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Abstract

Context: Pressure injuries and diabetic foot ulcers remain major challenges in contemporary health care. Chronic wounds are characterized by impaired

healing, persistent inflammation, microbial contamination, and alterations in the wound microenvironment, including alkalinization. pH-responsive polymers

and nano-enabled components have therefore been investigated as platforms for controlled therapeutic release, antimicrobial activity, and experimental

wound monitoring. This review synthesized primary preclinical evidence on pH-responsive polymeric wound systems and polymer–nanoparticle wound

systems and considered their relevance to future nursing research and wound-care practice.

Evidence Acquisition: A PRISMA 2020-guided search of PubMed/MEDLINE, Scopus, Web of Science, the Cochrane Library, Embase, the Ovid platform, ProQuest,

SID, and Google Scholar covered the period from January 2017 to January 31, 2026. Only primary in vitro and/or in vivo studies that directly evaluated a pH-

responsive polymeric wound platform, with or without an integrated nano-enabled component, and reported a therapeutic, antimicrobial, sensing, or wound-

repair outcome were eligible. Animal components were assessed using the SYRCLE risk-of-bias tool; in vitro components were assessed using the QUIN tool; and

ARRIVE 2.0 Essential 10 was used only to describe the completeness of animal reporting. Studies with low or medium QUIN risk and without a critical SYRCLE

concern regarding outcome assessment or selective reporting were retained. Fourteen primary preclinical studies were included.

Results: The 14 included studies comprised 10 combined in vitro/in vivo investigations and 4 in vitro-only studies. pH-responsive hydrogels, nanofibers,

nanozyme systems, and sensing platforms were associated with controlled release, reduced bacterial burden, oxidative stress modulation, angiogenesis-related

responses, wound closure, or experimental pH monitoring. In the appraisal, QUIN scores ranged from 18/24 to 21/24 (75.0%-87.5%; low risk of bias), ARRIVE

Essential 10 reporting ranged from 7/10 to 9/10, and the animal-study components were interpreted as having some concerns under the prespecified SYRCLE

decision rule, mainly because randomization and blinding were incompletely reported.

Conclusions: Current evidence is limited to preclinical and proof-of-concept models. pH-responsive polymeric and nano-enabled wound systems

demonstrate promising experimental antimicrobial, regenerative, controlled-release, and sensing functions; however, their clinical effectiveness, safety,

usability, cost-effectiveness, and applicability in nursing practice remain unestablished and require confirmation in rigorously designed human studies.
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1. Context

Chronic wounds, particularly diabetic foot ulcers and

pressure injuries, are persistent disruptions of skin

integrity that fail to progress through the expected

stages of repair. They commonly occur in individuals

with diabetes, vascular disease, immobility, or

neuropathy and are sustained by persistent

inflammation, oxidative stress, impaired perfusion,

infection, and defective extracellular-matrix remodeling

(1). Their prevalence and recurrence impose substantial

physical, psychosocial, and economic burdens on

patients and health systems (2). Because wound

assessment, dressing selection, infection surveillance,

and continuity of care are central components of

nursing practice, nurses are closely involved in the

https://doi.org/10.5812/jjcdc-172149
https://crossmark.crossref.org/dialog/?doi=10.5812/jjcdc-172149&domain=pdf
https://crossmark.crossref.org/dialog/?doi=10.5812/jjcdc-172149&domain=pdf
https://orcid.org/0000-0002-5280-0283
https://orcid.org/0000-0002-5280-0283
https://orcid.org/0000-0001-9859-0106
https://orcid.org/0000-0001-9859-0106
https://orcid.org/0000-0003-4951-7767
https://orcid.org/0000-0003-4951-7767
https://orcid.org/0000-0002-2614-2918
https://orcid.org/0000-0002-2614-2918
https://orcid.org/0000-0001-8088-0308
https://orcid.org/0000-0001-8088-0308
mailto:baharmahmmodi@yahoo.com
mailto:n.yoosefian@yahoo.com


Salar A et al. Brieflands

2 Jundishapur J Chronic Dis Care. 2026; 15(3): e172149

management of hard-to-heal wounds and in

recognizing changes that require treatment

modification (3).

The wound microenvironment is increasingly

recognized as a determinant of healing. Intact skin is

mildly acidic, whereas chronic or infected wounds

frequently become more alkaline, with reported values

commonly ranging from approximately pH 7.5 to 9 (4).

Alkalinization can alter protease activity, oxygen release,

microbial growth, collagen synthesis, keratinocyte

migration, and angiogenesis. These observations have

generated interest in wound pH as an indicator of local

biological change and as a trigger for responsive

treatment. Nevertheless, pH should not be interpreted

as a stand-alone diagnostic marker because wound type,

exudate, bacterial burden, treatment, and healing stage

can influence measured values.

Stimuli-responsive biomaterials have been developed

to interact with these microenvironmental changes.

Smart hydrogels, polymeric films, nanofibers, and

composite dressings can be engineered to swell,

degrade, change permeability, alter color, conduct

electrical signals, or release therapeutic agents under

defined pH conditions (5-8). Chitosan, alginate, gelatin,

cellulose derivatives, and poly(vinyl alcohol) are

frequently investigated because they provide moisture

retention, biocompatibility, structural support, and

matrices for localized delivery. Electrospun PVA

nanofibers containing antimicrobial compounds

illustrate the broader potential of polymer-based

wound platforms, although not all such systems are pH-

responsive (9).

Nano-enabled components may further modify the

biological and functional performance of responsive

dressings. Silver, copper, zinc oxide, graphene-based

materials, and nanozyme systems have been studied for

antimicrobial, catalytic, antioxidant, and angiogenesis-

related effects. Experimental studies have reported

improved bacterial control, granulation, vascular

responses, or tissue repair with nanoparticle-containing

dressings and scaffolds (10-13). When nanoparticles or

therapeutic cargos are incorporated into pH-sensitive

polymer matrices, release can be conditioned by the

wound environment. Colorimetric, optical,

electrochemical, and fluorescent elements have also

been incorporated into prototype dressings to convert

pH changes into visible or measurable signals (5, 7).

Despite rapid development, the evidence base

remains difficult to interpret. Many publications are

laboratory studies, animal experiments, narrative

reviews, or proof-of-concept reports, and materials,

wound models, comparators, pH ranges, outcomes, and

follow-up periods differ considerably. Reviews

addressing hydrogels, conductive polymers, or

nanotechnology in wound care provide useful context

(8, 14), while broader nursing literature discusses

evidence implementation, community wound

management, and emerging digital technologies (15-17).

However, these sources do not demonstrate that nurses

currently use pH-responsive polymer-nanoparticle

dressings in routine practice. Nursing implications

must therefore be framed as prospective considerations

dependent on clinical validation, usability testing,

education, workflow integration, and regulatory

approval.

A further methodological concern is that not every

smart dressing, nanoparticle formulation, or wound-

care paper is eligible for a focused review of pH-

responsive polymeric wound systems. Some studies

investigate pH-responsive polymer films without

nanoparticles, whereas others evaluate nanoparticles

without a pH-responsive polymeric mechanism. Both

types are relevant to the broader field, but only pH-

responsive polymeric platforms and true pH-responsive

hybrid systems fall within the scope of this review.

Review articles and general nursing studies may inform

the background but should not be synthesized as

primary intervention evidence. Recent work on pH-

sensitive chitosan films, chitosan-coated silver

nanocomposites, and functional chitosan materials

demonstrates the breadth of related research while

highlighting the need for explicit eligibility criteria and

design-appropriate appraisal (18-20).

Accordingly, this systematic review aimed to identify

and synthesize primary preclinical studies that directly

evaluated pH-responsive polymeric or polymer-

nanoparticle wound systems and reported therapeutic,

antimicrobial, sensing, or wound-repair outcomes. It

also examined methodological quality using tools

matched to the experimental design and considered the

potential relevance of findings to future nursing

assessment and wound-care research. Nursing

implications were treated as future-oriented

interpretations rather than evidence of established

clinical effectiveness.
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2. Evidence Acquisition

This systematic review was conducted and reported

in accordance with PRISMA 2020 (21). The review process

comprised formulation of the research question,

database searching, duplicate removal, title/abstract

screening, full-text eligibility assessment, design-

specific quality appraisal, data extraction, thematic

coding, and narrative synthesis.

The review question was structured using a PICO

framework adapted for preclinical wound research. The

population comprised in vitro wound-relevant systems

and in vivo models of diabetic, infected, ischemic,

pressure-related, or full-thickness wounds. Eligible

interventions were pH-responsive polymeric wound

systems, including hydrogels, films, nanofibers, and

polymer-nanoparticle or nanozyme composites. Nano-

enabled systems were included when the nanoscale

component was integral to the responsive therapeutic

or sensing platform. Comparators included untreated

controls, blank or non-responsive matrices,

conventional dressings, or other experimental controls.

