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Background: Dental anxiety is a common reason for avoiding dental visits and is
associated with poor dental status. The short version of Dental Anxiety Inventory (SDAxI)
is an easy-to-use, multi-faceted questionnaire for assessing the level of trait dental
anxiety. However, there was no neurophysiological data indicating if its score associates
with the state anxiety when an individual is under real/mock dental environment. We
hypothesized that there exists such an association.

Materials and Methods: Twenty systemic healthy adults with dental attendance
experience and self-claimed free of dental phobia were recruited in this cross-sectional
study, with their dental anxiety level assessed by SDAxI. Functional magnetic resonance
imaging recorded their brain signals in response to audiovisual footages resembling
dental scaler or turbine in action. After the brain imaging, they gave fear ratings to the
footages in visual analog scale (VAS).

Results: Participants’ SDAxI scores positively correlated with their responses in the
insular cortex (r2 = 0.388–0.445, P < 0.005). Their SDAxI scores also positively
correlated with their fear ratings of the footages (r2 = 0.415–0.555, P < 0.005).

Discussion: Our findings indicated a possible neurobiological relevance of SDAxI, and
reinforced its neurobiological validity in assessing dental anxiety level of dental attenders.

Keywords: dental anxiety, dental equipment, emotions, functional neuroimaging, neurosciences

INTRODUCTION

There are many dental therapy scenarios and dental treatment settings that make patients
feel threatened and anxious about (Oosterink et al., 2008). Dental anxiety is a commonly
cited reason for avoidance or postponement of dental visits by patients and is associated
with poor dental status and reduced oral health-related quality of life (McGrath and
Bedi, 2004; Ng and Leung, 2008). Individual with higher dental anxiety could choose to
refuse appropriate intervention such as local anesthesia thus rendering dental treatment
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an uncomfortable and less satisfying experience (Leung et al.,
2016). The psychosocial research field has designed and tested
scales to assess dental anxiety and identify potentially anxious
dental patients (Stouthard et al., 1993, 1995; Aartman, 1998;
Armfield, 2010a). On the other hand, to understand the neural
basis of dental anxiety, the neurophysiology research field
has employed neuroimaging techniques, such as functional
magentic resonance imaging (fMRI), to observe brain responses
triggered by stimuli mimicking dental treatment or scenarios
with dental anxiety context (Lueken et al., 2011; Hilbert et al.,
2014; Scharmüller et al., 2014; Schienle et al., 2014; Yeung
et al., 2019). When such research findings from both fields are
translated to clinical and educational purposes, clinicians can
improve their delivery of care and dental patients will be greatly
benefited (Yeung et al., 2017). In short, dental anxiety hinders
patients from having regular dental visits, which are essential for
maintaining good oral health and quality of life. Therefore, dental
anxiety is an important issue to be tackled as it bears significant
impact on oral health-related quality of life, and that general
anxiety may not be a good reflection of it.

The easy-to-use, multi-faceted short version of Dental
Anxiety Inventory (SDAxI) has been extensively employed to
profile the psychosocial dental anxiety level of dental patients and
the general population (Stouthard et al., 1993; Ng et al., 2005; de
Jongh et al., 2008, 2011; Ng and Leung, 2008; Vermaire et al.,
2008; Oosterink et al., 2009; van Wijk and Hoogstraten, 2009;
Lindeboom and van Wijk, 2010; van Wijk et al., 2010; Ikeda and
Ayuse, 2013). Its application is not limited to a small number of
special cases in dental clinic with patients suffering from dental
phobia; instead, it has a broad application to patients coming
from general population. However, no relevant neuroimaging
data has been published to further evaluate or support the use
of SDAxI.

Various efforts have been made to connect the
neurophysiological and psychosocial findings on dental anxiety,
and results have been implying that the insula in the brain is
strongly related to processing of dental anxiety. For instance,
efforts have been made to correlate brain responses in the insula
with some anxiety assessment scores other than SDAxI, but
results were significant either with tools not specific for dental
anxiety or among specific target groups only. For instance, a
study by Schienle et al. (2014) revealed a positive correlation
between the brain response in the insula and the trait score of the
State-Trait Anxiety Inventory among healthy controls who were
watching dental treatment photographs. However, trait score of
the State-Trait Anxiety Inventory is a scale designed to assess
general anxiety but not dental anxiety (Taylor and Deane, 2002).
With the same photographs forming the basis of the stimuli,
their research group also found the response in the insula was
larger from a dental phobic patient group with high Corah’s
Dental Anxiety Scale as compared to a healthy control group
(Schienle et al., 2013). Also, there was a positive correlation
between the response in the insula and Corah’s Dental Anxiety
Scale score, but the correlation existed among female dental
phobics only (Scharmüller et al., 2014). On the other hand, Lin
et al. (2015) revealed a positive correlation of brain response in
the insula with a customized, generic dental avoidance score

