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ABSTRACT

To evaluate the effects of non-sutgical treatment on inflammatory factor levels in patients with
peri-implantitis (PI).

PubMed, Web of Science, ScienceDirect, China National® Knowledge Infrastructure,
and Wanfang were searched through March 2026 for randomized controlled trials of non-surgical
therapy for PI. Outcomes included interleukin 18 (IL-18), interleukin 6 (IL-6), tumor necrosis factor
o (ITNF-0)), and matrix metalloproteinase 8 (MMP-8). Meta-analysis was performed using RevMan 5.3.

Fourteen trials were included. At 3 months, adjunctive non-surgical treatment produced greater
reductions than control treatment in'gingival crevicular fluid I11.-18 (SMD, —0.78; 95% CI, —1.29 to
—0.20), 116 (SMD, —1.49; 95% CI, —2.07 to —0.91), and TNF-a (SMD, —1.84; 95% CI, —3.05 to
—0.63), but not MMP-8 (SMD, 0.08; 95% CI, —1.33 to 1.50). At 6 months, no between-group
difference was observed for IL-13 (SMD, —0.18; 95% CI, —0.61 to 0.25). PDT-based regimens
reduced IL-1B and TNF-a more than controls at 3 months, whereas laser-based regimens showed
no clear advantage. Non-smokers showed greater IL.-18 improvement than smokers. Sensitivity
analyses supported the TL-18, I11.-6, and TNF-a findings, but the MMP-8 result was unstable.
GRADE evidence quality was moderate for IL-1, IL-6, and TNF-o and low for MMP-8.

Non-surgical treatment may reduce gingival crevicular fluid I1L-18, IL-6, and TNF-« levels in
the shott term. Non-smokers may respond better than smokers, and PDT-based regimens may be
more effective than laser therapy; however, benefits were not sustained at 6 months.
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INTRODUCTION

Peri-implantitis (PI) represents a major challenge in

Corresponding Author: Lie Wang, MD;

Department of Stomatology, Wuhan Third Hospital, Wuhan, China.

Tel/Fax: (+86 276) 8894 783, Email: 18672315165@163.com

*The first and second authors contributed equally to this study

Copyright©, Iran J Allergy Asthma Immunol. All rights reserved.

dental implantology, with a prevalence as high as 47%.
Without timely and standardized intervention, PI can
lead to a poor prognosis for implant-supported
restorations and may necessitate implant removal in
severe cases, making it a leading complication
associated with implant failure. Tissue damage induced
by PI activates innate immune cells, including
macrophages, dendritic cells, mast cells, and
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neutrophils, which mediate inflammatory responses.
The massive release of proinflammatory cytokines,
including interleukin 1B (IL-1f) and interleukin 6 (IL-
6), enables inflammation to invade alveolar bone-
supporting tissues, inducing osteolysis, damaging
implant-bone interface stability, and causing implant
loosening and loss. Accordingly, inflammation is a core
factor driving the occurrence and progression of PI.2
Because of the unique peri-implant anatomy, local
inflammation tends to persist and recur, making
complete eradication difficult and necessitating timely
intervention.®> Anaerobic polymicrobial infection is
recognized as a core etiology of P1.* Therefore, anti-
infective and anti-inflammatory therapies are essential
to constrain disease progression and improve implant
survival.

Currently, minimally invasive non-surgical
approaches, including mechanical debridement,
photodynamic therapy (PDT), laser therapy, and local
irrigation, are prioritized for PI treatment because of
their safety and accessibility. Mechanical debridement is
regarded as first-line therapy; however, (it cannot
completely eliminate biofilms from irregular implant
surfaces, thereby limiting therapeutic efficacy.
Furthermore, the anti-inflammatory effects of laser
therapy and PDT remain controversial. Some studies
have found that PDT can reduce IL-1B.> However, other
trials have found no distinct between-group differences
in cytokine modulation.®

Although previous systematic reviews . have
summarized non-surgical PL treatments,” few have
quantitatively analyzed inflammatory cytokines, such as
IL-1p and 1L-6, in gingival « crevicular fluid.
Accordingly, this . meta-analysis . systematically
evaluated the effects of non-surgical interventions on
inflammatory eytokine  levels and compared the
magnitude of their anti-inflammatory effects. This study
aimed to clarify the clinical value of non-surgical
therapy for PI and provide evidence for optimizing
clinical treatment regimens.

