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The anterior insula and anterior @
cingulate cortex are associated with avoidance
of dental treatment based on prior experience
of treatment in healthy adults

Chia-Shu Lin'", Shih-Yun Wu'? and Long-Ting Wu'

Abstract

Background: Fear concerning stressful medical or dental procedures is one of the major factors that distance
patients from health care. Fear and avoidance of dental treatments can be shaped by a patient’s prior experience with
receiving dental procedures or by imagining the procedures.

Methods: We performed two functional magnetic resonance imaging (fMRI) experiments to investigate the role of
the anterior insula (aINS) and dorsal anterior cingulate cortex (dACC), which are both critical to threat perception, in
dental avoidance. Dental avoidance based on both prior treatment experience and imagination was assessed using
a customized questionnaire. In an fMRI task-based study, we investigated brain activation in 17 healthy participants
when they viewed images depicting dental procedures that evoked a moderate degree of fear. Region-of-interest
analysis was performed to assess the association between dental avoidance and alNS as well as dACC activation. In a
resting state fMRI study, we investigated 18 healthy participants for the association between the intrinsic functional
connectivity of the aINS and dACC and dental avoidance.

Results: We found that (1) the participants showed a higher activation of the right aINS and bilateral dACC when
they viewed images of dental procedures compared with the brain activation observed when they viewed scram-
bled images (p < 0.05 corrected for small volume and family-wise error). (2) The avoidance ratings based on prior
experience of dental treatment were significantly positively correlated with the activation in the right aINS (r = 0.67,
p = 0.003), right dACC (r = 0.65, p = 0.005) and left dJACC (r = 0.63, p = 0.007). (3) The intrinsic functional connectivity
between the alNS and the orbitofrontal cortex was positively correlated with the avoidance ratings based on experi-
ence (uncorrected p < 0.001).

Conclusions: The findings highlight prior experience of dental treatment as a predominant factor in shaping
patients’ avoidance behavior. Individual differences in threat perception may play a key role in the development of
dental avoidance.
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Background wisdom tooth extraction, is one of the major factors that
Fear concerning stressful medical or dental procedures, distances patients from health care [1-4]. The fear of
such as gastrointestinal endoscopy, bronchoscopy or dental treatment is strongly associated with avoidance

of dental treatment [5, 6], which results in deteriorated

oral health, potentiates the further fear of treatment, and
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treatment experience being associated with increased fear
toward treatment [7, 8], or it can be due to an imagined
fear that is typically shaped by verbal instruction (e.g.,
messages from the media) or observation [9]. However, it
remains unclear how the experience of prior dental treat-
ment influences avoidance because the underlying neural
mechanisms have not been fully investigated.

Cumulating evidence has revealed that anterior insula
(aINS) and dorsal anterior cingulate cortex (dACC)
activation is associated with fear and avoidance. First,
research on dental phobia has revealed that visual (e.g.,
images depicting dental procedures), auditory (e.g.,
drilling sounds) or cross-modal materials (e.g., video
of dentistry actions) [10-14] evoke fearful experiences
and heightened activation at both the dACC and aINS$
[10, 13], together with the orbitofrontal cortex (OFC)
[10, 12, 13]. Second, aINS and dACC activation has
been associated with painful experiences when the sub-
jects imagined [15-17] or recalled a painful experience
[18-20], even without actually receiving the stimuli.
Third, research on fear-defensive behavior has revealed
that increased dental fear is associated with heightened
defensive reactivity in the presentation of a painful threat
[21]. Both the dACC and aINS are critical components in
the defensive fear system [22], and activation was found
in both the aINS and dACC when subjects anticipated or
encountered a threatening object [23, 24]. The conver-
gent findings suggest that the aINS and dACC may play
a key role in dental fear and avoidance. Finally, long-term
experience is able to shape brain function and structure,
an effect known as neuroplasticity [25], and altered brain
connectivity of the aINS and the dACC is associated
with long-term psychological stress [26, 27]. Therefore,
aINS and dACC connectivity may be associated with the
degree of dental avoidance, which could be associated
with a prior stressful experience [7, 28, 29].

The current study aimed to investigate the neural cor-
relates of dental avoidance by using functional magnetic
resonance imaging (fMRI). Two fMRI studies were per-
formed to test the following hypotheses regarding the
neural correlates underlying dental avoidance:

1. In the task-based fMRI study, we used visual stimuli
to evoke fear about dental treatment. We hypothe-
sized that brain activation of the aINS and the dACC
would be positively correlated with the degree of
dental avoidance.

2. In the resting-state fMRI study, we investigated
whether there was an association between the intrin-
sic functional connectivity and the individual dif-
ferences in dental avoidance. We hypothesized that
aINS and dACC connectivity would be positively
correlated with the degree of dental avoidance.
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Methods
Participants
Twenty-one healthy participants were recruited from
a university campus via bulletin board notices. All par-
ticipants were screened for the following exclusion crite-
ria: (1) having a history of major physical or psychiatric
disorders including epilepsy, major depression, schizo-
phrenia or neurovascular diseases, (2) having a history of
brain injury or having undergone brain surgery, and (3)
being unable to undergo MRI due to physical (e.g., having
a surgical implant) or psychological (e.g., claustrophobia)
contraindications. Seventeen participants (eight females,
age 24.2 + 2.0 (mean =+ standard deviation)) participated
in the ‘dental threat’ fMRI experiment. Eighteen partici-
pants (nine females, age 24.5 £+ 2.1) participated in the
‘resting-state’ fMRI experiment. Fourteen of the 21 par-
ticipants participated in both experiments. None of the
participants had a history of major physical or psychi-
atric disorders or a history of chronic orofacial pain as
assessed by a dentist (the first author, C-S L). Notably,
because the current study aimed to investigate the neu-
ral correlates associated with the degree of dental avoid-
ance, we did not exclusively recruit the participants with
extreme dental fear, as done in previous studies [10, 12].
Therefore, the participants here represented a group of
both low dental anxiety and high dental anxiety patients
(see Results). All participants provided written informed
consent before participating in this study. The study con-
forms to the ethical standards presented in the Declara-
tion of Helsinki, and the study protocol was approved by
the Institutional Review Board of Taipei Veterans Gen-
eral Hospital (VGHIRB No. 2013-06-026BY).

