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Abstract. Peri-implant diseases remain a critical challenge
in implant dentistry, and adjunctive hydrogel therapy has
emerged as a potential strategy to enhance conventional
non-surgical management. The present systematic review
assessed the efficacy of adjunctive hydrogel therapy,
compared with conventional non-surgical therapy or other
local adjuncts, in the management of peri-implant diseases,
focusing on clinical, microbiological and radiographic
outcomes reported in randomised controlled trials (RCTs).
Conducted in accordance with the PRISMA 2020 guidelines
and registered in PROSPERO (CRD420251163004), a search
was performed on the PubMed, Scopus, Web of Science and
Cochrane CENTRAL databases for studies published from
2011 to September, 2025, supplemented by hand-searching,
grey-literature review and reference screening. Only human
RCTs evaluating hydrogel-based adjuncts were eligible.
Subsequently, two reviewers independently performed study
selection, data extraction and risk-of-bias assessment using
Cochrane RoB 2, and the certainty of evidence was rated using
GRADE. A total of six reports from five RCTs (two reports
sharing one peri-implantitis cohort), published between 2020
and 2025, were included. The hydrogels evaluated were 15%
ozonated sunflower-oil hydrogel, 1.2% atorvastatin gel, a
bio-adhesive antiseptic gel and 0.8% high-molecular-weight
hyaluronic acid (HA), compared with 1% chlorhexidine gel,
placebo/excipient gel, or mechanical debridement alone.
Ozonated sunflower-oil hydrogel exhibited greater improve-
ments in soft-tissue inflammation (bleeding on probing,
bleeding score and suppuration) than chlorhexidine, whereas
atorvastatin gel improved the clinical attachment level and
pain on probing without a consistent reduction in bleeding on
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probing, and HA additionally reduced crevicular IL-1f and
shifted the submucosal microbiome towards a less pathogenic
profile. The bio-adhesive antiseptic gel and chlorhexidine
achieved comparable clinical outcomes in their respective
trial, though chlorhexidine caused soft-tissue and prosthetic
staining. Adjunctive hydrogels appear to provide promising,
although modest and inconsistent, benefits over mechanical
debridement or chlorhexidine, mainly for inflammatory
parameters, with very low to moderate certainty of evidence.
Heterogeneity in formulations, protocols and follow-up dura-
tions, along with reliance on small single trials, limits firm
conclusions. Standardised, longer-term RCTs are warranted to
confirm these preliminary findings.

Introduction

Peri-implant diseases, which include peri-implant mucositis
and peri-implantitis, are the most common biological complica-
tions associated with dental implants (1). Epidemiological data
suggest that peri-implant mucositis affects ~46% of patients
and peri-implantitis ~21% of patients (2,3). Peri-implantitis
is characterised by inflammation of the peri-implant soft
tissues with the progressive loss of supporting bone. Disease
progression is influenced by microbial dysbiosis and the host
inflammatory response, which ultimately compromise implant
function and long-term survival (4,5). Implant failure is a
multifactorial process, with contributing factors including
patient age, smoking, systemic diseases, implant placement in
the maxilla, and the quality and quantity of available bone (6).
Despite advancements being made in implant-surface modifi-
cation and surgical techniques, the management of peri-implant
disease remains challenging owing to the complexity of
biofilm accumulation and anatomical limitations (7).
Conventional non-surgical methods primarily involve
mechanical debridement using curettes, ultrasonic instruments
and air-abrasive devices, often combined with local antiseptics
or systemic antibiotics. However, complete biofilm removal is
difficult to achieve, particularly on rough implant surfaces, and
mechanical therapy alone is often inadequate (8). Adjunctive
approaches, such as chlorhexidine gels, photodynamic therapy
and laser applications have been explored; however, their
clinical benefits tend to be inconsistent or short-lived, with
limited evidence of sustained regenerative effects. This vari-
ability highlights the need for adjunctive strategies that not
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only reduce the microbial load, but also modulate inflamma-
tion and promote peri-implant tissue healing (9-11).

Hydrogels are promising adjunctive biomaterials owing to
their biocompatibility, adaptable physicochemical properties
and capacity to deliver bioactive substances in a controlled
manner. These three-dimensional hydrophilic polymer
networks can serve as scaffolds, drug-delivery systems,
anti-microbial carriers and wound-healing promoters in
peri-implant tissues (12-14). Of the various formulations,
hyaluronic acid (HA)-based hydrogels have been particularly
extensively studied due to the intrinsic anti-inflammatory,
bacteriostatic and tissue-repair properties of HA. HA contrib-
utes to extracellular matrix stability, accelerates granulation
tissue formation and modulates key inflammatory mediators,
including interleukin (IL)-1p and tumour necrosis factor-o
(TNF-a), within peri-implant lesions (15). Several clinical
studies have reported reductions in bleeding on probing,
probing depth and local inflammatory markers following HA
application (16,17). Other emerging materials include ozonated
or oxygen-enriched hydrogels, such as ozonated sunflower-oil
formulations, which combine the anti-microbial effects of
ozone with the wound-modulating properties of lipid-based
carriers (18). Ozone exhibits broad-spectrum anti-bacterial and
anti-viral activity, disrupts biofilm architecture and enhances
tissue oxygenation at sites of inflammation (19). In addi-
tion, bio-adhesive antiseptic hydrogels, atorvastatin-loaded
hydrogels and chlorhexidine gels have been proposed as local
adjuncts to peri-implant therapy. Bio-adhesive formulations
enhance retention within peri-implant pockets and enable
sustained anti-microbial release, while atorvastatin hydrogels
provide local anti-inflammatory, anti-microbial and osteo-
genic effects that may support tissue regeneration (20-23).
Collectively, these approaches aim to improve the outcomes of
conventional therapy and enhance peri-implant tissue stability.

Despite growing interest in hydrogel-based adjuncts, the
currently available evidence remains fragmented. Studies
vary widely in hydrogel composition, concentration, dosing
regimens, application protocols and outcome measures.
Moreover, existing systematic reviews have often focused
on single formulations, such as HA, or have included non-
randomised study designs, thereby limiting the strength and
clinical applicability of their conclusions (24,25). To date,
to the best of our knowledge, no comprehensive systematic
review has synthesised evidence from randomised controlled
trials (RCTs) alone evaluating different hydrogel formulations
as adjuncts to peri-implant therapy. Therefore, the present
systematic review aimed to assess the efficacy of adjunctive
hydrogel therapy compared with conventional or alternative
methods for the management of peri-implant diseases, with
an emphasis on clinical, microbiological and radiographic
outcomes. By synthesising the current evidence from human
RCTs, the present systematic review aimed to clarify the
therapeutic potential of hydrogels and provide a foundation for
standardised future research.

Data and methods
Protocol and registration. The present systematic review

was conducted and reported in accordance with the
Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) 2020 statement (26). The protocol
was prospectively registered in the International Prospective
Register of Systematic Reviews (PROSPERO; registration
no. CRD420251163004).

Focused question. The focus of the present systematic review
was to determine the efficacy of adjunctive hydrogel therapy
compared with conventional therapy or other adjuncts in the
management of peri-implant diseases.

PICO framework. The PICO framework was used as follows:
Population: P, (peri-implant mucositis): Adults with =1 dental
implant diagnosed with peri-implant mucositis (bleeding
on probing, with or without suppuration, and no progres-
sive marginal bone loss); P, (peri-implantitis): Adults with
=1 dental implant diagnosed with peri-implantitis (probing
pocket depth =4 mm, bleeding on probing and marginal
bone loss >2 mm). Intervention (I): Adjunctive hydrogel
therapy. Comparator (C): Conventional non-surgical or
surgical therapy, placebo/excipient gel, or other local adjuncts.
Outcomes (O, peri-implant mucositis): Primary: Bleeding on
probing; secondary: Probing pocket depth (PPD), plaque index,
bleeding score, suppuration index, marginal mucosa condition
and adverse events. Outcomes (O, peri-implantitis): Primary:
PPD; secondary: Bleeding on probing, marginal bone loss,
changes in inflammatory biomarkers (e.g., IL-1 and TNF-a),
submucosal microbiome composition and adverse events.

