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ABSTRACT

Objectives: The aim of cross-sectional study was to investigate the association between sensory
processing patterns and dental fear among female undergraduates.
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Material and methods: Three hundred and ten female university students were included in the pre-
sent study. Dental fear and sensory processing patterns were measured using the Dental Fear Survey
and Adolescent/Adult Sensory Profile with other possible confounders, respectively. Sensory processing
patterns were categorized into sensory sensitivity, sensory avoidance, low registration and sensation
seeking. We conducted structural equation modelling based on the hypothesis that sensory processing
directly affects dental fear, including the confounding role of negative experiences with dentistry,
autistic traits and the mediating role of trait anxiety.

Results: Based on our proposed model, sensory processing patterns, excluding sensation seeking and
negative experiences significantly contributed to dental fear (3 =0.33, p <.001 and =0.32, p <.001,
respectively) and autistic traits and trait anxiety did not significantly contribute to dental fear.
Conclusions: Extreme sensory processing patterns seem to be associated with a high level of dental
fear; thus, the difference in sensory processing might play an important role in the aetiology of den-
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tal fear.

Introduction

Avoiding dental treatment because of fear [1] results in
poor dental health [2] and reduced quality of life [3,4].
Approximately, 40% of Japanese [5,6] patients have reported
high levels of dental fear. Epidemiological studies from other
countries have revealed that approximately 15%-40% of
communities have experienced high levels of dental fear
[7-9]. Dental fear is a complex phenomenon with exogen-
ous and endogenous components [10]. The most important
exogenous component of dental fear is a traumatic or pain-
ful dental experience in the past [11]. Negative dental expe-
riences of family or friends and/or social media can
influence dental fear [12]. Moreover, personal factors, such
as anxiety, panic disorders and depression representing
endogenous components, contribute to dental fear develop-
ment [13-15]. In addition, sex differences in dental fear have
been reported; women tend to be more fearful than
men [16,17].

The aetiology of dental fear has been previously explained
using classical conditioning theory through negative dental
experiences and operant conditioning [18,19]. First, a
strengthened association is made between dental treatment-
related stimuli and negative dental experiences, such as pain
or lack of control. Then, the drill sound and the peculiar

smell of a dental clinic (conditioned stimuli) provoke fear in
patients (classical conditioning) [18]. This conditioned fear
makes a patient avoid dental treatment, and avoidance
perpetuates the learned association between conditioned
stimuli and negative physical and emotional states (operant
conditioning). Avoidance results in more dental problems
and more painful dental treatment experiences that further
reinforce the conditioned dental fear, which is a vicious
cycle [20].

It is noteworthy that biological and genetic factors play
an important role in the development and maintenance of
dental fear [18,19]. Genetic differences make some patients
develop fear more easily than others through the learning-,
cognitive-, personality- and/or pain-based aetiological mech-
anisms. Some fearful patients have catastrophizing or mis-
appraisal thinking (cognitive distortions) [18]. A genetic
variation, which is related to the fear of pain, was found to
be related to dental fear [21,22]. This vulnerability seems to
be the predisposition to dental fear.

Dental treatment-related stimuli provoke dental fear via
classical conditioning [18], it may also provoke dental fear
through biological and genetic mechanisms. Patients with den-
tal fear can be highly sensitive to dental treatment (e.g. the
sight of a needle, sensation of the drill, taste of medications,
and bright dental light) even if it is a painless procedure. It is
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suggested that dental fear is associated with lower distress
tolerance to aversive or uncomfortable emotional states [23],
and in turn, lower distress tolerance might be associated with
higher sensitivity to sensation and/or emotion. We postulate
that patients with hypersensitivity to sensation can have more
to negative responses to dental procedures. Moreover, fear
conditioning might happen more easily for individuals with an
extreme sensory processing pattern who have negative experi-
ences, resulting in the subsequent development/maintenance
of fear.

Sensory processing is defined as ‘the ability to register
and modulate sensory information and organize sensory
input to respond to situational demands’ [24]. Genetic and
environmental factors contribute to sensory processing
[25,26]. Sensory processing patterns refer to observed behav-
ioural responses to external stimulation after modulating
sensory information [25,26]. Each person has different sen-
sory processing patterns and strengths that are considered
to be part of their individual characteristics, and extreme
sensory processing patterns interfere with daily life [26].
Although extreme sensory processing patterns are present in
approximately 15% of the general population [27,28], they
are present in >90% of adults with autism spectrum disorder
(ASD) [29]. Sensory processing interventions for children with
disabilities are commonly used in the field of occupational
therapy [30,31].

