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Abstract

Objective: We aimed to synthesize paired pre/post human evidence on how Th17-axis
cytokines (IL-17A, IL-21, IL-22, IL-23 and related markers) change after non-surgical peri-
odontal therapy (NSPT) by biospecimen (gingival crevicular fluid [GCF], saliva, serum)
and time window. Material and methods: We performed a PRISMA-guided systematic
review of non-randomized pre/post cohorts and clinical trials. Databases (PubMed, Em-
base, Scopus, Cochrane) were searched; two reviewers performed selection, data extraction,
ROBINS-I risk-of-bias appraisal, and GRADE certainty assessment. Due to heterogeneity
in sampling/assays and incomplete variance reporting, a qualitative direction-of-effect
synthesis was prespecified for <4 weeks, ~6-8 weeks, and ~3-6 months. Results: Twelve
studies (total n = 897) met inclusion (8 GCF; 5 blood-derived (serum/plasma) cohorts;
one saliva). Most GCF cohorts reported decreases in IL-17A within ~6-8 weeks post-
NSPT (>4 cohorts), with one early 4-week cohort showing a concentration increase but
an unchanged total amount due to reduced GCF volume. IL-23 generally declined lo-
cally and declined by ~3 months systemically in aggressive periodontitis. Serum IL-17A
changes were smaller/variable (two cohorts reported decreases within 1-6 months), and
one cohort showed a reduced IL-17A:IL-17E ratio at ~25 weeks. Heterogeneity precluded
meta-analysis; we undertook a direction-of-effect synthesis. Conclusions: NSPT is likely
associated with the early local down-regulation of Th17-axis activity (notably GCF IL-
17A), when systemic signals are smaller and delayed. Given moderate—serious risk of bias
and pre-analytical heterogeneity, the certainty of evidence is low to very low; Th17-axis
biomarkers are not yet suitable for clinical decision-making.

Keywords: periodontitis; NSPT; cytokines; Th-17

1. Introduction

Periodontitis is a host-mediated inflammatory disease initiated by a dysbiotic subgingi-
val biofilm and characterized by the progressive loss of periodontal support [1-5]. Beyond
single-pathogen models, dysregulated host-microbe interactions drive tissue destruction.
The Th17 axis—particularly IL-17A/F, IL-21, IL-22, and IL-23—has been implicated in
disease activity and osteoimmunological pathways in human gingiva and oral fluids [6-14].
Importantly, results that differ by population and assay illustrate considerable variability;
for instance, GCF IL-17A may not be detectable in certain groups, highlighting detection
limits and issues with pre-analytical variability [15,16]. In this review, we treat IL-17A,
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IL-17F IL-21, IL-22 and IL-23 as a single Th17-associated functional axis because they are
co-regulated by Th17 cells and act together to drive neutrophil recruitment, mucosal barrier
responses, and RANKL-mediated osteoclastogenesis.

The 2018 framework classifies periodontitis into stages (I-IV) and grades (A-C) based
on clinical attachment loss, periodontal pockets, and radiographic bone loss [17,18]. Man-
agement begins with non-surgical periodontal therapy and subsequent re-evaluation,
progressing to adjunctive or surgical interventions and continued supportive maintenance
as necessary [18,19].

Biologically, Th17/IL-17 signaling drives RANKL-mediated osteoclastogenesis, link-
ing inflammation to alveolar bone loss [20-22]. Consistent with this, Th17-axis cytokines
often decline after NSPT, though magnitudes vary by biospecimen, assay, and follow-up
window [23-26]. The interpretation of GCF cytokines must consider sampling and volume
normalization because concentration and total amount can diverge when crevicular fluid
flow changes [27-29].

Non-surgical periodontal therapy (NSPT) aims to reduce biofilm coverage and may
affect Th17-axis signaling; however, studies report inconsistent cytokine outcomes after
NSPT [15,17,18]. Variability in patient types, biospecimens, target analytes, assay methods,
and follow-up times leads to heterogeneity [15,18-20].

In addition, pre-analytical factors—especially whether GCF volume is captured—can
invert concentration-based interpretations and obscure biologically meaningful changes
in total amount [30,31]. Systemically, some cohorts report a reduction in the serum IL-
17A:IL-17E (IL-25) ratio by ~25 weeks after NSPT, suggesting a counter-regulatory shift
that may accompany clinical improvement [8-12]. In general, earlier syntheses have rarely
limited their inclusion to paired pre/post human cohorts or divided results according to
compartment and time window, reducing how well the findings can be interpreted [19,26].

We conducted a PRISMA-guided qualitative, direction-of-effect synthesis of Th17-axis
cytokines after NSPT in adults. The primary endpoint was the direction of change in GCF
IL-17A at ~6-8 weeks. Secondary endpoints included IL-23, IL-21, IL-22, and serum/saliva
measures across prespecified windows (<4 weeks; ~6-8 weeks; ~3—-6 months). Where
studies reported both concentration and total amount with explicit GCF volume capture,
total amount was prioritised. Study quality and certainty were summarised using ROBINS-
I and GRADE, respectively; no meta-analysis was planned due to expected heterogeneity.

2. Materials and Methods
2.1. Study Design

Prospective pre—post human cohorts or clinical trials in English were included. Ex-
clusions included animal/in vitro studies, surgical-only therapy, case series, non-peer-
reviewed papers, and peri-implant studies without separate periodontal data. SRP + ad-
junct trials were only included when SRP-alone results were available or when adjuncts
did not alter the direction of SRP effects; such data were stratified accordingly. We per-
formed the PRISMA-2020-guided systematic review of non-randomized pre/post studies
with qualitative direction-of-effect synthesis (no meta-analysis); review-level randomiza-
tion/allocation and power calculations were not applicable.

2.2. Focus Question

How does non-surgical periodontal therapy (NSPT) modulate Th17-axis cytokine
profiles in humans in terms of different biological compartments, and what is the trajectory
of these changes over time?
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2.3. Population

We included adults (>18 years) that were clinically diagnosed with periodontitis
based on established parameters, including probing depth and clinical attachment loss;
these were categorized according to either the historical chronic/aggressive classification
or the 2018 periodontitis staging and grading framework.

2.4. Comparator

We used baseline (pre-NSPT) measurements, obtained from the same participants or
periodontal sites prior to therapeutic intervention.

2.5. Outcome

We assessed post-NSPT alterations in Th17-axis cytokines—specifically IL-17A, IL-21,
IL-22, and IL-23—within gingival crevicular fluid, saliva, or serum/plasma, along with
related molecular markers such as RORC and the sSRANKL/OPG ratio. When both cytokine
concentrations and total amounts were reported, priority was given to total quantities that
accounted for sample volume. Outcomes up to 6 months were considered.