Eligibility criteria. Studies were included if they met all of the
following criteria: RCT design; participants with peri-implant
diseases; evaluation of a hydrogel-based adjunctive therapy;
a comparison between interventions and/or a control group
receiving placebo/excipient, standard therapy, or another
adjunct; reporting of clinical parameters indicative of
peri-implant disease; and availability of the full text in English.
The exclusion criteria were the following: Non-randomised or
observational studies, animal or in vitro studies, case reports,
case series, reviews, letters and conference abstracts; studies
not published in English; studies for which the full text was
inaccessible; and studies not evaluating hydrogel interventions.

Information sources and search strategy. A systematic
search of four electronic databases was performed: PubMed,
Scopus, Web of Science and the Cochrane Central Register of
Controlled Trials (CENTRAL). The search combined Medical
Subject Headings (MeSH) terms, free-text key words and
Boolean operators (AND, OR), customised to each database,
to retrieve articles published from January, 2011 to September,
2025. The applied filters were human studies, studies in the
English language, and, where supported by the database inter-
face, a study design limited to clinical trials or RCTs. The final
search across all databases was conducted in September, 2025.
The full electronic search strategy is presented in Table I. The
hand-searching of six selected dental journals was performed
to identify studies that may not have been indexed. Grey litera-
ture was searched using Google Scholar, preprint servers and
clinical-trial registries (e.g., ClinicalTrials.gov), and requests
were sent to experts in the field to retrieve potentially eligible
unpublished studies. The reference lists of all eligible studies
were hand-searched to ensure literature saturation. Records
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Table I. Search strategy.
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Database Search terms/strategy

PubMed (‘Peri-Implantitis’[MeSH] OR ‘peri-implantitis’[tiab] OR ‘peri-implant mucositis’[tiab] OR
‘peri-implant disease*’[tiab]) AND (‘Hydrogels’[MeSH] OR hydrogel*[tiab] OR gel[tiab] OR
‘hyaluronic acid’[tiab] OR ozon*[tiab] OR atorvastatin[tiab]). Filters: Humans; English; 2011-2025.

Scopus TITLE-ABS-KEY[(‘peri-implantitis’ OR ‘peri-implant mucositis’ OR ‘peri-implant disease*”)
AND (hydrogel* OR gel OR ‘hyaluronic acid” OR ozon* OR atorvastatin)]. Limits: English;
2011-2025.

Cochrane CENTRAL (‘peri-implantitis” OR ‘peri-implant mucositis’ OR ‘peri-implant disease*’) AND (hydrogel* OR
gel OR ‘hyaluronic acid’ OR ozon* OR atorvastatin) in Title/Abstract/Keyword (Trials). Limits:
2011-2025.

Web of Science TS=((‘peri-implantitis’ OR ‘peri-implant mucositis’ OR ‘peri-implant disease*’) AND (hydrogel*

OR gel OR ‘hyaluronic acid’ OR ozon* OR atorvastatin)). Languages: English; 2011-2025.

Boolean operators

AND/OR; truncation ; phrase searching with quotation marks.

were managed using Zotero reference-management software
version 7.0.30 (https:/www.zotero.org).

Data collection. Data were independently extracted by two
authors (BG and RC) using custom-designed spreadsheets. The
extracted data included author, year or publication, country,
study design, intervention, comparator, outcome parameters
and the conclusions of the study. Discrepancies were resolved
by discussion with the full author team (BG, RC, NS and SS).

Risk-of-bias assessment. The risk of bias was assessed
independently by two authors (BG and RC) during data
extraction, with disagreements resolved by two additional
authors (NS and SS). The Cochrane Risk of Bias 2 (RoB 2)
tool for randomised trials was used (27). RoB 2 evaluates five
domains: (D1) bias arising from the randomisation process;
(D2) bias due to deviations from intended interventions; (D3)
bias due to missing outcome data; (D4) bias in measurement of
the outcome; and (D5) bias in selection of the reported result.
Each domain and the overall judgement were categorised as
‘low risk’, ‘some concerns’ or ‘high risk’.

Certainty of evidence. The certainty of evidence was
appraised using the Grades of Recommendation, Assessment,
Development and Evaluation (GRADE) approach and
summarised at the outcome level in a Summary of Findings
table. Bodies of evidence from RCTs began at ‘high’ certainty
and were downgraded for risk of bias, inconsistency, indirect-
ness, imprecision, and publication bias, yielding ratings of
‘very low’, ‘low’, ‘moderate’ or ‘high’ (28,29).

Results

Study selection. The selection process is summarised in
the PRISMA 2020 flow diagram (Fig. 1) (24). Electronic
searches identified 141 records. Following the removal of
49 duplicates, 92 titles and abstracts were screened, of which
64 were excluded as irrelevant, non-clinical, or lacking a
hydrogel-based intervention. A total of 28 full-text articles
were sought for retrieval; eight could not be obtained despite

attempts to access the articles through interlibrary loan, insti-
tutional subscriptions, Google Scholar and preprint servers.
As their full texts were unavailable, the eligibility of these
eight records could not be definitively determined, which
is acknowledged as a limitation. Of the 20 full-text articles
assessed for eligibility, 15 articles were excluded: Non-English
language (n=3), non-clinical or in vitro/laboratory-based
design (n=5), non-randomised or observational design (n=4)
and insufficient or missing clinical data (n=3). Ultimately,
six reports of five RCTs met the inclusion criteria; of note,
Sanchez-Fernandez et al (30) and Soriano-Lerma et al (31)
report different outcomes from the same trial cohort.

Study characteristics. A total of six reports of five RCTs were
included, published between 2020 and 2025, and conducted in
Italy (32-34), Spain (30,31) and Iran (35). Sample sizes ranged
from 18 to 61 patients. The number of implants or peri-implant
sites evaluated varied with study design, from 100 implants
in the peri-implantitis trial to 360 peri-implant mucositis
sites in the largest split-mouth study. Participants were adults
whose mean ages spanned the fifth and sixth decades (overall
approximate range, 31-79 years).

Across the trials, adjunctive hydrogel therapy combined
with mechanical debridement exhibited varying degrees of
benefit. The two ozonated sunflower-oil hydrogel trials by
Scribante et al (32) and Butera et al (33) reported greater
reductions in soft-tissue inflammation, bleeding on probing,
bleeding score and suppuration than with 1% chlorhexidine
gel. Although probing depth reductions occurred in both study
arms, hydrogel adjuncts generally produced more notable
improvements in inflammation-related parameters rather than
larger reductions in probing depth (32,33). Plaque index and
marginal mucosal condition improved similarly in both study
arms, with intergroup differences favouring the hydrogel that
emerged only late in follow-up and were not sustained to the
final visit in either trial; marginal bone level, assessed only in
the 24-month trial, remained radiographically stable with no
significant difference between the groups (32,33).

