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Abstract

The aim and objectives of the study was to analyze the skin surface temperature distribution in dental disorders using thermal imaging
and to segment the region of interest using k-means algorithm and to perform statistical feature extraction for the total population studied.
Thermal images were obtained for left profile, right profile, and front profile for the total population to be studied. The thermal image
was segmented using k-means algorithm and the features were extracted from the segmented output image for both normal and dental
disorder subjects. The results obtained from the study depicts that the mean temperature difference between the abnormal diseased sub-
jects and the healthy controls in the front, left and right facial region was found to be 8.75%, 7.89% and 9.3% respectively. Among the
regions examined in the facial thermogram, right facial region depicts the highest percentage difference of 9.3% found between the dis-
eased subjects and normal group. From this data it is safe to infer that, presence of infections, significantly increases the temperature of
the region. Hence thermography was used as a complimentary diagnostic tool in diagnosis of dental disorders.

Keywords: Thermography; K-Means Algorithm; Feature Extraction; Facial-Thermogram; Dental Diseases.

1. Introduction

Periodontal disease refers to the infections in and around the struc-
tures of the teeth which includes gums, cavities, ligament, alveolar
bone and cementum that covers the root. Worldwide, around
11.2% people were affected by periodontitis [1]. The prevalence
rate of dental disorder in India was 85% in their general popula-
tions [2]. According to World health organization report, it was
estimated that around 60-90% of children and 100% adults suffer-
ing from dental cavities problem. Peridontal disease affects the 15-
20% of adult people whose age varies between 35-44 years [3].
Along with these disorders, people suffer from asymptomatic
diseases or Temporomandibular Joint (TMJ) disorders, which
might go unnoticed or undiagnosed. Conventional diagnostic
methods include clinical intra and extra-oral examination, radio-
graphic method, occlusal examination and fiber-optic Transillu-
mination, Electrical conductance, quantitative light induced fluor-
oscope [4], [5]. The non- invasive complimentary diagnostic
method used for dental examination is thermal imaging method.
Our human body has a tendency to produce heat through the tis-
sues by means of conduction, convection, and emits the body tem-
perature through the skin. The heat transfer from skin to the air by
means of infrared radiation, the radiant intensity will be received
by the infrared cameras. Thus the infrared cameras produce the
thermal imaging from the area of interest. Hence thermal imaging
is used for studying the physiological characteristics related to the
skin temperature [6] and serve as a non invasive imaging modality
for diagnosing the dental disorders.

Gratt et al measured the facial skin temperature using static area
telethermography for the diagnosis of chronic orofacial pain and
TMJ disorders. They found the correlation between the orofacial
pain and thermal abnormalities in the facial regions [7]. Gratt et al
in their study conducted the clinical assessment of dental disorders

for six years and performed thermal classification system to dif-
ferentiate the peripheral nerve mediated pain, TMJ arthropathy,
maxillary sinusitis and psychogenic facial pain using electronic
facial thermography. They predicted that 92% accuracy attained
for classification between the patients with orofacial pain and
normal subjects [8]. Hayase et al conducted the clinical study to
evaluate the malignant tumors in oral and maxillo-facial region
using facial thermography. They measured the skin temperature
difference between the affected region and opposite normal region
and observed the higher temperature in malignant tumors regions
[9]. Several researchers used facial thermography as a potential
diagnostic tool for the evaluation of diseases in maxillofacial areas
[10], [11]. Hence facial thermography could be used as comple-
mentary diagnostic tool for the evaluation of various dental disor-
ders. Image segmentation techniques are very important in segre-
gating the region of hot spot abnormal regions which depicts the
dental disorders. The aim and objectives of the study was to ana-
lyze the skin surface temperature distribution in dental disorders
using thermal imaging and to segment the region of interest using
k-means algorithm and to perform statistical feature extraction for
the total population studied.

2. Subjects and methods

2.1. Study design and population

The institutional scientific committee of SRM Dental Hospital had
approved the study, and the participants signed the informed con-
sent form. A total number of 42 subjects, were considered, out of
which 10 were normal, and rest 32 included patients with a history
of Temporomandibular joint disorders (TMD), asymptomatic
orodental infections and pain, which could be imaged using ther-
mal camera were considered for the study. Subjects with beard, or
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wearing ornaments or jewelry near the region of interest that could
not be removed were excluded.

