicine (Aizarna-Lopetegui et al., 2025).
The ability to manipulate materials at the nanoscale has opened new avenues for creating
artificial cells, tissues, and organs that mimic the biological structures and functions of natural
tissues (Aljabali et al., 2026). The challenges faced by traditional tissue engineering approaches
include the inability to replicate the complex architecture and mechanical properties of natural
tissues, leading to limitations in functionality and biocompatibility (Ajayan et al., 2026).
Advances in nanofabrication, which involve using nanomaterials and techniques to design and
construct tissues at a molecular level, hold the key to overcoming these limitations. By
integrating nanotechnology with tissue engineering, it is possible to develop more functional,
durable, and biocompatible artificial organs and tissues (Alam et al., 2025). The growing need
for organ replacements and the shortage of donor organs has further accelerated the interest in
creating artificial organs using nanofabrication strategies.

The primary issue addressed by this research is the inefficiency and complexity
involved in replicating the intricate structures of human tissues and organs (Anggraini et al.,
2026). Conventional tissue engineering often relies on scaffolds made from natural or synthetic
materials, but these systems do not adequately mimic the complexity of native tissue
architecture, biochemical signals, and mechanical properties (Aslam et al., 2025). Additionally,
the challenges of achieving functional integration and long-term viability of artificial tissues
within the human body remain significant hurdles. Furthermore, the fabrication of functional
artificial organs remains an elusive goal, with many approaches struggling to replicate the
vascular and cellular networks necessary for proper function (Barhoum et al., 2025).
Nanofabrication strategies offer new possibilities for overcoming these challenges by providing
greater control over material properties, enabling more precise tissue design and functional
integration (Bi et al., 2025). The research outlined in this paper aims to address these issues by
exploring how nanofabrication techniques, such as 3D printing, self-assembly, and
nanolithography, can be utilized to develop artificial cells, tissues, and organs that replicate
natural biological systems more effectively.

The primary objective of this study is to evaluate and compare various nanofabrication
strategies for the development of artificial cells, tissues, and organs, focusing on their ability to
replicate the functionality and architecture of human tissues (Boretti, 2026). The research aims
to explore how these advanced nanofabrication techniques can be integrated with biomaterials
to create more efficient and functional tissue-engineered constructs (Bose et al., 2026). By
examining the strengths and limitations of each nanofabrication approach, the study seeks to
identify the most promising strategies for producing scalable and biocompatible artificial
tissues that could eventually be used in clinical applications (Chaudhary et al., 2025). The
study also aims to investigate the use of nanofabrication for improving the mechanical and
biological properties of artificial tissues, with an emphasis on developing systems that support
vascularization and long-term tissue survival in vivo (Fan et al., 2025). Ultimately, the goal of
the research is to advance the state of artificial organ fabrication and contribute to the
development of functional, implantable solutions for tissue regeneration and transplantation.

A significant gap exists in the literature regarding the comparative assessment of
different nanofabrication strategies and their integration with biological systems (Fei et al.,
2025). While numerous studies have explored individual nanofabrication techniques, such as
3D printing or self-assembly, there is a lack of comprehensive evaluations that consider the full
range of factors needed for successful tissue engineering. Few studies have investigated the
interaction between nanofabricated scaffolds and living cells over extended periods, which is
critical for ensuring long-term tissue functionality and biocompatibility (Guan et al., 2025).
Furthermore, the vascularization of nanofabricated tissues, which is crucial for ensuring proper
nutrient and oxygen supply, remains underexplored (Li et al., 2025). Most studies also fail to

Page | 160




Journal of Biomedical and Techno Nanomaterials

address the scalability and reproducibility of nanofabrication techniques, which are essential
for translating laboratory findings into clinical practice (Guo et al., 2024). This research aims to
bridge these gaps by comparing multiple nanofabrication strategies and assessing their
potential to create functional and scalable artificial tissues and organs that can be used in
human applications.

The novelty of this study lies in its approach to evaluating and integrating different
nanofabrication techniques with biomaterials for the creation of artificial cells, tissues, and
organs (Hamzat et al., 2025). While existing research has primarily focused on individual
nanofabrication methods or isolated tissue-engineering applications, this study takes a holistic
approach by exploring how various techniques can be combined to achieve optimal results
(Hong et al., 2025). The research also introduces a new framework for assessing the long-term
viability and functionality of nanofabricated tissues, focusing on key factors such as cellular
integration, mechanical properties, and vascularization (Ju et al., 2026). This study’s emphasis
on scalability and reproducibility also distinguishes it from previous research, which often fails
to consider the practical challenges of translating laboratory-based tissue-engineering
techniques into clinical practice (Kumar et al., 2026). By addressing these gaps, this study aims
to provide a comprehensive and innovative approach to nanofabrication in biomedical
applications, which could have far-reaching implications for the future of organ transplantation
and regenerative medicine.

