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Aim: The purpose of this systematic review was to evaluate methodological variations and outcome hitps//youtu.be/dbf65_Yj5dc

patterns in experimental gingivitis studies in human populations. Specifically, differences in induction

duration, plaque control strategies, participant characteristics, and their influence on clinical, molecular, and immunologic markers of
gingival inflammation were assessed.

Methods: A systematic review of clinical trials and interventional studies involving experimental gingivitis induction via oral hygiene
cessation or mechanical plaque accumulation was conducted. Eligible studies involved human participants and reported clinical
(gingival index, bleeding on probing, plaque index) or biomarker outcomes. Data sources included peer-reviewed publications
obtained through comprehensive database searches. Risk of bias and study quality were assessed. Findings were synthesized
narratively due to heterogeneity in design and outcome measures.

Results: The included studies (n = 10) varied in induction duration (9-28 days) and plaque accumulation method (full-mouth vs stent-
based models). Clinical indicators consistently increased during induction phases, though magnitudes varied by methodology and
participant profile. Studies identified “fast”, “slow”, and “low” responder phenotypes, underscoring inter-individual variability.
Increased pro-inflammatory cytokines (IL-1pB, IL-6, TNF-a) and transcriptomic shifts were observed during active inflammation,
with reversal during recovery. Methodological inconsistencies and a lack of standardization limited cross-study comparability.
Conclusion: Experimental gingivitis (EG) models reliably induce acute, reversible inflammation. However, methodological hetero-
geneity and insufficient adjustment for patient-related confounders hinder direct comparisons. Future research should adopt standar-
dized protocols and incorporate stratified analyses to refine causal insights and support clinical translation.

Keywords: gingival index, inflammation, oral hygiene, periodontal diseases, plaque, transcriptome

Introduction

Gingivitis is a reversible inflammatory process of the gingiva, induced by the accumulation of microbial dental plaque at
the gingival margin. Clinically, the lesion is symptomatic of redness, swelling, and bleeding on probing with no
attachment loss or irreversible tissue damage, separating it from periodontitis and other more severe periodontal
infections."? It is widespread among all age groups and populations, as it is estimated that from 50 to 99% of the
population has gingivitis at some point in their lives.® This leads to gingivitis being a significant public health problem
and the early, modifiable stage of periodontal disease development.*

To study the changes brought by dental plaque on the gingiva under strictly controlled conditions, Loe et al
established the experimental gingivitis (EG) model. This landmark study demonstrated that cessation of oral hygiene
in a previously systemically healthy subject would routinely lead to gingival inflammation associated with accumulation
of supra-gingival plaque.*>
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It is commonly employed to study the pathogenesis of gingival inflammation, host-microbial interactions, preventive and
therapeutic modalities in clinical as well as translational research.®” A further application was the formulation of inflammatory
response phenotypes (high, low, and slow responders), each bearing different microbial and immunologic profiles.®

However, EG studies vary considerably in design. Protocol differences include induction duration (2—4 weeks), mode
of induction (oral hygiene cessation vs mechanical plaque accumulation), and model type (full-mouth, partial-mouth, or
stent-based). Such variability affects the timing, severity, and distribution of gingival inflammation, complicating direct
comparisons across studies.®’

The lack of standardized protocols and inconsistent use of clinical indices such as the Gingival Index (GI), Bleeding
on Probing (BOP), and Plaque Index (PI) further limit comparability and may contribute to misclassification of
outcomes.>> There is a need to fill such gaps by systematically testing different kinds of EG models to increase
methodological soundness and reproducibility in periodontal research.

An appropriate systematic review is required to compile and evaluate the currently available EG methods, particularly given
the growing interest in improving early diagnostic markers and the host-microbial relationship in gingival inflammation.*®’
Through systematic evaluation of the effects of these methodological variations on clinical outcomes, this review seeks to offer
evidence-based recommendations to researchers regarding selection and optimization of EG protocols.'*

The main research question addressed by this systematic review is: What is the methodological heterogeneity in EG
induction studies, and how does this impact timing and progression of gingival inflammation?

To address this, these were further explored: (1) how induction methods affect inflammation onset; (2) variations in
duration and model design; (3) differences in clinical outcomes (GI, PI, BOP); and (4) the extent to which secondary
factors such as age, gender, and smoking are considered. The study quality and risk of bias using validated tools (RoB 2,
ROBINS-I) were evaluated and provided recommendations for methodological standardization.

Materials and Methods

Protocol and Registration
This systematic review was registered with the International Prospective Register of Systematic Reviews (PROSPERO)
[https://www.crd.york.ac.uk/PROSPERO/view/CRD42021234193] under the registration number CRD42021234193.

Focus Question

This systematic review was guided by a clearly defined research question structured according to the PICOS framework:
What are the methodological variations in experimental gingivitis (EG) induction studies, and how do these differences
affect the timing and progression of gingival inflammation? The population of interest includes human participants
enrolled in EG studies. Interventions focus on various methods of inducing gingival inflammation, such as oral hygiene
cessation and mechanical plaque accumulation. Comparisons involve different EG protocols, including variations in
model design and duration. The primary outcomes assessed are the timing of inflammation onset and the progression of
gingival inflammation, measured through established clinical parameters such as the Gingival Index (GI), Bleeding on
Probing (BOP), and Plaque Index (PI).

