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ABSTRACT 

The integration of periodontal health considerations into orthodontic care represents a critical intersection in 

contemporary dental practice, particularly with the advent of digital treatment planning systems. This 

conceptual manuscript explores methodological considerations for embedding periodontal risk metrics within 

these digital platforms to enhance treatment precision and mitigate adverse outcomes. Drawing on recent 

literature, it synthesizes theoretical foundations from periodontics and orthodontics, highlighting the limitations 

of current digital systems that often overlook dynamic periodontal risk factors such as bone loss susceptibility, 

inflammatory profiles, and tissue response variability. A novel conceptual framework is proposed, emphasizing 

modular integration of risk assessment algorithms into digital workflows, including data standardization, 

predictive modeling, and iterative validation mechanisms. This approach aims to foster a theoretical basis for 

systems that adapt orthodontic force applications based on individualized periodontal vulnerabilities, thereby 

advancing interdisciplinary coherence without relying on empirical data. The framework underscores the need 

for methodological rigor in algorithm design to ensure theoretical alignment with biological principles, 

potentially informing future developments in digital orthodontics. By addressing these considerations, the 

manuscript contributes to theoretical discourse on optimizing digital tools for sustainable periodontal-

orthodontic synergy.  
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Introduction 
 

The evolution of orthodontic practice has been 

profoundly shaped by technological advancements, 

particularly the emergence of digital treatment 

planning systems that leverage three-dimensional 

imaging, artificial intelligence, and computational 

modeling to simulate tooth movements and predict 

outcomes [1-3]. These systems, exemplified by 

software platforms for clear aligner therapy and fixed 

appliance customization, have enhanced diagnostic 

accuracy and treatment efficiency, allowing clinicians 

to visualize complex craniofacial dynamics in virtual 

environments [4, 5]. However, despite these 

innovations, a persistent theoretical gap exists in the 

systematic incorporation of periodontal health [6, 7] 

parameters, which are essential for ensuring long-term 

stability and minimizing iatrogenic risks [8, 9]. 

Periodontal tissues, including the gingiva, periodontal 

ligament, and alveolar bone, serve as the foundational 

support for orthodontic interventions, and their 

integrity directly influences the feasibility and safety of 

tooth repositioning [10]. Neglecting periodontal risk 

metrics in digital planning can theoretically lead to 

exacerbated bone resorption, gingival recession, or 

attachment loss, compromising aesthetic and 

functional results [11, 12]. 
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Historically, orthodontic treatment planning has 

prioritized occlusal and skeletal corrections, often 

treating periodontal considerations as ancillary rather 

than integral [13]. Yet, recent theoretical syntheses 

underscore the bidirectional interplay between 

orthodontic forces and periodontal responses, where 

mechanical stress can modulate inflammatory 

pathways and tissue remodeling [14]. For instance, 

uncontrolled orthodontic movements in susceptible 

individuals may amplify periodontal breakdown 

through altered biomechanical loading, a concept 

rooted in mechanotransduction theories [15]. 

Concurrently, periodontal vulnerabilities—such as 

those associated with systemic factors like diabetes or 

genetic predispositions—can constrain orthodontic 

possibilities, necessitating tailored adjustments [16, 

17]. The 2017 World Workshop on the Classification 

of Periodontal and Peri-Implant Diseases and 

Conditions further emphasized staging and grading 

systems that quantify disease progression and risk, 

providing a theoretical scaffold for interdisciplinary 

integration [18]. However, translating these 

classifications into digital orthodontic frameworks 

remains underexplored, with most systems focusing on 

dental alignment metrics rather than holistic risk 

profiling [19]. 

Digital orthodontic treatment planning systems have 

proliferated since the early 2010s, driven by 

advancements in cone-beam computed tomography 

(CBCT) and intraoral scanning technologies [20]. 

These tools enable precise virtual setups, force vector 

simulations, and outcome forecasting, but their 

algorithms typically prioritize orthodontic objectives 

like torque control [21, 22] and arch coordination 

without explicit periodontal safeguards [23, 24]. 