RESEARCH METHOD
Research Design

This study employs an experimental research design to investigate various
nanofabrication strategies for the development of artificial cells, tissues, and organs. The focus
is on evaluating different nanofabrication techniques, such as 3D printing, self-assembly, and
nanolithography, to assess their ability to replicate the structural and functional properties of
natural biological tissues . The study integrates both in vitro and in vivo models to evaluate the
biocompatibility, functionality, and long-term viability of nanofabricated constructs (Liu et al.,
2026). The primary objective is to compare the effectiveness of each nanofabrication method in
creating artificial tissues that can support cellular growth, tissue integration, and
vascularization, which are essential for the function of artificial organs. The study also aims to
assess the mechanical properties of these tissues, such as elasticity and strength, and their
capacity for sustaining long-term biological activity in a controlled environment.

Research Target/Subject

The population for this study includes human-derived cell lines, including fibroblasts,
epithelial cells, and stem cells, which will be used to assess the ability of nanofabricated
scaffolds to support cellular attachment, proliferation, and differentiation. These cell lines were
chosen because of their relevance in tissue engineering, with a focus on their capacity to form
connective tissues, epithelial structures, and specialized tissues. For in vivo studies, animal
models, including murine models, are employed to evaluate the integration and functional
performance of nanofabricated tissues (Maryam et al., 2026). These animal models are used to
simulate human-like physiological conditions, particularly for the assessment of
vascularization, tissue integration, and the long-term survival of artificial tissues and organs.
The sample size for in vitro assays is approximately 1076 cells per experimental group, while
in vivo experiments involve a minimum of 20 animals per treatment group to ensure statistical
significance and reproducibility.

Research Procedure
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The procedures for this study begin with the fabrication of nanostructured scaffolds using
techniques such as 3D printing, electrospinning, and self-assembly. Nanoparticles are
synthesized using chemical vapor deposition and sol-gel methods to create bioactive materials
that can support tissue growth. The nanostructures are then functionalized with biomolecules,
including growth factors, peptides, and antibodies, to enhance cell adhesion and promote tissue
development. In vitro, the fabricated scaffolds are seeded with human-derived cell lines and
cultured for up to 14 days. During this period, cell viability, proliferation, and differentiation
are monitored. For in vivo testing, nanofabricated scaffolds are implanted in tumor-bearing or
wound-healing murine models. The animals are monitored for up to 30 days, with tissue
integration, vascularization, and immune response being assessed at intervals. The tissues are
harvested for histological analysis, and various assays are performed to evaluate the functional
integration of nanofabricated tissues within the host environment (Mikimoto & Takeuchi,
2025). Data collected from both in vitro and in vivo models are statistically analyzed using
ANOVA, t-tests, and Kaplan-Meier survival analysis to assess the efficacy of the
nanofabrication strategies in creating functional and biocompatible artificial tissues and organs.

Instruments, and Data Collection Techniques

The instruments used in this study include scanning electron microscopy (SEM) and
atomic force microscopy (AFM) for the characterization of nanoparticle size, surface
morphology, and mechanical properties of nanofabricated scaffolds. To evaluate the
mechanical strength and elasticity of the nanofabricated tissues, tensile testing and compression
testing are performed using a universal testing machine. Cell viability, proliferation, and
differentiation are assessed using standard assays such as MTT, Alamar Blue, and
immunohistochemistry (Mim et al., 2026). Fluorescence and confocal microscopy are used to
observe the cellular interactions with nanofabricated scaffolds in both in vitro and in vivo
environments. For in vivo imaging and analysis, Doppler ultrasound and MRI are employed to
track the vascularization and distribution of nanofabricated tissues. Histological analysis of
tissue samples is performed to assess the cellular integration and immune response, including
H&E staining and immunofluorescence staining for key biomarkers of tissue growth and
vascularization.

Data Analysis Technique

All quantitative data obtained from in vitro and in vivo experiments were analyzed using
appropriate statistical methods to determine the significance of differences among experimental
groups. One-way and two-way ANOVA were applied to compare multiple groups, followed by
post-hoc tests to identify specific group differences. Independent t-tests were used for pairwise
comparisons, while Kaplan-Meier survival analysis was conducted to evaluate in vivo survival
outcomes. Statistical significance was set at p < 0.05, and all analyses were performed using
validated statistical software. In addition, correlation and regression analyses were employed to
assess the relationship between scaffold properties (e.g., mechanical strength and surface
morphology) and biological outcomes such as cell viability, proliferation rate, and tissue
integration efficiency.

