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Abstract: Thermography has not yet been validated for the screening of oral disorders and no clear
guidelines or methodology for this purpose have been defined in the literature. The current pilot
study was aimed as an initial step to evaluate the influence of shooting distances on the detection of
the temperature asymmetries on the face for the purpose of dental thermography. Facial thermo-
grams were taken in three views at three shooting distances for each participant. The mean temper-
ature of the overall image and at the region of interest (ROI) were measured from the analysis soft-
ware. Thirty adult volunteers participated in this study [ =30, mean age: 25.8 + 6.0]. The differences
between the mean temperature values at the ROI for all different shooting distances within each
profile view were statistically significant [Front: H(2) =80.176, p <0.001; Left: H(2) =21.399, p < 0.001;
Right: H(2) = 49.451, p < 0.001]. The mean ROI temperature was influenced by personal effects (p <
0.001), medications (p < 0.001), undergoing dental treatments (p < 0.001) as well as the consumption
of food (p < 0.001). This study concludes that the detection of temperature asymmetries on the face
in adult volunteers are affected by the capture distance as well as factors such as medication, oral-
care, and alimentation. Therefore, it is advised that personal as well as medical histories are obtained
in detail prior to making the facial thermograms.
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1. Introduction

Population demographics reveal that the number of elderly persons is increasing all
over the world. Aging has certain implications on society on the health, economic, and
psychosocial fronts [1-3]. An aging society implies that older adults will become the major
stake holders in the community and will be more frequent in all interactions in everyday
life. Older adults frequently present with a set of health problems that are unique to this
segment in the population, collectively known as “geriatric syndromes” [4]. Often, they
present with a multimorbid status including polypharmacy, cognitive impairment, pos-
sible physical handicaps, frailty, and most importantly, are usually dependent for their
activities of daily living (ADLs) [5-8]. Another pertinent demographic aspect that needs
to be kept in mind is that natural teeth are being retained to an advanced age [9-11]. Alt-
hough natural teeth retention in old age is beneficial, there may be certain issues because
of it in this frail cohort [12-14].

Maintaining oral health is complex in elders with severe cognitive and/or physical
impairments. Bad oral hygiene is a common finding in care-dependent, institutionalized
older adults [15]. Low plaque control increases the oral bacterial loads, augmenting the
incidence of coronal/root caries and/or periodontal problems [16-22]. Untreated caries
and periodontal conditions result in oral infections causing pain, and may eventually re-
sult in tooth loss, thus compromising the Oral Health-Related Quality of Life (OHRQoL)
[23-25]. It is difficult to screen for oral health problems early in cognitively impaired el-
ders because they cannot communicate properly about their pain/discomfort, or they may
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exhibit care-resistant behavior. Frequently, the oral condition is evident only after it has
progressed to a visible and/or a palpable swelling. This could be avoided if an efficient,
easy, innovative tool system for screening oral conditions in non-communicative depend-
ent frail older adults existed. This might assist in the identification of acute oral health
problems appropriately and result in the provision of the necessary dental care, prevent-
ing any complications.

Changes in body temperature are considered as reliable indicators for diagnosing
medical conditions. Thermograms are images that capture the heat distributions in tis-
sues, structures, and regions using an infrared camera. Medical infrared thermography
(MIT) is a non-invasive test that is helpful in making medical diagnoses by detecting heat
patterns. These heat patterns are converted into electrical signals and visualized as an im-
age. MIT is employed in medicine mostly for diagnostic purposes, observing treatment
progress, for research, and in veterinary medicine [26—44].

The application of thermography in dentistry has been limited and has been gener-
ally employed primarily for the diagnosis of chronic orofacial pain and temporomandib-
ular disorders [45-49], for studying inferior alveolar nerve deficits [50-53], and also as a
complimentary tool detecting patients at risk for stroke [54]. Recently, other applications
of thermography in dentistry include diagnosing burning mouth syndrome [55-57] and
periapical lesions [58], as well as the assessment of the surgical removal of retained roots
[59] have been cited in the literature. MIT might be a novel innovative tool that could be
of interest in the screening of oral diseases in cognitively declined elders. Its advantage
lies in the fact that it is a non-invasive, painless, procedure that can be performed without
contact, therefore limiting all factors that may result in precipitating noncompliant behav-
ior from a care-resistant cognitively declined patient. Thermography has not yet been val-
idated for the screening of oral disorders in cognitively declined individuals and no clear
guidelines or methodology for this purpose have yet been defined in the literature.

Therefore, the aim of the current pilot study was to evaluate the influence of the
shooting distance on the detection of temperature asymmetries on the face to identify
ideal shooting distances for capturing extraoral image views for the purpose of dental
thermography. The study further aimed to identify whether the temperatures in the cap-
tured images were affected by the demographic factors and/or other miscellaneous influ-
encing factors (such as use of personal effects, medications, treatments, consumption of
food and beverages). Based on the study aims, the null hypothesis (HO) set for the current
pilot study is that that there will be no effect of the different shooting distances on the
mean overall temperature and the mean temperature at the defined region of interest
(ROI) in the extraoral thermographic images of the face when the image capturing views
are kept constant. The secondary hypothesis (H1) set was that the mean overall tempera-
ture and the mean temperature at the defined region of interest (ROI) in the extraoral
thermographic images of the face are not influenced by demographic and other external
factors.

