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CHAPTER 1

General introduction






General introduction

The overarching topic of this thesis is dental anxiety and its severe form, dental phobia.
These phenotypes, and the emotions attached with these, can complicate dental treatment,
not only for the patient, but also for the oral health professional. For most people it is obvi-
ous that dentally anxious and dentally phobic patients undergo treatment with feelings of
inconvenience and discomfort, if treatment is not avoided at all. To treat these patients
so called “special dental care clinics” were founded (Aartman et al., 1997). In such clinics
not only patients with high levels of dental anxiety or dental phobia are treated, but also
patients with, for example, severe gagging problems and fainting problems.

In the present dissertation, the focus is on these three patient categories (i.e., those
with severe levels of dental anxiety or dental phobia, those who severely gag during dental
treatment, and those with fainting problems related to dental treatment), who visit special
dental care clinics. The general purpose of this dissertation is to increase the knowledge
about dental anxiety, dental phobia, gagging and fainting during dental treatment. The
main aim is to find an answer to the question as to whether or not these conditions are
inter-related, or should be considered as separate entities. In the remainder of this chapter
a description of relevant background topics is given, and an outline of the studies that are
part of the dissertation. Firstly, the relevant background regarding dental anxiety and dental
phobia is presented. This is followed by a summary of the literature pertaining to the alleged
etiology of anxiety and anxiety disorders, including dental anxiety and dental phobia. Next,
a background is provided regarding fainting and gagging related to dental treatment. Finally,
a short overview is presented of heritability studies about fear and phobias, including the
scarcely available literature concerning the heritability of dental fear. For all the topics men-
tioned above, the gaps in the literature were assessed, which have served as the basis for
the studies in this thesis.

Dental fear, dental anxiety and dental phobia

Fear is a normal response to a genuine danger (American Psychiatric Association, 2013)
and that is why dental fear is considered to be a normal emotional reaction to a perceived
threat in the dental setting (Klingberg & Broberg, 2007). Dental anxiety is defined as a more
general state of anticipatory concern related to dental treatment. Dental phobia is a severe
(pathological) form of dental fear and dental anxiety, and is defined as a disproportional
fear of (invasive) dental procedures (American Psychiatric Association, 2000). According
to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5; APA 2013, pp 298)
dental phobia is classified as a specific phobia, an anxiety disorder that is characterized
by: a) a marked and disproportional fear within an environmental or situational context
to the presence or anticipation of a specific object or situation; b) exposure to the phobic
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Chapter 1

stimulus provokes an immediate anxiety response, which may take the form of a situation-
ally bound panic attack; c) the person recognizes that the fear is out of proportion; d) the
phobic situation(s) is avoided or else is endured with intense anxiety or distress; e) the
avoidance, anxious anticipation or distress in the feared situation(s) interferes significantly
with the person’s normal routine, occupational (or academic) functioning, or social activi-
ties or relationships, or there is marked distress about having the phobia. Furthermore, the
symptoms for all ages must have a duration of at least 6 months.

Prevalence of dental anxiety and dental phobia

It is assumed that dental fear, dental anxiety and dental phobia may develop from childhood
(Locker, et al., 1999; Ost, 1987) to adulthood (Oosterink et al., 2009; Locker et al., 1999). A
review article analyzing the literature on dental anxiety of the past 50 years found no clear
answer to the question as to whether the prevalence of dental anxiety has increased or
decreased over the last decades (Smith & Heaton, 2003). Yet, it has been found that about
25%-40% of the adult population in Western societies, including The Netherlands, report
moderate dental anxiety (Halonen et al., 2014; Singer et al., 2012; Oosterink et al., 2009)
and 5%-18% of the population, suffers from high levels of dental anxiety, depending on the
sampling methods, specific measures and cut-off points used (Hill et al., 2013; Humphris &
King, 2011; Armfield, 2010; Nicolas et al.; 2007; Schuller et al., 2003; Locker, 2003; Hakeberg
et al., 1992), whereas 2%-4% suffers from dental phobia (Oosterink et al., 2009; Stinson et
al., 2007; Fredrikson et al., 1996).

Association of dental anxiety with socio-economic background variables

On average, women report higher levels of dental fear and anxiety than men (e.g., Humphris
& King, 2011; Oosterink et al., 2009; Schuller et al., 2003; Stouthard & Hoogstraten, 1990),
but women do not fulfill the screening criteria for dental phobia more frequently than men
(Oosterink et al., 2009; Fredrikson et al., 1996). With respect to level of education, contra-
dictory findings are reported in several studies. Some studies indicated that individuals with
a low level of education are more likely to report a high level of dental anxiety compared
to those with a higher level of education (e.g., Erten et al., 2006), but other studies failed
to find such an association (Vassend, 1993; Stouthard & Hoogstraten, 1990). Furthermore,
a high level of dental anxiety and dental phobia has been found to be associated with ir-
regular dental care or avoidance of dental care (Hill et al., 2013; Armfield, 2013; Armfield
et al., 2007), a deteriorating oral health (Schuller et al., 2003; Stouthard & Hoogstraten,
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General introduction

1990), a lower health related and generic quality of life (Vermaire et al., in press; Vermaire
et al., 2008; Mehrstedt et al., 2007) and a negative impact on social life (Cohen et al., 2000).
Thus, it is clear that high levels of anxiety or dental phobia can negatively affect peoples’
wellbeing.

The etiology and maintenance of anxiety in general, dental anxiety and
dental phobia

Most people are familiar with the fact that distressing events tend to be well remembered
and leave behind lasting and vivid memories (e.g., MclIntyre & Roozendaal, 2007; McGaugh,
2004). Enhanced memory for disturbing events can be extremely functional, because
this mechanism helps us to remember threatening situations (McGaugh, 2004) and gives
us guidance for future actions. However, distressing experiences may also lead to highly
aversive memories, which may contribute to the development and maintenance of anxiety
and related conditions (Kindt & Soeter, 2011; De Quervain et al., 2009; Pratt et al., 2004).
Reactivation and retrieval of these disturbing memories can lead to a physical fear response
(Cuthbert et al., 2003), such as an increased heart rate (Leutgeb et al., 2011).

Also for the development of dental anxiety and dental phobia the negative affect as-
sociated with the experience of a disturbing (dental) event appears to be an important
conditioning factor which could lead to the formation of aversive memories (Humphris &
King, 2011; Oosterink et al., 2009; Locker et al., 1999; Moore et al., 1991). A limitation of
previous studies regarding aversive memories and dental anxiety is that the self-reported
content and characteristics (disturbance, emotionality and vividness) of these memories
were not examined or at least not reported. Empirical studies in other domains of anxiety
disorders found that not just the content, but also the emotional characteristics of those
memories are associated with symptom severity (e.g., Arntz et al., 2005; Berntsen et al.,
2003). Another limitation is that we do not yet know whether, and in what way, the memo-
ries of these past disturbing events play a role in the maintenance of dental trait anxiety, and
whether the characteristics of these memories are associated with current anxiety levels.
Lastly, it has not investigated as yet whether individuals who are highly anxious about the
dental situation, when confronted with their fear eliciting stimuli (for instance, an invasive
dental treatment), store more disturbing memories of this event compared to low anxious
individuals, which would not only explain the severity of individuals’ fear response, but also
the difficulties dentists sometimes face when trying to treat them. Although these results
have been found in laboratory studies, translational research in a relevant clinical setting is
lacking and greatly needed.
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Chapter 1

The heterogeneous nature of dental fear

Dental fear may not be considered as a homogeneous phenomenon, but as a collective term
for fear of one or more objects and situations present in the dental setting (e.g., Oosterink
et al., 2008; De Jongh et al., 1998). Oosterink identified 67 objects or situations within the
dental setting that were potentially fear provoking (Oosterink et al., 2008). The question is
whether this broad collection of objects or situations can be subdivided in distinct typolo-
gies that may relate to different treatment strategies. Oosterink and colleagues performed
an exploratory factor analysis on the set of 67 stimuli using a sample of a 1,000 individuals.
They identified a two-factor solution, with a first factor being an ‘invasive treatment-related
stimuli factor’, and a second being a ‘non-invasive-treatment related factor’. However, close
inspection of the results suggests that the two factors were very general in nature, with only
a modest proportion of explained variance (51.4%). In addition, a number of items showed
low factor loadings and/or low communalities. This suggests that a more complex factor
structure may be underlying the various situations and objects that make the dental setting
fear provoking for many individuals. Building on the work of Oosterink et al. (2008), Wong
and colleagues (Wong et al., 2015) conducted both an exploratory (EFA) and a confirmatory
factor analyses (CFA) on 73 items, thereby covering the same 67 potentially fear-eliciting
stimuli as well as six additional items. Their EFA revealed a seven-factor solution (dental
check-up, perceived lack of control, clinic environment, injection, scale and drill, surgery
and empathy) that explained 71.3% of the total variance. However, in this study the sample
was relatively heterogeneous and the number of individuals included in the EFA and the CFA
was low relative to the number of items, which potentially reduces the generalizability of
the results. Therefore, replicating the analysis using a larger and heterogeneous sample is
likely to provide better insight in the distinct typologies underlying the construct of dental
fear. This may be important for research, for the proper assessment of varying subtypes of
fears, and for the development of appropriate treatment strategies (De Jongh et al., 2011).

Fainting or dizziness during dental treatment

In the DSM-5 dental phobia is classified as a specific phobia of the Blood-Injection-Injury
(B-I-1) subtype (APA, 2013), a phobia subtype that is characterized by a negative response
to blood, needles, injuries and invasive medical procedures (APA, 2013). According to the
DSM-IV-TR (APA, 2000) the unique characteristic of B-I-l phobia is that a part of the individu-
als suffering from this condition display a strong vasovagal response following exposure to a
phobic stimulus, which induces feelings of dizziness and an increased likelihood of vasovagal
fainting (Page, 1994; Ost et al., 1984). This response is opposite to the normal cardiac re-
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sponse observed in individuals with any other specific phobia, who show only an increase in
heart rate, without the subsequent feelings of dizziness or fainting (e.g., Elsesser et al., 2006).
Despite the fact that certain types of dental treatment can be considered as an invasive
medical treatment (for instance extractions or placing dental implants), based upon clinical
experience it is doubtful whether many dental phobics suffer from such a typical vasovagal
fainting response (e.g., Leutgeb et al., 2011) as was suggested by the current classification
of dental phobia within DSM-IV-TR (i.e., “Specific Phobias of the Blood-Injection-Injury Type,
may have detrimental effects on dental and physical health, because the individual may
avoid obtaining necessary medical care”, page 446, APA, 2000)”. In other words, we found it
of importance to investigate whether the current classification of dental phobia, as part of
the B-I-I cluster, could be justified.

Gagging during dental treatment

Gagging during dental treatment has often been found to severely interfere with dental
treatment and may, therefore, be considered a barrier to successfully complete dental treat-
ment. Using a MEDLINE-PubMed search with the themes: “gag reflex dentistry”, “gag reflex
dental”, “gagging dentistry” or “gagging dental” we found that since 1953 only about 200
articles were published about gagging and dentistry. This shows that gagging during dental
treatment is still a relatively unexplored area of dental research. A significant part of these
studies appeared to include case reports (e.g., Packer et al., 2005), articles about patient
management (e.g., Sari & Sari, 2010), and small case-control studies examining differences
between gaggers on non-gaggers (e.g., Akarslan & Erten, 2010). However, basic information
such as the prevalence rate of dental-treatment related gagging, and its possible socio-
demographic correlates (i.e., gender, age, country of birth and level of education) of gagging
in the general population proved to be greatly lacking. Also the question whether gagging
during dental treatment would be associated with higher levels of dental anxiety and
greater avoidance of dental care has not yet been resolved. To this end, until now only one
study properly investigated dental attendance patterns in individuals with and without gag-
ging problems showing no differences in visit frequency between gaggers and non-gaggers
(Akarslan & Yildirim Bicer, 2013). Some studies showed that individuals who suffer from an
excessive gag reflex experience the dental treatment as more fearful than those without
severe gagging problems (Akarslan & Yildirim Biger, 2013; Uziel et al., 2012; Winocur et al.,
2011; Akarslan & Erten, 2010), although other studies failed to find such a difference (Van
Linden van den Heuvell et al., 2008). Yet, it is also still unknown whether the increased levels
of dental anxiety reported by those who suffer from gagging could best be explained by fear
of certain stimuli specifically related to gagging (e.g., intraoral stimuli; Bassi et al., 2004),
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typical dental objects and situations (e.g., pain, injections or the sound of the drill; Oosterink
et al., 2009), or to an underlying general vulnerability factor.

Heritability of anxiety and phobia

Besides exposure to a distressing situation, there are two other pathways through which
dental fears and dental anxiety (Oosterink et al., 2009) can be acquired (i.e., vicarious ex-
posure and transmission of information and instruction; Rachman, 1977). But, these three
pathways of fear alone do not always (e.g., King et al., 1998) or completely (e.g., Oosterink
et al., 2008) explain why dental fears and phobias develop. Several authors claim that, in
addition to Rachman’s theory of fear acquisition (Rachman, 1977), a fourth pathway exists,
namely a non-associative path (Poulton & Menzies, 2002). According to the non-associative
theory of fear acquisition (Poulton & Menzies, 2002) some fears and specific phobias would
be the result of innate fears shared by all humans. Besides, several authors state that some
adults develop specific phobias because they either have an enhanced genetic liability to
fear specific situations or have a deficit in the (probably genetically given) mechanisms to
dispose themselves of fear responses (e.g., habituation or desensitization; Poulton & Men-
zies, 2002; Mineka & Ohman, 2002). Moreover, it has been suggested that for a number of
specific phobias familial factors, which are partly genetic, influence the risk of developing
specific phobias (Kendler et al., 1999).

Studies that tried to quantify the variance in a population due to genetic, shared envi-
ronmental (i.e., family), and unique environmental (i.e., individual specific) influences for a
certain trait or disorder are twin studies. These studies are a valuable source of information
about the genetic basis of complex traits (Boomsma et al., 2002) by providing heritability
estimates for a specific phenotype. In general, anxiety disorders have been found to be
moderately heritable (Hettema et al., 2001). A meta-analyses of data from family and twin
studies of several psychiatric disorders, including phobias, explored the role of genetic and
environmental factors in the etiology of these conditions (Hettema et al., 2001). Strong sup-
port was found for a familial risk (i.e., a familial component to fears and phobias) for phobic
disorders. In addition, phobias were found to be moderately heritable with an estimated
heritability in the range from 20%-40%, depending on the type of phobia (Hettema et al.,
2001). However, in this study the specific phobias were grouped together with the other
main categories of phobias (e.g., agoraphobia), making it difficult to estimate the explained
variance by genetic factors for a subtype of specific phobia per se (Hettema et al., 2001).
Until now, only one study provides information about the estimated heritability of dental
anxiety in an adult population (Vassend et al., 2011). The results showed that dental anxiety
is moderately heritable. Since this study was conducted among a relatively small sample
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General introduction

of adult twins, replicating this study in a large sample of adult twins may give us additional
information about the genetic liability to develop dental anxiety.

Conclusion and outline of this thesis

The literature presented above shows that the mechanisms underlying the etiology of
dental anxiety and dental phobia are not completely understood. In addition, a limited
amount of literature (showing contradictory results or gaps in knowledge) is available that
pertains to dental treatment related fainting and gagging. Therefore, the purpose of this
thesis is to increase the currently available knowledge about dental anxiety and dental
phobia, as well as dental treatment related fainting and gagging. In order to achieve more
insight in the aforementioned topics six studies are presented covering these topics. Yet,
two important notes should be made here regarding the content of my dissertation. The
first note concerns the original goal of my Ph.D. track. At the start, one of the main goals
was to examine whether a deletion variant of one candidate gene, i.e., the ADRA2B-gene
encoding the alpha-2B adrenergic receptor in de amygdala (e.g., De Quervain et al., 2007),
would be more prevalent among individuals with high levels of dental anxiety than among
those with average levels of dental anxiety. The main reason for this was the publication of
a study, showing that individuals with the deletion variant compared to individuals without
this deletion variant not only had a substantial enhancement of emotional memory for posi-
tive and negative pictures, but also increased re-experiencing symptoms of posttraumatic
stress disorder (De Quervain et al., 2007). Our research group was interested in solving
the question as to whether individuals with high anxiety levels would show enhanced
emotional memory for events underlying their dental anxiety, and also whether they would
be more likely to possess the deletion variant of the ADRA2B-gene than their low anxious
counterparts. However, the inclusion of a sufficient large number of individuals with high
levels of dental anxiety or dental phobia to conduct proper DNA-analyses during the period
of my Ph.D. program turned out to be too time consuming because of the large drop out
of participants. Consequently, my thesis does not contain data about the relation between
ADRA2B-gene and the presence of enhanced emotional memory for experiences that are
supposed to underlie their dental anxiety. Just before finishing my thesis, a large part of
the collected DNA-samples collected over a period of 6 years could finally been analyzed.
Unfortunately, the majority of the samples that were analyzed appeared to not contain
enough DNA to perform further DNA-analysis.