Eligible outcomes included pH-triggered release,

antimicrobial activity, bacterial reduction, oxidative-

stress or inflammatory modulation, angiogenesis,

granulation, epithelialization, wound closure,

biocompatibility, and pH-sensing performance.

Potential nursing relevance was considered only during

interpretation and was not an eligibility outcome.

A comprehensive search was conducted in the

Cochrane Library, PubMed/MEDLINE, Scopus, Embase,

Web of Science, ProQuest, SID, the Ovid platform, and

Google Scholar for records published from January 2017

through January 31, 2026. Controlled vocabulary and

free-text terms covered chronic wounds, diabetic foot

ulcers, pressure injuries, pH-responsive or pH-sensitive

systems, smart polymers, hydrogels, wound dressings,

nanocomposites, nanoparticles, nanosilver, zinc oxide,

copper nanoparticles, nanocarriers, nanogels, and

nanofibers. The electronic strategy intentionally

emphasized the interface between responsive polymers

and nano-enabled wound care; reference-list searching

supplemented retrieval of otherwise eligible pH-

responsive polymeric systems that were not explicitly

indexed with nano-related terms. Database syntax was

adapted to each platform, and no full-text filter was

applied during retrieval. Table 1 presents the database-

specific strategies, and Table 2 summarizes the search

yield.

Table 2. Summary of Search Results Across Databases

Databases Results

Cochrane Library 95

PubMed/Medline 245

Embase 210

Web of Science 195

Scopus 230

ProQuest 160

Ovid platform 110

SID 90

Google Scholar 320

Total 1655

Screening was performed in two stages: title/abstract

screening followed by full-text assessment. Studies were

included if they were primary experimental reports,

published in English or Persian within the specified

period, directly evaluated a pH-responsive polymeric

wound platform with or without an integrated nano-

enabled component, and reported at least one eligible

therapeutic, biological, release, or sensing outcome.

Review articles, conceptual papers, conference abstracts,

nursing studies without direct technology evaluation,

non-wound studies, systems without an explicit pH-

responsive mechanism, and studies lacking an eligible

polymeric wound platform were excluded.

The search identified 1,655 database records and 20

additional records, yielding 1,675 records. After removal

of 694 duplicates, 981 records underwent title/abstract

screening; 864 were excluded. A total of 117 reports were

assessed for eligibility. Of these, 103 were excluded:

conference abstracts, posters, or clearly unrelated

reports (n = 74); no explicit pH-responsive mechanism

(n = 8); no eligible polymeric wound platform (n = 6);

review or non-primary publication (n = 5); wrong

wound model or indication (n = 4); no eligible

therapeutic, biological, release, or sensing outcome (n =

3); and insufficient data or duplicate cohort (n = 3).

Fourteen primary preclinical studies were included

(Figure 1). Two reviewers independently screened

records and extracted data; disagreements were

resolved by consensus and, when necessary, through

consultation with a third reviewer. Inter-rater

agreement was Cohen's kappa = 0.86 (95% CI, 0.82 - 0.89).

Methodological appraisal was matched to study

design. Animal-study components were assessed using

https://brieflands.com/journals/jjcdc/articles/172149
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Figure 1. PRISMA 2020 flow diagram of study selection.

the 10-domain SYRCLE risk-of-bias tool, with each

domain judged as low, high, or unclear risk (22). ARRIVE

2.0 Essential 10 was used only to describe reporting

completeness in animal experiments and was not

treated as a risk-of-bias score (23). In vitro components

were assessed with the 12-item QUIN tool; adequately

reported items received 2 points, inadequately reported

items 1 point, and unreported items 0 points, with the

percentage calculated from the maximum applicable

score (24 points when all items were applicable) (24).

Because no universally accepted risk-of-bias instrument

exists for heterogeneous in vitro wound-biomaterial

studies, QUIN was used as a structured appraisal

framework, and this adaptation was considered during

interpretation. QUIN percentages above 70% were

interpreted as low risk of bias, 50%-70% as medium risk,

and below 50% as high risk. For eligibility, studies with

low or medium QUIN risk were retained. Animal studies

were retained when no critical concern was identified in

outcome assessment or selective reporting and when

fewer than three SYRCLE domains were judged high risk.

The term 'some concerns' was used as a prespecified

review-level descriptive synthesis rather than as an

official SYRCLE category. Table 3 summarizes the study-

level tool-specific appraisal results.

A standardized extraction form captured author,

year, country, study design, wound model, polymeric

and nano-enabled components, responsiveness

mechanism, comparator, outcome measures, and main

findings. Two reviewers independently coded the

https://brieflands.com/journals/jjcdc/articles/172149
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Table 3. Design-Specific Methodological Appraisal of Included Studies a

Reference
No.

Study/design Appraisal tool(s) Tool-specific result Overall appraisal Eligibility
decision

(33)
Tang et al., 2025; in vitro + in

vivo
SYRCLE; QUIN; ARRIVE

2.0
SYRCLE 4 L/5U/1H; QUIN 20/24 (83.3%);

ARRIVE 8/10
Some concerns; in vitro low

risk Included

(5) Zhu et al., 2025; in vitro + in vivo
SYRCLE; QUIN; ARRIVE

2.0
SYRCLE 4 L/5U/1H; QUIN 19/24 (79.2%); ARRIVE

8/10
Some concerns; in vitro low

risk Included

(12) Zhou et al., 2025; in vitro + in
vivo

SYRCLE; QUIN; ARRIVE
2.0

SYRCLE 5 L/4U/1H; QUIN 21/24 (87.5%); ARRIVE
9/10

Some concerns; in vitro low
risk

Included

(13) Huang et al., 2024; in vitro only QUIN 19/24 (79.2%) Low risk of bias Included

(25) Haidari et al., 2021; in vitro only QUIN 18/24 (75.0%) Low risk of bias Included

(26) Rahmani et al., 2022; in vitro
only

QUIN 18/24 (75.0%) Low risk of bias Included

(32) Hu et al., 2021; in vitro + in vivo SYRCLE; QUIN; ARRIVE
2.0

SYRCLE 5 L/4U/1H; QUIN 20/24 (83.3%);
ARRIVE 8/10

Some concerns; in vitro low
risk

Included

(27) Li Z et al., 2024; in vitro + in vivo
SYRCLE; QUIN; ARRIVE

2.0
SYRCLE 6 L/3U/1H; QUIN 21/24 (87.5%); ARRIVE

9/10
Some concerns; in vitro low

risk Included

(35) Li Z et al., 2021; in vitro + in vivo SYRCLE; QUIN; ARRIVE
2.0

SYRCLE 5 L/4U/1H; QUIN 20/24 (83.3%);
ARRIVE 8/10

Some concerns; in vitro low
risk

Included

(28) Li Q et al., 2024; in vitro + in vivo SYRCLE; QUIN; ARRIVE
2.0

SYRCLE 5 L/4U/1H; QUIN 20/24 (83.3%);
ARRIVE 8/10

Some concerns; in vitro low
risk

Included

(31)
Cheng et al., 2026; in vitro + in

vivo
SYRCLE; QUIN; ARRIVE

2.0
SYRCLE 5 L/4U/1H; QUIN 20/24 (83.3%);

ARRIVE 8/10
Some concerns; in vitro low

risk Included

(29) Du et al., 2022; in vitro + in vivo
SYRCLE; QUIN; ARRIVE

2.0
SYRCLE 4 L/5U/1H; QUIN 18/24 (75.0%); ARRIVE

7/10
Some concerns; in vitro low

risk Included

(30) Zhang et al., 2023; in vitro + in
vivo

SYRCLE; QUIN; ARRIVE
2.0

SYRCLE 4 L/5U/1H; QUIN 18/24 (75.0%); ARRIVE
7/10

Some concerns; in vitro low
risk

Included

(7)
Hoveizavi et al., 2025; in vitro

only QUIN 19/24 (79.2%) Low risk of bias Included

a Only primary experimental studies directly evaluating an eligible pH-responsive polymeric wound platform were synthesized. Review articles, conceptual papers, and nursing
studies without direct technology evaluation were excluded. The limitations shown are review-level interpretations of constraints evident in the published reports. A published
corrigendum accompanies reference 28 (37).