Storelli et al (34) compared a bio-adhesive antiseptic
gel with 1% chlorhexidine and reported comparable clinical


https://www.spandidos-publications.com/10.3892/wasj.2026.512

4 GANESAN et al: ADJUNCTIVE HYDROGELS IN PERI-IMPLANT DISEASE MANAGEMENT
Identification of studies via databases and registers ]
)
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= PubMed (n = 27) .
© Duplicate records removed
o Scopus (n = 80) ) (n = 49)
b= Web of Science = (34) -
c
[T}
=
- g l Records excluded (n = 64)
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i intervention
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S— Non-clinical/in vitro (n = 5)
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Insufficient/missing data (n = 3)
o
O
= Studies included
E (n =6 reports of 5 RCTs)

Figure 1. Flow diagram of included studies, based on PRISMA guidelines. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses;

RCTs, randomised controlled trials.

improvements between groups, with no meaningful difference
in the modified bleeding index, plaque index, or proportion
of implants achieving resolution of mucositis (67% with the
bio-adhesive gel vs. 65% with chlorhexidine) over short-term
follow-up; chlorhexidine was associated with soft tissue and
prosthetic pigmentation, whereas the hydrogel was well-toler-
ated. A total of 21 patients were enrolled, and 18 patients were
analysed after three dropouts (34).

Khorramdel et al (35) evaluated a 1.2% atorvastatin gel in
peri-implant mucositis and reported statistically significant
between-group improvements in the clinical attachment level
and pain on probing compared with the placebo; however, a
significantly worse (higher) bleeding-on-probing percentage
compared with the placebo was observed at 3 months,

despite an initial reduction from baseline in both groups;
although probing depth improved within both groups, the
between-group difference was not statistically significant at
3 months (P=0.25). These findings suggest a host-modulatory
effect when the gel is delivered submucosally following
non-surgical debridement (35).

In the peri-implantitis trial investigating 0.8% high-molec-
ular-weight HA (HMW-HA), Sanchez-Ferndndez et al (30)
reported a statistically significant between-group reduction in
probing depth favouring HA at 45 and 90 days, and signifi-
cantly lower crevicular IL-1f at sites with deeper pockets
(PPD =5 mm); the reduction in bleeding on probing was
a non-significant trend (30). The clinical attachment level
and marginal bone level did not differ significantly between
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Table II. Continued.

No. of implants
or sites (total;

test/control1/

No. of patients

Control

Diagnosis/

Age, mean + SD

Follow-up

(total; test/
control1/control2)

group 2
intervention

study Test group Control group 1
intervention

population

Author(s), year

(Refs.)

duration (years)

control2)

intervention

Study design

of publication
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Test, 60+9; 31

Baseline (t0),
45 days (t45)

104 implants
placed (test,

63 enrolled;

Control 2:

Control 1:

0.8% high-

Peri-implantitis

Double-blinded,

controlled,
randomised

Soriano-Lerma
et al, 2020

Controll, 64+6;

No topical 54 with paired

Exopolysaccharide

molecular-weight
hyaluronic acid

Control2, 58+12

32/controll,

baseline/45-day
microbiome

application

(hydroxypropyl guar
galactomannan)
placebo gel,

34/control2, 38)

(HMW-HA) gel,

clinical trial;

samples (test,
19/controll,

in-office + 0.2% gel
applied by patient

3 parallel groups
(companion

patient-applied

17/control2, 18)

3x/day at home for 3x/day at home for
45 days only

45 days

microbiome

study of the same
RCT registration,
NCTO03157193,
as Sanchez-

Fernandez et al

groups at 90 days, and crevicular TNF-a exhibited no signifi-
cant between-group difference at 45 days (30). Reporting on
the same cohort, Soriano-Lerma et al (31) found that HA was
associated with a shift in the submucosal microbiome towards
a less pathogenic profile.

Peri-implant mucositis was diagnosed on the basis of
bleeding on probing and clinical inflammation without radio-
graphic bone loss, whereas peri-implantitis required probing
depths =4-6 mm, bleeding-on-probing and/or suppuration, and
marginal bone loss >2 mm. All implants had been in function
for at least 1 year prior to enrolment. The hydrogels assessed
were a 15% ozonated sunflower-oil hydrogel, a bio-adhesive
antiseptic gel, 1.2% atorvastatin gel and 0.8% HMW-HA
gel. Application methods ranged from in-office topical
and intra-pocket placement to home-use regimens, always
following standardised mechanical debridement. Comparators
were 1% chlorhexidine gel, placebo/excipient gels, or mechan-
ical debridement alone, with identical oral-hygiene instructions
across arms (30-35). Implant systems were generally not
reported, apart from the HA peri-implantitis trial, which used
Zimmer Tapered Swiss Plus® implants (30). Follow-up ranged
from 45 days to 24 months; mucositis trials typically evaluated
outcomes over 1-6 months (measuring clinical parameters up
to 3 months within a 6-month study) and the peri-implantitis
cohort over 45-90 days (30,31). Of note, two reports addition-
ally measured IL-1p and TNF-a in peri-implant crevicular
fluid (30) and one analysed the submucosal microbiome (31)
using 16S rRNA sequencing. The characteristics, baseline
clinical parameters and outcomes of the included studies are
summarised in Tables II-IV.

Risk of bias. The RoB 2 judgements are presented in Fig. 2.
Khorramdel et al (35) were judged at low risk across all
five domains. The remaining studies raised ‘some concerns’
overall, attributable to specific domains: Scribante ef al (32)
and Butera et al (33) to deviations from intended interventions
(D2) and measurement of the outcome (D4), reflecting the
open-label split-mouth design; Butera et al (33) additionally
to selection of the reported result (D5); Scribante ef al (32) to
the randomisation process (D1), missing outcome data (D3;
three dropouts), measurement of the outcome (D4), and selec-
tive reporting (D5); Sdnchez-Fernandez et al (30) to missing
outcome data (D3); and Soriano-Lerma et al (31) to missing
outcome data (D3) and selective reporting (DS5). In maintaining
the RoB 2 rules, an overall judgement of ‘some concerns’ was
assigned when at least one domain raised concerns and no
domain was at high risk. The summary plot (Fig. 3) demon-
strates that the body of evidence is largely characterised by an
overall RoB 2 judgement of ‘some concerns’, driven primarily
by missing outcome data and potential biases in outcome
measurement and selective reporting. This limitation should
be considered when interpreting the effect estimates (27).

Certainty of evidence. Outcome-level GRADE ratings are
summarised in the summary of findings table (Table V).
As each outcome was rated individually against the five
GRADE domains rather than assigned a uniform level,
ratings ranged from very low to moderate across outcomes,
reflecting differences in risk of bias, inconsistency, indirect-
ness and imprecision rather than a fixed ceiling tied to trial
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D5: Bias in selection of the reported result

Figure 2. RoB-2 risk of bias assessment. RoB-2, risk of bias tool 2.
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Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result
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<
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[ Lowrisk  [[] Some concerns

Figure 3. Collective data (%) for risk of bias, according to RoB-2 domains (summary plot). RoB-2, risk of bias tool 2.

count. Moderate certainty (downgraded one level) applied
to bleeding on probing and other inflammatory parameters
for the ozonated-hydrogel-versus-chlorhexidine comparison
(downgraded for risk of bias) and to bleeding on probing,
clinical attachment level, and pain on probing for atorvas-
tatin vs. the placebo (downgraded for imprecision). Low
certainty applied to the probing-depth comparisons for the
ozonated and atorvastatin gels (inconsistent or non-signif-
icant between-group effects) and to the comparison of the
bio-adhesive gel vs. chlorhexidine, which exhibited no statisti-
cally significant between-group difference (small single trial,
downgraded for imprecision). Outcomes for hyaluronic acid
in peri-implantitis ranged from low to very low certainty,
reflecting the single trial cohort with short follow-up and, for
several outcomes, further downgrading for indirectness or
imprecision. No outcome reached high certainty (28,29).