Theoretical critiques highlight that this omission stems 

from methodological challenges, including data 

interoperability between periodontal assessments and 

digital models, algorithmic complexity in modeling 

tissue responses, and the absence of standardized risk 

thresholds [25]. For example, while AI-driven systems 

can analyze cephalometric landmarks for treatment 

planning, they rarely incorporate periodontal indices 

such as probing depths or bone levels as variables, 

potentially overlooking subclinical risks [26, 27]. This 

disconnect is particularly salient in adult orthodontics, 

where preexisting periodontal conditions are prevalent, 

and theoretical models suggest that ignoring them 

could perpetuate a cycle of instability [28]. 

The rationale for incorporating periodontal risk metrics 

into digital systems lies in enhancing predictive 

validity and theoretical robustness. Periodontal risk 

assessment tools, such as those derived from the 

European Federation of Periodontology (EFP) 

guidelines, offer quantifiable metrics for susceptibility, 

including modifiable factors like plaque control [29-

32] and non-modifiable ones like age or genetics [33]. 

Integrating these into digital platforms could 

theoretically allow for dynamic adjustments, such as 

modulating force magnitudes or sequencing 

movements to align with tissue resilience [34]. 

Moreover, conceptual advancements in precision 

dentistry advocate for personalized approaches, where 

risk metrics inform algorithmic decision trees, 

fostering a shift from generic to individualized 

planning [35, 36]. Yet, methodological barriers persist, 

including the need for standardized data inputs, 

validation of predictive algorithms against theoretical 

biological models, and ethical considerations in risk 

communication [37]. 

This manuscript addresses these gaps by developing a 

novel theoretical framework for methodological 

integration. It posits that digital orthodontic systems 

must evolve to embed periodontal risk metrics as core 

components, ensuring theoretical alignment with 

interdisciplinary principles. The discussion is confined 

to conceptual dimensions, synthesizing literature to 

avoid empirical assertions. By delineating 

methodological considerations—such as metric 

selection, integration protocols, and framework 

validation—this work aims to contribute to scholarly 

discourse in high-impact journals, guiding future 

theoretical explorations without proposing clinical 

applications. Ultimately, this approach underscores the 

imperative for methodological innovation to 

harmonize orthodontic efficacy with periodontal 

sustainability, paving the way for more resilient digital 

paradigms [38].  

Theoretical background & literature synthesis 

Periodontal risk metrics: foundations and evolution 

Periodontal risk metrics encompass a suite of 

theoretical constructs designed to quantify 

susceptibility to disease progression, drawing on 

multifactorial models that integrate biological, 

behavioral, and environmental variables [33, 39]. 

Recent advancements, as outlined in the EFP S3 

clinical practice guidelines, emphasize staging and 

grading frameworks that classify periodontitis severity 

and risk, facilitating predictive assessments without 

empirical validation [2]. These metrics typically 

include indicators such as attachment loss rates, 

inflammatory biomarkers, and host response profiles, 

conceptualized as dynamic rather than static entities 

[11, 40]. Theoretical literature posits that risk 

assessment tools, like the Periodontal Risk Assessment 

(PRA) model, enable stratification of patients into low, 

moderate, or high-risk categories, informing 
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preventive strategies [8, 41]. However, their 

application in interdisciplinary contexts remains 

theoretically underdeveloped, with calls for modular 

adaptations to account for external stressors like 

orthodontic forces [14, 42]. 

In the context of orthodontics, periodontal risk metrics 

gain added complexity due to the mechanical 

perturbations induced by treatment [15]. Conceptual 

reviews highlight how orthodontic loading can 

theoretically exacerbate risk in vulnerable tissues, 

necessitating metrics that incorporate force-related 

variables [43]. For instance, grading systems under the 

2017 classification framework allow for theoretical 

integration of progression rates, where higher grades 

signal amplified risks under stress [18]. Yet, literature 

syntheses reveal methodological inconsistencies in 

metric selection, with some favoring simplistic indices 

like bleeding on probing, while others advocate 

comprehensive tools encompassing genetic and 

systemic factors [16, 44]. This variability underscores 

the need for standardized theoretical criteria to ensure 

comparability across digital platforms [35]. 

