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Abstract

Dental care-related fear and anxiety (DFA) affects a significant proportion of people worldwide, leading to
treatment avoidance, delayed care, and poor oral health outcomes. However, current assessment tools and
clinical practices conflate fear and anxiety as interchangeable constructs, despite their distinct
psychological and temporal characteristics. We extend the Oral Health and Disease Ontology (OHD) to
represent dental-care related fear and anxiety, structured around the behavioral, physiological, and
temporal dimensions of DFA. The ontology integrates data from multiple DFA studies such as the ADA
Oral Health and Well-Being study, the Center for Oral Health Research in Appalachia (COHRA) studies,
and the Black Women’s Health Study. We analyze the questions from multiple DFA surveys by whether
their answers are about dental care-related fear or anxiety occurring before a dental encounter,
encompassing pre-appointment anxiety and anticipatory concerns, during a dental encounter, including in-
office experiences (waiting room, examination, procedures), or after a dental encounter, covering post-
treatment recovery and lingering anxieties. This temporal framework allows for a more nuanced
understanding of how DFA evolves throughout the patient journey. We rely on temporal relationships
such as ‘precedes’, ‘occurs during’, or ‘follows’ to specify the relation of emotional and cognitive responses to
the dental visit. Determining whether a survey item corresponds to dental care-related fear or anxiety
involves mapping each item and determining whether the dental stimulus is distal or proximal to the dental
encounter. The ontology will enable clinicians and researchers to identify specific triggering factors for
individual patients and implement personalized interventions, moving to evidence-based, targeted
treatment strategies that improve patient outcomes and reduce dental care avoidance.
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1. Introduction

Dental care-related fear and anxiety (DFA) represents one of the most significant barriers to oral
healthcare access and quality [1]. It results in delayed preventive care, avoidance of treatment, and
deteriorating oral health outcomes [2]. Despite the research into dental-related psychological distress,
current clinical assessment and intervention approaches remain constrained by fundamental conceptual
ambiguities [3]. This conceptual murkiness arises in part from the insufficient differentiation between
two related but often distinct phenomena. While dental fear and dental anxiety represent distinct
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psychological responses [4], researchers and clinicians use the terms loosely and frequently consider
them to be overlapping phenomena [5,6], thereby obscuring their distinct characteristics and clinical
implications [7].

Fear represents an immediate emotional response to present or imminent threats, characterized by
acute physiological activation and behavioral responses to specific, identifiable stimuli [8]. Anxiety
involves anticipatory apprehension about future events, manifesting as persistent worry and tension
about potential threats that may or may not materialize [9]. In the dental context, dental care-related
fear manifests as an immediate negative emotional and physiological response to present dental care-
related stimuli [10]. Patients experiencing it typically exhibit activation of the central amygdala [11, 12]
and various physiological responses [7] in response to specific triggers such as the sight or sound [13]
of dental equipment, physical sensations during procedures [14], or the clinical environment itself.
These responses are temporally bound to the presence of triggering stimuli [15] and generally subside
when stimuli are removed [16]. These stimulus-response patterns include reactions to several
categories of dental and other fear-evoking stimuli [17]. Auditory triggers include drill-related sound
stimuli [13], specifically the high-pitched noise of dental drills and dental suction sounds. Visual stimuli
encompass drill-related visual stimuli, like the sight of the dental drill, and injection-related stimuli,
such as the sight of the needle. Tactile stimuli include injection-related sensations [18] and the tactile
sensation of instruments in the mouth. Additional stimuli include bright procedural lighting and
olfactory triggers such as the distinctive smell of dental materials and antiseptics that create
characteristic dental environments.

Dental care-related anxiety is characterized by its future-oriented nature [9] and its occurrence in
advance of, and sometimes following, dental encounters. Patients experiencing it may begin worrying
days, weeks, or even months before a scheduled appointment, engaging in rumination about possible
negative outcomes, pain, or loss of control. This anticipatory cognitive pattern manifests in survey
questions that assess appointment cancellation behaviors, postponement of necessary dental care, and
avoidance of scheduling dental visits entirely.

Dental care-related anxiety can also manifest in post-appointment phases [19], particularly following
negative dental experiences [20], where patients worry about treatment outcomes, potential
complications, or future dental needs. These post-treatment anxieties often reinforce anticipatory
patterns, creating a cycle where negative experiences fuel future pre-appointment anxiety and
avoidance behaviors. Research [21] has further established connections between dental anxiety and
broader traumatic experiences, suggesting that patients with histories of potentially traumatic events
may be particularly susceptible to developing persistent post-treatment anxieties and outcome-focused
worry patterns. The temporal extension of anxiety beyond the immediate dental encounter
distinguishes it from stimulus-response fear and suggests the need for a different intervention approach
[22]. However, current dental anxiety assessment tools predominantly focus on pre-appointment and
procedural fears, with limited attention to post-treatment anxiety patterns. The absence of standardized
survey questions specifically addressing outcome-focused worries, treatment efficacy concerns, and
post-visit rumination represents a significant gap.