Discussion

The present systematic review synthesised evidence from
six reports of five RCTs evaluating hydrogel-based adjuncts
in peri-implant mucositis and early peri-implantitis. Within
the limits of very low to moderate-certainty evidence, the
included trials suggest that ozonated sunflower-oil hydrogel
and HMW-HA gel may provide additional benefit in reducing
peri-implant soft-tissue inflammation when used alongside
mechanical debridement, whereas atorvastatin gel exhibited
benefit for clinical attachment level and pain on probing
without a consistent reduction in bleeding on probing. This
reflects growing interest in bioactive gel formulations as
minimally invasive adjuncts that can locally modulate inflam-
mation, interfere with biofilm organisation, and support
soft-tissue healing around implants.


https://www.spandidos-publications.com/10.3892/wasj.2026.512

GANESAN et al: ADJUNCTIVE HYDROGELS IN PERI-IMPLANT DISEASE MANAGEMENT

14

*QOUIAYIP
QNI € 19319p 0}
Anpiqe yrun swie yioq

[1omo] £y 03 19431y €0'0
1D %56 “19MO1 200

AN ‘00 [0nu0d

:ow 9 ‘(gg) v 12 vIAING
000 "SA 000 :OW ¢

(snisoonw juejduwr
-11ad) JuoweprIqop
[eoTuRyOW + [958
QUIPIXIUIONYD % |
*SA JUSWIAPLIGIP

Ur SOJeI JUOAd MO[ KIoA “(Z€) v 12 Auequog] dn [eoTuRYOSW ouwr 7
{P9JO9JOP QOUIYIP -MO[[0] Teuy £q suLre yoq + [9S01pAYy ‘(¢g) owr 9
dnoi3-usamioq Ul 0JOZ-IE3U 0} POA[OSAT MOT (sLDY 2) [1o-Iomopuns (IS) xopur
(€3] jueyrodwr oN uonjeinddns :sfern ylog DD pawerepun SNorIeg SNOTIAS JON SNOLIOS JON  SNOLIAS syuoned ()9 PareuOZQ) %ST uonjeinddng
juedyrusIs jou (sn1soonw
‘(1Mo ' 11 03 1_YS1Y 80 juedwi-trad)
*[mo] st Ajureirsd 1D %66) mo1 dd 76 QN JUWIOPLIGIP
{(gg) v 12 vIING Ul {957 L 101U0D (9 ‘ow 9) [eoTURYOW + [958
JISIA WLIJUI Uk I8 A[UO (€€) v 12 eIING QUIPIXAYIO[YD 9 |
(7€) v 12 AueqLIOS UT (19MO[ €€°0 03 *SA JUSWIOPLIGIP
e[ AJuo JuedyIugis] 610 ID %S6) [9501pAYy [eoTuBy oW
sjurod-own pue speLy YIIm I9MO[ 97°0 AN ‘0€°0 + [9301pAY
U99M}aq JUISISUOJUL ST [ONUOD :(A[BIS [-() ‘OW 7) MOT (sLD¥ 2) [Io-Iomopuns oW 7 $(¢g) ow 9
(€3] Tonuos onberd uo oo (2€) v 12 QueqLIdS PP paodepun)  SNOLILS JON SNOLIAS JON SNOLIDS  SNOLIS syuoned ()9 ParRuOZQ %ST (1d) xopur onbejq
jueoyrusis jou
‘(1om0[ 89" () 03 19431y 90" (snisoonwt
1D %S6) Tomo] W [¢°Q Juedwi-tiod)
AN ‘W ¢7° 4 [0NU0D JUSWOPLIGIP
((ow 9) (¢¢) I 12 eIING [eoTuRyOW + [03
“UTRIIOOUN JOOJJ0 on) ‘ow g1 woiy A[uo QUIPTXAUIOTYD 9|
‘suorjernp dn-mofjoy JueoyIusIs ‘(19MO] 96°() *SA JUSWIAPLIGIP
1O S[eLI) 0M) 9Y) SSOIOR 01 86°0 ID %S6) [930IpAY [eoruRyOW ouw 7
JUQ)SISUOD JOU SeM M TOMO] W / /" () QIN + [oS01pAY {(gg) owr 9
yeuaq oy Ing ‘pdop w7/ ¢ [01u0d (oUW $7) MOT (SLD¥ ) [l0-1omopuns (add) wdop
(€£3) Surqoid aonpar Ae]y (z€) v 12 QueqLIOS @@ Ppooepun)  SNOLIdS JON SNOLIAS JON SNOLIDS  SNOLIDS syuoned (9 PAJRUOZ(Q) %G 19y00d Surqoig
“PAYSI[qEISO Udaq
194 JOU SeY] OUISYIP
Teorur[o jueyrodur
A[[ewIuIu e se ‘urejrodun
surewoal sSuIpuy asay) (19M3J 60 01 8€°0
JO QOUBAQ[AI [BIIUI[D Y} ‘ID %S6) [950I1pAY Yarm
‘I0AIMOY ‘[9501pAY 2y} 19m9J syutod 940 QIN (snisoonut juejduwr
SuLIOA®] SOOUQISLIIP £€6°0 [01NU09 :(¢-0 -11ad) Juowepriqop
jueoyrusis A[[eonsness 2100s SuIpa9[q ‘oW 47) [edTURYOAW + [o3 ow ¢
Sunensuowap s[eLn yloq (z€) v 12 AQueqLIOS QUIPIXAUIO[YD 9] "SA {(gg) ow 9
I ‘TS QUIPIXOYIOTYD (10MOJ T'ZT 031 'S JUSWOPLIGOP (21005 SuIpag|q
uey) s1ojowered pojear 1D %S6) 19501pAY [edruRyOW ‘gog) s9d1pur
-3uIpa9[q ur suoronpax ynm 1omay dd 9'g N + [9501pAY Surpas[q
1918213 9p1aoid Kew £059'81 [01UOD (9% dog AIVIAAON (SIDU ) [10-19mopuns /3uiqoxd
(€£3) [0301pAY pajeuozQ ‘our 9) (g¢) v 12 v1INg IPDD P0AOpU]  SNOLIdS JON SNOLIAS JON SNOLIdS JON  SNOLIdS syuoned 9 ParRuOZQ %G| uo 3urpas|g
('syod) JuoWole)s Arewruing 100JJ0 N0Sqy (HaQv¥on) eerq uorsoordw]  ssowjooripu]  AOUQ)SISUOOU] seiq (syuedroned (uonjendod) Elitehilite)
Kureyro) uoneorqng Jo ysTy sorpmg uostredwo))