The number of participants was determined based
a power analysis on the behavioral findings. Because
we focused on the strength of association between the
regional brain activation and the behavioral score (i.e.,
dental avoidance), we performed a power analysis to
evaluate the sample size for a one-tailed bivariate correla-
tion analysis with alpha = 0.05, beta = 0.8, and effect size
(r) = 0.6. The effect size was estimated according to the
previous findings [12], which showed the fear experience
evoked by video was positively correlated with activation
of the insula, the thalamus and the anterior cingulate,
with r between 0.58 and 0.69. The analysis was performed
using G*Power v3.1.9.2 [30] and showed a minimum of
N =15.

Experimental paradigm

The study consisted of two fMRI experiments. Seventeen
participants completed a task-based ‘dental threat’ exper-
iment. Dental avoidance based on an experience of prior
treatment (i.e., experience-based avoidance) and imagi-
nation (i.e., imagination-based avoidance) was assessed
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using a customized questionnaire (Table 1). Eighteen
participants completed a resting-state experiment.

The‘dental threat’ experiment

In the ‘dental threat’ study, we used visual images to elicit
fear toward dental treatment. Such a paradigm has been
adopted in previous studies concerning dental phobia
[11, 12]. During the fMRI scan, 17 participants viewed a
set of dental procedure images and performed the follow-
ing tasks:

(a) In the ‘Re-experiencing’ task (REXP), the partici-
pants were instructed to imagine that they were
receiving the dental procedure and to imagine the
pain or fear that they would experience from it.
They were instructed to ‘Imagine that you are the
subject who is receiving this treatment, and imagine
the pain or fear that you would perceive, related to
this treatment.” The participants were asked to take
a self-perspective as if they were in the same situa-
tion as depicted by the image [18] and to immerse
themselves with these unpleasant feelings.

(b) In the ‘counting’ task (COUNT), the participants
were instructed to count how many teeth they
could find in the image. They were instructed to
‘Count how many teeth that you find in this image.’

(c) In the ‘scrambled image’ task (SCM), the partici-
pants were instructed to view a set of images dis-
played in the counting task that were scrambled as
a visual control.

Table 1 Customized questionnaire for dental avoidance

Page 3 of 11

The whole experiment consisted of 20 REXP trials, 20
COUNT trials and 10 SCM trials, for a total of 50 trials
(Fig. 1). Each REXP or COUNT trial consisted of three
phases. In the initial cue phase, the word ‘imagine’ or
‘observe’ was displayed for 2 s to instruct the participants
to perform the REXP or COUNT task, respectively, in
the subsequent phase. In the stimulus phase, the image
depicting the dental procedures was displayed for 9 s,
and the participants performed a REXP or COUNT task
according to the instruction given in the preceding cue
phase. Finally, in the fixation phase, the participants were
instructed to look at a fixed cross that was displayed for
3or5s.

The ‘resting-state’ experiment

During the fMRI scan, 18 participants were instructed
to be relaxed and remain awake with eyes open. They
were instructed to fix their eyes on a cross symbol on the
screen.

Preparation of images

Twenty images depicting 7 categories of common dental
procedures including tooth extraction (N = 4), local anes-
thesia injection (N = 3), having a tooth surface polished
(N = 4), drilling a tooth (N = 2), probing the gum (one
image for the anterior site and one for the posterior site)
(N = 2), exploring an anterior tooth (N = 4) and scaling
an anterior tooth (N = 1) were created by photographing
a healthy female subject who was not a study participant.
All of the images were matched for brightness and hue

No. Dental procedure®

(B) Avoidance:
0-10

(A) Having received
the procedure? (yes/no)

Receiving a local anesthetic injection in the mouth

Having a painful tooth tapped by the dentist

Having a primary tooth (milk teeth) extracted in the childhood
Receiving ultrasonic scaling for removing dental stone

A molar being drilled to remove caries

Receiving a root canal treatment

Having a wisdom tooth extracted by surgery

0 N O AW =

Feeling painful hypersensitivity when rinsing cold water

9 A caries tooth being explored with a dental instrument

10 Having the swelling gum incised and pus drained

11 Feeling excruciating postoperative pain; not being relieved even with painkillers
12 Receiving a wedge and band in between the teeth during restoration

Instruction: For each of the following dental procedures, please indicate if you have received it or not, by marking ‘Yes' or‘No’in the column (A), and rate the degree
that you would avoid receiving the procedure in the column (B). The rating should be given by a number between 0 and 10 (0 = the least/10 = the maximal degree).
If you have received the procedure before, please rate avoidance based on your past experience of the procedure. If you have not experienced the procedure, please

rate avoidance based on your imagination about it

2 Theitems No. 1,5,6,7, 8,9, 10, 11 were modified from the Fear of Dental Pain questionnaire

b Scoring method: Experience-based avoidance = mean avoidance ratings (B) from the items that are marked as ‘Yes'in (A); Imagination-based avoidance = mean

avoidance ratings (B) from the items that are marked as‘No’in (A)
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Re-experience
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Counting
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Phases of a trial
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Fig. 1 Experimental paradigm. During the fMRI scan, the participants were asked to perform re-experience tasks (REXP, 20 trials), counting tasks
(COUNT, 20 trials) and visual control tasks (SCM, 10 trials). The REXP and the COUNT tasks consisted of three phase: (1) cue (2 s), (2) stimulus (9 s for
the REXP and the COUNT tasks and 6 s for the SCM task), and (3) fixation (3 or 5 s)

Fixation

3orb5s

+ X 20 trials

X 20 trials

X 10 trials

using Adobe Photoshop® 7.0 (Adobe Systems, San Jose,
California). The scrambled images were generated with
a scramble filter tool (http://www.telegraphics.com.au/
sw/). It should be noted that in this study, we aimed to
elicit increased perceived threat by asking the partici-
pants to recall their past experiences of dental treatment
rather than to directly evoke a strong aversive experience,
such as disgust. Therefore, we photographed a subject
with relatively good oral hygiene to minimize the poten-
tial feeling of disgust.