Table 1. Summarizes the key periodontal risk metrics 

Risk Metric Components/Indicators Theoretical Relevance Digital Integration Potential 

PRA Model 
Attachment loss, bone 

level, bleeding on probing 

Stratifies patients into risk 

categories 

Can be converted into weighted 

numeric scores for algorithms 

EFP Staging & 

Grading 

Severity, progression rate, 

systemic modifiers 

Guides risk-based 

prioritization 

Can standardize input for force 

simulation modules 

Inflammatory 

Biomarkers 
CRP, IL-6 levels 

Indicates susceptibility to 

tissue breakdown 

Could inform dynamic algorithm 

adjustments 

Digital orthodontic treatment planning systems: 

technological paradigms 

Digital orthodontic treatment planning systems 

represent a paradigm shift toward computational-

assisted decision-making, leveraging algorithms for 

virtual simulations and outcome projections [1, 4]. 

Systematic reviews delineate their scope, 

encompassing AI applications in diagnosis, 

cephalometric analysis, and treatment sequencing [2, 

45]. These systems integrate multimodal data—such as 

CBCT scans and intraoral models—to generate 

predictive models, theoretically optimizing alignment 

while minimizing anchorage loss [20, 23]. Conceptual 

explorations emphasize their role in aesthetic dentistry 

evolution, where digital setups facilitate 

interdisciplinary planning [4, 46]. 

However, theoretical critiques note that current 

systems often prioritize orthodontic metrics over 

periodontal ones, with algorithms designed for rigid 

body kinematics rather than viscoelastic tissue 

responses [5, 24]. For example, AI-based tools excel in 

pattern recognition for malocclusion classification but 

lack modules for risk-sensitive adjustments [3, 8]. 

Literature syntheses advocate for enhanced 

interoperability, where digital platforms could 

theoretically incorporate risk algorithms to simulate 

periodontal impacts [26, 47]. This aligns with precision 

medicine principles, positing that digital systems 

should evolve into adaptive frameworks responsive to 

individual variabilities [35, 36]. 

Challenges at the orthodontics-periodontics interface 

The orthodontics-periodontics interface presents 

theoretical challenges rooted in divergent disciplinary 

foci, where orthodontic goals of alignment may 

conflict with periodontal imperatives for tissue 

preservation [9, 12]. Comprehensive reviews elucidate 

how orthodontic interventions can theoretically induce 

gingival recession or bone dehiscence in at-risk 

patients, necessitating integrated risk evaluations [48, 

49]. Systematic analyses reveal bidirectional 

associations, such as periodontal inflammation 

potentiating orthodontic relapse, highlighting the need 

for conceptual bridges [5, 50]. 

Methodological hurdles include data silos, where 

periodontal metrics are not readily digitized for 

orthodontic software [25, 51]. Theoretical discourse 

also addresses ethical dimensions, such as balancing 

treatment ambitions with risk thresholds, and the 

potential for over-reliance on digital outputs without 

theoretical validation [37]. Literature syntheses 

underscore gaps in current guidelines, calling for 

frameworks that theoretically harmonize these 

domains [13]. 

Opportunities for integration: toward methodological 

synergy 

Opportunities for integrating periodontal risk metrics 

into digital orthodontic systems lie in leveraging 

computational advancements for theoretical synergy 

[27]. Conceptual models suggest modular architectures 

where risk algorithms interface with planning software, 

enabling scenario-based simulations [19]. Recent 

syntheses propose AI-enhanced risk profiling, where 

machine learning theoretically refines predictions 

based on aggregated metrics [3, 45]. This could foster 
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adaptive planning, adjusting variables like force 

vectors to align with periodontal resilience [15]. 

Theoretical literature emphasizes standardization as a 

cornerstone, advocating for ontology-based data 

frameworks to facilitate seamless integration [20, 52]. 

By synthesizing these elements, opportunities emerge 

for novel methodological approaches that elevate 

digital systems from isolated tools to integrated 

ecosystems, theoretically enhancing interdisciplinary 

outcomes [34].  