2.6. Search Strategy

The current systematic review was performed in accordance with PRISMA 2020
guidance [32], and the completed PRISMA 2020 checklist is provided in Supplementary
Table S6. A protocol was developed a priori (not registered). We did not register the
protocol in PROSPERO because, at the time of planning, institutional procedures focused
on an internally agreed written protocol and the review progressed rapidly to full-text
screening; retrospective registration was considered once data extraction had begun, but
we instead prioritised making the protocol and full search strategy publicly available in
the Supplement. To enhance transparency and reproducibility, we also documented the
complete database search strings and deduplication logic (Supplementary Material S1).
Electronic searches and data extraction were performed independently by two reviewers
using a standardized template, and all discrepancies were resolved by consensus.

PubMed, Embase, Scopus, and Cochrane Library databases were searched for articles
published until 27 August 2025. The search used the following combination of terms: (peri-
odontitis OR periodontal disease) AND (scaling OR root planing OR subgingival debridement
OR non-surgical periodontal therapy) AND (Th17 OR IL-17 OR IL-21 OR IL-22 OR IL-23 OR
cytokine OR biomarker). No date limits were applied. The reference lists of retrieved papers
were hand-searched to identify additional eligible studies. Any inter-examiner disagreements
regarding article inclusion were resolved through discussion until consensus was reached. Grey
literature was not searched; the review was limited to peer-reviewed articles identified in the
listed databases and by hand-searching reference lists.

2.7. Selection Criteria

Inclusion criteria: Prospective pre—post cohorts or trials published in English were se-
lected. Exclusion criteria: Animal/in vitro, surgical-only interventions, case reports/series,
and non-peer-reviewed publications were selected. Peri-implant disease studies were
excluded from this research unless periodontal outcomes were separately reported. For
SRP =+ adjunct trials, cohorts were only retained if SRP-alone data were available or the
adjunct did not change SRP directionality; counts were stratified accordingly. These criteria
were chosen to isolate the NSPT-specific immunologic response and avoid heterogeneity
from distinct pathologies or interventions.
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2.8. Intervention

The intervention chosen was non-surgical periodontal therapy (NSPT), involving
scaling and root planing with or without standard oral-hygiene instruction and without
surgical adjuncts. Adjunctive antimicrobials and laser protocols, when present, were
recorded but not analysed as separate interventions unless explicitly reported with stratified
cytokine data.

Studies reported at least one Th17-axis mediator (IL-17A, IL-17F, IL-21, IL-22, IL-23, IL-
17E) in GCEF, saliva, or serum/plasma and/or related readouts (e.g., RORC, sRANKL/OPG).
Given volume effects in GCF, we recorded whether studies reported concentration (e.g.,
pg/mL) or total amount per sampling time/site; when both were available with explicit
volume capture, the total amount was prioritized for interpretation; details of GCF volume
capture and methods for each study are summarized in Supplementary Table S5.

2.9. Methodological Appraisal (Risk of Bias) and Certainty of Evidence

Risk of bias for non-randomized pre/post cohorts was evaluated using ROBINS-I
across multiple domains: confounding, selection, classification of interventions, deviations,
missing data, outcome measurement, and selective reporting [33]. ROBINS-I criteria were
used for judgment, where the highest-risk domain sets the overall risk level; domain-
specific reasons are detailed in Supplementary Table S4; GRADE evidence profiles are
given in Supplementary Table S3. Since this review focuses on non-randomized pre/post
studies, randomization and allocation concealment do not apply at the review level. Any
details from randomized study arms were noted and included in the relevant ROBINS-I
domains. Certainty for each outcome and area was assessed with GRADE, considering
factors such as risk of bias, inconsistency, indirectness, imprecision, and publication bias.
Two reviewers independently applied ROBINS-I; any discrepancies were resolved by
discussion and consensus between them, and no third reviewer was required.

2.10. Data Synthesis (Non-Meta)

Details of sample type (eg GCF, serum), biomarkers analysed, units of measurement,
follow-up period, and clinical outcomes (PD, CAL, BOP) were recorded. The primary
outcome for biomarkers and clinical outcomes was mean difference following NSPT. Follow-
up windows were clustered (<30 days; ~6-8 weeks; ~3—-6 months) to reflect established
molecular- and tissue-level healing trajectories after debridement, where early cytokine
shifts preceded clinical remodeling.

Primary windows were defined as approximately 6-8 weeks for GCF and 3-6 months
for serum. When studies included multiple post-NSPT timepoints, the following hierarchy
was applied: (i) the prioritization of data within the primary window; (ii) if data from the
primary window were unavailable, the nearest subsequent window was selected; (iii) early
data (<4 weeks) were recorded qualitatively but did not supersede the primary window.
For GCF, if there were two outputs and concentrations, and if the total amount was reported
with explicit capture volume, the total amount was used for interpretation. Additionally,
for all studies, we recorded the preanalytical aspects (e.g., collection device, dwell time,
elution, storage, freeze-thaw, and volume capture), as well as how to treat LODs to inform
risk of bias and provide a narrative summary for sensitivity.

We did not fit any review-level statistical models or test distributional assumptions
(e.g., normality and homoscedasticity) because we did not undertake a meta-analysis.
Assays ranged from single-plex ELISAs to multiplex bead panels with different lower limits
of detection; primary follow-up windows varied from very early sampling (<4 weeks) to
approximately 6-8 weeks and 3—-6 months; and GCF outcomes mixed concentration-only
reporting with and without explicit crevicular volume capture. Under these conditions,
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effect sizes were not comparable on a common scale and key variance estimates were
often missing, which precluded valid pooling. For each study, we therefore noted the
reported within-study analyses (e.g., paired t tests, Wilcoxon tests, repeated-measures
models) and used them solely to confirm the direction of effect, without review-level power
calculations or meta-analytic estimation; results are presented descriptively in tables and
direction-of-effect summaries.