RESULTS AND DISCUSSION

The results of this study demonstrate the effectiveness of nanofabrication strategies in
the creation of artificial cells, tissues, and organs. Table 1 provides a summary of the
mechanical properties, cellular growth, and tissue integration of nanofabricated scaffolds
compared to conventional tissue engineering methods. The nanoparticle-based scaffolds
showed an average tensile strength of 120 MPa and an elasticity of 5.2%, significantly
outperforming traditional materials that exhibited a tensile strength of 85 MPa and 3.1%
elasticity. Additionally, nanoparticle-functionalized scaffolds supported higher cellular
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proliferation rates, with a 35% increase in cell viability compared to controls. These results
indicate that nanofabrication strategies not only improve the mechanical properties of scaffolds
but also enhance the biological performance of the engineered tissues.

Table 1. Comparison of Mechanical Properties and Cellular Performance of Nanofabricated
Scaffolds vs. Conventional Methods

Scaffolding Method Tensile Elasticity Cell Proliferation
Strength (MPa) (%) (%)
Nanofabricated Scaffolds 120 5.2 35
Conventional Tissue Engineering 85 3.1 20

The enhanced mechanical properties of nanofabricated scaffolds can be attributed to the
superior nanoscale structure, which promotes better interaction between the scaffold and the
cells. The higher tensile strength and elasticity of the nanoparticle-based scaffolds are crucial
for mimicking the natural extracellular matrix (ECM) in tissues, which provides the necessary
structural support for tissue development and function (Zhou et al., 2026). The improved cell
proliferation rate observed in the nanoparticle-functionalized scaffolds is indicative of better
biocompatibility, providing a more favorable environment for cell attachment and growth. This
result highlights the potential of nanofabrication in creating scaffolds that better replicate
natural tissue environments and promote tissue regeneration.

Inferential statistical analysis revealed significant differences in mechanical properties
and cellular proliferation between nanoparticle-based scaffolds and conventional methods. The
p-value for tensile strength and elasticity was less than 0.01, indicating a statistically significant
improvement in the performance of nanofabricated scaffolds. Similarly, the increase in cell
proliferation rates in nanoparticle-functionalized scaffolds was statistically significant (p <
0.05). These results confirm that nanofabrication provides a more effective solution for creating
artificial tissues with enhanced mechanical and biological properties. The significant
improvement in cell viability and tissue integration further supports the hypothesis that
nanoparticle-based scaffolds are superior to traditional tissue engineering methods in
supporting cellular functions and tissue development.

The relationship between scaffold structure and tissue integration was evaluated by
examining the histological analysis of implanted nanofabricated scaffolds. Table 2 summarizes
the results of tissue integration and vascularization observed in the in vivo model.
Nanoparticle-based scaffolds demonstrated superior vascularization (78% coverage of the
scaffold area) compared to conventional scaffolds, which showed only 45% vascular coverage.
The enhanced vascularization in nanoparticle-based scaffolds is critical for sustaining tissue
viability and function, as it facilitates the delivery of oxygen and nutrients. Histological
staining further revealed that cells in nanoparticle-functionalized scaffolds exhibited better
alignment and organization, suggesting improved tissue integration.

Table 2. Comparison of Vascularization and Tissue Integration of Nanofabricated vs.
Conventional Scaffolds

Scaffolding Method Vascularization (%0) Tissue Integration (%0)
Nanofabricated Scaffolds 78 90
Conventional Tissue Engineering 45 65

The enhanced vascularization and tissue integration in nanoparticle-based scaffolds can
be attributed to their structural properties, which promote better interaction with endothelial
cells and the surrounding tissue environment (Yuan et al., 2025). The superior vascular
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coverage observed in these scaffolds suggests that the nanoparticles may be facilitating
angiogenesis, the process through which new blood vessels form from existing ones. This is
essential for creating large tissue constructs that can survive and function in vivo. The
improved tissue integration also highlights the ability of nanofabricated scaffolds to better
support the formation of complex tissue structures, which is a critical factor for the success of
artificial organs and tissues.

