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Editorial on the Research Topic 
The role of hydrogels in the bio-medical field


Hydrogels are chemically or physically cross-linked materials for use in several real-world applications across industrial, military, and bio-medical technology applications. With multidisciplinary research, promising advancements and insights have been developed in hydrogel technology. Related materials with differing compositions include aerogels, cryogels, xerogels, or sol-gels (Job et al., 2005; Coradin et al., 2006). An initial hydrogel technology began as a water-based crosslinked network material utilizing polyhydroxyethylmethacrylate (pHEMA) for the purpose of permanent contact applications with human tissues for uses inside a patient (Chirani et al., 2015). Over time, biogel hydrogels were synthesized to have varying viscosities and elastic properties leading to the modern development of “smart hydrogels”. Smart hydrogels are localized personalized medicine gel-based microenvironments containing specific tunable properties to produce desired effects, are surgically injectable, and are sensitive to stimuli (Shojaeifard et al.). Hydrogels offer several benefits, including a less pro-inflammatory immune response compared to other less biocompatible materials, such as metallic implants (Carossino et al., 2016). Since hydrogels are porous, they also allow for more natural diffusion than other materials when incorporated into a human body. There is also a potential for hydrogels to be more cost effective than other biotechnologies.
Additionally, hydrogels are tunable and can have formation adjusted quickly to environmental changes, can be synthesized to be biodegradable, and are an acceptable environment for cellular incorporation and scaffolding for 3D-cell culture. Further advancements in clinical mapping of these hydrogel properties, optimization of pore-microstructure, and rheological measurements could help practical applications of selecting the right gels for the right clinical procedure. Varying the Young’s modulus and chemical composition of hydrogels can change the levels of cell responsivity, cell migration, and cell adhesion. For applications involving synthetic tissues during ongoing tissue and organ shortages, hydrogels with growth factors such as vascular endothelial growth factor (VEGF) can be utilized to guide the overall shape of tissue growth and recovery. Potentially using hydrogel-encapsulated autologous stem cells could lower the chance of a body rejecting tissue (Lu et al., 2024). Peptide incorporation can also affect mechanical stiffness of the hydrogel (Shen et al., 2007). Polylactic acid, polyethylene glycol, and natural materials have been suitable for synthesis of hydrogels (Farman et al.). Other example material incorporation with hydrogel includes but is not limited to chitosan, alginate, collagen nanofibers, nanoparticles, gelatin, elastin, hyaluronic acid, dextran, polyvinyl alcohol, poly (hydroxyethyl methacrylate), and polyN-isopropylacrylamide. Conjugated hybrid hydrogels with bio-active components have also had successful formation for synthetic tissue design (Zhu and Marchant, 2011).
Potential objectives of hydrogel research include but are not limited to: Matrigel, artificial cartilage, synthetic synovial fluid, synthetic vitreous humor, plastic surgery implants, liquid bandages, liquid stitches, scaffolding for tissue recovery in burn victims, soft-robotics, bioprinting, water processing membranes, and even in cosmetic industries and textiles. Furthermore, wearable electronic sensors could be an excellent usage of hydrogels for people at the early stages of neuromuscular disorders or other clinical manifestations where controlling prosthetic soft-robotic devices would have a larger range of motion than the person. If there is environmental pollution from a factory or shipping spill, absorptive hydrogels can be used with enzymatic incorporation for environmental recovery for health and safety (Du et al., 2020). Hydrogels are also currently, one of the most promising materials for promoting vascularization due to its biocompatibility in human tissues (López-Gutierrez et al.). The biodegradability of the hydrogel can also be modulated to make quick release or long release biotherapeutics. Sustained biotherapeutic compound delivery in pharmaceutical applications has been shown to be widely utilized with hydrogels (Umar et al.; Goyal and Mitra, 2022).
With cross-collaborative research, hydrogels can be used in the real-world across various fields to assist lives for the better. Advances in hydrogel technology could produce match-ready hydrogels specific to the patient’s situation. Journal editors would like to thank the authors for their contributions to this Research Topic and hope for an inspiring journey ahead with the continuation into research advancements.
AUTHOR CONTRIBUTIONS
JV: Conceptualization, Writing–original draft, Writing–review and editing. LS: Writing–review and editing. DY: Writing–review and editing. AK: Writing–review and editing.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Carossino, A. M., Carulli, C., Ciuffi, S., Carossino, R., Zappoli Thyrion, G. D., Zonefrati, R., et al. (2016). Hypersensitivity reactions to metal implants: laboratory options. BMC Musculoskelet. Disord. 17, 486–514. doi:10.1186/s12891-016-1342-y
 Chirani, N., Yahia, L. H., Gritsch, L., Motta, F. L., Chirani, S., and Farè, S. (2015). History and applications of hydrogels. J. Biomed. Sci. 4 (02), 1–23. doi:10.4172/2254-609X.100013
 Coradin, T., Boissière, M., and Livage, J. (2006). Sol-gel chemistry in medicinal science. Curr. Med. Chem. 13 (1), 99–108. doi:10.2174/092986706789803044
 Du, H., Shi, S., Liu, W., Teng, H., and Piao, M. (2020). Processing and modification of hydrogel and its application in emerging contaminant adsorption and in catalyst immobilization: a review. Environ. Sci. Pollut. Res. 27 (12), 12967–12994. doi:10.1007/s11356-020-08096-6
 Goyal, R., and Mitra, S. (2022). A brief overview of bioinspired robust hydrogel-based shape morphing functional structure for biomedical soft robotics. Front. Mater. 9, 837923. doi:10.3389/fmats.2022.837923
 Job, N., Théry, A., Pirard, R., Marien, J., Kocon, L., Rouzaud, J. N., et al. (2005). Carbon aerogels, cryogels and xerogels: influence of the drying method on the textural properties of porous carbon materials. Carbon 43 (12), 2481–2494. doi:10.1016/j.carbon.2005.04.031
 Lu, P., Ruan, D., Huang, M., Tian, M., Zhu, K., Gan, Z., et al. (2024). Harnessing the potential of hydrogels for advanced therapeutic applications: current achievements and future directions. Signal Transduct. Target. Ther. 9 (1), 166. doi:10.1038/s41392-024-01852-x
 Shen, W., Kornfield, J. A., and Tirrell, D. A. (2007). Structure and mechanical properties of artificial protein hydrogels assembled through aggregation of leucine zipper peptide domains. Soft Matter 3 (1), 99–107. doi:10.1039/B610986A
 Zhu, J., and Marchant, R. E. (2011). Design properties of hydrogel tissue-engineering scaffolds. Expert Rev. Med. devices 8 (5), 607–626. doi:10.1586/erd.11.27
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Vacharasin, Shah, Ye and Khan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: The role of polymer hydrogels in the bio-medical field		Author contributions

		Funding

		Generative AI statement

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Materials






OPS/images/logo.jpg
& frontiers | Frontiers in Materials