Our goal in this work is to create an ontology for representing dental-care related fear and anxiety,
structured around its behavioral, physiological, cognitive, and temporal dimensions. Our work thus far
has integrated data from the Center for Oral Health Research in Appalachia (COHRA) [23], ADA Oral
Health and Well-Being in the United States [24], and the Black Women’s Health study [25]. Except for
the ADA Oral Health and Well-Being study, these studies use well-established DFA assessment
instruments, including the Dental Anxiety Scale (DAS) [26], the Dental Fear Survey (DFS) [28], the
Modified Dental Anxiety Scale (MDAS) [29], and the Index of Dental Anxiety and Fear IDAF-4C+) [30].



These surveys and assessment instruments capture diverse aspects of DFA from various population
groups, and the multifaceted nature of fear and anxiety. We analyze the survey questions to determine
whether their answers are about dental fear or anxiety occurring before a dental encounter
(encompassing pre-appointment anxiety and anticipatory concerns), during a dental encounter
(including in-office experiences such as in the waiting room, during an examination or procedures), or
after a dental encounter (covering post-treatment recovery and lingering anxieties).

2. Methods

We build upon the Oral Health and Disease Ontology (OHD) to provide standardized representation of
dental fear and anxiety self-report assessment instruments. The OHD is a domain-level ontology for
representing the diagnosis and treatment of dental maladies [27]. We expand it by supplementing it
with terms related to dental fear and anxiety, along with instruments used to measure these phenomena
and stimuli that can instigate them.

The established DFA instruments we analyzed include the DFS, a comprehensive 20-item instrument
assessing multiple dimensions including avoidance behaviors, physiological arousal, and dental stimuli
and situations. We also examined the MDAS, a 5-item scale measuring anxiety levels associated with
different aspects of dental treatment, from appointment scheduling to specific procedures. Figure 1
displays some questions appearing in MDAS. The IDAF-4C+ provided a multidimensional instrument
reflecting some cognitive, emotional, physiological, and behavioral components of dental anxiety and
fear. Figure 2 displays some IDAF-4C+ questions. Additionally, we analyzed the DAS, a 4-item
instrument assessing general anxiety levels.



CAN YOU TELL US HOW ANXIOUS YOU GET, IF AT ALL,
WITH YOUR DENTAL VISIT?

PLEASE INDICATE BY INSERTING ‘X’ IN THE APPROPRIATE BOX

1. If you went to your Dentist for TREATMENT TOMORROW, how would you

feel?

Not Slightly Fairly Very Extremely
Anxious [ Anxious [ Anxious [  Anxious [ Anxious []

2. Ifyou were sitting in the WAITING ROOM (waiting for treatment), how

would you feel?

Not Slightly Fairly Very Extremely
Anxious [ ] Anxious [] Anxious [ ] Anxious [ Anxious []

3. If you were about to have a TOOTH DRILLED, how would you feel?

Not Slightly Fairly Very Extremely
Anxious [ Anxious [] Anxious [] Anxious [  Anxious []

4. If you were about to have your TEETH SCALED AND POLISHED, how
would you feel?

Not Slightly Fairly Very Extremely
Anxious [ ] Anxious [] Anxious [ ] Anxious [ Anxious []

5. If you were about to have a LOCAL ANAESTHETIC INJECTION in your
gum, above an upper back tooth, how would you feel?

Not Slightly Fairly Very Extremely
Anxious [] Anxious [] Anxious [] Anxious [] Anxious [7]

Figure 1. Sample items from the Modified Dental Anxiety Scale (MDAS)

Our ontology development has been informed by real-world datasets, including COHRA data [23],
which provide rich contextual information about dental anxiety and fear patterns in underserved
populations, and ADA clinical datasets that offer standardized dental procedural and diagnostic codes
[24]. These datasets present a unique challenge for semantic integration due to their heterogeneous
data structures, varying terminologies, and population-specific characteristics. The COHRA dataset's
focus on Appalachian communities revealed culturally-specific expressions of dental anxiety, while the
ADA datasets needed integration with psychological assessment terminologies.

This multi-instrument and multi-dataset approach is necessary to develop an ontology that can
capture the full spectrum of how dental fear and anxiety is conceptualized, measured, and documented
across different clinical and research contexts. The instruments' varying focus areas, spanning general
concerns versus specific procedural stimuli and physiological versus behavioral responses, as well as
their diverse data characteristics, informed our decisions about class hierarchies, property relationships,
and the granularity needed for representing different dental care-related fear and anxiety subtypes
within the ontological framework.