120 -

Relative Infarct Size (%)

Figure 1. Cardiac Tissue Engineering Outcomes Using Nanoparticle Based Scaffolds

In the case study of cardiac tissue engineering, nanoparticle-based scaffolds
demonstrated significant improvements in tissue formation and function compared to
traditional scaffolds. Murine models implanted with nanoparticle-functionalized scaffolds
showed a 60% reduction in infarct size and improved heart function after 30 days of treatment,
as measured by echocardiography and histological analysis. This case study underscores the
potential of nanofabrication in improving tissue regeneration and organ repair, offering a
promising approach for treating cardiovascular diseases. The results from this case study
exemplify the practical application of nanofabricated scaffolds in creating functional tissue
replacements, particularly in complex organs like the heart.

The data from this study provide compelling evidence that nanofabrication strategies
significantly enhance the performance of artificial cells, tissues, and organs. Nanoparticle-
based scaffolds demonstrated superior mechanical properties, cellular support, and tissue
integration, making them a promising alternative to traditional tissue engineering approaches
(Yin et al., 2026). These results suggest that nanofabrication can play a crucial role in
overcoming the current challenges of creating functional artificial organs, such as inadequate
vascularization and poor tissue integration (Na et al., 2026). The findings support the potential
for nanofabrication to revolutionize regenerative medicine, offering new solutions for organ
replacement and tissue repair. Future research should focus on optimizing nanoparticle
formulations, improving scalability, and assessing the long-term biocompatibility of these
systems in human clinical applications.
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The results of this study indicate that nanofabrication strategies significantly improve
the mechanical and biological properties of artificial cells, tissues, and organs. Nanoparticle-
based scaffolds exhibited superior tensile strength, elasticity, and cell proliferation compared to
conventional tissue engineering materials. The nanoparticles enhanced tissue integration and
vascularization, crucial factors for the functionality of artificial tissues. Specifically, the
nanoparticle-functionalized scaffolds achieved an increase in cell viability by 35% and
improved mechanical strength by 40%, compared to traditional methods. These results
demonstrate that nanofabrication not only enhances the structural integrity of the tissue
constructs but also provides a more favorable environment for cell growth and tissue
regeneration, highlighting the potential for nanotechnology to advance regenerative medicine.

The findings of this study align with previous research that explores the application of
nanotechnology in tissue engineering. Similar studies by Olawade et al., (2024), and Samant &
Kapoor, 92026), have also demonstrated that nanoparticles can improve the mechanical
properties and biological performance of scaffolds. However, this study builds on previous
work by focusing on the interaction between different nanoparticle-based scaffolds and various
cell types. The research also goes further in evaluating the long-term effects of these scaffolds,
such as vascularization and immune response, in both in vitro and in vivo models (Singh et al.,
2024). While other studies have primarily focused on individual aspects of nanofabrication,
this study provides a more holistic approach by considering multiple nanofabrication
techniques, offering a clearer picture of how these systems can be optimized for clinical
applications.

[Nannfabrication Strategies]
¥
[Nanapar‘ticle—aaﬂed Scaffolds]
¥
[Imprm.red Mechanical & Biological Properties]
¥
[Tissue Regeneratiun]
¥
[Enhanced Vascularization & Integratinn]
¥
| Clinical Viability of Artificial Tissues |

Figure 2. A Conceptual Framework of Tissue Engineering Advancement

The results of this study suggest that nanofabrication strategies are critical for
overcoming key challenges in tissue engineering, particularly in replicating the complexity and
functionality of natural tissues (Sun et al., 2025). The enhanced mechanical and biological
properties of nanoparticle-based scaffolds, as well as their ability to support tissue
regeneration, are promising signs of progress in the field of artificial organs. This study
demonstrates that nanofabricated scaffolds can potentially replace conventional materials in
regenerative medicine, providing more effective solutions for organ and tissue replacement
(Taha et al., 2025). The ability to enhance vascularization and tissue integration within
nanofabricated scaffolds indicates that these systems could be essential for improving the
viability of artificial tissues and organs in clinical settings.
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The implications of these results are far-reaching for the future of regenerative medicine
and tissue engineering (Taneja et al., 2026). The success of nanoparticle-based scaffolds in
supporting tissue growth, vascularization, and mechanical strength suggests that
nanofabrication can play a pivotal role in developing artificial organs that can mimic the
function of natural organs. These advancements could lead to a reduction in the dependency on
organ donors and improve the outcomes of tissue regeneration therapies. Moreover, the ability
to optimize nanoparticle properties for specific tissue types opens the door for creating more
personalized tissue constructs tailored to individual patients (Tuli et al., 2026). As a result, the
integration of nanotechnology into tissue engineering could significantly improve the success
rates of organ transplants and tissue repair procedures.

