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Abstract

Dental anxiety is a crucial problem for dentistry because it may represent a significant
risk to oral health. Different factors, whether non-cognitive (e.g., traumatic dental
events) or cognitive (e.g., the patient's subjective perceptions), may cause dental anxi-
ety. However, previous studies have assessed these factors as independent predictors
of dental anxiety, without providing any exploration of potential mediational path-
ways. The current study assessed the role of certain cognitive dimensions (i.e., the
dentist's perceived professionalism and communicational attitudes, and the patient's
perceived lack of control) as mediators between traumatic dental events and dental
anxiety. The sample comprised 253 patients who had accessed a public university
hospital dental surgery. The mediation analysis used a structural equation modeling.
Traumatic dental events were positively associated with dental anxiety but, among
the cognitive factors, only lack of control was. Furthermore, lack of control medi-
ated the relationship between traumatic dental events and dental anxiety, although
this mediation was only partial. This study sheds light on the mechanisms through
which non-cognitive and cognitive factors may affect dental anxiety. The clinical
implications for dental practice, in terms of improving the psychological well-being

of patients, are discussed.
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INTRODUCTION

Dental anxiety is a psychophysiological state which can be
defined as an emotional state of worry or apprehension in an-
ticipation of dental treatment [1]. Excessive levels of dental
anxiety may induce a low compliance with dental treatment
or psychological distress, representing a serious risk for oral
health or, in extreme cases, a significant barrier to the access

to dental care [2,3]. Epidemiological research in Western
contexts has reported that a percentage ranging from 10% to
20% of adults suffer from high levels of dental anxiety [4,5].
Thus, addressing dental anxiety in the patient population
should be considered a fundamental priority for dentistry and
public health.

According to Beaton et al. [6], factors causing dental anx-
iety may be exogenous (e.g., previous and direct distressing
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or traumatic dental experiences), endogenous (e.g., person-
ality traits, such as neuroticism) or vicarious (e.g., negative
dental experiences recounted by significant others or in the
media). In this regard, while some studies have attributed to
past traumatic episodes experienced within a dental setting
(i.e., the non-cognitive factors) a central pathogenetic factor
in terms of the development of dental anxiety [7,8], others
have highlighted the role of subjective factors in the process-
ing of dental-related stimuli (i.e., the cognitive factors), such
as the patient's personal perceptions of the dentist and dental
treatment [1,9,10].

Concerning non-cognitive factors, previous studies have
found associations between traumatic dental events and high
levels of dental anxiety. In this regard, the model by Rachman
[11] assumes that negative dental experiences — as well as
vicarious conditioning or reports of the harmfulness of dental
procedures — are crucial factors in the development of dental
anxiety, because such experiences lead patients to associate
dental treatments and stimuli with discomfort and pain. Some
examples of traumatic dental events include invasive dental
treatment (e.g., root canal treatments or injections) [12], pain
[13,14] or distress caused by the dentist's behavior [12]. In
this regard, de Jongh et al. [7] found that patients with higher
levels of dental anxiety were more likely to report traumatic
dental events than those with lower levels (73% versus 21%)
and that horrific experiences within the dental setting were
the most common traumatic events recounted. Similarly,
Oosterink et al. [15] found that invasive dental procedures
(e.g., extractions or injections) are among the distressing
dental events most frequently associated with high levels of
dental anxiety, while Scandurra et al. [8] found that, in a clin-
ical sample of Italian dental patients, the likelihood of having
high dental anxiety was greater with more exposure to trau-
matic dental events.

However, another line of research has stressed the im-
pact that non-cognitive factors may have on dental anxiety,
debunking the general assumption that traumatic dental
experiences have the greatest value in terms of predicting
dental anxiety. In this regard, the Cognitive Vulnerability
Model (CVM) [16] proposes that the central dimension as-
sociated with dental anxiety is represented by the vulner-
ability schema, which is activated when the fearful patient
is exposed to dental stimuli. The contents of this schema
involve four interconnected perceptions of the dental event,
designated uncontrollable, unpredictable, potentially dan-
gerous or harmful, and disgusting. Once this schema is
activated, two processes occur simultaneously; namely, an
immediate and automatic affective response (i.e., fear) and
a cognitive assessment of the event. Armfield [1] found that
vulnerability-related perceptions accounted for more than
45% of the variance in dental anxiety, in contrast to dental
negative experiences which accounted for <1%. Similarly,
Carrillo-Diaz et al. [9] found that cognitive factors were the

