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Abstract: (1) Background: the aim of this study was to evaluate if dental anxiety can be measured
objectively using thermal infrared imaging. (2) Methods: Patients referred to the Department of Oral
Surgery of the University of Naples Federico II and requiring dental extractions were consecutively
enrolled in the study. Face thermal distribution images of the patients were acquired before and
during their first clinical examination using infrared thermal cameras. The data were analyzed in
relation to five regions of interest (ROI) of the patient’s face (nose, ear, forehead, zygoma, chin). The
differences in the temperatures assessed between the two measurements for each ROI were evalu-
ated by using paired T-test. The Pearson correlation and linear regression were performed to eval-
uate the association between differences in temperatures and Modified Dental Anxiety Scale
(MDAS) questionnaire score, age, and gender; (3) results: sixty participants were enrolled in the
study (28 males and 32 females; mean age 57.4 year-old; age range 18-80 year-old). Only for nose
and ear zone there was a statistically significant difference between measurements at baseline and
visit. Correlation between the thermal imaging measurements and the scores of the MDAS ques-
tionnaire was found for nose and ear, but not for all of the other regions. (4) Conclusions: the study
demonstrated a potential use of thermal infrared imaging to measure dental anxiety.

Keywords: dental anxiety; thermal imaging; thermal cameras; facial temperature

1. Introduction

Dental anxiety can be considered as an aversive emotional state of worry or appre-
hension in anticipation of dental treatment [1,2]. It has been cited as the fifth most com-
mon cause of anxiety by Agras et al., [3]. For Beaton et al., [4] dental anxiety, or dental
fear, is estimated to affect approximately 36% of the population, with a further 12% suf-
fering from extreme dental fear. This anxiety can have serious repercussions in terms of
oral health and quality of life and could be a significant barrier to dental attendance [5].
Thus, identifying during the preoperative phase patients with high levels of dental anxi-
ety is of great benefit to both clinicians and patients. Indeed, the underestimation of a
patient’s state of apprehension can affect the correct and/or complete execution of the
treatment with consequent dissatisfaction on both patients and dentists.

The identification of dental anxiety can be realized by means of subjective and objec-
tive methods. Subjective measurements are based on multiple and single item self-report-
ing questionnaires, such as Corah’s Dental Anxiety Scale (CDAS) [6], the Modified Dental
Anxiety Scale (MDAS) [7] or Kleinknecht Dental Fear Survey (DFS) [8]. They are the most
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commonly used questionnaires and have been shown to be reliable and valid in multiple
languages. The advantages of these methods are the disclosure of the degree of anxiety
(mildly anxious, moderately anxious, extremely anxious or dental-phobic) but their rou-
tine use is very limited because of the lack of time and expertise in their interpretation.
Furthermore, self-report questionnaires suffer from a significant bias: they request re-
spondents to be aware of their own anxious states, as well as to be free from social desir-
ability. Therefore, it may happen that the levels of anxiety reported in the answers are not
actually those experienced by patients. Objective measurements, instead, involve the as-
sessment of blood pressure, pulse rate, or galvanic skin response [9-11]. The objective
methods are more accurate in the measurement of dental anxiety and they confirm the
presence of physiological changes in the body as the result of the stress and anxiety caused
by dental procedures. However, even these methods involve some disadvantages: the
pulse rate, for example, may be altered as a result of the physical movements of the patient
during dental treatment and the galvanic skin response may provide too high a level of
sensitivity, giving false positive results. Furthermore, all these methods require a direct
contact with the patient’s body, which may cause discomfort and distress, so increasing
the level of anxiety [9].