3. Results
3.1. Study Selection:

Study selection is shown below in Figure 1. A total of 1304 total records (PubMed 1043;
EMBASE 121; Scopus 16; Cochrane Library 124, as well as 4 articles found through citation
screening) were retrieved up to 27 August 2025. Overall, 71 were duplicates and they were
removed. Additionally, 29 full texts were obtained from the 1233 titles/abstracts screened,
and 17 studies were excluded following full-text reading, primarily for the absence of paired
pre- and post-cytokine data or adjunctive treatement elements (Figure 1 and Supplementary
Table S2). In total, 12 studies were included in the final review (Table 1) [15,16,23,24,34—-41].

l Identification of studies via databases and registers

Identification of studies via other methods |

)
Records identified from: ;
& Databases (n = 1304) Records removed before Records \deﬂ{!ﬂ(ﬁfﬁ from
5 PubMMed (1042) o o Orgarisations (1 =0
= Embase (121) > Duplicate records removed e
= Scopus (16) (n=71 Citation s:eE:\rch\ngfhand
3 Cochrane Library (124) Z;’:m“ {n=4)
Registers (n =0)
}
—
Records screened » Records excluded
(n=1233) (n=1208)
l v
= Reports sought for retrieval o| Reports not retrieved Reports sought for retrieval | Reports not retrieved
= (n=25) Tl =0 (n=4) Tl (n=0)
5 ] !
Reports excluded (n=17)
Not longitudinal prefpost design = wied
e n=7) Reports assessed for eligibility ” eports exclude
:_\:wefozzi astessed fr cligibity Wrong biospecimen (neither (n=4) ¥l (n=0)
GCF, saliva, nor serum)
(n=3)
l Not NSPT-only {adjunpr or
Es;ﬁr;q{giamwy intervention)
) Peri-implant disease (no separate
Studies included in review periodontal data)
3 (n=12) (n=2)
- Reports of included studies
E (n=12) -
—

Figure 1. PRISMA 2020 flow diagram of study selection. Note: One included trial (Giir et al.,
2022) [39] was an SRP + adjunct (diode laser) RCT; it is counted once among the 12 included studies,
and only the SRP-alone arm contributed cytokine data (adjunct arms excluded).

Table 1. Characteristics of included studies.

Main Th17-Relevant

Study Design & Sample Compartment Analytes Follow-Up Clinical Outcome Finding
IL-17A,1L-21, 1L-4, GCFIL-17A |, IL-21 |,
Prospective IFN-y (ELISA); IL-4 1; IFN-y <»; RORC |,
Zhao pre—post; ~30 adults GCF; peripheral ~ RORC, T-bet, N GATA-3 1; circulating
etal. (2011)[23] with chronic CD4* T cells GATA3 (qPCR); ~6 weeks +PD, LBORTCAL v indl.
periodontitis IL-17* CD4* (flow IL-17*IEN-y™*) CD4*
cytometry) cells |
.. IL-17 concentration 1 but
Prospective Clinical total amount «;
Buduneli et al. (2009) [16] pre—post; smokers GCF IL-174, SRANKL, 4 weeks Improvement sRANKL «; OPG |;
OPG (ELISA) reported g
vs. nonsmokers (PD/BOP) trends not modified by

smoking
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Table 1. Cont.

Main Th17-Relevant

Study Design & Sample Compartment Analytes Follow-Up Clinical Outcome Finding
Prospective
pre-post; IL-17, IL-23, MPO Local and s icIL-
. y Rt . , , ystemic IL-17
Cifcibasi et al. (2015) [34] generah'zed GCF; serum (ELISA) 3 months }PD, T CAL Land IL-23 |; MPO |
aggressive
periodontitis
PlasmaIL-17A |
Jayakumar etal., (2018) Prospective - post-NSPT; magnitude
[35] pre—post; CP £+ T2D Plasma IL-17A (ELISA) 1 month +PD, TCAL may differ by diabetes
status
Nile Prospective %:gg} IL-25 Trajectory consistent with
pre—post; chronic Serum . 6 & 25 weeks 1 PD,TCAL reduced Th17 bias over
etal. (2016) [36] iodontiti (ELISA); time (ratio shift)
periodontitis L-17ATL-17E ratio ime (ratio shi
Prospective . .
pre—post; IL-17,IL-23, TNF-«, Serum Hf_l7 +in AgP; )
Duarte et al. (2010) [37] ; Serum 6 months }PD,TCAL IL-23 <»; TNF-« | in AgP;
generalized IEN-vy, IL-4 (ELISA) TNy 114 ¢5
CP/AgP v :
Prospective cohort; Saliva:
54 periodontitis vs. Serum & saliva 15 Th17-related 1 PD, | BOPvs IL-17A/IL-17F/1L-23 |
Medara et al. (2020) [38] 40 healthy; baseline, ~ (participant- cytokines (Luminex 3,6,12 months b lin : with therapy; Serum
3,6,12mo during level) Th17 panel) aselne detection low; Serum
supportive therapy IL-317
Longitudinal
monitoring; H Monitoring: progressing
(n=112), P (n=302); 64-plex 12 mo natural 1 PD, | BOP, 1 CAL sites showed higher
) site-level . inflammatory panel . (overall); T sites with ~ IL-1(3 (£IL-17 profile);
Teles etal. (2025) [24] progressing vs. GCF (site-level) (Milliplex; Bio-Plex hi’sstﬁ T\}I’S}’?fmo PD <4 mm after After NSPT:IL-17A |,
stable; bimonthly 200) p NSPT IL-1B3 },sCD40L |,
%12 mo; post-NSPT RANTES |; IP-10 1
6 mo
~1land
. . 1L-17,1L-10, 3 months 1L-17 |;IL-10 1; adjunct
gl‘;rl (2022) [39] * E;gigic'té‘fg’(i(f;er) GCF TWEAK, sclerostin (primary }PD, | BOP, 1 CAL laser did not obscure
’ : ’ (ELISA) window NSPT-linked IL-17 |
3 months
Prospective Clinical
Haghi et al. (2020) [40] pre—post; CP and GCF 1L-17,1L-23 (ELISA) ~6 weeks improvement 1L-17 |; 1L-23 |
AgP pooled reported
Prospective Baseline: IL-17 variably
pre-post; detectable; post-NSPT:
Pradeep et al. (2009) [15] health/gingivitis/CP; GCF IL-17,1L-18 (ELISA) 6-8 weeks }PD, | BOP IL-18 |; IL:% often ’
CPre-sampled undetectable
post-SRP
Prospective .22 S100A12 No significant change in
Nejadi et al. (2018) [41] pre—post; chronic GCF ! ~6 weeks }PD, | BOP GCFIL-22 or S100A12
. o (ELISA)
periodontitis pre—post NSPT

| = decrease after NSPT; <+ = no measurable change; 1 = increase. Mixed = different directions across time
points; Div. = divergent metrics (e.g., concentration 1 while total amount <+); ND = not detected (<LOD); NR
= not reported. Arrows indicate changes from baseline at the study’s primary follow-up (~6-8 weeks for GCF;
~3-6 months for serum). When both total amount and concentration are reported with explicit GCF volume
capture, the direction reflects total amount. * Studies with an adjunct therapy arm. Only the SRP-alone arm (or an
arm with no differing cytokine trend from SRP) was included in analysis.

3.2. Study Characteristics

Key features of the studies included are summarized in Tables 1 and 2. Most were
prospective pre/post cohorts; a minority were clinical trials with SRP £ adjunct arms, from
which the SRP-alone arm (or any arm that did not change directionality relative to SRP) was
extracted for synthesis. Biospecimens comprised gingival crevicular fluid (GCF), serum,
and (in one study) saliva. Follow-up assessments were clustered at <30 days, ~6-8 weeks,
and ~3-6 months. Assays were predominantly ELISA or multiplex immunoassays. When
both concentration and total amount were reported with explicit GCF volume capture, total
amount was prioritized.
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Table 2. Compact numeric outcomes after NSPT (pre — post with variability combined; A, %A, p).