The other important note relates to the fact that during my Ph.D. program we were
given the ability to start a collaboration with the Netherlands Twin Register (Boomsma et
al., 2006). Our aim was to collect data regarding dental anxiety, dental phobia, fainting and
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gagging during dental treatment in order to get insight in the heritability estimates of these
traits. However, again collection of sufficient data to conduct proper twin analyses appeared
to be very time consuming and complicated. Therefore, it was not feasible to include any
data about heritability estimates of dental anxiety, dental treatment related fainting and
gagging in my PhD thesis.

The six studies included in my thesis are presented in the following order:

In Chapter 2 an overview is provided of studies conducted in the field of heritability
which were aimed to (1) gain insight into the background of heritability studies of specific
phobias and corresponding fears; (2) develop a better understanding of the genetic liability
to develop fears and phobias; and (3) to provide clues for future research regarding the
heritability of specific phobias and corresponding fears.

In Chapter 3 the results are described of an exploratory and a confirmatory factor analy-
sis that were carried out among a large population-based sample. These were aimed to
explore 1) the conceptual structure of dental fear and 2) to develop a descriptive framework
for the classification of dental fear.

The results of a study that aimed to get more insight in the development and mainte-
nance of dental trait anxiety are presented in Chapter 4. In that study the presence, content
and characteristics of memories of events that initiated or exacerbated dental anxiety were
assessed, as well as the relationships between current levels of dental trait anxiety and some
key features of these memories. The study used a semi-structured interview and included
dental phobics, subthreshold dental phobics, and normal controls.

Whereas Chapter 4 focusses on the etiology and maintenance of dental trait anxiety,
Chapter 5 focusses on dental state anxiety during dental treatment and the formation of
memories of dental treatment. For the purpose of this study, a subsample of individuals
investigated for the study presented in Chapter 4 with either high or low levels of dental trait
anxiety were exposed to an invasive dental treatment. Immediately after this treatment,
and at two-week follow-up, the memory characteristics of both groups were assessed and
compared. The possible association between dental state anxiety and characteristics of the
memory was assessed and explained in the light of laboratory studies on memory formation
and memory retrieval.

The aim of the study presented in Chapter 6 was to determine the co-occurrence of
dental phobia, typical dental (and B-I-I related) fears, vasovagal fainting, and avoidance of
dental care in a large sample of individuals. Also the conceptual validity of dental phobia
as part of the Blood-Injection-Injury (B-I-1) phobia subtype within DSM-IV-TR is discussed.

Research about dental-treatment related gagging describes large gaps in the existing
knowledge on this phenomenon. Therefore, the purpose of the study presented in Chapter
7 was to supplement the existing information about gagging during dental treatment. The
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aims of the study were to derive a prevalence estimate of gagging during dental treatment
in a large sample, to investigate some socio-demographic and psychological correlates of
gagging, and the relationship between gagging and self-reported oral health and avoidance
of dental care.

In Chapter 8 a general discussion and summary are presented as well as practical and
theoretical implications and suggestions for future studies.

This thesis is based upon four publications in peer reviewed journals and two research
articles that are submitted for publication. The information in some of the publications or
submissions shows overlap or is redundant. Therefore, all abstracts were removed and the
text was uniformed as much as possible.
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Introduction

It is estimated that more than 40% of the general population suffers from one or more fears
of a specific object or situation at some times in their lives (Oosterink et al., 2009; Depla
et al., 2008; Curtis et al., 1998). If a fear becomes excessive or unreasonable it is termed a
phobia (American Psychiatric Association, 2000). Specific phobia is an anxiety disorder that
is defined as an unreasonable or irrational fear which has a significant negative impact on
daily living (APA, 2000). With life-time prevalence rates of over 10% (LeBeau et al., 2010;
Kessler et al., 2005), specific phobias are the most prevalent group of mental disorders. A
specific phobia is a common, long lasting, often chronic anxiety disorder (Depla et al., 2008;
Goisman et al., 1998), associated with serious impairment (Oosterink et al., 2009; Alonso
et al., 2004; Magee et al., 1996) that represents a serious public health problem with a sub-
stantial economic burden (Alonso et al., 2004; Greenberg et al., 1999; Robins et al., 1984).

The DSM-IV-TR (APA, 2000) distinguishes five main categories or subtypes of specific
phobia: animal type, natural environment type, situational type, blood—injury—injection
type, and “other” type. The subtypes of specific phobia differ in terms of prevalence, sex
distribution and age of onset. Women appear to have higher prevalence rates of fears and
specific phobias in general than men (Oosterink et al., 2009b; Lipsitz et al., 2001; Fredrikson
et al., 1996; McNally, 1994). In the natural environment, animal, blood—injury subtype and
other type (i.e., emetophobia (“vomiting phobia”); Czajkowski et al., 2011; Depla et al.,
2008; Lipsitz et al., 2001) the age of onset varies between 8 and 13 years, while in the
situational subtype this appears to be higher (14-15 years; Depla et al., 2008).

There is a common theory that the development of fears and specific phobias can best be
understood by application of the behavioral paradigm or classical conditioning model; that
is, the pairing of an indifferent stimulus, conditioned stimulus (CS) with an unconditioned
stimulus (US) which automatically evokes a fear response (e.g., Davey, 1997). Conditioning
theories state that objects and situations which are irrationally feared, resemble previous
distressing experiences (e.g., pain). Yet, not all phobia subtypes develop according to the
principle of classical conditioning alone. For example, animal phobias (e.g., spiders, mice,
bats, etc.), and phobias of the natural environment type (e.g., water phobia), have not been
found to be the result from experiences associated with pain or terror (Menzies & Clarke,
1993). An influential model concerning the development of fears and phobias states that
specific phobias are not only acquired through traumatic conditioning experiences, but also
through transmission of information and observational learning (Rachman, 1977). For some
fear and specific phobia subtypes, the contribution of these pathways does not appear to
be substantial or is even lacking (e.g., King et al., 1998). A study that aimed to maximize
the prediction of a current specific phobia diagnosis by using combinations of distressing
experiences, including those based on modeling and negative information, show that these
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accounted for less than 50% of the variance (Oosterink et al., 2009). Such findings cast
doubt on the validity of conditioning, modeling, and information pathways as the sole ex-
planation of how specific phobias develop, and have inspired others to develop a so-called
non-associative account of phobic etiology (Poulton & Menzies, 2002). This theory assumes
that a number of fears have an evolutionary background and pertain to stimuli that once
posed a challenge to the survival of mankind.

The observation that conditioning processes are not always necessary for the acquisition
of a fear and thus for a number of specific phobias implies that other innate factors, includ-
ing genetic susceptibility, may play a role in the development of specific phobias (Hettema,
Neale & Kendler, 2001). The model that describes this combination of genetic and environ-
mental influences is the diathesis-stress model of illness (Monroe & Simons, 1991). This
model attempts to explain behaviors or psychological disorders as a result of the interaction
of genetic vulnerability or predisposition (diathesis) with the environment and life events
(stressors). According to this classical model, there is an inverse relationship between the
level of genetic liability and the level of onset-related environmental stressors (Jang, 2005).

To determine whether there is a familial component to fears and phobias, studies have
been conducted that showed aggregation within families (Depla et al., 2008; Hettema et al.,
2001; Fyer et al., 1995). Once familial aggregation is observed, twin or adoption studies test
to what extent familiarity is explained by shared genetic factors or shared family environ-
ment. In twin studies the resemblance of monozygotic (MZ) and dizygotic (DZ) twin pairs is
compared. Identical or monozygotic (MZ) twins, being male—male (MM) or female—female
(FF) pairs, share (nearly) 100% of their genes, while non-identical or dizygotic (DZ) twins,
which can be MM, FF or MF (male—female or opposite sex, OS) share on average 50% of
their segregating genes. The variation in liability to a disorder or trait can be described to
four potential sets of effects: additive genetic effects (A), non-additive or dominant genetic
effects (D), family or common environmental effects (C; e.g., events, conditions or experi-
ences that are common to all members of a household) and individual specific or unique
environmental effects (E; e.g., individual events). A, D and C all contribute to resemblance
of MZ and DZ twins, whereas E does not. Since MZ twins are (nearly) genetically identical,
any differences between them will be the result of non-shared environmental factors. If the
correlation in MZ twins exceeds the correlation in DZ twins this indicates additive genetic
effects on this trait or disorder, and if the correlation in MZ twins is more than twice the
correlation in DZ twins there is also evidence for non-additive genetic influences (D). Shared
environmental factors, on the other hand, will cause the same degree of resemblance in MZ
and DZ twins, because both types of twins share these environmental factors to the same
extent. Based on these principles, it is possible to disentangle the effects of non-shared
environmental, shared environmental and genetic factors on a trait.
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A meta-analysis, conducted more than 10 years ago, suggested that phobias are mod-
erately heritable with an estimated heritability ranging from 20% to 40% (Hettema et al.,
2001). However, in this study within each of the individual categories, specific phobias were
grouped together with the other main categories of phobias (i.e., social phobia, generalized
social phobia, and agoraphobia), making it difficult to estimate the variance explained by
genetic factors for specific phobia per se (Hettema et al., 2001). To provide an overview
and update of the current knowledge regarding the heritability of specific phobias and their
corresponding fears, the aims of this study are (1) to review the current literature of twin
studies regarding the genetic basis of specific phobias and their corresponding fears and (2)
to conduct a meta-analysis of published twin studies in order to provide an estimate of the
genetic and environmental influences of the different subtypes of specific phobias and fears.

Methods

A systematic search of the published literature (MEDLINE-PubMed) was conducted for all
studies published between 1967 and April 2012 to select relevant twin studies describing
the heritability of specific phobias and their corresponding fears. Combinations of the fol-
lowing search themes were used: “fear, genetic(s)”; “phobia, genetic(s)”; “fear, heritability”
and “phobia, heritability”. Abstracts of these search results were examined and relevant full
text articles were retrieved for review. The reference lists and citations were examined to
identify any eligible report not previously located through the database search.

Criteria for inclusion and exclusion of relevant articles were determined a priori and
assessed. Articles were included when they described a twin study in an adult population
and contained information on estimated heritability of any fear or specific phobia subtype.
Studies reporting on other anxiety disorders (e.g., panic disorder with/without agorapho-
bia) were included only when a fear or specific phobia was reported as a comorbid anxiety
disorder and when data on estimated heritability were available for inclusion. Articles that
aimed to describe specific phobias, but which used a fear measure, such as the Fear Ques-
tionnaire (Fredrikson et al., 1996) rather than a psychological assessment procedure, like
the Structured Clinical Interview for DSM Disorders (SCID; First et al., 2002) or Composite
International Diagnostic Interview (CIDI; Robins et al., 1988), are described separately. We
excluded studies that depended on electrodermal skin conductance (i.e., Hettema et al.,
2003) or other non-specific diagnostic tools without additional psychological assessment.
Literature reviews were excluded. Studies including only social phobia or agoraphobia
without co-morbid specific phobias were excluded as these phobias do not belong to the
category of specific phobias according to DSM-IV-TR (APA, 2000). Furthermore, studies mea-
suring the stable component of heritability across assessment times (Kendler et al., 1999)
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were excluded since these stand apart from the single assessment studies, and already
represents a type of ‘meta-analysis’ obtained by structural equation analysis as applied to
a measurement model. Studies using a rater-bias model (Kendler et al., 2008) were also
excluded since the heritability obtained thereby is not comparable to those obtained from
standard twin studies. Candidate gene studies and genetic association studies (regarding
the effects of specific genes on a trait, rather than estimates of heritability) were beyond the
scope of this review and were therefore excluded.

From each included study, whenever possible, the lead author, year of publication,
demographics, sample size, fear or specific phobia subtype, assessment instrument, cor-
relation in MZ and DZ twins, heritability estimates and best fit model were extracted. A
meta-analysis was conducted for different fears and specific phobia subtypes (i.e., animal,
situational, blood—injury—injection and miscellaneous) by averaging the estimates of the
additive genetic (A), dominant genetic (D), common environmental (C), and unique envi-
ronmental (E) variance components estimates weighted by the sample size according to
Sutton (Sutton et al., 2000; see also Verweij et al., 2010; Li et al., 2003) in order to give
more powerful studies greater influence. Calculations were conducted in Microsoft Office
Excel2007. Estimates were made separately for each phenotype (fear or specific phobia
subtype) when at least two independent studies estimated a variance component for that
phenotype. Forest plots could not be created since only a limited number of studies (i.e.,
for fear Vassend et al., 2011; i.e., for specific phobia subtypes Kendler et al., 2002; Kendler
et al., 2001) reported the necessary information. If studies were based on the same cohort
and also reported heritability estimates of the same specific phobia subtype (i.e., Hettema
et al., 2006; Hettema et al., 2005; Kendler et al., 2003), the study with a focus being most
in line with the scope of our review was selected and included in the meta-analysis (i.e.,
Hettema et al., 2005). Reported estimated heritabilities of the non-specified “any phobia”
category were excluded. One study was excluded, because the phobia subtypes investi-
gated did not relate to any official specific phobia subtype (i.e., blood—needle—hospital and
blood—needle—hospital-iliness; Neale et al., 1994). Due to the scarcity of studies on fear
and phobia subtypes for which the male—female ratio was reported, it was not possible to
conduct separate meta-analyses for the heritability in both sexes.

Results

General

The search themes “fear, genetic” identified a total of 1356 manuscripts, “fear, genetics”
identified 2255 hits, “phobia, genetic” identified a total of 308 hits, and “phobia, genetics”
identified 424 hits. “Fear, heritability” produced 29 hits and “phobia, heritability” 31 hits.
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The search strategy resulted in 4403 titles. After screening 15 articles were included. Ten of
them were included in the meta-analysis. The study selection process is detailed in Fig. 1.
Five articles met our inclusion criteria for a fear study. Table 1 summarizes the characteristics
of the eligible studies on fears. Ten articles fulfilled the criteria for a specific phobia study.
In Table 2 the characteristics of the eligible studies on specific phobias are characterized.
No adoption studies on fears and phobias were found. No additional articles were found by
consulting publications cited by other articles and reference lists of other articles.

Retrieved articles (n=4403)

Excluded (n =4364) because it was no twin
study, or it was a study about physical
disease, genetic association, candidate
genes, a case report, an animal study, an
age below 18, a non-English language or a
duplicate

Full text screening (n=35)

Excluded studies and reasons (n=20)

No structural equation modeling (n=7)
No seperate heritability estimates of
specific phobias (n=6)

No standard twin design (n=3)

No original data (n=4)

y

Total number of studies
included in review on fear
(n=5) and specific phobia

(n=10)

Excluded studies and reasons (n=5)
Overlapping samplles (n=2)

Not an official specific phobia
subtype (n=1)

Any category (n=2)

y

Total number of studies
included in meta-analysis
on fear (n=5) and specific

phobia (n=5)

Fig. 1. Flowchart of studies included in review and meta-analysis
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Twin studies of fears

Table 1 summarizes results from the five twin studies on fears. All of the studies included
both genders. Two studies tested for qualitative sex effects (i.e., genetic factors that influ-
ence a trait are at least partially distinct in males and females), and quantitative sex effects
(i.e., the same genetic factors impact to different degrees in males and females) (Distel et
al., 2008; Kendler et al., 2008). A total of four studies used a population-based sample; one
study was based on a clinical sample (Skre et al., 2000).

Page and Martin (1998) investigated the relative genetic and environmental contribu-
tions of three sets of variables to blood—injury—injection fears. Univariate analyses showed
that with respect to blood fears nearly one third (29%) of the variance could be explained
by unique environmental factors, and that the remaining part was associated with factors
shared by family members.

In 2000, Skre et al. published a study using a relatively small clinical sample to examine
the genetic and environmental contribution to common fears. For all the fear subtypes,
except the combination of natural environment and situational fears, the correlations in MZ
twins exceeded the correlations in DZ twins, suggesting the influence of genetic factors. It
is difficult to evaluate the significance of these findings due to the low number of twin pairs
and the absence of a comparison group from the general population.