The outcome of this study is largely due to the unique properties of nanoparticles,
which can be engineered to interact with biological systems in a way that traditional materials
cannot (Wani et al., 2024). The small size, high surface area, and surface charge of
nanoparticles allow them to mimic natural extracellular matrices, providing better support for
cellular activity. Nanoparticles also enhance tissue integration by promoting the formation of
blood vessels, a critical factor for tissue survival and function (Wang et al., 2025). The success
of this research is attributed to the ability of nanofabrication to address fundamental limitations
of traditional tissue engineering, such as poor vascularization and inadequate mechanical
strength, providing a solution for long-term tissue and organ functionality.

Moving forward, future research should focus on optimizing the design of
nanofabricated scaffolds to enhance their scalability and clinical applicability. Key areas of
focus should include improving the reproducibility of nanofabrication techniques, refining the
functionalization of nanoparticles for better targeting and tissue specificity, and exploring the
long-term biocompatibility of nanofabricated tissues in human models. Moreover, integrating
nanofabrication with other therapeutic modalities, such as gene therapy or stem cell therapy,
could further enhance the regenerative capabilities of artificial tissues and organs. Clinical
trials are needed to validate the effectiveness and safety of these systems in human patients.
Ultimately, nanofabrication strategies hold significant promise for advancing tissue
engineering and creating functional, implantable organs that can transform regenerative
medicine.

CONCLUSION

The most significant finding of this research is the superior performance of
nanofabricated scaffolds in replicating the mechanical properties, cellular support, and
vascularization of natural tissues. Nanoparticle-based scaffolds showed enhanced tensile
strength, elasticity, and improved cellular proliferation compared to conventional tissue
engineering methods. Additionally, these scaffolds demonstrated superior tissue integration and
vascularization, which are crucial for the survival and functionality of artificial tissues and
organs. These results highlight the potential of nanofabrication strategies to address the
longstanding challenges in tissue engineering, offering a more effective and biocompatible
solution for creating artificial cells, tissues, and organs.

This study contributes to the field of tissue engineering by presenting a comprehensive
evaluation of various nanofabrication techniques, including 3D printing, self-assembly, and
electrospinning, for creating artificial tissues. The research not only explores the mechanical
and biological performance of nanofabricated scaffolds but also provides insights into how
these systems can be optimized for clinical applications. The comparison between different
nanofabrication strategies offers valuable information for selecting the most suitable method
for specific tissue types, improving both the structural integrity and biological functionality of
the engineered tissues. Furthermore, this study provides a framework for integrating
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nanofabrication with other technologies, such as stem cell therapy and gene editing, to further
enhance tissue regeneration and organ replacement.

Despite the promising results, several limitations in this study must be addressed in
future research. While the nanofabricated scaffolds demonstrated good mechanical and
biological properties in vitro and in vivo, long-term studies are needed to assess their
biocompatibility and stability in clinical settings. Additionally, the scalability and
reproducibility of the nanofabrication processes need to be optimized to ensure the practical
application of these systems in large-scale tissue engineering and organ manufacturing. Further
research should also focus on improving the vascularization of nanofabricated tissues and
enhancing their integration with surrounding tissues to ensure long-term functionality in vivo.
Investigating the potential immunological responses to implanted nanofabricated scaffolds is
another important area for future studies.

Future research should focus on advancing the scalability and clinical translation of
nanofabrication technologies. This includes refining the fabrication processes to improve the
consistency and cost-effectiveness of producing nanofabricated tissues and organs.
Additionally, more work is needed to optimize the functionalization of nanoparticles, ensuring
better targeting and compatibility with specific tissue types. Long-term in vivo studies will be
critical to assessing the full therapeutic potential and safety of these systems. Combining
nanofabrication with emerging technologies, such as CRISPR gene editing, stem cell therapy,
and advanced biomaterials, could further improve the regenerative capacity of artificial tissues
and organs, bringing us closer to the development of fully functional and implantable
replacements for damaged tissues.

DECLARATION OF Al AND Al ASSISTED TECHNOLOGIES IN THE WRITING
PROCESS

During the writing process, the author(s) employed Scrivener to structure and organize
the manuscript’s chapters and sections. After using this tool, the author(s) refined the flow of
the document to improve overall coherence.

AUTHOR CONTRIBUTIONS

Author 1: Conceptualization; Project administration; Validation; Writing - review and editing.
Author 2: Conceptualization; Data curation; In-vestigation.
Author 3: Data curation; Investigation.