MATERIALS AND METHODS

Study Protocol

All authors approved the protocol, which was
designed and conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2020 guidelines.
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Literature Search Strategy

Searches were conducted in China National
Knowledge Infrastructure (CNKI), Wanfang, PubMed,
Web of Science, and ScienceDirect from January 1997
through March 2026. A combination of subject headings
and free-text terms was used. Reference lists of included
studies were manually searched, and ClinicalTrials.gov
and the World Health Organization International
Clinical Trials Registry Platform (ICTRP) were
searched to identify completed but unpublished relevant
clinical trials. English search terms included peri-
implant diseases,  peri-implantitis, PI, non-surgical
therapies; - laser,  diode - -laser, Er:YAG laser,
photodynamic therapy, IL-6, TL-1p, TNF-a, MMP-8,
and inflammation. The search strategies for each
database were as follows:
PubMed: " (peri-implant diseases[Title/Abstract] OR
peri-implantitis[ Title/Abstract] OR PI|[Title/Abstract])
AND (non-surgical therapies[Title/Abstract] OR
photodynamic therapy[Title/Abstract] OR
PDT|[Title/Abstract] OR laser| Title/Abstract] OR diode
laser[Title/Abstract]-OR Er:YAG laser[Title/Abstract])
AND  (inflammation[Title/Abstract] OR  TNF-
af[Title/Abstract] OR IL-1pB[Title/Abstract] OR IL-
6[Title/Abstract] OR MMP-8[Title/Abstract]).
Web of Science: TS=(peri-implant diseases OR peri-
implantitis OR PI) AND TS=(non-surgical therapies OR
photodynamic therapy OR PDT OR laser OR diode laser
OR Er:YAG laser) AND TS=(inflammation OR TNF-a
OR IL-1B OR IL-6 OR MMP-8).
ScienceDirect: peri-implant diseases*:ti OR peri-
implantitis*:ti OR PI*:ti AND non-surgical therapies*:ti
OR photodynamic therapy*:ti OR PDT*:ti OR laser*:ti
OR diode laser*:ti OR Er:YAG laser*:ti AND IL-6*:ti
OR TNF-o*:iti OR IL-1B*:iti OR MMP-8*:ti OR
inflammation*:ti.
CNKI: (Topic: peri-implant diseases OR Topic: peri-
implantitis OR Topic: PI) AND (Topic: non-surgical
therapies OR Topic: photodynamic therapy OR Topic:
PDT OR Topic: laser OR Topic: diode laser OR Topic:
Er:YAG laser) AND (Topic: inflammation OR Topic:
TNF-a OR Topic: IL-1p OR Topic: IL-6 OR Topic:
MMP-8).
Wanfang: Title/Keyword: peri-implant diseases OR
Title/Keyword: peri-implantitis OR Title/Keyword: PI
AND Title/Keyword: non-surgical therapies OR
Title/Keyword: photodynamic therapy OR
Title/Keyword: PDT OR Title/Keyword: laser OR
Title/Keyword: diode laser OR Title/Keyword: Er:YAG
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laser AND Title/Keyword: inflammation OR
Title/Keyword: TNF-o OR Title/Keyword: IL-1f OR
Title/Keyword: IL-6 OR Title/Keyword: MMP-8.

Inclusion and Exclusion Criteria

Inclusion criteria were as follows: (1) participants
were adults who had undergone implant rehabilitation
and were diagnosed with PI; (2) the study was a
published randomized controlled trial (RCT); (3) both
groups received non-surgical treatment, with the control
group receiving conventional non-surgical treatment,
including mechanical debridement, subgingival scaling,
irrigation, ultrasonic scaling, air-abrasive debridement,
or local or systemic antibiotics, and the observation
group receiving an adjunctive non-surgical treatment,
such as laser therapy, PDT, or probiotics; (4) at least 1
outcome was reported, including tumor necrosis factor a
(TNF-a)), matrix metalloproteinase 8 (MMP-8), IL-18,
or IL-6; (5) the study was published in a core journal;
and (6) follow-up was 3 months or longer.

Exclusion criteria were as follows: (1) patients had
severe systemic disease, uncontrolled diabetes, immune
disorders, malignant tumors, or other comorbidities; (2)
participants were children; (3) the publication was a
conference abstract, review, systematic analysis, animal
experiment, case report, or master’s thesis; (4) the study
involved surgical intervention, such as flap surgery,
bone grafting, or resective surgery; (5) the study had
poor methodological quality, unclear data, or data that
could not be extracted; (6) the publication was not in
Chinese or English; (7) the treatment course was
unclear; (8)(patients had untreated periodontal disease
before implant surgery; or(9) participants had taken or
were permitted to take antibiotics within 6 months
before study initiation.

Literature Screening and Data Extraction

Two reviewers independently screened the literature
and extracted data, with cross-checking. Disagreements
were resolved by consultation with a third reviewer.
When possible, missing data were obtained by
contacting the original authors. Extracted data included
the first author, publication year, sample size, age,
interventions, follow-up duration, and outcome
measures.
Quality Assessment

Two reviewers independently assessed the risk of
bias in the included studies using the Cochrane Risk of
Bias Tool for randomized controlled trials. Evidence

quality was graded wusing the Grading of
Recommendations Assessment, Development, and
Evaluation (GRADE) system.