Using a longitudinal study, Kendler et al. (2008) assessed the development of fears from
adolescence to adulthood. Genetic and environmental risk factors for individual fears were
found to be partly mediated through a common fear factor. With increasing age, total heri-
tability for all four specific fears declined, but genetic influences on fears tended to be more
specific in their effect. The best fit models had no quantitative or qualitative sex effects.

In a study of the Netherlands Twin Registry, Distel et al. (2008) examined the genetic
and environmental influences in a large sample of Dutch twins on blood—injury, social and
agoraphobic fears and assessed their interaction with gender and age. No sex differences
were found in the influence of genetic effects. Genetic effects contributed to individual dif-
ferences in blood—injury fears, with a broad-sense heritability estimate (i.e., additive plus
non-additive genetic factors) of 36%. For all fears, there was support for a contribution of
non-additive genetic influences. There was no evidence for genotype x sex interactions.

Vassend et al. (2011) examined dental anxiety in relation to neuroticism and pain sensitiv-
ity in a relatively small sample. Dental anxiety proved moderately heritable. A considerable
overlap between the factors that influence individual variation in neuroticism, and those
that affect liability to dental anxiety was found. Because of the low statistical power it is
difficult to evaluate the significance of these findings.
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Twin studies of specific phobias

Table 2 summarizes the results from ten twin studies on specific phobias that met the inclu-
sion criteria. Of these studies, five included only women in their sample; one included only
men and four were based on data from both males and females. All of the studies were
population-based. The studies of Kendler et al. (1992), Kendler et al. (1993b), Neale et al.
(1994) and Kendler et al. (1995) were based on the same sample of female twin pairs from
the Virginia Twin Registry. The studies of Kendler et al. (2003), Hettema et al. (2005) and
Hettema et al. (2006) reported on the same sample of male and female twins from the Vir-
ginia Twin Registry. Note that, while these studies report heritability estimates for partly the
same traits based on the same or overlapping samples, the estimates differ slightly between
studies because of differences in the models from which these were derived.

A large study examined the genetic epidemiology of phobias in female twins (Kendler et
al., 1992). The results of the multivariate genetic analyses showed strong evidence support-
ing the presence of genetic and environmental risk factors unique to each phobia subtype,
but also of genetic and environmental risk factors that would influence all phobia subtypes.

Kendler et al. (1993b) published another study based on the same sample with a similar
design as in the study described above (Kendler et al., 1992). Their purpose was to test
the equal environment assumption (i.e., the assumption that MZ and DZ twins are equally
correlated for their exposure to environmental influences that are of etiologic relevance of
a certain trait) in five common psychiatric disorders. The results in this study supported the
equal environment assumption in these conditions.

Using a telephone interview, Neale and his colleagues (1994) investigated a condition
termed “blood, needles, hospitals and illness (BNHI) phobia”. Unfortunately, it was not pos-
sible to choose a best fitting model, due to small differences in fit. The only model that was
rejected was that of only unique environmental factors.

Kendler et al. (1995) examined the interrelationship between genetic and environmental
risk factors for six psychiatric disorders (for study design, see Kendler et al., 1992). For spe-
cific phobia, the role of familial environment appeared to be of little importance.

Another population based study examined the sources of individual differences in risk
of developing phobia subtypes in male twins (Kendler et al., 2001). Multivariate analyses
suggested the presence of genetic and individual-specific environmental etiologic factors
common to all phobia subtypes. Additionally, for each phobia subtype evidence was found
for the presence of genetic and unique environmental factors specific to that phobia.

A similar study from the same research group examined sex differences in fears and
phobias (Kendler et al., 2002). The low DZ-OS correlations (Table 2) suggested sex differ-
ences in these specific phobia subtypes. Although no support was found for the presence
of quantitative and qualitative sex effects for animal phobia, the authors suggested for situ-
ational and blood/injury phobia the presence of qualitative sex effects.
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Another study of Kendler et al. (2003) investigated lifetime diagnosis for 10 psychiatric
syndromes in more than 5600 MZ and DZ male and female twins. No sex differences were
found in the underlying structure of genetic and environmental risk factors.

Hettema et al. (2005) studied the liability of two subcategories of specific phobias: ani-
mal and situational. The pattern of genetic and environmental risk factors did not appear to
differ significantly between both sexes.

In another study by Hettema and his colleagues the relationship between neuroticism
and internalizing was examined (Hettema et al., 2006). The results of the multivariate analy-
ses showed that in specific phobia condition-specific genetic and condition-specific unique
environmental factors were substantial. The genetic correlation between neuroticism and
animal phobia and situational phobia was 0.58 and 0.74, respectively. Effects were roughly
the same in men and women.

Czajkowski et al. (2011) published a population-based study about the structure of
genetic and environmental risk factors for phobias in women. Co-occurrence between
phobia subtypes could be explained by two common liability factors. Genetic risk factors for
complex phobias and animal phobias were largely distinct.

Meta-analyses of twin studies

Table 3 shows the results of the meta-analyses. Results for fears in the meta-analyses of
parameters of h? (heritability), c> (common environment) and e” (unique environment) were
derived from five independent studies (Vassend et al., 2011; Distel et al., 2008; Kendler et
al., 2008; Skre et al., 2000; Page & Martin, 1998). For specific phobias results were included
from five independent studies (Czajkowski et al., 2011; Hettema et al., 2005; Kendler et al.,
2002, 2001, 1992). For fears estimated heritabilities were calculated for the animal, blood—
injury—injection and miscellaneous categories. For specific phobias estimated heritabilities
were determined for the animal, situational and blood—injury—injection subtypes. As none
of the studies contained data about the natural-environment and the ‘other’ specific phobia
subtypes, these categories are absent in Table 3. The highest mean heritability (+tSEM) for
fear subtypes was found for animal fear (45% + 0.004), and the highest mean heritability for
the specific phobia subtypes that was identified was for the blood—injury—injection subtype
(33% + 0.06).

Discussion

The present study sought to go beyond the limitations of a prior review and meta-analysis
that did not distinguish specific phobias from other types of phobias (Hettema et al., 2001),
and attempted to derive a current estimate of the heritability of fears and specific phobia
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subtypes. Since the study of Hettema et al. (2001) only five publications reporting heritabil-
ity estimates on specific phobias, and three reporting heritability estimates on fears were
published. As far as we know, no review pertained to heritability estimates of fears alone.

The results of our study suggest that specific phobias and their corresponding fears are
moderately heritable with rates that vary across subtypes. The estimated heritability of
fears and specific phobias falls within the range of 0-71% with the lowest estimate for the
miscellaneous fear subtype (0%), and the highest estimates for the category of blood—in-
jury—injection fears (71%) and phobias (63%; Table 3). The data converge on the conclusion
that there is familial vulnerability to the phenotypic expression of particular types of fears
and specific phobias. Other than additive genetic effects, unique environmental effects
appear to explain most of the variance, whereas the influence of common environmental
effects seems to be relatively modest. In this respect it is important to note that the data on
estimated heritability of fears are not to be much different from those on phobias. This is on
par with findings of research aimed at delineating the multidimensional structure of fears
suggesting that the structure of subclinical fears can be inferred from the DSM classification
of phobia subtypes and that fears and phobias are two observable manifestations of a fear
response along a single continuum (De Jongh et al., 2011).

Findings of this meta-analysis are largely in line with those derived by Hettema et al.
(2001), albeit they found somewhat more variation with regard to the influence of additive
genetic effects compared to the present study. One possible explanation for the differences
between the heritability estimates of both meta-analyses relates to sample characteristics
of the studies being reviewed. For example, the present review included “pure” samples
of individuals who met DSM criteria for specific phobias, in contrast to samples of specific
phobia that were grouped together with social phobia and/or agoraphobia (e.g., Tambs
et al., 2009). A second explanation for the differences with the previous review relates to
the fact that many studies used diagnostic instruments that are incapable of assessing the
diagnostic features of specific phobia. For this reason, relatively stringent criteria for distin-
guishing between fears and specific phobias were applied in the present study.

The results of the present study suggest that unique environments, such as conditioning
events, personal life events and other personal psychosocial stress factors, can have robust
influences on the development of phobias. This mirrors earlier findings (Gregory et al., 2008;
Hettema et al., 2001), and investigations on the concept of neuroticism (Eysenck & Eysenck,
1975), and the presence of a human fear conditioning trait (Hettema et al., 2003). These
views predict that there are individual differences in the tendency to respond to exposure to
a certain event (Andrews et al., 1994; Carey, 1990). According to this line of reasoning, the
underlying genetics of specific phobias would explain why one individual reacts with more
worry and catastrophic expectations and associated arousal during a conditioning experi-
ence than another, and how this makes some individuals more vulnerable to acquire a fear
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or specific phobia than others. Thus, genetic factors may moderate the effect of individuals’
confrontations with a phobic stimulus by influencing the extent to which fear associations
are acquired, a process that may depend on the type of fear or specific phobia involved. This
view is supported by the results of a study among 173 same sex twin pairs (90 MZ and 83
DZ) using a fear conditioning paradigm during which pictures of spiders and snakes as well
as of triangles and circles were paired with mild electric shocks (Hettema et al., 2003). The
fear conditioning process was found to be moderately heritable, accounting for 35-45% of
the variability in electrodermal skin conduction. Further, the authors found some support
for the notion that the heritability of the fear response to evolutionary fear-relevant stimuli
spiders and snakes is higher than to geometric shapes. This would be in line with evolution-
ary theories predicting that people are primed to automatically and selectively attend to
specific stimuli that are important to survival, thereby making these fears easily conditioned
and relatively difficult to extinguish (LoBue et al., 2010; Menzies et al., 1998; Menzies &
Clarke, 1995). According to Menzies and Clarke’s non-associative model of fear acquisition,
fears of long-standing natural dangers to the species (e.g., height phobia) can be acquired
without any direct conditioning, whereas direct conditioning would play a prominent role
in fears of relatively recent stimuli, such as motor cars (in the case of driving phobia), dental
drills (in the case of dental phobia), airplanes (in the case of flight phobia) and hypodermic
needles (in case of injection phobia), for which evolution has not yet have directly protected
the species. According to this model, the latter stimuli should have the highest conditioning
rates according to this model (Menzies & Clarke, 1995). Unfortunately, the present data are
insufficiently detailed and too scarce to provide support for this hypothesis.

In general, women report higher prevalence rates of fears and specific phobias than men
(Oosterink et al., 2009; Oosterink et al., 2009; Lipsitz et al., 2001; McNally, 1994). However,
no support was found for the presence of sex differences in genetic contribution to fears
and specific phobias. The failure to detect sex differences for anxiety disorders maybe due
to limited statistical power of the studies (Kendler et al., 2002), but may also be considered
as evidence for the contention that the same genes affect fear in men and women (Distel
et al.,, 2008).

Several potential limitations of this study should be noted. First, the lack of power in
some studies threatened their internal and external validity. For instance, in the study of
Neale et al. (1994) only 124 subjects suffered from a specific phobia and only 11 of them
reported an ‘iliness phobia’. Second, the DSM category of specific phobias is a diagnostically
heterogeneous class of conditions, even within the subtypes. This is particularly relevant
when one considers how fears have been grouped in previous genetic studies (e.g., Kendler
et al., 1999). For example, when evolutionarily-relevant (e.g., blood—injury) and evolu-
tionarily neutral (e.g., dental) fears are collapsed, it becomes potentially difficult to assess
heritability differences among these fears in case these would exist. Even more obscuring is
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the fact that some fears are in themselves a repository of fears that each may differ in terms
of genetic and environmental variability. An example of such heterogeneity within the fears
domain is the wide array of fears that pertain to the dental treatment setting, such as fear of
pain experience, gagging or suffocating, drilling in or extractions of teeth, receiving a dental
injection, having a root canal treatment, and 60 other potential fear-evoking objects and
situations (see Oosterink et al., 2008, for an overview). Thus, like many other fears, fear of
dental treatment might actually be the expression of a series of other underlying fears which
possess features that distinguish them from each other. Third, the heritable part of specific
phobia should be considered polygenetic (see also Stewart & Pauls, 2010; Broekman et al.,
2007, for similar arguments in relation to other types of anxiety disorders). Related to this
is the fact that specific phobia subtypes are highly comorbid with other anxiety disorders
(Trumpf et al., 2010; Tambs et al., 2009; Depla et al., 2008; Kessler et al., 2005; Curtis et al.,
1998; Magee et al., 1996; Kendler et al., 1993a), suggesting a shared genetic vulnerability
(Middeldorp et al., 2005).

Conclusions

The present paper provides a state-of-the-art overview of the available evidence on the heri-
tability of specific phobias and fears. It is a dissatisfying observation to find that data on the
genetic contribution to fears and specific phobias are still scarce. Since many of the studies
appear to represent data from the same subject populations, the meta-analysis represents
results of only few studies. In addition, only five twin studies pertained to specific phobia,
whereas the other five studies focused on the heritability of specific phobia as a comorbid
anxiety disorder. Because of these limitations it is difficult to draw definitive conclusions
on the basis of this meta-analysis. Therefore, perhaps the most notable conclusion of the
present review is the need for additional research, examining a wider array of fear and
phobia subtypes, using proper diagnostic assessment instruments, a clear sex distribution
and large sample sizes.
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Introduction

Fear of the dental treatment is a relatively common fear in the general population. About
30%-40% of the adult population in Western Societies report moderate levels of dental fear
(Halonen et al., 2014; Singer et al., 2012), while 5 to 15% indicate to suffer from high fear
levels (Hill et al., 2013; Humphris & King, 2011; Nicolas et al., 2007; Schuller et al., 2003).
High levels of dental fear are likely to induce avoidance behavior, thereby increasing the risk
of negatively affecting individuals’ oral health (Vermaire et al., 2008; Mehrstedt et al., 2007;
Schuller et al., 2003; Cohen et al., 2000; Stouthard & Hoogstraten, 1990).

Although the term “dental fear” suggests an unidimensional construct, it, in fact, en-
compasses a broad constellation of fears of objects and situations within the dental setting
(e.g., Oosterink et al., 2008; De Jongh et al., 1998). Bearing the above in mind, to optimize
treatment success, specifying individuals according to their fears of objects and situations
within the dental setting, and classifying them into distinct typologies (Milgrom et al., 1985),
is important (De Jongh et al., 2011).

To this end, Milgrom proposed a classification system consisting of dentally fearful
patients having (l) a simple conditioned fear of specific dental stimuli; (II) somatic reactions
during dental treatment; (lll) generalized anxiety states, or (IV) distrust of dental personnel
(Milgrom et al., 1985; Locker et al., 1999). However, although the authors used their broad
clinical experience to classify patients in particular fear categories, using a more sophis-
ticated method or model, to empirically identify groups of patients with similar response
patterns is warranted.

Until now, only two studies have attempted to determine the underlying structure of
fear of stimuli pertaining to different objects and situations present in the dental setting
using a statistical method. Oosterink and colleagues (Oosterink et al., 2008) performed an
exploratory factor analysis on a set of 67 stimuli present in the dental setting using a sample
of almost 1,000 individuals. They identified a two-factor solution, with the first factor being
an invasive treatment-related stimuli factor, and the second being a non-invasive-treatment
related factor. However, close inspection of the results suggested that the two factors were
very general in nature, with only modest explained variance (51.4%). A possible explana-
tion for this relatively low proportion of explained variance might be the small number of
individuals in relation to the large amount of stimuli included in the analyses. Moreover, a
number of items showed low factor loadings and/or low communalities.

Building on the work of Oosterink (Oosterink, De Jongh & Aartman, 2008), Wong and
colleagues (Wong et al., 2015) conducted an exploratory (EFA) and confirmatory factor
analyses (CFA), and performed these on 73 dental objects or situations. Their EFA revealed
a seven-factor solution (i.e., dental check-up, injection, scale and drill, surgery, empathy,
perceived lack of control, and clinic environment) explaining 71.3% of the variance. How-
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ever, the sample was relatively homogeneous as it consisted of university students with
average levels of dental anxiety and a narrow age range. Additionally, the use of statistical
procedures that create optimized linear combinations of variables using a low sample size
(i.e., 160 and 300 for the EFA and the CFA, respectively), in combination with a high number
of items, have been found to yield problematic outcomes, as these increase the probability
of errors, minimize the accuracy of population estimates, and reduce the generalizability of
the results (Osborne & Costello, 2004).

Therefore, the purpose of current study was to develop a descriptive framework for
the classification of dental fear by describing the multidimensional structure of a set of
common stimuli present in the dental setting using a large sample with a broad age range
and diversity in level of education. This was done using exploratory factor analysis (EFA),
whereas a second, independent sample was used to confirm the newly derived model by
means of confirmatory factor analysis (CFA).

