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ABSTRACT

Background: Clinical uncertainty, caused by biological variability, imperfect diagnostic 
tools, and incomplete or conflicting evidence ,is a feature of dental practice and a major driver of 
variability in diagnosis, treatment planning, and clinician stress.

Aim: This narrative review synthesizes the possible reasons uncertainty arises across dental 
diagnosis and treatment planning, it’s influence on clinical decision-making, and examines 
educational & practice strategies can help clinicians navigate diagnostic and therapeutic gray zones 
more safely and transparently.

Methods: A search of dentistry focused uncertainty and clinical decision making literature, 
including scoping review evidence, studies on interpretive variability, guideline/evidence 
limitations, and emerging work on artificial intelligence (AI) in oral diagnosis and education was 
performed using PUBMED,SCOPUS, and WEB OF SCIENCE including 43 studies. 

Results: Uncertainty is sustained by heterogeneous disease natures and borderline clinical 
findings, further complicated by interclinician variability and gaps in high quality evidence; thus 
increasing reliance on experience, and risk tolerance, contributing to inconsistent recommendations. 
Educational approaches that explicitly teach uncertainty management such as case-based learning, 
reflective practice, mentorship, and bias-awareness, support more resilient clinical reasoning. AI 
may reduce some diagnostic uncertainty, but also introduce new concerns about transparency, 
calibration, and safe deployment.

Conclusion: Instead of being disregarded, uncertainty should be anticipated, communicated, 
and managed. Structured educational frameworks, standardized diagnostic calibration, shared 
decision-making, and cautious integration of validated AI tools can improve consistency, safety, 
and clinician confidence.
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INTRODUCTION 

Certainty in clinical practice is not merely 
a convenience, rather a fundamental aspect of 
decision-making; influencing patient management, 
treatment outcomes, and the psychological well-
being of practitioners [1]. Therefore, inherent 
ambiguity calls for a deeper exploration of its 
sources, impact on various dental disciplines, and 
the strategies clinicians employ to navigate these 
gray zones effectively[2]. This narrative review 
aims to comprehensively investigate the underlying 
process of decision making under uncertainty in 
clinical dentistry and the factors that influence 
individual clinicians during diagnosis and treatment 
planning[2]; examining both the limitations of current 
diagnostic modalities and the interpretive variability 
in clinical assessments [2]. Furthermore, educational 
frameworks and emerging technologies, such as 
artificial intelligence, may improve the experience 
of uncertainty for dental professionals and trainees 
[3,2]. Such an investigation is critical given that 
diagnostic and treatment planning errors, frequently 
compounded by uncertain conditions, can lead to 
significant patient harm, such as reports of wrong 
tooth extractions [2]. Ultimately, an enhanced 
understanding of clinical uncertainty can foster 
more resilient clinical reasoning, optimal patient 
care, and a more supportive professional dental 
environment.

Sources of Clinical Uncertainty

Several fundamental factors contribute to clinical 
uncertainty in dentistry, stemming from the biological 
complexities of the oral cavity and limitations in 
current diagnostic and prognostic monitoring tools. 
Biological variability, for instance, involves a wide 
spectrum of individual host responses, disease 
progression rates, and healing capacities, leading 
to diverse outcomes even among patients with 
seemingly similar clinical presentations. Hence, 
establishment of universally applicable protocols 
and often necessitates individualized treatment 

strategies, introducing an element of professional 
judgment and inherent uncertainty [2]. Diagnostic 
limitations further compound this uncertainty, as 
current imaging techniques and clinical tests often 
yield imperfect or borderline findings, requiring 
clinicians to interpret ambiguous data without 
absolute thresholds [4]. Furthermore, the lack of 
definitive diagnostic criteria can lead to significant 
inter-clinician variability in interpretation and 
subsequent treatment recommendations.

Oftentimes, conventional radiographic 
techniques may fail to identify incipient carious 
lesions until a substantial loss of mineral content 
has occurred, creating a critical diagnostic gap of 
when early preventive interventions could be most 
effective [4]. Moreover, subjective interpretation of 
diagnostic indicators, such as probing depths or 
lesion color changes, can introduce additional layers 
of uncertainty, necessitating careful consideration 
of contextual factors and clinician experience. 
Evidence gaps and conflicting guidelines further 
exacerbate uncertainty by providing limited high 
quality research sources for common clinical 
scenarios and allowing for varied interpretations 
among practitioners [5] ; often resulting in reliance 
on clinician experience and judgment, which, while 
valuable, can introduce cognitive biases, potentially 
leading to suboptimal decisions [6,2].