Statistical Methods

Meta-analyses were performed using RevMan 5.3
and SPSS AU software. Continuous data were expressed
as mean differences (MDs) or standardized mean
differences (SMDs) with 95% confidence intervals
(CIs). Heterogeneity was evaluated using the y? test and
the P statistic. If P<50% and p>.10, a fixed-effects
model was used. Otherwise, a random-effects model was
applied, -and sensitivity analysis. was performed by
sequentially omitting individual studies to assess the
robustness of the results. The significance level, a, was
set at 0.05:

A random-effects model was used if />50% in any
subgroup; otherwise, a fixed-effects model was adopted
when ’<50% across all subgroups. For continuous data
presented only in figures without raw data, values were
extracted using WebPlotDigitizer. For outcomes
reported. in inconsistent units, SMDs were used for
pooled analysis. For data reported as medians (Q1-Q3),
the Scenario 2 online conversion tool provided by Hong
Kong Baptist University was used to convert values to
means (M) and standard deviations (SDs). For each
outcome, all eligible studies were first included in an
overall pooled analysis to evaluate the general effect of
non-surgical treatment in patients with PI. Subgroup
analyses were then performed for outcomes with
sufficient data to explore potential sources of
heterogeneity.

Subgroup Analysis

Smoking status: studies were grouped according to
whether patients smoked.

Type of non-surgical treatment: studies were
grouped according to the non-surgical modality, such as
PDT or laser therapy.

If fewer than 2 studies reported stratified data for an
outcome, subgroup analysis was not performed because
of insufficient statistical power, and only the overall
pooled effect was reported.

RESULTS
Literature Search and Screening

A total of 781 articles were initially retrieved
through database searches. After screening according to
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the predefined inclusion and exclusion criteria, 14
studies were included in the meta-analysis. The study
selection flowchart is shown in Figure 1.

Basic Characteristics of Included Studies
The basic characteristics of the included studies are
summarized in Table 1.1

Risk-of-bias Assessment

A total of 14 randomized controlled trials were
included. Methodological quality was assessed using the
Cochrane Risk of Bias Tool. Most studies had a low or
unclear risk of bias for random sequence generation and
allocation concealment. Performance bias, related to
blinding of participants and personnel, was the main
weakness, with 2 trials at low risk, 1 at unclear risk, and
11 at high risk. All trials were at low risk of bias for
blinding of outcome assessment, incomplete outcome
data, selective reporting, and other bias. Overall,
methodological quality was good for objective
outcomes, but performance bias was high because of the
nature of PDT and laser interventions. Risk-of-bias
assessments are shown in Figures 2 and 3.

Literature retrieval from
databases ( n=781)

IL-1P

Eleven studies reported IL-1f data for patients with
PI. Substantial heterogeneity was observed across
studies (2>50%; p<0.001); therefore, a random-effects
model was used. At the 3-month follow-up, the
observation group had a significantly greater reduction
in IL-1 levels than the control group (SMD, —0.78; 95%
CI, —1.29 to —0.26; p=0.003). At the 6-month follow-up,
no significant between-group difference was observed in
IL-1B improvement (SMD, —0.18; 95% CI, —0.61 to
0.25; p=0.42). Detailed data are shown in Figure 4.

Subgroup Analysis by Smoking Status

Stratified analysis by smoking . status showed
substantial heterogeneity studies  (>>50%;
p<0.001); therefore, a random-effects model was used. At
the 3-month follow-up, the observation group had a
significantly greater reduction in IL-1f levels than the
control group among non-smoking patients (SMD, —1.18;
95% CI, —1.98 to —0.39;p=0.004). Among smoking
patients, no significant between-group difference was
observed.in IL-1f reduction (SMD, —0.54; 95% CI, —1.20
to 0.11; p=0.10),.as shown in Figure 5.

acCross

Literature retrieval from
other sources(n=0)

|

After excluding duplicate
literatures(n=427)

Excluded studies after

screening titles and
abstracts(n=383)

Remaining records after
initial screening(n=44)

Excluded studies after full-

text reading(n=30)

RCTs included in the
analysis(n=14)

Figure 1. Literature Retrieval Flowchart.
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Table 1. Characteristics of patients included in the study

