International Journal of Medical Science and Clinical Research Studies

ISSN(print): 2767-8326, ISSN(online): 2767-8342

Volume 03 Issue 11 November 2023

Page No: 2674-2680

DOI: https://doi.org/10.47191/ijmscrs/v3-i11-25, Impact Factor: 6.597

Hydrogel Dressings in Wound Management: Advances, Applications, and

Future Directions

Ahmad Fawzy?, Vini Fortunata?

1Department of Surgery, Faculty of Medicine University of Jenderal Soedirman - Margono Soekarjo County Hospital, Indonesia

2Esnawan Antariksa Air Force Hospital, Jakarta, Indonesia
ABSTRACT

Introduction: Hydrogel dressings have emerged as pivotal tools in wound management, offering a moist
environment conducive to tissue repair and demonstrating biocompatibility across various wound types.
This literature review examines the historical evolution, properties, applications, recent advances,
challenges, and future directions of hydrogel dressings.

Methodology: A comprehensive search of databases including PubMed, Web of Science, and Scopus was
conducted using search terms such as "hydrogel dressings," "wound management,” and "smart hydrogels."
Selection criteria involved inclusion of articles on the properties, classifications, applications, and recent
innovations of hydrogel dressings, with exclusion criteria focusing on non-peer-reviewed articles and
non-English language publications.

Results: Historical milestones encompass the development of cross-linking techniques, integration of
natural polymers, and recent advancements including smart hydrogels, 3D printing, and drug delivery
systems. Challenges such as cost, availability, and potential complications exist. Unresolved questions
persist regarding long-term effects and controversies surrounding their comparative efficacy in wound
management.

Discussion: The findings highlight the need for future research in multifunctional dressings, sensor-
integrated smart dressings, and biodegradable hydrogels to optimize wound healing. Moreover,
exploration of their environmental impact and prolonged effects in chronic wounds is imperative.
Addressing gaps in the literature is crucial to refine protocols and personalize wound care strategies.
Conclusion: Hydrogel dressings demonstrate significant promise in wound management. Further
research is essential to address challenges, resolve controversies, and advance the efficacy and
sustainability of these dressings for improved wound care.

KEYWORDS: Hydrogel dressings, wound management, wound healing, smart hydrogels, 3D printing,
drug delivery systems, biocompatibility, future directions.
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INTRODUCTION

In contemporary wound care and plastic surgery, the
management of wounds represents a critical area of focus,
demanding comprehensive approaches to facilitate optimal
healing, reduce complications, and improve patient
outcomes. Wounds, whether acute or chronic, pose a
significant challenge in clinical practice, requiring tailored
interventions to expedite the healing process and mitigate
potential risks such as infection, impaired healing, and
discomfort. As a result, the quest for advanced wound
management strategies has gained momentum within the
medical community.

Among the multifaceted solutions, hydrogel dressings have
emerged as a promising and versatile tool in the
armamentarium of wound care. Hydrogel dressings possess
unique characteristics that make them highly suitable for
various wound types. Their high moisture content, ability to
maintain a moist environment, and biocompatibility
contribute significantly to their effectiveness in promoting
wound healing.!3

In the context of plastic surgery and wound care,
understanding the role of hydrogel dressings in promoting
optimal healing and mitigating complications is crucial. The
purpose of this literature review is to offer a comprehensive
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analysis and synthesis of the existing body of knowledge
pertaining to hydrogel dressings in wound management and
to underscore the importance of these dressings in clinical
practice, emphasizing their relevance as a valuable adjunct in
the armamentarium of wound management strategies. With a
particular emphasis on recent advances, applications, and
future directions, this review aims to provide an insightful
overview for clinicians, researchers, and healthcare
professionals involved in wound care. By delving into the
properties, classifications, historical development, and recent
innovations in hydrogel dressings, this review endeavors to
highlight their significance in the wound care landscape,
explores their diverse applications in both acute and chronic
wounds, shedding light on their clinical utility and efficacy in
different scenarios. Moreover, it will delve into the recent
advances in hydrogel technology, such as smart hydrogels,
drug delivery systems, and 3D-printed dressings, elucidating
the potential for enhanced wound healing and patient care. By
also identifying the gaps and future directions in this domain,
it seeks to stimulate further research and innovation, aiming
to advance the field and ultimately improve patient care and
outcomes.