Information Sources
A search was done: MEDLINE via PubMed, EMBASE, Scopus, Cochrane Library, and Google Scholar for grey
literature. Additionally, the eligible articles’ reference lists were screened manually to ensure completeness.

Search

The search was done for articles published from January 2004 to June 2025. Key-words were selected using MeSH terms
and free text, including: “Experimental gingivitis”, “Gingival inflammation”, “Plaque accumulation”, “Oral hygiene
cessation”, “Periodontal research”, “Gingival index”, “Bleeding on probing”, “Plaque index”, “Methodological compar-
ison”, “Clinical periodontology”, “Gingival disease models”, “Inflammation progression”, “Oral health research”,

“Dental studies”. For transparency, an example of the exact PubMed syntax is provided here:
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(“experimental gingivitis” OR “induced gingivitis”) AND (“plaque accumulation” OR “oral hygiene cessation”)
AND (humans [MeSH Terms])).
The complete search strategies for all databases are available in the Supplementary Material.

Selection of Studies
Two blinded reviewers independently screened titles/abstracts and full texts against eligibility criteria, resolving
disagreements by discussion or third reviewer consultation.

Types of Studies

Included study designs were randomized controlled trials (RCTs), controlled clinical trials (CCTs), and observational
studies (cohort and cross-sectional). Studies published between 2004 and 2025 in English were considered. However,
landmark studies prior to 2004 that introduced or validated critical methodological approaches were also included for
historical and conceptual context.

Types of Participants/Population

Studies involving human participants undergoing experimental gingivitis protocols were included, with no restrictions on
age, gender, or smoking status. Studies involving naturally occurring gingivitis or animal models were excluded.
Inclusion criteria involved human participants undergoing experimental gingivitis (EG) protocols, explicitly assessed
methodological variations, reported at least one clinical outcome related to gingival inflammation, specifically the
Gingival Index (GI), Bleeding on Probing (BOP), or Plaque Index (PI), and clearly described the induction protocol
and its duration. Studies were excluded if they focused on animal models without direct human relevance, were primarily
interventional in nature (ie, aimed at treating gingivitis rather than inducing it), or failed to provide sufficient methodo-
logical detail or outcome data necessary for analysis.

Data Extraction

Two reviewers independently extracted data, including study design, setting, population characteristics, gingivitis induction
protocols, and clinical outcomes (GI, BOP, PI)—with discrepancies resolved by discussion or a third reviewer. Systemic
biomarkers were recorded when available, and each study’s risk of bias was assessed using design-appropriate tools.

Risk of Bias Within Studies

The risk of bias was independently assessed by two reviewers using design-specific, validated tools: RoB 2 (Cochrane
Collaboration, London, UK) for RCTs, ROBINS-I (Cochrane, London, UK) for non-randomized interventional studies,
and the Newecastle-Ottawa Scale for cohort studies. Disagreements were resolved by discussion or a third reviewer, and
results were summarized narratively and in structured tables by study type (see Supplementary Tables 2—4).

Risk of Bias Across Studies

Risk of bias across studies was assessed qualitatively due to heterogeneity and insufficient studies per outcome for
quantitative analysis. Funnel plots and Egger’s test were not applied; selective reporting was evaluated by comparing
reported outcomes with methods, and any discrepancies were noted in the interpretation.

Statistical Analysis

Quantitative synthesis via meta-analysis was not feasible due to substantial heterogeneity in study designs, outcome
measures, and reporting (eg, GI, BOP, PI units, and timing), as well as inconsistent statistical data and varied gingivitis
induction protocols. As a result, the findings were synthesized narratively and presented in structured summary tables.
Where available, between-group differences and within-subject comparisons were extracted and qualitatively summar-
ized. Attempts to perform subgroup or sensitivity analyses were not conducted due to insufficient standardized data.
Instead, methodological variations—such as induction duration, population characteristics, and outcome assessment
strategies—were described in detail to inform future protocol standardization efforts in EG research.
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Results

Study Selection
A total of 2572 records were identified through database searches: PubMed (1484), Embase (523), Scopus (369),
Cochrane Library (76), and Google Scholar (120). After removal of 612 duplicates, 1960 titles and abstracts were
screened for eligibility. Of these, 120 full-text articles were retrieved and assessed. Forty studies were excluded during
full-text review, and ultimately, only 10 studies met the eligibility criteria out of nearly 2000 screened, underscoring the
very limited evidence base available for synthesis (Figure 1).

Reasons for exclusion included: lack of comparison between EG induction protocols (n = 10), absence of relevant
clinical outcomes (n = 19), combined intervention during induction (n = 6), and studies not focused on human

populations or using natural gingivitis models (n = 5) (see Supplementary Table 1).