Several key ontological modeling decisions drove the selection and analysis of these specific
assessment instruments. The temporal factor emerged as critically important from survey questions
such as “If you went to your Dentist for treatment TOMORROW, how would you feel?” (Question 1,
MDAYS) This indicated that dental care-related anxiety is not a static trait but a dynamic state that varies



with temporal proximity to treatment.

The Index of Dental Anxiety and Fear (IDAF-4C") — Revised for DSM-5

The following questions ask about possible aspects of dental anxiety and fear.

1. How much do you agree with the following statements? Digagiae i oree:a yfomanhatgiodbratety:l -9tto Rl

little agree agree agree
(a) |feelanxious shortly before going to the dentist. [h [ [ [Ja s
(b) 1generally avoid going to the dentist because | find the
experience unpleasant or distressing. L [l s s Ls
(c) Igetnervous or edgy about upcoming dental visits. Ch [ s Cla s
(d) Ithink that something really bad would happen to me if |
were to visit a dentist. [ e s Cle s
(e) |feelafraid or fearful when visiting the dentist. L [ s [ s
() My heart beats faster when | go to the dentist. [ [l [s e s
(9) |delay making appointments to go to the dentist. Ol L s e Cls
(h) 1 often think about all the things that might go wrong prior 2 [ s s s

to going to the dentist.

Figure 2. Sample of IDAF-4C+ dental fear and anxiety questions.

Our ontology building process followed standard methodologies, utilizing spreadsheets for initial
conceptual mapping and Protégé [31] for formal ontology construction and validation. We employed a
systematic approach to identify and import relevant existing ontologies through established
repositories including the Ontology Lookup Service (OLS) [32] , Bioportal [33] , and Ontobee [34] .
These platforms enabled comprehensive searches across biomedical and health-related ontologies to
identify potentially relevant terminologies and conceptual frameworks.

The ontology development incorporated both top-down and bottom-up approaches to ensure
comprehensive coverage of the dental fear and anxiety domain. The top-down methodology involved
importing established terms and conceptual hierarchies from existing ontologies [35] that contained
relevant dental, psychological, or health-related terminology. This approach provided foundational
structure and ensured alignment with established biomedical vocabularies and classification systems.

Complementing this top-down approach, we implemented a bottom-up methodology that extracted
concepts directly from the survey questions and data dictionaries of our selected datasets. This bottom-
up analysis was essential for capturing domain-specific nuances and terminology that emerged from
the actual measurement instruments and research contexts. By analyzing the specific language,
constructs, and conceptual relationships present in the Dental Fear Survey (DFS), Modified Dental
Anxiety Scale (MDAS), Index of Dental Anxiety and Fear (IDAF-4C+), and the Dental Anxiety Scale
(DAS) we ensured that our ontology accurately represented how dental fear and anxiety are
operationalized and measured in clinical and research practice.

3. Results

Our framework addresses the distinction between dental fear and anxiety, building on Park et al. [32]
characterization of their distinct temporal characteristics and clinical manifestations through a formal
approach. This differentiation provides a foundation for targeted intervention strategies and improved



outcome prediction by establishing clear criteria for identifying when patients experience immediate
fear responses versus anticipatory anxiety patterns.

The framework aims to resolve three critical gaps in current research: the widespread conflation of
fear and anxiety, the absence of systematic categorization for dental stimuli, and the lack of formal
semantic representation for diverse assessment methodologies. Our framework provides formal
definitions, hierarchical stimulus taxonomies, temporal relationship modeling, and standardized
assessment instrument representation within a unified ontological structure.

Clinical research [8] in both animals and humans has distinguished fear as a phasic response to
specific, imminent stimuli and anxiety as a more sustained state elicited by less predictable, distant, or
potential threats. The APA defines anxiety as a future-oriented, long-acting response broadly focused
on diffuse threats, while fear represents a present-oriented, short-lived response to clearly identifiable
and specific threats [37]. Based on this established distinction, we operationalize fear and anxiety as
temporally distinct constructs, potentially with different intervention implications.

Fear: An emotion process responding to present or imminent stimuli, characterized by physiological
arousal and behavioral activation in response to a currently perceived threat.

Anxiety: An emotion process consisting of anticipatory apprehension about future events or
situations, characterized by persistent worry, catastrophizing, and uneasiness about potential future
threats.

Terms like ‘emotion process’, ‘fear’, and ‘anxiety’ appear in the Emotion Ontology (MFOEM) [38].
We are considering using MFOEM classes for these more general, non-dental-specific classes, though
there is a risk in adopting some of its more controversial theoretical stances, such as its commitment to
the appraisal theory of emotion.