METHODOLOGY

In conducting this literature review, we adopted a meticulous
and structured approach to gather a comprehensive array of
scholarly articles and studies. The search process
encompassed databases renowned for their extensive
coverage in the biomedical and scientific domains, including
PubMed, Web of Science, Scopus, and relevant peer-
reviewed journals specific to wound care, biomaterials, and
surgery. A combination of key search terms and Boolean
operators such as "hydrogel dressings,” "wound
management,"” "biocompatible polymers," "smart hydrogels,"
and "3D printing in wound care" were employed to maximize
the breadth and depth of the search. Articles published within
the last decade were primarily considered to ensure relevance
to contemporary advancements in hydrogel technology and
wound healing practices.

The inclusion criteria were defined to encompass studies
focusing on the applications, advancements, and efficacy of
hydrogel dressings in wound management. Specifically,
articles exploring the properties of hydrogel dressings, their
classifications, and recent technological innovations were
selected. Studies that examined their clinical applications in
various wound types, including but not limited to acute and
chronic wounds, burns, and surgical incisions, were
prioritized. English-language articles in peer-reviewed
journals and those featuring empirical research, systematic
reviews, meta-analyses, and clinical trials were given
precedence. Exclusion criteria involved articles that were not
peer-reviewed, duplicates, non-English language
publications, and those not directly relevant to the scope of
hydrogel dressings in wound care. This stringent criterion
was established to ensure the quality and relevance of the

gathered literature for a comprehensive and focused review.

HISTORICAL DEVELOPMENT OF HYDROGEL
DRESSINGS

Hydrogels are three-dimensional networks consisting of
chemically or physically cross-linked hydrophilic polymers.*
Hydrogels are insoluble polymers that expand in water and
are available in sheet, amorphous gel or sheet hydrogel-
impregnated dressings. Hydrogels provide a moist
environment for cell migration and absorb some exudate.
Hydrogel dressings are semi-occlusive and composed of
complex hydrophyllic polymers with a high (90%) water
content. As the name implies, hydrogels can absorb and retain
large amounts of water, and are designed to hydrate wounds,
or to re-hydrate eschar or to aid in autolytic debridement.?
The insoluble hydrophilic structures absorb polar wound
exudates and allow oxygen diffusion at the wound bed to
accelerate healing.® They are used to treat a variety of
wounds, including burns, pressure ulcers, and diabetic ulcers.
Hydrogel dressings have been around for several decades,
and their development has been driven by the need for more
effective wound care treatments.

The term “biomaterials” was first used in 1967 during the first
International  Biomaterials  Symposium at Clemson
University, South Carolina.* Synthetic polymers have been
used as biomaterials since the early 1900s, when Bakelite was
used as a dental filling material.> However, it was not until
the latter half of the 20th century that synthetic polymers
began to be used extensively as biomaterials.*® The use of
synthetic polymers as biomaterials has grown rapidly since
then, and they are now widely used in a variety of biomedical
applications such as wound dressing, drug delivery and tissue
engineering.5” The historical evolution of hydrogel dressings
in wound management marks a compelling trajectory,
originating in the mid-20th century with the synthesis and
exploration of hydrophilic polymer-based materials. In the
early phases, pioneering research introduced hydrogels
primarily composed of hydrophilic polymers like polyvinyl
alcohol (PVA) and polyethylene glycol (PEG), marking a
pivotal milestone in the development of wound dressings.®
These early hydrogel dressings exhibited exceptional
moisture-retaining capabilities, serving as effective agents in
wound healing by creating a moist environment conducive to
tissue repair.

Researchers encountered initial challenges in balancing the
mechanical integrity of hydrogel dressings with their
moisture-retaining properties. The early formulations often
lacked the requisite strength necessary for practical
application. Overcoming this hurdle involved a progressive
shift towards creating hybrid hydrogel dressings,
incorporating reinforcing agents such as nanofibers or other
polymers to enhance their mechanical strength while
retaining the desired hydrophilic properties. This period of
innovation saw a marked improvement in the durability and
applicability of hydrogel dressings in diverse wound types.®-
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Key milestones and breakthroughs in hydrogel dressing
technology emerged with the advent of cross-linking
techniques, which enhanced the structural integrity of
hydrogels while maintaining their hydrophilic nature. The
introduction of cross-linking agents and methodologies
significantly expanded the range of applications and
enhanced the durability of hydrogel dressings, allowing for
tailored solutions in wound care. Moreover, the utilization of
natural polymers, like alginate and chitosan, alongside
synthetic counterparts, broadened the spectrum of hydrogel
dressings, addressing specific wound healing requirements
and introducing more bioactive components conducive to
tissue regeneration.’**® This era marked a significant leap in
the customization and efficacy of hydrogel dressings,
cementing their position as a valuable tool in modern wound
management practices.