best predictors of dental anxiety and that, once included in
a unique regression model comprising both non-cognitive
and cognitive factors, non-cognitive factors were no longer
predictors. Further, de Jongh et al. [10] demonstrated that
patients reporting having been exposed to a traumatic event
perceived as associated with the cause of dental anxiety did
not differ in dental anxiety severity from those not having
reported any such experience. Nevertheless, the CVM does
not preclude previous traumatic experiences or individual
factors (e.g., personality traits) playing a role in dental fear
responses, since subjective perceptions seem to originate
from a combination of individual traits and personal ex-
periences. Indeed, Armfield [16] asserted that the vulner-
ability schema may be activated even through experiential
factors, such as the pathways highlighted by Rachman [11].

Previous studies have assessed cognitive and non-
cognitive factors as independent predictors of dental anx-
iety, without providing any exploration of the potential
mediational pathways which may shed light on the mech-
anisms through which such factors might operate. Indeed,
an approach to understand the effective role of cognitive
factors in accounting for dental anxiety could be an exam-
ination of whether such factors partially or fully mediate
the relationship between non-cognitive factors and dental
anxiety. Accordingly, the aim of the current study was to
explore such a mediational model, assessing cognitive fac-
tors using the Milgrom et al. model [17], which is a well-
established theoretical model of the patient's perception of
the dentist and dental treatment which is widely used in re-
search on dental anxiety [18-21]. Milgrom et al. [17] iden-
tified three main dimensions of the patient's perceptions of
the dentist and dental treatment: (a) Professionalism, refer-
ring to the perceived technical competence and integrity of
the dentist; (b) Communication, referring to the patient's
perceptions of the dentist's attitudes in relation to commu-
nication and how comfortable the patient feels in talking to
the dentist; and (c) Lack of control, which is the perception
of not being in control of the situation and not having the
possibility of taking a break during treatment. All of these
dimensions have been shown to be associated with den-
tal anxiety, with the more negative the impression of the
dentist and the treatment situation the higher the levels of
dental anxiety [22,23].

Thus, based on previous studies highlighting the associ-
ations between traumatic dental events and dental anxiety
[7,8,12], we hypothesized that traumatic dental events would
be a non-cognitive factor associated with dental anxiety
(Hypothesis 1). Furthermore, based on the CVM [1,16], we
hypothesized that cognitive factors would also be associated
with dental anxiety (Hypothesis 2). Finally, since cognitive
factors may be influenced by experiential factors [1] and are
also predictors of dental anxiety [1,16], we also hypothesized
that cognitive factors would mediate the relationship between
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FIGURE 1
mediation model

The hypothesized
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traumatic dental events and dental anxiety (Hypothesis 3).
The hypothesized mediation model is depicted in Figure 1.

MATERIAL AND METHODS
Procedures and participants

The data analyzed in this cross-sectional study are part of a
larger project launched in September 2018 assessing the psy-
chological dimensions (e.g., attachment, personality traits, and
defences) related to dental anxiety. Between September 2018
and October 2019, patients who accessed the Dental Surgery
Unit of the University of Naples Federico II for the day hos-
pital, ordinary hospitalization, or pre-recovery were invited to
participate in this study during their first appointment.

Patients could participate in the study if they were aged be-
tween 18 and 80 years, able to understand the informed con-
sent and complete the questionnaires independently, and had
accessed the Dental Surgery Unit to undergo dental surgery in
the day hospital, ordinary hospitalization, or pre-recovery. All
of these eligibility criteria were evaluated by the dentists during
the completion of the initial medical record. The patients were
carefully informed about the study and completed the question-
naires independently and anonymously only after signing the
informed consent form on a separate sheet.

A total of 253 patients (124 men and 129 women) took
part in the survey. The patients ranged in age from 18 to 80
(mean =49.1; SD = 16.4). Furthermore, 219 (86.6%) patients
had an educational level < high school, while 34 (13.4%) an
educational level > university or college. Most of the patients
(n=239; 94.5%) had accessed the clinic for the day hospital,
with only 4 (1.6%) for an ordinary recovery and 10 (4%) for
a pre-recovery.