Some conceptual models of sensory processing differen-
ces have been developed [25,32,33]. Dunn developed a
sensory processing model from the perspective of neurosci-
ence and behavioural science by observing young child-
ren’s behaviour. The model was constructed considering
an individual’'s neurological threshold continuum (high to
low) and behavioural response continuum (active to pas-
sive) [25]. In this model, people with a low neurological
threshold to external stimulations are classified with sen-
sory sensitivity as a passive response or sensory avoidance
as an active response. Furthermore, those with a high
neurological threshold are classified with low registration as
a passive response and sensation seeking as an active
response [25]. Each individual can have one or more sen-
sory processing patterns, and extremely high or low level
of sensory processing is untypical [34].

Because sensory processing is genetically based [26] and
untypical sensory processing results in maladaptive emotional
and behavioural responses to sensory input [33], several psy-
chological correlations have been reported. A cross-sectional
study among healthy adults revealed that sensory sensitivity,
sensory avoiding and low registration patterns were associ-
ated with pain catastrophizing [35]. Another cross-sectional
study concluded that individuals with extreme sensory proc-
essing patterns could have a high level of general anxiety
[36]. Moreover, extreme sensory processing patterns were
associated with major affective disorders, including depres-
sion, impulsivity, alexithymia, and hopelessness [37]. Although
sensory processing is genetically based, it can be influenced
by environmental factors [25,26] and correlated with traumatic
childhood experiences in patients with an affective disorder
[38]. Furthermore, individuals with post-traumatic stress

disorder (PTSD) demonstrated a higher degree of extreme
sensory processing pattern than individuals without PTSD [39].

An association has recently been established between
sensory hypersensitivity based on Dunn’s model and unco-
operative behaviour during routine oral care among children
with ASD [40]. In addition, a difference in sensory processing
patterns has influenced children with typical development
in stimulus-rich environments, such as classrooms [41].
However, to the best of our knowledge, it is not known
whether a difference in sensory processing patterns is associ-
ated with dental fear in healthy adults.

The aim of this study was to investigate whether sensory
processing patterns to non-aversive stimuli are associated
with dental fear among young female patients while control-
ling other risk factors of dental fear using structural equation
modelling (SEM).

Material and methods
Design and study population

All of the 351 healthy female students from the Department of
Nutrition in the Women’s University, Kitakyushu, Japan, were
targeted in the study. This cross-sectional study was approved
by the Ethics Committee of Kyusyu Dental University (No. 17-
11) and was performed in April 2017. The participants were
recruited at the start of their class. Inclusion criteria were
attendance to the class, and exclusion criteria were absence
from the class. A self-administered questionnaire was filled out
by each participant during the class after written consent was
obtained. Seventeen students were absent from the class, and
334 participants completed the questionnaire.

Measures

Dental fear survey

The Dental Fear Estimation by Dental Fear Survey (DFS) [42],
a 20-item self-report measure, is commonly applied to meas-
ure behavioural and physiological responses when evaluating
anxiety or fear due to dental care. Using a 5-point Likert-
type scale, a higher score indicates greater dental fear. The
questionnaire comprises three parts: avoidance, physiological
arousal, and fear of specific situations.

Sensory processing pattern by adolescent/adult sen-
sory profile

Based on Dunn’s sensory processing model, the Adolescent/
Adult Sensory Profile (AASP) was used to assess sensory
processing patterns [34]. The 60-item questionnaire meas-
ured sensory responses to stimuli encountered in daily life.
Each item was scored on a 5-point Likert scale (ranging from
1=almost never to 5=almost always). The 60 items were
equally sorted into four quadrants: sensory sensitivity, sen-
sory avoidance, low registration and sensation seeking. A
higher score indicates more disturbed levels of sensory proc-
essing. The Japanese version of AASP has high reliability and
validity. Cronbach o scores for the Japanese version of AASP
were 0.76 (sensory sensitivity), 0.80 (sensory avoidance), 0.80