Biological Variability

Biological variability is a core reason why 
dentistry has so many “gray zones,” even when 
clinicians follow the same guidelines and use the 
same diagnostic thresholds. Patients differ in their 
host inflammatory phenotype, systemic health, 
and environmental exposures; these differences 
can meaningfully change disease behavior and 
treatment response in ways that are hard to predict 
using routine chairside data alone [7]. A clear 
illustration is periodontitis, comparable clinical 
measurements may not reflect comparable future 
risk. Two patients can present with similar probing 
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depths and radiographic bone loss, yet show very 
different progression rates. The 2018 staging and 
grading framework explicitly acknowledges this 
by incorporating grade modifiers notably smoking 
and glycemic control in diabetes, because these 
factors shift the expected rate of progression and 
likely response to therapy [8]. A patient with similar 
periodontal destruction who is a heavy smoker or 
a poorly controlled diabetic may be classified as 
higher risk of rapid progression than an otherwise 
similar nonsmoker without metabolic dysregulation, 
even if the current clinical presentation is the  
same [8].

Biological variability also explains why 
outcomes diverge after what appears to be identical 
treatment. In endodontics, post-treatment healing 
is not fully determined by technical quality alone; 
systemic and behavioral factors can influence 
periapical healing and long-term tooth survival. 
Evidence syntheses report that tobacco smoking is 
associated with worse post-endodontic outcomes , 
namely, increased risk of persistent apical pathology 
and increased possibility extraction of root-filled 
teeth, supporting the idea that host and exposure-
related differences can modify healing capacity and 
prognosis [9]. Similarly, the evidence on diabetes 
and endodontic outcomes has been uncertain/
heterogeneous pointing to variability in metabolic 
control, host response, and study populations as 
drivers of mixed clinical outcomes [10].

Many prognostic approaches in dentistry 
remain limited: often relying on static thresholds 
and population averages, while real-world disease 
trajectories are dynamic and individualized. The 
shift toward precision dentistry requires shifting 
from association only thinking toward prediction 
focused models that integrate multiple patient-level 
dimensions ,biological, behavioral, and contextual, 
rather than assuming uniform treatment responses 
from similar baseline findings [7].

Diagnostic Limitations

Diagnostic uncertainty in dentistry is frequently 
driven by the limitations of available diagnostic 
tools and the common occurrence of borderline 
or equivocal findings. Many routine diagnostic 
methods such as conventional radiography, 
periodontal probing, and visual/tactile examination 
lack sufficient sensitivity and specificity, particularly 
in the early or transitional stages of disease. 
Consequently, clinicians are often required to make 
decisions in situations where diagnostic findings 
neither clearly confirm disease nor confidently 
exclude it, complicating clinical decision making [4].

Furthermore, radiographic changes, lesion 
boundaries, probing depth measurements, and soft-
tissue characteristics are rarely absolute, and their 
interpretation is influenced by clinician experience, 
training background, and perceptual judgment. Even 
when evaluating identical clinical or radiographic 
findings, dentists may arrive at different 
conclusions regarding disease presence, severity, 
or the need for intervention, reflecting the absence 
of universally accepted diagnostic thresholds in 
many areas of dental practice [11]. Such interpretive 
variability becomes particularly evident in image-
based diagnostics and emerging AI-assisted tools, 
where discrepancies may arise between human 
interpretation and algorithmic output.

Inconsistent interpretation of diagnostic find-
ings can lead to considerable variation in treatment 
recommendations, ranging from premature inter-
vention to delayed or missed diagnoses ; especially 
critical in conditions where early detection influenc-
es prognosis, such as incipient carious lesions, early 
periodontal breakdown, or potentially malignant 
oral disorders. Evidence examining interobserver 
agreement consistently demonstrates that, without 
structured calibration and standardized diagnostic 
criteria, agreement among clinicians remains lim-
ited, even among experienced practitioners [12].

As a result, diagnostic decision making in den-
tistry often extends beyond objective test results and 
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relies heavily on clinical judgment, contextual pa-
tient information, and risk assessment. While cali-
bration exercises, continuing professional devel-
opment, and standardized diagnostic frameworks 
can reduce unwarranted variability, a degree of 
diagnostic uncertainty remains unavoidable. High-
lighting the importance of reflective clinical reason-
ing, cautious interpretation of diagnostic findings, 
and transparent communication with patients when 
decisions are made under conditions of imperfect  
information [4,11,12].