Reference Age (T/C) Intervention, T Intervention, C  Sample Follow-up, Outcome
size, T/C months measures
Ahmed AR 35.05+3 4 PDT+NSD NSD 32/32 3,6 IL-1B, TNF-a
20237
Al-Khureif AA  T:46.6 (41-55) PDT+MD LAT+MD T: 25 3,6,12 IL-1B
20208 C: 49.8 (40-58) C:25
Altinda D 51.40+10.15 Diode Mechanical T: 20 3 IL-1B
2023° laser+mechanical debridement C:20
debridement with with titanium
titanium curettes and curettes and
airflow airflow
Bassetti M T: 59 (27-78) PDT+MD LDD+MD T: 20 3,6,9,12 IL-1B, MMP-8
2013° C: 57 (29-75) C:20
Erduran NE T: 56.88+7.87 Diode laser+MD MD T:19 3,6 IL-1B
202410 C: 56.36+12.59 C: 18
Nedumaran N T: 42.06+6.04 PDT+MD MD T:30 3 IL-6
2025 C:43.56+7.12 C:15
Roccuzzo A T: 67.3£12.2 Diode laser+tMD MD T: 12 3,6 IL-1B, MMP-8
202212 C:61.0+13.2 C:13
Reyila Ai-ke- T: 52.12+5.89 PDT+MD MD T: 35 3,6 IL-1B, IL-6,
lan-mu 2025 C: 51.86+6.40 C:35 TNF-a
Hu MN 2019 T: 46.57+8.13 Basic periodontal Basic T: 43 3 IL-1pB, TNF-a,
C: 47.2847.04 treatment+BioGaia periodontal C:43 MMP-8, IL-6
probiotic drops treatment
Li SN 202315 T: 46.29+6.31 Semiconductor Initial T: 41 3 TNF-a
C: 45.8745.53 laser+initial periodontal C: 41
periodontal therapy therapy
Liu 'Y 202316 T:52.51+13.03  Implant Implant T: 35 3 IL-1B, MMP-8
C:50.10£13.47  polishing+Er:YAG polishing C: 20
laser therapy therapy
Liu XX 20187 51.69+9.33 PDT+MD MD T: 14 3 IL-1B, TNF-a
C: 14
Tian XM T:40:3+4.2 Implant polishing and ~ Implant T: 42 3 IL-1B, MMP-8,
202318 C: 40.0£4.0 subgingival polishing and C:42 IL-6
scraping+Er,Cr:YSGG  subgingival
laser scraping
Zhao YJ 47.1£7.6 Low-level laser+initial  Initial T:19 3 IL-1B
20191° periodontal therapy periodontal C: 19
therapy

control; Er,Cr:YSGG: erbium, chromium-doped yttrium-scandium-gallium-garnet; Er:Y AG: erbium-doped yttrium-aluminum-garnet;

IL-1p: interleukin 1B; IL-6: interleukin 6; LAT: local antimicrobial therapy; LDD: local drug delivery; MD: mechanical debridement;

MMP-8: matrix metalloproteinase 8; NSD: non-surgical debridement; PDT: photodynamic therapy; T: treatment; TNF-a: tumor

necrosis factor o.
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Figure 2. Risk-of-bias Assessment.
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Experimental Control Std. Mean Difference Std. Mean Difference

_ Study or Subgroup Mean SD Total Mean 5D Total Weight IV, Random, 5% CI IV, Rand! 95% Cl

2.2.1 3 months

Ahmed AR 2023(non-smoker) o 36 18 a9 52 16  5.2% -0.17 [-0.87. 0.52] _

Ahmed AR 2023 (smoker ) 119 55 168 130 62 16 5.2% -0.18 [-0.88, 0.51] - 1

Al-Khureif AAZ020 58.67572156 8.35314092 25 66.62138219 9.98302207 25 5.5% -0.85[-1.43, -0.27] -

Altinda D 2023 3an 0.21 20 317 0.1 20 5.4% -0.28 [-0.90, 0.34] - 1

Bassetti M2013 5.88317107 7.67732962 20 7.42698192 4.96522949 20 5.4% -0.23 [-0.86, 0.39] - 1

Erduran N E2024 7.3 3.89 19 962 4.61 18 53% -0.53 [-1.18,0.12] - I

HU M N 2019 0.74743326 0.25462012 43 2.51334702 1.0266%404 43 5.6% -2.34 [-2.89, -1.79] —

LIUX X 2018 2,89 0.48 14 5.04 0.39 14 3.0% -4.77 [-6.31, -3.23] 14

REYILA Ai-ke-lan-mu 2025 164.09 15.24 a5 176.09 13.74 35 5.8% -0.82 [-1.31, -0.33] -

Roccuzzo A 2022 29.4263 459134 12 5.2457 76743 13 49% 0.73 [-0.09, 1.54] T

TIAN X M 2023 16 4.3 42 211 53 42 5.8% -1.06 [-1.50, -0.59] -

ZHAQ Y J 2019 1.99 0.22 19 2.03 0.31 19 54% -0.15[-0.78, 0.49] - |

Subtotal (95% C1) 281 281 62.6%  -0.78[-1.29, -0.26] ~—

Heterogeneity: Tau® = 0.70, Chi® = 86.21, df = 11 (P < 0.00001); I* = 87%

Test for overall effect: Z = 2.96 (P = 0.003)

2.2.2 6 months

Ahmed AR 2023(non-smoker) 66 29 16 72 32 16  52% -0.19 [-0.89, 0.50] - 1

Ahmed AR 2023 (smoker) 86 45 16 101 46 16 5.2% -0.32 [-1.02. 0.38] - 1

Al-Khureif AA2020 62.5466893 8.35314092 25 5867572156 9.98302207 25 5.6% 0.41[-0.15, 0.97] 1

Bassetti M2013 6.38386648 5.21557719 20 5.0069541  2.6286509 20 5.4% 0.33 [-0.30, 0.95] ]