Material and Methods

Data collection and participants

Participants were members of twin families (i.e., twins and their relatives) registered with
the Netherlands Twin Register (NTR, (18). Participants with an age >18 years (n = 27, 892)
received an invitation to participate in a study on lifestyle and personality. Of them, 11,771
individuals (42.2%) completed the relevant questions in an online or offline version of the
questionnaire (see for a detailed description of the sample and data collection van Houtem
et al. (van Houtem et al., 2015) and Ligthart et al. (Ligthart et al., 2014).

Measures

Sociodemographic variables. The survey included questions regarding age and sex. Based on
previous questionnaires (Willemsen et al., 2013) information regarding country of birth (i.e.,
The Netherlands vs. other country of birth) was available for 10,781 participants (91.6%),
as well as information about the level of education (i.e., primary-low vs. intermediate-high),
which was available for 8,500 individuals (72.2%).

Dental trait anxiety. Severity of dental trait anxiety was assessed using the Dental Anxiety
Scale (DAS, (Corah, 1969). Responses to a total of 4 questions are scored from 1 to 5, result-
ing in total scores ranging from 4 (not anxious at all) to 20 (extremely anxious). DAS scores
of 13 or higher are indicative of a high level of dental fear (Corah et al., 1978).
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Fear of stimuli comprising the dental setting. To assess the fear of objects and situations re-
lated to the dental setting a set of 28 potentially fear-provoking stimuli present in the dental
setting were used. These consisted of the most frequently feared stimuli from the set of
67 used in our previous study (Oosterink, De Jongh & Aartman, 2008), supplemented with
three more physically related and clinically meaningful stimuli (i.e. the sense of gagging,
vomiting and fainting) not used in previous studies. For the complete set of stimuli we refer
to van Houtem et al. (van Houtem et al., 2015). The fear provoking nature of each stimulus
was scored on a four-point scale, from 1 (‘not at all fear provoking ’) to 4 (‘extremely fear
provoking’).

Statistical analyses

Descriptive statistics were obtained using IBM SPSS Statistics Version 20 (IBM Corp,
Armonk, NY). The y>-test was used to analyze associations between categorical variables,
the independent-samples t-test was used to compare groups on continuous variables. In
order to explore the underlying structure of the most prevalent fears related to the dental
treatment, an exploratory factor analysis (PCA) was performed on a random half of the
sample. Factors with eigenvalues > 1 were extracted and Varimax rotation was performed to
increase interpretability of the factor solutions. In order to derive a stable factor structure,
the following stepwise procedure was followed. First, factor analysis was performed on the
entire set of items. Factor loadings in the rotated component matrix were examined. An
item with either a primary factor loading (i.e., the highest factor loading on a given factor)
below .50, or an ambiguous item (a difference of less than .20 between the highest factor
loading and the factor loading on a different factor) was deleted from the set of items. Next,
a factor analysis was performed on the remaining set of items. This procedure was repeated
until all items were non-ambiguous and showed a strong primary factor loading on one
factor. Subsequently, factors were interpreted by looking at the content of the items with
the highest factor loading on the respective factor. This factor structure was then fitted to
the data on the other random half of the sample using confirmatory factor analysis (CFA)
performed with IBM SPSS AMOS 22. Model fit was evaluated using the traditional x*-statistic
with df and p-value, the RMSEA (<0.07), SRMS (<0.08), CFI (>0.95) and GFI (>0.95) (24). For
all statistical analyses, a p-value <0.05 was considered statistically significant.

Results

Socio-demographic characteristics and dental anxiety
Table 1 presents data on the socio-demographic characteristics of the entire sample (n =
11,771 individuals). Of the participants 61.8% (n = 7,260) was female. Women had a sig-
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Table 1. Socio-demographic characteristics and mean level of dental trait anxiety of the entire sample

N Proportion Mean P-value
Gender 11,771
Male 4,501 38.2% - -
Female 7,270 61.8% -
Mean age (£SD) 11,771 - 44.38 (15.67)
Male 4,576 - 46.44 (16.13) <0.001
Female 7,366 - 43.37 (15.36)
Country of birth 10,781
The Netherlands 10,556 97.9% - -
Any other country 225 2.1% -
Level of education 8,500
primary-low 1,729 20.3% - -
intermediate-high 6,771 79.7% -
Mean level of dental anxiety (4-20; 11,572 - 7.46 (2.73)
+SD)
Male 4,420 - 6.76(2.31) <0.001
Female 7,152 - 7.90 (2.88)

nificantly lower mean age than men (p < 0.001). Most of the participants were born in the
Netherlands (97.9%) and had an intermediate or high level of education (79.7%). Women
showed significantly higher mean levels of dental trait anxiety than men (p < 0.001).

The samples

The entire sample was randomly divided into two subsamples. The first sample consisted of
5,920 individuals, and the second sample consisted of 5,851 individuals. Firstly, the socio-
demographic distributions of the two subsamples were compared. It appeared that the
samples differed on gender (x*(1) = 4.30; p = 0.038), i.e. the first subsample consisted of
37.3% males versus 39.2% in the second subsample. However, this difference was relatively
small, but obviously significant as a result of the large sample size. Accordingly, no further
action was undertaken. For the fear provoking stimuli “dentist drilling your tooth or molar”
(p = 0.016), and “the sound of the drill” (p = 0.032) significantly higher mean scores were
observed among the individuals of the first subsample. The two subsamples did not dif-
fer on any of the other variables, including the remaining 26 of the stimuli comprising the
dental setting.
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Exploratory factor analyses on the severity ratings of the fear provoking stimuli
Exploratory factor analysis was performed on the set of responses to the 28 fear provoking
stimuli from a random half of the sample (subsample 1). The Kaiser-Meyer-Olkin measure
of sampling adequacy was 0.97. The Bartlett’s test of sphericity was significant (p<0.001),
indicating that the data were suitable for factor analysis. The initial solution of the explor-
atory factor analyses revealed four factors with an eigenvalue >1, explaining 64% of the
variance. Next, the stepwise procedure was followed until all items had a primary factor
loading of >.50, and the second loading of at least .20 less than the primary factor loading.
The final solution yielded a three-factor solution with 70.7% explained variance (see Table
2 for the rotated factor solution). When looking at the content of the items for each factor,
the following interpretation was made: (1) an invasive-treatment-related factor; (2) a fac-
tor associated with lack of self-control; and (3) a factor associated with physical (internal)
sensations.

Given this study was conducted among twin family members we tested the possible
presence of some degree of dependency between the observations by repeating the EFA in
a subsample comprising a random selection of only one person per family (n = 5,246). This
analysis gave identical results compared with the EFA conducted in the original sample, with
a three factor solution with 70.1% explained variance and the same items loading on each
factor.

Table 2.Final rotated factor solution for the 3-factor model

Item Factor loadings * Communalities
4 Having surgery .75 .67
5 Dentist drilling a tooth or molar .76 .73
8 Extractions of tooth or molar .81 .74

18 Having a root canal treatment .79 .74

21 Cutting or tearing in soft tissue .74 .69

23 Pain .70 .63

25 Insufficient aneasthetics .65 .67
3 Lying in the dental chair (position) .68 .51
6 Not knowing what’s happening in the mouth .75 .73

12 The fact that you don’t know what is going to happen .40 .74 .73

15 Objects in the mouth .66 .63

16 Lack of explanation by the dentist .67 .65

17 Feeling helpless .67 .67

26 Gagging .87 .86

27 The sense of vomiting .89 .90

28 Fainting .81 .76

* FL < .40 are not displayed
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Confirmatory factor analyses (CFA) on the severity ratings of the fear provoking stimuli

Using the individuals of the second subsample, a CFA was performed to fit the 3-factor
structure model to the data. Statistics concerning model fit are reported in Table 3. The
first model did show an acceptable fit to the data. Fit indices in general were just below the
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Figure 1. Factor structure of the CFA model
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Table 3. Confirmatory factor analyses (CFA) on the severity ratings of the fear provoking stimuli

Model RMR GFI CFI RMSEA
3-factor 0.30 0.913 0.943 0.081
3-factor adjusted 0.029 0.941 0.961 0.069

criteria for a good fit. Inspection of the modifications indices showed that the model could
be improved by correlating a number of error terms. The following items were considered
to be comparable in content and were therefore allowed to correlate: (1) “undergoing a
surgical operation” (item 4) and “having a tooth or molar extracted” (item 8); (2) “feeling
pain” (item 23) and “insufficient anesthesia” (item 25); (3) “undergoing a surgical operation”
(item 4) and “feeling pain” (item 23); (4) “lying back in the chair” (item 3) and “objects in
the mouth” (item 15); and (5) “not knowing what is happening” (item 12) and “not knowing
what is happening in your mouth” (item 6). These modifications led to a slight improvement
of model fit (see Table 3). Overall, the model showed acceptable fit to the data. Therefore,
the 3-factor structure underlying these data can be considered stable. Figure 1 shows the
factor structure of the CFA model.

Discussion

The results of the present study, using a sufficiently large sample with a broad age range,
showed a factor structure reflecting three different constructs underlying dental fear (i.e.,
“fear of invasive treatment”, “lack of self-control”, and “physical sensations”), together ex-
plaining about 70 percent of the variance of in total 28 anxiety provoking stimuli. Of these,
25 were rated as most prevalent in a previous study (Oosterink et al., 2008), while three
clinically meaningful items were added for the purpose of the present study. The CFA car-
ried out on the data of the second sample resulted in an acceptable fit for the two models
that were examined. This suggests that the three-factor structure that was identified as
underlying our data is stable, thereby supporting the notion that fears related to the dental
treatment have a heterogeneous rather than an unidimensional nature (Oosterink, De
Jongh & Aartman, 2008).

At first glance, the three factors identified seem at odds with those described by Wong
et al. (2015) who identified seven factors, and Oosterink et al. (Oosterink et al., 2008)
who found only two independent factors. Some of these differences can probably best be
explained by variation in the description of the items included in the factor analyses, the
cut-off point of the factor loadings and cross-loadings, the subjective interpretation of the
results, and the relatively small sample sizes in relation to the large amount of stimuli which
could have incurred relative limitations on the statistical power to detect the presence of
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other, overall or independent factors of smaller magnitude. The items that loaded on the
third factor of our model (i.e., “physical sensations”), relate to typical internal (i.e., bodily)
sensations, were all added for the purpose of the present study, and had never before been
part of any of the previous studies (Oosterink et al., 2008; Wong et al., 2015). However,
there are a number of clear similarities between our framework and the previous ones.
For example, both earlier studies identified factors related to invasive treatments. More
specifically, the items that loaded on the “injection”, “scale and drill” and “surgery” factor,
identified by Wong et al. (2015), and most of the items used by Oosterink et al., (2008)

that loaded on their “invasive treatment-related stimuli factor” can be subsumed under our

|"

“fear of invasive treatment factor”. Similarly, Wong’s et al. (2015) “lack of control-factor”
corresponds by and large with the “lack of self-control” factor of our model.

A descriptive framework for the classification of dental fear categories may be important
as this might contribute to the development of new questionnaires for assessing dental fear
subtypes. Currently, most questionnaires for the assessment of dental fear and dental anxi-
ety include only a small set (4-15) of potentially anxiety provoking stimuli (e.g., the IDAF-4C+
(Armfield, 2010); Dental Anxiety Scale (Corah, 1969); the MDAS (Humphris et al., 1995); the
S-DAI (Aartman, 1998); and the Dental Fear Survey (Kleinknecht et al., 1984)) which do not
fully cover all fears present in the dental setting (see Oosterink (Oosterink et al., De Jongh &
Aartman, 2008)), but also fail to provide enough information about the specific stimuli the
individual patient fears.

The validity of the three-factor structure is further supported by the fact that this model
seems to almost perfectly relate to the three distinct types of treatment strategies that
are already applied to various subgroups of dental patients to tailor a specific treatment to
patients’ individual problems in clinical practice. For example, as to the first factor in our
model, for fear of invasive treatment (with stimuli as “dentist drilling a tooth or molar”’
or “having a root canal treatment”) there is one primary, evidence-based treatment and
that is in vivo exposure to patients’ anxiety provoking stimuli (Armfield & Eaton, 2013; De
Jongh et al., 2005). For lack of self-control, the second factor in our model (with stimuli like
“not knowing what is going to happen” or “feeling helpless”), it is generally recommended
to provide a sense of control and to heighten predictability during treatment, for instance
by offering the patient the ability to use a stop signal, in order to initiate a break during
treatment, and to provide the patient with information about the dental procedure which
help correct misconceptions about dental treatment (Armfield & Eaton, 2013; De Jongh et
al., 2005). For the third factor in our model, the experience of physical sensations which are
related to, for example, “fainting” or “gagging”, it is recommended to focus treatment on
reducing these bodily sensations (De Jongh et al., 2005). For instance, the evidence based
approach to prevent fainting in response to a confrontation to blood or injury during dental
treatment is “applied tension” which consists of tensing all muscles to increase blood pres-
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sure (Ayala et al., 2009; Ost et al., 1991). Hence, each factor in our newly derived model
reflects a distinct type of fear related to dental treatment, requiring a specific intervention
to treat that particular condition. To this end, the three-factor structure model may facilitate
guiding oral health professionals in appropriate decision-making about tailoring particular
interventions to individual patients.

Given the heterogeneity of the dental fears as supported by the factor structure, the
present findings support the notion that the constructs as indicated by the terms “dental
fear” or “dental phobia” alone are not tenable designations to classify individuals with fear
of the dental setting (see also De Jongh et al., 2011; Oosterink et al., 2008; De Jongh et al.,
2005; Milgrom et al., 1997; De Jongh et al., 1995) as these fail to account for the broad
spectrum of fear evoking objects and situations present within the dental setting. Therefore,
the present findings may be helpful to develop a new descriptive framework for the clas-
sification of dental fear by making distinctions among the various fear typologies, rather
than by using the global term ‘dental fear’ or ‘dental phobia’ per se.

A few limitations need to be mentioned here. Given that participants were asked to
rate the fear provoking nature of the stimuli, it is conceivable that a part of the participants
had never been exposed to at least some of the objects or situations as presented in the
questionnaire prior to the study. This could have resulted in either an overestimation or
underestimation of the fear provoking nature of particular stimuli. Finally, since we included
only 28 stimuli in our analyses, we cannot rule out the possibility that still other factors are
underlying the construct of dental fear.

In conclusion, the present findings suggest that dental fear should best be considered
a heterogeneous fear reflected by at least three separated factors: fear of invasive treat-
ment, lack of self-control and the experience of physical sensations. This classification in
distinct fear typologies may improve our understanding of the nature of dental fear, and
might encourage the development of new measures to better guide clinicians in choosing
appropriate fear reducing interventions for individual patients.
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Until today, | have avoided to visit a dentist for almost sixty
years. When | was seven years old the dentist gave me an
extremely painful injection. Then he extracted my molar,
although the anesthesia didn’t work properly. The dentist
didn’t believe me. After all these years, his angry face still

comes to my mind and makes me anxious again.
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Presence, content and characteristics of memories of individuals with dental phobia

Introduction

Enhanced memory of emotional events is a well-known phenomenon (De Quervain et al.,
2009). Intrusive, involuntary memories of an aversive or distressing event, whereby the
specific content of the memory corresponds with that of the event, are among the key
features of posttraumatic stress disorder (PTSD; American Psychiatric Association, 2000;
Holmes et al., 2005). These memories involve a range of sensory modalities, albeit visual
aspects are most commonly reported (e.g., Ehlers et al., 2002; Engelhard et al., 2002), and
include characteristics such as vividness, intrusiveness, and the sense that the event seems
to be happening again in the present (Michael et al., 2005). Some of these characteristics
have been found to be associated with disturbance and emotion (Arntz et al., 2005; Michael
et al., 2005), as well as symptom severity (Whitaker et al., 2008; Rubin et al., 2004; Berntsen
et al., 2003; Willert & Rubin, 2003).

In recent years, a number of studies have shown that intrusive mental imagery is not
unique for PTSD per se and also occurs in other psychiatric disorders (Hagenaars & Holmes,
2012), including anxiety disorders such as social phobia (Hackmann et al., 2000; Hackmann
et al., 1998), agoraphobia (Day et al., 2004), obsessive compulsive disorder (Clark & Rhyno,
2005), and health anxiety (Muse et al., 2010).