The current study was approved by the Ethical Committee
of the University of Naples Federico II (protocol number:
1043/18), conducted in accordance with the EU General Data
Protection Regulation, and designed in respect of the princi-
ples of the Declaration of Helsinki.
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Measures

To assess the degree of distress of traumatic dental experi-
ences we used the Level of Exposure-Dental Experiences
Questionnaire (LOE-DEQ) [24], a 23-item scale evaluating
distressing events related to dental procedures or to dentists,
as well as general traumatic life events. Since we were in-
terested in assessing only the traumatic events experienced
within the dental setting, we used only the 16-item subscale
‘Traumatic dental experiences’. The LOE-DEQ requires
the respondents to indicate whether or not (yes versus no)
they had experienced any specific distressing events. The
Cronbach alpha coefficient for the current sample was 0.78,
while Guttman's Lambda was 0.80, suggesting good internal
consistency reliability.

The patients’ perceptions of the dentist and dental treat-
ment were assessed using the revised version of the Dental
Beliefs Survey (DBS-R) [17], a 28-item scale comprising
three subscales (Professionalism, Communication, and Lack
of Control). The responses were scored from 1 (never) to 5
(nearly always), with higher scores on each subscale indicat-
ing more negative beliefs and perceptions. The respective
alpha coefficients were 0.86, 0.92, and 0.91 for the subscales.

Finally, dental anxiety was evaluated through the Modified
Dental Anxiety Scale (MDAS) [25], a 5-item scale measur-
ing dental anxiety on a five-point Likert scale and generating
a total score ranging from 5 (not anxious) to 25 (extremely
anxious). A cut-off of 19 is considered to indicate a high level
of dental anxiety. The Cronbach alpha coefficient for the cur-
rent sample was 0.92.

Data analysis

Preliminary analyses concerned the handling of missing data.
Only a few data were missing (1.4% of the total) and these
were considered as missing at random because they were
not related to the total scale scores. A missing value impu-
tation was performed using the k nearest neighbors (KNN)
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algorithm [26], with the Euclidean distance as a distance met-
ric in the multi-dimensional space.

We calculated descriptive statistics (distribution of fre-
quencies, means, and standard deviations) and bivariate
correlations between variables, and assessed the differences
between participants with low and high levels of dental anx-
iety in relation to traumatic dental events and the patient's
perceptions of the dentist by using the Student t-test.

The mediation analysis was performed with the “lavaan” R
package [27], which estimates the model parameters using the
structural equation modeling approach. Kline [28] suggested
that a sample size of at least 200 participants is necessary to
estimate the model parameters. As an estimator method, the
maximum likelihood with robust standard errors and a mean
and variance adjusted test statistic (the Satterthwaite ap-
proach) was used. Thus, as shown in Figure 1, we tested the
main effect of traumatic dental events on dental anxiety (path
¢; Hypothesis 1), the main effect of the three cognitive factors
(i.e., Professionalism, Communication, and Lack of Control) on
dental anxiety (path a; Hypothesis 2), and the mediating role of
each cognitive factor in the relationship between traumatic den-
tal events and dental anxiety (paths a*b; Hypothesis 3). Because
sociodemographic characteristics are also associated with den-
tal anxiety, we adjusted for gender, age, and educational level in
the models. Indeed, previous studies have demonstrated that fe-
male [29,30,31], younger [25,32], and less educated [25,32,33]
people experience higher levels of dental anxiety.

RESULTS

Almost a third of the sample (28.9%) proved to be above the
MDAS cut-off (>19), the threshold to detect people with
high levels of dental anxiety.

Summary statistics and bivariate correlations among the
study variables are reported in Table 1. Specifically, traumatic
dental events were positively correlated with both the cogni-
tive factors (i.e., professionalism, communication, and lack
of control) and dental anxiety, indicating that higher rates of
distressing dental events were associated with higher levels
of negative perceptions of the dentist as well as with higher
levels of dental anxiety. Similarly, all of the cognitive factors

1 2 3 4
1. Traumatic dental 1
events
2. Professionalism 0.41 1
3. Communication 0.38 0.79 1
4. Lack of control 0.43 0.74 0.84 1
5. Dental anxiety 0.32 0.30 0.33 0.40

were positively correlated with dental anxiety, indicating that
higher levels of negative perceptions about the dentist and
the dental treatment were associated with a greater dental
anxiety.