(low registration), and 0.75 (sensation seeking) [43]. Validity
was shown using Z-test between adults without disabilities
and adults with ASD and without disabilities [z=1.99,
p<.05, d=030 (sensory sensitivity), z=1.39, p>.05,
d=0.21 (sensory avoidance); z=2.91, p<.01, d=0.43 (low
registration); and z=3.61, p <.001, d =0.54 (sensory sensitiv-
ity) [43]. The cut-off points for high level of sensory process-
ing patterns (out of 1 standard deviation samples among
individuals without disabilities and aged 18-34 years) are 43
(sensory sensitivity), 42 (sensory avoidance), 39 (low registra-
tion), and 48 (sensation seeking) [43].

Negative experiences with dentistry

Negative experiences play an important role in the aetiology
of dental fear via conditioning. Not only direct negative
dental experiences (i.e. painful dental treatment) but also
indirect negative dental experiences from friends, family
members and social media (social learning) [12,18] influence
dental fear development. We asked the following six ques-
tions related to negative dental and medical experiences
that could be risk factors of dental fear: ‘Have you ever
received dental treatment?; ‘Have you ever experienced
unbearable pain from dental treatment?’; ‘Have you ever had
dental treatment by a scary dentist?’; ‘Have you ever experi-
enced unbearable pain from medical treatment?’; ‘Does your
family avoid dental treatment?’; and ‘Have you ever seen a
scary dentist in the media?’ All six questions were answered
with ‘Yes’ or ‘No.’

State-trait anxiety inventory

The State-Trait Anxiety Inventory (STAI) [44] measures the
severity of trait and state anxiety. Trait anxiety is a relatively
stable behavioural disposition to respond anxiously, whereas
state anxiety is a transitory emotional state.

Autism-spectrum quotient

The 50-item Autism-Spectrum Quotient (AQ) [45] is a self-admin-
istered instrument for measuring the degree of autistic traits.
The questionnaire comprises four parts: social skill, attention
switching, local details and communication and imagination.

Demographic questionnaire

The participants’ age and sex were recorded. All question-
naires were written in Japanese. The Japanese versions of
DFS [46], AASP [43], STAI [47] and AQ [48] (Copyright [c]
Sankyobo) have been proven by other studies to be highly
reliable and valid for each purpose.

Statistics

We conducted descriptive statistics. Preliminary correlation
analysis using Spearman correlation coefficient was used to
explore associations among dental fear, sensory processing,
and other continuous variables and to screen for multicolli-
nearity. Variance inflation factor (VIF) was calculated to check
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multicollinearity, with a VIF of <5 suggested for detecting
multicollinearity [49].

The SEM method is a comprehensive statistical approach
for testing the hypotheses regarding the relationship between
observed and latent variables and is commonly used in the
field of behavioral sciences [50]. SEM can be simultaneously
performed by multiple regression, correlation and factor analy-
ses [50]. SEM was performed using weighted least squares
parameter estimates (WLSMV). Our data included six dichotom-
ous variables; thus, we used WLSMV, which is a robust estima-
tor and provides one of the best choices for modelling
categorical data [51]. Sensory processing was hypothesized to
directly affect dental fear; negative experiences with dentistry
and autistic traits confounded the relation, and trait anxiety
mediated the relation. A modified model was used to remove
non-significant variables from a hypothetical model. Model
fitting resulted in global fit indices. Preliminary correlation
analysis was conducted using IBM SPSS Statistics software
version 24 (IBM SPSS, Armonk, NY, USA) and SEM was con-
ducted Mplus version 8 (Muthen & Muthen, Los Angeles, CA).
All tests were conducted at a significance level of 0.05.

Results

Of the 334 participating students, 24 were excluded because
of incomplete data in their questionnaires. The response rate
to the questionnaire was 92.8%.

Study group characteristics

Age, sex, dental fear, sensory processing, and other variables
that contribute to dental fear are presented in Table 1. In
total, 9% of the respondents showed high levels of dental
fear, and approximately, 20% showed high levels of sen-
sory processing.