Note. SYRCLE results are reported as counts of low/unclear/high-risk domains. 'Some concerns' is a prespecified review-level descriptive synthesis, not an official SYRCLE category.
QUIN scores are expressed as obtained points/maximum applicable points and percentage; >70% indicates low risk, 50%-70% medium risk, and < 50% high risk. QUIN was adapted
as a structured framework for the heterogeneous in vitro biomaterial studies. ARRIVE 2.0 Essential 10 is reported only as completeness of reporting, not as a risk-of-bias score.

extracted findings and developed preliminary

categories. Codes were compared during consensus

meetings, refined, and organized into four themes.

Unresolved disagreements were referred to a third

reviewer. Publication records were also checked for

correction or retraction notices during final

verification; a corrigendum associated with one

included report was identified and documented in Table

4. Meta-analysis was not undertaken because materials,

wound models, comparators, outcome definitions, and

reporting formats were substantially heterogeneous.

The thematic synthesis focused on: 1) pH-responsive

behavior and controlled release; 2) antimicrobial,

antioxidative, angiogenic, and regenerative effects of

nano-enabled components; 3) experimental sensing and

self-monitoring functions; and 4) prospective

translational relevance to future wound-care and

nursing research.

Potential publication bias, language restriction,

design heterogeneity, material variability, incomplete

reporting, and selective outcome reporting were

considered during interpretation. Statistical assessment

of publication bias was not appropriate because no

meta-analysis was performed and the included studies

were few and methodologically diverse.

Ethical approval and informed consent were not

required because this systematic review analyzed data

from previously published studies and did not involve

the direct participation of humans or animals.

OpenAI ChatGPT was used during manuscript

revision for English-language editing, improving clarity

and conciseness, reorganizing selected text and tables,

and assisting in drafting the point-by-point response to

reviewers. It was not used to generate or alter the

original data, search results, PRISMA counts, inter-rater

agreement statistics, or study findings. All AI-assisted

content was reviewed and verified by the authors, who

take full responsibility for the final manuscript.

3. Results

https://brieflands.com/journals/jjcdc/articles/172149
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Table 4. Characteristics, Responsiveness, and Preclinical Findings of Included Studies

Ref./study
Design and wound

model
Responsive

platform/material
Responsiveness and intended

function Key preclinical findings Main limitation

Tang et al.,
2025; China
(33)

in vitro + in vivo;
experimental wound

model

Hydrogel-nanofiber
composite smart dressing

pH-responsive; synchronized
monitoring and treatment

Real-time monitoring, controlled
delivery, and improved wound-repair

indicators

Not evaluated in
clinically heterogeneous

chronic wounds

Zhu et al., 2025;
China (5)

in vitro sensor
evaluation + in vivo

wound model

Polymeric pH-sensing
electrotherapeutic

platform

pH-responsive; infection
monitoring and adaptive

electrotherapy

Continuous pH sensing, dynamic
electrotherapy, and accelerated

healing indicators

Integrated
sensing/therapy may

complicate
implementation

Zhou et al.,
2025; China
(12)

in vitro + STZ-induced
diabetic mouse wound

model

Phenylboronic acid-
modified multifunctional

hydrogel

Dual pH/glucose response;
microenvironment modulation

Reduced inflammatory/oxidative-
stress indicators, enhanced

angiogenesis, and wound closure

Single diabetic animal
model

Huang et al.,
2024; Australia
(13)

in vitro biomaterial
and release study

3D-printed alginate
dressing with

nanoparticle/drug-release
capability

pH-responsive; controlled
antimicrobial/reparative delivery

pH-triggered release and improved
experimental antimicrobial

performance

Long-term durability
and biocompatibility not

evaluated

Haidari et al.,
2021; Australia
(25)

in vitro release,
antibacterial, and
cytocompatibility

study

Silver nanoparticle-loaded
hydrogel

Alkaline-triggered release; on-
demand infection control

Restricted Ag release at acidic pH,
increased release at alkaline pH,

antibacterial activity, and no
cytotoxicity at the effective dose

No in vivo wound-
healing evaluation

Rahmani et al.,
2022; Iran (26)

in vitro biomaterial
characterization

PVA/graphene oxide
nanofibers containing Ag

nanoparticles

pH-responsive; controlled release
and antimicrobial support

pH-responsive release, antibacterial
activity, and favorable dressing

properties

No in vivo wound-
healing evaluation

Hu et al., 2021;
China (32)

in vitro + chronic
infected diabetic

wound model

Dual-crosslinked mussel-
inspired polymeric

hydrogel

pH-responsive rapid cargo
release; antibacterial/angiogenic

support

Antibacterial activity, angiogenesis-
related responses, and tissue

regeneration

Human wound-
microenvironment

relevance not assessed

Li Z et al., 2024;
China (27)

in vitro + infected
diabetic foot-ulcer

model

Functional dual-
responsive polymeric

hydrogel

Dual pH/glucose response;
infection and microenvironment

regulation

ROS scavenging, angiogenesis
promotion, infection control, and

accelerated closure

Advanced or ischemic
ulcers not examined

Li Z et al., 2021;
China (35)

in vitro + diabetic
wound model

Insulin-loaded polymeric
hydrogel dressing

pH-responsive; sustained local
insulin delivery

Sustained release, granulation-tissue
formation, and improved wound

closure

Systemic metabolic
effects not evaluated

Li Q et al., 2024;
China (28)

in vitro + diabetic
wound model

Multifunctional
nanozyme-containing

hydrogel

pH-switchable cascade activity;
antibacterial, antioxidative, and

oxygen-generating support

Oxygen self-supply, ROS modulation,
bacterial suppression, and enhanced

regeneration

Scale-up and
manufacturing

reproducibility not
addressed

Cheng et al.,
2026; China
(31)

in vitro + diabetic
wound model

Injectable silk-fibroin
hydrogel with ZnS

nanoparticles

pH-responsive nanoparticle
release; wound-repair support

Angiogenesis-related responses,
antibacterial activity, tissue
regeneration, and closure

Long-term nanoparticle
fate and biodegradation

not investigated

Du et al., 2022;
China (29)

in vitro + diabetic
wound model

pH-switchable nanozyme
cascade system

pH-dependent catalysis;
microenvironment modulation

and infection control

Reduced oxidative-stress indicators
and accelerated repair

No comparison with
established wound-care

treatments

Zhang et al.,
2023; China
(30)

in vitro + full-thickness
wound model

Cyclodextrin-cellulose
hydrogel

Dual pH/temperature response;
tissue-repair support

Improved wound closure, tissue
regeneration, and healing quality

Chronic wound
conditions not

specifically evaluated

Hoveizavi et
al., 2025;
Iran/Austria (7)

in vitro infected-
wound simulation and

sensor validation

Colorimetric nanofibrous
hydrogel sensor

pH-responsive; visual infection-
related monitoring

Visual detection of infection-
associated pH changes

Diagnostic accuracy in
living wounds remains

unverified

Fourteen primary preclinical studies met the

eligibility criteria: 10 combined in vitro/in vivo studies

and four in vitro-only investigations. No human trial of

a pH-responsive wound platform met the eligibility

criteria. The included studies evaluated pH-responsive

hydrogels, nanofibers, nanozyme systems, nanoparticle-

loaded matrices, electrotherapeutic sensing platforms,

and colorimetric sensors in wound-relevant laboratory

or animal models (Table 4).

Controlled or stimuli-responsive release was a central

feature across multiple platforms. A silver nanoparticle-

loaded hydrogel demonstrated alkaline-triggered

release, in vitro antibacterial activity, and acceptable

cytocompatibility at the effective antibacterial dose,

whereas PVA/graphene oxide-silver nanofibers showed

pH-responsive release and antibacterial performance

(25, 26). Dual pH/glucose-responsive hydrogels and

nanozyme systems supported infection control, redox

modulation, angiogenesis-related responses, and

wound repair in diabetic models (12, 27-29). These

findings remained preclinical and varied considerably

in material composition, pH trigger, comparator, and

outcome measurements.

Other approaches included a dual pH/temperature-

responsive cyclodextrin-cellulose hydrogel (30), an

injectable silk-fibroin hydrogel containing ZnS

https://brieflands.com/journals/jjcdc/articles/172149
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nanoparticles (31), a dual-crosslinked mussel-inspired

hydrogel (32), and a synchronized hydrogel-nanofiber

diagnostic/therapeutic platform (33). A recent review

provides broader context for intelligent hydrogel

dressings while emphasizing their predominantly

preclinical status (34). An insulin-loaded pH-responsive

hydrogel represented an additional therapeutic

approach (35). Experimental sensing and release

platforms included a pH-sensing electrotherapeutic

dressing (5), a colorimetric nanofibrous sensor (7), and a

3D-printed alginate system (13). These technologies

should be interpreted as individual experimental

examples rather than as evidence of established clinical

effectiveness (Table 4).