among healthy participants who were watching dental treatment
photographs. However, the validation of this inventory has not
been published. At the same time, Hilbert et al. (2014) used
Dental Fear Survey to recruit subjects and found the dental
phobic group had larger responses in the insula than the healthy
control group when they listened to sounds from dental drills.
All these findings support the role of insula in processing stimuli
mimicking dental treatment or dental anxiety, and it may be
possible to characterize the brain responses of general or specific
participants exposed to stimuli mimicking dental treatment, and
hence correlate and verify the applicability of the psychosocial
tool concerned.

To the best of our knowledge, however, no published studies
have reported a correlation between the ‘‘neurophysiological’’
brain responses subjected to stimuli mimicking dental treatment
in the insula and the ‘‘psychosocial’’ scores from a validated,
standardized trait dental anxiety scale among self-perceived
healthy, non-dental phobic individuals. We think the general
population, as represented by healthy adults, is important
because they represent the majority and most of them will also
visit a dentist for checkup or treatment. If someone with dental
anxiety receives the recommended dental care, they will feel more
comfortable and have a better dental treatment experience if
we know the biology behind and ways to alleviate the anxiety.
Therefore, the aim of this study was to investigate if there is
any association between SDAxI scores and the brain responses
of healthy adults recorded by fMRI to standardized dental scaler
and turbine videos. Participants would rate the scariness of
videos using visual analog scale (VAS). We hypothesized SDAxI
and the perceived scariness of the mock stimuli would positively
correlate with the level of brain activity in the insula among
participants who self-reported with no dental phobia.

MATERIALS AND METHODS

Participants
The association between SDAxI and brain response has not
been investigated before. However, considering evidence from
previously published reports that focused on the correlation
between brain response and behavioral score (e.g., score assessing
dental anxiety or dental avoidance) with a similar hypothesized
model as employed in this study, a sample size of 19 would
be needed (Mumford and Nichols, 2008; Scharmüller et al.,
2014; Lin et al., 2015). We therefore planned to recruit
20 healthy adults (10 women, 10 men) for the current study.
Participants were recruited from The University of Hong
Kong community by means of advertisements or introduction
by persons previously participated in experiments from our
laboratory. They must meet all of the following inclusion
criteria: (1) could undergo an MRI scan of the head; (2) had
prior experience involving receiving dental treatment by dental
scaler and turbine (handpiece) intra-orally without wearing eye
masks or earplugs and thus could recognize the sight of the
instruments; (3) understood the function of the scaler and
turbine and could distinguish between them without hint/cue
when they see their pictures; and (4) had not been clinically
diagnosed or self-reported with dental phobia. Participants were
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excluded if they meet any of the following criteria: (1) could
not undergo MRI (because of claustrophobia, back pain, or
possession of MRI-contraindicated metal devices such as a
pacemaker); (2) were currently taking any medication; (3) had
active or past history of neurological or psychiatric illnesses; and
(4) currently had pain or discomfort related to dental problem, or
claimed they currently had uncontrolled active dental diseases.
After explaining all study procedures, participants completed
an SDAxI questionnaire (Ng et al., 2005). The questionnaire
consisted of nine questions, to be answered on a 5-point Likert
scale, ranging from 1, ‘‘completely disagree’’ to 5, ‘‘completely
agree.’’ A final score was computed by tallying the scores of
the items, with the total score ranging from 9 to 45. The
original SDAxI questionnaire in English version was developed
and published by Aartman (1998). The advantage of SDAxI
was a tool considered to be different from Dental Anxiety
Scale, as the response categories of the latter does not cover
the multiple facets of dental anxiety as SDAxI does. SDAxI is
also different from Dental Fear Survey, which was not originally
developed as a measure of dental anxiety so that it evaluated
some irrelevant items such as dental avoidance and hence the
summated score cannot accurately reflect dental anxiety level
(Armfield, 2010b). As elaborated in the ‘‘Introduction’’ section,
SDAxI profiles the trait dental anxiety level of the participants.
Similar to Lin et al. (2015), we did not recruit participants who
claimed to have dental phobia because we aimed at revealing
neural correlates generalizable to the majority of population.
The Institutional Review Board of The University of Hong
Kong/Hospital Authority Hong Kong West Cluster approved
the study (IRB UW 11-191). The study was carried out in
accordance with the World Medical Association Declaration of
Helsinki (version 2002) and written consent was obtained from
all participants.

