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Chronic wounds are a significant healthcare
challenge, affecting millions of people worldwide.'
Chronic wounds do not heal within a normal
time frame, which leads to severe complications
such as infection, amputation, and even death.’
Chronic wounds can be caused by a variety of
factors, including diabetes, vascular disease, and
pressure sores.® One of the treatments for infected
chronic wounds is the use of antibiotics, which
depends on the type of infection present.’ In some
cases, surgical debridement may also be necessary
to remove infected tissue and promote healing.'
Chronic wounds often require a multi-faceted
treatment approach, and there can be challenges
associated with finding the right treatment. One
of the biggest challenges is the development of
antibiotic resistance, which can make it difficult
to treat infections.* Additionally, chronic wounds
can be slow to heal and may require ongoing care
and treatment.! It is important to work closely
with a healthcare professional to determine the
appropriate treatment plan for a chronic wound
and to monitor progress regularly to ensure that
the wound is healing properly.

Biomaterials such as dressings, scaffolds, and
hydrogels can deliver therapeutic agents such
as growth factors or antibiotics and provide a
supportive environment for wound healing.’
One promising biomaterial is biodegradable
scaffolds that can provide a physical scaffold for
cells to grow and proliferate.® These scaffolds
can be designed to degrade over time, allowing
for the gradual release of therapeutic agents
and the eventual regeneration of new tissue.” ®
Another biomaterial that has shown promise
is hydrogels, which can form a gel-like matrix
that can hold and deliver therapeutic agents.’
Hydrogels form a moist environment for wound
healing, which is important for promoting cell
migration and proliferation.'® Biomaterials offer
a promising approach to the treatment of chronic
wounds. These materials provide a supportive
environment for wound healing and can also
deliver therapeutic agents to promote healing.

Wound management is an important aspect
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of healthcare, and recent advancements in
technology have provided new opportunities for
preventing these complications and achieving
effective wound healing.! Wearable bioelectronic
systems and biomaterials are promising solutions
for the treatment of chronic wounds, offering
real-time monitoring and treatment as well as
supportive environments for wound healing."
Shirzaei Sani et al.'’ reported a wearable patch
that wirelessly and continuously monitors the
physiological conditions of the wound bed via
a custom-developed multiplexed multimodal
electrochemical biosensor array and performs
noninvasive combination therapy through
anti-inflammatory  antimicrobial
treatment and electrically stimulated tissue
regeneration (Figure 1).

controlled

Wearable bioelectronic systems have emerged
as a promising solution for wound management
due to their ability to constantly monitor and
regulate wound conditions."" These systems
consist of a wearable device that is placed directly
on the wound and is equipped with sensors and
bioelectronic components." The sensors are used
tomonitor wound conditionssuchastemperature,
pH, and moisture levels." The bioelectronic
components are then used to deliver appropriate
treatments, such as electrical stimulation or drug
delivery, to promote healing.'""'* One of the key
advantages of wearable bioelectronic systems is
their ability to provide real-time monitoring and
treatment.'® This allows for timely interventions
and can prevent complications that may arise
from delayed treatment. Additionally, these
systems are non-invasive and can be worn
for extended periods, allowing for continuous
monitoring and treatment.'” Wearable systems
have already shown promising results in pre-
clinical trials and are now being tested in clinical
trials (NCT03948360). These systems have the
potential to revolutionize wound management
and improve patient outcomes.

In conclusion, wearable bioelectronic systems
offer a promising solution for wound healing and
management. These systems are non-invasive,
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Figure 1. A wireless stretchable and wearable bioelectronic system for multiplexed monitoring and treatment of

chronic wounds.'> Copyright © 2023 Shirzaei Sani et al., some rights reserved; exclusive licensee American Association

for the Advancement of Science.

and provide real-time monitoring and conditional responsive
treatment for chronic wounds. As technology continues to
advance, it is likely that wearable bioelectronic systems will
become more widely available and have an even greater impact
on healthcare.

Author contributions

YP: Conceptualization, resources, writing-review & editing, supervision,
project administration; XC: writing-original draft, writing-review & editing.
Both authors approved the final version of the manuscript.

Financial support

This work was supported by the National Natural Science Foundation of
China, No. 82202764 and the China Postdoctoral Science Foundation, No.
2021M701331.

Acknowledgement

None.

Conflicts of interest statement

The authors declare that they have no known competing financial interests
or personal relationships that could have influenced the work reported in this
study.

Open access statement

This is an open access journal, and articles are distributed under the terms
of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0
License, which allows others to remix, tweak, and build upon the work
noncommercially, as long as appropriate credit is given and the new creations
are licensed under the identical terms.

