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ABSTRACT

Periodontitis is a prevalent, polyetiological inflammatory disease in which subgingival dysbiotic communities interact with a vulnerable host. The
current stage and grade classification only reflects severity and progression risk, but not the differences in responses to the same treatment for
patients with similar presentations. According to this perspective, precision periodontology would require three complementary layers of data,
including microbiome profiling, patient-specific risk factors, and host-derived biomarkers. Using an appraisal of the literature based on a personal
narrative, it argues that any single layer is an incomplete predictor and that a more convincing pathway to individualized risk stratification,
treatment choice, and maintenance planning will be through integrated and longitudinally updated models. This viewpoint suggests a conceptual
outline and discusses challenges to implementation: standardization of the assays, validation in a variety of populations, cost, and data governance.
Moving from population-average care to individually tailored care will require prospective trials that test biomarker- and microbiome-guided
decisions against standard care.
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VIEW POINT

eriodontitis is a chronic inflammatory disease which affects the tooth supporting apparatus, and is a major cause of loss of teeth in

adults. The 2017 World Workshop classification replaced the previous distinction between chronic and aggressive periodontitis with a

unified classification based on disease stage, which reflects severity and management complexity, and grade, which estimates

progression rate and incorporates risk factors. However, these categories primarily describe clinical disease characteristics and do not
fully capture individual biological variation '. They use radiographic bone loss, clinical attachment loss, and a couple of modifiers like
glycaemic control, smoking, etc. These do not explain in detail the biological mechanisms underlying disease in a particular patient.

There has also been a change in the pathogenic model. Periodontitis is not considered to be a disease caused by a few "red complex" organisms 2.
The same bacterial attack can cause only slight change in one individual, and attachment loss in another and this limit of change, the loss of
attachment, is an exaggerated inflammatory response that is poorly resolving in the susceptible person 3. The clinical issue that precision
medicine is intended to solve is variability. Precision periodontology can be said to be the ability to predict disease onset and progression, and
select a successful intervention for that individual and patient, based on individual level microbial, host, and clinical data. This perspective poses
three questions. What is provided by each data layer? What are some ways they might be integrated? What is the difference between concept and
practice ? This is a narrative viewpoint. Literature related to the sequencing of the periodontal microbiome, host-response biomarkers in gingival
crevicular fluid (GCF), saliva, serum, and multivariable risk assessment tools was reviewed. Sources were identified by targeted searching of
PubMed, Google Scholar, and Embase using MeSH and Emtree terms (periodontitis, microbiota, biomarkers, gingival crevicular fluid,
precision/personalized medicine, risk assessment), supplemented by consensus reports and guidelines. Longitudinal and interventional studies
were preferred to cross-sectional association studies. There was no formal quality scoring or meta-analysis, and conclusions were interpreted as
an expert synthesis. Findings were grouped into three areas (microbiome, biomarkers, patient-specific risk) and incorporated into a conceptual
framework.

Microbiome Profiling: Studies based on sequencing show that in periodontitis, the oral microbiome shifts to become more diverse, with higher
levels of pathogens such as Porphyromonas gingivalis, Tannerella forsythia, Treponema denticola, Filifactor alocis, and various Gram-positive
anaerobes, and a loss of beneficial health-associated bacteria 4. Overall features of the community, like total bacterial load, inflammatory burden,
and functional genes, seem to be more informative than any single species. Metagenomic and meta-transcriptomic data indicate that the
functional activity of the community is just as important as which species are present. Nevertheless, the data from microbiomes have their
limitations. Cross-sectional profiles differentiate health from advanced disease well, but do not predict future progression very well. Results are
dependent on sampling site, DNA extraction methods, sequencing platform, bioinformatic pipeline, and do not have a consensus reference range
3. Furthermore, there is uncertainty about the ability of microbial signatures to be used because they will also change after therapy. They may be
most useful in monitoring the response and for the detection of persistent dysbiosis following debridement.

Host-Derived Biomarkers: Host-response markers in blood or saliva are indicators of inflammation, tissue breakdown, and bone turnover.
Innate immune recognition also contributes to host—microbe interactions through pattern recognition receptors (PRRs), which recognize
microbial components and activate downstream inflammatory signaling. Toll-like receptor-mediated pathways and antigen-presentation
mechanisms are important components of this response, although their specific roles vary according to the microbial environment and disease
context ¢, Active MMP-8 point-of-care assays have been evaluated in the chairside setting, and panels that include combinations of assays
perform better than single assays ’. Several challenges persist. There are numerous markers that are elevated in any inflammatory condition, thus
not specific to periodontitis. The concentration is site-, time-of-day-, sampling method-, and gingival inflammation-dependent. The conclusions
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about prognosis from most validation studies are based on cross-sectional or short-term designs. When used for the diagnosis of active
inflammation and response to treatment, biomarkers hold greater promise of usefulness than for the prediction of long-term attachment loss.

Patient-Specific Risk Assessment: Smoking, plaques, glycaemic control, age, socioeconomic and behavioural context were determined as
likely modifiable or non-modifiable risk factors. Multifactorial tools, including the periodontal risk assessment model, which uses clinical and
systemic factors to create a risk category, have been used to guide recall intervals and investigated for several years, but have small effect sizes
and lack clinical utility. Polygenic and epigenetic techniques are still nascent ®.