All 14 studies met the prespecified design-specific

appraisal threshold. Across the 10 studies with animal

components, the review-level SYRCLE interpretation was

'some concerns', primarily because random sequence

generation, allocation concealment, random housing,

and blinding were often incompletely reported. QUIN

scores for the in vitro components ranged from 18/24 to

21/24 (75.0%-87.5%), corresponding to a low risk of bias.

ARRIVE Essential 10 reporting completeness ranged

from 7/10 to 9/10 (Table 3).

4. Conclusions

4.1. Interpretation of the Evidence

This review found that pH-responsive polymeric and

nano-enabled wound systems have produced promising

results in laboratory and animal models, particularly

regarding controlled release, antimicrobial activity,

oxidative-stress modulation, angiogenesis-related

responses, tissue repair, and prototype sensing.

However, the absence of eligible human trials precludes

conclusions about clinical effectiveness, safety,

comparative benefit, or implementation in nursing

practice.

The included systems used different mechanisms to

interact with wound-relevant pH conditions.

Responsiveness was not uniform in direction: some

platforms released cargo under infection-associated

alkaline conditions, whereas catalytic systems exploited

localized acidification generated by bacterial

metabolism or glucose oxidation (25, 28, 29). Other

materials altered swelling, degradation, charge, or

permeability to release silver, insulin, antimicrobial

agents, or other cargos (12, 26, 27, 30, 32, 35). Although

several studies reported improved wound closure,

granulation, epithelialization, vascularization, or

bacterial reduction, heterogeneous preclinical models

precluded a single estimate of effect.

The nano-enabled materials were also diverse. Silver-

containing systems primarily supported controlled

antimicrobial release (25, 26), whereas ZnS

nanoparticles, multifunctional nanozymes, graphene-

based components, and hybrid structures were used for

redox modulation, catalytic activity, mechanical

performance, or tissue regeneration (28, 29, 31). This

diversity complicates comparisons because particle

composition, dose, degradation, biosafety, and long-

term retention were not evaluated using standardized

methods.

Clinical experience with nano-enabled dressings is

not entirely absent, but it does not yet validate the pH-

responsive platforms reviewed here. A small open-label

randomized trial involving 31 participants with diabetic

foot ulcers reported greater ulcer-size reduction with a

nanocrystalline silver alginate dressing than with

Manuka honey or conventional dressing; however, the

intervention was not pH responsive and the pilot

sample limits generalizability (36).

Experimental monitoring functions were reported in

a limited subset of studies. The colorimetric

nanofibrous hydrogel, pH-sensing electrotherapeutic

platform, and synchronized diagnostic/therapeutic

dressing are specific proof-of-concept examples rather

than a consensus across the evidence base (5, 7, 33). Their

ability to detect clinically meaningful infection, predict

healing, function reliably in complex exudate, or

improve patient outcomes has not been established. The

"clinic-in-a-dressing" concept should therefore be

regarded as a future technological direction rather than

a clinically available standard of care.

From a nursing perspective, the implications are

theoretical and future oriented. If these devices are

validated in human studies, nurses may contribute to

sensor interpretation, dressing surveillance, patient

education, adherence support, and escalation of care.

Broader wound-care and nursing literature supports the

importance of evidence implementation, community-

based management, and careful integration of

emerging technologies (14-17, 34), but it does not

provide direct evidence that pH-responsive polymer-

nanoparticle systems currently improve nursing or

patient outcomes. Future nursing research should
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therefore focus on usability, training needs, workflow

burden, interpretability of sensor outputs, and patient

acceptability.

The quality appraisal identified recurrent limitations

in reporting randomization, allocation concealment,

housing, blinding, and outcome-assessor procedures. In

vitro reports generally described material

characterization, responsiveness, and outcome

measurement more completely than sample-size

justification, operator details, randomization, and

blinding. These limitations do not negate the

experimental findings but reduce confidence in the

effect magnitude and reproducibility.

Formal economic evaluations were absent; therefore,

potential reductions in infection, dressing changes,

antibiotic use, delayed healing, or nursing workload

remain unconfirmed. Clinical and health-economic

studies should compare device costs with healing time,

complications, resource use, workload, and patient-

reported outcomes.

Overall, the evidence supports continued

translational investigation rather than immediate

adoption. Standardized material characterization,

reproducible pH-response testing, appropriate controls,

transparent reporting, long-term biosafety assessment,

and clinically relevant wound models are needed before

human evaluation.

This review separates eligible primary preclinical

evidence from contextual reviews and general nursing

literature and applies design-specific appraisal. This

distinction reduces overgeneralization and clarifies that

potential nursing applications depend on future clinical

validation.

4.2. Limitations and Future Directions

This review was limited by heterogeneity in

polymers, nano-enabled components, responsiveness

mechanisms, wound models, comparators, outcomes,

and follow-up periods. The evidence was entirely

preclinical, and several reports incompletely described

methods intended to reduce bias. QUIN was adapted as a

structured framework for heterogeneous in vitro

biomaterial studies rather than used in its original

dental context. Language restriction, possible omission

of grey literature, and the inability to statistically assess

publication bias may also have influenced the synthesis.

Long-term stability, nanoparticle fate, biosafety,

reproducibility, and comparative effectiveness were

inconsistently reported.

4.3. Future Implementation Considerations

Potential implementation barriers include device

complexity, calibration and infection-control

requirements, interpretation of sensor outputs,

usability, staff training, workflow burden, data

governance, regulatory approval, and cost. These are

prospective implementation considerations rather than

limitations measured in the included studies.

4.4. Future Research Directions

Research should progress through standardized in

vitro testing, well-reported animal studies, long-term

biosafety assessment, manufacturing reproducibility,

usability testing, and phased clinical evaluation. Human

studies should assess healing, infection, safety, device

failure, comfort, nursing workload, acceptability, and

cost-effectiveness; nursing roles should be evaluated

empirically rather than inferred from material

performance.

4.5. Conclusions

pH-responsive polymeric and nano-enabled wound

systems demonstrate promising antimicrobial,

controlled-release, regenerative, and sensing functions

in preclinical models. The current evidence does not

establish clinical effectiveness or routine nursing

applicability. Translation will require standardized and

reproducible preclinical validation followed by rigorous

human studies addressing safety, efficacy, usability,

implementation, and economic value.

Footnotes

AI Use Disclosure: For the purpose of Translation, the

Chatgpt (Openai) was used Moderate in the Etc section.

Authors' Contribution: Study concept and design: A.

S., B. M., M. R., and N. Y. M. Acquisition of data: Z. P., N. N.,

M. D., M. R., and H. K. Analysis and interpretation of data:

A. S., M. R., B. M., and N. Y. M. Drafting of the manuscript:

B. M., Z. P., N. N., and M. D. Critical revision of the

manuscript for important intellectual content: A. S., M.

R., N. Y. M., M. R., and H. K. Statistical analysis: M. R. and A.

S. Administrative, technical, and material support: Z. P.,

M. D., M. R., and H. K. Study supervision: A. S., B. M., M. R.,

https://brieflands.com/journals/jjcdc/articles/172149


Salar A et al. Brieflands

Jundishapur J Chronic Dis Care. 2026; 15(3): e172149 9

and N. Y. M. All authors read and approved the final

manuscript and agreed to be accountable for all aspects

of the work.

Conflict of Interests Statement: The authors do not

declare any conflicts of interests for this study.

Data Availability: The dataset presented in the study

is available on request from the corresponding author

during submission or after publication.

Funding/Support: No funding was received for this

study.

Ethical Approval: Ethical approval and informed

consent were not required because this review analyzed

data from previously published studies and did not

involve direct participation of humans or animals.

References

1. Falanga V, Isseroff RR, Soulika AM, Romanelli M, Margolis D, Kapp S,

et al. Chronic wounds. Nat Rev Dis Primers. 2022;8(1). 50. [PubMed ID:

35864102]. [PubMed Central ID: PMC10352385].

https://doi.org/10.1038/s41572-022-00377-3.

2. Martinengo L, Olsson M, Bajpai R, Soljak M, Upton Z, Schmidtchen A,

et al. Prevalence of chronic wounds in the general population:

systematic review and meta-analysis of observational studies. Ann

Epidemiol. 2019;29:8-15. [PubMed ID: 30497932].

https://doi.org/10.1016/j.annepidem.2018.10.005.

3. Ratliff CR, Droste LR, Bonham P, Crestodina L, Johnson JJ, Kelechi T, et

al. WOCN 2016 guideline for prevention and management of

pressure injuries (ulcers): an executive summary. J Wound Ostomy

Continence Nurs. 2017;44(3):241-246. [PubMed ID: 28472816].

https://doi.org/10.1097/WON.0000000000000321.