Proposed conceptual framework 

The proposed conceptual framework introduces a 

methodological structure for incorporating periodontal 

risk metrics into digital orthodontic treatment planning 

systems, termed the Perio-Ortho Risk Integration 

Model (PORIM). This model is conceived as a layered, 

iterative system that theoretically bridges periodontics 

and orthodontics through algorithmic embedding, 

ensuring that risk considerations inform every stage of 

digital planning without empirical dependencies. At its 

core, PORIM posits three interconnected modules: 

Risk Profiling, Algorithmic Integration, and Predictive 

Iteration, each designed to address methodological 

gaps identified in the literature [2, 8, 33]. 

The Risk Profiling module serves as the entry point, 

conceptualizing the aggregation and standardization of 

periodontal metrics into a quantifiable index suitable 

for digital input. Drawing on established theoretical 

tools like the EFP staging/grading system, this module 

theoretically categorizes risks across dimensions such 

as inflammatory susceptibility, bone remodeling 

potential, and systemic modifiers [18, 40]. 

Methodologically, it requires data normalization 

protocols to convert qualitative assessments (e.g., 

genetic predispositions) into scalable variables, 

enabling compatibility with digital platforms [35, 44]. 

For instance, a composite risk score could be derived 

from weighted factors, where higher values signal 

constraints on orthodontic parameters like movement 

velocity. 

Transitioning to the Algorithmic Integration module, 

PORIM envisions embedding these risk scores within 

the core logic of digital planning software. This 

involves theoretical adaptations to existing algorithms, 

such as incorporating risk thresholds into force 

simulation engines [23, 26]. Methodologically, 

considerations include hierarchical decision trees that 

prioritize periodontal safeguards, theoretically 

adjusting treatment vectors to minimize stress on 

vulnerable sites [15, 49]. For example, in virtual setups, 

the module could theoretically flag high-risk zones, 

prompting algorithmic rerouting of tooth paths to 

distribute loads evenly. 

The Predictive Iteration module completes the 

framework by introducing feedback loops for 

theoretical refinement. This entails simulating multiple 

scenarios based on integrated risks, allowing for 

iterative adjustments that theoretically optimize 

outcomes [4]. Methodological rigor here focuses on 

validation mechanisms, such as sensitivity analyses to 

test algorithmic robustness against varying risk inputs 

[3, 47]. Overall, PORIM advances a novel logic by 

framing integration as a dynamic process, theoretically 

preventing periodontal oversights while enhancing 

planning precision.
 

 

Figure 1. PORIM framework as a flowchart 
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Propositions 

Building upon the proposed Perio-Ortho Risk 

Integration Model (PORIM), this section articulates a 

series of theoretical propositions that delineate the 

methodological implications for embedding 

periodontal risk metrics into digital orthodontic 

treatment planning systems [53-56]. These 

propositions are derived from the synthesized literature 

and conceptual framework, positing logical extensions 

of the model's modules to guide theoretical 

advancements. They emphasize methodological rigor 

in algorithm design, data handling, and system 

adaptability, without empirical assertions or clinical 

recommendations. 

Proposition 1: Modular standardization of periodontal 

risk inputs enhances interoperability in digital 

orthodontic systems. The Risk Profiling module of 

PORIM theorizes that standardizing periodontal 

metrics—such as staging/grading classifications and 

susceptibility indices—into uniform data formats will 

facilitate seamless integration with existing digital 

platforms [1, 2]. This proposition posits that 

methodological protocols for data normalization, 

drawing from ontology-based frameworks, could 

theoretically mitigate fragmentation between 

periodontics and orthodontics, allowing for consistent 

risk evaluation across diverse software environments 

[3, 4]. By conceptualizing risk as scalable variables, 

systems may achieve greater theoretical coherence, 

reducing potential discrepancies in multi-disciplinary 

workflows. 

Proposition 2: Algorithmic constraints based on 

periodontal thresholds optimize force application in 

virtual simulations. Within the Algorithmic Integration 

module, this proposition suggests that incorporating 

predefined risk thresholds into decision trees will 

theoretically refine orthodontic force simulations [5, 

8]. Methodologically, this involves hierarchical logic 

where high-risk profiles constrain parameters like 

torque or velocity, aligning with biomechanical 

principles of tissue response [9, 10]. The proposition 

advances the idea that such constraints could foster a 

balanced approach, where digital systems theoretically 

prioritize periodontal integrity over aggressive 

alignments, thereby enhancing conceptual precision in 

planning. 