(AAVYD) se1pnis sso1oe AJfenb oouapia9 jo Arewrwung A 9[qe],



15

WORLD ACADEMY OF SCIENCES JOURNAL 8&: 97, 2026

SPANDIDOS
[} PUBLICATIONS

(snrsoonw
‘€ pue | syjuowr juerdur-1rod)
U99M}9q PUNOQaI B I9)je JUQWOPLIGIP
‘UIIRISEAIOIE [JIM ISIOM (10yS1y §'97 [eoTuRYOSW
Apueoyruss JOg smoys 019°CI 1D %S6) + [958 0gooe(d (ow ¢)
‘1000 0=d ‘ouw ¢ je Une)seAIole [IIm (9SI0M) *SA JUSWIAPLIGIP (% ‘do9)
%1’ SIF1 61 Unelsealore WHHOIH dd L'6T AN HIVIAAON (fern o[3uts)  snorres @odn [edTURYOSU + [oF Surqoxd
(s¢) ‘SA %Y 6F 6T [0DU0D) 9% 67 [0NU0D) IPDP pawaepun SNOLIdS SNOLIAS JON V/IN 10N syuoned gt UI1BISEAIONY %7 | uo 3urpas[g
(snisoonw
juedwi-rrod)
JUSWOPLIGOP
[esrueyOOW
(1MO[ L' 0 1T 1 + 103 ogooerd
‘0qaoerd 1D %66) UNeIseAIole *SA JUSWAPLIGAP (ow ¢)
ueyy a1ow Surqoxd uo Y)m (19139q) JOMO[ Wd ()’ AILVIIAON (re1n o[3urs) SNOLISS @£y [edTURYOAW + [33 (SVA ‘dOd)
(5¢) ured soonpar A[qeqold dN ‘W 9°G [onuUoD) IPDD pararepun SNOLIPS SNOLIAS JON VIN 10N syuoned gt UnelseAloly %7 [ Surqoid uo ureg
(snrsoonw
juerdur-1rod)
(ww (g JUQWOPLIGIP
"SA §'9) TVD auraseq [eoTuRYOSW
as1om Apueoyrusis pey (19M0] 19T 01 660 + 198 ogqooerd (ouw ¢)
dnoi3 uneisealole :9JoN 1D 9%66) UneIseAIole Yim *SA JUSWIAPLIGIP (TVD) 19A9]
0qaoeld uey) 10w (19119q) Jomo[ Wi ¢ | HIVIAAON (re1n o[3urs) SNOLISS @oyarn) [eorueyOdW + [958 judwyor)e
(5¢) TvD soaoxdwr A[qeqoid dN ‘W G G [oNuo) IPDP paoaepun SNOLIdS SNOLIAS JON V/IN 10N syuoned gt UIIRISEAIONY %7 | [eotur[)
(snisoonw
juedwi-rrod)
JUSWOPLIGOP
[eorueyOAW + [93
(66'0=d) 2ouaTopIp QUIPIXIUIONYD % |
"P910919p JueoyIusIs Ou punoy 3s9) *SA JUSWIOPLIGIP
QouRIoYIp Jueltodwr UMO S,[eL1)-(JOMO] €€°0 [esrueyOOW
Aqreorurpo ou isdnoxS yroq 03 1070 1D %$6) [2301pAY + [0301pAy (ow $7) (TAIN)
ur o[qess AqreoryderSorpex M TOMO] W /1" QN (rern o[3urs) @oyan [10-Tomopuns K)I[1qeIs/[oA9]
(€£3) POUTBWIAI S[OAJ] duog ‘ww g’ [0NU0D) PpajoaIepuN SNoLS SNOLIAS JON V/N  snouog syuoned (¢ ParRuOZQ %G| Quoq [euISIe]A
(snisoonw
juedwi-rrod)
‘K[snonneo JUSWOPLIGOP
Jaxdisyur JISIA [eUY Oy} [edTURYOAW + [o3
18 QOURIJJIP JUBOYIUSIS oul 4, Je Juedyrusis jou QUIPIXAUIO[YD 9|
ou punoj sisfeue ST} punoj SIsATeue umo *SA JUSWIOPLIGIP (ow 7)
sanseaw-pajeadar S,Je1 - (1MO] 81°() 01 [eoTuBYOIW ONWIN)
umo s,[ern ay) Inq 2€°0 ID %S6) [9501pAYy + [9501pAY uonIpuod
£109JJ0 OU IpN[OXd I 10M0[ OF' 0 QN MOT (rern o[3urs) @oyan [10-Tomopuns [esoonux
(€£3) 0) s1eadde 1D aAreN (91898 ¢-0) €0 [0Nu0) PpajoaIepuN SNoLRS SNOLIAS JON V/N  snouog syuoned (¢ ParRuOZQ %G| [eurSIejy
('syod) JuoWole)s Arewruing 100JJ0 N0Sqy (HaQv¥on) eerq uorsoordw]  ssowjooripu]  AOUQ)SISUOOU] seiq (syuedroned (uonjendod) Elitehilite)
Kureyro) uoneorqng Jo ysTy sorpmg uostredwo))

"panunuo) ‘A dIqeL


https://www.spandidos-publications.com/10.3892/wasj.2026.512

GANESAN et al: ADJUNCTIVE HYDROGELS IN PERI-IMPLANT DISEASE MANAGEMENT

16

MO AToA
Kyureyrad ‘asroaxduur st

(snnuepdwi-rrad)

rewnse ayy pue ‘(parjdde JuaWBAI) OU (sAep 06)
jonpoid ou) papurjqun (I0MOT €T T 01 GT'0 /195 1uardIoxa "sa (7D) yueunean
sem Jojeredwod SIy) Inq 1D %56) VH WM IoMmo[ 198 (VH-MINH) proe ou "sA VH
“Juouneax) ou 'sa yidop ww 70 AN “WW 6T'¢  MOTANHA (fern o[3urs) @£oan oruoxnyeAy Jysom -(ddd) wdep
0¢€) Surqoid aonpar Ae]y (Juounjean ou) g [01NU0D) @  pardalepun SNOLIPS SNOLIdS V/N  Snouog sijuoned 19 -TeMOd[OW-YSIH %80 19y00d Surqoig
‘Tern dn-mof[o3-110ys (snnuerdwr-trod)
‘[[ews Quo wouij SI JuSWIEAI) OU
QOUPIAD INQ ‘SABP 06 (MO 7L T 01 $G0 /198 uardroxa 'sa (skep 06) (1D)
Je Quo[e [93 juardioxo 1D %S6) VH YIIm 10Mo][ 198 (VH-MINH) proe 103 Juardroxa *sa
uey) arour yidop ww 990 qIAl “WW €9°¢ (1ern o[3uts) @odan owomeAy ySom  YH~(Add) ydop
0€) Surqoid aonpar Ae]y (quardioxs) [ jonuo) PaJodJopu)  SNOLIdS JON SNOLIAS V/N  SnoLos sijuoned 19 -1R[MO9[OW-YSIH %80 19y00d Surqoig
*(popei3 Ajewio
JOU ‘109J2 9SIAAPE) [95 (ow ¢)
QAISOUPE-01q Y} UM UDS (.pareay
jou Surure)s onayisord (oI0w ] 03 IOMIJ 79 (snrsoonw syuerdur, )
/q300) 9[qISIA Pasned 1D 9%66) 198 aa1saype yuerdwi-trad) sIIsoonw Jo
QUIPIXIUIOYD) "paeay -o1q yim Q1 fod @oda n [958 QUIPIXAYIOYD % | uonnjosal
uonodoid ur QouaIdIp QI0W Q7 ‘QUIPIXAYIO[YD MO1 (re1n o[3urs) syuejduwir 96 *SA 105 ondasnue Suraaryoe
#€) ou 10 91| A[1qeqoig s 00071 1od 169 Ppajoalepun) NilyrelN SNOLIAS JON V/N  Snouag /syuoned g1 QAISOUpE-01g syuerdwy
jueoyusis
1ou “(19y31Y G*() 0
1oMOT €20 1D %56) 193 (snrsoonw
*sTo8 om) oy} QAISAYPROIq YIIM (ISIOM juerdur-1rod)
uaam)aq [o1uod anberd A[reouownu) 1ysy [93 QUIPIXAYIO[YD 9 | (ouw ¢)
UI PIJO319P SOUSISIIP TT°0 AN “(37e28 €-0) MOT (rern o[Suts) @oan 'sA [08 ondesnue (1d) xoput
#€) jueyrodwr oN 9G'() [onU0D) gP@  por9epun SNOLIdS SNOLIAS JON V/N  Snouog syuoned g1 QAISOYpE-01g anbe|q
(1) uonesruopuex
U0 SUIIOUOD QUIOS, [IIM
WASISUOD “($70 0=d
‘O1'1 3591 "SA €G° ] JuedyIusIs
[OUOD [l [er}Iur) 10U “(19MO] G0 (sntsoonw
aurposeq e Apuesyrusis 01 19YS1Y §0'0 1D %S6) Juefdwi-tiod) (ow ¢)
paayip sdnoin [98 2AIsaype-o1q [98 auIprxayIoyod 9| (Tgu)
‘uononpar Surpadyq 10y IM 10MOT 070 AN MOT (rewn o[3urs) @y *sA [93 ondesnue Xopur urpas|q
#€) QOURIJJIP OU IO A[NI'] ‘(91808 ¢-0) 610 [0NU0D Ppajoalepun) SNOLIoS SNOLIAS JON V/N  Snouag sjuonjed g QAISOUpE-01g PSYIPOIN
(snisoonw
juedwi-rrod)
*(JueoyrugIs-uou (ST 0=d) ueoytusis JUSWOPLIGAP
‘[eLn [rews 9[3uis) 10U “(I9MO[ 09°0 [eorueyOdW
ureaoun AI9A 9OUIPIAD 0} 1oy31y 0Z'0 + 103 ogooerd
‘sypuour ¢ Je ydap 1D %6S6) UneIseAIole *SA JUSWIOPLIGAP (ow ¢)
Surqoxd ur douaIaIp M J9MO0] W 7' QN SNOLISS (rern o[3urs) SNOLISS @an [eorueyOaW + [93 (ad) ydop
(s¢) ou Jo oI A1qeqoid W 9'¢ [oNU0D) pPa0IpUN KIoA SNOLIAS JON VIN 10N syuoned gt unelseAloly o [ Surqoid
('syod) JuoWole)s Arewruing 100JJ0 N0Sqy (HaQv¥on) eerq uorsoordw]  ssowjooripu]  AOUQ)SISUOOU] seiq (syuedroned (uonjendod) Elitehilite)
Kureyro) uoneorqng Jo ysTy sorpmg uostredwo))