2. Materials and Methods

This pilot study had ethical authorization (Basec Nr. 2021-00231) from the relevant
ethics commission in Kantonale Ethikkommission Ziirich (KEK-Ziirich).

2.1. Study Design and Setting

This was designed as a single-center pilot study. It was conducted at the Clinic of
General-, Special Care- and Geriatric Dentistry (ABS) in the Center of Dental Medicine
(ZZM) at the University of Zurich (UZH), in Zurich, Switzerland. No external funds were
received for the conception, execution, and completion of the current study.
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2.2. Study Population

This pilot study recruited adult volunteers who were studying at the ZZM at the
UZH and were in their third year of the 5-year dental curriculum. All participants were
informed in detail about the study and the procedure and were included in the study if
they were willing to participate and sign an informed consent form. They were excluded
from the study if they withdrew their consent after recruitment.

2.3. Thermography Procedure and the Thermograms

Standardized thermographic images for each participant were captured using a pro-
fessional thermal camera that was attached to a mobile phone.

2.3.1. Thermal Camera

A smartphone attachment thermal imaging camera (FLIR One Gen 3—10S, Teledyne
FLIR LLC, Wilsonville, OR, USA) was used in this study. The camera was equipped with
multi-spectral dynamic imaging (MSX®) technology, which embosses details from the vis-
ual camera onto the thermal images. The camera has a thermal resolution of 80 x 60 and
detects readings from an object temperature range between -20 °C and 120 °C at an oper-
ating temperature between 0 °C and 35 °C. The reported accuracy of the camera is a +3 °C
(+5%) difference between the ambient and scene temperature (applicable 60 s after starting
the unit and lies in the range of 15 °C-35 °C with the scene temperature within 5 °C-120
°C). The optical specifications of the camera include a fixed focus at 15 cm till infinity, a
frame rate of 8.7 Hz, horizontal (HFOV) and vertical/diagonal (VFOV) field of views of
50° + 1° and 38° + 1°, respectively, with an automatic/manual shutter. The camera is
equipped with a thermal sensor with a pixel size of 17 um, and a 150 mK (0.15 K) thermal
sensitivity, capable of capturing video as well as still images with a visual resolution of
1440 x 1080.

The camera was attached to an iOS smartphone (Apple Inc., Cupertino, CA, USA).
The captured images were analyzed using an analysis software (FLIR Research Studio for
Windows, Ver 1.1.3, FLIR systems Inc., Wilsonville, OR, USA).

2.3.2. Imaging Procedure

Participant Positioning

All of the participants’ thermograms were taken in a photography room situated in
the ABS. The images were shot with the participant seated on a fixed chair in front of a
black background, seated at a distance of 4 cm from the black background (back of the
chair). The temperature (°C) and relative humidity (%) of the photo room were measured
at each session for each participant using a digital hygrometer (Model No. E0119 TH, In-
tertronic Hygrometer Thermo, Interdiscount AG, Jegenstorf, Switzerland). These meas-
urements were inserted in the object parameter settings of the software during image anal-
ysis. All personal effects including jewelry, glasses, masks, hearing aids, scarves, hair clips,
or similar items were asked to be removed (when possible) before the imaging. The par-
ticipant was instructed to remain calm and sit on the chair for 3 min before the thermo-
graphic pictures were taken. The participants were asked to look straight at eye-level with
their chin parallel to the floor. Prior to the imaging, the participants’ temperatures were
measured using an ear thermometer (Braun Thermoscan, Kaz Europe Sarl, Lausanne,
Switzerland).

Camera Positioning

A mobile phone with the attached thermography camera was fixed on a tripod for
image capture. The tripod could be adjusted for height and comprised a swivel arm that
could be adjusted to set the camera distance from the subject.
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Image Views

Three views were captured for each participant: frontal, left profile, and right profile.
Each of the views were shot at a distance of 15 cm, 30 cm, and 50 cm (Figures 1-3).

Figure 1. Thermograms taken at a 15 cm distance (right profile, front, left profile).

Figure 2. Thermograms taken at a 30 cm distance (right profile, front, left profile).
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Figure 3. Thermograms taken at a 50 cm distance (right profile, front, left profile).

Each view at each distance was repeated five times for each participant. Therefore, a
total of 45 images were taken for each participant, and a total of 1350 thermal images were
taken for the 30 participants.

Composing the Frame

To ensure that all the images were standardized and captured in the exact same man-
ner, the subject was composed in the camera frame using the following criteria:

e  Frontal view: the nose was placed in the center of the frame (Figure 4);

e  Profile images (15 cm and 30 cm): the tip of the nose was positioned at the border of
the frame with the ears maintained at the middle of the picture (Figure 4);

e  Profile image (50 cm): the ears were positioned at the center of the image (Figure 5).