4. Bennison LR, Miller CN, Summers RJ, Minnis AMB, Sussman G,

McGuiness W. The pH of wounds during healing and infection: a

descriptive literature review. Wound Practice and Research.

2017;25(2):63-69.

5. Zhu Z, Liu L, Xie Q, Chen S, Sun Y, Huang C, et al. Smart wound

management with sustainable pH sensing and dynamic

electrotherapy. Acta Biomater. 2025;204:354-370. [PubMed ID:

40846093]. https://doi.org/10.1016/j.actbio.2025.08.033.

6. Davarpanah F, Safari J, Masaeli E. Injectable smart hydrogel with dual

pH/thermal responsiveness: a PCL-PEG-PCL/niosome synergistic

platform for precision drug delivery. Biomater Adv. 2026;179. 214527.

[PubMed ID: 41033006]. https://doi.org/10.1016/j.bioadv.2025.214527.

7. Hoveizavi NB, Alihosseini F, Lehner S, Meier P, Gaan S. Colorimetric

pH-responsive nanofibrous hydrogels for in vitro monitoring of

wound infection. J Mater Chem B. 2025;13(37):11621-11639. [PubMed ID:

40878111]. https://doi.org/10.1039/D5TB01305D.

8. Jiang Y, Zhou Y, Tian Y, Nabavi N, Ashrafizadeh M, Conde J, et al.

Conductive polymers in smart wound healing: from bioelectric

stimulation to regenerative therapies. Mater Today Bio. 2025;34.

102114. [PubMed ID: 40822933]. [PubMed Central ID: PMC12355517].

https://doi.org/10.1016/j.mtbio.2025.102114.

9. Gheibi P, Jabbari N, Kafi Alghari N, Mah Nesaei S, Farhoudi R,

Eftekhari Z. Electrospun PVA nanofibers loaded with antimicrobial

herbal extracts for healing the infectious wound. Jundishapur J Nat

Pharm Prod. 2024;19(1). e137995. https://doi.org/10.5812/jjnpp-137995.

10. Taha E, Nour SA, Khattab MS, Yassin AM, AbdElkader NA, Taweel MME.

Accelerated wound healing efficacy of hyaluronic acid-coated silver

nanoparticles loaded with vancomycin: preparation, in vitro

characterization, optimization, and in vivo assessments. Futur J

Pharm Sci. 2025;11(1). 100. https://doi.org/10.1186/s43094-025-00851-1.

11. Borkow G, Melamed E. The journey of copper-impregnated dressings

in wound healing: from a medical hypothesis to clinical practice.

Biomedicines. 2025;13(3):562. [PubMed ID: 40149539]. [PubMed

Central ID: PMC11939876].

https://doi.org/10.3390/biomedicines13030562.

12. Zhou Y, Dai F, Zhao S, Li Z, Liang H, Wang X, et al. pH and glucose dual-

responsive hydrogels promoted diabetic wound healing by

remodeling the wound microenvironment. Adv Healthc Mater.

2025;14(15). e2500810. [PubMed ID: 40237168].

https://doi.org/10.1002/adhm.202500810.

13. Huang T, Sun Z, Heath DE, O'Brien-Simpson N, O'Connor AJ. 3D

printed and smart alginate wound dressings with pH-responsive

drug and nanoparticle release. Chem Eng J. 2024;492. 152117.

https://doi.org/10.1016/j.cej.2024.152117.

14. Mansouri Khosravi HR, Hedayati Ch M. Applications of hydrogels in

wound healing: a narrative review of nursing insights. J Nurs Rep Clin

Pract. 2025;3(1):89-95. https://doi.org/10.32598/JNRCP.2407.1130.

15. Thompson L, V Ivankova N. Using mixed-methods in evidence-based

nursing: a scoping review guided by a socio-ecological perspective. J

Res Nurs. 2022;27(7):639-652. [PubMed ID: 36405803]. [PubMed

Central ID: PMC9669941]. https://doi.org/10.1177/17449871221113740.

16. Beeckman D, Cooper M, Greenstein E, Idensohn P, Klein RJ, Kolbig N,

et al. The role community-based healthcare providers play in

managing hard-to-heal wounds. Int Wound J. 2024;21(1). e14402.

[PubMed ID: 37715348]. [PubMed Central ID: PMC10788587].

https://doi.org/10.1111/iwj.14402.

17. Karnehed S, Larsson I, Petersson L, Erlandsson LK, Tyskbo D.

Navigating artificial intelligence in home healthcare: challenges and

opportunities in nursing wound care. BMC Nurs. 2025;24(1). 660.

[PubMed ID: 40537760]. [PubMed Central ID: PMC12180238].

https://doi.org/10.1186/s12912-025-03348-7.

18. Chalitangkoon J, Ronte A, Sintoppun T, Manapradit N, Monvisade P.

Dual cross-linked chitosan-based films with pH-sensitive coloration

and drug release kinetics for smart wound dressings. ACS Omega.

2025;10(8):7770-7782. [PubMed ID: 40060817]. [PubMed Central ID:

PMC11886715]. https://doi.org/10.1021/acsomega.4c08089.

19. Martínez-Cisterna D, Chen L, Bardehle L, Hermosilla E, Tortella G,

Chacón-Fuentes M, et al. Chitosan-coated silver nanocomposites:

biosynthesis, mechanical properties, and Ag+ release in liquid and

biofilm forms. Int J Mol Sci. 2025;26(9):4130. [PubMed ID: 40362370].

[PubMed Central ID: PMC12071938].

https://doi.org/10.3390/ijms26094130.

20. Feng P, Luo Y, Ke C, Qiu H, Wang W, Zhu Y, et al. Chitosan-based

functional materials for skin wound repair: mechanisms and

applications. Front Bioeng Biotechnol. 2021;9. 650598. [PubMed ID:

33681176]. [PubMed Central ID: PMC7931995].

https://doi.org/10.3389/fbioe.2021.650598.

21. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow

CD, et al. The PRISMA 2020 statement: an updated guideline for

reporting systematic reviews. BMJ. 2021;372:n71. [PubMed ID:

https://brieflands.com/journals/jjcdc/articles/172149
http://www.ncbi.nlm.nih.gov/pubmed/35864102
https://www.ncbi.nlm.nih.gov/pmc/PMC10352385
https://doi.org/10.1038/s41572-022-00377-3
http://www.ncbi.nlm.nih.gov/pubmed/30497932
https://doi.org/10.1016/j.annepidem.2018.10.005
http://www.ncbi.nlm.nih.gov/pubmed/28472816
https://doi.org/10.1097/WON.0000000000000321
http://www.ncbi.nlm.nih.gov/pubmed/40846093
https://doi.org/10.1016/j.actbio.2025.08.033
http://www.ncbi.nlm.nih.gov/pubmed/41033006
https://doi.org/10.1016/j.bioadv.2025.214527
http://www.ncbi.nlm.nih.gov/pubmed/40878111
https://doi.org/10.1039/D5TB01305D
http://www.ncbi.nlm.nih.gov/pubmed/40822933
https://www.ncbi.nlm.nih.gov/pmc/PMC12355517
https://doi.org/10.1016/j.mtbio.2025.102114
https://doi.org/10.5812/jjnpp-137995
https://doi.org/10.1186/s43094-025-00851-1
http://www.ncbi.nlm.nih.gov/pubmed/40149539
https://www.ncbi.nlm.nih.gov/pmc/PMC11939876
https://doi.org/10.3390/biomedicines13030562
http://www.ncbi.nlm.nih.gov/pubmed/40237168
https://doi.org/10.1002/adhm.202500810
https://doi.org/10.1016/j.cej.2024.152117
https://doi.org/10.32598/JNRCP.2407.1130
http://www.ncbi.nlm.nih.gov/pubmed/36405803
https://www.ncbi.nlm.nih.gov/pmc/PMC9669941
https://doi.org/10.1177/17449871221113740
http://www.ncbi.nlm.nih.gov/pubmed/37715348
https://www.ncbi.nlm.nih.gov/pmc/PMC10788587
https://doi.org/10.1111/iwj.14402
http://www.ncbi.nlm.nih.gov/pubmed/40537760
https://www.ncbi.nlm.nih.gov/pmc/PMC12180238
https://doi.org/10.1186/s12912-025-03348-7
http://www.ncbi.nlm.nih.gov/pubmed/40060817
https://www.ncbi.nlm.nih.gov/pmc/PMC11886715
https://doi.org/10.1021/acsomega.4c08089
http://www.ncbi.nlm.nih.gov/pubmed/40362370
https://www.ncbi.nlm.nih.gov/pmc/PMC12071938
https://doi.org/10.3390/ijms26094130
http://www.ncbi.nlm.nih.gov/pubmed/33681176
https://www.ncbi.nlm.nih.gov/pmc/PMC7931995
https://doi.org/10.3389/fbioe.2021.650598


Salar A et al. Brieflands

10 Jundishapur J Chronic Dis Care. 2026; 15(3): e172149

33782057]. [PubMed Central ID: PMC8005924].

https://doi.org/10.1136/bmj.n71.