Building upon these two foundational definitions, we provide formal definitions for dental fear and
dental anxiety that capture the domain-specific manifestations of these emotional responses:

Dental Care-Related Fear: Fear triggered by stimuli in the immediate dental care environment,
including behavioral responses such as avoidance and physiological responses such as muscle tension
and increased heart rate.

Dental Care-Related Anxiety: Anxiety experienced in relation to future dental encounters,
characterized by cognitive responses such as worry.

3.1 Dental Visit Stimulus Hierarchy

Dental fear and anxiety can be instigated by various stimuli, and questionnaires frequently ask about
these stimuli, making them important to model in our ontology. However, there is also a risk of
potential redundancy in modelling both stimuli and perceptions, despite these being different
phenomena. This is because the same fear response can be represented as being the result of some
stimulus or the perception of that stimulus. For example, a patient's elevated heart rate could be
triggered either by the actual sound of a dental drill or by their perception that the drill sound indicates
impending pain. Due to this, we continue to iterate on our stimulus hierarchy in the ontology to avoid
this redundancy in usage. Using a systematic approach, we categorize the stimuli present in dental
encounters that serve as potential triggers for fear or anxiety responses [9-13], as displayed in Table 1.
These stimuli maintain a hierarchical structure reflecting the taxonomic relationships in our ontological
framework, enabling precise identification of specific triggers and their relationships to broader
stimulus categories.

Table 1
Stimulus categories and associated survey questions



Stimulus Category Examples Survey Questions Mapped

Instrument Dental tools and equipment Needles or injections (IDAF-4C+ 3.h)
Auditory Drill sounds, suction noises Hearing the drill (DFS 17)
Visual Needle sight, dental instruments  Seeing the dentist walk in (DFS 13)

Seeing the anesthetic needle (DFS 14)
Seeing the drill (DFS 16)

Tactile Injection sensation, instrument Feeling the needle injected (DFS 15)
contact
Feeling the vibrations of the drill (DFS 18)
Having your teeth cleaned (DFS 19)
Olfactory Dental material odors, antiseptics The smell of the dentist's office (DFS 12)

Environmental Clinical Setting, Lighting Being seated in the dental chair (DFS 11)

The survey questions were adapted from the Dental Fear Survey (DFS) and the Index of Dental
Anxiety and Fear (IDAF-4C+), which served as starting points for developing our hierarchy. Although
the Modified Dental Anxiety Scale (MDAS) also includes items addressing specific stimuli - such as “If
you were about to have a TOOTH DRILLED, how would you feel?”- we chose to prioritize items from
the DFS and IDAF-4C+ for clarity and consistency in our hierarchical design.

Building upon the stimulus-related questions in the surveys, we developed a hierarchical
categorization of the different stimuli that can trigger fear or anxiety in patients during a dental
encounter, as displayed in Table 2. These stimuli are subclasses of what we refer to as ‘sensory inputs’,
which are distinct from more subjective, first-person experiences. Instead, this class describes more
objective phenomena, processes which instigate experiences but are not themselves the experiences.

Table 2
Stimulus categorization

Stimulus Definition
Dental Visit Stimulus A sensory input experienced by a patient during a dental
encounter.
Dental Instrument-Related Stimulus A sensory input experienced by a patient that is caused by

instruments used during a dental procedure. Examples include
drill, dental scaler, dental probe, and dental suction-related
stimuli.

Dental Visit Visual Visual A visual input experienced by a patient during a healthcare
encounter. Examples include observation of blood, bright lights,
and needles.




Dental Visit Sound Stimulus An auditory input experienced during a dental procedure.
Examples include the sound of equipment, such as a drill.

Dental Visit Smell Stimulus An olfactory input experienced by a patient during a dental
procedure. Examples include the smell of dental materials and
cleaning products.

Dental Visit Smell Stimulus A gustatory input experienced by a patient during a dental
procedure. Examples include the taste of mouthwash, blood, and
tooth polish.

Dental Visit Tactile Stimulus A touch-related sensory input experienced by a patient during a

dental procedure. Examples include the feeling of a needle
injection, drilling, or scraping.

By distinguishing between general categories (e.g., "dental instrument-related stimulus") and specific
instances (e.g., "drill-related sound stimulus"), we provide a foundation for evidence-based interventions
by establishing a standardized vocabulary for identifying, measuring, and targeting specific triggers.
Once the triggering factor has been identified, it becomes possible to offer patients tailored solutions
that directly address their specific concerns, moving from generic anxiety management to personalized
interventions that enable successful dental treatment completion.