"panunuo) ‘A dIqeL



17

WORLD ACADEMY OF SCIENCES JOURNAL 8&: 97, 2026

W
Q5
o
25
A
a ¥

T

*9qe) STy} Inoy3noIy)

Q0UDPIAD JO Apoq [Suls ® Se pajear) are sowodno Iy suonendod [ern juspuadopur jussardar jou op pue (¢61LSTE0LON) LD duwes ay) woij suoneorjqnd uoruedwod are (J¢) /» 12 RWIT-OUBLIOS Pue ((O€) JP 12 ZOPURUIS]-ZOydouLs

‘MOT AIIA

DD ALVIIAON BDDD ‘HOIH DD D :Auters gy o IUedYIuSIs Jou ‘SN [eAIUI 0Uapyuod ‘1) siutod a3eiusoiad ‘dd ooua1apyrp uraw ‘A {SYIUOW ‘OW {[BLI) PI[[OJIUOD PAsIWopuel ‘1Y

*MO] AT9A AJureirad sy
dnoi3-usamiaq [ewioy
ou yim dnoi3qns [rews

® Jo sisA[eue uoruedwod

K1oyero[dxa ue sI s1y)

(0T 9<—¢t'9) o5ueyd
JuedyIUSIS OU PIMOYS
dnoi3 1o3-juardroxa
(¢ wmeng) saAs

PpadueApe Ul jusujeal) ou

(snnuedwi-trod)

(skep y)
juduear) ou

Auardioxs 'sa VH
-S)IS PAdUBADE

nq ‘snnuerdwr-tod YIM 06 S8 { 9S0I pue JuSWIEAI) OU ‘(uouueys
paoueape ur o[yord VH WM 66 491701 /193 Juardroxa “sa JuosdwirSAuy)
oadoyied ss9 & premoy 1193 uosdwrgaug (1D 198 (VH-MIAH) p1oe KJISIQATP
QUWIOIQOIDTW [BSOdNWIQNS dnoiag-usamiaq ou ‘[ YOI] MOTAYIA (re1n o[3urs) oruoIneAy ysrom -eydye [erqoIorw
(1¢) Ay YIys KB uerpaw) AJuo aAnduosaq (a5 SNOLIS V/N  Snoules -Ie[nos[ow-yY31H %8 0 [esoonuwgng
(sonuerdu-tiad) (skep ¢¥)
*JUSWILaI} OU Uey) dnoi3qns 19y00d-10doop JUSURAI) OU JUAU)BAT) OU
Q10w ¢[-[ Je[noIAId sIy) ur AJuo juedyrugis /193 1uardIoxa 'sa ‘SA VH-WW G
onpai Aew [95 VH ~(1omof Tw/3d 86 01 ¢ 198 (VH-MINH) Pioe ddd durjoseq
‘(ww 6=) syoxypod 1D %S6) VHUMM  MOTAYHA (fern o[3urs) oruoinyeAy ysom s sjuerdur
0£) 10doap Yy syuerduwr uy Tomo[ (wy/3d 16 qIN SNOLIdS V/N  SnouLog -Ie[od[ow-ySIH %80 ‘J1-TI T[NO1AID)
SN (194314 290
01 19M0] 0L"0 1D %S6)
VH PIM JoMo[ (snnuerdwr-rod)
*sKep (g I9A0 PaJOAIP ww 0’0 @A 17D “SA juduIIERI) OU
QouaIelIp Juelrodwur SN ‘(12yS1y 690 /198 Juardroxa “sa (sKep 06)
ou :sdnoi3 [e ur o[qe)s 01 19MO[ 61°T 1D %S6) 198 (VH-MINH) Pioe (19
Areoryderdorper arom VH PIM 10MO[ MOTAIIA (retn o[3urs) oruoIneAy JySrom SSO[ QU0q
0€) S[OA9] QUOq [BUISIEIN wuw /770 N CTD SA SNOLIdS V/N  Snouag -Ie[noos[ow-y31yg %8 0 reurSre]y
SN ‘(14S1y €£°0
01 1m0 10 1D %S6)
VH WA 10481y (snmuejdwr-trad)
‘sAep 06 18 wuw 91 0 dIN 7D “SA JUQWIIRAI) OU
[013U0D 1YL pue [93 VH SN ‘(@oy3y €¢°0 /198 JuardIoxa s (sAep 06)
U99/M1q [2AQ] JuaWoe)E 01 10M0] [’ ID %S6) 198 (VH-MIAH) ptoe (TVD) [2A9]
[eITUT]D UT PR}o)ap VH UM Iomo| MOTXITA (rern o[3urs) oruoInyeAy 1ySrom JuduIydeE
0¢€) QouaIolIp Juelrodwr oN wuw €0 N (1D “SA SNOLIdS V/N  Snouag -Ie[nosjow-y31yg %8 0 [eotur[)
LO0=d)
QUIIaPIOG-(19MJ OF
01 oM 9t 1D %S6)
VH UMM 0001/40M3) €€T (snnuepdui-tad)
“ureleoun £0001/68€ [0NUOD 7D "SA JuSWIIRAI) OU (sKep 06)
KI9A 1 Quo[e [98 (10w G/, /198 JuardIoxa s juLUIBAN OU
aIdIoX0 “SA QOUAIAYJIP 0} 1M 6T€¢ 1D %S6) 198 (VH-MIAH) proe  puatdioxa sa yH
*(Su1[I9pI0Q) JUSUIEAT) VH WA 0001/1om3} 6T1 MOTAIIA (rern o[Suts) oruompeAy 1ySrom -(dog) Suqoxd
0€) ou ‘sA JOg 2onpa1 K\ £000T/18C [OUOD 1) "SA SNOLIdS V/N  Snouag -Ie[nos[ow-y3TH %8 0 uo Surpasrg
('syoy) Juowd)e)s Arewruung 109139 9IN[0Sqy (HAv¥on) SSOUIOAIIPU]  AJUQISISUOJU seiq (uonerndod) QwoanQ
Kureyo) Jo sty uostredwo))