Assessment of behavioral data

Dental avoidance and trait dental anxiety

Dental avoidance was assessed using a customized self-
report questionnaire that consisted of 12 dental pro-
cedure scenarios (Table 1). The dental procedures and
descriptions were selected based on the fear of dental
pain questionnaire (FDP) [31]. The participants were
asked to indicate the degree of avoidance to each item
using the previously described method [8]. For each
participant, we distinguished the avoidance based on
his/her past treatment experience from the avoidance
based on imagination. For each scenario, the partici-
pants were required to (1) mark if they had received the
procedure or not and (2) rate the degree to which they
would avoid receiving the procedure. For each scenario,

the participants were instructed to rate their avoidance
based on their past experience about the procedure if
they had received the procedure previously, or to rate
avoidance based on their imagination if they had not
experienced that procedure. The mean avoidance rat-
ing from the experienced procedures was indexed as the
experience-based avoidance, and the mean avoidance rat-
ing from the non-experienced procedures was indexed as
the imagination-based avoidance. All ratings were based
on an 11-point numerical rating scale (NRS, 0 = the least
degree and 10 = the maximal degree). Trait dental anxi-
ety was assessed using the modified dental anxiety scale
(MDAS) [32]. The Chinese version of the MDAS was
used in the current study [33]. Its psychometric proper-
ties have been reported in a previous study, based on a
Chinese-speaking sample [33]. The MDAS assessment
was performed before the MRI scan. Statistical analysis
was performed using Minitab version 16.1.0 (Minitab,
Inc., State College, Pennsylvania).

Fear elicited by dental procedures

After the fMRI scan, the participants immediately rated
how threatened they felt with respect to the images that
they observed during the fMRI scan based on an 11-point
numerical rating scale (NRS, 0 = not threatening at all
and 10 = extremely threatening). The rating was indexed
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as the elicited fear. The participants were asked to briefly
describe the dental procedures depicted by each image.

Acquisition and pre-processing of imaging data
The ‘dental threat’ experiment
The data were acquired on a 3-Tesla imaging system (Tim
Trio, Siemens, Erlangen, Germany) with a quadrature
head coil. Functional data were acquired with T2-weighted
gradient-echo EPI using blood-oxygenation-level-depend-
ent contrast (TR/TE/flip angle = 2000 ms/20 ms/90°) with
the following parameters: matrix size = 64 x 64 x 40
and a voxel size = 3.4 x 3.4 x 3.4 mm® The total scan
time was 6.5 min. An anatomical image was acquired
using a T1-weighted 3D gradient-echo pulse sequence
(modified driven equilibrium Fourier transform: TR/
TE/TI = 2530/3.03/1100 ms) with the following param-
eters: matrix size = 256 x 256 x 192 and a voxel
size=1x1 x 1 mm®

Functional imaging data were pre-processed and ana-
lyzed using Statistical Parametric Mapping (SPMS, the
Wellcome Trust Centre for Neuroimaging, London,
http://www.filion.ucl.ac.uk/spm). The following proto-
col for pre-processing was based on our published study
[34]. Scans were slice-time corrected, realigned and
co-registered to the individual T1-weighted anatomi-
cal image before being normalized to a 2 x 2 x 2 mm
MNI152 (Montreal Neurological Institute) space. Scans
were further smoothed using a FWHM (full width at half
maximum) 8 x 8 x 8 mm Gaussian kernel, high-pass fil-
tered, and corrected for temporal serial correlations.

The ‘resting-state’ experiment

The data were acquired on the same scan-
ner with the following parameters: [TR]/[TE]/flip
angle = 2500 ms/30 ms/90° matrix size = 64 x 64 x 40;
voxel size = 3.4 x 3.4 x 3.4 mm?>, The total scan time was
8.3 min. Pre-processing was performed using the Data
Processing Assistant for Resting-State fMRI (DPARSE,
http://www.restfmri.net) and the Resting-State fMRI
Data Analysis Toolkit (REST, http://www.restfmri.
net) based on the SPM8 software. The following pre-
processing protocol was based on our published study
[35]. All scans were slice-time corrected, corrected for
head movement and normalized to the Montreal Neu-
rological Institute (MNI) template. The time series from
the seed region was band-pass filtered (0.01-0.1 Hz) to
extract the low-frequency oscillating components that
contributed to resting-state functional connectivity.
The six movement parameters of rigid body translation
and rotation and the mean signal of the cerebrospinal
ventricles and the deep white matter were removed as
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nuisance regressors using multiple regression. Global sig-
nal regression was performed to reduce the influence of
noise introduced by physiological activities.