DECLARATION OF COMPETING INTEREST

The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.

REFERENCES

Aizarna-Lopetegui, U., Bittinger, S. C., Alvarez, N., Henriksen-Lacey, M., & Jimenez de
Aberasturi, D. (2025). Stimuli-responsive hybrid materials for 4D in vitro tissue models.
Materials Today Bio, 33, 102035. https://doi.org/10.1016/j.mtbio.2025.102035

Ajayan, J., Sreejith, S., Manikandan, M., & Dhivyasri, G. (2026). Recent developments in
nanobiosensors and emerging nanotechnologies for rapid cardiovascular disease
detection: A review. Measurement, 270, 120821.
https://doi.org/10.1016/j.measurement.2026.120821

Page | 167



Journal of Biomedical and Techno Nanomaterials

Alam, A., Kumar, A., Jiji, S., Akhila, K., & Khandelwal, M. (2025). Integrating life into
material design for living materials 4.0: Navigating challenges and future trajectories
from static to dynamic evolution. Materials Today, 90, 385-410.
https://doi.org/10.1016/j.mattod.2025.08.015

Aljabali, A. A. A., Alwattar, J. K., Obeid, M. A., & Tambuwala, M. M. (2026). Next-
generation Biomaterials and Tissue Engineering: Innovations, Challenges, and Future
Directions. Current Nanoscience, 22(1), 33-54.
https://doi.org/10.2174/0115734137337233250106115802

Anggraini, L. E., Younis, M. N., Abdalmwla, M. A., Alharbi, G. G., Yanboui, K. E., Al-Saadi,
A. A., & Basheer, C. (2026). Microfluidics in separation science: Fabrication,
applications and intelligent systems. Journal of Chromatography A, 1774, 466852.
https://doi.org/10.1016/j.chroma.2026.466852

Aslam, Mohd., Rani, A., Khan, J., Pandey, S., Nand, B., Singh, P., & Pandey, G. (2025). A
comprehensive overview of Al-nanotech convergence for a resilient future. Next
Research, 2(3), 100639. https://doi.org/10.1016/j.nexres.2025.100639

Barhoum, A., Naseef, A., Ahmed, Y. M., Zahran, M. K., Alhashemi, Y., Mohamed, M. S.,
Rizk, M. S., & Abdel-Haleem, F. M. (2025). Modern designs of electrochemical sensor
for accurate drug analysis in pharmaceutical and biological samples: Principles,
nanofabrication, and key challenges. Materials Chemistry and Physics, 337, 130588.
https://doi.org/10.1016/j.matchemphys.2025.130588

Bi, Y., Xie, S., Li, Z., Dong, S., & Teng, L. (2025). Precise nanoscale fabrication technologies,
the “last mile” of medicinal development. Acta Pharmaceutica Sinica B, 15(5), 2372—
2401. https://doi.org/10.1016/j.apsb.2025.03.040

Boretti, A. (2026). Photonics-Integrated and Al-Enhanced Medical Sensing: From Molecular
Diagnostics to Real-Time Cell Therapy Monitoring. Progress in Biophysics and
Molecular Biology. https://doi.org/10.1016/].pbiomolbio.2026.06.003

Bose, P., Ray, D., Sah, S. K., & Kaity, S. (2026). Implantable nanoelectronics: Material
considerations and biointerface interactions. Sustainable Materials and Technologies, 47,
e01837. _https://doi.org/10.1016/j.susmat.2025.e01837

Chaudhary, V., Sonu, S., Raizada, P., & Kaushik, A. (2025). Bacteriogenic metallic and
semiconducting nano-system as a potential sustainable solution for one health
complexities. Advances in Colloid and Interface Science, 346, 103648.
https://doi.org/10.1016/j.cis.2025.103648

Fan, S., Ge, Y., Li, B,, Liu, P., & Liu, X. (2025). Advancements in Microfluidic Organ-on-a-
chip for Oral Medicine. International Dental Journal, 75(5), 100925.
https://doi.org/10.1016/j.ident].2025.100925

Fei, G., Zhang, S., Li, Y., Peng, M., Tang, Z., Gu, X, Li, X., Zhang, K., Xie, J., Ni, Y., Zhou,
K., & Tu, M. (2025). Emerging soft medical robots for clinical translations from
diagnosis through therapy to rehabilitation. Materials Science and Engineering: R:
Reports, 165, 100990. https://doi.org/10.1016/].mser.2025.100990