Erduran N E2024 4.25 223 19 5.61 2 18 5.3% -0.60 [-1.26, 0.06] T

REYILA Ai-ke-lan-mu 2025 152.35 12.92 35 164.24 11.09 35 5.7% -0.98 [-1.47, -0.48] -

Roccuzzo A 2022 20.3555 34.2484 12 14.3849 24.7672 13 5.0% 0.18 [-0.59, 0.98] T

Subtotal (95% CI) 143 143 37.4% -0.18 [0.61, 0.25] -

Heterogeneity: Tau® = 0.23; Chi® = 19.17, df = 6 (P = 0.004); I = 69%

Test for overall effect: Z = 0.81 (P = 0.42)

Total (95% CI) 424 424 100.0% -0.54 [-0.91, -0.17]

Heterogeneity: Tau? = 0.56; Chi = 117.28, df = 18 (P < 0.00001); I* = 85% t 1 3 1 2

Test for overall effect: Z = 2.87 (P = 0.004)
Test for subaroun differences: Chi* = 3.06. df = 1 (P =0.08). I’ = 67.3%

Favours [experimental] Favours [control]

Figure 4. Meta-Analysis of TL-1p.

Experimental Control

_StudyorSubgroup  Mean  SD Total ~ Mean  SD Total Weight IV, Random, 85% C|

2.3.1 smoker

Ahmed AR 2023 (smoker) 119 55 16 130 62
Al-Khureif AAZ020 5B.67572156 835314092 25 66.62139219 9.98302207
Subtotal (95% CI) a1

Heterogeneity: Tau® = 0.12; Chi* = 2.08, df = 1 (P = 0.15); I = 52%

Test for overall effect: Z=1.64 (P = 0.10)

2.3.2 non-smoker

Ahmed AR 2023(non-smoker) Eal 36 16 99 52
Altinda D 2023 an 021 20 317 0.21
Bassetti M2013 5.BB317107 767732062 20 7.42698192 4.96522949
Erduran N E2024 7.3 3.89 19 9.62 461
HUMN 2019 0.74743326 0.25462012 43 2.51334702 1.02669404
LIUXX 2018 2.89 048 14 5.04 0.39
TIAN X M 2023 16 4.3 42 211 53
Subtotal (95% CI) 174

Heterogeneity: Tau® = 1.01; Chi* = 63.89, df = 6 (P < 0.00001); I = 91%
Test for overall effect: Z = 2.91 (P = 0.004)

Total (95% CI) 215
Heterogeneity: Tau® = 0.79; Chi* = 68.39, df = 8 (P < 0.00001); I* = 8%
Test for overall effect: Z=3.17 (P = 0.002)

Test for subaroup differences: Chi* = 1.48. df = 1 (P = 0.22). I* = 32.5%

2
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112% 017 [0.87,052) — T
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73%  -A77[6.31,-323] ¢
122%  -105[-1.50,-0.59] —
77.0%  -1.18[-1.98,-0.39] —i——
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Favours [experimental] Favours [control]

Figure 5. Subgroup Analysis of IL-1p Levels at 3-Month Follow-up by Smoking Status.

Subgroup Analysis by Type of Non-surgical
Treatment

Stratified analysis by type of non-surgical treatment
showed substantial heterogeneity across studies

(>>50%; p<0.001); therefore, a random-effects model
was used. At the 3-month follow-up, the observation
group receiving adjunctive PDT had a significantly
greater reduction in IL-1f levels than the control group
(SMD, —0.92; 95% CI, —1.64 to —0.20; p=0.01), whereas

the laser-based observation group did not differ
significantly from the control group (SMD, —0.31; 95%
CI, —0.86 to 0.25; p=0.28), as shown in Figure 6. At the
6-month follow-up, neither the PDT group (SMD, 0.18;
95% CI, —0.12 to 0.48; p=.24) nor the laser group (SMD,
—0.23; 95% CI, —1.01 to 0.54; p=0.56) had a greater
reduction in IL-1B levels than the control group, as
shown in Figure 7.
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Experimental Control Std. Mean Difference Std. Mean Difference

__Study or Subgroup Mean SD_Total Mean SD_Total Weight |1V, Random, 95% CI IV, Rand 95% Cl

2.1.1PDT

Anmed AR 2023(non-smoker) 91 36 16 99 52 16 9.1% -0.17 [-0.87, 0.52]

Ahmed AR 2023 (smoker ) 119 55 16 130 62 16 9.1% -0.18[-0.88, 0.51]

Al-Khureif AA2020 5867572156 835314002 25 66.62139219 9.98302207 25 98%  085[143, 027 Y

Bassetti M2013 588317107 767732062 20 742698192 406522049 20 96% -0.23[-0.86, 0.39] e e

LIUX X 2018 2.89 048 14 5.04 039 14 48%  477[631,-3.23] ¢

REYILA Ai-ke-lan-mu 2025 164.09 1524 35 176.09 1374 35 10.3% 082[-1.31,033) Y~
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Figure 6. Subgroup Analysis of IL-1p at 3-Month Follow-up by Type of Non-Surgical Adjuvant Therapy.
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Figure 7. Subgroup Analysis of IL-1p at 6-Month Follow-up by Type of Non-Surgical Adjuvant Therapy.