Figure 4. Head positioning at a 15 cm and 30 cm distance.
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Figure 5. Head positioning for profile images at a 50 cm distance.

No magnification was applied during the imaging process for any of the images and
views.

Object Parameters

Emissivity was set to 0.98, with the reflected temperature set at 22 °C and atmospheric
temperature of 21.4 °C. The relative humidity percentage during the imaging sessions was
27.0%. The external optics temperature and external optics transmission were fixed at 25
°C and 0.800, respectively. The distances of the captures were fixed at 0.15 m, 0.30 m, and
0.50 m, as per the study protocol.

2.3.3. Region of Interest

A region could be selected in the frame and the software was able to provide the
temperature within the selected region of interest (ROI).

The required ROI (region of interest) was drawn on all images for the different views.
The images were converted to black and white mode, as a first step, to eliminate any in-
fluence of the color on the box drawing. A rectangular shape was used to mark the ROI.
For the frontal view, the superior borders of the rectangle were placed at the lower borders
of the nose and laterally limited to the perceivable outer edge of the nostrils, with the
“cross” positioned at the center of the lips (in closed position), as shown in Figure 6. For
the profile pictures, the superior borders on the inferior border of the ala of the nose edge
of the nose until the imaginary extended line from the corner of the eye, and the cross was
placed in the center of the lips. This is shown in Figure 7.

Figure 6. Placement of the ROl in the frontal images.
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Figure 7. Placement of the ROl in the profile images.

2.4. Endpoints/Outcome Measures

The outcome measure for this pilot study was the temperature observed in the ther-
mograms. The software measured the temperature from the observed heat patterns. The
software was able to measure the minimum, maximum, and mean temperatures from the
provided frame. In this pilot experiment, we decided to use two measured temperatures
provided by the software for the various views and shooting distances for each partici-
pant.

Two temperature measurements were used for the analyses in this study:

1. Mean overall temperature observed in the thermogram;
2. Mean temperature observed in the region of interest (ROI).

2.5. Sample Size

A previously published study that analyzed the visualization of temperature patterns
in the oral cavity used a sample size of 20 [60]. Based on this number, and taking Cohen’s
medium effect size of 0.5 with an «a err prob = 0.05 and Power (1-f err prob) = 0.80, the
total sample size was calculated as 27 (critical t =1.706, Df = 26, actual power =0.8118) [61].
Assuming a dropout rate of 10%, a total number of 30 participants were from the student
pool of the ZZM at the UZH. The sample size calculation was performed using free soft-
ware (G*Power, version 3.1.9.6 for Mac OS X, Dusseldorf, Germany) [62,63].

2.6. Statistical Methods

The means and standard deviations were calculated for the mean overall temperature
and the mean temperature at the ROI for the various views and regions. Data were verified
for a Gaussian distribution using the Kolmogorov-Smirnov (K-S test) with significance
set at p <0.05 (95% CI). The mean overall and the mean ROI temperatures were not nor-
mally distributed (p-value < 0.001: K-S test). Non-parametric Kruskal-Wallis tests and
Spearman’s rank order correlations were used to analyze the temperature differences be-
tween the different views and the relationship with the demographic/influencing factors
(a=0.05). All statistical analyses were performed using statistical software (IBM SPSS Sta-
tistics, version 28.0.1.1, IBM Corp., Armank, New York, NY, USA).

2.7. Study Procedure

All participants were informed about the study and were recruited after receiving
their informed signed consent. Participants were brought to the study room and asked to
fill out a questionnaire evaluating their exposure to the possible temperature influencing
factors relevant to this current study.

The humidity, room temperature, and participants’ body temperature (ear) were
measured. The thermographic images were taken in a standardized manner, as described
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in the above sections. After all the required thermographic images and information on the
influencing factors were collected, the images were uploaded in the FLIR software, and
the ROIs (regions of interest) were plotted. The software program then calculated the
mean overall temperature in the entire image and the mean temperature in the ROI. The
required thermographic data were exported and used for statistical analysis.

3. Results

A total of thirty students in their third year of dental school volunteered and partici-
pated in this study [n =30, women: 21 (70%), men: 9 (30%); mean age: 25.8 + 6.0]. The mean
room temperature recorded at the study site was 22.07 + 0.36 °C (min: 21.3 °C, max: 22.6
°C). The relative humidity (%) was 0.36 + 0.05 (min: 0.3%, max: 0.5%). All participants were
healthy and did not have any general or intraoral pathology that required any immediate
care. None of the participants reported any pain or symptoms at the time of the thermo-
graphic imaging. The mean body temperature calculated as an average of the tempera-
tures recorded from the two ears was 37.03 = 0.28 °C (median: 37.05 °C; min: 36.55 °C,
max: 37.50 °C, range: 0.95).