3.2 Axiomatization of Survey Question Relationships

Our ontological framework formalizes the relationships between survey questions and their underlying
psychological constructs through a system of axioms that specify temporal relationships, behavioral
manifestations, and measurement targets. This axiomatization enables a precise mapping of assessment
items to their corresponding fear or anxiety dimensions.

We use temporal relationships to establish the relationship between patient behaviors/responses and
their distance from dental care processes. Fear responses are characterized by proximal temporal
relationships (occurring during or immediately adjacent to dental procedures), while anxiety responses
are characterized by distal temporal relationships (occurring at temporal distance from dental
procedures). Classes are bolded, relations are italicized, and quantifiers are in Roboto font.

(Pre-Visit Anxiety Manifestation Axioms):
dental appointment delay precedes some dental encounter
dental appointment delay is marker for some dental anxiety

These axioms establish that dental appointment delay behaviors occur before a dental
encounter and indicate the presence of dental anxiety rather than immediate fear responses.

(During-Visit Fear Response General Class Axiom):

physiological arousal and occurs during some dental encounter and triggered by some dental
stimulus SubClassOf is marker for some dental fear



Physiological arousal occurring during dental care processes in response to specific stimuli indicates
fear rather than anxiety.

3.3 Behavioral Classification Pattern

Our ontological framework establishes a comprehensive classification system that differentiates dental
anxiety from fear through an integrated behavioral and physiological pattern. This approach combines
temporal relationships, physiological responses, and diagnostic indicators within a single conceptual
framework that supports consistent interpretation across different assessment instruments and clinical
contexts. The framework operates on the principle that the timing, nature and manifestation of patient
responses provide diagnostic indicators for distinguishing between dental care-related fear and anxiety.

Dental Care-Related
s Anxiety
-------------- 1
Dental
Encounter
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Figure 3: Ontology Pattern for representing relationship between dental care-related fear and
physiological responses. The nodes represent instances to the type described by the node labels.
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The pattern combines both distal avoidance behaviours and proximal physiological responses within
a single ontological structure. The pattern differentiates between two primary response categories:

1. Distal Avoidance Behavior Component
The pattern incorporates the temporal precedence relationship where dental encounters
precede dental appointment delays and avoidance behaviors. This creates a diagnostic
framework where prior negative dental experiences trigger future avoidance patterns. Consider
Sarah, an adult who had a traumatic root canal experience six months ago. She now postpones
routine cleaning appointments for months, citing “scheduling conflicts” when actually
experiencing anticipatory dread. The avoidance behaviors serve as markers for dental care-
related anxiety, establishing that:

e Temporal precedence: Avoidance behaviors occur as anticipatory responses before
future dental encounters, representing anxiety-driven attempts to prevent future
distress..

* Diagnostic indication: Pre-encounter avoidance behaviors indicate dental care-related



anxiety, supporting the theoretical distinction that anxiety involves anticipatory
distress about future events.

2. Proximal Physiological Response Component
The pattern captures immediate physiological responses that occur during dental encounters.
When Sarah finally attends her rescheduled appointment, she exhibits muscle contractions in
her jaw and shoulders, perspiration, and tension upon entering the office. The physiological
arousal component demonstrates:

*  Temporal concurrence: dental care-related physiological arousal responses occur during
the dental encounter, making them immediate reactions to present stimuli.

* Diagnostic indication: The physiological response indicates dental care-related fear,
supporting the theoretical distinction that fear involves immediate emotional and
physiological activation in response to present threats.

This unified pattern creates a comprehensive diagnostic framework that captures the full spectrum
of dental care-related distress through temporal differentiation, multi-modal assessment capabilities,
hierarchical classification, and predictive relationships. The framework distinguishes between
anticipatory responses (anxiety-related) and concurrent responses (fear-related) based on their temporal
relationship to dental encounters, while simultaneously integrating both behavioral and physiological
indicators to provide multiple assessment pathways for clinicians to identify and classify patient
distress.

3.4 Assessment Instrument Representation in the Oral Health and Disease Ontology

The OHD provides foundational classes for representing assessment methodologies through two
primary components: the dental fear assessment instrument class (OHD_0008008) and the dental fear
assessment instrument answer class (OHD_0008012). These classes establish the structural foundation
for representing the diverse array of DFA measurement tools analyzed in our study, including the
Kleinknecht Dental Fear Survey (DFS), Modified Dental Anxiety Scale (MDAS), Index of Dental Anxiety
and Fear (IDAF-4C+), and Corah’s Dental Anxiety Scale (DAS).

Questions in DFA studies are often drawn from questions in DFA assessment instruments. For
example, the first question used in the COHRA2 study is taken from DFS question 1: “Has fear of dental
work ever caused you to put off making an appointment?” This presents modelling questions about
whether to include a specific study, such as COHRA2, into OHD. We decided that such studies were
better shared to the research community as data schemas, since their primary purpose is to collect and
analyze data. To accomplish this, we have employed a hybrid approach using Linked Data Modelling
Language (LinkML) to describe the data model [39]. We defined the schemas of study questions in a
yaml file, and using LinkML we generated the schema in other formats, such as OWL and JSON, along
with documentation for the schema.