A common example of diagnostic uncertainty 
arises when a patient presents with an early proximal 
radiolucency detected on bitewing radiographs, 
accompanied by an intact enamel surface and no 
symptoms. One clinician may interpret this finding 
as an early carious lesion requiring operative 
intervention, citing the risk of lesion progression 
and patient compliance concerns. Another clinician, 
reviewing the same radiograph and clinical findings, 
may recommend non-operative management 
with enhanced preventive measures and periodic 
monitoring, particularly if the patient demonstrates 
good oral hygiene and low overall caries risk.
Both approaches can be clinically justifiable, yet 
they reflect different interpretations of imperfect 
diagnostic data rather than clear differences in 
disease status. The radiograph alone cannot reliably 
determine lesion activity or predict progression, 
and adjunctive diagnostic tools may provide limited 
additional certainty. This vignette illustrates how 
diagnostic limitations, coupled with clinician 
judgment and risk perception, can lead to divergent 
management decisions despite identical clinical 
information, underscoring the inherent uncertainty 
embedded in routine dental diagnosis [4,11,12].

Evidence Gaps and Conflicting Guidelines

A lack of high quality scientific evidence for 
prevalent clinical scenarios, coupled with conflict-
ing or nonexistent guidelines, leaves dentists with-
out clear directions for optimal care [13]. Therefore 
, clinicians often tend to rely on intuition, personal 

experience, or anecdotal evidence, introducing sub-
jective elements into decision making [2]. The lim-
ited number of clinically relevant publications in 
dentistry, combined with the often contradictory 
findings in the scientific literature, further exac-
erbates this problem, challenging practitioners to 
identify and apply the most efficacious treatments 
[14,15]. Clinicians are often forced to rely on clinical 
judgment and, at times, intuition, particularly in 
complex situations where data are insufficient [16]. 
This leads to inconsistencies in treatment recom-
mendations, as evidenced by studies highlighting 
how individual clinician perspectives and non-ev-
idence based factors often influence decision mak-
ing [2]. Furthermore, the development of predictive 
models is hampered by the scarcity of data for rare 
events, resulting in models that are not entirely use-
ful, even with high performance metrics [7]. In this 
regard, integrating advanced analytics and artificial 
intelligence could potentially bridge some of these 
evidence gaps by identifying subtle patterns and re-
lationships within vast datasets that human analysis 
might miss [17]. However, the integration of AI in 
dentistry also introduces new forms of uncertainty, 
such as the potential for AI models to produce hal-
lucinations or depart from established clinical pro-
tocols [18].

Clinical Uncertainty in Diagnosis

In the diagnostic phase, dentists frequently 
encounter borderline findings that do not fit neatly 
into established disease categories, necessitating a 
delicate balance between active intervention and 
watchful monitoring. This often arises from the 
inherent limitations of current diagnostic tools, which 
may not possess sufficient sensitivity or specificity 
to distinguish definitively between health, early 
disease, or stable pathological conditions, thereby 
contributing to clinical uncertainty [19]. Diagnostic 
ambiguity compels clinicians to engage in complex 
risk assessments, weighing the potential benefits of 
early intervention against the risks of overtreatment 
or the consequences of delayed action, particularly 
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in conditions with variable histories. Decisions 
regarding whether to monitor or intervene are 
complicated by the risks associated with both under 
treatment and over treatment [2].

Determining the restorability of a tooth presents 
a significant challenge, as the assessment is highly 
subjective and heavily influenced by the clinician’s 
experience and knowledge, often leading to 
difficulties for less experienced practitioners [20]. 
Moreover, the introduction of artificial intelligence 
in dentistry, while promising for enhanced diagnoses 
and treatment planning, also presents a novel layer of 
uncertainty concerning its reliability, transparency, 
and integration into existing clinical workflows 
[21,22,23]. Rigorous independent assessments by expert 
healthcare professionals are crucial to ensure the 
accuracy, validity, and safety of AI applications in 
patient care [22]. The interpretability of AI algorithms 
remains a significant challenge, as dentists need to 
comprehend the underlying rationale behind AI-
driven diagnoses and treatment recommendations to 
foster trust and ensure accountability [17]. The opaque 
nature of many AI decision making processes, 
with potential inconsistencies in judgment, raises 
questions about the validity and reliability of AI-
driven tools, highlighting the necessity for robust 
calibration techniques and expert oversight [24,25].