The average number of teeth present in the participants was 28.5 + 1.2 (min: 27, max:
32), and their mean DMF (T) score was 2.97 + 2.86 (min: 0.0, max: 11). The mean gingival
and plaque indices were 0.004 + 0.01 and 0.16 = 0.52, respectively. The demographic infor-
mation of the participants is given in Table 1.

Table 1. Participant demographics.

n (%) Mean SD Minimum Maximum
Participants 30 (100.0)
Age [in years] 25.8 6.0 21.0 45.0
Sex (n)
Men 9 (30.0)
Women 21 (70.0)
Body Temperature
Right ear 37.00 0.27 36.5 37.5
Left ear 37.05 0.32 36.5 37.6
Average of right and left ear 37.03 0.28 36.6 37.5
No. of teeth present 28.53 1.20 27.0 32.0
DME (T) 2.97 2.86 0.0 11.0
D 0.03 0.18 0.0 1.0
F 2.93 2.85 0.0 11.0
M 0.00 0.00 0.0 0.0
Gingival index 0.004 0.01 0.0 0.1
Plaque index 0.16 0.52 0.0 29
Presence of pain
No 0(0.0)
Yes 30 (100.0)
Presence of any intra-oral findings
No 29 (96.7)
Yes 1(3.3)
Room temperature 22.07 0.36 21.3 22.6
Room relative humidity (%) 36 5 30 50

n—number; % — percentage; SD—standard deviation.

The distribution of participants with/without the presence of influencing fac-
tors/components is shown in Table 2. Four participants (13.3%) wore facial jewelry. The
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majority of the participants (n =23, 76.7%) had some kind of cosmetic product applied on
the face. Eighteen participants (60.0%) reported wearing spectacles in the last four hours,
and 26 participants reported wearing either tight clothes or pressure stockings, or scarfs,
headphones, caps, hats, and protection for the neck in the previous 1-4 h before the ther-
mography photo session. Six participants reported being on medications that included
sympathetic blockers, steroids, and vasoactive drugs. The detailed history for this con-
sumption was not requested as it was beyond the scope of this study. Seven participants
(23.3%) had undergone a professional dental hygiene procedure, and one of the partici-
pants (3.3%) had a physiotherapy session in the preceding 24 h. Twenty-one participants
(70.0%) had reported brushing their teeth four hours prior, and six (20.0%) had also used
a mouthwash, while four participants (13.3%) reported using an interdental device. Nine-
teen (63.3%) and seven (23.3%) participants reported drinking a beverage and eating
something, respectively, one hour prior to the session. The other details of the food and
beverage consumed by the participants as well as other miscellaneous factors are listed in
Table 2.

Table 2. Distribution of the participants (total n = 30) present with various influencing factors.

Influencing factors No Yes
n (%) n (%)
Personal effects
Jewelry 26 (86.7) 4(13.3)
Facial cosmetics present 7 (23.3) 23 (76.7)
Spectacles * 12 (40.0) 18 (60.0)
Tight clothes * 27 (90.0) 3 (10.0)
Pressure stockings * 28 (93.3) 2 (6.7)
Scarf over head, neck and mouth * 28 (93.3) 2 (6.7)
Use of scarf/headphones/cap/hat/shawl *** 22 (73.3) 8 (26.7)
Object around the neck *** 19 (63.3) 11 (36.7)
Mask *** 0 (0.0) 30 (100.0)
Medications
Sympathetic blockers ** 29 (96.7) 1(3.3)
Neurological Blockers ** 30 (100) 0 (0.0)
Steroids ** 26 (86.7) 4 (13.3)
Vasoactive drugs ** 29 (96.7) 1(3.3)
Treatments
Dental treatments ** 23 (76.7) 7 (23.3)
Physiotherapy ** 29 (96.7) 1(3.3)
Oral care
Tooth brushing * 9 (30.0) 21 (70.0)
Inter-dental cleaning * 26 (86.7) 4 (13.3)
Mouthwash use * 24 (80.0) 6 (20.0)
Food & beverages
Bonbons * 28 (93.3) 2 (6.7)
Eating * 14 (46.7) 16 (53.3)
Drinking * 7 (23.3) 23 (76.7)
Coffee * 27 (90.0) 3 (10.0)
Smoking * 28 (93.3) 2 (6.7)
Energy drinks ** 28 (93.3) 2 (6.7)
Eating *** 23 (76.7) 7 (23.3)
) )

Drinking *** 11 (36.7 19 (63.3
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Miscellaneous

Hot-water * 20 (66.7) 10 (33.3)

Sauna ** 29 (96.7) 1(3.3)

Shower **** 10 (33.3) 20 (66.7)

Shaving **** 27 (90.0) 3(10.0)

Hairdryer use * 27 (90.0) 3(10.0)

n—number; % —percentage; * 4 h; ** 24 h; ** last 1 h; **** Same day.

A total of 1350 images were taken for the 30 participants in the various distances and
views. An example of the typical thermographic images captured in the various views and

distances for a randomized study participant is shown in Figures 3-5.