Despite the fact that theories regarding phobia onset predict that disproportionate
anxiety results from exposure to negative, disturbing life events (Davey, 1997), a surpris-
ingly limited number of studies have been conducted to study the relationship between
aversive memories and the presence of fears or specific phobias. One of the exceptions is a
study on spider phobia in which the participants were asked whether they had experienced
intrusive spider images and whether there was a specific early memory closely linked to
that image (Pratt et al., 2004). The majority of individuals in the spider-anxious group, but
none of a control group, reported spontaneous, recurrent images associated with their fear
of spiders. About half of the participants (55%) reported that their images were associated
with an early memory. A study among individuals with and without emetophobia found that
significantly more phobic individuals could recall at least one memory of their own vomit-
ing compared with the control group without emetophobia (Veale et al., 2013). Moreover,
they rated the memories of their own vomiting experiences as significantly more distressing
than individuals in the control group. Thus, it seems that in specific phobias, memories of
distressing events play a significant role.

A substantial part of the existing studies regarding memories of individuals suffering
from a specific phobia has been conducted in the area of dental phobia and dental fear. It
has been found that dentally anxious individuals are likely to report a disturbing dental expe-
rience (Moore et al., 1991) and suffer from significantly more symptoms of re-experiencing,
insomnia, and avoidance of reminders of past dental events than their moderately anxious
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counterparts (De Jongh et al., 2003; De Jongh et al., 2006; De Jongh et al., 2002). For instance,
in one study among individuals with high levels of dental anxiety, it was found that 43.3%
indicated that they suffered from intrusive re-experiencing of past events when anticipating
dental treatment (De Jongh et al., 2006). Thus, memories of past aversive events seem to
be common features in dental fear and phobia. However, knowledge about the content and
characteristics of specific memories is limited. Also, the possible role of these features in the
development, exacerbation, and maintenance of dental fear and dental phobia, as well as
the possible association between the characteristics of these memories and current levels
of individuals’ dental trait anxiety, is generally unclear.

Therefore, the first aim of the present study was to assess the presence, content, and
characteristics (i.e., vividness, disturbance, and sense of reliving) of memories of events
that initiated or exacerbated dental trait anxiety levels of individuals with dental phobia
(n=42). The results were compared with two reference groups, that is, individuals with (1)
a high level of dental trait anxiety, but not fulfilling the Diagnostic and Statistical Manual
of Mental Disorders, 4th edition (DSM-IV) criteria of dental phobia (‘subthreshold dental
phobia’; n=41), and (2) a normal level of dental trait anxiety (‘normal controls’; n=70).
It was hypothesized that a significantly higher proportion of the dental phobic patients
would report disturbing core memories relative to the normal controls and based on PTSD
research, that their memories would have a greater emotional intensity, intrusiveness, and
avoidance propensity. Based upon the literature, it is not clear whether or not patients who
are dentally anxious, but do not meet the threshold of dental phobia, would differ from
both groups in terms of their memory characteristics. Therefore, examining these possible
differences was also an aim of the present study, but was exploratory in nature.

The third aim of the present study was to determine the relationship between patients’
severity of dental trait anxiety and some key features of these memories. It was predicted
that greater severity of dental trait anxiety was positively associated with higher emotional
intensity, intrusiveness, and avoidance propensity of the disturbing core memory.

Method

Participants

Three groups of participants were included in the current study: (1) phobic patients visiting
a special dental fear clinic in Amsterdam, the Netherlands (further referred to as ‘dental
phobics’); (2) subthreshold phobic patients visiting this dental fear clinic (further referred
to as ‘subthreshold dental phobics’); and (3) patients of a general dental practice in the
Netherlands with normal levels of dental trait anxiety (further referred to as ‘normal con-
trols’). In order to apply for treatment at the dental fear clinic, patients needed to fulfill
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strict criteria such as a minimal score on several dental anxiety questionnaires, evidence of
severe avoidance behavior in the past, or being difficult or impossible to treat by a dentist
in a general dental practice.

Measures

Materials

Dental trait anxiety was indexed using the Dental Anxiety Scale (DAS; Corah, 1969). This
four-item measuring scale is the questionnaire most widely used in studies of dental anxiety
(Corah, Gale & lllig, 1978). Responses are scored from 1 to 5, providing total scores ranging
from 4 (not anxious at all) to 20 (extremely anxious). DAS scores of 13 or higher are consid-
ered indicative of high dental trait anxiety. The test-retest reliability of the DAS showed an
intraclass correlation of 0.82 (Corah, 1969). Cronbach’s alpha in the current study was 0.69
for phobics, 0.83 for subthreshold phobics, and 0.80 for controls (overall a = 0.96).

The level of exposure to distressing (dental) events was assessed using the Level of
Exposure—Dental Experiences Questionnaire (LOE-DEQ), a self-report checklist inquiring
about potentially overwhelming events in the individual’s past (Oosterink et al., 2008). The
LOE-DEQ had a satisfactory test-retest reliability (intraclass correlation coefficient = 0.78;
Oosterink et al., 2008). The format of this inventory allows for calculating scores for the
presence of separate trauma areas with respect to 21 typical dental and potentially trau-
matic experiences and eight general/other traumatic life events fulfilling the DSM-IV Text
Revision (DSM-IV-TR) stressor criteria (e.g., a serious accident or being a victim of a violent
crime). Dental experiences were dental procedures (e.g., a root canal treatment or an
injection), behavior of the dentist or oral surgeon (e.g., a treatment by an impolite or rude
dentist or being criticized by a dentist), patients’ emotions during a dental treatment (e.g.,
embarrassment or helplessness), and negative dental events (e.g., witnessing a treatment
of an extremely anxious dental patient). Participants are requested to indicate whether they
had ‘ever’ (1) or ‘never’ (0) experienced any of these events. Iltems are scored and summed
to give an overall frequency score ranging from 0 to 21 for dental experiences and O to 8 for
general traumatic experiences.

The Phobia Checklist was used for the assessment of dental phobia (Oosterink, De Jongh
& Hoogstraten, 2009). This screening tool was validated against the Structured Clinical
Interview for DSM-IV (First & Gibbon, 2004) and has proven to be a valid instrument for the
assessment of dental phobia (i.e., sensitivity = 0.95, specificity = 0.99, overall hit rate = 97%;
Oosterink et al., 2009). The Phobia Checklist consists of four questions based on the DSM-
IV-TR criteria (APA, 2000) for specific phobia. An individual is classified as a dental phobic
only when all four questions of the Phobia Checklist are answered in the affirmative. In

67



Chapter 4

the present study, an individual was classified as a subthreshold dental phobic when he or
she had indicated a high level of dental trait anxiety as indexed by the DAS (Corah, 1969),
and less than four questions of the Phobia Checklist were answered in the affirmative. An
individual was classified as a normal control when he or she visited a dental practice, had
normal levels of dental trait anxiety (i.e., a score of <12 on the DAS), and less than four
questions of the Phobia Checklist were answered in the affirmative.

A semi-structured interview, the so called ‘Full Intrusions Interview’ adapted from Reyn-
olds and Brewin (1999) was administered to identify whether the participants had memories
of distressing events that initiated or exacerbated dental anxiety. Next, the characteristics
of that memory were determined (i.e., the emotional intensity, intrusiveness, and avoid-
ance propensity of that memory). Patients were asked to rate the emotional intensity (i.e.,
vividness, disturbance, and sense of reliving) of the memory on an 11-point Numeric Rating
Scale. The Dutch version of the Impact of Event Scale (IES; Horowitz et al., 1979; Kleber
et al., 1992) was used to index intrusiveness and avoidance propensity of this memory.
Patients were explicitly instructed to fill out the IES related to this memory. The IES consists
of 15 items constituting the subscales intrusions and avoidance. Adequate test—retest reli-
abilities were reported for the two subscales of the IES (0.87 for IES intrusion and 0.79 for IES
avoidance; Horowitz et al., 1979). When scoring the IES, subjects are asked to indicate how
frequently the symptoms were present during the past seven days. The frequency of each
symptom is scored using a four-point response format, ranging from ‘not at all’ (0), ‘rarely’
(1), ‘sometimes’ (3) to ‘often’ (5). The scores can be summed to produce a total IES score
(range 0-75), and two subscale scores for intrusion (range 0-35) and for avoidance (range
0-40) with a higher score indicating a greater level of intrusion (i.e., the loss of voluntary
control over the regulation of thoughts) or avoidance (i.e., the extent to which memories
are consciously suppressed). A score of 26 is considered the cut-off point for a clinically
significant level of trauma-related symptomatology (Kleber et al., 1992). Cronbach’s alpha
for the current study for the IES intrusions scale was 0.89 for phobics, 0.87 for subthreshold
phobics, and 0.86 for normal controls (overall o = 0.92). For the avoidance scale, Cronbach’s
alpha was 0.79 for phobics, 0.87 for subthreshold phobics, and 0.90 for controls (overall
a=0.89).

The independent variable in the current study was the group to which the subject be-
longed (i.e., dental phobics, subthreshold dental phobics, or normal controls). Dependent
variables in the current study were gender, age, country of birth, level of dental trait anxiety,
level of exposure to distressing (dental) events, and the emotional intensity, intrusiveness,
and avoidance propensity of the memory.
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Procedure

The study was based on a prospective design with two assessment points (T1 and T2; see
Figure 1 for the flowchart) and was conducted between April 2010 and June 2012. Trained
dental students invited patients of the dental fear clinic (n =267, i.e., both dental phobics
and subthreshold dental phobics) and patients of the general dental practice (i.e., the nor-
mal controls, n=103) by telephone to participate in the study, and checked whether the
patients fulfilled the inclusion criteria (i.e., age > 18 years, good skills of the Dutch language,
and no cognitive impairment) and were willing to participate (T0). Those who were willing
to participate and fulfilled the inclusion criteria were sent a letter containing additional in-
formation and a request to fill out measures on severity of dental trait anxiety and the level
of exposure to prior distressing (dental) events (T1). Of the participants, 140 patients of the
dental fear clinic and 85 of the ordinary dental practice completed these measures. Patients
of the general dental practice were excluded from the study if they were highly anxious (DAS

Phobics and subthreshold phobics

!

Eligible and reached by
telephone n = 267

[ Normal controls l

!

Eligible and reached by
telephone n = 103

Excluded n = 127

Unwilling to participate n= 56
Impossible to plan appointment n =24
No longer registered at the dental
fear clinicn =21
Not fulfilling inclusion criteria n = 15
Too afraid to participate in current
studyn=6
Other reasons n =5

[ ]

Filled out measures on dental trait
anxiety and the level of exposure
to prior distressing events

n =140 n=85

Dropped out n = 57

Too many appointments (> 3) at the
dental fear clinic n= 30
Too low level of dental trait anxiety
(DAS < 13) n =10
Cancelled appointment n =7
Impossible to plan appointment n = 4
Absent at interview appointment n = 2
Did not sign consent form n = 2
Did not complete measures on dental
trait anxiety n = 2

[ ]

Joined memory interview

n=283 n=70

Excluded n = 18

Unwilling to participate n= 17
Not fulfilling inclusion criteria n= 1

Dropped out n = 15

Too high levels of dental trait anxiety
(DAS>13)n=6
Cancelled appointment n =5
Absent at interview appointment n = 3
Did not complete measures on dental
trait anxiety n = 1

Figure 1. Flowchart

Fullfilling all screening
criteria for dental phobia

Not fullfilling all screening
criteria for dental phobia

Assigned to "phobic" group
n=42

Assigned to "subthreshold
phobic" group

n=41
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score > 13) or met the criteria for dental phobia, in order to include a true sample of dentally
high anxious cases with low anxious controls.

All groups of participants had to undergo both a structured and a semi-structured
interview (T2) conducted by one researcher, Caroline van Houtem (CVH). Dental phobics
and subthreshold dental phobics were interviewed prior to their third appointment, at the
beginning of an anxiety reducing treatment program (for a description of the treatment,
see Aartman et al., 2000). Normal controls were interviewed before an appointment at the
general dental practice. During this interview, demographic data were collected (i.e., gender
and country of birth). Next, the Phobia Checklist (Oosterink et al., 2009) was used to identify
whether or not the diagnostic criteria of dental phobia (APA, 2000) were met. If so, patients
were assigned to the dental phobic group (n = 42), or to a group with individuals not fulfilling
all screening criteria for dental phobia (i.e., the subthreshold dental phobic group; n=41;
Figure 1). Then, a semi-structured interview (Reynolds & Brewin, 1999), lasting approxi-
mately 30 minutes, was conducted to investigate the presence, content, and characteristics
of the memory of the event that, according to the patient, initiated or exacerbated his or her
dental anxiety. For the purpose of the present study, memories had to consist of a specific
scene that had actually happened, being a dental experience or another traumatic life event.
The participants who were able to report more than one memory had to decide which
memory was most closely related to the onset or aggravation of their dental anxiety. One
dental phobic and one subthreshold dental phobic came late for the assessment procedure
and, consequently, did not complete the assessment in time. Ethical approval for the study
was granted by the local ethical committee (METc VU, protocol number 2007/262).

Results

General differences among groups

The descriptive statistics are displayed in Table 1. Although there was a trend showing a
higher prevalence of women in the phobic and high anxious group, the groups did not
differ significantly in terms of distribution of gender according to the chi-square test [x*
(2) =5.52; p=0.063]. No significant difference among groups was found in country of birth
X’ (2)=0.88; p=0.64], but one-way analysis of variance (ANOVA) showed that groups
differed significantly in mean age [F (2, 149) =3.97; p = 0.021]. Post-hoc analyses demon-
strated that the normal controls had a significantly higher mean age than both other groups
(p < 0.05). Results of two-way (groups by gender) ANOVA on dental trait anxiety showed that
the groups differed significantly [F (2, 150) = 392.74; p < 0.001]. Post-hoc analyses showed
that the normal controls had significantly lower levels of dental trait anxiety than the other
groups (ps <0.001). The difference in anxiety level was present in both men and women;
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Table 1. Demographic variables, mean dental trait anxiety (DAS) and level of exposure to distressing
events within and outside the dental setting (LOE-DEQ) in male and female dental phobics, subthresh-
old dental phobics and normal controls

Dental phobic Subthreshold Normal control
dental phobic

Proportion n Proportion n Proportion n P nz,,
Gender 42 41 70
Male 31.0% 13 31.7% 13 50.0% 35 0.063 -
Female 69.0% 29 68.3% 28 50.0% 35
Country of birth 42 40 70
Dutch 90.5% 38 87.5% 35 92.9% 65 0.64 -
Other 9.5% 4 12.5% 5 7.1%

Mean *+SD n Mean *SD n Mean *SD n P
Mean age in years 4578 12.43 42 4518 12.25 41 51.70 1490 69 0.021 -
Male 43,55 10.98 13 44.81 12.51 13 53.42 11.45 35 0.034 -
Female 46.78 13.08 29 45.36 12.35 28 49.93 15.36 34 041 -
Mean DAS score 17.71 2.17 42 16.88 256 41 7.31 198 70 <0.001 0.84
(4-20)
Male 17.08 2.40 13 16.77 3.00 13 7.09 2.01 35 <0.001 0.82
Female 18.00 2.04 29 1693 239 28 754 196 35 <0.001 0.84

Within dental setting 13.38 448 21 1256 396 18 5.02 466 63 <0.001 0.43
(0-21)
Outside dental setting  3.52 1.86 21 3.67 161 18 259 1.76 63 0.022 0.074
(0-8)

that is, no interaction between dental trait anxiety (groups) and gender was found [F (2,
147) =0.28; p = 0.76]. Another set of two-way (groups by gender) ANOVAs on the level of ex-
posure to distressing events (on the subscales within and outside the dental setting) showed
that the groups differed significantly for events both within [F (2, 99) =37.93; p <0.001]
and outside the dental setting [F (2, 99) = 3.98; p = 0.022]. Post-hoc analyses revealed that
the normal controls reported significantly lower levels of exposure to distressing events on
both subscales than both other groups (ps < 0.05). No interaction between individuals’ level
of exposure to distressing events inside the dental setting [F (2, 96) =0.11; p =0.90] and
outside the dental setting [F (2, 96) =0.24; p = 0.79], and gender was found.

Differences in memories among groups
Differences in presence of the memories
Of the dental phobic (n = 41) and subthreshold phobic (n = 40), individuals who completed

the memory interview on T2 97.6% (n=40) and 95.0% (n = 38), respectively, reported a
memory of an aversive or distressing event that initiated or exacerbated their dental anxi-
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ety. Both the proportion of phobic individuals and the proportion of subthreshold phobic
individuals were significantly higher than the proportion of normal controls reporting a
memory [72.9%, n = 51; x* (2) = 14.76, p = 0.001; and x* (2) = 15.00; p < 0.001 respectively].
The remaining phobics (n = 1) and subthreshold phobics (n = 2) reported memories of sev-
eral traumatic events and were not able to select any specific memory related to the cause
or exacerbation of their dental anxiety.