4. Discussion

A primary advantage of our ontology is its capacity to harmonize data from different research contexts.
Dental fear and anxiety research has been constrained by heterogeneous assessment instruments and
measurement approaches. By annotating data with ontological terms, researchers gain access to
sophisticated querying capabilities that transcend the limitations of traditional databases.



Our work reveals significant gaps in the clinical treatment of dental care-related fear and anxiety.
While we used existing survey instruments as a foundation for our ontological modeling, we found
deficiencies such as a lack of questions addressing post-treatment anxiety [19]. We are confident that
our approach can substantially improve upon current assessment methods and provide a
comprehensive framework for understanding the full spectrum of patient experiences.

A philosophically interesting case we encountered involves how to temporally relate dental
cancellations to future appointments, which might never occur. Intuitively, we might expect that dental
appointment cancellations precede some dental appointments. However, a patient may cancel an
appointment and never attend (or schedule) another one. This would result in an axiom asserting that
dental appointment cancellations precede some dental appointments turning out to sometimes be false.
We considered several approaches to address this modeling challenge.

One option would be to instantiate the cancelled dental appointment as an actual instance of dental
appointment which the cancellation precedes. However, this would involve treating events that never
happen as real events, a stance which is difficult to justify in any realist ontology [40].

Another potential option would involve instead treating the cancelled appointment as an
Information Content Entity (ICE). The cancellation would be a process which takes this appointment
information as an input, and its output would be a change of this information, say by removing it from
a clinical calendar. This option would not temporally relate the cancellation to the appointment, rather
it involves a change of information which is about some future commitment. The major downside of
this option is that it adds another sense of ‘appointment’ to the ontology; they can either be events or
information. This adds a layer of complexity which users would have to be mindful of, say when
querying delayed appointments.

Yet another option might be to pun the dental encounter class so it can also be queried as an
individual. This way, supposing a cancellation occurs and no true instance of appointment ever occurs,
the class ‘dental encounter’ nonetheless exists in the ontology, and this class can be punned to be
treated as an individual. We could then say the cancellation precedes the dental encounter class punned
as an individual. This option would be overly complicated and difficult to understand for most users,
though it may be a helpful option for savvy users who are familiar with punning.

Instead of referring to temporal relations at all, one might instead add an axiom which asserts that a
dental appointment cancellation is marker for dental care-related anxiety. This axiom would work fine
to relate appointment cancellations to anxiety, though it does not make use of any temporal semantics
which might be helpful to users.

Given the unique clinical significance of appointment avoidance behaviors in dental anxiety, we
adopted a hybrid approach that balances ontological rigor with clinical utility. We assert that dental
appointment cancellation ‘only’ precedes some dental encounter. This axiom handles situations in
which no future encounter occurs (trivially), since it does not assert that there is some future dental
encounter that the cancellation precedes. This axiom restricts users to asserting temporal relationships
only for dental cancellations, limiting them to preceding dental encounters rather than other event
types. We also highlight that this option can be done in conjunction with the previous option. Users can
simultaneously include this precedes relation for dental cancellations while also inferring they are
markers for dental care-related anxiety. Our solution reflects the reality of dental care-related anxiety,
where appointment delays and cancellations are not merely inconveniences but represent symptoms
that require ontological modeling. We think that this option can accommodate this domain-specific
challenge while maintaining philosophical consistency.



Declaration of Generative Al

The author(s) have not employed any Generative Al tools.

References

[1] J. M. Armfield, J. F. Stewart, A. J. Spencer. The vicious cycle of dental fear: Exploring the interplay
between oral health, service utilization and dental fear. BMC Oral Health 7 (2007).
doi:10.1186/1472-6831-7-1.

[2] L.L Stein Duker, M. Grager, W. Giffin, N. Hikita, J. C. Polido. The relationship between dental fear
and anxiety, general anxiety/fear, sensory over-responsivity, and oral health behaviors and
outcomes: A conceptual model. International Journal of Environmental Research and Public Health
19 (2022). d0i:10.3390/ijerph19042380.

[3] J. M. Armfield. Towards a better understanding of dental anxiety and fear: Cognitions vs.
experiences. European Journal of Oral Sciences 118 (2010), 259-64. doi:10.1111/j.1600-
0722.2010.00740.x.

[4] M. U. Muneer, F. Ismail, N. Munir, A. Shakoor, G. Das, A. R. Ahmed, M. A. Ahmed. Dental anxiety
and influencing factors in adults. Healthcare 10, 12 (2022). doi:10.3390/healthcare10122352.