22. Hooijmans CR, Rovers MM, de Vries RB, Leenaars M, Ritskes-Hoitinga

M, Langendam MW. SYRCLE's risk of bias tool for animal studies. BMC

Med Res Methodol. 2014;14(1). 43. [PubMed ID: 24667063]. [PubMed

Central ID: PMC4230647]. https://doi.org/10.1186/1471-2288-14-43.

23. Percie du Sert N, Hurst V, Ahluwalia A, Alam S, Avey MT, Baker M, et al.

The ARRIVE guidelines 2.0: updated guidelines for reporting animal

research. PLoS Biol. 2020;18(7). e3000410. [PubMed ID: 32663219].

[PubMed Central ID: PMC7360023].

https://doi.org/10.1371/journal.pbio.3000410.

24. Sheth VH, Shah NP, Jain R, Bhanushali N, Bhatnagar V. Development

and validation of a risk-of-bias tool for assessing in vitro studies

conducted in dentistry: the QUIN. J Prosthet Dent. 2024;131(6):1038-

1042. [PubMed ID: 35752496].

https://doi.org/10.1016/j.prosdent.2022.05.019.

25. Haidari H, Kopecki Z, Sutton AT, Garg S, Cowin AJ, Vasilev K. pH-

responsive smart hydrogel for controlled delivery of silver

nanoparticles to infected wounds. Antibiotics (Basel). 2021;10(1):49.

[PubMed ID: 33466534]. [PubMed Central ID: PMC7824857].

https://doi.org/10.3390/antibiotics10010049.

26. Rahmani E, Pourmadadi M, Zandi N, Rahdar A, Baino F. pH-responsive

PVA-based nanofibers containing GO modified with Ag

nanoparticles: physicochemical characterization, wound dressing,

and drug delivery. Micromachines (Basel). 2022;13(11):1847. [PubMed

ID: 36363869]. [PubMed Central ID: PMC9698885].

https://doi.org/10.3390/mi13111847.

27. Li Z, Chen L, Yang S, Han J, Zheng Y, Chen Z, et al. Glucose and pH dual-

responsive hydrogels with antibacterial, reactive oxygen species

scavenging, and angiogenesis properties for promoting the healing

of infected diabetic foot ulcers. Acta Biomater. 2024;190:205-218.

[PubMed ID: 39424021]. https://doi.org/10.1016/j.actbio.2024.10.020.

28. Li Q, Dong M, Han Q, Zhang Y, Yang D, Wei D, et al. Enhancing

diabetic wound healing with a pH-responsive nanozyme hydrogel

featuring multi-enzyme-like activities and oxygen self-supply. J

Control Release. 2024;365:905-918. [PubMed ID: 38092256].

https://doi.org/10.1016/j.jconrel.2023.12.015.

29. Du X, Jia B, Wang W, Zhang C, Liu X, Qu Y, et al. pH-switchable

nanozyme cascade catalysis: a strategy for spatial-temporal

modulation of pathological wound microenvironment to rescue

stalled healing in diabetic ulcer. J Nanobiotechnology. 2022;20(1). 12.

[PubMed ID: 34983560]. [PubMed Central ID: PMC8725300].

https://doi.org/10.1186/s12951-021-01215-6.

30. Zhang Y, Gao X, Tang X, Peng L, Zhang H, Zhang S, et al. A dual pH- and

temperature-responsive hydrogel produced by in situ crosslinking

of cyclodextrin-cellulose for wound healing. Int J Biol Macromol.

2023;253(Pt 3). 126693. [PubMed ID: 37703977].

https://doi.org/10.1016/j.ijbiomac.2023.126693.

31. Cheng X, Wang Y, Qian J, Bai R. Injectable silk fibroin hydrogel

encapsulating pH-responsive ZnS nanoparticles for synergistic redox

modulation and diabetic wound healing. Biomater Adv. 2026;182.

214674. [PubMed ID: 41455286].

https://doi.org/10.1016/j.bioadv.2025.214674.

32. Hu C, Long L, Cao J, Zhang S, Wang Y. Dual-crosslinked mussel-

inspired smart hydrogels with enhanced antibacterial and

angiogenic properties for chronic infected diabetic wound

treatment via pH-responsive quick cargo release. Chem Eng J.

2021;411. 128564. https://doi.org/10.1016/j.cej.2021.128564.

33. Tang L, Zhang L, Xu Z, Abedalwafa MA, Wang J, Wang F, et al. The

clinic-in-a-dressing paradigm: synchronized diagnosis and

treatment in chronic wounds via hydrogel-nanofiber matrices. Acta

Biomater. 2025;205:286-301. [PubMed ID: 40886971].

https://doi.org/10.1016/j.actbio.2025.08.059.

34. Liu H, He L. Intelligent hydrogel-based dressings for treatment of

chronic diabetic wounds. World J Diabetes. 2025;16(5):104937.

[PubMed ID: 40487617]. [PubMed Central ID: PMC12142181].

https://doi.org/10.4239/wjd.v16.i5.104937.

35. Li Z, Zhao Y, Liu H, Ren M, Wang Z, Wang X, et al. pH-responsive

hydrogel loaded with insulin as a bioactive dressing for enhancing

diabetic wound healing. Mater Des. 2021;210. 110104.

https://doi.org/10.1016/j.matdes.2021.110104.

36. Tsang KK, Kwong EWY, To TSS, Chung JWY, Wong TKS. A pilot

randomized, controlled study of nanocrystalline silver, Manuka

honey, and conventional dressing in healing diabetic foot ulcer. Evid

Based Complement Alternat Med. 2017;2017(1). 5294890. [PubMed ID:

28239398]. [PubMed Central ID: PMC5296609].

https://doi.org/10.1155/2017/5294890.

37. Li Q, Dong M, Han Q, Zhang Y, Yang D, Wei D, et al. Corrigendum to

"Enhancing diabetic wound healing with a pH-responsive nanozyme

hydrogel featuring multi-enzyme-like activities and oxygen self-

supply" [Journal of Controlled Release, volume 365 (2024) 905 - 918]. J

Control Release. 2025;384. 113864. [PubMed ID: 40413957].

https://doi.org/10.1016/j.jconrel.2025.113864.

https://brieflands.com/journals/jjcdc/articles/172149
http://www.ncbi.nlm.nih.gov/pubmed/33782057
http://www.ncbi.nlm.nih.gov/pubmed/33782057
https://www.ncbi.nlm.nih.gov/pmc/PMC8005924
https://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/24667063
https://www.ncbi.nlm.nih.gov/pmc/PMC4230647
https://doi.org/10.1186/1471-2288-14-43
http://www.ncbi.nlm.nih.gov/pubmed/32663219
https://www.ncbi.nlm.nih.gov/pmc/PMC7360023
https://doi.org/10.1371/journal.pbio.3000410
http://www.ncbi.nlm.nih.gov/pubmed/35752496
https://doi.org/10.1016/j.prosdent.2022.05.019
http://www.ncbi.nlm.nih.gov/pubmed/33466534
https://www.ncbi.nlm.nih.gov/pmc/PMC7824857
https://doi.org/10.3390/antibiotics10010049
http://www.ncbi.nlm.nih.gov/pubmed/36363869
https://www.ncbi.nlm.nih.gov/pmc/PMC9698885
https://doi.org/10.3390/mi13111847
http://www.ncbi.nlm.nih.gov/pubmed/39424021
https://doi.org/10.1016/j.actbio.2024.10.020
http://www.ncbi.nlm.nih.gov/pubmed/38092256
https://doi.org/10.1016/j.jconrel.2023.12.015
http://www.ncbi.nlm.nih.gov/pubmed/34983560
https://www.ncbi.nlm.nih.gov/pmc/PMC8725300
https://doi.org/10.1186/s12951-021-01215-6
http://www.ncbi.nlm.nih.gov/pubmed/34983560
https://www.ncbi.nlm.nih.gov/pmc/PMC8725300
https://doi.org/10.1186/s12951-021-01215-6
http://www.ncbi.nlm.nih.gov/pubmed/37703977
https://doi.org/10.1016/j.ijbiomac.2023.126693
http://www.ncbi.nlm.nih.gov/pubmed/41455286
https://doi.org/10.1016/j.bioadv.2025.214674
https://doi.org/10.1016/j.cej.2021.128564
http://www.ncbi.nlm.nih.gov/pubmed/40886971
https://doi.org/10.1016/j.actbio.2025.08.059
http://www.ncbi.nlm.nih.gov/pubmed/40487617
https://www.ncbi.nlm.nih.gov/pmc/PMC12142181
https://doi.org/10.4239/wjd.v16.i5.104937
https://doi.org/10.1016/j.matdes.2021.110104
http://www.ncbi.nlm.nih.gov/pubmed/28239398
https://www.ncbi.nlm.nih.gov/pmc/PMC5296609
https://doi.org/10.1155/2017/5294890
http://www.ncbi.nlm.nih.gov/pubmed/40413957
https://doi.org/10.1016/j.jconrel.2025.113864