Analysis of imaging data

The ‘dental threat’ experiment

At the individual level, we modeled the cue phase for 2 s,
the fixation phase for 3 or 5 s, and the stimulus phases
for 6 s (starting from the 4th second to the end of the
phase) using a canonical hemodynamic response func-
tion. Head movement parameters were modeled as the
regressors of no interest. A random-effect analysis was
performed at the group level: a one-sample ¢ test was
performed for the first-level contrasts REXP > SCM and
COUNT > SCM across all participants. An exploratory
whole-brain analysis was performed by thresholding with
an uncorrected p < 0.001 and a cluster size >10 voxels.
Based on our primary hypothesis, we performed a region
of interest (ROI)-based analysis with small volume cor-
rection (SVC) on the bilateral aINS and dACC ROIs. The
masks of these ROIs were defined according to a previous
study [36]. The results were considered statistically signif-
icant at p < 0.05 and were corrected for family-wise error
(FWE). To quantify the strength of association between
dental avoidance the aINS as well as dACC activation, we
calculated the Pearson correlation coefficient between
the regional activation of the aINS and the dACC ROIs
and the ratings of experience- and imagination-based
avoidance across all participants. Regional activation was
quantified as the mean beta value from all of the voxels
within the ROIs of the contrast REXP > SCM. The Pear-
son correlation coefficient was considered statistically
significant at p < 0.05 (two-tailed test of significance).

The ‘resting-state’ experiment

We performed a seed-based functional connectivity
(SBEC) analysis based on published methods [37]. The
analysis revealed the functional connectivity related to
the seed and was quantified as the correlation of brain
activity patterns between the seed region and other parts
of the brain. The aINS and dACC were used as the seed
regions. The masks of the seed regions were defined
based on the results from the dental threat experiment.
Regression analysis was performed using the ratings
of experience- or imagination-based avoidance as the
covariate to reveal the brain region in which connectiv-
ity with the seed region was significantly correlated with
the experience- or imagination-based avoidance. For an
exploratory purpose, all imaging results were thresh-
olded at an uncorrected p < 0.001, with a cluster size >10
voxels.
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Results

Demographic and behavioral data

The demographic and behavioral data are summarized
in Table 2. The customized self-report questionnaire
of dental avoidance was evaluated for internal consist-
ency using Cronbach’s alpha and for test—retest reliabil-
ity using intraclass consistency (ICC). The assessment
showed both good internal consistency (Cronbach’s
Alpha = 0.90) and a test—retest reliability of 0.91. The
scores of experience-based avoidance, imagination-based
avoidance, the modified dental anxiety scale (MDAS),
and elicited fear all followed a normal distribution as
assessed by the Kolmogorov—Smirnov test for normal
distribution. Across all participants, the avoidance rat-
ings based on imagination were slightly greater than
ratings based on experience, but the difference was not
statistically significant (paired t-test p > 0.05 for both
experiments) (Table 2A, B). In the ‘dental threat’ experi-
ment, the participants reported a moderate degree of

Table 2 Demographic and behavioral data
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elicited fear (mean + standard deviation = 5.0 £+ 1.7)
(Table 2A). A post-experiment survey revealed that all
the participants were able to recognize the dental pro-
cedures depicted in the images. The ratings of elicited
fear were significantly positively correlated with the
MDAS score (r = 0.71, p = 0.001) (Table 2C; Fig. 2a),
which indicated that the visual stimuli successfully elic-
ited fear with respect to receiving dental procedures. The
MDAS score showed a moderate degree of trait dental
anxiety (mean =+ standard deviation = 13.6 + 3.9, min/
max = 9/20) among the participants (Table 2A). Seven
participants showed low dental anxiety (MDAS score
5-11), 8 showed moderated dental anxiety (MDAS score
12-18) and 2 showed high dental anxiety (MDAS score
19-25) based on the published cut-off points [32, 38].
The findings suggested that both low- and high-anxiety
persons were included. Importantly, elicited fear was
significantly positively correlated with the ratings of
experience-based avoidance (r = 0.55, p = 0.02) but not

Mean SD Min Max p value?
(A) 'Dental fear' experiment (n = 17)*
Gender (male/female) 9/8
Age (years)® 24.2 20 20 27
Dental avoidance?
Experience-based 26 14 06 56 0.06
Imagination-based* 38 26 75
MDAS score® 136 39 9 20
Elicited fear® 50 17 30 8.9
(B) ‘Resting state’ experiment (n = 18)
Gender (male/female) 9/9
Age (years)® 245 2.1 22 29
Dental avoidance?
Experience-based 2.5 1.7 0.8 59 0.07
Imagination-based 34 24 75
Dental avoidance MDAS score Elicited fear
Experience-based Imagination-based
(C) Correlation of the variables from the ‘Dental fear’experiment
Age (years) —0.298 —0.405 —0.123 0.020
Dental avoidance
Experience-based 0.396 0.763*** 0.551*
Imagination-based 0.344 0.250
MDAS score 0.711%*

MDAS Modified Dental Anxiety Scale, SD standard deviation

* Denotes the p value of two-tailed Pearson correlation coefficient <0.05; ** p value < 0.01; *** p value <0.001

@ Two-tailed paired t-test was performed from comparing between the ‘experience-based’ and the ‘imagination-based’ scores

b Normality was assessed according to the the Kolmogorov-Smirnov test for normal distribution; normality was accepted if p > 0.05. The patients’ age, the scores of

dental avoidance, MDAS, and elicited fear conformed to normal distribution

¢ Two participants did not complete the dental avoidance ratings based on imagination
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Fig. 2 aThe ratings of elicited fear were significantly correlated with the MDAS score and avoidance ratings based on experience. No significant

correlation was found between the ratings of elicited fear and the avoidance ratings based on imagination. b Results of the ROI-based analysis. The
anterior insula (aINS) and the dorsal anterior cingulate cortex (JACC) were selected as the regions of interest (ROIs) (the upper panel). The REXP task
showed an increased activation in the right alNS and the bilateral dACC (the middle panel). The COUNT task showed an increased activation in the
bilateral dACC (the lower panel). A cluster was considered statistically significant by small volume-correction based on the pre-defined ROIs (p < 0.05
corrected for family-wise error). € The ratings of experience-based avoidance were significantly correlated with the activation in the right alNS, the

right dACC and the left dACC during the re-experience task

with ratings of imagination-based avoidance (r = 0.25,
p = 0.38) (Table 2B; Fig. 2a), which suggests a close
association between fear and prior experience of dental
treatment.