Imaging Data Acquisition
The fMRI scanning was performed in a 3-Tesla scanner
(Philips Achieva 3.0 System; Philips Medical System,
Netherlands) in the 3T MRI Unit, Department of Diagnostic
Radiology, The University of Hong Kong. We reduced
movement artifacts by securing the participants’ heads with
straps and small, wedge-shaped pillows. Functional images
were obtained using a T2∗-weighted gradient-echo planar
imaging (EPI) technique (repetition time or TR = 2 s,
echo time or TE = 30 ms, flip angle = 80◦, field-of-view or
FOV = 220 mm, matrix size = 80 pixels × 80 pixels, voxel
size = 2.75 mm × 2.75 mm × 3.5 mm, slice thickness = 3.0 mm,
slice gap = 0.5 mm). Each volume of data consisted of 31 slices to
cover the whole brain, and a 330-volume data set was acquired in
each of two successive 11-min scanning sessions. Two sessions
were arranged instead of one due to limited number of scans
acquirable by the MRI machine. Scaler and turbine videos were
shown in pseudo-randomized sequence.

To obtain anatomical scans for each subject, we
acquired T1-weighted MPRAGE images (TR = 6,935 ms,
TE = 3,129 ms, flip angle = 8◦, FOV = 250 mm,
matrix size = 256 pixels × 256 pixels, voxel
size = 0.977 mm× 0.977 mm× 1 mm, slice thickness = 1.0 mm),

with the same location variables as those of the EPI
(Goto et al., 2016; Yeung et al., 2016). We did not segment
the T1-weighted images into GM andWM. For each participant,
we co-registered the T1 image to their functional scans during
data preprocessing. This aligned the structural and functional
images into the common anatomical space, so that we could
study where the activations were, in terms of the participant’s
own anatomy.

fMRI Protocol
To elicit brain activities associated with stimuli mimicking dental
treatment, audiovisual footages of scaler and turbine were used
as stimuli. Footages were employed because audiovisual footage
of stimuli mimicking dental treatment could effectively activate
the insula (Hilbert et al., 2014) and are more realistic compared
to static, silent photographs or sound alone. Scaler and turbine
were chosen because they are routinely used and rank high in the
hierarchy of conditions that provoke dental anxiety (Gale, 1972;
Stouthard and Hoogstraten, 1987; McNeil et al., 1993; Wong
et al., 2011, 2015). Each stimulus was shown 20 times in the whole
experiment (Figure 1A). The scaler (Figure 1B) and turbine
(Figure 1C) were shown as being held in a gloved hand. The
video started at the tip and zoomed in on the handle as the scaler
and turbine were lowered, while the corresponding sound tracks
were produced by operating the equipment on a plastic tooth
behind the scenes, to simulate what patients might see and hear
intraoperatively. Both videos were matched for their foreground-
background ratios, speed of zooming, and sound level (Lueken
et al., 2011; Hilbert et al., 2014). The delivery of the videos was
controlled by E-prime software and the timing to show each
audiovisual stimulus was synchronized with the acquisition of
fMRI scans.

The images were relayed from a screen in the 3TMRI scanner
room to a mirror above the participants’ heads. The participants
wore a headphone to receive the audio stimuli, and were
instructed to concentrate on sensing the audiovisual footages
without an explicit cognitive task. A block design was used to
play the videos in a pseudorandomized order in alternation with
a base image of a white cross on a black background (Figure 1D).
The duration of each stimulus video was 10 s and that of the base
image was pseudorandomly selected as being 4, 6, 8, or 10 s. The
brain responses to the audiovisual footages were recorded by the
MRI machine.

Video Evaluation
Immediately after MRI scanning, each participant rated the
videos on a 0–100 mm VAS regarding their perceived dental fear
level with ‘‘0’’ representing no fear at all to ‘‘100’’ being extremely
fearful. This VAS rating showed how fearful a participant was
during the audiovisual stimulation inside the MRI scanner, and
such measurement has been used in previous publication to
evaluate level of fear (Vlaeyen et al., 1995). This VAS rating was
used to correlate with the level of brain responses.

fMRI Data Preprocessing
The fMRI data were analyzed with Statistical Parametric
Mapping (SPM) 8 (Wellcome Trust Centre for Neuroimaging,
UCL, London, UK) implemented in Matlab (MathWorks,
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FIGURE 1 | The experimental design. (A) Example of the functional magentic resonance imaging (fMRI) block paradigm. Audiovisual footages of either a scaler or
turbine were shown 20 times for 10 s each in a pseudorandomized order, alternating with a base image. The base image was pseudorandomly selected to be shown
for 4, 6, 8, or 10 s. (B) The scaler video. It initially focused on the scaler tip (left panel) and zoomed in on the handle (right panel). (C) The turbine video. It initially
focused on the drill attachment (left panel) and zoomed in on the handle (right panel). (D) The base. It was a still image of a white cross on a black background
without any audio signal incorporated.