Proposition 3: Iterative predictive loops improve 

theoretical validation of treatment [57-60] scenarios 

against periodontal variability. The Predictive Iteration 

module posits that feedback mechanisms, such as 

sensitivity analyses, will theoretically validate digital 

plans by simulating variations in periodontal responses 

[11, 12]. This methodological consideration 

emphasizes cyclical refinement, where risk-adjusted 

scenarios are iteratively tested to account for factors 

like inflammatory propensity or bone resilience [13, 

14]. Theoretically, this could strengthen the robustness 

of digital frameworks, enabling a more nuanced 

understanding of how periodontal metrics influence 

outcome projections without assuming fixed biological 

outcomes. 

Proposition 4: Interdisciplinary data fusion protocols 

amplify the theoretical scope of risk-informed 

orthodontic planning. Extending PORIM, this 

proposition theorizes that fusing periodontal and 

orthodontic datasets through advanced protocols will 

broaden methodological applications [15, 16]. 

Conceptualizing integration as a fusion process, where 

AI-assisted tools merge multimodal data, could 

theoretically uncover latent interactions, such as 

between aligner forces and gingival recession risks [17, 

18]. This approach underscores the need for 

methodological guidelines that promote collaborative 

data sharing, potentially elevating digital systems to 

encompass holistic risk landscapes. 

Proposition 5: Adaptive algorithmic learning 

mechanisms sustain long-term theoretical alignment 

with evolving periodontal knowledge. Finally, this 

proposition suggests that embedding learning 

capabilities into PORIM's modules will theoretically 

allow systems to adapt to new periodontal insights, 

such as updated classification schemes [19, 20]. 

Methodologically, this involves periodic updates to 

risk algorithms, ensuring theoretical consistency with 

advancements in mechanotransduction and host 

response theories [23, 24]. By positing adaptability as 

a core feature, digital platforms may maintain 

relevance, theoretically bridging gaps between static 

models and dynamic biological paradigms. 

These propositions provide a theoretical scaffold for 

methodological innovation, positing how PORIM 

could conceptually transform digital orthodontic 

planning by foregrounding periodontal risks.  

Results and Discussion 

The methodological considerations for incorporating 

periodontal risk metrics into digital orthodontic 

treatment planning systems, as outlined in this 

conceptual manuscript, represent a pivotal theoretical 

advancement at the orthodontics-periodontics 

interface. The proposed PORIM framework, with its 

emphasis on modular integration and iterative 

processes, addresses longstanding gaps in current 

digital paradigms that often prioritize orthodontic 

metrics at the expense of periodontal vulnerabilities 

[25, 26]. Theoretically, this integration fosters a more 

cohesive approach, where risk assessment becomes an 
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intrinsic component rather than a peripheral addendum, 

aligning with broader precision dentistry principles 

[27, 28]. 

A key methodological insight is the standardization of 

periodontal data inputs, which theoretically mitigates 

interoperability challenges prevalent in fragmented 

digital workflows [33, 34]. Literature syntheses 

indicate that inconsistent metric formats hinder 

effective risk incorporation, potentially leading to 

overlooked susceptibilities like attachment loss or 

inflammatory escalation [35, 36]. By conceptualizing 

risk profiling as a normalized process, PORIM posits a 

pathway for theoretical enhancement, enabling digital 

systems to theoretically simulate tissue responses more 

accurately. This is particularly relevant for adult 

orthodontics, where preexisting periodontal conditions 

necessitate tailored methodological adjustments [37, 

38]. 

Furthermore, the algorithmic integration of risk 

thresholds introduces a theoretical safeguard against 

iatrogenic periodontal stress. Conceptual reviews 

highlight how uncontrolled force applications in digital 

simulations can exacerbate biomechanical imbalances, 

underscoring the need for constrained decision logics 

[39, 40]. PORIM's hierarchical trees theoretically 

balance orthodontic objectives with periodontal 

constraints, promoting a methodologically sound 

framework that adapts force vectors to individual risk 

profiles. This aligns with theoretical models of 

mechanotransduction, where force modulation is 

posited to influence tissue remodeling without 

empirical validation [41, 42]. 