Study Characteristics
The 10 included studies (see Table 1) were published between 1977 and 2025 and comprised randomized controlled trials
(n = 3), controlled clinical trials (n = 4), and prospective cohort or observational studies (n = 3). Sample sizes ranged
from 8 to 60 participants, with populations generally comprising healthy adults aged 18-35. The limited number and size
of these studies reduce generalizability, but their methodological diversity offers useful contrasts. Gingivitis was
generally induced via oral hygiene cessation for periods ranging from 4 to 21 days, though one study employed a stent-
based model with dietary modulation.

To synthesize and highlight the diversity in experimental designs, Table 2 summarizes key methodological differences
across the included studies, emphasizing design elements that influence interpretation and comparability.

[ Identification of studies via databases and registers ]
c
L
E Records identified from*: Records removed before screening:
% Databases (n = 2577) Duplicate records removed (n = 696)
s
Records screened Records excluded**
(n=1881) ’ (n=1836)

|

=] s
% Reports sought for retrieval Reports not retrieved
° (n=45) (n=5)
(2
[}
3 !
z;‘:&:g Asscasedfor Reports excluded: 30
(n = 40) Outcome criterion not met (n = 12)
Intervention criterion not met (n =7)
Comparison and Outcome criteria not met (n =7)
o) Comparison criterion not met (n = 4)
Intervention involves co-treatment during induction phase (n
— =1)
o — - - Natural gingivitis and product efficacy trial (n = 1)
S (Stucz'gs)'"d“ded in review Intervention and Outcome criteria not met (n = 2)
© n=
c

Figure | PRISMA flow diagram. *Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number
across all databases/registers). **If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools.
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Table | Summary of Findings from Included Studies on Experimental Gingivitis Models

periods 2-3 weeks

Dataset II)

Dataset | showed uniform
response; Dataset Il
revealed interindividual
variability

SN Study Title Author & Study Population Intervention Comparator Outcomes Key Findings Limitations
Year Design Measured

| A Clinical Trial to | Aranguren Randomized 49 adults Oral hygiene cessation vs | Power brush Loe-Silness Digital image analysis Small sample size; limited
Investigate Digital | et al, 2016® Controlled (mean age 32 | continued brushing using | (brushing) Gingival Index correlated well with LSGI to anterior gingiva; short-
Gingivitis Image Trial (Single- years) electric toothbrush over | group vs no- (LSGI), number | scores. Significant term study; no long-term
Analysis Method center, undergoing 3-week induction phase hygiene of bleeding inflammation differences follow-up or
and Examiner- examiner- experimental | following 2-week hygiene | (control) sites, digital between groups at days 14 | microbiological data
Based Grading in blinded, gingivitis phase group gingival color and 21. At day 21, LSGI
Assessing parallel- induction change difference = 25%; bleeding
Experimental group) (AE2000) sites difference = 60%;

Gingivitis color change AE2000 =
241 (no hygiene) vs .41
(brushing)

2 Experimental Seymour Prospective 15 healthy Oral hygiene cessation Intra-subject Plaque Index, Gingival inflammation Small sample size; invasive
Gingivitis in et al, 1983° controlled third-year after prophylaxis; biopsies | comparison Gingival Index, | increased with plaque biopsies; no long-term
Humans: study dental at multiple time points over time Histologic accumulation. Dominant follow-up; no control
A Clinical and students (age (Day 0, 4, 8, Index, % cell immune cell: lymphocytes group continuing hygiene;
Histologic 19-21) 21) infiltrate types throughout. Histology age-limited cohort
Investigation (PMN:Ss, confirmed clinical changes.

lymphocytes, Early lesions appeared

plasma cells) subclinical (day 0 showed
inflammation histologically
before Gl detected).

3 Identification of Nascimento | Two Dataset I: 40; | Induction by oral hygiene | Intra-subject Plaque Index Identified “fast” and “slow” | Different GI/PI indices
Inflammatory etal, 2019' | prospective Dataset Il: 42 | cessation after comparison (TQHPI/PII), inflammatory responders used across datasets; small
Response EG studies young adults professional cleaning across Gingival Index to plaque in Dataset II. university-based sample;
Patterns in with growth at Aarhus (Dataset Il) or normal timepoints; (MGl/GI), Growth curve modeling no microbiological
Experimental curve University hygiene (Dataset I); fast vs slow response revealed lagged outcomes; analysis
Gingivitis Studies modeling Plaque accumulation responders (in | timing inflammation response. focused on pattern not

etiology

(Continued)
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Table 1 (Continued).

SN Study Title Author & Study Population Intervention Comparator Outcomes Key Findings Limitations
Year Design Measured

4 Influence of Sidi et al, Single-blind 20 healthy EG induced via oral High sugar vs | Bleeding on High sugar diet led to Small male-only sample;
Frequent Sugar 1984'! crossover male dental hygiene withdrawal using | low sugar probing (“pin significantly greater short duration; diet self-
Intakes on trial students polyvinyl stent, combined | intake during prick” and bleeding scores at 3 weeks, | reported; no
Experimental (19-23 years) | with either high- or low- | experimental “excess”), indicating enhanced gingival | microbiological
Gingivitis sugar diets over 3-week | gingivitis gingival inflammation. No assessment

periods crevicular fluid, | significant difference in
plaque index crevicular fluid or final
and plaque plaque mass.
weight