Results of the dental threat experiment

The findings of the ROI-based analysis are shown in
Fig. 2b. When the participants viewed the treatment-
related images and re-experienced their past experience
of treatment (i.e., the re-experiencing task, REXP) com-
pared with viewing the visual control (i.e., the scram-
bled image task, SCM), we found an increased activation
in the right anterior insula (aINS) ([x,5z] = [38,20,0],
size = 23 voxels, Z = 3.46, Prywr.correctea = 0.01), in
the right dACC ([x,2] = [12, 22, 30], size = 7 voxels,
Z = 3.82, Prwi-corrected = 0.004), and in the left dACC
([x2] = [—6,22,20], size = 15 voxels, Z = 3.38, prwe-cor-
rected = 0.015). When the participants counted the num-
ber of teeth (i.e., the counting task, COUNT) compared

with the visual control, there was an increased activation
in the bilateral dACC (Fig. 2b). In the REXP task, the post
hoc correlation analyses revealed that the rating of expe-
rience-based avoidance was significantly correlated with
brain activation in the right aINS (r = 0.67, p = 0.003),
right dACC (r = 0.65, p = 0.005) and left dACC (r = 0.63,
p = 0.007) (Fig. 2¢). In contrast, in the COUNT task, the
correlation was not statistically significant. The findings
confirmed our hypothesis that aINS and dACC activation
is associated with the degree of dental avoidance. The
data from the exploratory whole-brain analysis are shown
in Table 3.

It should be noted that the association between expe-
rience-based dental avoidance and brain activation, as
reported above, can be confounded by the patient’s age
and MDAS score (Table 2A). We therefore performed
multiple regression analyses by modeling the regional
activation as the dependent variable and the experience-
based dental avoidance, age and the MDAS score as the
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Table 3 Clusters of significant brain activation in the re-experience and the counting tasks

Brain region Side Cluster size (voxel) Zscore MNI coordinates

X y z

Re-experience (REXP) task
dACC L 256 36 -10 24 36
dACC R 57 39 12 20 30
dACC R 32 14 24 38
dACC R 78 3.7 12 38 26
dACC R 33 10 32 34
MTG/STG L 22 35 —52 —32 -2
MTG/STG L 32 —58 —26 —6
alNS R 33 35 38 20 0
alNS R 33 38 12
Inferior parietal lobule L 25 34 —50 —70 36
Lingual gyrus L 14 33 —26 —52 4
alNS L 14 33 —34 4 4

Counting (COUNT) task
dACC L 454 44 —12 32 28
dACC L 4.0 -8 40 12
dACC L 36 —12 34 20
IOFC L 57 4.0 —50 32 -8
IOFC R 170 4.0 44 32 -8
IOFC R 3.8 38 30 —-16
IOFC R 3.6 36 42 -2
Frontal Pole R 246 39 12 46 32
dACC R 3.8 12 42 22
dACC R 36 2 38 32
Superior parietal lobule R 17 38 6 —64 70
Frontal pole R 62 38 32 56 —-14
Frontal pole R 35 32 48 —16
Lateral occipital cortex R 49 3.7 32 —68 8
Superior frontal cortex L 16 36 -10 28 50
Superior parietal lobule L 26 36 —4 —56 74
Superior parietal lobule R 34 6 —52 76
Lateral occipital cortex L 52 35 —56 —66 28
Inferior parietal lobule L 35 —64 —54 24
MTG R 34 34 64 —-22 —6
Lateral occipital cortex L 14 33 —34 —62 4

All results reported are uncorrected for multiple comparison. Cluster size is measured by the number of voxels

alNS anterior insula, dACC dorsal anterior cingulate cortex, IOFC lateral orbitofrontal cortex, MTG middle temporal gyrus, STG superior temporal gyrus

predictors. The analyses showed that the avoidance rat-
ings were the only significant predictor of brain acti-
vation in the ROIs (right aINS: p = 0.017; right dACC:
p = 0.029; left dACC: p = 0.046).

Results of the resting-state experiment

When the right aINS was used as a seed (Fig. 3a), we
found that its connectivity with the right orbitofrontal
cortex (OFC) was positively correlated with the ratings

of experience-based avoidance ([x, y, z] = [28, 30, —20],
size = 33 voxels, Z = 3.77, Puncorrected < 0-001) (Fig. 3b).
No significant correlation was found between the right
aINS-OFC connectivity and the ratings of imagination-
based avoidance. The findings suggested that the con-
nectional changes of the threat-related region (i.e., aINS)
reflected the degree of dental avoidance that was shaped
by prior experience of dental treatment. No significant
finding was found when the dACC was used as a seed.



Lin et al. BMC Neurosci (2015) 16:88

Page 9 of 11

Fig. 3 aThe right anterior insula (alNS) was used as the seed region for the seed-based functional connectivity analysis. The region was defined as a
sphere (diameter = 6 mm) centered at [x, y, z] = [38, 20, 0. b The whole-brain exploratory analysis revealed that the connectivity between the right
aINS and the right orbitofrontal cortex was significantly correlated with the ratings of recalled avoidance

Discussion

Summary of the major findings

Dental avoidance is closely associated with the fear of
dental treatment. It can be shaped by a patient’s past
experience with respect to receiving dental procedures
or by imagination that is primarily derived from verbal or
observational learning. Using two fMRI studies, we have
demonstrated the following neural mechanisms underly-
ing dental avoidance:

1. When fear was evoked by viewing images of dental
procedures, the participants showed greater activa-
tion of the right aINS and bilateral dACC (Fig. 2b).

2. The aINS and dACC activation was positively corre-
lated with dental avoidance based on experience but
not dental avoidance based on imagination (Fig. 2c).

3. In the resting state, the intrinsic functional connec-
tivity between the aINS and OFC was positively cor-
related with dental avoidance based on experience
but not with dental avoidance based on imagination
(Fig. 3¢).