Preliminary correlational analysis

As shown in Table 2, sensory sensitivity, sensory avoidance,
and low registration exhibited weak-to-moderate positive
correlations with dental fear (r=0.37, p<.01; r=0.27,
p<.01; and r=0.24, p <.01, respectively). Sensation seeking
was not correlated with dental fear. Positive relationships
existed among sensory sensitivity, sensory avoidance, and
low registration. Sensation seeking correlated to some extent
with other sensory processing patterns. Correlations between
other variables are shown in Appendix 1.

SEM

Figure 1 illustrates the hypothesized and modified models.
The goodness-of-fit test in the modified model was better
than that in the hypothesized model (Table 3). The value of
chi-square was not significant, which indicated that observed
data did not significantly differ from those in the hypothet-
ical model [52]. The comparative fit index (CFl) and
Tucker-Lewis index (TLI) >0.90 indicated a well-fitting model
[52]. The model with the standardized root mean square
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residual (SRMR) >0.8 [53] and the root mean square error of
approximation (RMSEA) <0.05 indicated a well-fitting model
[50]. CFI, TLI, SRMR and RMSEA values for the modified
model indicated better model fitting. State anxiety was
removed from the hypothetical model because state anxiety
and trait anxiety had a high correlation and caused occur-
rence of an improper solution (factor loading > 1) in factor

Table 1. Descriptive data for study variables.

Standard
Variable N Mean or % Deviation
Sociodemographics
Age 310 19.7 23
Sex: Female 310 100% —
DFS 310 36.5 15.6
High (>60) 28 9.0% —
Low (<60) 282 91.0% -
Sensory processing
Sensory sensitivity 310 36.3 83
High (>43) 54 17.4% —
Low (<43) 256 82.6% -
Sensory avoidance 310 35.0 8.5
High (>42) 61 19.7% —
Low (<42) 249 80.3% —
Low registration 310 33.8 7.6
High (>39) 69 22.3% -
Low (<39) 241 77.7% —
Sensation seeking 310 40.7 83
High (>48) 61 19.7% -
Low (<48) 249 80.3% -
Negative experiences
Dental attendance
Yes 297 95.8% -
No 13 4.2% -
Painful dental treatment
Yes 55 17.7% —
No 255 82.3% -
Painful medical treatment
Yes 62 20.0% —
No 248 80.0% -
Dental treatment by scary dentist —
Yes 1 3.5% —
No 299 96.5% —
Family’s dental fear —
Yes 70 22.6% -
No 240 77.4% —
Seeing scary dentist in the media
Yes 21 6.8% —
No 289 93.2% -
Personal factors
STAI (State) 310 423 7.8
High (>55) 13 4.2% —
Medium + Low (<55) 297 95.8% —
STAI (Trait) 310 48.2 9.0
High (>55) 61 19.7% —
Medium + Low (<55) 249 80.3% —
AQ 310 214 6.1
High (>33) 4 1.3% -
Low (<33) 306 98.7% —
DFS: Dental Fear Survey; STAl: State-Trait Anxiety Inventory; AQ:

Autism-Spectrum Quotient.

analysis. Dental attendance was also removed because it
caused analysis iteration. Sensation seeking was removed
from the modified model because of low factor loading
(Appendix 2).

Among female students, this model demonstrated that (1)
sensory processing patterns, except sensation seeking, and
negative experiences were significantly related with high den-
tal fear ((B=0.38, p <.001 and B=0.36, p <.001, respectively);
(2) Trait anxiety, autism—-spectrum quotient, and age were not
significantly related with high dental fear; (3) Negative experi-
ences and autistic traits were significantly contributed to sen-
sory processing (3=0.32, p<.001 and =046, p<.001,
respectively); and (4) sensory processing significantly contrib-
uted to trait anxiety (= 0.33, p <.001) (Figure 1).

Discussion

To the best of our knowledge, this is a novel identification of
an association between certain sensory processing patterns
and dental fear using SEM.