5 Influence of Staufenbiel Controlled 39 healthy EG induced by 21-day Comparison Gingival Index AID + active group showed | Non-randomized groups;
Nutrition and etal, 2023'? | prospective adults aged oral hygiene abstention; between (Gl), Plaque lower gingival inflammation, | small sample size; lifestyle
Physical Activity cohort study | 20-30 (mean | subjects categorized lifestyle Index (Pl), lower SBI, and lower self-reported;
on Local and 25.6); EG based on lifestyle: high groups during | sulcus bleeding | systemic inflammation (eg, | inflammation not directly
Systemic induced in all | physical activity + anti- same EG index (SBI), CRP) than PID group. quantified
Inflammatory subjects inflammatory diet (AID) protocol BMI, CRP Suggests lifestyle modulates | microbiologically
Signs in vs low activity + pro- (systemic), EG severity.

Experimentally inflammatory diet (PID) leukocyte
Induced Gingivitis counts

6 Interepithelial Holthuis Prospective 10 healthy 9-day oral hygiene Comparison Gingival Index EG more severe clinically in | Very small sample size; no
Lymphocytes in etal, 1977" | clinical subjects: 5 abstention to induce EG between age (G, elderly; higher lymphocyte | microbial or systemic
Experimental biopsy-based | young after 14-day pre- groups and lymphocyte infiltration in elderly (not biomarkers; results
Gingivitis in Young study (2128 yrs), 5 | experimental hygiene biopsy zones count per 100 statistically significant); focused on histology only;
and Elderly elderly phase (coronal, epithelial cells, lymphocytes concentrated | no post-intervention
Individuals (65-80 yrs) intermediate, ultrastructural in coronal epithelium; phase

apical) classification of | intermediate lymphocytes
lymphocyte showed active features (ER,
types ribosomes)

7 Intermittent Pappe et al, Single-center, | 60 healthy All participants 5:2 IF group, Sulcus Bleeding | IF groups showed No blinding; self-reported
Fasting Regimes 2025'* randomized adults (20-35 | underwent 2|-day 16:8 IF group, | Index (SBI), significantly reduced compliance; short-term
Reduce Gingival 3-arm clinical | years), experimental gingivitis and non- Plaque Index gingival inflammation (3 weeks); possible
Inflammation: trial randomized (hygiene abstention); fasting control | (Pl), Gingival (lower SBI, Gl) compared placebo effect; no
A Three-Arm to fasting vs interventions: 5:2 group Index (Gl), hs- | to control; systemic microbiological data
Clinical Trial control intermittent fasting, 16:8 CRP inflammation markers (hs-

time-restricted eating, vs (systemic), CRP) also lower in IF
control diet body weight groups; 5:2 IF was slightly

more effective than 16:8
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8 Local and Leishman Prospective 8 healthy 21-day oral hygiene Within- Gingival Index Inflammatory cytokines (IL- | Small sample size (n = 8);
Systemic etal, 2013'® | controlled adult female cessation (experimental subject (Gl), Plaque 2, IL-6, TNF-a) decreased female-only cohort;
Inflammatory experimental | volunteers gingivitis phase), followed | comparison: Index (PI), GCF | after resolution; plasma limited generalizability; no
Responses to study by 14-day resolution baseline, peak | and plasma sICAM-I increased long-term follow-up
Experimentally phase gingivitis, biomarkers: IL- | significantly during gingivitis
Induced Gingivitis post- 1B, IL-2, IL-6, and remained high post-

resolution TNF-a, sSICAM- | resolution; local
I, CRP inflammation reflects
systemic change

9 Systemic Kowolik Prospective 23 healthy 21-day oral hygiene Control Plaque Index Significant increases in Diurnal and menstrual
Neutrophil et al, 2001'® | controlled adults (mean | cessation (EG model), phase: same (Turesky), WABC and neutrophil effects not controlled;
Response experimental | age 19; 10 with blood sampling at participants Gingival Index counts during plaque only short-term (21-day);
Resulting from clinical study males, 13 days 0, 7, and 21 with normal (Loe & Silness), | accumulation phase (P < no microbial assays; young
Dental Plaque females), hygiene Total WBC, 0.01); control phase healthy cohort only
Accumulation non-smokers practices Neutrophil showed no change.

Count, Neutrophil response was

Lymphocyte more pronounced in

Count females. Correlation
between plaque and
gingivitis (r = 0.95)
confirmed EG model
validity.

10 | Transition Danielsen Prospective 42 healthy 4-day oral hygiene Baseline (pre- | Plaque Index, Plaque accumulation No microbiological or
dynamics in et al, 1989"7 experimental | adult dental cessation following induction) vs Gingival Index increased rapidly within 7 immunological
experimental study students prophylaxis post-induction | (clinical days; gingivitis progressed assessments; limited
gingivitis in (controlled (mean age and post- inflammation), in ~19% of previously generalizability (young,
humans. clinical trial) 22.4), recovery conversion healthy sites. Recovery healthy, dental students);

Denmark periods (Day rates rates were suppressed final phase involved only

0-24)

(incidence and
recovery),
steady-state

prevalence

during induction but
improved post-prophylaxis.
Steady-state gingivitis
prevalence plateaued

by day 14.