IL-6

Four studies reported IL-6 data for patients with PI.
Substantial heterogeneity was observed across studies
(P=78%; p<0.001); therefore, a random-effects model
was used. At the 3-month follow-up, the observation
group had a significantly greater reduction in IL-6 levels
than the control group (SMD; —1.49; 95% CI, —2.07 to
—0.91; p<0.001). Detailed data are shown in Figure 8.

TNF-a

Six studies reported TNF-a data for patients with PI.
Substantial heterogeneity was observed across studies
(’=96%; p<0.001); therefore, a random-effects model
was used. At the 3-month follow-up, the observation
group had a significantly greater reduction in TNF-a
levels than the control group (SMD, —1.84; 95% CI,

8/ Iran J Allergy Asthma Immunol,

—3.05 to —0.63; p=0.003). Detailed data are shown in
Figure 9.

Subgroup Analysis by Type of Non-surgical

Treatment
Stratified analysis by type of non-surgical treatment
showed substantial heterogeneity across studies

(»>50%; p<0.001); therefore, a random-effects model
was used. At the 3-month follow-up, the observation
group receiving adjunctive PDT had a significantly
greater reduction in TNF-a levels than the control group
(SMD, -0.80; 95% CI, —1.31 to —0.29; p=0.002),
whereas the laser-based observation group did not have
a greater reduction in TNF-a (SMD, —4.25; 95% CI,
—12.57 to 4.07; p=0.32), as shown in Figure 10.
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Figure 8. Meta-Analysis of IL-6.

Experimental Control Std. Mean Difference Std. Mean Difference

_Study or Subgroup Mean SD Tofal Mean SD Total Weight V. Random, 95% Cl 1V. Random, 95% Cl|

REYILA Ai-ke-lan-mu 2025 4.26 0.86 35 511 1.14 35 14.8% -0.83[-1.32,-0.34] -

LIU Y 2023 1.49 0.38 35 1.5 0.35 20 14.7% -0.03 [-0.58, 0.52] I

LIUX X 2018 28.26 4.84 14 35.78 3.38 14 14.0% -1.75[-2.64, -0.886] -

LIS N 2023 23.19 3.08 41 59.42 51 41 126% -8.52[-9.92, -7.11] q

HU M N 2019 0.515625 0.14648438 43 1.83398438 0.984375 43 14.8% -1.86 [-2.37, -1.35] -

Ahmed AR 2023 (smoker) 110 48 16 131 67 16 14.5% -0.35 [-1.05, 0.35]

Ahmed AR 2023(non-smoker) 97 41 16 125 74 16 14.5% -0.46 [-1.16, 0.25] - = |

Total (95% Cl) 200 185 100.0%  -1.84 [-3.05, -0.63) = ——

Heterogeneity: Tau? = 2.50; Chi? = 141.12, df = 6 (P < 0.00001); I = 96% 2 1 o 1 2

Test for overall effect: Z = 2.98 (P = 0.003)

Favours [experimental] Favours [control]

Figure 9. Meta-Analysis of TNF-a.
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Figure 10. Subgroup Analysis of TNF-a at 3-Month Follow-up by Type of Non-Surgical Adjuvant Therapy.

MMP-8

Five studies reported MMP-8 data for patients with
PI. Substantial heterogeneity was observed across
studies (7=96%; p<0.001); therefore, a random-effects
model was used. At the 3-month follow-up, the
observation group did not have a significantly greater
reduction in MMP-8 levels than the control group
(SMD, 0.08; 95% CI, —1.33 to 1.50; p=0.91). Detailed
data are shown in Figure 11.

Sensitivity Analysis
For outcomes  with
heterogeneity  (7>50%),

between-study
sensitivity

high
leave-one-out

analyses were performed (Figures 12—16). The direction
and statistical significance of the pooled effect sizes for
IL-1B at 3 and 6 months, IL-6 at 3 months, and TNF-a
at 3 months remained unchanged, indicating that the
conclusions for these outcomes were robust. However,
for MMP-8 at 3 months, the direction of the pooled
effect size reversed after exclusion of the studies by
Bassetti et al® and Liu et al'®, indicating poor stability.
Therefore, the findings for MMP-8 should be
interpreted with caution.