Differences in content of the memories

Memories were categorized in terms of content related to (1) the dental setting; and (2)
another negative life event. See Table 2 for examples of memories that were reported.
Significant differences were found regarding the content of the memory of the dental
phobic and the control group, and between the subthreshold phobic and the control group.
Compared with the normal controls reported both the dental phobics and the subthreshold
dental phobics significantly more often to have a memory with a content related to a nega-
tive life event [¥*(1) = 5.33; p = 0.021, and x* (1) = 5.62; p = 0.018, respectively]. However, the
majority of the memories of the phobic (90.0%; n = 36) and subthreshold phobics (89.5%;
n =34), and all the memories of the normal controls who reported such a memory (100%;
n =51) involved the dental setting.

Table 2. Examples of memories

Content Examples

Dental setting “As a child a molar was extracted while the anesthesia didn’t work
properly. It was extremely painful and the dentist ignored that.”

“A dentist visited my school. During the check-up | didn’t want to
open my mouth. The dentist put rings of steel on his fingers and
pulls my jaws open.

“I' had a root canal treatment without local anesthesia. The dentist
prohibited me to complain. | felt helpless.”

Other negative life event “My boyfriend committed suicide.”
“I received a wrong medical diagnosis.”
“An airplane crashed into my apartment.”

Differences in memory characteristics

Time since event

Table 3 presents the data concerning the time span and characteristics (i.e., emotional inten-
sity and PTSD symptom severity) of the memories of all groups. Using a one-way ANOVA, no
significant difference was found between groups in the time that passed since the disturbing
event described in the memory occurred [F (2, 123) = 0.48; p = 0.62].
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Table 3. Memory characteristics in male and female dental phobics, subthreshold dental phobics and
normal controls

Dental phobic Subthreshold Normal control
dental phobic
Memory characteristics Mean *SD n Mean *SD n Mean *SD n p n’,

Time span (years ago) 25.44 15.01 39 21.92 16.74 38 24.95 19.12 49 0.71 0.008

Emotional intensity

Vividness (0-10) 7.13 220 39 7.37 227 38 408 299 49 <0.001 0.27
male 6.25 292 12 7.62 1.81 13 332 295 25 <0.001
female 7.52 172 27 7.24 251 25 488 2.88 24 <0.001
Disturbance (0-10) 7.72 270 39 7.87 2.58 38 4.02 3.25 49 <0.001 0.29
male 6.83 3.69 12 815 223 13 3.13 3.24 25 <00.01
female 8.11 2.08 27 7.72 278 25 496 3.04 24 <0.001
Sense of reliving (0-10) 5,67 3.18 39 474 318 38 159 2.03 49 <0.001 0.30
male 492 378 12 462 323 13 156 214 25 0.001
female 6.00 2.89 27 480 3.22 25 1.63 195 24 <0.001

Intrusiveness and avoidance tendency

IES total (0-75) 32.04 19.41 37 2691 1895 33 5.67 10.38 51 <0.001 0.36
male 25.09 20.60 11 26.82 19.55 11 4.08 7.93 25 <0.001
female 3498 1851 26 26.95 19.10 22 7.19 12.25 26 <0.001
IES intrusion (0-35) 15.01 10.33 37 1255 9.20 33 2.69 493 51 <0.001 0.33
male 10.27 10.85 11 12.09 10.19 11 1.84 3.57 25 0.001
Female 17.02 9.62 26 12.77 890 22 3.50 591 26 <0.001
IES avoidance (0-40) 17.03 10.26 37 14.36 10.54 33 298 587 51 <0.001 0.35
Male 14.82 11.42 11 1473 10.01 11 2.24 5.04 25 <0.001
female 17.96 9.81 26 14.18 11.03 22 3.69 6.60 26 <0.001

Differences in emotional intensity of the memories

The three groups were compared regarding vividness, disturbance, and sense of reliving us-
ing a two-way (group by gender) ANOVA. The memories of the groups differed significantly
in vividness, [F (2, 123) =22.99; p < 0.001], disturbance [F (2, 123) = 25.48; p < 0.001] and
sense of reliving [F (2, 123) = 26.26; p < 0.001]. Post-hoc analyses revealed that the memories
of the normal controls had a significantly lower level of vividness, disturbance, and sense
of reliving compared with the memories of both the dental phobic and the subthreshold
phobic group (all ps <0.001). No differences between the dental phobic and subthreshold
dental phobic group were found. No interaction with gender was found for the scores on
vividness [F (2, 121) = 1.43; p = 0.24], disturbance [F (2, 121) = 1.73; p = 0.18], and the sense
of reliving [F (2, 121) = 0.34; p = 0.71] of the memories.
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Differences in intrusiveness and avoidance tendency of the memories

The three groups were compared on IES total scores, intrusion, and avoidance scores using
a two-way (group by gender) ANOVA. The groups differed significantly on IES total scores
[F (2, 118)=33.71; p =<0.001], on intrusion [F (2, 118) =28.76; p = <0.001], and on avoid-
ance scores [F (2, 118) =32.22; p =<0.001]. Post-hoc analyses showed that normal controls
had significantly lower levels of IES total scores and lower levels of intrusion and avoidance
scores than both other groups (all ps <0.001). For neither IES total score [F (2, 115) =0.75;
p =0.47], norintrusion [F(2,115) = 1.33; p =0.27], nor avoidance [F (2,115) =0.33; p = 0.72],
an interaction with gender was found.

Relationship between dental trait anxiety and memory characteristics of the disturbing
memory in anxious individuals and controls

Table 4 shows Pearson’s correlation coefficients between dental trait anxiety and memory
characteristics of the disturbing memories in all groups. All three groups combined resulted
in strong positive relationships between the level of dental trait anxiety (DAS) and all of the
memory characteristics (i.e., vividness, disturbance, sense of reliving, and level of intrusive-
ness and avoidance tendency; all ps < 0.001).

Table 4. Relation between dental trait anxiety (DAS) and memory characteristics in dental phobics,
subthreshold dental phobics and normal controls

Dental phobic  Subthreshold Normal control  Overall
dental phobic

Memory characteristics r n r n r n r N
Emotional intensity

Vividness 0.216* 39 0.145* 38 0.346*** 49 0.557**** 127
Disturbance 0.239* 39 0.082%* 38  0.449**** 49 (0.582**** 127
Sense of reliving 0.166* 39 0.263* 38 0.363*** 49 0.582%*** 127

Intrusiveness and avoidance tendency

IES total 0.360** 37 0.240* 33 0.727**** 51 0.687**** 121
IES intrusion 0.359*** 37 0.235* 33 0.708*** 51 0.649*** 121
IES avoidance 0.320** 37 0.227* 33  0.691**** 51 0.663**** 121

*p > 0.05; ** p = 0.054; ***p < 0.05; **** p < 0.001

Discussion

Limited research has been conducted on crucial and fear-evoking memories of individuals
suffering from specific phobias. The present study examined not only the presence but
also the content and some key characteristics of memories of events underlying dental
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phobia, one of the most prevalent phobia subtypes in western societies (Oosterink et
al., 2009).

The finding that both dental phobics and normal controls reported the presence of dis-
turbing memories is in line with earlier findings (Liddell & Gosse, 1998; Locker et al., 1996).
Further, the results supported our hypothesis that individuals with dental phobia would be
significantly more likely to report such a memory than normal controls. Nearly all of the
dental phobics reported a memory of an aversive or distressing event that they believed
initiated or exacerbated their fear or phobia. Although in the present study, participants
were explicitly asked about the memory ‘that contributed most to their current anxiety’, the
proportion of dental phobics reporting a disturbing memory is comparable with reports of
unpleasant memories of significant events in both individuals with other phobias, such as
agoraphobia (100%; Day et al., 2004), and social phobia (96%; Hackmann et al., 2000). This
suggests that having disturbing memories is a key feature of those suffering from pathologi-
cal levels of anxiety and fear.

Another finding is that all participants recalled their most disturbing event as one that
occurred in early adulthood, more than 20 years ago. Most of the memories were related
to a disturbing dental event. This is in line with Pavlovian fear-conditioning theories (e.g.,
Davey, 1997), which predicts that irrational and pathological forms of dental anxiety are
the result of previous exposure to aversive events within the dental setting (see also Moore
et al., 1991; Oosterink et al., 2009). Conceivably, when individuals who have experienced
a horrific dental incident are confronted with a stimulus situation comparable with the
original incident, they feel overwhelmed by anxiety-eliciting memories. To this end, the
present findings are supportive of the view that distressing events and their consequences,
the disturbing memories of these experiences, play a critical role in the development and
maintenance of dental anxiety.

Although it is known that memories of emotional (i.e., negative or positive) events vary
highly between individuals (Haas & Canli, 2008) and are exacerbated in individuals with
mood and anxiety disorders (e.g., PTSD; de Quervain et al., 2009; Haas & Canli, 2008), the
present study is unique in its attempt to study differences in memory characteristics of indi-
viduals with dental phobia and normal controls. The results were supportive of our hypoth-
esis in that the memories of the dental phobics were not only found to be significantly more
vivid, disturbing, and displayed a significantly higher sense of reliving than the memories
of the normal controls but also proved significantly more likely to show features typically
seen in individuals suffering from PTSD (i.e., higher levels of intrusiveness and avoidance).
Based on the memory identified during the memory interview, almost two-third (64.9%) of
those suffering from dental phobia displayed these characteristics (i.e., IES > 26). This is in
sharp contrast with the normal control patients of which only a very small proportion (7.8%)
showed such features. This similarity in trauma sequelae between dental anxiety and PTSD
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corroborates the findings reported by previous studies (Oosterink et al., 2009; De Jongh et
al., 2006, 2003, 2002).

The fact that the memory characteristics of individuals suffering from dental phobia
resembled those with subthreshold dental phobia suggests that these groups should not be
considered as separate entities but related conditions along a single continuum of severity
of fear and anxious behavior (see also De Jongh et al., 2011). This is particularly relevant in
the light of the concept of dimensionality introduced in the new version of the DSM (DSM-5;
American Psychiatric Association, 2013), which allows more latitude regarding the assess-
ment of the severity of a disorder with regard to defining a concrete threshold between
‘normality’ and a ‘disorder’. It is conceivable that applying a strictly categorical model, as
was carried out in previous editions of the DSM, might lead to situations that patients, who
do not fulfill all criteria of a certain mental health condition, do not obtain the required
treatment because of failure to meet a diagnostic threshold.

The third aim of the present study was to assess the relationship between a number of
key phenomenological properties of patients’ memories and severity of dental trait anxi-
ety. Between both the patients with dental phobia and the normal controls, a significant
positive association was found between greater level of intrusiveness and avoidance of
the memory and severity of dental trait anxiety. Also patients’ heightened sense of reliving
was significantly related to level of dental trait anxiety. This is in line with a study on PTSD
(Berntsen et al., 2003) showing that memory characteristics were associated with symptom
severity. However, such a linear association in the domain of fears and phobias has not been
established in earlier studies.

At the present time, recommended treatments of dental fear and phobias do not take
into account the need to address disturbing memories but mainly involve a strict cogni-
tive behavioral approach in which patients are exposed to their anxiety eliciting stimuli (‘in
vivo exposure’) or carry out experiments that maximally violate expectancies about the
frequency or intensity of possible aversive outcomes (Craske et al., 2014). It has been ar-
gued that such a procedure produces new memory representations that rival with previous
learning and inhibit its effects (Brewin, 2006). The present findings may be considered as
support for the feasibility of a different (i.e., ‘trauma-focused’) approach, namely one that
is aimed to resolve patients’ fear-related and disturbing memories, by directly changing
the vividness and the disturbance of these memories, thereby inducing a long-lasting or
permanent alleviation of the fear response (De Jongh et al., 2013; De Jongh et al., 2002;
Doering et al., 2013). Yet, clearly, the most important advice is to prevent sensitization and
accumulation of new disturbing memories by preventing the occurrence of negative events
and the accompanying high levels of distress, during dental treatments.

This study has a number of limitations. Firstly, it is possible that at the time of the assess-
ment, the dental phobic or subthreshold dental phobic individuals in the present sample
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suffered from an episode of a mood or anxiety disorder, including depression and PTSD.
These conditions can be comorbid in this patient group (e.g., Roy-Byrne et al., 1994) and
affect the level of intrusion of aversive memories (Brewin, 2006), which might have con-
founded our results. In future studies on memory characteristics associated with specific
phobia, the assessment of possible comorbidity needs to be taken into account. Secondly,
a large number of patients with dental phobia and subthreshold dental phobia were unwill-
ing to participate or canceled the appointment for the memory interview. It is likely that
individuals with the highest levels of dental anxiety avoided participation in the present
study. Therefore, current findings may be an underestimation of the differences between
individuals with pathological levels of dental anxiety and low anxious individuals. Thirdly,
because we sampled only patients from one dental fear clinic, our ability to generalize to
other populations is limited. However, the fact that the present study comprised a relative
small group of participants and that it was possible to obtain such strong results suggests
that the effects are robust. Fourthly, the mean age in the normal control group was signifi-
cantly higher than in the dental phobic and subthreshold dental phobic group. To investigate
the possible effect of age, all data regarding memory characteristics were re-analyzed with
age as a covariate; this did not affect the results or changed any of the outcomes of the
study.

Apparently, having a memory of a distressing event that initiated or exacerbated dental
anxiety is a common phenomenon not only in those suffering from dental phobia but also
in those who are simply less apprehensive of dental treatment. Our findings indicate that
individuals with dental phobia and subthreshold levels of dental phobia are likely to experi-
ence intrusive thoughts of earlier events associated with their fear. Such memories seem
to share a number of key memory characteristics with trauma memories, like being vivid,
disturbing, and uncontrollable. This suggests that specific phobias and fears are not simply
a conditioned response to an initial neutral stimulus but one underpinned by the retrieval
of stored memories following exposure to a negative or horrific event. Repeated triggering
and re-experiencing of these memories are likely to play an important role in maintaining
fears and specific phobias in that every reactivation of such disturbing memory further
strengthens the aversive memory trace (De Quervain & Margraf, 2008). This means that
activation of aversive memories not only plays an important role in the symptomatology of
fears and phobias but also in the process contributing to the maintenance and aggravation
of these symptoms.
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Looking back at last weeks’ treatment, it wasn’t so bad.
But now, when | hear the drill, my heart rate rises and |
am beginning to sweat. You are very kind, but | can’t help

wanting to leave the treatment room.
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Memory characteristics of an arousing event are associated with the level of anxiety during the event

Introduction

Extensive evidence indicates that adrenal stress hormones such as epinephrine and cor-
tisol are critically involved in the formation of memories of emotionally arousing events
(McGaugh & Roozendaal, 2002; Roozendaal, 2002; McGaugh, 2000). That is, the release
of endogenous stress hormones not only give rise to an immediate response to an emo-
tional event, but also aids future responses by enhancing the declarative memory of the
same event (de Quervain et al., 2009; Cahill & Alkire, 2003; Roozendaal, 2002; McGaugh &
Roozendaal, 2002; McGaugh, 2000; Cahill & McGaugh, 1998).

In this way exposure to distressing events create disturbing, emotionally charged memo-
ries that get re-activated by confrontations with objects of fear, while the related stress
response induces an elevated heart rate (Leutgeb et al., 2011), emotional distress (Veale et
al., 2013), and return of fear (Leutgeb et al., 2011; de Quervain et al., 2009; De Quervain
& Margraf, 2008; Cuthbert et al., 2003). It has been argued that through this type of re-
experiencing of past disturbing events and subsequent fear activations, memory traces get
more and more ingrained (de Quervain et al., 2009; de Quervain & Margraf, 2008; Mathews
& Macleod, 2005; Pratt et al., 2004; Fehm & Margraf 2002; Clark, 1999).

Support for the notion that disproportionate levels of fear and anxiety are associated with
presence of emotionally charged memories has been found in a study among dental phobic
individuals (van Houtem et al., 2015). Their memories were found to be significantly more
vivid, disturbing and displayed more features of intrusiveness than memories of less anxious
controls. Moreover, it appeared that the disturbance of the memory of their most terrifying
dental event and the severity of their current levels of dental trait anxiety were significantly
associated (r = 0.58; van Houtem et al., 2015). Thus, activation of vivid emotional memories
of past distressing events may not only play an important role in the symptomatology of
fears and phobias, but also in the process contributing to the maintenance and aggravation
of these conditions.