23/42 participants
(attrition bias); dated
methodology (1989)
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Table 2 Key Methodological Differences Among Included Experimental Gingivitis Studies

Methodological
Element

Variation Observed

Implication for Study Design

Induction Duration

9 to 28 days

Influences timing of inflammation onset and resolution;
complicates cross-study comparison

Plaque Localization

Full-mouth vs stent-based localized models

Affects extent of inflammation and allows varying degrees of

biological sampling control

Participant

Demographics

Age (young vs elderly), gender, health status (eg,

active vs sedentary), diet

Alters inflammatory response trajectories; critical for interpreting

host variability

Randomization and

Blinding

Inconsistent reporting; often “some concerns”

May introduce bias; limits confidence in causality of observed

effects

Biomarker Assessment

Techniques

ELISA, LC-MS/MS, immunohistochemistry

Affects sensitivity and comparability of molecular outcome data

Outcome Focus

Clinical indices vs molecular profiles

Studies differ in endpoint emphasis, limiting synthesis across

clinical and mechanistic outcomes

Follow-Up Duration

Immediate post-induction vs extended recovery

tracking

Short durations may miss full immune resolution or relapse;

longer studies needed

Use of Stratification

Some studies model responder types (fast, slow,

low); others do not

Important for capturing heterogeneity; lack of stratification may
obscure key insights

Variation in Experimental Gingivitis Models

Induction Methods and Duration

Most studies employed the established Loe et al model, withdrawing oral hygiene to induce gingivitis over durations
ranging from 9 to 21 days.’ Some research, such as Danielsen et al,'” enabled an in-depth analysis of the time to onset
and resolution of symptoms and signs of inflammation. Pappe et al implemented modifications, with dietary recommen-
dations provided for a 9-day induction.'*

Outcome Measures
The most reported parameters were BOP, PI, GI, and GCF cytokine concentrations (eg, IL-6, TNF-a). Some studies
extended outcome assessment to systemic markers, including plasma sICAM-1."3

Participant-Level Modifiers

The age, diet, general health, and the manner of fasting practice all had a contribution to the gingival response. Likewise,
in fasting individuals, BOP and GCF levels were lower than in non-fasting individuals.'* Another study reported that the
consumption of dietary sugar increased BOP with no significant effects on plaque deposition or GCF flow.''

Phenotypic Response Patterns

Inter-individual variation in profiles of inflammatory cytokines and in the rates of transition between health and
inflammation was found to be high. Danielsen et al recorded sites in the gingiva showing oscillations from an
inflamed to a non-inflamed condition even when the plaque load was kept constant, thus stressing the host-specific
responses.'’

Results of Individual Studies

The studies analysed presented substantial heterogeneity in terms of the induction of experimental gingivitis (EG) and the
clinical parameters assessed. The gingival index (GI), plaque index (PI), and bleeding on probing (BOP) were the most
frequently used indices.

Patient Preference and Adherence 2025:19
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For example, Aranguren (2016) reported a 25% lower GI and 60% fewer bleeding sites in the brushing group
compared to the no-hygiene group by day 21.° Similarly, Pappe et al found that intermittent fasting (IF) protocols
significantly reduced GI and BOP relative to controls (eg, GI of 0.6 in the 5:2 fasting group vs GI of 1.3 in controls).'

Nascimento et al employed growth curve modeling and identified distinct inflammatory response patterns, categoriz-
ing participants as “fast” or “slow” responders.' Fast responders exhibited GI increases of approximately 1.2 points
during the induction phase.'’

Sidi and Ashley (1984) found significantly higher BOP scores in participants on a high-sugar diet (p< .05)."
Kowolik et al documented approximately 20% increases in white blood cell and neutrophil counts during plaque
accumulation, suggesting a systemic inflammatory response to EG.'°

Incomplete reporting of effect sizes, standard deviations, and Cls precluded meta-analysis. Nevertheless, qualitative
synthesis revealed that gingival inflammation varies meaningfully with diet, hygiene status, and systemic factors.

Table 3 presents a structured summary of these individual study outcomes, including sample sizes, induction
protocols, comparator groups, primary outcomes measured, and key findings. This comparative overview facilitates
cross-study interpretation and emphasizes the heterogeneity in both clinical and systemic responses to experimentally

induced gingivitis.

Synthesis of Results

The synthesis of findings across the ten included studies highlights consistent evidence that experimental gingivitis (EG)
models reliably induce gingival inflammation through oral hygiene cessation, with or without additional dietary or
behavioural interventions. Despite variations in study design, duration, and outcome measures, a core set of indices,
including the Gingival Index (GI), Plaque Index (PI), and Bleeding on Probing (BOP), were frequently reported,
supporting comparability. Most studies demonstrated statistically significant increases in gingival inflammation during
EG induction phases, with improvements following re-initiation of hygiene practices or introduction of modulating

interventions (eg, intermittent fasting or anti-inflammatory diets).