3.1. Overall Temperature of the Image

The differences in the mean overall temperatures measured by the software in the
thermographic images of the participants for the front view were 31.80 + 1.43 °C, 29.62 +
0.73°C,27.25+0.74 °C at 15 cm, 30 cm, and 50 cm, respectively (Table 3). For the left profile
view at 15 cm, 30 cm, and 50 cm, the mean overall temperature of the image was 31.90 +
0.85 °C, 29.72 £ 0.93° C, 26.86 + 0.71 °C, respectively (Table 3). The mean overall tempera-
ture measured for the right profile view was 31.67 + 0.79 °C, 29.86 + 1.08 °C, 26.67 + 0.70

°C for 15 cm, 30 cm, and 50 c¢m, respectively (Table 3).
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Table 3. The mean overall temperature and the mean temperature at the region of interest (ROI) measured from the thermographic images.

. Temperature Measured Temperatures at Different Shooting Distances for the Different Pro- Temperature Differences between Shooting Dis-
Views . . . .
(in °C) files (in °C) tances (in °C)
15 cm 30 cm 50 cm 15-30 cm 30-50 cm 15-50 cm
Front N Mean SD (SE) Mean SD (SE) Mean SD (SE) Mean (SE) Mean (SE) Mean (SE)
Overall 150 31.80 1.43 (0.12) 29.62 0.73 (0.06) 27.25 0.74 (0.06) 2.19(0.12) 2.36 (0.12) 4.55(0.12)
ROI 150 32.93 1.05 (0.09) 34.07 0.86 (0.07) 33.62 1.06 (0.09) -1.14 (0.11) 0.45 (0.11) -0.69 (0.11)
Left
Overall 150 31.90 0.85 (0.07) 29.72 0.93 (0.08) 26.86 0.71 (0.06) 2.18 (0.10) 2.86 (0.10) 5.04 (0.10)
ROI 150 32.83 2.55(0.21) 32.83 1.15 (0.09) 32.57 0.87 (0.07) 0.00 (0.20) 0.26 (0.20) 0.26 (0.20)
Right
Overall 150 31.67 0.79 (0.06) 29.86 1.08 (0.09) 26.67 0.70 (0.06) 1.81 (0.10) 3.19 (0.10) 5.00 (0.10)
ROI 150 33.06 0.80 (0.07) 32.85 0.96 (0.08) 32.35 0.93 (0.04) 0.21 (0.10) 0.50 (0.10) 0.71 (0.10)

°C—Celsius; cm —centimeter; # —number, SD —standard deviation; SE—standard error; ROI—region of interest.
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The differences in the mean overall temperatures between the different shooting dis-
tances within each profile view were statistically significant [Front: H(2) = 368.018, p <
0.001; Left: H(2) = 384.353, p < 0.001; Right: H(2) = 364.811, p < 0.001; Table 4]. Pairwise
comparisons revealed significant differences in the mean overall temperature between all
of the distance comparisons within all profile views (p < 0.001, p-value: Bonferroni; Table
5).

Table 4. Analysis of the mean overall temperature and the mean temperature at the region of interest
(ROI) at different shooting distances.

Mean Overall Tempera-

Profile Views Mean ROI
ture
Front Total n 450.00 450.00
Test Statistic 368.018 = 80.176 =
df 2.00 2.00
p-value <0.001 <0.001
Left Total n 450.00 450.00
Test Statistic 384.353 = 21.399 =
df 2.00 2.00
p-value <0.001 <0.001
Right Total n 450.00 450.00
Test Statistic 364.811 a 49.451 a
df 2.00 2.00
p-value <0.001 <0.001

ROI—region of interest; n—number; df —degree of freedom; # The test statistic was adjusted for ties;
p-value: Kruskal-Wallis; significance: p = 0.05.

Table 5. Pairwise comparisons of the profile views at different distances for the mean overall and
mean temperature in the region of interest (ROI).

Front
Mean overall temp. Test Statistic Std. Error Std. Test Statistic Sig. p-value
50 cm-30 cm 152.38 15.02 10.15  <0.001 <0.001
50 cm-15 cm 28791 15.02 19.17  <0.001 <0.001
30 cm-15cm 135.53 15.02 9.03 <0.001 <0.001
Mean ROI
50 cm-30 cm -78.55 15.02 -5.23  <0.001 <0.001
50 cm-15 cm -133.78 15.02 -8.91  <0.001 <0.001
30 cm-15 cm 55.24 15.02 3.68  <0.001 <0.001
Left
Mean overall temp
50 cm-30 cm 155.56 15.02 10.36  <0.001 <0.001
50 cm-15 cm 294.24 15.02 19.59  <0.001 <0.001
30 cm-15 cm 138.67 15.02 9.24  <0.001 <0.001
Mean ROI
50 cm-30 cm 49.97 15.02 3.33  <0.001 <0.001
50 cm-15 cm 66.77 15.02 445  <0.001 <0.001
30 cm-15 cm 16.81 15.02 1.12 0.26 0.789
Right
Mean overall temp
50 cm-30 cm 161.32 15.02 10.74  <0.001 <0.001
50 cm-15 cm 286.04 15.02 19.05  <0.001 <0.001
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30 cm-15 cm 124.71 15.02 8.31 <0.001 <0.001
Mean ROI
50 cm—30 cm 72.50 15.02 4.83 <0.001 <0.001
50 cm-15 cm 102.74 15.02 6.84 <0.001 <0.001
30 cm-15 cm 30.24 15.02 2.01 0.04 0.132

Temp. —temperature; ROI—region of interest; p-value: adjusted Bonferroni for multiple compari-
sons; significance: p = 0.05.