Salar A et al. Brieflands

Jundishapur J Chronic Dis Care. 2026; 15(3): e172149 11

Table 1. Systematic Search Strategy

Database-specific systematic search strategies used for study identification

Database/source Database-specific search strategy Search limits and notes

PubMed/MEDLINE

(("Wound Healing"[Mesh] OR "Diabetic Foot"[Mesh] OR "Pressure Ulcer"[Mesh] OR "chronic wound"[Title/Abstract] OR
"chronic wounds"[Title/Abstract] OR "diabetic foot ulcer"[Title/Abstract] OR "diabetic foot ulcers"[Title/Abstract] OR "diabetic

wound"[Title/Abstract] OR "diabetic wounds"[Title/Abstract] OR "pressure ulcer"[Title/Abstract] OR "pressure ulcers"
[Title/Abstract] OR "pressure injury"[Title/Abstract] OR "pressure injuries"[Title/Abstract] OR "ischemic wound"

[Title/Abstract] OR "ischemic wounds"[Title/Abstract] OR "infected wound"[Title/Abstract] OR "infected wounds"
[Title/Abstract] OR "full-thickness wound"[Title/Abstract] OR "full-thickness wounds"[Title/Abstract] OR ("wound healing"
[Title/Abstract] AND chronic[Title/Abstract])) AND ("pH-responsive"[Title/Abstract] OR "pH responsive"[Title/Abstract] OR

"pH-sensitive"[Title/Abstract] OR "pH sensitive"[Title/Abstract] OR "pH-triggered"[Title/Abstract] OR "pH triggered"
[Title/Abstract] OR "pH-activated"[Title/Abstract] OR "pH activated"[Title/Abstract] OR "pH-dependent"[Title/Abstract] OR "pH

dependent"[Title/Abstract] OR "pH-mediated"[Title/Abstract] OR "pH mediated"[Title/Abstract] OR "acid-responsive"
[Title/Abstract] OR "acid responsive"[Title/Abstract] OR "acid-sensitive"[Title/Abstract] OR "acid sensitive"[Title/Abstract] OR

("stimuli-responsive"[Title/Abstract] AND "pH"[Title/Abstract])) AND ("Polymers"[Mesh] OR "Hydrogels"[Mesh] OR
polymer[Title/Abstract] OR polymers[Title/Abstract] OR hydrogel[Title/Abstract] OR hydrogels[Title/Abstract] OR "smart

polymer"[Title/Abstract] OR "smart polymers"[Title/Abstract] OR "intelligent hydrogel"[Title/Abstract] OR "intelligent
hydrogels"[Title/Abstract] OR "wound dressing"[Title/Abstract] OR "wound dressings"[Title/Abstract] OR

scaffold[Title/Abstract] OR scaffolds[Title/Abstract] OR nanocomposite[Title/Abstract] OR nanocomposites[Title/Abstract])
AND ("Nanoparticles"[Mesh] OR nanoparticle[Title/Abstract] OR nanoparticles[Title/Abstract] OR nanosilver[Title/Abstract]
OR "silver nanoparticle"[Title/Abstract] OR "silver nanoparticles"[Title/Abstract] OR nanozinc[Title/Abstract] OR "zinc oxide

nanoparticle"[Title/Abstract] OR "zinc oxide nanoparticles"[Title/Abstract] OR "copper nanoparticle"[Title/Abstract] OR
"copper nanoparticles"[Title/Abstract] OR "metallic nanoparticle"[Title/Abstract] OR "metallic nanoparticles"[Title/Abstract]

OR "ceramic nanoparticle"[Title/Abstract] OR "ceramic nanoparticles"[Title/Abstract] OR nanocarrier[Title/Abstract] OR
nanocarriers[Title/Abstract] OR nanogel[Title/Abstract] OR nanogels[Title/Abstract] OR nanofiber[Title/Abstract] OR

nanofibers[Title/Abstract] OR nanofibrous[Title/Abstract] OR nanoformulation[Title/Abstract] OR
nanoformulations[Title/Abstract] OR nanosystem[Title/Abstract] OR nanosystems[Title/Abstract]))

Search period: January
2017 to January 31, 2026.
PubMed/MEDLINE was

searched using MeSH and
title/abstract terms.

Scopus

TITLE-ABS-KEY(("chronic wound*" OR "diabetic foot ulcer*" OR "diabetic wound*" OR "pressure ulcer*" OR "pressure injur*"
OR "ischemic wound*" OR "infected wound*" OR "full-thickness wound*" OR ("wound healing" AND chronic)) AND ("pH-

responsive" OR "pH responsive" OR "pH-sensitive" OR "pH sensitive" OR "pH-triggered" OR "pH triggered" OR "pH-activated"
OR "pH activated" OR "pH-dependent" OR "pH dependent" OR "pH-mediated" OR "pH mediated" OR "acid-responsive" OR

"acid responsive" OR "acid-sensitive" OR "acid sensitive" OR ("stimuli-responsive" AND pH)) AND (polymer* OR hydrogel* OR
"smart polymer*" OR "intelligent hydrogel*" OR "wound dressing*" OR scaffold* OR nanocomposite*) AND (nanoparticle* OR

nanosilver OR "silver nanoparticle*" OR nanozinc OR "zinc oxide nanoparticle*" OR "copper nanoparticle*" OR "metallic
nanoparticle*" OR "ceramic nanoparticle*" OR nanocarrier* OR nanogel* OR nanofiber* OR nanofibrous OR

nanoformulation* OR nanosystem*))

Search period: January
2017 to January 31, 2026.

Records were screened by
title/abstract, followed by

full-text eligibility
assessment.

Web of Science

TS=(("chronic wound*" OR "diabetic foot ulcer*" OR "diabetic wound*" OR "pressure ulcer*" OR "pressure injur*" OR
"ischemic wound*" OR "infected wound*" OR "full-thickness wound*" OR ("wound healing" AND chronic)) AND ("pH-

responsive" OR "pH responsive" OR "pH-sensitive" OR "pH sensitive" OR "pH-triggered" OR "pH triggered" OR "pH-activated"
OR "pH activated" OR "pH-dependent" OR "pH dependent" OR "pH-mediated" OR "pH mediated" OR "acid-responsive" OR

"acid responsive" OR "acid-sensitive" OR "acid sensitive" OR ("stimuli-responsive" AND pH)) AND (polymer* OR hydrogel* OR
"smart polymer*" OR "intelligent hydrogel*" OR "wound dressing*" OR scaffold* OR nanocomposite*) AND (nanoparticle* OR

nanosilver OR "silver nanoparticle*" OR nanozinc OR "zinc oxide nanoparticle*" OR "copper nanoparticle*" OR "metallic
nanoparticle*" OR "ceramic nanoparticle*" OR nanocarrier* OR nanogel* OR nanofiber* OR nanofibrous OR

nanoformulation* OR nanosystem*))

Search period: January
2017 to January 31, 2026.
The topic field included

title, abstract, author
keywords, and Keywords

Plus.