Natick, MA, USA). The first four scans of each session were
discarded to allow both the magnetic field and the subject
to reach a steady state. Spatial preprocessing consisted of
realigning functional images for motion correction, coregistering
the structural image to the functional images, and normalizing
both functional and anatomical images into a brain template
(Montréal Neurological Institute, Montréal, QC, Canada).
Functional images were then subsampled to a voxel size of
3 mm × 3 mm × 3 mm and smoothed using a Gaussian
kernel with full width at half-maximum of 8 mm. Spatial
smoothing was performed to improve the signal detection
power (Strother, 2006).

fMRI Data Analysis
A general linear model was applied to the fMRI data from
each individual. The head motion parameters estimated from
the realignment procedure were included to remove any
effect caused by head movements. No subject had large
head motion of >3 mm translation. Two regressors (scaler,
turbine) were modeled. These regressors were convolved with a
canonical hemodynamic response kernel. The video periods were
designated as 10-s boxcar functions. The base image period was
set as the baseline (Figure 1A). The time series data for each
voxel were high-pass filtered with a cut-off period of 128 s to
remove low-frequency signal drift. A first-order autoregressive
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model or AR(1), was used to remove serial correlations in
the data. The data analysis was performed by measuring the
video—baseline difference as a defined linear contrast (Worsley,
2001). Scaler and turbine videos were modeled as contrasts
separately because they might elicit dental anxiety differently;
the former is for cleaning and the latter is for drilling. For
each contrast, a collection of t-statistic values from every voxel
produced a statistical parametric map, which was transformed
into the unit normal distribution (SPM z). The data was assessed
at the group level with random-effects analysis to allow for
population inferences. The contrasts from each subject were
entered into two independent group analyses, where SDAxI
scores given by the corresponding subjects were entered as a
regressor into one analysis and dental fear VAS scores into
another. In this way, we could identify which voxels had
their activities significantly correlated with SDAxI score, or
with dental fear VAS scores, respectively. Voxels significantly
correlated with SDAxI had their level of activity (i.e., how
intense the signal was coming from a particular voxel in
response to the stimulations, also can be interpreted as effect
size and known as contrast estimate in the SPM software
used for data analysis) extracted and plotted with SDAxI to
illustrate the linear correlation quantified by coefficient of
determination r2.

We examined the whole brain for voxels with significant
correlations, with the statistical threshold set at an uncorrected
peak P value of < 0.005 and a cluster size of >10 voxels,
which produces a desirable balance between Type I and II error
rates (Forman et al., 1995; Lieberman and Cunningham,
2009) and is a common standard for correlation of
brain data with behavioral data (Eisenberger et al., 2003;
Burklund et al., 2007).

Statistical Analyses on Behavioral Data
SPSS 20.0 (IBM, New York, NY, USA) was used to perform
statistical analyses. Two-sample t-test was used to evaluate if
there were differences between mean VAS scores of scaler and
turbine. To investigate the correlation between SDAxI scores and
the dental fear VAS scores for either video, Pearson’s correlation
tests were carried out. Test results with a P value < 0.05 were
considered statistically significant.

RESULTS

Demographic Background of
the Participants
The mean age of the participants was 27.0 years (Table 1). All
participants were right-handed. There were 17 Chinese, two
Japanese and one Malaysian. For non-Chinese participants, the
English version of SDAxI was used. Most of the participants were
studying in undergraduate programs.

SDAxI Score
The mean SDAxI score of the study participants was 22.3
(Table 1). Using the classification by Ng and Leung (2008), this
number stands in the middle of average to high dental anxiety.

Dental Fear VAS Scores
The mean VAS scores of the study participants were 35.6 mm for
the scaler video and 37.8 mm for the turbine video. There was
no significant difference between males and females (Table 1),
and between mean VAS scores of scaler and turbine (P = 0.799,
two-sample t-test).