3.2. Temperature of the Region of Interest (ROI) in the Image

The differences in the mean temperatures recorded in the ROI for the front view were
32.93 £1.05 °C, 34.07 £ 0.86 °C, and 33.62 +1.06 °C at 15 cm, 30 cm, and 50 cm, respectively
(Table 3). The mean ROI measured in the left profile view was 32.83 +2.55 °C, 32.83 + 1.15
°C, and 32.57 + 0.87 °C for the different shooting distances of 15 cm, 30 cm, and 50 cm,
respectively (Table 3). In the right view, the mean ROI recorded was 33.06 + 0.80 °C, 32.85
+0.96 °C, and 32.35 £ 0.93 °C at 15 cm, 30 cm, and 50 cm, respectively (Table 3).

The differences in the mean temperatures at the ROI for all different shooting dis-
tances within in each profile view were statistically significant [Front: H(2) = 80.176, p <
0.001; Left: H(2) = 21.399, p < 0.001; Right: H(2) = 49.451, p < 0.001; Table 4]. Pairwise com-
parisons revealed significant differences in the mean temperature at ROI between all of
the distance comparisons within all profile views (p < 0.001, p-value: Bonferroni; Table 5),
except in the 30 cm-15 cm comparisons in both the left (p = 0.789, p-value: Bonferroni;
Table 5) and right (p = 0.132, p-value: Bonferroni; Table 5) views.

3.3. Correlations of the Mean Ouverall Temperature

The Spearman’s Rho correlation statistics (Table 6) revealed that the mean overall
temperature correlated to the presence of personal effects such as spectacles [rs (1348) =
0.070, p = 0.011], scarfs/headphones/cap/hat/shawls [rs (1348) = -0.084, p = 0.002], and pro-
tective wear for neck protection [rs (1348) = -0.099, p < 0.001]. The mean overall tempera-
ture was positively influenced by having undergone dental treatments [rs (1348) = 0.079, p
= (0.004] and negatively correlated to having undergone physiotherapy sessions [rs (1348)
=-0.071, p = 0.009] in the last 24 h, respectively. The mean overall temperature was also
positively correlated to interdental cleaning [rs (1348) = 0.095, p <0.001] and hairdryer use
[rs (1348) = 0.082, p = 0.003]. No demographic or other influencing factors had any correla-
tion with the mean overall temperature in the thermograms (Table 6).
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Table 6. Correlation of the measured mean overall temperature and the mean temperature at the region of interest (ROI) with the various parameters.

Parameters Mean Overall Temp. Mean ROI
Demographic factors n CC p-value CC p-value
Sex 1350.00 -0.033 0.223 -0.040 0.146
Age 1350.00 0.031 0.249 0.009 0.744
Room temperature 1350.00 -0.014 0.603 -0.150 ** <0.001
Relative humidity 1350.00 -0.012 0.670 -0.058 * 0.033
Personal effects
Jewelry 1350.00 -0.042 0.127 -0.001 0.979
Facial cosmetics present 1350.00 0.042 0.126 0.206 ** <0.001
Spectacles * 1350.00 0.070 * 0.011 0.136 ** <0.001
Tight clothes * 1350.00 -0.001 0.971 -0.013 0.639
Pressure stockings * 1350.00 0.006 0.839 0.023 0.406
Scarf over head, neck, and mouth * 1350.00 -0.043 0.118 0.022 0.424
Use of scarf/headphones/cap/hat/shawl *** 1350.00  —0.084 ** 0.002 -0.163 ** <0.001
Object around the neck *** 1350.00  —0.099 ** <0.001 -0.243 ** <0.001
Mask *** 1350.00
Medications
Sympathetic blockers ** 1350.00 0.010 0.711 -0.058 * 0.034
Neurological Blockers ** 1350.00 . . . .
Steroids ** 1350.00 -0.031 0.259 -0.123 ** <0.001
Vasoactive drugs ** 1350.00 0.010 0.711 -0.058 * 0.034
Treatments
Dental treatments ** 1350.00 0.079 ** 0.004 0.160 ** <0.001
Physiotherapy ** 1350.00  —0.071 ** 0.009 -0.179 ** <0.001
Oral care
Tooth brushing * 1350.00 -0.041 0.134 -0.183 ** <0.001
Inter-dental cleaning * 1350.00 0.095 ** <0.001 0.214 ** <0.001
Mouthwash use * 1350.00 0.077 ** 0.005 0.228 ** <0.001
Food & beverages
Bonbons * 1350.00 -0.018 0.519 0.090 ** <0.001
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Eating * 1350.00 0.011 0.685 0.056 * 0.040
Drinking * 1350.00 0.002 0.956 0.056 * 0.041
Coffee * 1350.00 0.039 0.147 -0.119 ** <0.001
Smoking * 1350.00 -0.022 0.411 -0.219 ** <0.001
Energy drinks ** 1350.00 0.043 0.113 0.132 ** <0.001
Eating *** 1350.00 0.021 0.436 0.025 0.352
Drinking *** 1350.00 0.008 0.783 -0.005 0.845
Miscellaneous
Hot-water use * 1350.00 0.043 0.115 —0.098 ** <0.001
Sauna ** 1350.00 -0.036 0.181 -0.009 0.749
Shower **** 1350.00 0.040 0.138 0.034 0.209
Shaving **** 1350.00 -0.034 0.208 -0.076 ** 0.005
Hairdryer use * 1350.00 0.082 ** 0.003 0.132 ** <0.001