Embase via
Elsevier

('chronic wound*':ti,ab,kw OR 'diabetic foot ulcer*':ti,ab,kw OR 'diabetic wound*':ti,ab,kw OR 'pressure ulcer*':ti,ab,kw OR
'pressure injur*':ti,ab,kw OR 'ischemic wound*':ti,ab,kw OR 'infected wound*':ti,ab,kw OR 'full-thickness wound*':ti,ab,kw OR

('wound healing':ti,ab,kw AND chronic:ti,ab,kw)) AND ('pH-responsive':ti,ab,kw OR 'pH responsive':ti,ab,kw OR 'pH-
sensitive':ti,ab,kw OR 'pH sensitive':ti,ab,kw OR 'pH-triggered':ti,ab,kw OR 'pH triggered':ti,ab,kw OR 'pH-activated':ti,ab,kw

OR 'pH activated':ti,ab,kw OR 'pH-dependent':ti,ab,kw OR 'pH dependent':ti,ab,kw OR 'pH-mediated':ti,ab,kw OR 'pH
mediated':ti,ab,kw OR 'acid-responsive':ti,ab,kw OR 'acid responsive':ti,ab,kw OR 'acid-sensitive':ti,ab,kw OR 'acid

sensitive':ti,ab,kw OR ('stimuli-responsive':ti,ab,kw AND pH:ti,ab,kw)) AND (polymer*:ti,ab,kw OR hydrogel*:ti,ab,kw OR
'smart polymer*':ti,ab,kw OR 'intelligent hydrogel*':ti,ab,kw OR 'wound dressing*':ti,ab,kw OR scaffold*:ti,ab,kw OR
nanocomposite*:ti,ab,kw) AND (nanoparticle*:ti,ab,kw OR nanosilver:ti,ab,kw OR 'silver nanoparticle*':ti,ab,kw OR

nanozinc:ti,ab,kw OR 'zinc oxide nanoparticle*':ti,ab,kw OR 'copper nanoparticle*':ti,ab,kw OR 'metallic
nanoparticle*':ti,ab,kw OR 'ceramic nanoparticle*':ti,ab,kw OR nanocarrier*:ti,ab,kw OR nanogel*:ti,ab,kw OR

nanofiber*:ti,ab,kw OR nanofibrous:ti,ab,kw OR nanoformulation*:ti,ab,kw OR nanosystem*:ti,ab,kw)

Search period: January
2017 to January 31, 2026.
Embase via Elsevier was

searched using title,
abstract, and keyword

fields. Records were
screened by title/abstract,

followed by full-text
eligibility assessment.

ProQuest

("chronic wound*" OR "diabetic foot ulcer*" OR "diabetic wound*" OR "pressure ulcer*" OR "pressure injur*" OR "ischemic
wound*" OR "infected wound*" OR "full-thickness wound*" OR ("wound healing" AND chronic)) AND ("pH-responsive" OR

"pH responsive" OR "pH-sensitive" OR "pH sensitive" OR "pH-triggered" OR "pH triggered" OR "pH-activated" OR "pH
activated" OR "pH-dependent" OR "pH dependent" OR "pH-mediated" OR "pH mediated" OR "acid-responsive" OR "acid
responsive" OR "acid-sensitive" OR "acid sensitive" OR ("stimuli-responsive" AND pH)) AND (polymer* OR hydrogel* OR

"smart polymer*" OR "intelligent hydrogel*" OR "wound dressing*" OR scaffold* OR nanocomposite*) AND (nanoparticle* OR
nanosilver OR "silver nanoparticle*" OR nanozinc OR "zinc oxide nanoparticle*" OR "copper nanoparticle*" OR "metallic

nanoparticle*" OR "ceramic nanoparticle*" OR nanocarrier* OR nanogel* OR nanofiber* OR nanofibrous OR
nanoformulation* OR nanosystem*)

Search period: January
2017 to January 31, 2026.
The query was applied

using the advanced search
interface across title,

abstract, and subject fields
where available.

Cochrane Library

("chronic wound*" OR "diabetic foot ulcer*" OR "diabetic wound*" OR "pressure ulcer*" OR "pressure injur*" OR ("wound
healing" AND chronic)) AND ("pH-responsive" OR "pH responsive" OR "pH-sensitive" OR "pH sensitive" OR "pH-triggered" OR

"pH triggered" OR "pH-activated" OR "pH activated" OR "pH-dependent" OR "pH dependent" OR "pH-mediated" OR "pH
mediated" OR "acid-responsive" OR "acid responsive" OR "acid-sensitive" OR "acid sensitive" OR ("stimuli-responsive" AND

pH)) AND (polymer* OR hydrogel* OR "wound dressing*" OR scaffold* OR nanocomposite*) AND (nanoparticle* OR
nanosilver OR "silver nanoparticle*" OR "zinc oxide nanoparticle*" OR "copper nanoparticle*" OR nanocarrier* OR nanogel*

OR nanofiber*)

Search period: January
2017 to January 31, 2026.

The Cochrane Library was
searched as a

supplementary source to
identify potentially

relevant trials, reviews,
and reference lists. Only
primary studies meeting
the predefined eligibility
criteria were considered

for inclusion in the
evidence synthesis.

SID
pH-sensitive hydrogel" AND "wound healing"; "pH-responsive" AND "nanoparticle" AND "wound"; "smart wound dressing"

AND "nanoparticle".

Search period: January
2017 to January 31, 2026.

Persian and English
records were screened

https://brieflands.com/journals/jjcdc/articles/172149
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Database-specific systematic search strategies used for study identification

where supported by the
database interface.

Google
Scholar

Simplified keyword combinations were used because Google Scholar does not reliably support complex reproducible Boolean
strings. The following combinations were searched separately: "pH-responsive hydrogel" AND "chronic wound"; "pH-sensitive
hydrogel" AND "diabetic foot ulcer"; "pH-responsive wound dressing" AND nanoparticle; "smart wound dressing" AND "silver

nanoparticle"; "nanocomposite hydrogel" AND "wound healing" AND pH; "zinc oxide nanoparticle" AND "wound healing" AND
hydrogel; "copper nanoparticle" AND "wound healing" AND hydrogel; "acid-responsive hydrogel" AND "wound healing"; "pH-

dependent release" AND hydrogel AND wound.

Search period: January 2017
to January 31, 2026. For each
keyword combination, the
first 100 results sorted by
relevance were screened.

Ovid
platform

(exp Wound Healing/ OR exp Diabetic Foot/ OR exp Pressure Ulcer/ OR "chronic wound*".ti,ab,kw OR "diabetic foot ulcer*".ti,ab,kw
OR "diabetic wound*".ti,ab,kw OR "pressure ulcer*".ti,ab,kw OR "pressure injur*".ti,ab,kw OR "ischemic wound*".ti,ab,kw OR

"infected wound*".ti,ab,kw OR "full-thickness wound*".ti,ab,kw OR ("wound healing".ti,ab,kw AND chronic.ti,ab,kw)) AND ("pH-
responsive".ti,ab,kw OR "pH responsive".ti,ab,kw OR "pH-sensitive".ti,ab,kw OR "pH sensitive".ti,ab,kw OR "pH-triggered".ti,ab,kw

OR "pH triggered".ti,ab,kw OR "pH-activated".ti,ab,kw OR "pH activated".ti,ab,kw OR "pH-dependent".ti,ab,kw OR "pH
dependent".ti,ab,kw OR "pH-mediated".ti,ab,kw OR "pH mediated".ti,ab,kw OR "acid-responsive".ti,ab,kw OR "acid

responsive".ti,ab,kw OR "acid-sensitive".ti,ab,kw OR "acid sensitive".ti,ab,kw OR ("stimuli-responsive".ti,ab,kw AND pH.ti,ab,kw))
AND (exp Polymers/ OR exp Hydrogels/ OR polymer*.ti,ab,kw OR hydrogel*.ti,ab,kw OR "smart polymer*".ti,ab,kw OR "intelligent
hydrogel*".ti,ab,kw OR "wound dressing*".ti,ab,kw OR scaffold*.ti,ab,kw OR nanocomposite*.ti,ab,kw) AND (exp Nanoparticles/

OR nanoparticle*.ti,ab,kw OR nanosilver.ti,ab,kw OR "silver nanoparticle*".ti,ab,kw OR nanozinc.ti,ab,kw OR "zinc oxide
nanoparticle*".ti,ab,kw OR "copper nanoparticle*".ti,ab,kw OR "metallic nanoparticle*".ti,ab,kw OR "ceramic

nanoparticle*".ti,ab,kw OR nanocarrier*.ti,ab,kw OR nanogel*.ti,ab,kw OR nanofiber*.ti,ab,kw OR nanofibrous.ti,ab,kw OR
nanoformulation*.ti,ab,kw OR nanosystem*.ti,ab,kw)

Search period: January 2017
to January 31, 2026. Ovid was

used as a supplementary
platform search with

controlled-vocabulary
mapping where available;
overlapping records were

managed during
deduplication.

Reference-
list
searching

Reference lists of eligible articles and relevant background reviews were manually screened to identify additional primary
studies directly evaluating pH-responsive polymeric or nano-enabled wound systems.

Same eligibility criteria as
database searches.

https://brieflands.com/journals/jjcdc/articles/172149