Correlation Between Brain Activities and
SDAxI Score
Activities in the insula triggered by both the scaler and turbine
audiovisual footages correlated positively with the subject SDAxI
scores (Table 2). For the scaler video, there was a positive
correlation between brain response in the right insula (peak
voxel at 39, −10, 16, cluster size = 21 voxels, z = 3.17) and
the subject SDAxI score (r2 = 0.436, P = 0.002; Figure 2A).
For the turbine video, there was a positive correlation between
brain responses in the left insula (peak voxel at −39, −13, −5,
cluster size = 41 voxels, z = 3.21; peak voxel at −36, 14, 7,
cluster size = 14 voxels, z = 2.93) and the subject SDAxI scores
(r2 = 0.445, P = 0.001 and r2 = 0.388, P = 0.003, respectively;
Figure 2B).

In addition, response to the scaler video in the left
supramarginal gyrus positively correlated with the subject SDAxI
score (Table 2). Response to the turbine video in the bilateral
frontal operculum positively correlated with the subject SDAxI
score (see Table 2). We did not find any significant negative

TABLE 1 | Demographic information of the subjects.

Male (n = 10) Female (n = 10) Total P value

Age (years) (mean ± SD) 21.6 ± 2.6 32.3 ± 14.2 27.0 ± 11.3 0.042b

(range) 18–27 18–61 18–61
SDAxIa (mean ± SD) 20.0 ± 10.5 24.4 ± 8.8 22.3 ± 9.7 0.334b

(range) 9–44 16–42 9–44
Dental fear VAS (mm)
Scaler (mean ± SD) 25.2 ± 16.3 46.1 ± 29.8 35.6 ± 25.7 0.072b

(range) 0–61.0 4.8–90.0 0–90.0
Turbine (mean ± SD) 27.5 ± 23.3 48.1 ± 29.9 37.8 ± 28.2 0.104b

(range) 4.0–76.5 0.9–90.0 0.9–90.0
Education (n) Secondary school 7 8 15 0.606c

University degree holder 3 2 5

VAS, visual analog scale (0–100 mm). aLevels of dental anxiety: low, score <10.03; average, score between 10.03 and 21.3; high, score >21.3 (Ng and Leung, 2008). bTwo-sample
t-tests. cChi-squared test.
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TABLE 2 | Brain regions with level of activity in response to scaler or turbine
video correlated positively with short version of Dental Anxiety Inventory (SDAxI)
score (n = 20).

Brain regions MNI coordinates z value Cluster Voxel
sizea Pb

x y z

Scaler with sound
Insula R 39 −10 16 3.17 21 0.001
Supramarginal gyrus L −3 50 37 3.24 16 0.001

Turbine with sound
Insula L (1st peak) −39 −13 −5 3.21 41 0.001
Insula L (2nd peak) −36 14 7 2.93 14 0.002
Frontal operculum R 51 11 10 3.12 14 0.001
Frontal operculum L −51 8 4 2.89 13 0.002

aCluster size is the number of voxels inside the cluster. bVoxel P is the P value of the peak
voxel at uncorrected P < 0.005 and cluster size >10 threshold. R, right; L, left.

TABLE 3 | Brain regions with level of activity in response to scaler or turbine
video correlated positively with respective dental fear visual analog scale (VAS)
score (n = 20).

Brain regions MNI coordinates z value Cluster Voxel
sizea Pb

x y z

Scaler with sound
Insula/Frontal operculum R 45 23 −2 3.26 44 0.001
Inferior frontal gyrus R 42 32 13 3.07 18 0.001

Turbine with sound
Insula/Frontal operculum L −45 17 7 3.01 23 0.001

aCluster size is the number of voxels inside the cluster. bVoxel P is the P value of the peak
voxel at uncorrected P < 0.005 and cluster size >10 threshold. R, right; L, left.

correlation between brain responses to each video and subject
SDAxI scores.

Correlation Between Brain Activities and
Dental Fear VAS Scores
The main focus of this study was the correlation between
brain activities and SDAxI score. The correlation between brain
activities and dental fear VAS score was reported here to support
the findings from correlational analyses of SDAxI scores. For
the scaler video, there was a positive correlation between activity
in the right insula/frontal operculum and the corresponding
dental fear VAS score (P = 0.001, Table 3). For the turbine
video, there was a positive correlation between activity in the
left insula/frontal operculum and the corresponding dental fear
VAS score (P = 0.001, Table 3). We did not find any significant
negative correlation between brain responses to each video and
the corresponding dental fear VAS scores. Table 4 shows the
values of VAS and brain activity for scaler and turbine videos,
in descending order of VAS values for each video.