[5] D. W. McNeil, C. L. Randall. Dental fear and anxiety associated with oral health care: Conceptual
and clinical issues, in: D. I. Mostofsky, F. Fortune (Eds.), Behavioral Dentistry, 2nd. ed.,
Wiley/Blackwell, 2014, pp. 165-192.

[6] J. M. Armfield. How do we measure dental fear and what are we measuring anyway? Oral Health
& Preventive Dentistry 8 (2010), 107-115. doi:10.3290/j.0hpd.a19198.

[7] M. Davis, D. L. Walker, L. Miles, C. Grillon. Phasic vs sustained fear in rats and humans: Role of the
extended amygdala in fear vs anxiety. Neuropsychopharmacology 35 (2010), 105-35.
doi:10.1038/npp.2009.109.

[8] A. Arntz, M. Van Eck, M. Heijmans. Predictions of dental pain: The fear of any expected evil, is
worse than the evil itself. Behaviour Research and Therapy 28 (1990), 29-41. d0i:10.1016/0005-
7967(90)90052-K.

[9] H. Karibe, M. Koeda, Y. Kato, T. Hama, S. Tanaka, A. Tateno, H. Suzuki, Y. Okubo. Cerebral
activation caused by dental sounds: A functional magnetic resonance imaging study. Odontology
112 (2024), 1001-9. doi:10.1007/s10266-023-00898-7.

[10]]. F. Yu, K. C. Lee, H. H. Hong, S. B. Kuo, C. D. Wu, Y. Y. Wai, Y. F. Chen, Y. C. Peng. Human
amygdala activation by the sound produced during dental treatment: A fMRI study. Noise and
Health 17 (2015), 337. d0i:10.4103/1463-1741.165063.

[11]S. Said Yekta, R. Vohn, J. Ellrich. Cerebral activations resulting from virtual dental treatment.
European Journal of Oral Sciences 117, 6 (2009), 711-19. d0i:10.1111/j.1600-0722.2009.00689.x.

[12]L. E. M. Scofield, H. W. Helm. The sound of the dentist's drill and students' anxiety scores.
Psychological Reports 88 (2001), 812. doi:10.2466/pr0.2001.88.3.812.

[13] A. J. Racek, X. Hu, T. D. Nascimento, M. C. Bender, L. Khatib, D. Chiego, G. R. Holland. Different
brain responses to pain and its expectation in the dental chair. Journal of Dental Research 94
(2015), 998-1003. doi:10.1177/0022034515581642.

[14]F. D. M. Oosterink, A. De Jongh, I. H. A. Aartman. What are people afraid of during dental
treatment? Anxiety-provoking capacity of 67 stimuli characteristic of the dental setting. European



Journal of Oral Sciences 116 (2008), 44-51. doi:10.1111/j.1600-0722.2007.00500.x.

[15] R. Muppa, P. Bhupatiraju, M. Duddu, N. V. Penumatsa, A. Dandempally, P. Panthula. Comparison
of anxiety levels associated with noise in the dental clinic among children of age group 6-15 years.
Noise and Health 15 (2013), 190. d0i:10.4103/1463-1741.112371.

[16] D. W. McNeil, M. L. Berryman. Components of dental fear in adults? Behaviour Research and
Therapy 27, 3 (1989), 233-236. d0i:10.1016/0005-7967(89)90041-7.

[17]]. M. Armfield, P. Milgrom. A clinician guide to patients afraid of dental injections and numbness.
SAAD Digest 27 (2011), 33-39.

[18] A. Wannemueller, J. Margraf, M. Busch, H. P. Johren, B. Suchan. More than fear? Brain activation
patterns of dental phobic patients before and after an exposure-based treatment. Journal of Neural
Transmission 131 (2024), 393-404. doi:10.1007/s00702-024-02754-6.

[19] D. Locker, D. Shapiro, A. Liddell. Negative dental experiences and their relationship to dental
anxiety. Community Dental Health 13 (1996), 86-92.

[20] H. Nermo, T. Willumsen, K. Rognmo, ]J. C. Thimm, C. E. A. Wang, J. A. K. Johnsen. Dental anxiety
and potentially traumatic events: A cross-sectional study based on the Tromsg Study—Tromse 7.
BMC Oral Health 21 (2021). d0i:10.1186/s12903-021-01968-4.

[21]]J. M. Armfield, L. J. Heaton. Management of fear and anxiety in the dental clinic: A review.
Australian Dental Journal 58 (2013), 390-407. doi:10.1111/adj.12118.