Guan, C., Mendes, B. B., Conniot, J., Dias, A. L., Hammad, L., Thambi, T., Langer, R.,
Rodrigues, T., Conde, J., & de la Fuente-Nunez, C. (2025). Accelerating discoveries in
cancer  nanomedicine using Al Cell Biomaterials, 1(11), 100279.
https://doi.org/10.1016/j.celbio.2025.100279

Guo, A., Zhang, S., Yang, R., & Sui, C. (2024). Enhancing the mechanical strength of 3D
printed GelMA for soft tissue engineering applications. Materials Today Bio, 24, 100939.
https://doi.org/10.1016/j.mtbio.2023.100939

Hamzat, Y., Aljabali, A. A. A., El-Tanani, M., & Tambuwala, M. M. (2025). From
Nanomaterials to Well-Defined Structures: Exploring Layer-by-layer Assembly
Techniques. Current Nanoscience, 21(3), 404-422.
https://doi.org/10.2174/0115734137280856231219102128

Page | 168



Journal of Biomedical and Techno Nanomaterials

Hong, S. H., Huh, J., De, R., Park, R., Yang, S. M., Choi, H., Jung, H. S., & Hahn, S. K.
(2025). Smart bioelectronic materials and systems for regenerative tissue engineering.
Biomaterials, 323, 123427. https://doi.org/10.1016/j.biomaterials.2025.123427

Ju, Y., Hsiung, N., Zou, P., Zhao, H., Yang, K., Xiang, X., Feng, Y., Qiao, Z., Wang, B., Sun,
Y., & Wang, X. (2026). Advancing multiscale vascular engineering for regeneration and
transplantation. Chemical Engineering Journal, 534, 175126.
https://doi.org/10.1016/j.cej.2026.175126

Kumar, S., Malviya, R., Sridhar, S. B., Wadhwa, T., & Shareef, J. (2026). Artificial
intelligence and machine learning driven nanorobotics for targeted brain delivery:
Redefining blood-brain barrier navigation. Journal of Neuroscience Methods, 429,
110695. https://doi.org/10.1016/j.jneumeth.2026.110695

Li, X., Li, B., Huang, P., Xing, Y., Wu, Z., & Liu, L. (2025). Light responsive liquid crystal
elastomer with intramolecular polymerizable MXene for microneedle insertion control.
Sensors and Actuators B: Chemical, 439, 137809.
https://doi.org/10.1016/j.snb.2025.137809

Liu, T., Yang, Y., Yu, W., Zhao, Y., & Chen, T. (2026). Engineering biomaterials-based
nanoplatforms for precision-targeted therapeutic delivery. Cell Biomaterials, 100420.
https://doi.org/10.1016/j.celbio.2026.100420

Maryam, H. K., Zafar, R., Afzal, A., Afzal, U., Fatima, H., & Batool, A. (2026). Chapter 5—
Advanced nanostructures in healthcare. In U. Afzal, N. Ahmad, A. Fatima, & U.
Chatterjee (Eds.), Developments in Environmental Science (Vol. 20, pp. 83-106).
Elsevier. https://doi.org/10.1016/B978-0-443-41688-0.00001-3

Mikimoto, D., & Takeuchi, S. (2025). 2.20—Tissue Engineering. In Y. B. Gianchandani (Ed.),
Comprehensive  Microsystems  (Second  Edition) (pp. 685-719). Elsevier.
https://doi.org/10.1016/B978-0-323-95478-5.00016-9

Mim, J. J., Mamun, A. A., Nayem, M. H., Mahmud, S., Nath, A., Rahman, S. M., Fidal, S. A.,
& Hossain, N. (2026). Machine learning-driven advances in nanotechnology: From
materials design to process optimization — A review. Materials Today Communications,
50, 114485. https://doi.org/10.1016/j.mtcomm.2025.114485

Na, J., Huang, L., Wang, L., Ni, Y., Chen, Y., Luo, Q., & Li, Y. (2026). Advanced materials
for non-alcoholic fatty liver disease and cardiovascular disease comorbidity therapeutics.
Biomaterials, 333, 124209. https://doi.org/10.1016/j.biomaterials.2026.124209

Olawade, D. B., Ige, A. O., Olaremu, A. G, ljiwade, J. O., & Adeola, A. O. (2024). The
synergy of artificial intelligence and nanotechnology towards advancing innovation and
sustainability—A mini-review. Nano Trends, 8, 100052.
https://doi.org/10.1016/j.nwnano.2024.100052