Pre (I;\(”Isetan +SD
Study (Ref) Disease/Cohort ~ Specimen Analyte Unit Follow-Up n (Mean =+ SD or or Median Reported p Direction
Median [IQR]) [IOR])
[Zz}%?o 20m CP (pre-post) GCF IL-17A ng/mL ~6 weeks 30 63.57 +19.60 39.91+10.97 <0.05 decrease
[22};?0 201 CP (pre—post) GCF .21 ng/mL  ~6weeks 30 80.34 + 39.42 31.77 £13.26 <0.05 decrease
Buduneli IL-17A
2009—non- CP (NS) GCF (concen- pg/mL 4 weeks 10 218 +1.46 5.87 +8.43 NR increase
smokers [16] tration)
Buduneli IL-17A Jtw no signif-
2009—non- CP (NS) GCF (total pg \ ©  4weeks 10 1.41£0.49 1.34£037 NR icant
smokers [16] amount) sampres change
Buduneli IL-17A
2009— CP (S) GCF (concen- pg/mL 4 weeks 10 157 +1.23 3.50 £4.10 NR increase
smokers [16] tration)
Buduneli IL-17A Jtw no signif-
2009— CP(S) GCF (total PE/TWO 4 \veeks 10 1.36 +0.42 1.17 +£0.25 NR icant
: samples
smokers [16] amount) change
[ng?ba@ 2005 Gagp Serum IL-17A  pg/mL  3months 19 37.56 +17.41 27.69+1386  0.014 decrease
ﬁ‘ﬁ‘ba@l 2015 Gagp Serum  IL-23 pg/mL  3months 19 25863424175 16839417775  <0.001 decrease
[C;ﬁ‘baiil 015 Gagp GCF IL-17A pg/mL 3 months 19 224692 +294.67  1858.58+1425.85 0.013 decrease
Sﬁiba§1 015 Gagp GCF  IL-23 pg/mL  3months 19  67549+44402 40012424163  <0.001 decrease
iomif-
Jayakumar cp ~ 0.08 (not nosignt
2018 [35] (non-diabetic) Plasma  IL-17A pg/mL 1 month 20 0.18 +0.03 0.16 4 0.02 significant) 1Cchaar\rtge
no signif-
Jayakumar CP + T2DM Plasma IL-17A pg/mL 1 month 20 0.21 +0.04 0.16 + 0.03 0.09 (not icant
2018 [35] significant) change
IL- <0.05 (ratio
Nile 2016 [36] 81_’5([51;/)[ -SRP & Serum 17A:IL- unitless 25 weeks 40 NR NR lower than gei;‘e?se
17E ratio baseline) auo
][?5171? rte 2010 GAgP Serum  IL-17A pg/mL 6 months 14 NR NR 0.04 decrease
no signif-
][2171];1 rte 2010 GCP Serum  IL-23 pg/mL 6 months 14 NR NR not significant icant
: change
Medara 2020 . . often below often below not de-
138] Periodontitis Serum IL-17A pg/mL 3-12months 54 detection detection NR tectable
NR (median NR (median
Medara 2020 Periodontitis Saliva IL-17A pg/mL up to 54 reported in reported in <0.05 (overall) decrease
[38] 12 months . N
figure) figure)
Giir 0.001 decrease
2022—SRP CP (control) GCF IL-17A ng/L 3 months 20 117.67 +10.77 115.19 + 11.34 g
(within-arm) (small)
arm [39]
0.001
Giir (within-arm);
2022—SRP + CP (laser) GCF IL-17A ng/L 3 months 20 117.66 +10.25 106.88 +7.56 0.025 decrease
laser [39] (between-arm
at 3 months)
ﬁgigh‘ 2020 cp GCF  IL7A  pg/mL  ~6weeks 25  140+136 0.96 + 0.4 0.048 decrease
ngh‘ 2020 Ccp GCF  IL-23 pg/mL  ~6weeks 25  80.60+13210  141+3.63 0.001 decrease
ﬁg]ghi 2020 Agp GCF  IL7A  pg/mL  ~6weeks 29 0914074 0.51 + 054 0.022 decrease
[Pigi]ghl 2020 AgP GCF 1L-23 pg/mL ~6 weeks 29 32.27 +63.59 2.34+4.70 <0.001 decrease
L. mean low; exact C e no signif-
Ne]adl 2018 cp GCF 1L-22 ng/mL ~4 weeks 22 number not no significant not significant icant
[41] change
reported change
Lo mean low; exact L no signif-
Ne]adl 2018 cp GCF S100A12  ng/mL ~4 weeks 22 number not no significant not significant icant
[41] change
reported change
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Post
Pre (Mean + SD
Study (Ref) Disease/Cohort ~ Specimen Analyte Unit Follow-Up n (Mean + SD or . Reported p Direction
Median [IQR]) or Median
[IQR])
Pradeen 2009 450.54 +276.83 89.09 + 66.69
[15] p CP (prevs. post)  GCF 1L-18 pg/uL ~6-8weeks 20 (pre-treatment (post- <0.001 decrease
- CP) treatment CP)
approximately approximately ~
Pradeep 2009 C.P / hga}thy/ GCF IL-17A pg/uL — — Zero across Zero across — notde
[15] gingivitis tectable
groups groups
Stage II-III 6 months model-based; decrease after reported as
Teles 2025 [24]  periodontitis GCF IL-17A pg/mL 302 raw means not NSPT (mixed significant decrease
X post-NSPT
(site-level) reported model) (q<0.05)
A = post — pre; %A =100 x A/Pre. p (reported) = author-reported test (within-arm, between-arm, overall,
or model); Abbrev: NSPT = non-surgical periodontal therapy; SRP = scaling & root planing; GCF = gingival
crevicular fluid; CP = chronic periodontitis; AgP = aggressive periodontitis; GAgP = generalized aggressive
periodontitis; LOD = limit of detection; NR = not reported. Units are as reported (pg/mL, ng/mL, ng/L,
pg/uL, pg/site); ratios are unitless. GCF note: concentration (e.g., pg/uL) can diverge from amount/site (e.g.,
pg/site) if crevicular volume changes. Short labels: not reported (both) = no raw pre/post means; undetectable
(both) = values < LOD at both timepoints; model-only (no raw means) = effects from a statistical model, no raw
means; median (approx) = medians estimated from a figure, A/%A approximate. Units are presented as reported
in the original publications (pg/mL, ng/mL, ng/L, pg/uL), unitless ratios.