[22] D. E. Polk, R. J. Weyant, R. J. Crout, D. W. McNeil, R. E. Tarter, J. G. Thomas, M. L. Marazita. Study
protocol of the Center for Oral Health Research in Appalachia (COHRA) etiology study. BMC Oral
Health 8 (2008). d0i:10.1186/1472-6831-8-18.

[23] American Dental Association. Oral health and well-being in the United States, 2024. URL:
https://www.ada.org/resources/research/health-policy-institute/coverage-access-outcomes/oral-

health-and-well-being.
[24] K. C. Sokoto, L. F. Platt, L. A. Alexander, B. Foxman, J. R. Shaffer, M. L. Marazita, D. W. McNeil.
Racism in oral healthcare settings: Implications for dental care-related fear/anxiety and utilization

among Black/African American women in Appalachia. Journal of Public Health Dentistry 82
(2022), 28-35. doi:10.1111/jphd.12523.

[25]N. L. Corah. Development of a dental anxiety scale. Journal of Dental Research 48 (1969).
doi:10.1177/00220345690480041801.

[26] T. K. L. Schleyer, A. Ruttenberg, W. Duncan, M. Haendel, C. Torniai, A. Acharya, M. Song, T. P.
Thyvalikakath, K. Liu, P. Hernandez. An ontology-based method for secondary use of electronic
dental record data, in: Proceedings of the AMIA Joint Summits on Translational Science, 2013, pp.
234-238.

[27]R. A. Kleinknecht, R. K. Klepac, L. D. Alexander. Factor analysis of the dental fear survey with
cross-validation. The Journal of the American Dental Association 108 (1984), 59-61.
doi:10.14219/jada.archive.1984.0193.

[28] G. M. Humphris, T. Morrison, S. J. Lindsay. The modified dental anxiety scale: Validation and
United Kingdom norms. Community Dental Health 12 (1995), 143-50.

[29]]. M. Armfield. Development and psychometric evaluation of the Index of Dental Anxiety and Fear
(IDAF-4C+). Psychological Assessment 22 (2010), 279-87.

[30] M. A. Musen. The Protégé project: A look back and a look forward. Al Matters 1, 4 (2015).
doi:10.1145/2557001.25757003.


https://www.ada.org/resources/research/health-policy-institute/coverage-access-outcomes/oral-health-and-well-being
https://www.ada.org/resources/research/health-policy-institute/coverage-access-outcomes/oral-health-and-well-being

[31]]. McLaughlin, J. Lagrimas, H. Igbal, H. Parkinson, H. Harmse. OLS4: a new ontology lookup
service for a growing interdisciplinary knowledge ecosystem. Bioinformatics 41, 5 (2025).
doi:10.1093/bioinformatics/btaf279.

[32] P. L. Whetzel, N. F. Noy, N. H. Shah, P. R. Alexander, C. Nyulas, T. Tudorache, M. A. Musen.
BioPortal: enhanced functionality via new web services from the National Center for Biomedical
Ontology to access and use ontologies in software applications. Nucleic Acids Research 39 (2011),
W541-5.

[33] E. Ong, Z. Xiang, B. Zhao, Y. Liu, Y. Lin, J. Zheng, C. Mungall, M. Courtot, A. Ruttenberg, Y. He.
Ontobee: A linked ontology data server to support ontology term dereferencing, linkage, query,
and integration. Nucleic Acids Research 45, D1 (2017), D347-D352.

[34] E. H. Park, V. C. Storey. Emotion ontology studies: A framework for expressing feelings digitally
and its application to sentiment analysis. ACM Computing Surveys 55 (2023), 1-38.
doi:10.1145/3555719.

[35] L. L S. Duker, M. Grager, W. Giffin, N. Hikita, J. C. Polido. The relationship between dental fear and
anxiety, general anxiety/fear, sensory over-responsivity, and oral health behaviors and outcomes:
A conceptual model. International Journal of Environmental Research and Public Health 19 (2022).
do0i:10.3390/ijerph19042380.

[36] American Psychological Association. Anxiety, 2018. URL: https://dictionary.apa.org/anxiety.

[37]]. Hastings. Mental-functioning-ontology, 2024. URL: https:/github.com/jannahastings/mental-
functioning-ontology.

[38] Oral Health and Disease Ontologies. DFA-Study, 2024. URL: https://github.com/oral-health-and-
disease-ontologies/DFA-Study.

[39] R. Arp, B. Smith, A. D. Spear. Building Ontologies with Basic Formal Ontology. MIT Press, 2015.



https://github.com/oral-health-and-disease-ontologies/DFA-Study
https://github.com/oral-health-and-disease-ontologies/DFA-Study
https://github.com/jannahastings/mental-functioning-ontology
https://github.com/jannahastings/mental-functioning-ontology
https://dictionary.apa.org/anxiety