2.2. Thermal image analysis procedure

The acquisition of thermal image was performed according to the
guidelines recommended by the International Academy of Clinical
Thermology. All the subjects were made to remove all the orna-
ments within the region of interest and were seated in a tempera-
ture-controlled room at 20 °C with humidity of 45%-50%. The
thermal camera was positioned at a distance of 1.0m and a thermal
image of left, right and front views of the face were taken. All the
thermal images were acquired in the same room [12]. A hand-held
thermal camera (FLIR, A300) was used to image the left, right and
front views of the face region of both the subject groups (normal
and diseased). The thermal camera FLIR A300 utilizes the
320X420 thermal element focal plane array (FPA) uncooled mi-
crobolometer detector system with minimum focusable distance of
0.4m to infinity. The camera could measure the temperature range
of 220 °C to 1200 °C to an accuracy of 2% with thermal sensitivity
of 0.05 °C [12]. The images were stored and then analyzed using
the software FLIR TOOLS Software and further processed with
MATLAB R2012a (MathWorks Inc., Natick, MA, USA). From
the thermal images, the average skin temperature (°C) was meas-
ured by positioning an available rectangle area tool of ROI on
each respective region of interest.

2.3. Thermal image segmentation algorithm

A summary of the segmentation algorithm was given below:

a) The images of facial region showing the dental abnormali-
ties were acquired and pre-processed.

b) The images was converted from RGB Colour Space to
L*a*b* Colour Space where L is lightness where its value
varies from 0 to 100, ‘a’ refers to green-red component and
‘b’ refers to blue-yellow component.

c) Three different clusters were created to segment the hot spot
high temperature region in dental abnormalities

d) The colours were Classified in 'a*b*' Space Using K-Means
Clustering.

e) Each pixel in the Image was labelled using the results from
K-Means algorithm.

3. Results

The mean temperature for dental abnormalities had elevated tem-
perature compared to the normal subjects. The mean temperature
for the normal group which was calculated was found out to be
=31 9C and that of abnormal group was calculated to be =34 °C
which = 3 °C more than normal subjects. The sites of discomfort
varied; in some cases, the symptoms were experienced over and
around the masseter muscle and inflammation was reported in the
affected region. Table 1 represents the skin temperature distribu-
tion in facial region for normal and dental disorder. The use of
infrared thermography enabled assessment of the maximal tem-
perature for each dental disorder. The features such as mean,
standard deviation, variance, skewness, kurtosis and moment were
extracted for normal and diseased subjects (table 2). It was found
that these parameters for normal subjects were zero and for ab-
normal subjects the values were elevated.

Table 1 depicts the mean of maximum, minimum and average
temperatures that were recorded from the front, left and right pro-
files of the normal and diseased subjects. The average temperature
difference between the abnormal diseased subjects and the normal
subjects in the front, left and right facial region was found to be
8.75%, 7.89% and 9.3% respectively. Among the regions exam-
ined in the facial thermogram, right facial region depicts the high-
est percentage difference of 9.3% found between the diseased
subjects and normal group. From the table, it is easy to infer that
the average temperature of front, left and right profiles, recorded
at the region of interest, of the diseased patients is always higher
in comparison to that of normal subjects. An approximate eleva-
tion of 3° C was observed between the normal and diseased sub-
jects.

Table 1: Skin Temperature Distribution in Facial Region for Normal and Dental Disorder

Facial Region Temperature Normal (n=10) Meanzstd Diseased (n=32) Meanzstd % difference Statistical significance
Max 36.1+0.5 36.53+0.3 11 0.05
Front Min 27.07+1.1 31.67+0.2 145 0.001
Mean 31.585+0.7 34.6110.2 8.75 0.003
Max 35.22+0.7 36.46+0.3 34 0.02
Left Min 27.98+1.04 31.46%0.5 11.06 0.001
Mean 31.6+0.67 34.31+0.5 7.89 0.004
Max 35.31+0.62 36.48+0.3 3.2 0.02
Right Min 27.07£1.5 31.6+0.4 14.33 0.001
Mean 31.19+0.8 34.39£0.5 9.3 0.002

Table 2: Feature Extracted Parameters of Facial Regions for Normal and Diseased Subjects

Normal(n=10) Mean+Std

Diseased (n=32) Mean+Std

Feature extracted parameters Facial Region Facial Region
Front Left Right Front Left Right