Most cytokine markers showed significant pre/post decreases (p < 0.05 in most co-
horts), although a few did not reach the level of statistical significance. (Table 2). The
observed declines in important mediators, such as IL-17A and IL-23, were not only con-
sistent but also unlikely to be attributable to chance, as evidenced by p-values < 0.05 in
most cohorts. This cross-study pattern of considerable cytokine reduction quantitatively
validates the overall downward trend identified in our synthesis conclusions.

3.3. Results Structure

Local (GCF) outcomes were assessed at ~6—8 weeks and ~3 months, while systemic
(se-rum) effects were evaluated at ~1-6 months. For each compartment, we report IL-17A,
IL-23, IL-21, and IL-22 levels, and also produce a brief note on counter-regulatory markers
and bone coupling readouts. Table 3 highlights the studies’ pre-analytical and analytical
details, and Supplementary Table S5 indicates, for each GCF cohort, whether and how
crevicular volume was measured. Table 4 shows the Summary of Findings (GRADE)
for each outcome, including the compartment, timeframe, direction of effect, number of
cohorts, and GRADE certainty.

Table 3. Pre-analytical and analytical reporting by study.
. . . Freeze- .
Site- Device + Volume Elution ° Unit LOD/LOQ Assay
Study Matching Dwell Capture Buffer Storage (°C) ?;::;01 Reported Handling Brand/Model
Yes (same Paper strip . . NR (brand R&D
[Zz};?o 2011 tooth 2 x 20 mm), Yesi (;ttr;P Jume) PBS200 1L —80°C NR (Cnon/‘:;‘[‘f)ra“o“ LLDs Systems
- pre/post) 30s weight/volume & available) (Quantikine)
. LLD given
. Likely (same . Yes Amount & .
Buduneli 4 sites); not PerioPaper, (Periotron PBS 350 uL —40°C NR concentra- (IL-17 . ELISA kits
2009 [16] s 30s . 0.002 pg/mL); (vendor NR)
explicit 8000) tion -
handling NR
PBS 350 puL + .
Cifcibast Unclear PerioPaper 0.05% Concentration LLDs ?717fﬁ?£3: _(IL_
,§ (deepest 4 per, No Tween-20; —-80°C NR (GCF & reported; L
2015 [34] X 30s o R eBioscience
sites) +4°C serum) handling NR
. (MPO)
overnight
DIACLONE
Jayakumar eno Concentration (ELISA de-
2018 [35] N/A (serum) N/A N/A N/A 80°C NR (plasma) NR velopment

kit)
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. . . Freeze- .
Site- Device + Volume Elution o Unit LOD/LOQ Assay
Study Matching Dwell Capture Buffer Storage ("C) ?(;::;01 Reported Handling Brand/Model
LLD Peprotech
Nile _eno Concentration 1.9 pg/mL (IL-17A/E);
2016 [36] N/A (serum) — N/A N/A N/7A 80°C NR (serum) (IL-17A/E);;  R&D
handlingNR  (TNF/IL-6)
. Below LOD
Duarte 2010 N/A (serum)  N/A N/A N/A _80°C NR Concentration scored 0 ELISA
[37] (serum) (vendor NR)
pg/mL
—80°C Es{t;cetiir; Bio-Plex Pro
(serum & . Human Th17
Medara 2020 N/ A_(serum N/A N/A N/A saliva; NR Concentration notec.i (serum Cytokine
[38] & saliva) (pg/mL) low);
processed < LOD/LOQ Panel
2h) . (Bio-Rad)
handling NR
Yes A Milliplex
(site-level; No ( - NR _80°C ssfa y (Millipore-
Teles 2025 progressing PerioPaper; 0 Lconcen (standard . . Concentration ~Perormance Sigma); read
; . . tration from A (immediate NR in Table S3; .
[24] vs. stable;no  30s; 1-2mm - Milliplex (pg/mL) on Bio-Plex
) elution) freeze) LOD/LOQ
rescue sites protocols) handling NR 200
in analyses) g (Bio-Rad)
Bioassay
Yes (deepest
. . Yes . LLDs (IL-17/1L-
ZGOng 35] ;Z(I)Itlhmd 5320“1’“' (Periotron g‘f;ﬁg? KL _pec NR %’é‘gmramn provided; 10/ TWEAK);
- piec 8000) handlingNR  Elabscience
across time) i
(sclerostin)
Unclear (two Bender
. . PBS 150 puL; .
Haghi 2020 deepest PerioPaper, . o Concentration MedSystems
[40] pockets at 30s No ég'g?& rpmox —20°C NR (GCF) NR (IL-17A,
each time) 1L-23)
Kit R&D
Yes (same Microcapillar; sensitivit; Systems
Pradeep 2009 . - p Y Yes (fixed N/A (direct o Concentration y . (IL-17);
site pipettes; —70°C NR ~15pg/mL;
[15] . 1 uL/sample) GCF) (pg/uL) Bender
pre/post) <10 min cap ND MedSystems
frequently 0 (IL-18)
PBS 50 ul: eBioscience
Nejadi 2018 Yes (same PerioPaper, No centri fuu ef —20°C(then  NR(>1cycle Concentration NR (IL-22);
[41] two sites) 30s 70°C § 4’h —70°C24h) implied) (GCF) Biovendor
(S100A12)
NR = not reported; N/A = not applicable (serum). “Amount & concentration” implies explicit or inferred GCF
volume capture.
Table 4. Summary of findings (GRADE) by outcome and compartment.
. . . Direction After NSPT . GRADE
Outcome Specimen Typical Timeframe (Study-Level) Studies Certainty
Decrease: Zhao 2011 [23]; Cifcibag1 2015 (GCF)
6-8 weeks (often [34]; Haghi 2020 [40]; Giir 2022 [39]; Teles 2025
IL-17A GCF persisting by Decrease in most studies  [24]. No significant change: Buduneli 2009 Low
3 months) (amount prioritized) [16]. Indeterminate:
Pradeep 2009 (undetectable IL-17A) [15].
Decrease: Haghi 2020 [40]; Cifcibas1 2015 (GCF)
1L-23 GCF ~6-8 weeks Decrease [34]. Indeterminate: Teles 2025 [24] Low
(model-based, no raw pre/post means).
1L-21 GCF ~6 weeks Decrease (single study) Zhao 2011 [23]. Low
-2 GCF ~4-6 weeks No significant change Nejadi 2018 [41]. Very low
(single study)
Decrease: Cifcibas1 2015 (serum) [34]; Duarte
~ Decrease or neutral; 2010 (AgP subgroup) [37]. No significant change:
IL-17A Serum/plasma 1-6 months smaller effects Jayakumar 2018 (plasma) [35]. Indeterminate: Low
Medara 2020 (often below detection) [38].
. Decrease: Cifcibasi 2015 (serum) [34]. No
IL-23 Serum 3-6 months Mixed significant change: Duarte 2010 [37]. Low
IL-17A Saliva 3-12 months Decrease (single study) Medara 2020 [38]. Low
IL-17A:IL-17E ratio Serum 6-25 weeks Decrease (ratio) Nile 2016 [36]. Low

GRADE summary of findings for post-treatment changes in Th17-axis cytokines after non-surgical periodon-
tal therapy (NSPT), by compartment. Certainty ratings (high, moderate, low, very low) reflect risk of bias,
inconsistency, indirectness, imprecision and publication bias.
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To quantify within-study changes, Table 2 compiles pre- and post-NSPT values with
absolute and percentage differences, author-reported p-values (and confidence intervals
where available), and a qualitative direction-of-effect label (increase, decrease, no significant
change, or not detectable) for each cytokine.