Clinical Uncertainty in Treatment Planning

Treatment planning in dentistry is frequently 
characterized by the availability of multiple 
acceptable treatment options for the same clinical 
presentation, a situation that often arises from the 
subjective interpretation of diagnostic data and the 
diverse philosophies within dental practice. The 
presence of several viable approaches necessitates 
a decision making process that extends beyond 
mere technical proficiency, to incorporate elements 
of clinical judgment, ethical considerations, and 
patient specific considerations[26]. The influence 
of clinician experience, training background, and 
individual risk tolerance further complicates the 
situattion, leading to variations in preferred treatment 

modalities even among highly skilled practitioners 

[26]. Variability among clinicans can lead to differing 
recommendations for similar cases, potentially 
impacting patient trust and the perceived consistency 
of care. Moreover, patient-related modifiers such as 
expectations, financial considerations, compliance, 
and anxiety significantly shape treatment choices, 
often diverting from purely evidence-based 
pathways toward options that accommodate 
individual circumstances [2].

The dynamic interplay between clinical efficacy 
and patient preferences highlights the need 
for shared decision making models, where the 
clinician acts as a facilitator, guiding the patient 
through complex choices. A collaborative approach 
acknowledges the inherent uncertainty in treatment 
outcomes and aims to align therapeutic interventions 
with patient values and realistic expectations. 
Furthermore, conservative versus aggressive 
treatment philosophies, often rooted in different 
schools of thought or individual practitioner 
biases, further contribute to the heterogeneity of 
treatment plans, especially in scenarios lacking 
definitive evidence based guidelines. The divergent 
approaches highlight the challenge of achieving 
consensus in dental practice, particularly when 
confronted with the many subjective and objective 
factors influencing clinical decisions. Practice 
variations, even for similar clinical conditions, 
underscore the judgmental nature of dental 
treatment and the absence of universally superior 
interventions [27]. Differences in clinical judgment 
and treatment decisions are common across various 
dental disciplines, such as orthodontics, restorative 
dentistry, and periodontics [28,29].

Teaching and Learning Under Uncertainty

Dental education faces a critical challenge in 
moving beyond teaching fixed answers to nurture 
clinicians capable of navigating the ambiguous and 
contradictory nature of real world clinical scenarios 
[30]. Calling for a shift towards structured exposure 
to uncertainty during training, allowing students to 
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develop critical thinking, adaptability, and resilience 
when confronted with diagnostic and therapeutic 
gray zones [1]. Emphasizing the development of 
clinical judgment over strict adherence to protocols, 
thereby fostering an environment where students 
learn to justify their actions based on contextual 
understanding rather than rigid guidelines [31]. 
Integrating discussions on the limitations of 
diagnostic tools and the probabilities of prognoses, 
prepares future dentists to articulate these 
complexities to patients effectively [2]. Moreover, 
incorporating case based learning scenarios that 
present ambiguous findings and multiple plausible 
solutions can help students develop the capacity 
for critical appraisal and nuanced decision making, 
moving beyond a “one-right-answer” mentality [32].

This shift is crucial for fostering clinical 
expertise, which involves complex integration of 
experiential, narrative, and evidence-based data to 
inform decision making, particularly in situations of 
ambiguity [6]. The role of mentorship and reflective 
clinical practice is therefore paramount in guiding 
students through these gray zones, enabling them 
to develop their own decision-making frameworks 
while learning from experienced practitioners. The 
inability of dental interns and recent graduates to 
make independent decisions highlights gaps in 
current learning outcomes and graduate attributes 
[33]. The discrepancies in faculty opinions and 
the varying interpretations of clinical findings 
among educators can further complicate students’ 
ability to discern correct answers and develop 
consistent clinical judgment [30]. This often leaves 
students struggling to rationalize ambiguity, as 
they seek definitive treatment plans in complex 
clinical situations [34]. Further compounded by the 
perception among students that educators sometimes 
prematurely intervene, hindering the development 
of independent decision making skills [34].

Managing Uncertainty in Daily Practice

Educational strategies that intentionally expose 
students to the complexities of clinical uncertainty 

and provide frameworks for navigating ambiguous 
situations rather than simply seeking definitive 
solutions are needed now more than ever [35]. 
Furthermore, strong mentorship programs and peer 
support mechanisms can significantly aid students 
in processing these ambiguous situations, promoting 
a collaborative learning environment where 
experiences are shared and diversified perspectives 
are considered [36]. These support systems can 
help relieve the emotional and cognitive burdens 
associated with uncertainty, allowing students to 
develop resilience and self-reflection [36]. Equipping 
students with strategies to recognize and mitigate 
cognitive biases, such as confirmation and anchoring 
bias, becomes essential for sound clinical judgment 
in orthodontics and other specialties [36].