Table 3 Summary of Clinical and Biological Outcomes from Included Experimental Gingivitis Studies

Study Group Comparison Gl Difference | BOP/SBI Difference | Pl Change Systemic/Biomarker +
Aranguren 2016° Brushing vs Control —25% —60% — AE2000 ~—1.0

Seymour 1983° Over time (within) I — 1 Subclinical inflammation at Day 4
Nascimento 2019'° Fast vs Slow response 11.2 vs 105 — 1 Growth curve verified

Sidi 1984'! High vs Low sugar — Higher — No GCF change

Staufenbiel 2023'? AID vs PID 08 vs 1.4 15% vs 30% Similar CRP lower in AID

Holthuis 1977'3 Elderly vs Young 1.5vs 1.0 — — Lymphocytes ~45 vs ~30

Pappe 2025'* 5:2 vs 16:8 vs Control | 0.6, 0.7 vs 1.3 20%, 25% vs 40% — hs-CRP lower in IF

Leishman 2013'® Peak vs Recovery ~1.2vs ~0.3 — 1.5 IL-2/6/TNF-o. 1; sSICAM-1 delayed decay
Kowolik 2001'® EG vs Hygiene | — 1.6 TWBC/Neutrophils by 20%
Danielsen 1989'7 EG vs Recovery — ~19% site prevalence ~1.8-2.0 peak Recovery by Day 24

Notes: This table summarizes the main clinical and biological outcome indicators used across the included studies. The Gingival Index (GI) reflects the severity of gingival
inflammation—assessed by redness, swelling, and bleeding—where higher values indicate more pronounced inflammation. Bleeding on Probing (BOP) or the Sulcus Bleeding
Index (SBI) represent gingival bleeding in response to gentle probing, reflecting early vascular and inflammatory changes. The Plaque Index (Pl) quantifies the amount of
dental plaque present and confirms successful induction of gingivitis, as plaque accumulation is the initiating factor. Systemic or biomarker outcomes (eg, IL-1p, IL-6, TNF-a,
CRP, sICAM-1, neutrophil counts) indicate whether local inflammation is accompanied by systemic immune activation. Together, these indicators provide a comprehensive
assessment of gingival inflammation, encompassing the initiating stimulus (plaque load), the local tissue response (GI, BOP, SBl), and the systemic biological response
(biomarkers). 1: Indicates an increase in the reported parameter compared with baseline or the comparator group. +: Denotes the presence of systemic or biomarker
outcomes reported in the study (eg, cytokines, CRP, leukocyte counts). —: Represents parameters that were not reported, not measured, or showed no meaningful change
in the study. ~: Indicates an approximate value rather than an exact quantitative measurement.

Patient Preference and Adherence 2025:19 hetps: 3843
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Due to heterogeneity in outcome reporting, intervention protocols, and statistical methodologies, a formal meta-
analysis was not feasible. Key limitations included inconsistent provision of effect sizes, standard deviations, or
confidence intervals, and in some cases, a lack of raw data. However, trends across studies suggest that diet, systemic
health markers (eg, CRP, cytokines), and lifestyle factors (eg, physical activity) can influence the magnitude and
dynamics of gingival inflammatory responses. Intervention groups employing anti-inflammatory strategies typically
showed 20-60% reductions in GI or BOP scores compared to control conditions.

Measures of consistency were evaluated qualitatively. While statistical heterogeneity (eg, I° statistics) could not be
calculated, conceptual consistency was evident: all studies supported the reversibility of plaque-induced gingivitis and the
potential modulation of local and systemic inflammation by non-hygienic factors. Future studies with harmonized protocols

and complete statistical reporting will be essential to enable quantitative synthesis and more definitive effect estimates.

Risk of Bias Within Studies

A rigorous assessment of risk of bias was performed across all included studies using tools appropriate to their
methodological design. This section details both the narrative and structured evaluations of bias. Randomized controlled
trials (RCTs) were assessed using the Cochrane Risk of Bias 2.0 (RoB 2) tool, non-randomized interventional studies
using the ROBINS-I framework, and observational cohort studies using the Newcastle-Ottawa Scale (NOS). Risk of bias
was considered at both the study level and, when applicable, the outcome level. The results are presented in
a combination of narrative synthesis and structured summary tables for clarity.

To ensure transparency in the review process, Supplementary Table 1 presents a list of full-text studies excluded during

eligibility screening, along with specific reasons for exclusion. Most commonly, studies failed to meet the comparison or
outcome criteria—focusing solely on biochemical markers or involving co-interventions during the induction phase, which
conflicted with this review’s objective of evaluating methodological variation in EG induction protocols.

For randomized controlled trials, Supplementary Table 2 and Figure 2 provide a domain-level RoB 2 assessment.