In sum, these findings revealed that the activation of
the aINS and dACC, which are both critical to threat per-
ception, is associated with the ratings of dental avoidance.

Dental avoidance and activation of the aINS and the dACC

In the ‘dental threat’ study, we found an increased acti-
vation in the aINS and dACC during the re-experience
task, which evoked a moderate degree of fear (Fig. 2b).
The significant correlation between the experience-
based dental avoidance and the aINS as well as dACC
activation (Fig. 2c) may reflect a heightened perceived
threat when the participants viewed the treatment-
related images. Both the aINS and dACC are critical to
integrating salience signals (e.g., a painful procedure)
from a threatening context, and the activation of these

regions is associated with the individual difference
in pain perception [39]. The aINS activation reflects
changes in not only emotional experience but also inter-
oception, i.e., awareness of one’s internal bodily states
[40]. Over-prediction of an aversive bodily state may
potentiate anxiety and avoidance behavior [41]. There-
fore, the aINS activation reported here may reflect the
emotional awareness of a negative experience (e.g., fear)
and an increased interoceptive experience (i.e., pain)
related to treatment. The dACC may play an additional
role in both avoidance behavior and the decision-making
process [22, 42, 43]. When facing a threatening object,
the dACC is associated with the selection of an action
in response to the stimuli. In contrast, the aINS is asso-
ciated with the awareness of threat [42]. Therefore, our
findings suggest that the individual difference in threat
perception may play a key role in the development of
dental avoidance.

Our findings echoed the previous reports about the
neural mechanisms of a specific phobia. For example,
dental phobia was associated with heightened activation
in the dACC and aINS when the subjects were viewing
images or videos depicting dental procedures [10, 13].
In patients with spider phobia, dACC activation was
associated with the degree of the visual avoidance of
the images of spiders [44]. Our findings further suggest
that pain is the primary negative experience that dental
patients would choose to avoid. The activation of both
aINS and dACC is associated with the painful experience
elicited by viewing images depicting injury and replaying
one’s past experience of pain [15, 18]. Increased dACC
activation was found when subjects escaped from pain-
ful stimuli, which was an imminent threat [23]. Notably,
right aINS activation was found exclusively during the
REXP task. The results echoed a recent finding that aINS
activation was found when the participants recalled their
pain experience [19].
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Functional connectivity related to dental avoidance
Neuroimaging evidence has shown that changes in aINS-
dACC connectivity are associated with post-traumatic
stress disorder (PTSD) and panic disorder [26, 27]. These
disorders are characterized by a heightened perceived
threat in the patients. The intrinsic functional connectiv-
ity between the anterior cingulate cortex and the aINS
was positively correlated with the score of harm avoid-
ance, which is a marker of trait anxiety [45]. In our study,
however, we did not find a change in aINS-dACC con-
nectivity, as shown in the previous studies. A possible
explanation is that psychological stress is milder in the
case of dental visits than is the stress related to PTSD or
panic disorders. Therefore, the effect of plasticity is less
significant than it is in patients with mental disorders.

Still, we found that aINS-OFC connectivity was asso-
ciated with the individual difference in dental avoidance.
Structurally, the aINS is predominantly connected to the
OFC [46], and the projection from the insula to the OFC
may convey somatosensory information [47]. Function-
ally, the OFC is a critical region related to anxiety per-
sonality [48], particularly for fear related to pain [49]. The
OFC also subserves the emotion-laden process of deci-
sion-making [50]. The insula, as the core of the intrinsic
salience network, may integrate the signal for a high-
salience object from a threatening context (e.g., viewing
images depicting painful procedures) [51]. Therefore,
aINS-OFC connectivity may represent the integration
between threat perception and decision-making with
respect to dental visits.

Limitations of the study

The findings should be cautiously interpreted due to
some limitations of the experimental design. First, we
did not perform an in-scan trial-by-trial rating of the
treatment-related experience for each experiment trial.
We considered that the in-scan rating procedure may
interfere with the re-experiencing task and that the
additional rating procedure may prolong the total scan-
ning time. The trade-off is that we were not able to trace
dynamic changes in the emotional status. Second, we
did not assess the degree of vividness or accuracy of the
treatment-related experience. Memories of traumatic
events, such as receiving a stressful dental procedure,
may be vulnerable to false memories [52]. For example,
the participants may misattribute a painful experience,
which was actually elicited by a root canal treatment,
to a third molar extraction. In the current study, we did
not separately investigate each of the 12 dental proce-
dures. Instead, we pooled the ratings from the 12 den-
tal procedures and formed an overall score on fear and
avoidance.
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Conclusions

The results from our experiments revealed that the
regional activation and connectional changes related to
the aINS and dACC were associated with the individual
differences in dental avoidance. The findings highlighted
that prior dental experience as a predominant factor in
shaping patients’ avoidance behavior and that the indi-
vidual differences in threat perception may play a key role
in the development of dental avoidance.

Authors’ contributions

CSL conceived the study. CSL and LTW carried out the experiment and pre-
pared study materials. CSL and SYW contributed to the analysis and interpre-
tation of the data and prepared the manuscript. CSL drafted the manuscript.
CSL, SYW and LT W discussed the framework and wrote the manuscript. All
authors read and approved the final manuscript.

Author details

! Department of Dentistry, School of Dentistry, National Yang-Ming University,
No. 155, Sec. 2, Linong Street, Taipei 11221, Taiwan, ROC. ? Division of Family
Dentistry, Department of Stomatology, Taipei Veterans General Hospital, Taipei,
Taiwan, ROC. 3 Division of Endodontics and Periodontology, Department

of Stomatology, Taipei Veterans General Hospital, Taipei, Taiwan, ROC.