3.4. Risk of Bias

Overall, ROB was moderate or serious, driven by site-within-person clustering, incom-
plete GCF volume capture, and small samples; no cohort was reported to be at low overall
risk. ROBINS-I domain concerns clustered in confounding and outcome measurement
(GCF concentration-only reporting without volume capture). Across the twelve cohorts,
six were rated as displaying overall “moderate” risk and six as displaying “serious” risk,
with none showing “low” risk, consistent with Figure 2. These judgements informed the
GRADE ratings: low for GCF IL-17A; low for serum IL-17A /IL-23 and GCF IL-21; and very
low for IL-22 and sRANKL/OPG.

Pradeep 2009

Duarte 2010

Haghi 2020

Nile 2016

Jayakumar 2018

Nejadi 2018

Guar 2022

Legend:

Cifcibasi 2015

green plus = low;

Buduneli 2009

yellow question = moderate;

orange x = serious

Zhao 2011

Teles 2025

Medara 2020

Confounding . @ . @ @ . @ . @ @ . @

Selection of participants . . . . . . . . . . . .

Classification of interventions . . . . . . . . . . . .
Deviations from intended interventions . . . . . . . . . . . .

Missing data . . . . . . . . . . . @

Measurement of coutcomes . . . . . . . . . . . .
Selection of the reported result . . . . . . . . . . . .
Overall . @ . @ @ . @ . @ @ . @

Figure 2. Risk of bias ROBINS-I of the included studies (traffic-light) [15,16,23,24,34—41].



J. Clin. Med. 2025, 14, 8424

11 0f 18

3.5. Local (GCF) Cytokine Kinetics After NSPT
3.5.1. IL-17A

Most cohorts reported a decline in GCF IL-17A levels approximately 6-8 weeks
after NSPT, with suppression consistently observed and continuing for approximately
3 months [23,24,39,40]. In generalised aggressive periodontitis, both local and systemic
reductions were consistently observed around three months [34]. Two preliminary caveats
should be noted during data interpretation. First, at approximately 4 weeks, the IL-17A lev-
els increased, while their total quantity remained unaltered. These findings are explained
by the shrinkage of GCF volume post-therapy. Concentration measurements taken without
accounting for volume inflate the values of concentration; therefore, the total quantity is
necessary to interpret IL-17A [16]. Second, the detected levels of IL-17A were low in one
previous cohort, both before and after therapy. This is mainly attributed to the sensitive
limits of the assay, rather than actual low IL-17A levels [42]. A robust multiplex GCF
study showed a reduction of IL-17A concentrations post-NSPT at a subsequent follow-up,
although this measurement appeared later than in the other studies [34]. Overall, the
most effective and reliable local marker is IL-17A, which typically appears approximately
6-8 weeks after treatment and stabilises around 3 months, correlating with clinical improve-
ments (reduction in PD, reduction in BOP, and increase in CAL) [15,16,23,24,34,37,39,40].

3.5.2. 1L-23

IL-23 exhibited a local decline after NSPT, encouraging clinical outcomes proxi-
mal to the treatment time surrounding many of the designs and collections. In pooled
chronic/aggressive periodontitis, GCF IL-23 showed a downward trend for >6 weeks [40],
and in generalised aggressive periodontitis, GCF IL-23 trended down at >3 months along-
side IL-17A [29]. A large multiplex GCF cohort also suggested a post-NSPT reduction in
IL-23 levels at a later follow-up [24]. As with IL-17A, unit choice and pre-analytics matter;
also, studies reporting just concentrations without dedicated volume consideration are
subject to volume-related artifacts, especially in earlier follow-ups [27-29,42]. Overall, the
trend is a decrease in magnitude and discernibility related to assay platform and sampling
procedures [24,34,40].

3.5.3. IL-21

Evidence concerning IL-21 is limited to one cohort, which reported a significant decline
in GCF IL-21 approximately 6 weeks following NSPT, coinciding with a reduction in IL-17A;
meanwhile, signals associated with Th2 (IL-4, GATA3) increased, while Th1 markers (IFN-y,
T-bet) remained stable [23]. This pattern is biologically plausible for reduced Th17 activity
with partial counter-regulation; however, further independent confirmation is necessary.

3.5.4. IL-22

Evidence for 1L-22 is limited: GCF IL-22 levels were near the lower measurement
range and did not change significantly four weeks after phase I therapy. Accordingly,
the factor making evidence certain regarding an IL-22 effect is very low systemic (serum)
cytokine kinetics after NSPT.

3.5.5. IL-17A and IL-23

Systemic responses had smaller magnitudes and temporal delay compared to the GCE.
Serum IL-17A showed a slight decrease by ~1 month, though this change was not statisti-
cally significant [35,37]. Serum IL-23 findings were mixed: decreased levels were found in
a generalised aggressive periodontitis cohort at ~3 months in concert with IL-17A [34], and
no marked change was seen at ~6 months in a mixed chronic/aggressive cohort [37]. In a
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12-month serum/saliva cohort, Th17 axis cytokines in serum were undetectable and/or
unable to demonstrate robust directional assignment for serum IL-17A /IL-23 in light of
clinical improvement [38]. In summary, these trajectories supported the existence of a
relatively modest and delayed systemic dampening phase in relation to the prior local
signal, which was stronger and occurred earlier [34,35,37,38].

3.5.6. Counter-Regulation (e.g., IL-17E/IL-25 Ratio)

A more extended follow-up serum study that assessed IL- 17A showed no apparent
decline in IL-17A; however, because of a greater increase in IL-17E (IL 25), the IL-17A:IL-
17E ratio fell, with a range between ~6 and 25 weeks showing a trend away from Th17
bias despite stable/increased levels of IL-17A [36]. This usage of a ratio-based counter-
regulatory readout is mechanistically plausible in mucosal immunology and may also
provide complementary pharmacodynamic information regarding absolute IL-17A levels
when systemic changes are more subtle [36].