The notion that particularly emotionally significant experiences tend to be well re-
membered, is based upon memory consolidation and memory retrieval research (e.g., De
Quervain & Margraf, 2008) and in laboratory settings (Talarico & Rubin, 2003; Heuer & Reis-
berg, 1990; Reisberg et al., 1988). However, to our knowledge it has hardly been explored
in a clinical relevant situation (i.e., dental treatment) whether highly anxious individuals
when confronted with potentially fear eliciting stimuli consolidate more vivid and disturbing
memories of this event than their low anxious counterparts.

The purpose of the present study was to investigate how vividness and disturbance of
a memory of a dental treatment changes over a two week period following this event. It
was hypothesized that the memories of participants with a disproportional level of anxiety
undergoing dental treatment would be significantly more vivid and disturbing than the
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memories of the low anxious reference group, not only immediately after this event, but
also at two-week follow up. In addition, it was hypothesized that the level of state anxiety
during dental treatment and these memory characteristics would be positively associated.

Materials and methods

Measures

Presence of dental phobia

Presence of dental phobia was assessed using the Phobia Checklist, a screening tool with
four questions based on the DSM-IV-TR criteria for specific phobia, developed for the as-
sessment of dental phobia (Oosterink et al., 2009). This checklist contains four questions,
and has previously been validated and proven to be a valid diagnostic tool for this purpose
(sensitivity = 0.95, specificity = 0.99, and an overall hit rate of 97%).

Severity of dental trait anxiety

Dental trait anxiety was assessed using the Dental Anxiety Scale (DAS; Corah, 1969). This
four item measuring scale is the questionnaire most widely used in studies on dental anxiety
(Corah et al., 1978). Responses are scored from one to five, providing total scores ranging
from four (not anxious at all) to 20 (extremely anxious). DAS scores of 13 or higher are
considered indicative of high dental trait anxiety. Cronbach’s alpha in the current study was
0.75 for anxious group and 0.80 for the reference group (overall a = 0.96).

Level of state anxiety

Directly following treatment (T1) and at two-week follow-up (T2) participants were asked
to indicate the extent to which they felt anxious during dental treatment using an 11-point
numeric rating scale (NRS; 0 = minimum level of anxiety, 10 = maximum level of anxiety).

Memory characteristics

Immediately following a conventional dental treatment (T1) and at two weeks follow-up
(T2) disturbance and vividness of the memory about the dental treatment was indexed us-
ing an 11-point NRS (0 = not at all disturbing/vivid and 10 = maximum level of disturbance/
vividness).

Participants

The study included two groups of participants: 1) those with severe levels of dental trait
anxiety (i.e., participants with a DAS-score > 13; further referred to as ‘the anxious group’)

86



Memory characteristics of an arousing event are associated with the level of anxiety during the event

and 2) those with low levels of dental trait anxiety (i.e., DAS <13; further referred to as ‘the
reference group’). Participants of the anxious group were attending a special dental fear
clinic in Amsterdam, the Netherlands. They were referred to the clinic because they were
extremely difficult or impossible to treat by a dentist in a general dental practice due to dis-
proportionate anxiety levels, or showed anxiety-related avoidance of the dental treatment.
The reference group consisted of participants who attended a regular dental practice in
three different cities in the Netherlands. Participants were included in the study if they were
18 years or older, had sufficient control of the Dutch language and gave written consent to
participate.

Study design and procedure

The study was conducted between March 2010 and June 2012 and was based on a pro-
spective design with two assessment points (T1-T2). At baseline (T0), all participants of
both groups were invited by telephone to take part in a study concerning autobiographical
memories underlying dental anxiety. Those who were willing to participate were checked
whether or not they fulfilled the inclusion criteria. The participants received a letter at home
containing additional information, a consent form, and a request to fill out several measures
on severity of dental trait anxiety or dental phobia. Prior to the current study the partici-
pants were included in a study that investigated the presence, content and characteristics
of memories events underlying dental anxiety (for a comprehensive description of the data
collection, sample and study design see van Houtem et al., 2015). For the purpose of the
current study participants were asked to complete a self-report questionnaire that assessed
the disturbance and vividness of their memory of an invasive (i.e., drilling and making a
filling, carrying out a root canal treatment or an extraction) dental treatment as well as
their level of state anxiety during treatment immediately following this treatment (T1). Two
weeks later participants of both groups were contacted by telephone and were asked to
bring up the memory of the treatment that was performed two weeks before. Then their
memory characteristics were re-assessed (T2). Ethical approval for the study was granted by
the local Ethical Committee (METc VU, protocol number 2007/262).

Statistical analyses

Descriptive statistics were used to characterize the sample. Chi-square tests (categorical
data) or student’s t-tests (continuous data) were used to examine group differences at T1
and T2. Two-way MANOVA'’s on the set of dependent variables (state anxiety, disturbance
and vividness) were used to investigate the possible interaction between group and gender
at T1 and T2. In order to test group differences in the changes over time between T1 and
T2 on the set of dependent variables, a two-way repeated measures MANOVA (one-within
[time] and one-between subjects factor [group]) was used. A MANCOVA was performed on
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the difference score between T1 and T2, using the score at T1 as a covariate, thereby cor-
recting the change score for differences at baseline. The Pearson correlation coefficient was
used as a measure of linear association. Power calculation (G*Power 3.0; Faul, Erdfelder,
Lang & Buchner, 2007) based on an independent samples T-test and based on a large effect
size (0.8), alpha = 0.05, power = 0.80 and two-tailed testing, resulted in a minimum required
total sample size of n = 52. For all statistical analyses, a p-value <0.05 was considered statisti-
cally significant.

Results

General differences between both groups
The final sample consisted of 114 participants (i.e., 47 anxious and 67 reference individuals)
with a mean age of 44.6 years (SD = 12.4) and resp. 51.8 years (SD = 15.1). Table 1 shows the
demographic characteristics in male and female participants of both groups at baseline (TO).
There was no significant difference in terms of gender (p = 0.39) and a marginal significant
difference in country of birth (p = 0.06) between the anxious individuals and the reference
group of low anxious individuals.

Of the participants in the anxious group 60.1% (n = 25) fulfilled all screening criteria
for dental phobia, whereas none of the reference group fulfilled these criteria (0.0%; x*(1)

Table 1. Demographics and mean level of dental trait anxiety of the anxious and low-anxious reference
participants at baseline (T=0)

Anxious (n=47) Reference (n=67)

Percentage n Percentage n P X2
Gender
Male 42.5 20 50.8 34 0.39 0.74
Female 57.5 27 49.3 33
Country of birth
Dutch 83.0 39 94.0 63 0.06 3.58
Other 17.0 8 6.0 4

Mean *SD n Mean *SD n p T
Age in years
Total 44.6 12,4 46 51.8 15,1 67 <0.01 -2.76
Male 42.1 9,4 19 53.5 14,7 34 <0.01 -3.46
Female 46.3 14,1 27 49.9 15,6 33 0.35 -0.93
Dental trait anxiety (4-20)
Total 17.6 2.3 47 7.2 1.9 67 <0.01 25.8
Male 17.2 2.6 20 7.2 2.0 34 <0.01 149
Female 17.9 2.0 27 7.3 1.7 33 <0.01 216
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= 53.16, p = 0.01). Participants of the anxious group showed significantly higher levels of
dental trait anxiety (17.55 * 2.26), than individuals of the reference group (7.22 + 1.87; t
(86.58) = 25.75, p < 0.001).

State anxiety, vividness and disturbance of the memory of dental treatment at T1 and T2
The anxious and reference group were compared immediately after treatment (T1) on state
anxiety, disturbance and vividness using a two-way (group by gender) MANOVA. Mean
scores are presented in Table 2. A significant multivariate effect for group was found, F (3,
106) = 26.47, p < 0.001, and no significant effect for gender, F (3, 106) = 1.31, p = 0.28, nor
an interaction between group and gender, F (3, 106) = 1.30, p = 0.28. The significant group
effect resulted from a higher mean score of the anxious group on state anxiety, F (1, 108) =
51.53, p < 0.001, on disturbance, F (1, 108) = 55.07, p < 0.001, and on vividness, F (1, 108) =
39.20, p < 0.001, than the reference group.

Another two-way MANOVA was performed (T2) to compare both groups on disturbance
and vividness at two weeks follow up (see Table 2). The results showed a significant multi-
variate main effect for group, F (2, 92) = 18.80, p < 0.001, no significant effect for gender, F
(2,92) =0.71, p = 0.493, nor an interaction between group and gender, F (2,92) =1.35,p =
0.266. The significant group effect resulted from a higher mean score of the anxious group
on disturbance, F (1, 93) = 27.07, p < 0.001, and on vividness, F (1, 93) = 29.25, p < 0.001,
than the reference group.

A two-way (time by group) repeated measures MANOVA was performed to compare
the anxious and reference group in changes in disturbance and vividness over time. The
results showed a significant multivariate main effect for time, F (2, 91) = 14.94, p < 0.001,
but no significant interaction, F (2, 91) = 0.25, p = 0.781. The main effect for time resulted

Table 2. Mean scores* of disturbance and vividness immediately after treatment (T1) and after two
weeks (T2) in the anxious and reference group

Measure T1 T2
Mean SD N Mean SD N
Anxious State anxiety 4.83 2.98 46 - - -
Disturbance 3.96 3.04 46 3.85 2.65 41
Vividness 7.13 3.22 46 5.22 3.02 41
Reference State anxiety 1.35 2.04 66 - - -
Disturbance .64 1.62 66 1.27 2.21 56
Vividness 3.09 3.33 66 2.00 2.81 56
Total State anxiety 2.78 3.00 112 - - -
Disturbance 2.00 1.62 112 2.36 2.72 97
Vividness 4.75 3.83 112 3.36 3.30 97

* Mean scores and standard deviations are based on all available data at T1 and T2
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from a significant decrease in disturbance, F (1, 92) = 6.03, p = 0.016, and vividness, F (1, 92)
=14.62, p < 0.001. In the anxious group a non-significant increase for disturbance (t (38) =
1.33, p = 0.19) was found and a significant decrease for vividness (t (38) = -2.55, p = 0.015)
over time. In the reference group a significant increase in disturbance (t (55) =2.46, p=0.17)
and a significant decrease in vividness (t (54) =-2.67, p = 0.006) was found.

However, since the differences at T1 between the anxious and the reference group on the
variables disturbance and vividness may have affected the change over time, the two groups
were compared on the difference score between T1 and T2 on the variables disturbance and
vividness, using the scores at T1 as covariates in a MANCOVA. The results from this analysis
showed that disturbance was a significant covariate for the disturbance, F (1, 90) = 11.51, p
<0.001, and vividness, F (1, 90) = 5.28, p = 0.024 change score, and vividness was a significant
covariate for the vividness change score, F (1, 90) = 76.91, p < 0.001, but not for disturbance,
F (1, 90) = 1.33, p = 0.25. As a result, mean change scores on both variables were adjusted
for differences on the score at T1. In this adjusted analysis, a significant multivariate group
effect was found, F (2, 89) = 3.93, p = 0.023, indicating that both groups differ in the changes
in mean scores over time. Inspection of the adjusted mean scores reveals that the anxious
group (mean difference = -0.46, 95% CI [-1.40 — 0.47]) reported a significantly smaller reduc-
tion of vividness than the reference group (mean difference =-1.98, 95% Cl [-2.7 - -1.22]),
and a larger increase in disturbance (mean difference = 1.17, 95% Cl [0.50 — 1.83]) than the
reference group (mean difference = 0.01 95% Cl [-0.53 — 0.55]). Changes on the outcome
variables between T1 and T2 for each group are presented in Figure 1.
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Figure 1. Adjusted mean difference scores between T1 and T2 for the variables disturbance and vivid-
ness for the anxious and the low-anxious reference group*

* The difference in disturbance between T1 n T2 in the control group is not visible, since the difference
was only 0.01 on an 11 point NRS.
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Relation between state anxiety and memory characteristics of the disturbing memory
Among the anxious participants the correlations between state anxiety during dental treat-
ment, and either vividness or disturbance of the memory two weeks following treatment
did not reach significance (r=0.19, p = 0.24 and r = 0.20, p = 0.24, respectively). Among the
reference group positive significant correlations were found between state anxiety during
treatment and both memory characteristics two weeks later (r = 0.60, p < 0.001 and r =
0.31, p =0.021, respectively). To avoid a lack of variance as a result of both floor effects and
ceiling effects both groups were combined. A normality test showed that the data were well
modeled by a normal distribution. Table 3 displays the correlation coefficients at both time
points among the variables state anxiety during dental treatment, vividness and disturbance
for both groups combined (total nat T1 =112 and total n at T2 = 93). As can be seen, level of
state anxiety during dental treatment significantly predicted the extent to which participant’
memories were experienced as vivid (r = 0.46, p < 0.001) and disturbing (r = 0.55, p < 0.001)
two weeks following treatment.

Table 3. Association between state anxiety during treatment and the memory characteristics ‘vivid-
ness’ and ‘disturbance’ at both time points for the total group (anxious and reference patients col-
lapsed).

state anxiety (T1) disturbance (T1) vividness (T1)

T1 state anxiety 1.00

disturbance 0.768** 1.00

vividness 0.499%** 0.477%** 1.00
T2 disturbance 0.551** 1.00

vividness 0.457** 0.577** 1.00
**p < 0.001
Discussion

The results of the present study indicate that individuals with severe levels of anxiety about
dental treatment reported their memory of a dental treatment to be significantly more vivid
and more disturbing than participants’ memories with no or almost no anxiety. This was not
only found immediately following treatment, but also at two weeks follow-up.

Both the anxious and the reference participants displayed changes in vividness of their
memories in that these became significantly less vivid over a two-week period. This decline
can probably best be explained by a logarithmic degrading of memories over time (Wixted
& Carpenter, 2007; Talarico & Rubin, 2003). Interestingly, the disturbance of the memory
showed a different pattern. While the disturbance of the memories in the reference group
remained stable, the disturbance of the memories of the anxious individuals increased. Most
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likely, the results of our study can best be explained in the light of findings of studies examin-
ing emotional arousal and memory performance in individuals with PTSD (e.g., Wilker et al.,
2014; Paunovic et al., 2002), showing that subjects with PTSD display enhanced memory for
emotionally arousing information compared with healthy controls (Wilker et al., 2014; Golier
et al., 2003). Precisely this fact may explain the increased memory disturbance of anxious
individuals in our study. In individuals with disproportionate levels of anxiety, exposure to a
phobic stimulus almost invariably provokes retrieval of the fear memory, thereby triggering
an adrenal stress response (De Quervain et al., 2011; Alpers et al., 2003) which would, in
turn, lead to enhanced storage of emotional memories (Mcintyre & Roozendaal, 2007).

Our most striking finding was that individuals’ state anxiety level during dental treat-
ment was significantly linearly associated with the extent to which the memories of this
event were reported as emotionally charged. The best explanation for this phenomenon
is that the more physiological arousal was elicited by the event, the more the memory was
experienced as emotionally disturbing and vivid. This is in line with a wide array of labora-
tory (Anderson et al., 2006; Ochsner, 2000) and experimental studies showing a positive
linear relationship between the degree of stress experienced during a fearful event, and the
strength of the fear-conditioned memory that was formed in relation to the level of adrenal
stress hormones (Laxmi et al., 2003; Cordero et al., 1998). To our knowledge, such a rela-
tionship for the effects of physiological and emotional arousal (in our study operationalized
as state anxiety) in the formation of fear memories has not previously been demonstrated
in a relevant clinical setting such as dentistry.

This study has some limitations. First of all, we were not able to match individuals of the
anxious and reference group in terms of gender and age, since more anxious participants
than we expected appeared to be unwilling to fill out the questionnaire immediately after
the dental treatment. Next, the level of physiological or emotional arousal in this study
was only assessed by a self-report measure indexing state anxiety (i.e., an 11-point NRS).
Although self-reported state anxiety has been found to correlate significantly with heart rate
(Kantor et al., 2001), in future studies it would be important to replicate the current findings
using physiological and biological outcome variables in order to more specifically investigate
the factors mediating the activation of the human stress response system. More general, and
in relation to future research, translational studies in relevant clinical settings that examine
possible individual differences in responsiveness to acute stress and emotional memory, are
greatly needed. A possible direction would be to examine whether specific genetic varia-
tions (e.g. of the ADRA2B gene; Rasch et al., 2009; de Quervain et al., 2007) involved with
noradrenergic neurotransmission are associated with elevated levels of dental trait anxiety
and enhanced emotional memory of emotionally arousing events (Li et al., 2015).