Therefore, we have proposed thermal imaging as a new technique for the identifica-
tion of dental anxiety, a contactless imaging technique widely known in medicine and
successfully used in the diagnosis of breast cancer [12], diabetic neuropathy [13] and pe-
ripheral vascular disorders [14]. In fact, abnormalities such as malignancies, inflamma-
tion, infection and anxiety cause localized increases in temperature shown at thermal im-
aging as hot spots or as asymmetrical patterns in an infrared thermogram [15]. Even
though it is non-specific, infrared thermography is a powerful tool for the detection of
problems that affect a patient’s physiology [16]. In dentistry, thermography has been used
to assess subjects with chronic orofacial or temporomandibular joint pain, or inferior al-
veolar nerve deficits or to monitor changes in bone temperature during the drilling pro-
cess [17-19]. To the best of our knowledge, this is the first application of thermal infrared
imaging as a method for the identification of dental anxiety in oral surgery. The aim of
this study was to ascertain whether facial thermograms can be used as a valid and reliable
somatic indicator of dental anxiety.

2. Materials and Methods
2.1. Study Design

The study was designed as a clinical validation model of thermography in the detec-
tion of dental anxiety in comparison with the MDAS questionnaire (Figure 1). Changes in
facial skin temperature were expressed as differences between the initial and final tem-
perature. The results of the MDAS questionnaire were compared with the facial tempera-
ture changes.
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Modified Dental Anxiety Scale

CAN YOU TELL US HOWANXIOUS YOU GET, IF ATALL,
WITH YOUR DENTAL VISIT?

PLEASE INDICATE BY INSERTING ‘X’ IN THE APPROPRIATE BOX

. If you went to your Dentist for TREATMENT TOMORROW, how would you feel”

Not Stightly Fairly Very Extremely
Anxious [] Anxious [] Anxious [] Anxious [] Anious []

. If you were sitting in the WAITING ROOM (waiting for treatment), how would you feel?
Not Stightly Fairly Very Extremely

Anxious [] Anxious [] Anxious [] Anxious [] Anvious []

. If you were about to have a TOOTH DRILLED, how would you feel?

Not Stightly Fairly Very Extremely
Amxious [] Anxious [] Amxious [] Amxious [] Anious []

. If you were about to have your TEETH SCALED AND POLISHED, how would you feel?

Not Stightly Fairly Very Extremely
Ansious [ Anvious [] Ansious [] Anvious ] dnvious []

. If you were about to have a LOCAL ANAESTHETIC INJECTION in your gum, above an upper
back tooth, how would you feel?

Not Stightly Fairly Very Extremely
Anxious [] Anxious [] Amxious [] Amxious [] Anxious []

Instructions for scoring (remove this section below before copying for use with patients)
The Modified Dental Anxiety Scale. Each item scored as follows:

Not anxious
Slightly anxious
Fairly anxious
Very anxious
Extremely anxious =
Total score is a sum of all five items, range 5 to 25: Cut off is 19 or above which indicates a highly
dentally anxious patient, possibly dentally phobic

e —

Figure 1. Modified Dental Anxiety Scale (MDAS) questionnaire (English version).

2.2. Participants

Between September 2019 and December 2019, patients who had accessed the Oral
Surgery Unit of the University of Naples Federico II for the day hospital, ordinary hospi-
talization or pre-recovery were invited to take part in the study during their first appoint-
ment. The inclusion criteria were: (1) age between 18 and 80 years; (2) ability to under-
stand and sign the informed consent; and (3) first appointment at the Department of Den-
tal Surgery to undergo dental surgery (4) patients needed the extraction of fully erupted
tooth. The exclusion criteria were: (1) age under 18 or over 80 years, (2) inability to under-
stand and sign the informed consent, (3) a diagnosed psychiatric pathology (assessed by
asking the clinical history), (4) abuse of alcohol or drugs or (5) pregnancy or lactation. The
study protocol was approved by the Ethical Committee of the University of Naples Fed-
erico II (Protocol Number 187/19). The patients were carefully informed about the study
and provided their written informed consent. The study was conducted according to the
Principles of the Declaration of Helsinki on experimentation involving human subjects.