Publication Bias
Egger linear regression tests were performed for each
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outcome measure. A funnel plot was also constructed for
the outcome reported by at least 10 studies, IL-1p at 3
months. The p values for IL-1B (3 months, p=0.824; 6
months, p=0.394), IL-6 (3 months, p=0.072), TNF-a (3
months, p=0.105), and MMP-8 (3 months, p=0.125) all
exceeded .05, indicating no significant publication bias.
The funnel plot for IL-1B at 3 months showed some
asymmetry, visually suggesting possible mild publication
bias (Figure 17). This discrepancy with Egger test results

Experimental Control

_Study or Subgroup Mean SD Total Mean
Bassetti M2013 0.76561086 026425339 20 0.31131222 0.26606335
HU M N 2019 0.74552684 02584493 43 24055666 1.34194831
LIU Y 2023 1.98 034 35 1.22 056
Roccuzzo A 2022 5.0935 93839 12 5.3274 4.975
TIAN X M 2023 0.36 01 42 0.48 0.1
Total (95% CI) 152

Heterogeneity: Tau? = 2.50; Chi? = 111.43, df = 4 (P < 0.00001); I = 96%
Test for overall effect: Z=0.12 (P = 0.91)

may be attributable to the limited number of studies
(n=11), which reduced statistical power to detect true
asymmetry; clinical heterogeneity, such as differences in
intervention types, which may cause asymmetry
unrelated to publication bias; and large effect sizes in
some small studies, which may affect funnel plot
symmetry. Therefore, although no significant publication
bias was detected, the findings should be interpreted
cautiously because of the visual asymmetry.

Std. Mean Difference Std. Mean Difference
o, o

20 19.7% 1.68[0.95, 2.41] -
43 20.3% -1.70[-2.20, -1.21] -
20 20.0% 1.73[1.09, 2.38] -
13 19.6% -0.03[-0.82, 0.75]
42 20.4% -1.19[-1.65, -0.72]

138 100.0% 0.08 [-1.33, 1.50]

2 4 0 1 2
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Figure 11. Meta-Analysis of MMP-8.
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Figure 12. Sensitivity Analysis of IL-1p at 3-Month Follow-up.
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Figure 13. Sensitivity Analysis of IL-1p at 6-Month Follow-up.
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Study Hedges[95% CI]
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Figure 14. Sensitivity Analysis of IL-6 at 3-Month Follow-up.
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Figure 15. Sensitivity Analysis of TNF-a at 3-Month Follow-up.
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Figure 16. Sensitivity Analysis of MMP-8 at 3-Month Follow-up.
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Figure 17. Funnel Plot.

Quality of Evidence

The GRADE system was used to rate the quality of
evidence for each outcome. Ratings considered risk of
bias, heterogeneity, publication bias, and sensitivity
analyses.

IL-1B, IL-6, and TNF-a: The overall quality of
evidence was moderate and was downgraded 1. level
because of substantial heterogeneity. Although most
trials lacked operator blinding and‘had a high risk of
performance bias, the inflammatory biomarkers were
measured objectively in gingival crevicular fluid,
minimizing reliance on blinding; therefore, no, further
downgrade was applied. The narrow 95% CIs and
consistent direction of pooled effects indicated low
imprecision and indirectness, with no additional
downgrade. Given the insufficient number of included
studies for some outcomes, funnel plot analysis was not
conducted. Nevertheless, sensitivity analyses and the
distribution of studies revealed no obvious publication
bias.

MMP-8 at 3 months: The quality of evidence was
low and was downgraded 1 level for heterogeneity and
1 level for result instability. Despite the high risk of
performance bias across included studies, the outcome
was an objective laboratory indicator, and no additional
downgrade was applied. The pooled analysis showed
significant heterogeneity (#>50%), and subgroup
analyses did not clarify its sources. Sensitivity analyses
showed that excluding individual studies markedly
altered the direction and magnitude of the pooled effect,
indicating poor robustness. Because few studies were
included, formal publication bias assessment was
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unavailable; however, no. obvious bias was observed,
and no additional downgrade was assigned.
DISCUSSION

Although microbial infection initiates the
pathogenesis of PI, immune-inflammatory responses
mediated by inflammatory cytokines play a critical role
in disease progression, and the balance of inflammatory
cytokines determines disease severity.?! IL-1B, IL-6, and
TNF-a not only initiate and amplify inflammatory
reactions but also promote osteoclastogenesis by
activating collagenases and the receptor activator of
nuclear factor kB ligand pathway. MMP-8, produced by
neutrophils, fibroblasts, and osteoclasts, contributes to
collagen degradation in connective tissue and alveolar
bone and is an important mediator of aggressive tissue
destruction.??* Therefore, IL-1B, IL-6, TNF-0, and
MMP-8 are closely associated with the occurrence and
progression of PI. Given the uncertain long-term
efficacy, high cost, and increased risk of complications
associated with surgical treatment, non-surgical
therapies are commonly used in clinical practice to
alleviate inflammation and improve prognosis.?*

At the 3-month follow-up, the observation group had
significantly greater reductions than the control group in
gingival crevicular fluid levels of IL-1f, IL-6, and TNF-
a. However, no statistically significant between-group
difference in IL-1P reduction was observed at the 6-
month follow-up. These findings suggest that non-
surgical treatment decreases inflammatory cytokine
levels and relieves local inflammation in patients with PI
at approximately 3 months, but the long-term anti-
inflammatory effect may not be sustained. This may be
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attributable to the inability of non-surgical treatment to
completely eliminate residual pathogenic bacteria in
deep peri-implant pockets and complex anatomical
structures. At the 6-month follow-up, multiple factors,
including oral microbial dysbiosis, local microtrauma,
and dysregulation of the host innate immune response,
may act synergistically to reactivate inflammatory
pathways, leading to a rebound in proinflammatory
cytokine levels in gingival crevicular fluid.