In conclusion, the present results suggest that individuals’ state anxiety level during a
dental treatment is predictive of the extent to which the memory of such an event becomes
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emotionally charged. Furthermore, the results provide evidence for a linear relationship
between emotional arousal on the formation of fear memories entailing possible clues for
the role of emotional responses induced by anxiety eliciting and potentially dangerous situ-
ations which enables us to remember the significance of such events. Our results may also
have important clinical implications. Dental practitioners or other health care professionals
should be cautionary that anxiety levels during their procedures may increase far above the
normal or average range, thereby cementing new aversive memory traces (De Quervain et
al., 2009), a process which may explain why existing anxiety levels are maintained or even
further increase.
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Is dental phobia a blood-injection-injury phobia?

Introduction

Specific phobia is an anxiety disorder that represents unreasonable or irrational fear of a
specific object or situation (Craske et al., 1996). One of the specific phobia subtypes re-
tained in the Diagnostic and Statistical Manual of Mental Disorders (DSM—IV-TR) is Blood-
Injection-Injury (B-I-1) phobia, a phobic condition involving an extraordinary fear of blood,
injuries, needles, and invasive medical procedures (APA, 2000). B-I-I phobia usually starts in
childhood (Bienvenu & Eaton, 1998), is often familial (Page, 1994; Kleinknecht & Lenz, 1989;
Marks, 1988; Kozak & Montgomery, 1981), shows prevalence rates of about 3% (Bienvenu
& Eaton, 1998; Fredrikson et al., 1996; Neale et al., 1994), and is more prevalent in women
than in men (Bienvenu & Eaton; Agras, Sylvester, Oliveau, 1969). There are indications that
of all specific phobia subtypes B-I-I phobia is most strongly associated with disability (Burst-
ein etal., 2012).

According to the text of the DSM-IV-TR (p. 446; APA, 2000), B-I-I phobia is characterized
by a strong vasovagal response, also referred to in the literature as a biphasic response pat-
tern. This response is supposed to consist of an initial acceleration in heart rate and increase
in blood pressure, followed by a heart rate deceleration and blood pressure drop leading to
an increased likelihood of vasovagal fainting (APA, 2000; Page, 1994; Ost et al., 1984). It is
assumed that about 75% of patients afflicted with B-I-I phobia have a history of fainting in
phobia-relevant situations (APA, 2000).

Dental phobia is a disproportional fear of (invasive) dental procedures, and is currently
classified as a specific phobia of the B-I-I subtype within DSM-IV-TR. Regarding the convergent
and discriminant validity of this categorization, there are only two factor analytic studies that
specifically attempted to determine whether dental fear corresponds to the cluster of fears
within the B-I-I subtype of specific phobia. Both studies found support for a classification of
fears with a B-I-l or “mutilation” factor comprising fears of injections, injuries, and dental
treatment (De Jongh et al., 2011; Fredrikson et al., 1996). Conversely, a study assessing the
relationship between dental anxiety, and either B-I-l anxiety or B-I-l avoidance among dental
patients found only weak nonsignificant correlations between these constructs (r = 0.16
and —0.02, respectively; De Jongh et al., 1998). Further, a community survey showed that
among dentally anxious individuals, only 16% could also be classified as blood-injury fearful
(Locker et al., 1997). Vice versa, a study among blood and injection phobics showed that
less than 20% of them also had a strong fear of the dental situation (Ost, 1992). The small
level of co-occurrence of dental fear in general and typical B-I-I fears seems to challenge the
contention that dental fear is a typical B-I-I fear.

The question whether dental phobia is a B-I-I phobia also pertains to onset, phenomenol-
ogy, and treatment planning. Whereas the origin of dental phobia could easily be explained
as the result of associative learning (De Jongh et al., 1998), the origins of fear of blood and
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injury have been claimed to largely lie in genetic factors (Page & Martin, 1998; Neale et al.,
1994). Even more striking are the differences in physiological response pattern between
dental phobia and B-I-I phobia. Whereas B-I-I phobia is associated with a biphasic response
pattern, the cardiac reaction in dental phobics during exposure to phobic stimuli is typically
associated with an acceleration of heart rate, which is not followed by a drop in heart rate
(Leutgeb et al., 2011; Schmid-Leuz et al., 2007; Elsesser et al., 2006; Johnson et al., 2003;
Lundgren et al., 2001), and fainting (De Jongh et al., 1998; Leutgeb et al., 2011). Another
area in which dental phobia differs from B-I-I phobia is the treatment of both conditions.
While in vivo exposure to anxiety provoking stimuli is generally considered to be the most
appropriate treatment for specific phobia in general (De Jongh et al., 2005), for B-I-I phobia,
when the patient presents with a vasovagal fainting response, the preferred additional
treatment is “applied tension” (i.e. artificially increasing the blood pressure by tensing the
muscles; Ayala et al., 2009; Ost et al., 1991).

Taken together, the findings of studies that investigated the dynamic of dental phobia
cast doubt on the empirical basis of the current classification of dental phobia as a “pure”
B-I-I phobia within DSM-IV-TR. Yet, in the light of the development of DSM-5, the authors
of a recent paper evaluating the current diagnostic criteria for specific phobia, concluded
that “dental phobia shares more similarities than differences with B-I-I phobia (LeBeau et al.,
2010).” To further elucidate this issue the purpose of the present study was to investigate
the conceptual validity of the DSM classification of dental phobia within the B-I-I phobia
subtype of specific phobia. Therefore, the co-occurrence of dental phobia, fear of dental
objects and situations (including B-I-I-related stimuli), and a history of vasovagal fainting
during dental treatment was investigated. More specifically, based on the current classifica-
tion of dental phobia as a B-I-I phobia subtype within DSM we expected to find that dental
phobics would rate B-I-I-related stimuli equally anxiety provoking as typically dental-related
stimuli. Secondly, it was hypothesized that there would be relatively more individuals with a
fainting history among dental phobics than among non-dental phobics.

A related issue concerns the contribution of dizziness and fainting to the tendency to
avoid situations where fainting might occur (i.e. the dental treatment). For B-I-I phobia it has
been claimed that fainting in response to B-I-I stimuli can aggravate avoidance of medical
care (Kleinknecht & Lenz, 1989), which could exacerbate medical conditions and may lead
to health threatening situations (APA, 2000; Bienvenue & Eaton, 1998; Page, 1994). If dental
phobic individuals indeed display a similar distinctive autonomic reaction and a selective
propensity to faint as seen in “pure” B-I-I phobics, it is conceivable that this response pat-
tern would evoke a fear of fainting and preclude individuals securing appropriate care with
detrimental effects on oral health. Remarkably, however, besides the text of the DSM-IV
that states that “Specific Phobias of the Blood-Injection-Injury Type, may have detrimental
effects on dental and physical health, because the individual may avoid obtaining necessary
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medical care” (p. 446; APA, 2000) and suggestions in this direction (Ayala et al., 2009; Marks,
1998; Hamilton, 1995; Page, 1994) we are not aware of any study supporting such a claim in
relation to dental phobia. Therefore, the third aim was to test the hypothesis that fainting
would be significantly associated with avoidance of dental care.

Methods

Research participants

This study is part of an ongoing study on lifestyle and personality in twin families registered
with the Netherlands Twin Register (NTR; Boomsma et al., 2006). The data are derived from
the 9" wave of survey collection in adult participants that was carried out in 2011 and 2012.
After obtaining approval from the Medical Ethics Committee of the VU University Medical
Center Amsterdam, NTR participants aged 18 years and older were invited to complete the
survey (N = 27,892). At the time of analysis, 11,225 subjects had responded (response rate
40.2%). Twelve participants were excluded because of missing data on family structure (n =
6), age (n = 3) or because they were younger than 18 years (n= 3). The remaining subjects (n
=11,213 of 5,098 families) had a mean age (+SD) of 44.26 (+15.42) years (age range 18-100
years) with 61.2% being female. Participants were mostly born in the Netherlands (97.4%).

Procedure

Participants were sent a written invitation including a link to the web page where they could
log on to a web-based survey with a unique, personal login name and password. Subjects
who had not yet accessed the web-based survey within three months after the first invi-
tation received a written reminder. For participants without internet access, a hard copy
version of the survey was available on request. In this study, only data of the web-based
survey were used in the analyses (n =11,213).

Measures

Sociodemographics

The questionnaire included questions about sex and age. Information on country of birth
was available for 6,530 individuals and level of education was available for 8,082 individuals
based on previous questionnaires (Willemsen et al., 2013).

Presence of Dental Phobia

Presence of dental phobia was assessed using the Phobia Checklist, a screening tool with
four questions based on the DSM-IV-TR criteria for specific phobia (APA, 2000), developed
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for the assessment of dental phobia. This instrument has previously been validated and
proven to be a valid diagnostic tool for this purpose (sensitivity = 0.95, specificity = 0.99,
and an overall hit rate of 97%; Oosterink et al., 2009). The Phobia Checklist contains the
following four questions: (i) When | see or undergo dental treatment | feel unreasonable
or excessive ( = very strong) anxiety; (ii) | try to avoid dental treatment, or else | undergo
treatment only with great anxiety; (iii) | see that | am far more anxious of dental treatment
than is justified; and (iv) My fear or avoidance of dental treatment is significantly interfering
with or restricting my life. Dental phobia was considered present when all four questions
were answered in the affirmative.

Severity of Dental Fear

Severity of dental fear was assessed using the Dental Anxiety Scale (Corah, 1969). Responses
are scored from 1 to 5, providing total scores ranging from 4 (not anxious at all) to 20 (ex-
tremely anxious). DAS scores of 13 or higher are considered indicative of the presence of
a high level of dental fear (Corah et al., 1978). Cronbach’s alpha of the DAS in the current
study was 0.90.

History of Fainting During Dental Treatment
History of dizziness or fainting during dental treatment was assessed with the dichotomous
question “Did you ever feel dizzy or did you ever faint during a dental treatment?”

Anxiety Provoking Stimuli

The fear provoking nature of 28 stimuli was assessed using the question: “Below you will
find examples that you may have experienced at the dentist, oral hygienist, or oral surgeon.
Please indicate for each example whether this evokes a fear response?” The stimuli were
derived from a questionnaire with 67 potentially anxiety-provoking objects and situations
related to the dental setting (Oosterink et al., 2008). In the current study, only the 25 most
prevalent anxiety-provoking stimuli were used as items for the questionnaire, which was
supplemented with three additional stimuli (i.e. gagging, a sense of vomiting, and faint-
ing). The questionnaire contained the following B-I-I-related stimuli: having surgery, being
injured, receiving an injection, and seeing blood. Each of the items were scored on a four
point scale, from 1 (not anxiety provoking at all) to 4 (extremely anxiety provoking).

Avoidance of Dental Care

An established way to index regular dental attendance is to assess the proportion of people
who visit the dentist at least once a year (Mulder, 2010). Accordingly, those who reported
visiting a dentist less than once a year during a 5-year period were classified as having a
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tendency to avoid dental care. This was scored using two distinct categories (i.e. regular
attendance or avoidance of dental care).

Statistical analyses

Descriptive statistics were performed in IBM SPSS Statistics (Version 20). Regression analy-
ses (continuous measures) and logistic regression (categorical measures) were carried out in
STATA 12.1 (StataCorp, College Station, Texas, USA) to test whether dental phobia, fainting,
and avoidance were related to a selection of variables. STATA’s “robust cluster” option was
used to account for the nonindependence of family members. The strength of the associa-
tions between avoidance of dental care on the one hand, and a selection of variables on the
other, was estimated by the odds ratio (OR) and 95% confidence intervals. To cross-validate
findings based on the relatively small number of strict dental phobics, analyses were par-
tially repeated using a distinction between high and low levels of dental fear based on the
DAS. For all statistical analyses, a P-value < 0.05 was considered statistically significant.

Results

Sample characteristics

Sociodemographic characteristics are reported in Table 1 for participants with (n =48, 0.4%)
and without a dental phobia, for participants with a history of dizziness or fainting during
dental treatment (n = 472, 4.3%) or not and for participants who avoided dental care (n =
2,010, 18.1%) or not. Comparisons between these groups revealed that a gender difference
was present for fainting history during dental treatment and for avoidance of dental care.

Anxiety provoking stimuli as indicated by individuals with and without dental phobia

Table 2 shows the mean scores of anxiety provoking stimuli as rated by those with and
without dental phobia, and the proportion of them rating a specific stimulus as extremely
anxiety provoking (score 4). Dental phobics had significantly higher mean scores on all stim-
uli, including typically B-I-I-related stimuli, than those without dental phobia (all P < 0.01).
For both dental phobics and non-dental phobics the stimulus with the highest mean score
was “undergoing root canal treatment” (95% Cl 3.45-3.86 and 2.27-2.31, respectively). This
stimulus was also most frequently reported as extremely anxiety provoking among both
groups (73.9%, and 11.0%, respectively). Among dental phobics, it appeared that typical
B-I-I-related stimuli had a relatively low ranking among the 28 fears of dental objects and
situations, except the stimulus “having surgery,” which was ranked third. Of all 28 stimuli
dental phobics rated the B-I-I-related stimulus “seeing blood” as lowest. The results for
dental phobia were similar to those for dental fear. Individuals with a high level of dental
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fear, but without fulfilling all screening criteria of dental phobia (n = 573), had significantly
higher mean scores on all stimuli than those with a relatively low level of dental fear (all P
< 0.01). Moreover, regarding the rank order of typical B-I-I-related stimuli, “having surgery”
was ranked third, “receiving an injection” 16th, “being injured” 17th, and “seeing blood”
28th.

Overlap between dental phobia and a history of fainting during dental treatment

Of the dental phobics, 13.0% (n = 6) reported a history of fainting during dental treatment
(Fig. 1). Dental phobics were significantly more likely (OR = 3.4; (95% Cl: 1.5-8.1) to report a
history of fainting than non-dental phobics [Wald x* (1) = 7.68; P < 0.01]. Of the individuals
with a high level of dental fear, but without fulfilling all screening criteria of dental phobia,
17.8% (n = 101) reported a history of fainting (Fig. 1). They were significantly more likely (OR
=6.0; 95% Cl: 4.7-7.6) to report a history of fainting than individuals without a high level of
dental fear [Wald x* (1) = 204.71; P < 0.01].

Overlap
n==6

High level of dental fear [ Overlap History of fainting during |

n =569 } n=101 dental treatment
| n =472 |
\\ //
A //
\ |
_ _—

Figure 1. Overlap between dental phobia and a history of fainting during dental treatment and a high
level of dental fear and a history of fainting during dental treatment

Avoidance of dental care

Table 3 shows the proportion of participants that reported a tendency to avoid dental care
and the associations with other variables. Avoidance of dental care was found to be sig-
nificantly more likely among dental phobics than among those without dental phobia (OR
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Table 3. Strength of the associations between the independent variables and avoidance of dental care.

Participants Avoidance of dental care

% avoiders N Waldx> OR 95%Cl p-value
Gender
Female 15.4% 1,052 80.42 0.6 0.6-0.7 <0.01
Male 22.2% 956
Education
Intermediate-higher vocational-university 16.3% 1,051 42.82 0.6 0.6-0.7 <0.01
Lower vocational 23.6% 373
Dental phobia
Yes 52.1% 25 30.53 5.0 2.8-8.8 <0.01
no 17.9% 1,985
High level of dental fear
Yes 30.6% 175 68.05 23 1.9-2.7 <0.01
No 16.6% 1,709
Fainting history during dental treatment
Yes 18.0% 85 0.030 1.0 0.8-1.2 0.86
No 17.7% 1,869
Extreme fear of having surgery
Yes 21.9% 141  8.08 1.3 1.1-16 <0.01
No 17.4% 1,773
Extreme fear of receiving an injection
Yes 22.5% 81 6.04 14 1.1-1.8 0.014
No 17.5% 1,885
Extreme fear of getting injured
Yes 21.9% 51 3.07 1.3 1.0-1.8 0.080
No 17.5% 1,789
Extreme fear of the sight of blood
Yes 27.2% 25 5.68 1.8 1.1-2.8 0.017
No 17.5% 1,904
Extreme fear of fainting
Yes 19.1% 109 0.97 1.1 09-14 0.33
No 17.5% 1,723

=5.0; 95% Cl: 2.8-8.8). A similar relationship was found for dental fear (OR = 2.3; 95% Cl:
1.9-2.7). However, a history of fainting during dental treatment was not found to be related
to avoidance of dental care (OR = 1.0; 95% Cl: 0.8-1.2).
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Discussion

This is the first study that investigated the co-occurrence of dental phobia, B-I-I-related
fears, and vasovagal fainting in a large population-based sample. The results show that
dental phobics fear B-I-I-related objects and situations (e.g. seeing blood), although they
fear other stimuli present in dental setting (e.g. undergoing root canal treatment) more.
These findings are consistent with earlier findings t