Correlation Between SDAxI Score and
Dental Fear VAS Scores
There was a positive correlation between SDAxI score and dental
fear VAS score of the scaler (r2 = 0.555, P < 0.001, Figure 3A)
and of the turbine (r2 = 0.415, P = 0.003, Figure 3B), respectively.
In the correlational analyses, Cook’s distance score was used to
exclude outlier data points (Cook, 1977, 1979). This score for a

FIGURE 2 | Associations of brain responses to audiovisual footages of
dental scaler or turbine with short version of Dental Anxiety Inventory (SDAxI)
score (n = 20). (A) Scaler video. Responses in the right insula were positively
correlated with the SDAxI score. (B) Turbine video. Responses in the left
insula (first peak, upper panel; second peak, lower panel) were positively
correlated with the SDAxI score.
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TABLE 4 | Brain activity level in response to scaler or turbine video with
respective dental fear visual analog scale (VAS) score (n = 20).

Scaler with sound Turbine with sound

VAS
(mm)

Effect size of brain
activity in the right
insula (MNI
coordinate: 45, 23, −2)

VAS
(mm)

Effect size of brain
activity in the
left insula (MNI
coordinate: −45, 17, 7)

90 0.10 90 0.08
85 0.20 80 0.16
83 0.25 77 0.10
61 −0.08 75 0.11
50 −0.01 68 0.28
40 0.05 60 0.13
33 −0.08 56 0.11
30 −0.01 35 0.07
30 −0.07 30 0.00
30 0.14 30 0.17
30 0.12 28 −0.04
28 −0.03 25 −0.22
26 −0.03 25 −0.12
25 0.04 25 −0.04
22∗

−0.08∗ 19 −0.24
22 0.06 15 −0.17
15 −0.01 10 −0.39
10 −0.12 5 −0.01
5 −0.09 4∗ 0.01∗

0 −0.36 1 0.00

VAS rounded to the nearest unit. Effect size rounded to tow decimal places. ∗Data from
the subject considered as an outlier in Figure 3.

given datum indicates how much the correlation will change by
removing the datum. We defined an outlier as having a Cook’s
distance score deviating more than three standard deviations
from the mean. This is a commonly employed criterion for
excluding outliers in correlational analyses (Sadeh et al., 2008,
2010; Rosso et al., 2010). As a result, we excluded one outlier from
each correlation test, which belonged to the same participant.

DISCUSSION

Summary of Major Findings
The novelty of the current study was the significant correlation
between SDAxI score and insula response under stimuli
mimicking dental treatment. The former assesses trait dental
anxiety whereas the latter reflects state dental anxiety mimicking
dental therapy. According to the cut-off thresholds by Ng and
Leung (2008) set for SDAxI scores, the 20 individuals involved
in the current study were mostly having average and high
level of dental anxiety (45% each) while a minority had low
anxiety level (10%). Ng and Leung (2008) revealed that the
prevalence of low, average and high levels of dental anxiety
were 9.6%, 79.9% and 10.5% respectively, in a 1,000 Chinese
population, meaning within the current cohort, high trait
dental anxiety individual to some extent seemed to be over-
represented. We found that SDAxI score correlated positively
with activities in the insula elicited by receiving audiovisual
footages of scaler or turbine in action. As illustrated by Figure 3,
participants with a higher SDAxI score had fMRI showing a
higher level of activity in the insula and its adjacent frontal
operculum when sensing audiovisual footages of either scaler or

turbine (r2 between 0.388 and 0.445). The results of this study
confirmed our hypothesis that there is an association between
the SDAxI score and the brain responses in the insula among
healthy individuals upon exposure to stimuli with dental anxiety
context. These pieces of evidence from brain data provided
neurophysiological support showing SDAxI is an appropriate
tool to evaluate trait dental anxiety level of patients who attend
to dental practices.

Dental Anxiety and the Brain Responses in
the Insula
Trait anxiety describes a personality or characteristic of an
individual (Chaplin et al., 1988; Endler and Kocovski, 2001)
and SDAxI measures the dental trait anxiety of a person
based on scenario type of questions (Stouthard et al., 1993;
Ng et al., 2005). Our findings suggested that the dental
anxiety state of an individual was neurologically encoded by
the brain, in particularly the insula. The fact that there was
an association between activities in the insula upon scaler or
turbine video stimulus and subject based SDAxI score might
imply some sort of hyper-reactivity in insular cortex in the
specific regions reported might underpin the neurobiology
of dental trait anxiety. This was consistent with Schienle
et al. (2014) and Lin et al. (2015) in which a positive
correlation was demonstrated between the responses in the
insula triggered by silent dental treatment photographs with
trait score of the State-Trait Anxiety Inventory or dental
avoidance scores, respectively. While trait score of the State-
Trait Anxiety Inventory is not specific for dental anxiety and
dental avoidance score was generic and yet to be validated,
results from the current study suggest that the standardized,
commonly employed dental-specific SDAxI scale could be an
effective tool in predicting dental anxiety biologically supported
by corresponding neurophysiological evidence.