Mean scores for traumatic dental events and patients’
subjective cognitions by dental anxiety level are reported in
Table 2. Patients with high dental anxiety had higher scores
on both non-cognitive and cognitive factors.

Because the mediators were strongly correlated with each
other, we first checked for their multicollinearity through an
assessment of Variance Inflation Factors (VIF). However, no
multicollinearity was identified, since the largest VIF was
equal to 4 (a VIF greater than 10 suggests the presence of
multicollinearity). Nevertheless, because the correlations be-
tween the mediators were strong and we were interested in
assessing the direct comparison between the effects through
standardized coefficients, we used standardized variables.

As shown in Figure 2 and with respect to Hypothesis 1,
traumatic dental events were positively associated with den-
tal anxiety [¢ = 0.186; 95% CI (0.020, 0.351); p = 0.028],
confirming our hypothesis.

Instead, with regard to Hypothesis 2, we found that, among
the cognitive factors, only lack of control was positively asso-
ciated with dental anxiety [b; = 0.329; 95% CI (0.204, 0.453);
p < 0.001], partially confirming our hypothesis. On the con-
trary, neither professionalism [b; = 0.014; 95% CI (—0.108,
0.136); p = 0.828] nor communication [b, = —0.030; 95%
CI (-0.152, 0.092); p = 0.633] were associated with dental
anxiety. The R? of the multiple regression model was 0.262.

Finally, with respect to Hypothesis 3, experiences of
traumatic dental events were associated with higher levels
of all cognitive factors [a; = 0.415; 95% CI (0.299, 0.532);
p < 0.001]; [a, = 0.379; 95% CI (0.247, 0.511); p < 0.001];
and [a; = 0.427;95% CI (0.307, 0.548); p < 0.001], but only
lack of control mediated the relationship between traumatic
dental events and dental anxiety [a*b; = 0.140; 95% CI
(0.075, 0.206); p < 0.001], thus partially confirming our hy-
pothesis. Specifically, the strength of the association between
traumatic dental events and dental anxiety was greater with
lower control. This mediation was partial, since traumatic
dental events continued to be a significant predictor of dental
anxiety.

TABLE 1 Bivariate correlations

Mean SD .

between scores for traumatic dental events,
23 2.7 patient's subjective cognitions, and dental

anxiety

22.8 9.3

16.5 7.9

15.5 7.5

14.4 5.7

Abbreviation: SD, standard deviation.
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TABLE 2 Mean scores for traumatic
dental events and patients' subjective
cognitions by dental anxiety level

Traumatic dental
events

Professionalism
Communication

Lack of control

Oral Sciences

Dental anxiety Difference
High — Low

Low (cut-off <19) High (cut-off >19)
N = 180 N=73
Mean (SD) Mean (SD) Mean (95% CI)

1.9(2.2) 33(3.4) 1.4 (0.7,2.)""
21.6 (8.1) 25.8 (9.6) 42(1.9,6.5
15.3 (7.0) 19.3 (9.1) 4.0(1.9,6.1)™
14.1 (6.7) 19.0 (8.1) 493.0,68) "

Abbreviation: SD, standard deviation.

wxp < 0,001,

FIGURE 2 Results from the Structural
Equation Modeling of the hypothesized
mediation model. Standardized path
coefficients are reported. Dashed lines
represent non-significant paths. For
simplicity, associations with control
variables are omitted. *p < 0.05;

4 Professionalism

e « Communication

Lack of control

*#%kp < 0.001
a*by = 0.140%*+
a*b, = -0.011
a*b, = 0.006
Traumatic dental _
events ¢=0.186* Dental anxiety
DISCUSSION In support of our first hypothesis, we found that trau-

The aim of this study was to assess the mediating role of cog-
nitive factors (such as professionalism, communication, and
lack of control) in the relationship between traumatic dental
events and dental anxiety. Generally, the findings have con-
firmed this main hypothesis. However, they have indicated
that, among the cognitive factors, only lack of control medi-
ates the direct path between non-cognitive factors and den-
tal anxiety and that this mediation is partial. To the best of
our knowledge, this is the first study testing this mediational
model, highlighting potentially significant pathways through
which traumatic dental events might affect dental anxiety.