2.3. Equipment

For this study the platform InfraSensing by ServersCheck was selected. The configu-
ration employed consisted of two thermal imaging sensors (ENV-THIMG-M, Zaventem,
Belgium) connected to a base unit (SensorGateway, Zaventem, Belgium) acting as a net-
work gateway. The thermal images were streamed to a personal computer and collected
with a Matlab® graphical user interface developed at the Department of Electrical Engi-
neering and Information Technology of Federico II University. The thermal imaging sen-
sor: The selected temperature sensor is equipped with a focal plane array (FPA) consisting
of 80 x 60 pixels active in the range 0-120 °C produced by the FLIR system (the LEPTON
2.5 module). The pixel size is 17 um, while the thermal sensitivity is less than 50 mK. The
thermal camera focuses on the temperature of individual items within its field of view
(FoV) of 50° at a maximum distance of 45 m. Each sensor is connected to the base unit
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using a standard network cable. The network cable transmits data and power between the
base unit and the sensor. The recording frame rate was 1.5 s.

The base unit-sensor gateway: The base unit has a built-in web server. This enables
the operator to perform several activities including configuring reading sensor data and
defining alerts.

The MATLAB interface: The data stream between each thermal imaging sensor and
the PC is regulated by an ad-hoc Matlab software. The interface allows you to send con-
trols from the PC in order to acquire and elaborate thermal images. It is possible to save
these images in both picture and video formats. Moreover, the interface is provided with
some edit control keys used to set-up the interface, such as the Camera ID, IP address or
acquisition period and frame-rate. In addition, it provides the temperatures of a selected
area of the thermal image (a ROI) and allows different kinds of post-process elaboration
(Figure 2).

Figure 2. Regions of interest (ROIs).

2.4. Procedures

The thermal recordings were performed in a controlled environment: the tempera-
ture was maintained in a range from 18 to 25 °C and the humidity was controlled. The
door room was closed, the room was sound-proofed and no one was allowed to enter
during the thermal registration except for the staff selected. All topical applications such
as ointments and cosmetics and all objects like jewelry and glasses were removed from all
the relevant areas of the face. The room was free from any secondary infrared sources
such as an incandescent lamp or direct sun-light and the cameras were placed perpendic-
ular to patients’ face at a distance of 30 cm. The thermal recording of the patient was di-
vided into two steps. The first step called the BASELINE was used to acquire a starting
temperature. During this step the patient sat on the dentist’s chair and no stimuli were
given. Only the patient and the thermal camera operator were present in the room. This
recording started as soon as the patient entered the room and ended two minutes later.
The second step was called the VISIT. This thermal recording started as soon as the dentist
entered the room and continued during the anamnestic and clinical examination and the
explanation of the treatment plan. For all the patients, a single dentist, unaware of the aim
of the study, performed the examinations. On the face of each subject five ROIs centered
on the nose, ear, cheek, forehead, and chin were taken into consideration. A temperature
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was recorded for each ROI. At the end of the thermal recordings a difference of tempera-
ture for each ROI between the temperature recorded during the BASELINE step and the
temperature recorded during the VISIT step was calculated and averaged, respectively.
After the medical examination the patient filled out the Italian version of the MDAS ques-
tionnaire 20 to assess the presence and severity of dental anxiety. This is a five-item scale
measuring dental anxiety on a five-point Likert scale and generating a total score ranging
from 5 (not anxious) to 25 (extremely anxious). The cut-off of 19 points may identify pa-
tients with high dental anxiety.

In order to classify the patients, the following criteria were considered: (1) a differ-
ence of temperature between 0.1 °C and 0.3 °C, relating to an average difference of tem-
perature of 0.2 °C, identified a non-significant difference of temperature attributable to
patients with no dental anxiety; (2) a difference of temperature between 0.3 °C and 0.9 °C,
relating to an average difference of temperature of 0.6 °C, identified a significant differ-
ence of temperature attributable to patients with a medium dental anxiety; and (3) a dif-
ference of temperature between 1 °C and 2 °C, relating to an average difference of tem-
perature of 1.5 °C, identified a significant difference of temperature attributable to patients
with high dental anxiety.