Mean 0 0 0 0.007528+0.003 0.0079+0.003 0.0095+0.007
Std dev 0 0 0 0.1116+0.2 0.08627+0.02 0.08919 +0.02
Variance 0 0 0 0.0069+0.003 0.0079+0.003 0.0084+0.004
Skewness 0 0 0 17.9963+24.8 11.6798+3.69 12.4958+7.62
Kurtosis 0 0 0 920.374+3152.4 150.2 £133.8 209.912+445
Moment 0 0 0 0.0069+0.003 0.0079 +0.003 0.0084+0.004

Table 2 depicts the statistical calculations carried out on the col-
lected data, which includes mean, standard deviation, skewness,
kurtosis and moment of the temperature values collected from the
front, left and right profiles of the normal and diseased subjects.
These values are evidently zero incase of normal subjects, unlike
those seen in diseased subjects.

Figure 1 shows the front profile of the normal subjects on which
K-Means clustering is applied. Specifically Figure (1a) shows the
Maximum and Minimum temperature zones which are located
using FLIR Software, being the input image, along with the high-
est temperature, lowest temperature and the average temperature.

Figure (1b) is the image with its cluster index displayed as gray
image. Figure (1c), displays the first cluster of three clusters sepa-
rately, in which the image is partitioned, depicting the back-
ground. Figure (1d), displays the second cluster of three clusters
separately, in which the image is partitioned, depicting the other
regions. Figure (le), displays the third cluster of three clusters
separately, in which the image is partitioned, displaying the high
temperature regions, depicting inflammation and presence of in-
fection, (not seen in the thermogram of normal subject). Figure
(1) shows the segmentation of maximum temperature zone using
k-means clustering and thresholding. Since there is no high tem-
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perature zone is present in the front profile image of a normal  tion process of normal left, normal right, diseased front , diseased
subject, high temperature zone is not segmented in this image. left ,diseased right profile respectively.

similarly figure (2a)-(2f), figure (3a)-(3f), figure (4a)-(4f), figure

(5a)-(5f), figure (6a)-(6f) indicates the various stages of segmenta-

(a) (b)
(c) (d)
(e)

Fig. 1: Normal Subject Front Profile(A)Input Thermal Image ,(B) Image with Its Cluster Index,(C) Cluster 1 Depicting the Background, (D) Cluster 2
Depicting other Regions, (E) Cluster 3 Depicting High Temperature Regions ,(F) Segmented Image (Absence of High Temperature).

(b)
(a)
(c) (d)
(e)

Fig. 2: Normal Subject Left Profile (A)Input Thermal Image, (B) Image with Its Cluster Index,(C) Cluster 1 Depicting the Background, (D) Cluster 2
Depicting other Regions, (E) Cluster 3 Depicting High Temperature Regions, (F) Segmented Image (Absence of High Temperature).



178

International Journal of Engineering & Technology

(a)

(c)

(d)

Fig. 3: Normal Subject Right Profile (A) Input Thermal Image, (B) Image with Its Cluster Index, (C) Cluster 1 Depicting the Background, (D) Cluster 2
Depicting other Regions, (E) Cluster 3 Depicting High Temperature Regions, (F) Segmented Image (Absence of High Temperature).

(a)

(c)

(b)

(d)

Fig. 4: Diseased Subject Front Profile (A) Input Thermal Image, (B) Image with Its Cluster Index, (C) Cluster 1 Depicting the Background, (D) Cluster 2
Depicting other Regions, (E) Cluster 3 Depicting High Temperature Regions, (F) Segmented Image Depicting Only High Temperature Regions.
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(a)

(c)

(e)

(d)

Fig. 5: Diseased Subject Front Profile (A) Input Thermal Image, (B) Image with Its Cluster Index, (C) Cluster 1 Depicting the Background, (D) Cluster 2

Depicting other Regions, (E) Cluster 3 Depicting High Temperature Regions, (F) Segmented Image Depicting Only High Temperature Regions.

(a)

(c)

(e)

(b)

(d)

(f)

Fig. 6: Diseased Subject Right Profile (A) Input Thermal Image, (B) Image with Its Cluster Index, (C) Cluster 1 Depicting the Background, (D) Cluster 2

Depicting Other Regions, (E) Cluster 3 Depicting High Temperature Regions, (F) Segmented Image Depicting Only High Temperature Regions.