PROPERTIES AND
HYDROGEL DRESSINGS
Hydrogel dressings exhibit fundamental properties that
underpin their effectiveness in wound management, primarily
characterized by their high water content and exceptional
biocompatibility. These dressings, composed of cross-linked
hydrophilic polymers, retain moisture at the wound site,
ensuring an optimal environment for healing (see Image 1).
Their high-water content mimics the physiological conditions
necessary for cell migration, proliferation, and the synthesis
of extracellular matrix components, promoting tissue repair.’
3 Additionally, the biocompatibility of hydrogel dressings
minimizes the risk of adverse reactions,’® making them
suitable for a broad spectrum of wounds, even in sensitive or
fragile tissue environments.

CLASSIFICATION OF
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Image 1. Fundamental properties of hydrogels

The classification of hydrogel dressings is based on their
composition and functionality. Regarding composition,
hydrogel dressings are classified into synthetic and natural
types. Synthetic hydrogels are typically engineered from
polymers like polyethylene glycol (PEG, see Image 2) or
polyvinyl alcohol (PVA), offering a high degree of
customization in terms of their physical and chemical
properties.t” On the other hand, natural hydrogels are derived
from biomaterials such as alginate (from brown algae),
chitosan (from chitin shells of shrimp and other crustaceans),

or collagen, leveraging their inherent biocompatibility and
potential bioactive properties for wound healing
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Image 2. Polyethylene glycol hydrogel, one of the
synthetic hydrogels

Functionality-wise, hydrogel dressings encompass a diverse
array, including smart hydrogels and drug delivery systems.
Smart hydrogels are hydrogels with various chemically and
structurally responsive moieties and exhibit excellent stimuli-
responsive characteristics when reacting and changing their
properties in response to different environmental conditions
such as pH, temperature, light, electric field, magnetic field
as well as biological and chemical stimuli or the presence of
particular molecules.!” These dressings adapt to the wound
environment, providing tailored therapeutic responses for
optimized wound healing. Similarly, hydrogel dressings
utilized as drug delivery systems offer a platform for
controlled and sustained release of therapeutic agents at the
wound site, ensuring a targeted and efficient treatment
approach.®® These classifications and functionalities play a
pivotal role in tailoring wound care to meet specific patient
needs and diverse wound types, signifying a significant
advancement in the field of wound management.

APPLICATIONS OF HYDROGELS DRESSING IN
WOUND MANAGEMENT

With the rapid developments of material science, there are
numerous highly efficient wound dressings being developed.
Conventional bandages and gauzes, although they are still
effective in controlling hemorrhage, have various limitations
due to their lack of biodegradability, their susceptibility to
infection and their unsuitability for irregularly shaped
wounds. Conventional dressings have only a single function,
making them less effective for wound treatment.

Hydrogel is a 3D network that is composed of hydrophilic
polymers, which can absorb and swell in water.
Polysaccharide-based  hydrogels are  biocompatible,
biodegradable, and nontoxic. In contrast, synthetic polymer-
based hydrogels are more easily modified and have better
mechanical strength. Current hydrogel wound dressings are
antibacterial, biodegradable, responsive, and injectable as
well. When used as a wound dressing, hydrogel not only
forms a physical barrier and removes excess exudate but also
provides a moisture environment that promotes the wound
healing process. Additionally, hydrogel can perfectly fill
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irregularly shaped wounds and may deal with deep bleeding
efficiently.13

Hydrogel dressings have showcased versatile applications in
wound care, proving to be effective solutions in the treatment
of both acute and chronic wounds.'®*?° In acute wound
management, hydrogel dressings have been extensively
employed in various scenarios, such as post-surgical
incisions, abrasions, and burns.?:"2 Their ability to create a
moist wound environment promotes faster epithelialization
and wound closure, reducing the risk of scarring and
infection. Furthermore, in chronic wounds like diabetic ulcers
and pressure injuries, hydrogel dressings have demonstrated
remarkable efficacy in maintaining a conducive environment
for healing, aiding in the removal of necrotic tissue, and
facilitating granulation tissue formation.2*%

Numerous clinical cases and studies underscore the efficacy
of hydrogel dressings across different wound types. For
instance, a randomized controlled trial evaluating the use of
hydrogel dressings in managing superficial and partial-
thickness burns highlighted faster healing rates compared to
traditional dressing of silver sulphadiazine and gauze.?®
Additionally, in chronic wounds like diabetic foot ulcers,
longitudinal studies observed significant improvements in
wound size reduction and healing rates with the application
of hydrogel dressings.?* A review paper by Guiza-Argiiello
and colleagues showed hydrogel wound dressings were
effective for diabetic foot ulcer treatment. The study further
revealed hydrogels have also been extensively studied for
different types of biomedical applications, including drug
delivery and tissue engineering applications.?* Furthermore,
in pressure injuries, the use of hydrogel dressings
demonstrated better outcomes in terms of reducing pain,
controlling exudate, and promoting tissue regeneration
compared to other dressings.?