In the past, Schienle et al. (2014) found that activities in
the insula did not correlate with Corah’s Dental Anxiety Scale
score, an assessment scale for dental anxiety trait. Another of
their studies also found that activities in the insula did not
correlate with Corah’s Dental Anxiety Scale score unless the
subjects were patients with dental phobia (Scharmüller et al.,
2014). Regarding dental phobic patients, Hilbert et al. (2014)
found that the activities in the insula did not correlate with
Dental Fear Survey score, yet another trait dental anxiety specific
scale. These inconsistencies can be partly attributed to the
differences in stimuli employed and tasks given to the subjects.
Stimuli could be silent, static dental treatment photographs
(Scharmüller et al., 2014; Schienle et al., 2014) or combinations
of different audio and video stimuli (Hilbert et al., 2014).
Tasks involved in the correlational analyses could be focusing
on distraction and perceived pain (Scharmüller et al., 2014;
Schienle et al., 2014), or focusing on visual/auditory part of
the stimuli (Hilbert et al., 2014). In this study, we employed
audiovisual footages of operating dental scaler and turbine with
matched sound to simulate dental treatment to be received by
our subjects, and we instructed our subjects to pay attention to
the stimulations as a whole without extra cognitive tasks. This
time, we were able to reveal the association between activities
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FIGURE 3 | Associations of short version of Dental Anxiety Inventory (SDAxI) score with dental fear visual analog scale (VAS) scores of scaler or turbine video. (A)
SDAxI and scaler VAS scores were positively correlated (n = 19). (B) SDAxI and turbine VAS scores were positively correlated (n = 19). For both correlations, we
excluded one outlier that corresponded to the same participant (data point “x”). Both data had Cook’s distances more than three standard deviations from the mean
Cook’s distance and were thus excluded.

in the insula and SDAxI score, a dental anxiety specific scale,
among the healthy subjects. It has been reported that dental
phobics had larger responses in a wide range of brain regions
than non-phobics, such as in the prefrontal cortex, anterior
cingulate cortex, insula, striatum, inferior parietal cortex, inferior
occipital gyrus and middle temporal gyrus (Schienle et al.,
2013; Scharmüller et al., 2014). This variety of brain regions
involvedmay be partially explained by the use of slightly different
exposures/stimuli to induce the dental anxiety in each cited
study. Meanwhile, the current study is not totally innovative,
but the importance of replicating some of the findings cannot
be underemphasized.

From our results, it seemed that the correlation between
SDAxI score (representing trait dental anxiety) and level of
activity in the insular cortex triggered by audiovisual footages
of scaler (representing state dental anxiety) only existed in the
right insula, while that of turbine only existed in the left insula.
The activations, or correlations, triggered by state anxiety due to
exposure to dental, snake or spider pictures reported by previous
studies were also sometimes located on the left hemisphere
(Hilbert et al., 2014) and sometimes on the right (Straube et al.,
2007; Lueken et al., 2011). Currently, we do not know why
turbine affects the left insulamore whereas scaler affects the right.
The implication of this laterality remains to be elucidated.

The existing literature did not have neuroimaging data
concerning the use of SDAxI or published meta-analyses
reporting consistent activation pattern related to dental anxiety.
To perform region-of-interest analyses instead of testing
the whole brain, one needs to identify relevant region-
of-interests either by literature review or from results of
pilot studies. We did not have information from both
sources. Nevertheless, we performed exploratory region-of-
interest analyses within the insula, by pre-defining a mask
that covered bilateral insula according to WFU PickAtlas
toolbox incorporated in SPM 8. Based on the same initial
statistical threshold, results identified the same clusters as
for the whole brain analysis. After family-wise error (FWE)
correction was considered, both voxel and cluster P > 0.05.

Readers should be aware of this when the current results
are interpreted.

It should be noted that the insula is heavily involved in
affective processing, especially the processing of disgust (Wicker
et al., 2003). No VAS rating on disgust was collected for
participants in the current study. Future studies are needed to
investigate whether disgust could be an underlying mechanism
that partly explains dental anxiety and avoidance or a separate
emotional processing that might confound the findings.