3.5.7. Bone Coupling Mediators (sSRANKL/OPG)

Short interval data (~4 weeks) produced variable early changes: sSRANKL was un-
changed while OPG was reduced in GCF despite favourable clinical improvement [16].
These observations provide the perspective that bone coupling markers might respond
on different timeframes than inflammatory mediators, and that only reporting early con-
centrations would be misleading without volume capture [15,16]. Mechanistically, it is
logical to expect bone coupling shifts with continued inflammatory regulation due to
associations between RANKL-mediated osteoclastogenesis and Th17 signalling. However,
strong longitudinal evidence is scarce [16,20,43].

3.5.8. Clinical-Biochemical Coupling (PD, CAL, BOP vs. Cytokines)

Data from all cohorts suggest a clinical improvement after NSPT (e.g., PD reduction,
BOP reduction, and/or CAL gain). Biochemically, there were also changes (e.g., GCF
IL-17A/IL-23 |) that occurred concomitantly with these clinical improvements in the ear-
lier time period (=6-8 weeks with interventions in the local way; ~3-6 months in the
systemic way) [15,23,34,36,37,39,40]. In those longer time frame cohorts, the salivary Th17
axis cytokines (IL-17A /IL-17F /IL-23) also decreased in the more extended time periods of
3-12 months, while blood serum Th17 markers were frequently undetectable [38]. However,
pairing (<4-6 weeks) was less clear because of GCF volume-induced concentration artifacts
(concentration 1 while amount <+) and variability in assay detection thresholds [15,16]. In
addition, given that a lot of GCF outcomes are site-level and within-person and analyses
rarely consider clustering, point estimates for effects may be imprecise, emphasising the
need for cluster-aware models and standardised pre-analyses [24,28,44] in future longitudi-
nal studies.

Overall, GRADE provides low-certainty evidence that GCF IL-17A decreases after
NSPT, with low certainty for serum IL-17A/IL-23 and GCF IL-21, and very low certainty
for IL-22 and for sSRANKL/OPG. This reflects the updated study-level outcomes: most
cohorts showed decreased GCF IL-17A but with methodological limitations that reduce
certainty; IL-22 did not change significantly in the lone GCF cohort and was near the assay’s
detection range, yielding very-low-certainty; and GCF IL-23 showed a general downward
trend across limited, heterogeneous studies (Table 4).

4. Discussion

Across diverse cohorts, non-surgical periodontal therapy (NSPT) is generally asso-
ciated with the attenuation of Th17-axis activity, most clearly in gingival crevicular fluid
(GCEF). Declines in GCF IL-17A generally emerge by approximately 6-8 weeks and, where
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measured, show uniform suppression around 3 months [23,24,34,39,40]. Two early-window
exceptions qualify this pattern: (i) at 4 weeks, one cohort noted an apparent increase in
IL-17A concentration despite no change in total amount, an artefact explained by the
post-therapy contraction of GCF volume that inflates concentration-only metrics [16]; and
(ii) another cohort reported frequent GCF IL-17A non-detects at baseline and follow-up,
underscoring assay sensitivity constraints for this analyte in GCF [15]. A large, GCF study
corroborated post-NSPT IL-17A decline and situated it within a broader local program:
concurrent decreases in IL-13, RANTES, and sCD40L, coupled with increases in IP-10 and
MMP-9, are compatible with inflammatory resolution and matrix remodelling at treated
sites [24].

Systemic responses of these local shifts are smaller and delayed. Serum IL-17A
decreased by ~1 month in chronic periodontitis (with/without type 2 diabetes) [35]
and by ~6 months in generalized aggressive periodontitis [37]. In contrast, another co-
hort displayed rises in both IL-17A and IL-17E, yet a declining IL-17A:IL-17E ratio over
6—25 weeks—suggesting a net shift away from Th17 bias despite stable or elevated IL-17A
levels [36]. Twelve-month comparisons across saliva and serum reinforce compartment-
specific kinetics: salivary Th17 cytokines (IL-17A /IL-17F/IL-23) generally decreased after
therapy, whereas serum Th17 markers were often undetectable; more apparent systemic
change was seen for IL-1f3/IL-6/ TNF-« (decreases) and IL-31 (increase) [38]. For IL-23,
directionality was consistently downward, but timing varied: decreases were seen in GCF
and serum at 3 months in aggressive periodontitis [34], in GCF by ~6 weeks in pooled
chronic/aggressive cohorts [40], and again in later follow-up multiplex GCF data [24],
while one mixed cohort showed no serum change at 6 months [37]. IL-21 decreased locally
at ~6 weeks in the only available study [23], whereas IL-22 showed no significant change at
a similar time point in the single GCF cohort that measured it [41]. Early bone coupling
readouts were inconsistent (SRANKL unchanged; OPG decreased at 4 weeks) [16].

Taken together, the certainty of evidence is low to very low. There is low-certainty
evidence that GCF IL-17A decreases after NSPT; the certainty is also low for serum IL-
17A/IL-23 and GCF IL-21, and very-low-certainty for GCF IL-22 and sRANKL/OPG
because of single-study coverage, small samples, pre-analytic heterogeneity, and site-
specific designs [15,16,23,24,34,35,37-41]. This compartment- and time-resolved synthesis
extends prior qualitative and quantitative reviews of GCF cytokines after NSPT [26]. The
recurring pattern—early local dampening with slower systemic responses—aligns with
mucosal Th17 biology and periodontal pathophysiology [6,7,45-47]. Prior meta-analyses
emphasized methodological heterogeneity [26]; our synthesis converges on the same
variability but adds operational guidance: local responses are most detectable at ~6-8 weeks
and systemic changes are most detectable at ~3-6 months, and interpretation should
prioritize total amount over concentration when GCF volume is captured [27-29,42]. Recent
additions—12-month saliva follow-up and a 64-analyte GCF panel—replicate IL-17A /IL-23
decreases post-NSPT [24,38], and other syntheses of the IL-23/IL-17 axis reach similar
directional conclusions despite dispersed methods [48,49].

The post-debridement attenuation of Th17 activity is plausible and expected. IL-17A
induces neutrophil-recruiting chemokines, G-CSF and RANKL, linking epithelial irritation
to osteoclastogenesis and periodontal tissue loss [45,46,50]. The IL-17-RANKL association
provides a credible pathway from inflammation to bone resorption [21,22,43,46-50]. By re-
ducing the antigenic burden of a dysbiotic subgingival biofilm, debridement plausibly shifts
the local immune set-point away from Th17 dominance, reflected by decreases in IL-21/IL-
17A and counter-regulatory increases in IL-4/GATA-3 in the phenotyped cohort [23,46,51].
The IL-17A:IL-17E (IL-25) ratio offers an integrative lens: ratio reduction—even with stable
IL-17 A—is consistent with an enhanced anti-Th17 milieu [24,47]. Broader panel changes
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(declining IL-1f3, RANTES, sCD40L with rising IP-10 and MMP-9) support a transition
toward resolution and remodelling [24]. Salivary Th17 reductions alongside minimal serum
detectability reinforces compartment-specific sensitivity [38]. Clinically, any chairside use
of pro-inflammatory biomarkers should remain exploratory, only aiding subclinical mon-
itoring alongside established clinical parameters and within research frameworks until
validated [52-56].