Another designs of hydrogel dressings are to prevent bacterial
infection,?’-? retain moisture, promote optimum adhesion to
tissues,®%2  and satisfy the basic requirements of
biocompatibility. They can also be designed to respond to
changes in the microenvironment at the wound bed. These
clinical examples and studies underscore the versatility and
effectiveness of hydrogel dressings across a spectrum of
wounds, solidifying their role as a valuable tool in wound
management protocols. Recent advances in hydrogel dressing
technology have brought forth innovative methodologies,
such as smart hydrogels,” 3D printing,**2 and drug delivery
systems,*® marking significant strides in the evolution of
wound care. Smart hydrogels represent a groundbreaking
development by exhibiting responsiveness to various stimuli,
including pH, temperature, or specific biomarkers present in
the wound environment. These intelligent dressings modify
their properties dynamically, promoting tailored wound
healing responses, as demonstrated in in vitro studies where
pH-sensitive hydrogels adjusted their swelling and drug
release profiles based on the pH levels, showcasing their
potential for personalized wound care interventions.’

RECENT ADVANCES IN HYDROGEL DRESSINGS
The integration of 3D printing technology in hydrogel
dressing fabrication has revolutionized wound management
by allowing the creation of customizable dressings that
conform to the specific contours of a wound. Studies
exploring 3D-printed hydrogel dressings have emphasized
their superior adaptability and efficacy in irregular wound
shapes or sizes, facilitating better wound coverage and
contact with the wound bed, thereby promoting improved
healing outcomes. Moreover, the incorporation of bioactive
molecules within these 3D-printed dressings, such as growth
factors or antimicrobial agents, has shown promising results
in accelerating tissue regeneration and combating infection,
as evidenced in animal model studies showcasing enhanced
wound closure rates. 333

The utilization of hydrogel dressings as drug delivery systems
has demonstrated a paradigm shift in wound care. Research
studies have highlighted the potential benefits of these
systems in providing sustained and controlled release of
therapeutic agents directly to the wound site. By
encapsulating growth factors, antimicrobial agents, or anti-
inflammatory compounds, these drug-loaded hydrogel
dressings have displayed enhanced wound healing properties,
as observed in clinical trials where accelerated wound closure
and reduced infection rates were noted. The tailored release
kinetics offered by these drug delivery systems offer a
promising avenue for precise and efficient wound
management strategies, laying the foundation for a more
personalized and targeted approach to healing chronic and
acute wounds.8

CHALLENGES AND LIMITATIONS IN HYDROGEL
DRESSING APPLICATION

Hydrogel dressings, while presenting substantial promise in
wound care, confront several challenges and limitations that
impact their widespread adoption in clinical practice.
Relatively higher cost and availability, especially in
suburban/rural areas with poor healthcare economics, stand
as significant concerns, where certain advanced formulations
or customized hydrogel dressings may entail higher expenses,
limiting their accessibility to some healthcare settings. The
cost-effectiveness of these dressings, especially in long-term
wound management scenarios, remains a point of
consideration in healthcare economics. Additionally, the
availability of specialized types of hydrogel dressings in
certain regions or healthcare facilities might be limited,
hindering their universal application and necessitating a focus
on broader accessibility and affordability.

Moreover, potential complications associated with hydrogel
dressings, such as maceration of periwound skin due to
excessive moisture® or allergic reactions®” in sensitive
individuals, demand careful consideration. Hydrogels absorb
their own volume in exudate and in the process of hydration
may cause some maceration to the periwound margins. This
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may be a particular problem in patients with ischemic foot
lesions.® Carvalho and colleagues reported two leg ulcer
patients hypersensitized for different commercially available
hydrogels.®” Ensuring proper application and monitoring for
adverse reactions are essential to prevent such complications,
underscoring the need for clinician expertise and patient-
specific assessments. Additionally, while the biocompatible
nature of hydrogel dressings is generally acknowledged,
unresolved questions persist regarding their long-term
effects, especially in chronic wound management. These
inquiries revolve around the optimal duration of use, potential
interactions with wound exudate, and their impact on wound
microenvironment, necessitating further research to ascertain
their prolonged safety and efficacy profiles.