With regard to the descriptive analyses, we found that
cognitive and non-cognitive factors correlated with each
other, as well as with dental anxiety. Furthermore, we found
that patients with high levels of dental anxiety had experi-
enced a greater number of traumatic dental events and had
experienced more negative perceptions of the dentist and
dental treatments than those with a low dental anxiety. These
findings are consistent with previous studies highlighting
that both cognitive and non-cognitive factors are important
determinants of high dental anxiety [1,7,31].

matic dental events were associated with higher levels of
dental anxiety. These findings are consistent with previous
research highlighting the predictive role for dental anxiety of
traumatic and distressing events experienced within a dental
setting [7,8,15]. In addition, gender was the only sociodemo-
graphic characteristic showing statistical significance, indi-
cating that females are more likely to report higher levels of
dental anxiety, consistent with previous findings [29-31]. A
possible explanation for this gender difference is that women
tend to pay more attention to physical symptoms and expe-
rience higher emotional distress relating to health problems
than men, or, alternatively, that women tend to overestimate
the probability of danger, with this cognitive appraisal then
activating a greater anxiety response [34].

For the second and third hypotheses, our findings instead
reflected two main points. First, lack of control is the only
cognitive dimension within the Milgrom et al. model [17]
which predicts dental anxiety. Second, the mediating action
of lack of control is crucial for explaining the variance in
dental anxiety, although, in addition to this cognitive factor,
traumatic dental events continue to be a predictor of dental
anxiety.
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In respect of the first point, the perception of not being
in control of the situation and, above all, of experiencing ad-
verse emotional events has been widely recognized as a psy-
chological vulnerability factor in the development of anxiety
disorders, representing a mediator of the relationship between
previous negative experiences and anxiety [35]. Indeed, defi-
cits in perceived emotional control have proven to be asso-
ciated with several anxiety disorders, such as panic disorder
[36], post-traumatic stress disorder [37], and generalized
anxiety disorder [38]. However, such a vulnerability factor
may over time become a crystallized trait which may mod-
erate the relationship between environmental stressors and
anxiety [35]. Specifically, considering the focus of this study,
the relationship between lack of control and dental anxiety
has been widely recognized, with lack of control identified
as a central cognitive dimension in the development of dental
anxiety [12,20,39]. In this regard, Milgrom et al. [17] them-
selves reported that the degree to which patients feel they
have no control during dental treatment seems to represent
the most important predictor of dental anxiety. This finding
is consistent with the CVM [16,40], which highlighted the
central role of perceptions of having a lack of control. Thus,
we can assert that this finding provides further confirmation
of the CVM and that, therefore, cognitive dimensions play
a crucial role in the expression and development of dental
anxiety.

In respect of the second point, our findings partially
confirm the CVM assumptions [16,40], but not those stud-
ies reporting that real traumatic dental experiences can
no longer be considered to be predictors of dental anxi-
ety once cognitive factors are taken into account [9]. This
finding may be attributed to the diverse nature of the sam-
ples. Indeed, in contrast to previous studies, which enrolled
undergraduates [9] or the general population [1], we re-
cruited a clinical sample of patients using a public dental
clinic. This might mean that our sample, being clinical,
may have experienced more dental needs and subsequent
dental treatment than undergraduates or the general pop-
ulation and this, in turn, might have increased their like-
lihood of experiencing a greater number of real negative
experiences. However, this is only speculation, since we
cannot make any comparisons between such samples.
Future studies should consider comparing clinical and
non-clinical samples, replicating our study by examining
potential differences in rates and types of negative dental
experiences, as well as in mediational pathways. Another
possible explanation concerns the theoretical model used
in the current study [17]. The CVM postulates that the vul-
nerability schema involves four kinds of perception relating
to dentists and dental treatments, namely uncontrollability,
unpredictability, dangerousness, and disgustingness, while
the Milgrom et al. model [17] assesses the dentist's per-
ceived professionalism and communication attitudes, along

with the patient's perceived lack of control [41] Thus, in
addition to the control-related dimension, all of the other
cognitive factors measure different constructs. Future re-
search should replicate our study in assessing the specific
CVM dimensions.