The iterative predictive module advances theoretical 

validation mechanisms, such as scenario-based 

simulations, to account for periodontal variability [43]. 

Methodologically, this involves sensitivity testing to 

explore how risk fluctuations impact plan viability, 

theoretically refining outcomes without assuming 

deterministic biological pathways [44, 45]. Such 

iterations could conceptually reduce uncertainties in 

complex cases, like those involving systemic 

modifiers, by fostering adaptive planning protocols 

[46, 47]. 

However, methodological barriers remain, including 

algorithmic complexity and ethical considerations in 

risk modeling [48, 49]. Theoretical discourse suggests 

that over-reliance on digital outputs may obscure 

clinical judgment, necessitating guidelines for human 

oversight [50, 51]. Additionally, data privacy and bias 

in risk algorithms pose conceptual challenges, 

requiring methodological frameworks that ensure 

equity and transparency. 

In sum, this manuscript's conceptual contributions 

theoretically position PORIM as a catalyst for 

interdisciplinary synergy, methodologically elevating 

digital orthodontic systems to incorporate periodontal 

risks comprehensively. Future theoretical explorations 

could extend this to emerging technologies, like AI-

driven adaptations, to further refine methodological 

approaches.  

Conclusion 

This conceptual manuscript has systematically 

explored the methodological considerations involved 

in integrating periodontal risk assessment into digital 

orthodontic treatment planning systems, culminating in 

the proposal of the novel Periodontal-Orthodontic Risk 

Integration Matrix (PORIM) framework. By drawing 

upon and synthesizing recent theoretical literature, the 

manuscript emphasizes the importance of constructing 

frameworks that are modular, flexible, and iterative, 

allowing for the conceptual alignment of orthodontic 

treatment objectives with the preservation of 

periodontal health. The PORIM framework is designed 

to facilitate this theoretical harmonization, providing a 

structured approach by which patient-specific 

periodontal vulnerabilities can be conceptually mapped 

onto orthodontic force applications and treatment 

sequencing. 

In developing the framework, attention was given to 

how digital systems could, in theory, incorporate multi-

dimensional periodontal metrics—such as clinical [52, 

61, 62] attachment levels, bone loss patterns, biotype 

characteristics, and systemic modifiers—without 

necessitating immediate empirical validation. This 

approach underscores the potential for digital treatment 

planning platforms to conceptually anticipate areas of 

heightened risk, allowing for theoretically informed 

adjustments in force magnitude, appliance selection, 

and movement timing that align with periodontal 

sustainability principles. The framework’s 

propositions further extend this logic, positing 

potential pathways for methodological innovation. 

These include modular integration of risk data, iterative 

feedback loops that account for predicted tissue 

responses, and adaptive prioritization of tooth 

movement strategies, all of which could conceptually 

transform digital workflows by enabling a dynamic, 

individualized, and risk-sensitive approach to 

orthodontic planning. 

Ultimately, the considerations articulated in this 

manuscript contribute meaningfully to the broader 

scholarly discourse on precision dentistry, highlighting 

how theoretical frameworks such as PORIM can 

advance systems-level thinking in orthodontics. By 

framing digital workflows as capable of conceptually 

adapting to individual periodontal vulnerabilities, this 
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work positions the field to move toward treatment 

paradigms that balance mechanical efficacy with 

biological prudence, even in the absence of empirical 

validation. The PORIM framework provides a 

foundational platform for ongoing theoretical 

refinement, stimulating discussion in high-impact 

academic venues and offering a scaffold upon which 

future conceptual, computational, or hybrid models 

could be developed. In doing so, it underscores the 

value of integrating mechanistic reasoning, risk 

stratification, and patient-specific factors into digital 

orthodontic planning, thereby advancing a vision of 

dentistry that is both theoretically rigorous and 

conceptually attuned to individualized patient care. 
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