Integration: The results of a single layer cannot be used to predict results at the individual level. The three domains are focused on different
questions. A challenge is defined by the microbiome, a host response is defined by the biomarkers, and the context, compliance or response to
treatment is defined by clinical and systemic factors °. Multi-layer models generally perform well in discriminating and are more likely to
include the inclusion of inflammatory markers or biomarker panels in addition to the microbial load; however, most are small, single-center, and
do not have external validation '°. Table I compared the layers with schematic approach.

Table I: Comparison of Data Layers in Precision Periodontology

Data layer Typical sample Main strength Main limitation Most plausible use
Subgingival plaque Describes the microbial No consensus thresholds; Monitoring response;
Microbiome 43 sali \%a gtval plaque, challenge and functional method-dependent; weak identifying persistent
potential prognostic evidence dysbiosis
Host Reflects inflammation and Limited specificity; sampling Detecting active
biomarkers 7 GCEF, saliva, serum tissue breakdown; chairside variability; few prognostic disease; tracking
tests exist studies treatment response
Patient-specific Cllmcal examination, Inexpensive; some factors Genetic markers weak; tools Baselme .mk; rqcall
s medical history, - S planning; targeting
risk genetics modifiable need broader validation modifiable factors
Integrated aCbo;lsl;n;Zu;);;)df (t)lizi:r Captures complementary Largely unvalidated; complex Individualized care
model >!° time - Tep information; adapts to change and costly pathways (future)
DISCUSSION

The central argument of this viewpoint is that, despite the development of the concept of the "average patient," periodontal care continues to be
organized around that concept. Stage and grade provide a general reference, but individuals in each category have varying levels of systemic
context, intensity of host response, and microbial ecology. The idea of precision periodontology is to take advantage of that variability to make
decisions. There are three potential applications. Patterns of biomarkers along with clinical, systemic data may help determine whether a patient
with stage II disease may do well with an aggressive approach, or whether the patient's inflammation is controlled with stable pockets. Intensive
prevention might be warranted if there is early identification ' '2. This could also avoid the need for patients to undergo unnecessary
intervention if they were accurately classified as low risk. Systemic antimicrobials as an adjunct are currently indicated only for selected cases
and are not recommended as routine therapy, in part due to concerns regarding antimicrobial resistance '*. Microbial and host profiling may help
identify the small subset of patients most likely to benefit, for example, those with persistent dysbiosis following mechanical debridement, and
could provide a rationale for host-modulation approaches. At present, this is a hypothesis, because trials that randomize patients to profile-
guided versus standard therapy are scarce. The recall interval usually determined by trial and error. Dynamic intervals may be possible, using
longitudinal markers of subclinical inflammation, alongside clinical findings ',

There are four hindrances that are significant. First, there is the issue of standardization; that is, sampling methods, storage, assay and analysis
vary between studies, and the results obtained cannot be compared or pooled if they are not standardized. Secondly, validation: many reported
signatures come from small, cross-sectional, often single-population cohorts. Prognostic models should be validated in future in a variety of
different populations, and not only with respect to discrimination, but calibration should be considered as well 3. Third, clinical utility and cost:
if a test does not alter management and/or outcomes at reasonable cost, it will not be justified. There is still no evidence of improved patient-
centered outcomes, such as maintaining teeth. Fourth, data governance and equity: genetic and microbial data are sensitive, and models built on
small populations can have poor performance in other populations, thereby perpetuating existing inequalities in oral health !¢, The fact that
periodontitis is already over-represented in disadvantaged groups means that any precision approach needs to be evaluated for its potential to
enhance access for these groups, but not to increase needless layers of cost for those who are well off 7.

Future research should prioritize large, prospective, multicenter cohorts employing standardized sampling protocols and repeated longitudinal
measures to capture disease dynamics. In parallel, there is a need for pre-registered biomarker and microbiome studies with external validation
to improve reproducibility and generalizability. To translate these insights into practice, pragmatic randomized trials comparing stratified,
profile-guided care with standard care are essential. Finally, transparent reporting of prediction models and a greater emphasis on health-
economic outcomes will be critical for assessing clinical utility and informing implementation.

CONCLUSION

Periodontitis arises from the interaction of a dysbiotic microbial community, a variable host response, and patient-level risk factors, so a strategy
relying on any one of these in isolation is unlikely to deliver true precision. Microbiome profiles characterize the microbial environment, host-
derived biomarkers provide insight into inflammatory activity, and clinical and systemic factors establish the broader patient context. Their
integration, supported by longitudinal assessment, may provide a foundation for more individualized risk assessment and treatment planning.
Today there is enough evidence for these tools to be mostly used for monitoring and research purposes rather than for regular decision-making.
There is a need to standardize the approaches, coupled with strong prospective validation, trials that produce better outcomes in patients, and a
clear focus on the cost and equity of precision periodontology. The basics of practice with careful clinical staging and grading, good control of
risk factors, and careful supportive care will continue to serve as the cornerstones of treatment for the time being.
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