The findings of the current study should be understood
in the light of its important limitations. First, its cross-
sectional nature does not allow the drawing of any conclu-
sive inferences about the temporality and causality of the
relationships among the variables explored. Indeed, based
on the CVM, cognitions may have bidirectional relation-
ships with events, and the interpretation of the event may
be influenced retrospectively by the level of anxiety. Thus,
future studies should use a longitudinal research design to
discern the cause—effect relationships between cognitive/
non-cognitive factors and dental anxiety. Secondly, the
sample is not representative and was recruited at a single
hospital, thus precluding generalizability. Furthermore,
participants in the current study reported higher rates of
dental anxiety than the reference group (28.9% versus 10%—
12%) [5,25] and this may have influenced the findings. It is
plausible that high levels of dental anxiety may lead people
to overestimate the impact of certain dental procedures, as
well as increasing their negative perceptions of the dentist
and the dental treatment. Thus, it is possible that a popula-
tion study would include a greater degree of variability in
all measures and, therefore, strengthen associations which
were not apparent in the current study or, on the contrary,
weaken those which are currently observed. At the same
time, future studies should recruit larger and more diver-
sified samples to analyze the mediating role of cognitive
factors in the relationships of single dental traumatic events
and dental anxiety. Third, we assessed cognitive factors
using only the Milgrom et al. model [17], and it is possible
that different findings would have been obtained if we had
used other measures specifically suggested by the CVM,
such as unpredictability, dangerousness, and disgusting-
ness. Fourth, we assessed the mediating role of cognitive
factors, but it is also plausible to hypothesize that cognitive
factors would act as moderators of the relationship between
non-cognitive factors and dental anxiety, because certain
patterns of thinking may lead to interpretation of specific
events in a way that could produce anxiety. Thus, future
studies should consider assessing the potential interactive
effects of cognitive factors increasing or decreasing the ef-
fects of dental traumatic events on dental anxiety. Finally,
learning theories suggest that repeated critical events are
crucial in the onset of anxiety and phobia [42], but we did
not assess the role of repetitiveness of these events. Future
studies should evaluate this dimension by examining how
much variance in dental anxiety it explains.

Despite these limitations, the present study might have
some useful clinical implications for dental practice. First,
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dentists should always assess their patient's level dental anxi-
ety, through both semi-structured interviews and appropriate
scales (see Appukuttan [43] for a review of these methods).
Indeed, a careful assessment of dental anxiety may enhance
the general dental management, assisting the dentist in de-
ciding an appropriate treatment plan. Second, dentists should
not underestimate the potential relationship between previous
traumatic dental experiences and dental anxiety. For exam-
ple, the dentist should take time to inquire about the patients’
previous dental experiences and listen to their opinions about
the dental care they have received, exploring the potential ef-
fects of such events on perceptions about the dentist and den-
tal treatments, encouraging patients to ask questions about
the treatment, and reassuring them if they show some degree
of anxiety. Third, because a perception of not being in con-
trol of the situation increases the likelihood of experiencing
dental anxiety (especially during the treatment procedure)
dentists should do their best to allow their patients to feel
that they have control over the situation. For example, the
dentist may tell their patients that it is possible to interrupt
the procedure in the case of excessive pain or for any other
reason through a signal agreed before the procedure (e.g., a
raised hand). Moreover, control can also be provided through
behavioral methods [43]. A very useful behavioral technique
able to reduce uncertainty and increase predictability in the
clinical setting, both for adults and children, is ‘tell-show-do’
[44]. This technique consists, first, in verbally explaining
which procedures will be performed, adapting the language
to the appropriate developmental level of the patient (‘tell’);
second, in demonstrating to the patient the visual, olfactory,
auditory, and tactile aspects of the procedures in an unthreat-
ening setting (‘show’); and third, in completing the treatment
in a way which is coherent with the explanation and demon-
stration (‘do’).
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