SDAxI and Dental Care
Apart from correlating with activities in the insula, we also
demonstrated a positive linear relationship between SDAxI
scores and dental fear VAS scores of the scaler or turbine videos
among the participants of the present study. This suggested that
SDAxI was able to predict individually perceived dental fear
level triggered by standard dental anxiety stimulus among the
participants followed. Our participants aged between 18 and
61 and were comparable with the age range (25–64) from
a previous community study (Ng and Leung, 2008). In the
1,000 participant community study, people with higher SDAxI
scores had worse dental (higher decayed, missing and filled
teeth index) and periodontal (more severe clinical attachment
loss) conditions (Ng and Leung, 2008). The psychosocial-
neurophysiological associations we found in this study is
coherent with the notion that people with a higher SDAxI
score are naturally more anxious while having their teeth fixed
(drilling by turbine) or receiving treatment for gum disease
(cleaning by scaler) underpinned by a certain neurobiological
mechanism involving the insular cortex. Moreover, the lines of
best fit in Figure 3 suggested that patients with trait dental
anxiety up to SDAxI score >20 tended to have increased
insular response upon mock state dental anxiety stimulation,
which was consistent to the cut-off threshold of SDAxI score
21.3 reported by Ng and Leung (2008) confirming a tentative
correlation between trait (SDAxI) and simulated state (VAS;
neuro-response) dental anxiety. Putting both together, results
indicated a higher neurological state dental anxiety in subject
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with higher trait dental anxiety. Clinicians may consider ways
to relax patients with SDAxI score above this level, for anxiety
control before commencing dental treatment, such as cognitive
behavioral therapy (Getka and Glass, 1992), or providing
more pre-operative information (Ng et al., 2004), or further
evaluate the anxiety responses/reactions in previous dental
experiences so as to consider any effective management in
dental procedures.

Limitations of the Study
This investigation, however, inherited own set of limitations
due to its study design, mostly dealing with a small sample
size and weak control of relative variables. For instance, a
majority of the participants in the current study gave a low
VAS rating to the audiovisual footage, implying that they might
not have much state dental anxiety triggered. Meanwhile, the
significant correlation between SDAxI and VAS might give us a
more comprehensive picture by suggesting a possible connection
between trait and state dental anxiety. Our convenient sample
was relatively small with relatively high education background.
It was reported that people with lower educational background
were associated with a higher level of dental anxiety due to less
accessibility to dental treatment (Moore et al., 1993). The sample
was slightly heterogeneous with a few non-Chinese. A larger
sample would better account for these inter-subject variations,
especially that the current participants were all healthy, educated,
and right-handed. For simplicity and time limitations, we
neither tested simulations of other dental procedures nor asked
follow-up questions that might further explore different aspects
of dental experiences contributing to perceived anxiety. We
did not measure the levels of anxiety of the participants in
the scanner by means of real-time feedback or physiological
data such as heart rate and/or galvanic skin response to prove
if fear was provoked. Moreover, we could not really operate
in patient’s mouth within the MRI machine, and the video
footages were at best only surrogates of the real situation. Future
studies can be extended to involve control subjects with no
previous exposure to dentistry to see if SDAxI score could
correlate with innate brain responses. The effect of level of
cognition could also be examined by recruiting two cohorts
with dental experience, one of small children and the other
of matured adults, and compare their neuroimaging data and
autonomic responses (Koda and Karibe, 2013; Karibe et al.,
2014). All these should be taken into considerations when the
results from this study were interpreted. The length of each
trial in the current study lasted for approximately 14–20 s,
corresponding to 0.05–0.07 Hz. Future studies may consider
detecting brain signal in this frequency band specifically, as
it may improve the signal to noise ratio of the data (Wang
et al., 2014, 2015; Gao et al., 2018). Consequently, a more
stringent statistical threshold (such as voxel-wise P < 0.05,
FWE rate corrected) should be applied to further examine the
associations. They should also consider assessment of perceived
pain level during the stimulations, as both pain and dental
anxiety involve the insula, and may exacerbate each other
(van Wijk and Hoogstraten, 2009; van Wijk et al., 2010;
Scharmüller et al., 2014).

CONCLUSION

In conclusion, our results are the first to demonstrate an
association between psychosocial measure of trait dental
anxiety and the neurophysiological data among relatively
higher educated healthy self-reported non-dental phobic
individuals. There is a positive linear correlation between
activity in the insula induced by sensing audiovisual footages
of activated dental scaler or turbine and corresponding subject
SDAxI scores.
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