We found that certain sensory processing patterns were
associated with dental fear among female students. Very lit-
tle literature is available about sensory processing in the
dental fields. Our findings were consistent with those of a
previous study in which visual/auditory sensitivity was corre-
lated with uncooperative behavior among children with ASD;
furthermore, tactile sensitivity and movement sensitivity
were correlated with uncooperative behaviour among typic-
ally developed children [40]. Uncooperative behaviour is
sometimes referred to as a dental behaviour management
problem; it can be a consequence of dental fear, but also
other individual characteristics [54,55]. A sensory-adapted
environment using dim lighting or relaxing music reduces
uncooperative behaviour among children with ASD [56]. Our
findings and those of previous studies suggest that hyper-
sensitivity to sensation might be associated with uncoopera-
tive behaviour via dental fear and/or personal characteristics.
In addition, autistic traits were not associated with dental
fear in the present study. Sensory processing may be associ-
ated with dental fear without confounding autism traits in
adults of typical development.

Difference in sensory processing may have a role in the
development and maintenance of dental fear as a biological
and genetic factor. Genetic contributions to the develop-
ment/maintenance of dental fear are reported. Dental fear is
shown to be heritable and related to the fear of pain
[21,22,57]. Variation in the melanocortin-1 receptor gene,
which is associated with red hair colour and lower sensitivity
to local anaesthesia, has been identified as a predictor of

Table 2. Correlations between variables using Spearman’s p (N=310).

DFS Sensory Sensitivity Sensory Avoidance Low Registration
DFS
Sensory sensitivity 0.3771%%*
Sensory avoidance 0.273** 0.618**
Low registration 0.238** 0.506** 0.438**
Sensation seeking NS 0.119%* NS 0.160**

**p <.01; *p < .05.
DFS: Dental Fear Survey.
NS: Non-significant.
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Figure 1. A hypothetical and modified model of the association between dental fear and sensory processing, including other related factors. Circles indicate a
latent variable, and squares indicate an observed variable. Arrows from a latent variable (independent variable) to a latent variable (dependent variable) indicate a
multiple regression analysis, arrows from a latent variable to an observed variable indicate factor analysis, and 2-way arrows indicate a correlation. The gray line in

the hypothesis was removed after confirming model fitting. The modified model is shown using black lines.

Table 3. Goodness-of-fit index of the hypothesized and modified models.

Models Chi-square df p-value CFI TLI SRMR RMSEA (95% Cl)
Hypothesized 874 105 <.001 0.875 0.837 0.138 0.062 (0.050-0.074)
Modified 64.6 60 32 0.994 0.992 0.082 0.016 (0.000-0.039)

CFl: Comparative Fit Index; TLI: Tucker-Lewis Index; SRMR: Standardized Root Mean Square Residual; RMSEA: Root Mean Square Error of Approximation; Cl:

Confidence Interval.

dental fear [57]. Because sensory processing is based on gen-
etic factors [26], it is conjectured to play a role in genetic
and biological predispositions to dental fear and leads to
fear conditioning and/or cognitive and personality vulnerabil-
ity (Figure 2).

Our proposed model demonstrated that sensory sensitivity,
sensory avoidance, and low registration were related to dental
fear. A previous study reported that these three observed sen-
sory processing patterns were related to pain catastrophizing
[35]. Catastrophizing is defined as an increasing negative inter-
pretation of pain [58]. Catastrophic thinking increases fear in
patients with chronic pain [59] and acts as a moderator of den-
tal fear [60]. Extreme responses in the three sensory processing
patterns may increase dental fear by catastrophic thinking
about dental treatment as especially painful and uncomfort-
able, perhaps irrationally so (i.e. cognitive distortions).

Furthermore, sensory processing might form the ground for
dental fear development, which seems to predispose the easy
development of dental fear with negative dental experiences
via conditioning. Actually, our model showed that negative
experiences with dentistry confounded the relation between

sensory processing and dental fear. Because individuals with
sensory sensitivity and sensory avoidance patterns have a low
neurological threshold to external stimuli [25], they might be
conditioned by less aversive stimuli than patients with normal
sensory pattern. Furthermore, it has been reported that low
distress tolerance plays a role in dental fear compounding anx-
iety sensitivity [23]. Distress tolerance refers to an individual's
ability to tolerate negative, aversive, or uncomfortable states
[61], and anxiety sensitivity can be defined as the ‘fear of anx-
iety’ [62]. Individuals with sensory sensitivity and/or avoiding
pattern might be more sensitive to the feelings of anxiety,
more easily find this feeling harmful and avoid aversive situa-
tions than individuals with normal sensory pattern. These ten-
dencies seem to predispose people to dental fear and to the
susceptibility of fear conditioning.