For the MDAS score the following criteria were used: (1) a score from 5 to 10 points
identified patients with no dental anxiety or with a mild dental anxiety, categorized as
non-significant dental anxiety (Group 1); (2) a score from 11 to 18 points identified patients
affected by moderate dental anxiety (Group 2); and (3) a score from 20 to 25 points iden-
tified patients affected by severe dental anxiety (Group 3).

2.5. Data Analysis

The measurements of temperature at the baseline step and the visit step were consid-
ered for the final analysis. The differences in the temperatures assessed between the two
measurements for each ROI were evaluated by using paired ¢-test. The Pearson correlation
was performed to evaluate the association between differences in temperatures and
MDAS questionnaire score, age, and gender for each ROIL The three MDAS groups were
used (i.e., non-significant, moderate, and severe dental anxiety). Multivariate linear re-
gression was conducted to evaluate the association between temperature changes and age,
gender, and three MDAS groups. A commercially available statistical software (IBM SPSS
v.22.0, IBM, Armonk, NY, USA) was used to conduct all the statistical analyses in this
study, and p-value < 0.05 (two-tails) was considered as statistically significant.

3. Results

Sixty participants were enrolled in the study. Twenty-eight males and thirty-two fe-
males were recruited, and the mean age was 57.4 years-old (ranging from 18 to 80 years-
old). Furthermore, 46 (76.7%) patients had an educational level < high school, while 14
(23.3%) = university college. All the patients correctly completed all the steps of the study
(Table 1).

Table 1. Characteristics of patient population.

Education Level
(Degree Y/N; %)
Subjects (1 = 60) 57.4+17.3 28/32; 46.7/53.3 46/14; 76.7/23.3

Age (Mean * Std. Dev.) Gender (M/F n; %)

Y: yes; N: no; std. dev: standard deviation; M: male; F: female.

Thirty-one participants had an MDAS score from 5 to 10 points (Group 1; non-signif-
icant dental anxiety), 14 participants from 11 to 18 points (Group 2; moderate dental anx-
iety), and 15 participants from 19 to 25 points (Group 3; severe dental anxiety). Only for
nose and ear zone there was a statistically significant difference between measurements
at baseline and visit (p < 0.001). No differences were found between two measurements at
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zygoma, forehead and chin region (p = 0.109, p = 0.182; p = 0.347 respectively) (Table 2).
For nose region there was a statistical correlation between differences in temperature and
MDAS scores (p = 0.001) but not for age (p < 0.001) and gender (p = 0.183). For ear region
there was a statistical correlation between differences in temperature and MDAS scores (p
< 0.001) and also for age (p = 0.032) but not for gender (p = 0.707) (Figures 3 and 4). In all
of the other regions, no significant correlations between temperatures, MDAS scores, age,
and gender were found. The linear regression identified age as a significant predictor for
temperature changes in ROI 2 (Beta =-0.24, p = 0.046; R2 = 0.283), and MDAS as a signifi-
cant predictor for temperature changes in ROI 4 (Beta =1.276, p = 0.017; R2 = 0.168) (Table

3).

Table 2. Differences of temperature between baseline and visit for each ROL

Roil Roi 2 Roi 3 Roi 4 Roi 5
(Nose) (Ear) (Zygoma) (Forehead) (Chin)
Temperature at
baseline 33.3+2.7 33.4+3.7 34.6+28 34.6+28 34.8+28
(mean * std. dev.)
Temperature at
visit 1 32.8+27 33.1+£2.6 34.4+26 34.4+25 34.7+2.6
(mean # std. dev.)
Temperature
changes 0,45 +0.87 0,25+1.03 0.18 +0.87 0.15+0.86 0.10 +0.82
(mean # std. dev.)
Significance (p) <0.001 <0.001 0.109 0.183 0.347

std. dev: standard deviation; ROI: region of interest.

Figure 3. Baseline (A) and visit (B) thermal images in a patient with low dental anxiety. The ther-

8

mal images show a lower change in temperature, that correspond to a patient with low score in
the MDAS questionnaire.
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Figure 4. Baseline (A) and visit (B) thermal images in a patient with high dental anxiety.