Exploratory subgroup analysis by treatment type
showed that PDT significantly reduced IL-1ff and TNF-
a levels at the 3-month follow-up, whereas laser-assisted
therapy did not have statistically significant anti-
inflammatory effects. A possible mechanism is that PDT
uses a photosensitizer and a specific-wavelength light
source, either a laser or light-emitting diode, under
aerobic conditions. Upon photoexcitation,
photosensitizer molecules transition from the ground
state to the excited triplet state, generating reactive
oxygen species and free radicals that kill gram-negative
anaerobic bacteria, disrupt bacterial biofilms, regulate
inflammatory pathways, and inhibit proinflammatory
cytokine release, thereby producing local anti-infective
and anti-inflammatory effects.?> In contrast, although
erbium-doped yttrium aluminum garnet (Er:YAG)
lasers have antibacterial activity, their  limited
penetration into complex anatomical regions, such as
peri-implant pockets and infrabony defects, prevents
complete irradiation and reduces local decontamination
efficiency. Incomplete removal of bacterial biofilms
allows residual pathogens. to sustain chronic
inflammation, directly compromising therapeutic
outcomes. Moreover, excessive irradiation duration or
inappropriately high energy settings may induce local
tissue hyperthermia, causing soft-tissue damage and
thermal injury  to surrounding bone and further
attenuating anti-inflammatory . efficacy.?® Substantial
heterogeneity in laser type, wavelength, output power,
irradiation duration, ‘and other parameters among
included studies also weakened the overall therapeutic
advantage of laser treatment. Previous studies found that
Er:YAG laser did not effectively reduce anaerobic
colony counts and had no significant regulatory effect on
the oral pathogenic microbiota during long-term use.?’
In contrast, antimicrobial photodynamic therapy
effectively reduced the total count of multiple PI-related
pathogenic strains.?® Related reviews similarly indicated
that the microbiological benefits of Er:YAG and diode

lasers were weak and transient compared with PDT and
did not produce durable inflammatory control.?’

Combined non-surgical treatment did not significantly
improve MMP-8 levels at the 3-month follow-up, and
sensitivity analysis showed poor stability, suggesting that
this finding should be interpreted cautiously. The result
may be related to the small number of included studies for
this outcome and the substantial heterogeneity of
interventions, including laser therapy, PDT, and
probiotics. Futuredarge-sample, multicenter RCTs with
standardized intervention protocols and long-term follow-
up are needed to verify the effects of these adjuvant
therapies-on. MMP-8 and._improve the reliability and
clinical applicability of the findings.

Subgroup analysis by smoking status suggested a
greater reduction in IL-1p among non-smoking patients
than among smoking patients. Given the limited number
of studies in each subgroup, this finding remains
exploratory and does not establish smoking as a modifier
of treatment response. Smoking has been reported to
adversely affect local blood supply and cellular immune
responses in peri-implant tissues.?! These effects offer a
possible biological explanation for the observed pattern,
although the mechanisms underlying the subgroup
findings were not directly assessed in this meta-analysis.

This study has several limitations. First, the small
number of included studies reduced statistical power.
Differences in intervention protocols and control
measures increased heterogeneity and affected pooled
effect estimates. Second, only short-term follow-up data
from 3 to 6 months were available, and long-term efficacy
data were lacking. Third, only published Chinese- and
English-language literature was included, which may
have introduced language bias and omitted unpublished
negative findings. Fourth, substantial heterogeneity was
present across most outcomes; too few studies were
available for meta-regression, and subgroup analyses did
not resolve the heterogeneity, reducing the stability and
generalizability of the results. Fifth, small sample sizes in
stratified analyses limited statistical power, and these
exploratory findings should be interpreted cautiously.
Sixth, sensitivity analysis showed instability for some
outcomes. In addition, inconsistent methods for detecting
inflammatory  cytokines may have introduced
measurement bias, and conversion of medians and
interquartile ranges to means and standard deviations
introduced inevitable estimation error.

Non-surgical treatment significantly reduced IL-1,
IL-6, and TNF-a levels in the gingival crevicular fluid
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of patients with peri-implantitis at the 3-month follow-
up, demonstrating an anti-inflammatory effect.
Exploratory subgroup analyses by smoking status and
intervention modality suggested that inflammatory
improvement was greater in non-smoking patients than
in smoking patients and that PDT had a more favorable
efficacy trend than laser therapy. However, these
benefits were not sustained at the 6-month follow-up.
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