Th17-axis markers are not yet suitable for routine chairside monitoring due to pre-
analytic variability (such as collection methods, elution factors, storage, and freeze-thaw
cycles), differences in measurement units, and assay sensitivity. These factors support panel-
based research approaches rather than single-analyte decision rules [57]. As benchmarks,
established inflammatory biomarkers such as MMP-8 have progressed to point-of-care
formats and show reproducible associations with periodontal activity, whereas Th17-axis
cytokines remain research-oriented and assay-sensitive [57-59]. Likewise, classic mediators
(e.g., IL-1P3) consistently decline with successful therapy, as observed in multiplex GCF and
longitudinal saliva/serum cohorts; any Th17-axis panel would need to demonstrate added
value beyond these markers in discrimination, calibration, and net-benefit analyses [24,38].

Any clinical panel should progress through staged evaluation—analytical validity,
clinical validity, and clinical utility—before use [60,61]. Future diagnostic studies of Th17-
axis biomarkers should adhere to established reporting and appraisal standards for tests,
including the STARD reporting checklist and QUADAS-2 risk-of-bias framework, to ensure
analytical rigor and clinical validity [62,63].

A well-constructed pragmatic composite could be based on GCF IL-17A (ideally the
total quantity with documented volume), IL-23, and relevant counter-regulators such as
IL-17E/IL-25. This approach should include predefined thresholds, calibration parameters,
discrimination criteria, and appropriate decision-analytic metrics [29]. Emerging multi-
plex GCF datasets and saliva/serum cohorts support a multi-analyte, multi-compartment
framework; site-level signals should be analysed with cluster-aware methods and aligned
to PD, CAL, and BOP endpoints [24,34,38,44].

Methodologically, these cohorts share the strengths of prospective pre—post designs
with paired sampling and consistent clinical improvement [15,16,23,34-38,40,41]. At the
review-process level, a further limitation is that the protocol, although developed a priori,
was not registered in a public database (e.g., PROSPERO), potentially increasing the the-
oretical risk of unreported protocol deviations despite our inclusion of the full protocol
and search strategy in the Supplement. The evidence base now includes 12-month saliva
and later GCF follow-up as well as multiplex platforms [24,38]. Some limitations include
small, single-center samples; the absence of cluster-robust modeling for site-within-person
structures; the pooling of phenotypes without sufficient adjustment; notable pre-analytic
variability; and reporting based solely on concentration, which can be misleading when
GCF volume decreases after therapy [16,25-27,29,42]. Imprecision from assay sensitivity
and the handling of LOD/non-detects further curtailed inference (including frequent sys-
temic non-detects in one cohort) [15,37,38,41], and inconsistent follow-up schedules plus
variable systemic responses precluded quantitative meta-analysis in prior work and in the
present synthesis [25,26]. Mixed chronic/aggressive cohorts under pre-2018 definitions
introduce residual confounding tied to phenotype-specific Th17 activity [17,64-67].

Systemic IL17A decreases were more evident in generalized aggressive periodonti-
tis than in chronic periodontitis, whereas GCF IL17A reductions were consistent across
phenotypes in the ~6-8-week window [19,34]. Mapping CP/AgP cohorts onto the 2018 stag-
ing/grading schema could alter Th17 readouts by shifting risk strata (e.g., Grade C). Within
that framework, many of the “chronic periodontitis” cohorts would now cluster around
Stage III, with Grades B and C reflecting different risk profiles. Grade C cases typically
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exhibit hyper-inflammatory phenotypes and more rapid bone loss, which mechanistically
would be expected to show higher baseline IL-17/IL-23 activity and potentially slower or
less complete normalization after NSPT. Grade B cases may have less extreme Th17 skewing
and a more homogeneous decline in IL-17/IL-23 following debridement. Future work
should stratify analyses by stage/grade to reduce phenotype-related confounding [17,64].

Future studies should embed (i) explicit volume capture (e.g., Periotron or gravimetry);
(ii) predefined elution buffers/volumes; (iii) —80 °C storage with minimal freeze-thaw
cycles; (iv) transparent LOD handling; and (v) total amount as the primary GCF metric,
with concentration reported secondarily [27-29,42]. Protocols should be registered with
prespecified assessment windows (~6—-8 weeks local; ~3—6 months systemic) and use cluster-
robust or mixed-effects models for site-level outcomes. Multicentre trials should evaluate
multiplex panels and cross-matrix performance (GCF and saliva) using AUC, calibration,
and net-benefit analyses against clinical improvement, with comparative analyses per-
formed by phenotype (CP vs. AgP; staged /graded categories) and by systemic modifiers
(e.g., T2DM) to strengthen generalisability [18,35,60].

5. Conclusions

Non-surgical periodontal therapy (NSPT) generally associated with reductions Th17-
related inflammation—especially IL-17A—in gingival crevicular fluid (GCF), typically
within 6-12 weeks, based on small, non-randomized pre—post cohorts. Some early anoma-
lies arise from reduced GCF volume or assay limitations. Broader cytokine profiling con-
firms IL-17A reduction along with inflammatory resolution markers (e.g., IL-13, RANTES,
sCD40L |; IP-10, MMP-9 1). Systemic effects are smaller and slower, with mixed IL-17A/IL-
17E responses suggesting reduced Th17 bias. IL-23 and IL-21 generally decrease, while
IL-22 data are limited. Because concentration-based measures can mislead when fluid
volume changes, total cytokine amounts are preferred. Overall evidence certainty is low to
very low, consistent with the GRADE assessments, and Th17-axis biomarkers are not yet
clinically reliable for routine decision-making.

Clinically, tracking post-NSPT shifts in GCF IL-17A /IL-23 alongside standard indices
could help identify non-responders early, tailor recall intervals, and guide adjunctive
therapy in higher-risk patients [23,24,60]. Before routine adoption, preanalytical standard-
ization, harmonized reporting (concentration vs. amount/site), and validation against
clinical endpoints are required [25-27]. Accordingly, Th17-axis markers should be viewed
as candidate adjuncts to established measures rather than stand-alone diagnostics at this
time [24,25,60].

Given methodological heterogeneity, risk of bias, and assay limitations, these biomark-
ers should not yet guide individual patient care; rather, they are emerging research tools
that may, with standardization and validation, complement clinical indices in the future.

Future work should refine standardized, validated cytokine panels (e.g., IL-17A, IL-23,
IL-17E/IL-25) for correlation with clinical outcomes (PD, CAL, BOP).
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