The colors between the two thermal recordings change in a significant way that corre-
spond to a patient with a high score in the MDAS questionnaire.

Table 3. Correlation between differences of temperature, MDAS, age and gender.

Unstandardized Coefficients Sctzrg;lf:;:ii;z:;i
ROI Model t Sig.
B Standard Beta
Error

(Constant) 0.221 0.583 - 0.378 0.707
MDAS -0.010 0.056 -0.083 -0.175 0.862
nose Age -0.012 0.006 -0.240 -2.046 0.046
Gender 0.215 0.198 0.129 1.083 0.284
MDAS_LVL 0.238 0.464 0.248 0.514 0.610
MDAS_YN 0.479 0.493 0.264 0.971 0.336
(Constant) 0.574 0.596 - 0.963 0.340
MDAS -0.035 0.057 -0.291 -0.619 0.539
oar Age -0.013 0.006 -0.261 -2.241 0.029
Gender 0.002 0.203 0.001 0.008 0.994
MDAS_LVL 0.458 0.474 0.464 0.968 0.337
MDAS_YN 0.528 0.503 0.283 1.050 0.298
(Constant) -0.005 0.608 - -0.008 0.994

MDAS -0.092 0.058 -0.819 -1.576 0.121
Age -0.009 0.006 -0.190 -1.479 0.145
zygoma Gender 0.269 0.207 0.169 1.301 0.199
MDAS_LVL 0.754 0.483 0.824 1.560 0.125
MDAS_YN 0.192 0.514 0.111 0.374 0.710
(Constant) -0.005 0.608 - -0.008 0.994

MDAS -0.092 0.058 -0.819 -1.576 0.121
‘ Age -0.009 0.006 -0.190 -1.479 0.145

orehead

Gender 0.269 0.207 0.169 1.301 0.199
MDAS_LVL 0.754 0.483 0.824 1.560 0.125
MDAS_YN 0.192 0.514 0.111 0.374 0.710
(Constant) -0.005 0.608 - -0.008 0.994
MDAS -0.092 0.058 -0.819 -1.576 0.121
chin Age -0.009 0.006 -0.190 -1.479 0.145
Gender 0.269 0.207 0.169 1.301 0.199
MDAS_LVL 0.754 0.483 0.824 1.560 0.125
MDAS_YN 0.192 0.514 0.111 0.374 0.710
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4. Discussion

The aim of the current study has been to assess if thermography is a valid method to
detect dental anxiety, using the MDAS questionnaire as a control. Although none of the
anxiety questionnaires currently in use has been individuated as a gold standard, the
MDAS is a brief, widely used, and well-validated instrument. Moreover, patients com-
monly report masking their anxiety, and therefore, evaluation with a brief anxiety ques-
tionnaire is considered beneficial and recommended, as it not only discloses the degree of
anxiety but also appears to reduce it [20].

The findings of this study show that for nose and ear region there was a statistical
correlation between differences in temperature and MDAS scores. Although the only sig-
nificance correlation was found in these regions, other ROIs should be further investigated
because probably in a larger sample they would be of interest and provide relevant infor-
mation.

The aetiology of dental anxiety involves a variety of genetic, behavioural, and cogni-
tive factors [21]. For instance, previous studies have found associations between high lev-
els of dental anxiety and traumatic dental events (e.g., invasive treatments or excessive
pain) [22-24]. However, another line of research has stressed the role that cognitive factors
(e.g., vulnerability schema, patient’s personal perceptions of the dentist and dental treat-
ment, perceived lack of control) may have in the development of dental anxiety, inde-
pendently from the past traumatic events [1,25-28]. Thus, these studies have demon-
strated that dental anxiety, like other forms of anxiety, is a response to a danger or threat
that activates the “fight or flight response”, stimulating the organism to prepare for im-
mediate action or self-protection [29]. When some sort of danger is perceived or antici-
pated, there is an activation of the autonomic nervous system and a relaxation of chemical
hormones like adrenaline, noradrenaline and cortisol from the adrenal glands in the kid-
neys, which, in turn, provoke cardiovascular effects (increase in the heart rate and blood
flow), respiratory effects (increase in the speed and depth of breathing), muscular effects
and mental/behavioral effects [30-32]. Our study seems to demonstrate that changes in
the blood flow and variations of the cutaneous temperature can be detected by thermal
infrared imaging, that can record the intensity of radiation in the infrared part of the elec-
tromagnetic spectrum, converting it into a visible image, with the result that every pixel
in the image is a temperature measurement [33].