Acknowledgements

C-S. Lin was funded by National Science Council of Taiwan (NSC 102-2314-
B-010-049). This work was supported in part by the 3T MRI Core Facility at
National Yang-Ming University.

Competing interests
The authors declare that they have no conflict of interest.

Received: 7 August 2015 Accepted: 23 November 2015
Published online: 10 December 2015

References

1. Anderson KO, Masur FT 3rd. Psychological preparation for invasive medi-
cal and dental procedures. J Behav Med. 1983;6(1):1-40.

2. Armfield JM, Stewart JF, Spencer AJ. The vicious cycle of dental fear:
exploring the interplay between oral health, service utilization and dental
fear. BMC oral health. 2007;7:1.

3. PoiPJ, Chuah SY, Srinivas P, Liam CK. Common fears of patients undergo-
ing bronchoscopy. Eur Resp J. 1998;11(5):1147-9.

4. Wilson JF, Moore RW, Randolph S, Hanson BJ. Behavioral preparation of
patients for gastrointestinal endoscopy: information, relaxation, and cop-
ing style. J Human Stress. 1982;8(4):13-23.

5. Armfield JM. What goes around comes around: revisiting the hypoth-
esized vicious cycle of dental fear and avoidance. Commun Dent Oral
Epidemiol. 2013;41(3):279-87.

6. DeJongh A, Schutjes M, Aartman IH. A test of Berggren's model of dental
fear and anxiety. Eur J Oral Sci. 2011;119(5):361-5.

7. deJongh A, Aartman IH, Brand N. Trauma-related phenomena in anxious
dental patients. Commun Dent Oral Epidemiol. 2003;31(1):52-8.

8. van Wijk AJ, Hoogstraten J. Experience with dental pain and fear of dental
pain. J Dent Res. 2005;84(10):947-50.

9. Olsson A, Phelps EA. Social learning of fear. Nat Neurosci.
2007;10(9):1095-102.

10. Hilbert K, Evens R, Maslowski NI, Wittchen HU, Lueken U. Fear process-
ing in dental phobia during crossmodal symptom provocation: an fMRI
study. BioMed Res Int. 2014;2014:196353.

11. Lueken U, Hoyer J, Siegert J, Gloster AT, Wittchen HU. Symptom provoca-
tion in dental anxiety using cross-phobic video stimulation. Eur J Oral Sci.
2011;119(1):61-8.



Lin et al. BMC Neurosci (2015) 16:88

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

Lueken U, Kruschwitz JD, Muehlhan M, Siegert J, Hoyer J, Wittchen HU.
How specific is specific phobia? Different neural response patterns in two
subtypes of specific phobia. Neurolmage. 2011;56(1):363-72.
Scharmuller W, Ubel S, Leutgeb V, Schoengassner F, Wabnegger A,
Schienle A. Do not think about pain: neural correlates of attention guid-
ing during visual symptom provocation in dental phobia—an fMRI study.
Brain Res. 2014;1566:69-76.

Schienle A, Wabnegger A, Schoengassner F, Scharmuller W. Neuronal cor-
relates of three attentional strategies during affective picture processing:
an fMRI study. Cogn Affect Behav Neurosci. 2014;14(4):1320-6.

Decety J, Grezes J. The power of simulation: imagining one’s own and
other’s behavior. Brain Res. 2006;1079(1):4-14.

Jackson PL, Rainville P, Decety J. To what extent do we share the

pain of others? Insight from the neural bases of pain empathy. Pain.
2006;125(1-2):5-9.

Lamm C, Batson CD, Decety J. The neural substrate of human empathy:
effects of perspective-taking and cognitive appraisal. J Cogn Neurosci.
2007;19(1):42-58.

Ogino Y, Nemoto H, Inui K, Saito S, Kakigi R, Goto F. Inner experience of
pain: imagination of pain while viewing images showing painful events
forms subjective pain representation in human brain. Cereb Cortex.
2007;17(5):1139-46.

Fairhurst M, Fairhurst K, Berna C, Tracey I. An fMRI study exploring the
overlap and differences between neural representations of physical and
recalled pain. PLoS One. 2012;7(10):e48711.

Jackson PL, Brunet E, Meltzoff AN, Decety J. Empathy examined through
the neural mechanisms involved in imagining how | feel versus how you
feel pain. Neuropsychologia. 2006;44(5):752-61.

Bradley MM, Silakowski T, Lang PJ. Fear of pain and defensive activation.
Pain. 2008;137(1):156-63.

McNaughton N, Corr PJ. A two-dimensional neuropsychology of
defense: fear/anxiety and defensive distance. Neurosci Biobehav Rev.
2004,28(3):285-305.

Mobbs D, Marchant JL, Hassabis D, Seymour B, Tan G, Gray M, Petro-

vic P, Dolan RJ, Frith CD. From threat to fear: the neural organization

of defensive fear systems in humans. J Neurosci Off J Soc Neurosci.
2009;29(39):12236-43.

Holtz K, Pane-Farre CA, Wendt J, Lotze M, Hamm AQ. Brain activation dur-
ing anticipation of interoceptive threat. Neurolmage. 2012;61(4):857-65.
Pascual-Leone A, Amedi A, Fregni F, Merabet LB. The plastic human brain
cortex. Annu Rev Neurosci. 2005;28:377-401.

Pannekoek JN, Veer IM, van Tol MJ, van der Werff SJ, Demenescu LR, Ale-
man A, Veltman DJ, Zitman FG, Rombouts SA, van der Wee NJ. Aberrant
limbic and salience network resting-state functional connectivity in panic
disorder without comorbidity. J Affect Disord. 2013;145(1):29-35.
Tursich M, Ros T, Frewen PA, Kluetsch RC, Calhoun VD, Lanius RA. Distinct
intrinsic network connectivity patterns of post-traumatic stress disorder
symptom clusters. Acta psychiatrica Scandinavica 2015.