Confirmation bias refers to the tendency to 
seek, interpret, or recall information in ways that 
reinforce an initial diagnostic impression, while 
discounting evidence that challenges it. In dental 
practice, this may occur when a clinician forms an 
early assumption,such as attributing radiolucency to 
caries or periodontal breakdown,and subsequently 
focuses on findings that support this assumption, 
while minimizing contradictory signs such as 
patient history, lesion stability, or absence of 
clinical symptoms. Under conditions of diagnostic 
uncertainty, confirmation bias can narrow clinical 
reasoning and increase the risk of overdiagnosis or 
inappropriate intervention [37,6].

Anchoring bias, occurs when clinicians rely too 
heavily on an initial piece of information, such as 
a preliminary radiographic interpretation, referral 
diagnosis, or an automated AI output, and fail to 
adequately adjust their judgment as new information 
emerges. For example, a dentist may anchor on an 
initial radiographic impression of caries or periapical 
pathology and persist with that diagnosis even 
after subsequent clinical examination or follow up 
imaging suggests a non-progressive or alternative 
condition. Anchoring is particularly problematic 
in dentistry because early diagnostic cues are 
often subtle rather than definitive, increasing the 
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likelihood of initial impressions disproportionately 
influencing final decisions [38,39].

Both confirmation and anchoring biases are 
likely to exert influence in diagnostic “gray zones,” 
where objective evidence is limited and multiple 
interpretations are possible. These biases may 
be further reinforced by time pressure, clinical 
workload, previous experiences, and the growing 
use of decision support technologies that present 
confident appearing outputs. Recognizing the 
presence of these cognitive biases is therefore 
essential for improving diagnostic accuracy and 
consistency. Strategies such as reflective practice, 
deliberate consideration of alternative diagnoses, 
peer discussion, and structured calibration exercises 
can help clinicians counteract biased reasoning and 
support a more balanced decision making process 
under uncertainty [37,6].

While extensively studied in other fields, 
uncertanity remains an underexplored area within 
dental healthcare [2]. Therefore, developing robust 
educational frameworks that explicitly address 
how to manage cognitive biases and equip future 
practitioners with advanced decision making 
tools is imperative for enhancing patient care and 
reducing clinical errors [36]. Certainty , daily practice 
involves adopting a multidisciplinary approach, that 
incorporates robust communication strategies with 
patients, continuous professional development, and 
reflective practice to refine clinical judgment and 
adapt to evolving evidence.

Future Perspectives

Further research is needed to develop and 
validate models that effectively integrate uncertainty 
management into dental curricula, moving beyond 
traditional, protocol-driven instruction to cultivate 
adaptable and resilient practitioners. Exploring 
the potential of artificial intelligence in education, 
promises to enhance clinical decision making and 
reduce patient harm by augmenting diagnostic and 
management processes [2]. However, these AI tools 
should be viewed as complementary aids, supporting 

rather than replacing the clinical judgment crucial 
for complex cases [40]. The successful integration 
of AI into dental education, however, requires 
addressing practical and ethical challenges, such 
as limited faculty training, technical infrastructure 
deficits, and potential resistance from educators 
[41]. Ultimately, longitudinal studies are crucial for 
evaluating the long-term impact of AI on clinical 
competence and patient outcomes, to ensure that 
technological advancements truly support and 
enhance dental education [42].

CONCLUSION

In conclusion, the pervasive nature of clinical 
uncertainty in dentistry demands a paradigm shift 
in both educational approaches and daily practice, 
moving beyond a simple, protocol driven mindset 
,to embrace the true complexity of patient care. 
Developing critical thinking, adaptability, and 
resilience among practitioners is vital to navigate 
diagnostic and therapeutic gray zones effectively 
[43]. This evolution is essential for cultivating a 
new generation of dental professionals capable of 
making evidence informed decisions in the face 
of ambiguity, to improve patient outcomes and 
mitigating clinician stress. As well as commitment 
to person centred care, and acknowledging patient’s 
unique biological and psychological factors that 
influence treatment outcomes [13]. Moreover, 
understanding and managing uncertainty effectively 
also requires recognizing that, at times, certain 
ambiguities may be irreducible, and should be 
accepted rather than forced resolution [3].
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