Furthermore, controversies exist regarding the comparative
efficacy of various hydrogel dressing formulations in
managing specific wound types. This engenders discussions
about the most appropriate dressing choice for certain wound
scenarios. For example, most hydrogel dressings still have
poor mechanical strength® and therefore it limits their
applications in the treatment of massive bleeding, such as
arterial ruptures, as hydrogels cannot provide effective
protection for the wound to prevent secondary damage.
Consequently, the researchers should focus future researches
on developing hydrogel dressings with high mechanical
strength so these dressings could help with fatal severe
hemorrhage.

Deciphering the ideal selection criteria for different wounds
remains an ongoing debate among wound care specialists,
highlighting the necessity for robust comparative studies and
consensus-building within the medical community to guide
effective decision-making in selecting the most suitable
dressing for different clinical contexts. Resolving these
challenges and controversies is pivotal for optimizing the
application and effectiveness of hydrogel dressings in wound
management.

FUTURE DIRECTIONS AND RESEARCH GAPS
Future research in the domain of hydrogel dressings and
wound management should explore advanced functionalities
and novel applications to address existing gaps and further
optimize patient outcomes. Targeted investigation into the
development of multifunctional hydrogel dressings capable
of simultaneous wound healing promotion, infection control,
and personalized drug delivery is a promising area. Studies
focused on integrating sensors into hydrogel matrices to
monitor wound status, providing real-time feedback to
healthcare providers, represent an innovative avenue. Such
'smart' dressings could dynamically respond to the wound
microenvironment, alerting clinicians to changes and
optimizing therapeutic interventions, thus paving the way for
personalized and responsive wound care solutions.
Additionally, delving into the realm of bioactive hydrogels,
specifically the incorporation of growth factors, stem cells, or
extracellular matrix components, is critical for enhancing

tissue regeneration and promoting accelerated wound
healing. Exploring the mechanisms behind their interactions
within the wound bed and their influence on cellular
responses represents a crucial frontier for future research.
Furthermore, investigating the environmental impact and
biodegradability of hydrogel dressings is imperative for
sustainability. Advancements in creating biodegradable
hydrogels that maintain efficacy while minimizing their
ecological footprint should be a focus to address the growing
concerns about environmental impact associated with
medical waste.

Identifying gaps in the current literature is essential for
steering research towards unexplored domains. One such gap
lies in understanding the long-term effects of sustained use of
hydrogel dressings in chronic wound management. Robust
longitudinal studies examining the prolonged application and
impact of these dressings on wound healing, scar formation,
and overall tissue regeneration are lacking. Additionally,
while much attention has been given to acute wound
applications, there remains a dearth of comparative studies
evaluating the efficacy of hydrogel dressings in various
chronic wound types such as venous ulcers, diabetic foot
ulcers, or pressure injuries. Addressing these gaps will
provide a comprehensive understanding of the extended
benefits and limitations of hydrogel dressings in diverse
wound scenarios, paving the way for refined protocols and
tailored wound care strategies.

CONCLUSION

In summary, the exploration of hydrogel dressings in wound
management underscores their significance as a multifaceted
tool in modern healthcare. These dressings, characterized by
their high water content and biocompatibility, foster a
conducive wound environment, playing a pivotal role in
expediting tissue repair across acute and chronic wounds. The
historical evolution of hydrogel dressings reveals a journey
marked by pivotal milestones such as cross-linking
techniques and the integration of natural polymers,
revolutionizing their efficacy and applicability. Recent
advances have seen the emergence of smart hydrogels, 3D
printing, and drug delivery systems, offering personalized
and responsive solutions, presenting a paradigm shift in
wound care.

However, challenges such as cost, availability, and potential
complications still persist, urging a focus on the economics
and accessibility of these dressings. The unresolved questions
around their long-term effects and controversies regarding
their comparative efficacy necessitate in-depth research and
consensus-building. Looking ahead, future research must
explore multifunctional dressings, sensor-integrated smart
dressings, and bioactive hydrogels to further optimize wound
healing. Understanding the environmental impact and
developing biodegradable options are essential to address
sustainability concerns. Addressing gaps in the literature,
particularly regarding the prolonged use of hydrogel
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dressings in chronic wounds and the comparative efficacy
among different wound types, is crucial. These endeavors
will pave the way for refined protocols and personalized
wound care strategies, enhancing the effectiveness and
ecological footprint of hydrogel dressings in the realm of
wound management.
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