"panunuo) ‘A dIqeL


https://www.spandidos-publications.com/10.3892/wasj.2026.512

18 GANESAN et al: ADJUNCTIVE HYDROGELS IN PERI-IMPLANT DISEASE MANAGEMENT

Interpretation of main findings. Across the included studies,
mechanical debridement with topical adjuncts was consis-
tently associated with improvements from baseline; however,
the extent to which these enhancements were attributable
to the adjuncts varied. Scribante er al (32) found that a 15%
ozonated sunflower oil hydrogel produced more rapid and
greater improvements in bleeding on probing, bleeding
scores and suppuration than a 1% chlorhexidine gel over a
period of 24 months. The differences between groups were
statistically significant from 12 to 24 months. Plaque index
and marginal mucosal condition improved in both study
arms, with between-group differences emerging only late in
follow-up and not sustained at 24 months, whereas probing
depth and marginal bone level did not differ significantly
between groups (32). This observation aligns with the find-
ings of Butera er al (33), who observed significant differences
between groups favouring the ozonated gel for plaque index,
bleeding on probing and bleeding score by 3 months. Probing
depth, suppuration and marginal mucosal condition improved
in both groups, with no significant between-group differences
at any assessed time point (33). The anti-inflammatory effects
of ozone-based formulations may reflect the biological activity
of the triatomic oxygen molecule, which exerts anti-microbial,
anti-inflammatory and immunomodulatory effects by
disrupting microbial cell walls, causing oxidative damage to
nucleic acids and proteins and inactivating viruses. HA also
demonstrated clinically significant benefits in peri-implan-
titis. Sdnchez-Fernandez ef al (30) found that topical 0.8%
HMW-HA produced a significantly greater decrease in PPD
compared with excipient gel and no-treatment controls at 45
and 90 days. For implants with probing depths =5 mm, crevic-
ular IL-1pB levels were significantly lower in the HA group,
providing biochemical evidence of its anti-inflammatory
effect. Bleeding on probing exhibited a similar, non-significant
trend favouring HA, and no significant differences were noted
in clinical attachment level, marginal bone level or crevicular
TNF-a between the groups (30). The microbiome analysis of
the same cohort by Soriano-Lerma ef al (31) revealed that HA
lowered peri-implantitis-related organisms, particularly early
colonisers, and reduced microbial alpha diversity in advanced
cases (31). Atorvastatin gel produced statistically significant
between-group improvements in clinical attachment level
and pain on probing over 3 months; however, bleeding on
probing was significantly higher (worse) with atorvastatin than
with the placebo at 3 months, despite an initial within-group
reduction in both study arms. Probing depth improved within
both groups but did not differ significantly between groups
(P=0.25), extending the evidence for statins from chronic peri-
odontitis to peri-implant conditions (35). Chlorhexidine gel
performed comparably to, or worse than, alternative therapies:
Storelli et al (34) identified no significant difference between
1% chlorhexidine and a bio-adhesive antiseptic gel in the modi-
fied bleeding index or plaque index, with similar ‘healing’ rates
(~65-67%). However, the chlorhexidine group developed tooth
and prosthetic staining absent in the comparator group (34).

Biological plausibility and mechanisms of action. The
differential efficacy of these adjuncts can be explained by
their mechanisms. Ozonated hydrogels function via multiple
anti-microbial pathways: The oxidation of polyunsaturated

fatty acids in bacterial membranes triggers lipid peroxidation
and membrane disruption. By contrast, the oxidation of sulph-
hydryl groups and amino acids inactivates bacterial proteins
and nucleic acids,and Gram-negative pathogens are particularly
susceptible. Beyond direct anti-microbial action, ozone modu-
lates immunity via reactive oxygen species signalling, which
can recruit phagocytes and promote the resolution of inflam-
mation (32,33). HA restores homeostasis of the extracellular
matrix. HMW-HA provides structural support and hydration,
binds to cluster of differentiation 44 and the receptor for hyal-
uronan-mediated motility, and activates the phosphoinositide
3-kinase/protein kinase B and extracellular signal-regulated
kinase cascades that promote fibroblast survival and matrix
synthesis. HMW-HA also antagonises pro-inflammatory
signalling triggered by low-molecular-weight HA fragments
(which engage Toll-like receptors 2/4 to amplify TNF-o and
IL-6) and supports tissue inhibitors of metalloproteinases,
helping to restore the matrix metalloproteinase/tissue inhibitor
of metalloproteinase balance (30,31). Atorvastatin exerts
pleiotropic effects by inhibiting the mevalonate pathway,
thereby reducing the geranylgeranylation of Ras-homologous
guanosine triphosphatases and attenuating NF-xB and
MAPK signalling. Moreover, it enhances bone morphogenetic
protein (BMP)-2 and BMP-4 signalling via Smad-dependent
pathways, promoting osteoblastic differentiation, while
antagonising receptor activator of NF-xB ligand-mediated
osteoclastogenesis (35). By contrast, chlorhexidine functions
purely via an anti-microbial mechanism (cationic disruption
of bacterial membranes) and neither supports tissue repair
nor modulates the inflammatory response. These constraints,
together with substantivity-related staining and a lack of
regenerative potential, may help explain the comparatively
limited long-term performance of chlorhexidine relative to
multifunctional agents.

Implant systems and surface characteristics. Implant type and
surface topography were not reported in the majority of trials.
This is a notable limitation as surface roughness and chemistry
influence biofilm retention, the accessibility of decontamina-
tion and the response of peri-implant tissues to adjunctive
agents. The inability to relate outcomes to implant-surface
characteristics limits external validity and complicates
cross-study comparison; future trials should report implant
systems and surface properties so that their interaction with
adjunctive therapy can be evaluated.

Sources of heterogeneity and their implications. The six reports
varied significantly in terms of hydrogel composition (ozon-
ated sunflower-oil hydrogel, atorvastatin gel, a bio-adhesive
antiseptic gel and HMW-HA), application protocols (single
in-office application vs. combined in-office plus once- to
thrice-daily home use), treatment durations (14 days vs. a single
45-day regimen) and follow-up periods (45 days to 24 months).
The reports covered two diagnostically distinct groups:
Peri-implant mucositis [Scribante et al (32), Butera et al (33),
Khorramdel ez al (35) and Storelli et al (34)] and peri-implan-
titis with radiographic bone loss [Sdnchez-Fernandez et al (30)
and Soriano-Lerma et al (31)].

Heterogeneity by hydrogel type and mechanism of action.
The four test formulations function via distinct pathways
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that only partially overlap. Ozonated sunflower-oil hydrogel
[Scribante et al (32) and Butera et al (33)], is predominantly
anti-microbial, disrupting bacterial membranes, nucleic
acids and proteins, with a secondary anti-inflammatory
effect via reactive oxygen species signalling. Atorvastatin gel
[Khorramdel et al (35)] instead functions via a host-directed
pathway, inhibiting the mevalonate pathway to attenuate
NF-«kB/MAPK signalling and promote osteoblastic differ-
entiation, without direct anti-microbial activity (35). The
bio-adhesive antiseptic gel [Storelli et al (34)] integrates a
cationic antiseptic (cetylpyridinium chloride and triclosan)
with HA and re-epithelializing agents, such as allantoin,
bisabolol and vitamin E. Mechanistically, it aligns more
closely with chlorhexidine, its comparator, than with the other
three agents (34). HMW-HA [Sédnchez-Ferndndez et al (30)
and Soriano-Lerma et al (31)] is immunomodulatory and
tissue-reparative, suppressing pro-inflammatory signalling
triggered by HMW-HA fragments and supporting extra-
cellular matrix homeostasis. As these agents function via
different, non-equivalent mechanisms, the pooled references
to ‘hydrogels’ in the Abstract and conclusion paragraph below
summarise directionally similar, yet mechanistically distinct
interventions rather than a shared class effect.