The last five decades have witnessed a steady increase in the use of thermal imaging
cameras to obtain correlations between the thermal physiology and skin temperature.
Variations in the body temperature are a natural indicator of illness. Abnormalities such
as malignancies, inflammation and infection cause localized increases in temperature
which show as hot spots or as asymmetrical patterns in an infrared thermogram. Accord-
ingly, this technique has been successfully used in the diagnosis of breast cancer, diabetes
neuropathy and peripheral vascular disorders and in the detection of problems associated
with gynaecology, kidney transplantation, dermatology, cardiology, neonatal physiology
and fever screening [34].

Since 1867, when scientists first noticed that emotional excitement, such as a fit of
anger, caused a general rise of temperature, thermography has been used to study psy-
chological processes [35]. Initial thermographic research concentrated on the mental
workload. Genno et al. conducted experiments in which the temperature of the skin was
shown to have great potential as a physiological measure, because, when using a thermo-
graphic camera, no physical contact with the subject is needed [36]. In all patients, espe-
cially those with severe anxiety, the fight-or-flight response can induce medical emergen-
cies, such as vasovagal syncope, hypertension or respiratory distress. In patients at risk,
associated with pain, it can destabilize pre-existent pathologies [37].

Therefore, an early identification and subsequent management of dental anxiety is of
great beneficial for both dentists and patients. Indeed, dentists who can early identify pa-
tients with high levels of dental anxiety could intervene effectively to reduce anxiety levels
by creating a more containing setting for these patients or implementing a stronger shared
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decision-making process by agreeing on an appropriate treatment plan [38,39]. For exam-
ple, dentists may encourage these patients to ask questions about the treatment and reas-
sure them, or may help their patients in feeling to be in control over the situation, e.g., by
agreeing on a signal (such as a raised hand) to interrupt the procedure in case of excessive
anxiety. Creating optimal psychological and medical conditions, indeed, may reduce
sources of stress, increasing patients’ compliance in surgical interventions and post-oper-
ative care and, thus, increasing health outcomes. This seems particularly true in oral sur-
gery, since invasive dental procedures (e.g., extractions or injections) are among the dis-
tressing dental events most associated with high dental anxiety [25].

However, the findings of the current study should be read in light of some limita-
tions. First, the sample is not representative and was recruited from a single social reality,
thus preventing the possibility to generalize our results. Secondly, we have assessed the
validity of the method only by comparing it with the most frequently used questionnaire.
It is possible that different results would have been obtained by using other objective and
self-report measures.

Despite these limitations, the present study might have significant implications for
future research and for clinic. Future developments could include the identification of
dental anxiety during a dental procedure in relation to pain [40,41], the understanding of
the specific causes of stress, the monitoring of the increase in anxiety in “special needs”
patients, the comparison of dental procedures in terms of stress and discomfort for the
patient and the evaluation of the anxiety of the dentists themselves during the dental pro-
cedure. For example, future efforts may be focused on the development of cameras with
an “alert signal” when a high level of anxiety raises during the procedures, indicating a
possibility to interrupt the intervention, relaxing the patient and then continue. Despite
the fact that this is a pilot study, the results are encouraging so, we could expect a confir-
mation of the method validation from more patients recruiting, but this is only an assump-
tion. However, other studies are needed to confirm these findings.

5. Conclusions

Thermal imaging has a good capability in the objective identification and quantifica-
tion of the presence of dental anxiety. Therefore, it can be considered as an innovative
approach to the early detection and management of dental anxiety.
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