Locker D, Shapiro D, Liddell A. Negative dental experiences and their
relationship to dental anxiety. Community Dent Health. 1996;13(2):86-92.
Locker D, Thomson WM, Poulton R. Psychological disorder, conditioning
experiences, and the onset of dental anxiety in early adulthood. J Dent
Res. 2001;80(6):1588-92.

Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using
G*Power 3.1: tests for correlation and regression analyses. Behav Res
Methods. 2009;41(4):1149-60.

van Wijk AJ, Hoogstraten J. The fear of dental pain questionnaire: con-
struction and validity. Eur J Oral Sci. 2003;111(1):12-8.

Humphris GM, Morrison T, Lindsay SJ. The modified dental anxiety

scale: validation and United Kingdom norms. Community Dent Health.
1995;12(3):143-50.

Yuan S, Freeman R, Lahti S, Lloyd-Williams F, Humphris G. Some psycho-
metric properties of the Chinese version of the Modified Dental Anxiety
Scale with cross validation. Health Quality Life Outcomes. 2008;6:22.

Lin CS, Hsieh JC, Yeh TC, Niddam DM. Predictability-mediated pain
modulation in context of multiple cues: an event-related fMRI study.
Neuropsychologia. 2014,64C:85-91.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

51.

52.

Page 11 of 11

Ku HL, Lin CS, Chao HT, Tu PC, Li CT, Cheng CM, Su TP, Lee YC, Hsieh JC.
Brain signature characterizing the body-brain-mind axis of transsexuals.
PLoS One. 2013;8(7):e70808.

Brodersen KH, Wiech K, Lomakina El, Lin CS, Buhmann JM, Bingel U,
Ploner M, Stephan KE, Tracey I. Decoding the perception of pain from
fMRI using multivariate pattern analysis. Neurolmage. 2012;63(3):1162-70.
Lin CS, Ku HL, Chao HT, Tu PC, Li CT, Cheng CM, Su TP, Lee YC, Hsieh JC.
Neural network of body representation differs between transsexuals and
cissexuals. PLoS One. 2014;9(1):e85914.

Halonen H, Salo T, Hakko H, Rasanen P. The association between dental
anxiety, general clinical anxiety and depression among Finnish university
students. Oral Health Dental Manage. 2014;13(2):320-5.

Wiech K, Lin CS, Brodersen KH, Bingel U, Ploner M, Tracey I. Anterior insula
integrates information about salience into perceptual decisions about
pain. J Neurosci off J Soc Neurosci. 2010;30(48):16324-31.

Zaki J, Davis JI, Ochsner KN. Overlapping activity in anterior insula during
interoception and emotional experience. Neurolmage. 2012;62(1):493-9.
Paulus MP, Stein MB. An insular view of anxiety. Biol Psychiatry.
2006;60(4):383~7.

Menon V, Uddin LQ. Saliency, switching, attention and control: a network
model of insula function. Brain Struct Funct. 2010;214(5-6):655-67.
Shenhav A, Botvinick MM, Cohen JD. The expected value of control:

an integrative theory of anterior cingulate cortex function. Neuron.
2013;79(2):217-40.

Aue T, Hoeppli ME, Piguet C, Sterpenich V, Vuilleumier P. Visual avoidance
in phobia: particularities in neural activity, autonomic responding, and
cognitive risk evaluations. Front Human Neurosci. 2013;7:194.

Markett S, Weber B, Voigt G, Montag C, Felten A, Elger C, Reuter M. Intrin-
sic connectivity networks and personality: the temperament dimension
harm avoidance moderates functional connectivity in the resting brain.
Neuroscience. 2013;240:98-105.

Wiech K, Jbabdi S, Lin CS, Andersson J, Tracey |. Differential structural and
resting state connectivity between insular subdivisions and other pain-
related brain regions. Pain. 2014;155(10):2047-55.

Mesulam MM, Mufson EJ. Insula of the old world monkey:. lll: effer-

ent cortical output and comments on function. J Comp Neurol.
1982;212(1):38-52.

Montag C, Reuter M, Jurkiewicz M, Markett S, Panksepp J. Imaging the
structure of the human anxious brain: a review of findings from neurosci-
entific personality psychology. Rev Neurosci. 2013,24(2):167-90.
Ochsner KN, Ludlow DH, Knierim K, Hanelin J, Ramachandran T, Glover
GC, Mackey SC. Neural correlates of individual differences in pain-related
fear and anxiety. Pain. 2006;120(1-2):69-77.

. Bechara A, Damasio H, Damasio AR. Emotion, decision making and the

orbitofrontal cortex. Cereb Cortex. 2000;10(3):295-307.

Phelps EA, Lempert KM, Sokol-Hessner P. Emotion and decision making:
multiple modulatory neural circuits. Annu Rev Neurosci. 2014;37:263-87.
Morgan CA, Southwick S. Perspective: | believe what | remember, but it
may not be true. Neurobiol Learn Mem. 2014;112:101-3.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
¢ We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	The anterior insula and anterior cingulate cortex are associated with avoidance of dental treatment based on prior experience of treatment in healthy adults
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Participants
	Experimental paradigm
	The ‘dental threat’ experiment
	The ‘resting-state’ experiment
	Preparation of images
	Assessment of behavioral data
	Dental avoidance and trait dental anxiety
	Fear elicited by dental procedures

	Acquisition and pre-processing of imaging data
	The ‘dental threat’ experiment
	The ‘resting-state’ experiment

	Analysis of imaging data
	The ‘dental threat’ experiment
	The ‘resting-state’ experiment


	Results
	Demographic and behavioral data
	Results of the dental threat experiment
	Results of the resting-state experiment

	Discussion
	Summary of the major findings
	Dental avoidance and activation of the aINS and the dACC
	Functional connectivity related to dental avoidance
	Limitations of the study

	Conclusions
	Authors’ contributions
	References