1. Jones, R. E; Foster, D. S.; Longaker, M. T. Management of chronic
wounds-2018. JAMA. 2018, 320, 1481-1482.

2. Wailkinson, H. N.; Hardman, M. J. Wound healing: cellular mechanisms
and pathological outcomes. Open Biol. 2020, 10, 200223.

3. Morton, L. M; Phillips, T. J. Wound healing and treating wounds:
differential diagnosis and evaluation of chronic wounds. ] Am Acad
Dermatol. 2016, 74, 589-605; quiz 605-606.

4. DaSilva, J.; Leal, E. C.; Carvalho, E. Bioactive antimicrobial peptides as
therapeutic agents for infected diabetic foot ulcers. Biomolecules. 2021,
11,1894,

5. Chen, T.Y.; Wen, T. K.; Dai, N. T_; Hsu, S. H. Cryogel/hydrogel
biomaterials and acupuncture combined to promote diabetic skin
wound healing through immunomodulation. Biomaterials. 2021, 269,
120608.

6.  Nakkala, J. R.; Li, Z.; Ahmad, W.; Wang, K.; Gao, C.
Immunomodulatory biomaterials and their application in therapies for
chronic inflammation-related diseases. Acta Biomater. 2021, 123, 1-30.

7. Choudhury, H.; Pandey, M,; Lim, Y. Q.; Low, C. Y.; Lee, C. T;
Marilyn, T. C. L.; Loh, H. S; Lim, Y. P.; Lee, C. F.; Bhattamishra, S.

K.; Kesharwani, P.; Gorain, B. Silver nanoparticles: advanced and

promising technology in diabetic wound therapy. Mater Sci Eng C Mater

10.

11.

12.

13.

14.

15.

16.

17.

Biol Appl. 2020, 112, 110925.

Emmert, S.; Pantermehl, S.; Foth, A.; Waletzko-Hellwig, J.; Hellwig,
G.; Bader, R,; Illner, S.; Grabow, N.; Bekeschus, S.; Weltmann, K. D.;
Jung, O.; Boeckmann, L. Combining biocompatible and biodegradable
scaffolds and cold atmospheric plasma for chronic wound regeneration.
Int ] Mol Sci. 2021, 22, 9199.

Kharaziha, M.; Baidya, A.; Annabi, N. Rational design of
immunomodulatory hydrogels for chronic wound healing. Adv Mater.
2021, 33,e2100176.

Qian, Z.; Wang, H.; Bai, Y.; Wang, Y.; Tao, L.; Wei, Y.; Fan, Y.; Guo,
X.; Liu, H. Improving chronic diabetic wound healing through an
injectable and self-healing hydrogel with platelet-rich plasma release.
ACS Appl Mater Interfaces. 2020, 12, 55659-55674.

Wang, C.; Sani, E. S.; Gao, W. Wearable bioelectronics for chronic
wound management. Adv Funct Mater. 2022, 32, 2111022.

Shirzaei Sani, E.; Xu, C.; Wang, C.; Song, Y.; Min, J.; Tu, J.; Solomon,
S. A; Li, J.; Banks, J. L.; Armstrong, D. G.; Gao, W. A stretchable
wireless wearable bioelectronic system for multiplexed monitoring and
combination treatment of infected chronic wounds. Sci Adv. 2023, 9,
eadf7388.

Pal, A.; Goswami, D.; Cuellar, H. E.; Castro, B.; Kuang, S.; Martinez, R.
V. Early detection and monitoring of chronic wounds using low-cost,
omniphobic paper-based smart bandages. Biosens Bioelectron. 2018, 117,
696-705.

Brown, M. S.; Ashley, B.; Koh, A. Wearable technology for chronic
wound monitoring: current dressings, advancements, and future
prospects. Front Bioeng Biotechnol. 2018, 6, 47.

Chen, H.; Cheng, Y.; Tian, J.; Yang, P.; Zhang, X.; Chen, Y.; Hu, Y;
‘W, J. Dissolved oxygen from microalgae-gel patch promotes chronic
wound healing in diabetes. Sci Adv. 2020, 6, eaba4311.

Mohamed Salleh, N. A. B.; Tanaka, Y.; Sutarlie, L.; Su, X. Detecting
bacterial infections in wounds: a review of biosensors and wearable
sensors in comparison with conventional laboratory methods. Analyst.
2022, 147,1756-1776.

Sharifuzzaman, M.; Chhetry, A.; Zahed, M. A,; Yoon, S. H.; Park, C. L;
Zhang, S.; Chandra Barman, S.; Sharma, S.; Yoon, H.; Park, J. Y. Smart
bandage with integrated multifunctional sensors based on MXene-
functionalized porous graphene scaffold for chronic wound care

management. Biosens Bioelectron. 2020, 169, 112637.

Received: May 3, 2023
Revised: May 20, 2023
Accepted: June 16, 2023
Available online: June 28, 2023

www.biomat-trans.com