Three RCTs*'"!'* were categorized as having “some concerns” overall. This was primarily due to limitations in
allocation concealment, inability to blind participants (a typical challenge in EG studies), and absence of pre-
registered analysis plans. However, outcome measurement was typically robust due to the use of objective clinical
indices such as Gingival Index (GI) and Bleeding on Probing (BOP), and examiner blinding was commonly reported.
Non-randomized studies, detailed in Supplementary Table 3, showed a broader range of risk. Seymour et al” had a moderate

risk, whereas Leishman et al,'> Kowolik et al,'® and Danielsen et al'” were judged to be at serious risk, largely due to potential
confounding, incomplete follow-up, or selective outcome emphasis. In contrast, Supplementary Table 4 summarizes NOS
evaluations for three cohort studies.'™'? All were judged to be of “Good” quality by AHRQ criteria, although limited
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Figure 2 Risk of Bias Heatmap for 3 randomized controlled trial among the included studies.
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representativeness and absence of blinded outcome assessment slightly constrained their reliability. Collectively, these evalua-
tions highlight the need for greater methodological rigor and standardization in EG induction protocols.

Risk of Bias Across Studies

The cumulative assessment of risk of bias across the included literature suggests that the overall quality of evidence is
moderate, with consistent methodological limitations that may affect the interpretation and generalizability of findings.
The most frequent sources of bias across studies were small sample sizes, lack of participant blinding, and inadequate
reporting of randomization procedures or allocation concealment. Although several studies used examiner blinding and
objective indices (eg, GI, PI, BOP), the inability to blind participants in oral hygiene cessation models introduces
potential performance bias. Additionally, no study included a prospectively registered protocol, increasing the likelihood
of selective reporting. Publication bias was not formally assessed due to a lack of effect size data, but small studies with
positive results may indicate selective reporting. Across-study variability in outcome definitions and induction protocols
limited cross-study synthesis. Still, directional consistency (eg, plaque — increased GI/BOP) lends support to findings.

Discussion

Experimental gingivitis (EG) models consistently show that cessation of oral hygiene rapidly induces gingival inflam-
mation, with resolution upon resuming regular oral care. This reproducibility underscores EG’s role as a robust model for
studying reversible periodontal inflammation. However, the translation of these controlled findings into daily life depends
heavily on patient adherence to oral hygiene practices. In real-world settings, lapses in compliance are frequent, and the
biological response patterns identified in EG studies— “fast”, “slow”, or “low” responders—highlight how variability in
patient behaviour and biological predisposition interact.

Importantly, EG studies emphasize that simple behavioural interventions, such as consistent toothbrushing and dietary
control, have profound effects on disease onset and resolution. Findings that intermittent fasting or reduced sugar intake
modulate gingival inflammation suggest that adherence to preventive lifestyles directly influences oral outcomes. From
a clinical perspective, the EG model illustrates the tangible consequences of poor adherence: within 14-21 days of
hygiene neglect, inflammation reliably develops, while reintroduction of hygiene demonstrates the benefits of even
modest improvements. This rapid feedback loop can be leveraged in patient education and in tailoring preventive
strategies to responder phenotypes.

The classical 21-day model introduced by Loe et al remains the gold standard, confirming that plaque accumulation
alone is sufficient to trigger reversible gingivitis. Decades of follow-up studies have reproduced this paradigm and tested
variables such as age, lifestyle, and diet, further verifying its validity.” For example, Holm-Pedersen et al showed greater
inflammation in older individuals, while high sugar intake aggravated gingivitis severity.'®

At the systemic level, the rise in inflammatory biomarkers such as IL-6 and CRP during EG induction illustrates that
adherence lapses may have implications beyond oral health. This highlights the importance of supporting patient
compliance not only for local gingival outcomes but also for broader systemic well-being.

The ability to reproduce gingival inflammation in several studies illustrates the model’s stability as a consistent means
of investigating acute, reversible mucosal inflammation. Its reproducible course of development and regression ensures
that it is used in testing interventions as well as studies of disease pathogenesis in a controlled environment.>'" Yet,
individual differences in response trajectory profiles, eg, “fast”, “slow”, “low” responders, hint at differences in immune
and microbial regulation that dictate between-individual and between-site variation in timing and strength of
inflammation.®'®!'” This heterogeneity stresses the importance of an individualized approach to analysis, whether in
clinical practice or research. At the molecular level, high levels of pro-inflammatory cytokines, IL-1f, IL-6, and TNF-a
during induction and systemic responses such as the rise in neutrophil number and soluble ICAM-1, are indicative of
a more general immunologic activation besides local tissue changes.'®'>!'? Such alterations of biomarkers provide
functional information and potential surrogate endpoints for future clinical studies.

In this respect, it can be assumed that the 21-day model of oral hygiene discontinuation, introduced by Lée (1965) and
coworkers, is the gold standard, and it still serves as a foundation work for experimental gingivitis investigation by
showing that plaque formation is the only cause of reversible inflammatory changes of the gingivae. Decades of research
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have continued to confirm the validity of the model, which is regarded as a control for the induction of inflammation.’
Follow-up studies have developed and verified the basic paradigm, and tested variables that might affect the outcome of
inflammatory processes.