n—number; CC—correlation constant; significance—p < 0.05 (p-value: Spearman’s Rho); * 4 h; ** 24 h; *** last 1 h; **** Same day.
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3.4. Correlations of the Mean Temperature at ROI

The mean temperature in the ROI was negatively correlated to the room temperature
[rs (1348) = -0.150, p < 0.001] and room humidity [rs (1348) = -0.058, p = 0.033]. Wearing
tight clothing or spectacles positively influenced the mean temperature in the ROI [tight
clothes: rs (1348) = -0.206, p < 0.001; spectacles: rs (1348) = 0.136, p < 0.001; Table 6] while
wearing a scarf/headphones/cap/hat/shawl on the head or wearing an object on the neck
negatively influenced the mean temperature in the ROI (p < 0.001; Table 6).

The mean temperatures in the ROI of the participants under medications were nega-
tively correlated [sympathetic blockers: rs (1348) = -0.058, p = 0.034; steroids: rs (1348) =
-0.123, p < 0.001; vasoactive drugs: rs (1348) = —0.058, p = 0.034; Table 6]. The mean temper-
ature in the ROI was positively influenced by having undergone dental treatments [rs
(1348) = 0.160, p < 0.001] and negatively correlated to having undergone physiotherapy
sessions [1s (1348) =-0.179, p < 0.001] in the last 24 h, respectively (Table 6). Procedures in
oral care influenced the mean temperature in the ROI [tooth brushing: rs (1348) =-0.183, p
<0.001; inter-dental cleaning: rs (1348) = 0.214, p < 0.001; mouthwash use: rs (1348) = 0.228,
p <0.001; Table 6]. Consuming coffee as well as smoking negatively influenced the mean
temperature in the ROI [coffee: 1s (1348) = -0.119, p < 0.001; smoking: rs (1348) =—0.219, p <
0.001; Table 6], while all other food and beverage consumption were positively correlated
to the mean temperature at the ROI [bonbons: rs (1348) = 0.090, p < 0.001; eating: rs (1348)
=0.056, p = 0.040; drinking: s (1348) = 0.056, p = 0.041; energy drinks: rs (1348) =—0.183, p <
0.001; Table 6]. Hair dryer use was positively correlated (p < 0.001) while the use of hot
water on the face (p <0.001) and shaving (p = 0.005) were negatively correlated to the mean
temperature at the ROI (Table 6).

4. Discussion

The current study was undertaken to standardize and optimize the shooting dis-
tances when capturing facial thermographic images for screening oral health problems.
For this purpose, normal adult volunteers who were considered generally healthy were
recruited and facial thermograms were taken in three profile views (front, left, and right)
with three shooting distances (15 cm, 30 cm, and 50 cm) for each view. The findings of this
study revealed that there was a decrease in the temperature measured as the distances
were increased, which was highly significant (p < 0.001). This trend was observed in both
the evaluated temperatures (i.e., in the mean overall temperature of the entire image as
well as in mean temperature in the selected ROI). Therefore, the primary null hypothesis,
that there is no effect of different shooting distances on the mean overall temperature and
the mean temperature at the ROl in the extraoral thermographic images of the face when
the image capturing views are kept constant, is thus rejected. Furthermore, this study fur-
ther confirmed that the mean overall temperature and the mean temperature at the ROI
were influenced by demographic and other external factors. Therefore, the secondary hy-
pothesis was also rejected.