4. Discussion

Early studies of functional disorders or dysfunction of the mastica-
tory system focused on symptoms observed or anatomical evi-
dences. The symptoms recorded as significant parameters were
pain on movement of the mandible, muscle pain, swelling, etc.
However, no such means of quantifying or even diagnosing
asymptomatic diseases was researched upon. The current study
has shown the value of infrared thermography as a technique
which can be used for obtaining additional relevant information of
patients with dental disorders, both symptomatic, and asympto-
matic. In this study all abnormal subjects showed elevated temper-
atures over the affected region, which is mostly due to the in-
creased muscular activity and therefore a reciprocal increase in
blood supply.

Currently thermal imaging techniques were used for the evaluation
of various dental disorders by qualitative and quantitative meth-
ods. This technique is also used as research tool in the field of
dentistry for identifying the root canal inflammation, cavitations
and in the development of abscess. Asymptomatic dental issues
can be diagnosed using thermography, as seen in the study with
patients showing no apparent problems or complaints about pain
or discomfort. Compared to other imaging modalities, the thermal
image interpretation is easier and faster method which is apparent
from the images acquired during the study, similar to findings by
Merla et al wherein they distinguished between healthy patients
and patients suffering from myofascial pain using functional infra-
red imaging [13-15].

Gratt and his colleagues classified the patients with chronic orofa-
cial pain as normal, hot or cold when the temperature in a selected
anatomic area (AT) fell between certain assigned ranges [16], [17].
The current study reinforces the findings of the study made by
Gratt et al, since temperature was found to be significantly elevat-
ed in subjects with dental issues in comparison with normal sub-
jects. Dibai Filho et al. (2015) studied the reliability of different
methodologies in infrared image analysis of myofascial trigger
points in the upper trapezius muscles. They obtained excellent
inter-rater reliability for point and line analysis with inter class
correlation co-efficent equal to 0.908 and 0.918 respectively. They
finally suggested that the infrared imaging technology was suita-
ble for diagnosis of myofascial trigger points in the upper trapezi-
us muscle in clinical and research practices [18]. Rodrigues-
bigaton et al. (2013) predicted the temporomandibular (TMD)
disorder in arthralgia patients using thermal imaging technique
with good accuracy. They found that the skin temperature was
greater significance in the left side (p=0.004) compared to right
side temporomandibular joint (TMJ) (P=.012) in arthralgia group.
They achieved excellent intra-rater and inter-rater reliability in the
infrared image analysis of TMJ [19]. Haddad et al. (2014) con-
ducted a preliminary study to test the efficacy of infrared thermal
imaging in the characterization of masticatory muscle region in
volunteers with and without the myogenic temporomandibular
disorder. The temperature measured at masseter and anterior tem-
poralis muscle regions in myogenic TMD volunteers
(32.85+0.85°C and 34.37+0.64°C, respectively) were significantly
lower than the controls (33.49+0.92°C and 34.78+0.44°C, respec-
tively).They also obtained the sensitivity (70% ) and specificity
(73%) by using roc curves in the masseter region. They also sug-
gested that the infrared thermal imaging was used as the compli-
mentary tool in the diagnosis of TMD [20].

X-rays indeed do identify infections to an extent, but it could not
be able to predict the chronic heat inflammation and infection as
easily. The advantages of thermal imaging were to locate areas of
chronic heat before the challenged site gets severely infected. The
temperature measurement, using thermal cameras, is affected by a
wide range of factors, that is, room temperature, humidity, ventila-
tion, and the presence of external heat sources. Therefore, in our
study all stages of thermographic assessment were performed in

the same environmental conditions [14]. Several studies related to
infrared thermography for dental examination provided and addi-
tional insight into the patients oral and dental condition, aiding the
process of examination, which is also implied by the study. From
this data it is safe to infer that, presence of infections, significantly
increases the temperature of the region, which, is in coherence
with other previously conducted studies [21-24].

5. Conclusion

From this study, we can infer that with the incidence of dental
abnormalities, the skin surface temperature of the body, that is, the
region of interest, is elevated. This elevation is significantly ap-
parent in the mean of minimum and maximum temperatures taken
from the region of interest that is front, left and right of the face.
The images also depict visual differences between normal and
diseased subjects. In future, other advanced algorithms will be
implemented and results will be compared with the results ob-
tained using K-means algorithm. The acquired temperature values
and feature extracted values will be given as an input to three dif-
ferent neural networks and the performance of the networks will
be compared based on accuracy and sensitivity. In this study, faci-
al thermograms were segmented using k-means algorithm and
hence thermography could be used as complementary diagnostic
tool for detection of asymptomatic and symptomatic dental diseas-
es.
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