Heterogeneity by application protocol. The dosing inten-
sity varied significantly, ranging from a single subgingival
injection with no repeat [Khorramdel et al (35)] to a one-time
in-office application followed by patient-applied gel three
times daily for 45 days [Sdnchez-Fernandez et al (30) and
Soriano-Lerma et al (31)]. Other protocols included daily home
use for 14 days following each office visit [Scribante et al (32)
and Butera er al (33)] and continuous twice-daily home use
throughout the follow-up period [Storelli et al (34)]. This
variation in cumulative exposure may partly explain the
observed heterogeneity in effect size: The two trials with
the most sustained, repeated dosing (the ozonated-gel trials)
displayed the most consistent inflammatory benefit, whereas
the single-application atorvastatin. The HA trials do not follow
a straightforward dose-response pattern: despite a comparably
sustained regimen (thrice-daily home use for 45 days), their
benefit remained confined to a single outcome (probing depth),
rather than extending to the broader inflammatory improve-
ment observed with the ozonated gel. As the formulation and
dosing schedule were fully confounded, with each agent tested
using only one protocol, this contribution cannot be separated
from that of the active agent itself and is offered as a hypothesis
for future head-to-head or dose-ranging trials.

Heterogeneity by disease severity. Baseline severity varied
to a greater extent than the simple mucositis/peri-implan-
titis division suggests: The criteria in the study by
Khorramdel et al (35) included severe peri-implant mucositis
or mild peri-implantitis with up to 2 mm crestal bone loss,
blurring the distinction between the two conditions. In the
peri-implantitis group, Sdnchez-Ferndndez et al (30) observed
a significant decrease in crevicular IL-1p with HA only in
implants with baseline probing depths =5 mm. Similarly, the
microbiome analysis by Soriano-Lerma et al (31) found that
the impact of HA on pathogen abundance and diversity was
concentrated in the most dysbiotic baseline group. Although
these findings are based on post hoc sub-groups within a single
trial, they suggest that the benefits of adjunctive hydrogel
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depend on baseline severity or dysbiosis level, rather than
being uniform; however, this hypothesis could not be tested
in other included trials because none of the mucositis studies
stratified participants by baseline severity.

Collectively, these three axes of heterogeneity mean that
the observed effects cannot be attributed to a generic hydrogel
effect. Each finding should be interpreted as specific to its
formulation, dosing regimen and population, the basis for
the more qualified, agent-specific wording used above and
in the conclusion paragraph below. As formulation, protocol
and severity are confounded in datasets with only one or two
trials per agent, a formal quantitative sub-group analysis or
meta-regression was not statistically feasible; the conceptual
sub-grouping above is intended as a starting point for future
trials, not a substitute for one. This heterogeneity, together
with reliance on single small trials for most comparisons,
is the principal reason the certainty of the evidence did not
exceed moderate for any outcome.

Limitations. Several limitations should be considered. First,
substantial heterogeneity in case definitions, outcome measures
and follow-up durations precluded a meta-analysis and limited
comparative conclusions. The present systematic review
combines two diagnostically distinct conditions, peri-implant
mucositis and peri-implantitis, which differ in diagnostic
criteria, primary outcomes and treatment goals; only one trial
cohort focused on peri-implantitis (30,31). This ‘transdiag-
nostic’ combination, necessitated by the scarcity of eligible
peri-implantitis RCTs, means the findings for the two condi-
tions should be treated as separate bodies of evidence rather
than a single conclusion; future reviews should use indepen-
dent PICO (population, intervention, comparator and outcome)
frameworks as the peri-implantitis literature grows. Second,
two of the six included reports [Sdnchez-Fernandez er al (30)
and Soriano-Lerma et al (31)] are based on a single cohort;
thus, the body of evidence comprises five independent trials
rather than six. Third, a high proportion of full texts (8 of
28 sought) could not be retrieved, introducing potential selec-
tion bias and limiting completeness, despite attempts to contact
authors and to obtain articles via institutional and interlibrary
access. The direction of this non-retrieval bias is uncertain:
Some reports not retrieved may be null or negative findings
from lower-visibility sources, which would inflate the apparent
benefit reported herein; others may simply reflect access
barriers unrelated to the outcome. As heterogeneity precluded
a meta-analysis, a formal sensitivity analysis was not feasible.
This bias is therefore acknowledged qualitatively, and its
magnitude remains unquantifiable. Fourth, several trials had
small samples [notably Storelli ef al (34), with 18 participants
analysed], reducing the statistical power. Fifth, split-mouth
designs, although controlling for inter-individual variability,
carry arisk of carry-over effects, and blinding was not feasible
in all trials, exacerbating the risk of performance and detec-
tion bias. Sixth, the exclusion of smokers from the majority of
trials limits applicability to this high-risk group, and the short
follow-up in several studies [Sdnchez-Fernandez et al (30) and
Soriano-Lerma et al (31)] (45-90 days) hinders the assessment
of long-term stability, recurrence and implant survival. Finally,
the emphasis on surrogate clinical measures overshadowed
patient-centred outcomes. Future studies are warranted to
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integrate patient-reported outcome measures with clinical and
radiographic assessments.

Directions for future research. Well-designed, multi-centre
RCTs with standardised outcome measures and extended
follow-up are required to confirm the comparative efficacy
of adjunctive hydrogels. External validity would be enhanced
by including high-risk patients (e.g., those with diabetes or
a history of smoking). Direct comparisons of ozone-based
formulations with emerging adjuncts, such as probiotics, photo-
dynamic therapy or peptide biomodulators, would clarify their
relative utility. Incorporating microbiological and biochemical
assessments could clarify mechanisms and identify predictive
biomarkers. Standardised application protocols (concentration,
frequency and duration) would facilitate cross-study compari-
sons and clinical translation. Cost-effectiveness analyses are
also needed to inform policy and resource allocation.

Clinical implications. For the maintenance of peri-implant
mucositis, ozonated oil-based hydrogels may represent a
reasonable alternative to chlorhexidine, providing comparable
efficacy without staining or taste alteration. HA gel may be
particularly useful for peri-implantitis with moderate-to-deep
pockets, given its antimicrobial and anti-inflammatory proper-
ties, although this is based on outcome-level evidence from a
single 61-participant trial cohort reported in two publications
[Sanchez-Fernandez et al (30) and Soriano-Lerma e al (31)],not
from multiple independent studies. Combining patient-admin-
istered home care with professional in-office application may
improve outcomes and compliance over longer follow-up. In
the 24-month ozone trial, no peri-implantitis progression and
stable marginal bone levels were observed, underscoring the
value of prompt, effective treatment in arresting peri-implant
mucositis, consistent with the consensus that peri-implant
mucositis is reversible when identified early and managed with
appropriate non-surgical therapy. As the supporting evidence
is of very low to moderate certainty, these implications should
be regarded as provisional.

Adjunctive hydrogel therapies appear to offer promising but
modest and inconsistent benefits in the non-surgical manage-
ment of peri-implant mucositis and early peri-implantitis.
Probing-depth reductions were generally small and variable,
whereas ozonated hydrogels and high-molecular-weight HA
were more consistently associated with improvements in
soft-tissue inflammation parameters, and atorvastatin gel was
associated with improvements in clinical attachment level
and pain on probing, but not bleeding on probing, compared
with mechanical debridement alone or other adjuncts. When
appraised using GRADE, the certainty of evidence ranged
from very low to moderate, downgraded for risk of bias,
inconsistency, indirectness, and imprecision depending on
the outcome. Heterogeneous formulations, protocols, and
follow-up durations highlight the need for standardised,
longer-term RCTs to confirm the durability of effects and to
inform evidence-based guidelines before targeted clinical
recommendations can be made.
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