This trend for the temperature to vary at different shooting distances was consistent
with the findings observed in previously published studies where an acceptable temper-
ature difference of 0.2 °C was seen when the measurements were performed at 0.2 m and
2.5 m distances from the ROI [64-66]. However, the magnitude of the measured differ-
ences in this study, in comparison to the previously published studies, varied. The tem-
perature differences observed in the ROI for these three distances ranged between 0.00
and 0.26 °C for the left profile; a difference of 0.21 and 0.71 °C was calculated for the right
view, respectively. The temperature differences for the various shooting distances for the
front view were between 0.45 and —1.14 °C. In the present study, the distances chosen were
between 15 cm (0.15 m), which was the camera’s minimum focusing, and two other con-
venient distances of 30 cm (0.3 m) and 50 cm (0.5 m). These were selected to remain within
realistic clinical norms, as distances beyond these may not be practically possible in a nor-
mal dental clinic setting because of a lack of space. Furthermore, a large distance would
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involve the inclusion of various elements in the clinic environment within the frame,
which may cause interferences in the thermal imaging. To avoid these influences, the
shooting distances were kept small but at the same time viable. Currently, there exists no
consensus for a recommended shooting distance for taking facial thermograms. In dental
applications, for monitoring post-surgical healing and inflammatory sites, the camera dis-
tance used was limited to 0.9 = 0.1 m [59]. However, it has been reported that measurement
distances between 0.2 m and 2.5 m produced small differences in temperature variations
(0.2 °C), however, this recommendation was for the thermography of musculoskeletal im-
aging of the lower extremities [64]. In bench experiments, an image capture distance be-
tween 0.7 m and 1.5 m produced the highest inter-camera reproducibility, and shorter
capture distances and cameras with superior hardware were preferable [67].

In the current study, the temperature difference observed for the different distances
for the left view was in an acceptable range of less than 0.2 °C, thus indicating that perhaps
all three chosen distances for the facial thermograms were acceptable. However, the re-
sults of the temperature differences obtained for the front and right views for the different
shooting distances were higher (>0.2 °C), thus indicating that the different distances se-
lected in this study impacted the measurements, which is in agreement with a former
published study where the experimental setup was comprised of focusing distances of
0.05m and 0.15 m with a camera distance of 0.8 m [66]. It is important to bear in mind that
acceptable temperature variations of less than 0.2 °C, as described in previous studies,
used cameras with an advanced hardware system [64—67]. The camera used in the current
study was a portable device that could be attached to a mobile phone and had a sensitivity
measurement uncertainty of 5 °C, therefore, the differences observed in the current study
for the right side may also be considered as acceptable. In this study, the temperature
differences in the front view were greater this 5 °C, hence it must be acknowledged that
the three distances chosen did influence the measurements.

This variation in the temperature differences measured at different distances for the
various views could perhaps have been due to a number of factors including the exami-
nation room factors, camera accuracy, and analysis methods [68]. This study was con-
ducted in strict adherence to follow the recommended guidelines for thermographic im-
aging. The ambient room temperature and the humidity of the room in this study was
maintained at a mean temperature of 22.07 + 0.36 °C [min: 21.30 C, max: 22.6] and 36 + 5%
[min: 30%, max: 50%] [66]. It has been recommended that for better stability, drift, and
uniformity, cameras with sturdy hardware should be used [68]. The camera used in this
study was from a reputed manufacturer that has previously been used for dental applica-
tions and is especially recommended for expected differences in temperature measure-
ment greater than 0.05 °C and for its feature of portability [59,67]. The analysis software
employed in this study was manufacturer recommended and therefore, concerns arising
because of compatibility/sensitivity issues could be ruled out.

Although this study was conducted adhering to the recommended guidelines for
thermography and with sound methodology, certain limitations may have existed. First,
as this study only included healthy volunteers, the true effect of screening an actual oral
health condition was not possible. However, it must be kept in mind that the scope of this
study was to standardize shooting distances and the effect of influencing factors on the
temperature measurements. A further critique that can be made is that only one portable
thermography camera was employed in this study. This aspect was designed with intent.
In the domain of geriatric dentistry, older adults with complex health and cognitive sta-
tuses are treated. These adults are often care-resistant, non-cooperative, aggressive, or im-
mobile, or present with severe physical handicaps. Therefore, the concept of using ther-
mography to identify and screen oral diseases in non-communicative individuals is novel
and could greatly ease the entire process of screening and diagnosis as well as avoid cum-
bersome procedures like employing general anesthesia just for examination and diagno-
sis. When considering these aspects, it is equally important that the thermography tech-
nique employed does not necessitate elaborate equipment or extensive preparations.
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Therefore, the camera used in this study was selected while considering its features of
portability, ease of use as well as its compatibility with a mobile smartphone device. More-
over, its technical specifications recommend it for use in situations where a temperature
variation of more than 0.05 °C is expected. The facial surface temperature variations dur-
ing the post-surgical healing phase following a dental treatment have been documented
to be in the range of 2.1 °C and 2.8 °C, and therefore the camera employed was sufficient
to perform the required task [59,67]. Nevertheless, future studies are deemed necessary to
compare the present findings using cameras with superior hardware.

5. Conclusions

The findings of this study conclude that the detection of temperature asymmetries
on the face in adult volunteers is affected by the distance between the camera and the
subject. The findings of this study further confirm that the temperature asymmetries of
the face are influenced by medication, oral-care as well as alimentation. Therefore, it is
advised that personal as well as medical histories are obtained in detail prior to taking the
facial thermograms. Further studies are required to make clear recommendations on the
ideal shooting distance for facial thermograms.
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