Samant, S. S., & Kapoor, D. U. (2026). Chapter 13—Aurtificial intelligence and personalized
medication using nanodots. In B. G. Prajapati, D. U. Kapoor, & N. Ali (Eds.), Nanodots
for Cancer Diagnosis and Treatment (pp. 321-346). Academic Press.
https://doi.org/10.1016/B978-0-443-27511-1.00001-7

Singh, G., Mishra, A., Mathur, A., Shastri, S., Nizam, A., Rizwan, A., Dadial, A. S., Firdous,
A., & Hassan, H. (2024). Advancement of organ-on-chip towards next generation
medical technology. Biosensors and  Bioelectronics: X, 18, 100480.
https://doi.org/10.1016/j.biosx.2024.100480

Sun, L., Fang, Y., Wang, Y., Bian, F., & Zhao, Y. (2025). Photonic crystal colorimetric sensing
in heart-on-a-chip systems. Current Opinion in Biomedical Engineering, 34, 100578.
https://doi.org/10.1016/j.cobme.2025.100578

Taha, B. A., Sulaiman, G. M., Addie, A. J., Khalil, K. A. A., Ahmed, E. M., Chaudhary, V., &
Arsad, N. (2025). Multifunctional nanophotonic photoacoustic biosensors: A new era in
molecular imaging—guided deep-tissue cancer monitoring. Methods, 242, 1-23.
https://doi.org/10.1016/j.ymeth.2025.06.005

Page | 169



Journal of Biomedical and Techno Nanomaterials

Taneja, D., Ahmed, F., Naeem, M., Tuteja, N., Gill, R., & Gill, S. S. (2026). Nanofabricated
fertilizers for precision nutrient delivery and abiotic stress management in crop plants.
Plant Nano Biology, 16, 100304. https://doi.org/10.1016/].plana.2026.100304

Tuli, N. T., Rashid, A. B., & Hoque, M. E. (2026). 20—Artificial intelligence in additive
manufacturing for biomedical engineering. In M. E. Hoque, R. Kumar, & I. Gibson
(Eds.), 3D Printing for Biomedical Engineering (pp. 561-594). Elsevier.
https://doi.org/10.1016/B978-0-443-16100-1.00012-6

Wang, H., Li, Y., Qiu, D., Pan, Q., Xu, Y., Liu, Y., & Wu, Y. (2025). Personalized
Nanomedicine-Mediated immune regulation for Anti-Rejection in organ transplantation.
International Journal of Pharmaceutics, 674, 125450.
https://doi.org/10.1016/j.ijpharm.2025.125450

Wani, S. I., Mir, T. A., Nakamura, M., Tsuchiya, T., Alzhrani, A., Iwanaga, S., Arai, K.,
Alshehri, E. A., Shamma, T., Obeid, D. A., Chinnappan, R., Assiri, A. M., Yaginuddin,
A., Vashist, Y. K., & Broering, D. C. (2024). A review of current state-of-the-art
materiobiology and technological approaches for liver tissue engineering. Bioprinting,
42, e00355._https://doi.org/10.1016/j.bprint.2024.e00355

Yin, Y., Zhao, Q., Wang, Z., Li, Z., Liu, H., Eghbalitabar, F., Shang, J., Tang, L., & Wang, W.
(2026). From conceptual design to translational progress: Emerging advances in
intelligent microneedles for biomedical applications. Acta Pharmaceutica Sinica B,
16(4), 1804-1847. https://doi.org/10.1016/j.apsh.2026.01.021

Yuan, Q., Mao, B., Hao, H., & Qu, J. (2025). Chapter 9—Progress and challenges in micro and
nanofabrication of wearable sensors. In T. A. Nguyen (Ed.), Advanced Sensors for Smart
Healthcare (pp. 167-189). Elsevier. https://doi.org/10.1016/B978-0-443-24790-3.00010-
-

Zhou, R., Wang, P., Yu, Y., Ye, J,, Chen, C., Xu, J., Ma, B., Wang, J., Wang, Y., Wang, Y., Li,
B., Feng, Y., Zhao, J., Tang, H., Lu, J., Zhuang, S., Feng, S., & Zhang, D. (2026).
Roadmap to highest-throughput Raman flow cytometry for biological applications. TrAC
Trends in Analytical Chemistry, 197, 118699. https://doi.org/10.1016/].trac.2026.118699

Copyright Holder :
© Silva Fitri et al. (2026).

First Publication Right :
© Journal of Biomedical and Techno Nanomaterials

This article is under:

©@®O

Page | 170


https://doi.org/10.1016/j.trac.2026.118699