Low registration was also positively correlated with dental
fear. Lower ability to register sensory input is associated with
depression and alexithymia, which characterizes difficulties in
identifying and expressing feelings to others [37]. Depression
and alexithymia are related to dental fear as personal factors
[63,64]. Low registration might be related to high dental fear
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Figure 2. A potential aetiological mechanism of sensory processing in the established models of dental fear/avoidance [18,20]. The dotted lines indicate an associ-

ation, which had not been investigated but is conjectured.

via personality vulnerability to dental fear. Our findings and
those of other previous reports [35,36] have revealed that
low registration is positively correlated with sensory sensitiv-
ity and sensory avoidance. According to Dunn’s model, low
registration and sensory sensitivity involve opposite neuro-
logical thresholds and therefore, logically should not occur in
the same individual, but clinically, they can occur in the
same individual. A previous report [36] discussed whether
low registration was a defense against an oversensitive proc-
essing system. Another report mentioned that individuals
with extremely low registration failed to detect sensations,
suddenly experienced distress, and might not recognize the
warnings of imminent stressors [35]. Furthermore, another
previous study which has explored the association between
sensory processing patterns and individual’s personality sug-
gested that individuals with extremely low registration
showed psychological and social difficulties similar to that
observed in individuals with a low neurological threshold
[65]. The authors suggested that some individuals with
abnormal sensory processing do not easily regulate sensory
processing. Moreover, our findings indicated that one latent
variable, namely sensory processing, was referred from sen-
sory sensitivity, sensory avoidance and low registration pat-
tern. These three patterns are distinctly observed patterns;
however, a part of their components might be rooted in the
same sensory processing difficulties (Figure 2).

Sensation seeking was the only sensory processing pat-
tern that was not significantly correlated with dental fear,
pain catastrophizing [35] or trait anxiety [36]. Sensation
seekers tend to manage conditions related to sensory stimu-
lations and emotions [66], searching for and enjoying sensory
experiences [26]. Sensation seeking may hardly be related to
dental fear development.

Figure 2 shows a potential etiological mechanism of sen-
sory processing in the established models of dental fear/

avoidance [18,20]. Difference in sensory processing could be
aetiologically important in the acquisition of fear via the sus-
ceptibility to fear conditioning and cognitive vulnerability.
After the acquisition of fear, sensory processing might influ-
ence maintenance or the development of dental fear as a
part of the ‘Vicious Cycle’ [20]. However, the theory remains
a matter of speculation because only 9% of our sample had
high dental fear. Future studies are needed.

In contrast to the results of previous studies, our study
showed that trait anxiety was not significantly related to a
high level of dental fear. A longitudinal study reported that
the onset of dental anxiety in early adulthood is influenced by
psychological disorders [14]. Several cross-sectional studies
have reported a relationship between dental fear and depres-
sive and/or anxiety disorders [13,15,67]. There are three poten-
tial reasons that trait anxiety was not significantly related to a
high level of dental fear in this study. Firstly, the participants
in the current study were students, and only 9% of them
showed high level of dental fear; thus, the association
between dental fear and trait anxiety could be masked, such
as in the healthy worker effect [68]. Secondly, because the
study samples were restricted and homogenous, the associ-
ation might have been undetected. Finally, sensory processing
appeared to be a confounding factor between dental fear and
trait anxiety. No previous studies have investigated the associ-
ation between dental fear, trait anxiety, and sensory process-
ing; therefore, future multivariate analysis studies are needed.

As all of our participants were female students, it was
not possible to comprehensively evaluate whether social
factors, including age, were related to dental fear in our
model [69,70].

This study had some limitations. Firstly, psychological
variables already known to be related to dental fear (e.g.
cognitive distortions, fear of pain and attitudes about dental
treatment) [18,19] were not measured; therefore, the



obtained model was considered to be a preliminary model.
Secondly, causality could not be inferred from the results
because of the cross-sectional design. Thirdly, the sample
was highly restricted in age and gender due to the partici-
pants being from a single women’s university, and the find-
ings may not be generalizable to other subjects; to obtain a
final model, additional research using community samples
and having high dental fear samples and/or using longitu-
dinal designs is warranted. Fourthly, the study was per-
formed in class, and therefore, based on a self-reported
questionnaire, social desirability bias may occur. Compared
to previous studies, the mean DFS score in the present study
was relatively low (approximately 35-45 [71-73], 36.5).
Fifthly, reporting bias could occur because 24 participants
were excluded due to incomplete data records using the list-
wise case deletion method [74]. Finally, items about negative
experiences regarding dental fear were created by the
authors, and not validated, and these dichotomous yes/no
questions may be less informative than continuous data.