For example, Holm-Pedersen et al showed that gingival inflammation is different in magnitude between young and
old subjects, highlighting the role of age in modulation of host response. Consistently, papers examining nutritional
influences have supported the role of sugar in aggravating plaque-induced inflammation, further suggesting a relationship
between diet and gingival health.'>'® At the molecular level, the work by Eberhard et al and Leishman et al demonstrated
that overall inflammatory markers (hsCRP, IL-6, and TNF-a) are elevated after the induction of localized gingivitis,
illustrating the systemic values associated with oral inflammation.'>'” These cytokines drive leukocyte recruitment,
vascular permeability, and tissue remodelling, key events in early gingival inflammation. Additionally, systemic
responses—such as elevations in neutrophil counts and soluble intercellular adhesion molecule-1 (SICAM-1)—indicate
that even localized gingival inflammation can trigger broader immunological signaling.'*'>'® The concurrent rise in
sICAM-1 suggests endothelial activation, possibly linking gingival inflammation to vascular inflammatory processes
relevant in systemic diseases. Such biomarker dynamics not only provide insight into the underlying mechanisms of
inflammation but also offer measurable, temporally sensitive surrogate endpoints for intervention trials.

This review included only 10 studies out of over 1900 screened titles, reflecting a limited evidence base that constrains the
generalizability of findings. Nevertheless, the included studies encompassed a variety of experimental gingivitis (EG) models,
notably both whole-mouth and stent-type designs, which enhances applicability across clinical contexts. The use of both
clinical parameters (eg, gingival index, bleeding on probing) and molecular data (eg, cytokines, transcriptomic profiles)
allowed for a multidimensional assessment of inflammation. Additionally, the identification of host-response phenotypes (eg,
“fast” vs “slow” responders) added interpretive depth regarding interindividual variation in inflammatory dynamics.

Despite these strengths, several limitations should be noted. The lack of standardized protocols across studies—
especially for induction duration and recovery—reduces comparability. Most studies were short-term in design and
lacked longitudinal follow-up, preventing insights into the sustained or systemic consequences of EG.

Furthermore, publication and language bias may have skewed the results, as non-English and unpublished (grey)
literature were excluded. This may have led to an overrepresentation of studies reporting positive effects.

Methodologically, the included studies often suffered from inconsistent reporting of critical features, including
randomization methods, blinding procedures, and participant selection criteria—introducing risk of bias and limiting
reproducibility. There was also substantial heterogeneity in protocols, including the duration of induction (9 to 28 days),
the mode of plaque accumulation (full-mouth vs stent-type), and participant characteristics (eg, age, dietary habits,
physical activity levels).

Finally, biomarker-related limitations were notable There was significant variability in the sampling methods (eg,
saliva vs GCF) and analytical platforms (eg, ELISA vs LC-MS/MS), which complicates synthesis across studies. While
molecular results were informative, the interpretation remained largely descriptive. Future reviews should aim for
mechanistic integration, linking molecular profiles with clinical outcomes and inflammatory trajectories.

The significance of experimental gingivitis models for practice and policy is substantial. The ubiquitous finding of
variability in individuals’ inflammatory response as fast, slow, or low responders is a promising potential for personalized
oral care. These findings may be translated by clinicians to categorize patients into different risk groups and tailor oral
hygiene programs and preventive measures accordingly.®'*?® Furthermore, EG models provide a consistent and
monitored model for the assessment of the development and resolution of inflammation that provides valid surrogate
endpoints for clinical trials investigating periodontal treatments or systemic anti-inflammatory agents.'>'® The ability to
identify local oral inflammation and systemic biomarker associations provides additional evidence for the application of
the models in the context of an integrative-based healthcare approach.

Achieving progress in this field will require future research to emphasize the development and adoption of standardized
experimental protocols. In particular, standardization of cessation of oral hygiene time, techniques to localize plaque (full-
mouth, stent-based), and definitions of the recovery healing phase are necessary to enhance reproducibility and comparability
between studies.®'* Furthermore, the composition of the participating cohort should be broadened to include individuals from
underrepresented groups, such as older people, etc., in order to enhance generalizability and to show subgroup-specific risk
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patterns.'>'® Further, the incorporation of high-resolution molecular tools that construct maps with transcriptomics, proteo-
mics, and metabolomics, as well as longitudinal study designs, would help provide a more complete model of the initiation and
resolution of inflammation.?'-*? These advances will provide for a better understanding of the biological pathways in gingival
inflammation and the related systemic ramifications.

Conclusions

This review confirms that experimental gingivitis models reliably reproduce reversible inflammation within short periods
of oral hygiene discontinuation. Methodological heterogeneity—differences in induction time, plaque control, and
participant characteristics—creates variability in outcomes, but the universal lesson is clear: adherence to oral hygiene
practices is decisive in determining gingival health.

By framing EG findings in the context of patient behavior, the review underscores the critical role of adherence to
preventive care. The recognition of responder phenotypes provides an additional dimension for personalized oral health
strategies, supporting tailored education and adherence interventions. Future studies should not only refine methodolo-
gical consistency but also explore how adherence behaviors and patient preferences intersect with biological variability to
inform effective, individualized preventive approaches.

In conclusion, EG models continue to provide key insights into inflammation dynamics, but their most significant
contribution lies in revealing how patient adherence to oral hygiene profoundly influences gingival and systemic health. This
emphasizes the urgent need to prioritize adherence-driven strategies in both clinical care and broader public health initiatives.
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EG, Experimental gingivitis; GI, Gingival Index; PI, Plaque Index; BOP, Bleeding on Probing; RCT, Randomized
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