In conclusion, our findings suggest that extreme sensory
processing patterns, except for sensation seeking, are associ-
ated with dental fear among female students. Sensory proc-
essing might be an underlying cause of dental fear as genetic
and biological factors. Our potential etiological model sug-
gests that differences in sensory processing patterns are tar-
gets for selecting effective treatment of dental fear. Additional
research, involving other psychological variables, to assess
differences in sensory processing patterns among highly fear-
ful patients and to compare effectiveness of psychological
and/or pharmacological interventions is needed.
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Appendix 1. Correlations between variables using Spearman’s p and variance inflation factor (N =310).

1 2 3 4 5 6 7 8 VIF
1 DFS
2 Sensory sensitivity 0.371%* 2.059
3 Sensory avoidance 0.273%* 0.618** 1.832
4 Low registration 0.238** 0.506** 0.438** 1.736
5 Sensation seeking —0.082 0.119* 0.011 0.160** 1411
6 Age —0.044 0.036 0.092 —0.051 —0.046 1.041
7 STAI (State) 0.148** 0.210%* 0.199** 0.132%* —0.196** 0.086 1.736
8 STAI (Trait) 0.225%%* 0.330%* 0.343*%* 0.346** —0.257%%* 0.010 0.588** 3.010
9 AQ 0.200%* 0.288** 0.342%* 0.343%* —0.334%* -0.110 0.265** 0.518** 1.659
**p <.01; *p <.05.
DFS: Dental Fear Survey; GAS: Gagging Assessment Scale; STAI: State-Trait Anxiety Inventory; AQ: Autism-Spectrum Quotient; VIF: Variance Inflation Factor.
Appendix 2. Results of structural equation modelling.
Relations Hypothetical Modified
Multiple regression analysis B p B p
Dental fear — Sensory processing 0.282 .002 0.377 <.001
Dental fear — Negative experiences 0.388 <.001 0.357 <.001
Dental fear — Trait anxiety 0.057 362 — —
Dental fear — Autism-Spectrum Quotient 0.065 335 — —
Dental fear — Age —0.006 928 — —
Dental fear R-SQUARE 0.351 <.001 0.356 <.001
Sensory processing — Negative experiences 0.354 <.001 0.322 <.001
Sensory processing — Autism-Spectrum Quotient 0.397 <.001 0.463 <.001
Sensory processing R-SQUARE 0.283 <.001 0.319 <.001
Trait anxiety — Sensory processing 0.285 <.001
Trait anxiety — Autism-Spectrum Quotient 0.401 <.001 0.363 <.001
Trait anxiety R-SQUARE 0.333 <.001 0.348 <.001
Factor analysis Factor loading p Factor loading p
Sensory sensitivity — Sensory processing 0.860 <.001 0.821 <.001
Sensory avoidance — Sensory processing 0.719 <.001 0.721 <.001
Low registration — Sensory processing 0.641 <.001 0.627 <.001
Sensation seeking — Sensory processing 0.178 .004 — —
Painful dental treatment — Negative experiences 0.593 <.001 0.607 <.001
Painful medical treatment — Negative experiences 0.426 <.001 0.430 <.001
Dental treatment by scary dentist — Negative experiences 0.508 <.001 0.515 <.001
Family’s dental fear — Negative experiences 0.643 <.001 0.656 <.001
Seeing scary dentist in the media — Negative experiences 0.485 <.001 0.491 <.001
Avoidance — Dental fear 0.907 <.001 0.907 <.001
Physiological arousal — Dental fear 0.844 <.001 0.843 <.001
Fears of specific situations — Dental fear 0.835 <.001 0.836 <.001
Correlation analysis r p r p
Age > Negative experiences 0.016 875 — —
Age — Sensory processing 0.002 965 — —
Age — Trait anxiety 0.044 .359 — —
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