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Abstract

Objective: To detect the subclinical and suspected inflammatory tissue changes on the
jaws by combining infrared thermography with X-ray radiography. Materials and Meth-
ods: The study included 150 patients who were referred for panoramic X-rays. Patients
selected included 72 males and 78 females, with ages ranging from 18 to 50 years. Infra-
red thermography (IRT) was applied in the study for screening suspected jaw inflamma-
tion. IRT findings were compared with panoramic radiography (a reference standard).
After the diagnosis of periapical diseases, each participant in the study was examined
thermographically by using an infra-red camera (Teledyne FLIR, Model T560), extra-oral
on the face, directed at the maxilla and mandible regions. Thermograms were captured
in frontal view, right view, and left view. All thermograms and panoramic radiographs
(OPG) were processed and visually enhanced using Fiji Image] software for better ther-
mographic and radiographic analysis. The thermographic findings were then compared
with the radiographic findings (OPG x-rays). Results: The statistical analysis of infrared
thermography findings showed that 20% of the cases were positive (inflammatory or
suspicious), and 80% of cases were negative (normal pattern). The thermal pattern of
infrared thermography showed IRT-positive cases as follows: pulpitis with apical perio-
dontitis 13 (8.7%), acute periapical abscess 9 (6.0%), chronic periapical abscess 5
(3.3%), and suspected 3 (2%). The last three suspected cases were unspecified and con-
sidered as IRT-positive cases (inflammatory or suspicious). When IRT findings were
compared with OPG findings, they showed a sensitivity of 92.6%, a specificity of 95.9%,
and an accuracy of 95.3%. Analysis also showed good agreement between IRT and OPG
findings (Cohen’s x = 0.848), and disagreement was limited (FP = 5 vs FN = 2). For two
modalities, analysis showed no significant difference in paired positive and negative clas-
sifications (exact McNemar test, p = 0.453). Conclusion: Thermal pattern analysis in the
orofacial region can be helpful for the early detection of inflammatory or suspected dis-
eases as a supplement to radiography for confirming positive or suspicious findings.

Introduction

Thermal imaging cameras are used to detect
infrared emissions released by objects. It trans-
duces this thermal (heat) energy into a visible
representation. As the thermal level rises, the
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amount of infrared (IR) radiation increases,
and the object appears brighter on the infrared
thermogram [1]. In humans, most bioenergetic
output is released as heat through the skin via
radiation, heat conduction, convective heat
transfer, and evaporative heat loss, radiation
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being the most efficient, so thermal images can
serve as an indirect indicator of tissue metabo-
lism. Thermal homeostasis involves autonomic
control of blood flow and vascular constriction
[2]; therefore, skin temperature depends on
blood temperature and blood flow, and any
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factor affecting vasodilation and vasocon-
striction (e.g., injury or disease) shifts infrared
output [3]. Unlike many imaging modalities
that detect pathological lesions after structural
damage is confirmed, infrared thermography
(IRT) may detect functional alterations before
obvious lesions appear; however, image inter-
pretation must consider endogenous influ-
ences (thermoregulation, metabolic processes,
circadian rhythms, thermal balance, physiolog-
ical activity, and emotions) and exogenous in-
fluences (environmental temperature, humid-
ity, and airflow). Under normal conditions, bi-
lateral thermal symmetry is expected, with
higher temperatures over the head/neck/torso
than limbs; higher adipose tissue may lower
skin-surface temperature (reducing diagnostic
accuracy in marked obesity), and females tend
to show slightly higher surface temperatures
than males. Thermograms or thermal images
should be interpreted alongside clinical signs
and symptoms for accurate anatomical locali-
zation, ideally by comparing current images
with the patient's reference baseline (pre-ill-
ness) thermogram; for example, breast ther-
mal imbalance may suggest underlying pathol-
ogy [4], and a confined, slight temperature de-
crease can be an early indicator of pressure-re-
lated injury [5]. With improved sensitivity and
usability, IRT has expanded medical fields, of-
fering non-invasive, portable, simple, cost-ef-
fective evaluation [6] without ionizing radia-
tion, and it can be an adjunct to conventional
or standard imaging (e.g., X-ray, CT, Ultra-
sound) for multimodal verification. IRT ac-
quires thermal surface patterns by detecting
infrared (IR) radiation from the body; based on
Pennes' bioheat model, skin temperature mir-
rors metabolic activity and localized blood flow
[7]. Because persistent inflammation and im-
paired insulin sensitivity (key features of meta-
bolic syndrome) can modulate thermogenesis
and vascular function [8-11], these changes
may appear as distinctive global thermal distri-
butions-particularly on palmar and facial areas
(Figure 1). While earlier work often empha-
sized focal temperature changes in cases such
as peripheral vascular disorder [12-16], more
recent developments support the diagnostic
performance of overall thermal patterns for
metabolic diseases including hypertension and
diabetes [14-17]. In dentistry, infrared ther-
mography has been applied in multiple frame-
works: temporomandibular disorders and
chronic orofacial pain have been successfully
categorized using facial thermography [18,19].
It has also been applied to assess thermal in-
jury to the tooth pulp; thermogram assess-
ment showed marked dental pulpal tempera-
ture increases after electrothermal bracket
debonding of orthodontic brackets,
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emphasizing potential pulpal risk [20]. Photo-
thermal lock-in imaging based on heat wave
principles has been shown to have utility for
detecting incipient caries [21]. Beyond dentis-
try, thermography and other photothermal im-
aging approaches have been used to detect
malignant tumors in human soft and hard tis-
sues [22,23]. In oral oncology, particularly, an
inexpensive portable infrared device revealed
high discrimination between oral cancer and
pre-cancer in a double-blind trial, reaching
specificity of 100% and sensitivity of 96.66%
compared with biopsy [24]. Furthermore, in a
pre-planned trial study of 90 oral cancer pa-
tients with presumed cervical lymph node me-
tastasis, a computer-aided SVM-based model-
driven infrared system showed higher accu-
racy, specificity, and sensitivity than CT and
manual descriptive evaluation, supporting its
potential as a non-ionizing, non-invasive sub-

stitute approach for detecting lymph node me-
tastasis [25] _Error! Reference source not found.

Material and Methods

The current study included 150 patients, se-
lected in a random manner, referred for pano-
ramic radiography. They comprised 72 males
and 78 females, aged from 18 to 50 years. The
study was conducted in Baghdad, Iraq, in sev-
eral dental centers, from September 2017 to
March 2020. Infrared thermography (IRT) was
applied in the study for screening suspected
inflammation in the jaws. The IRT findings
(Figure 1) were compared with panoramic ra-
diography (reference standard). Infrared ther-
mography (IRT) was applied for screening sus-
pected jaw inflammation, which may be unob-
served or hidden on OPG x-rays, and the find-
ings were compared with panoramic radiog-
raphy (OPG) as the radiographic diagnostic
reference (reference standard). The study
highlighted periapical diseases to be included,
which were classified into three categories:
AAP (pulpitis with apical periodontitis), AA
(acute periapical abscess), and CA (chronic
periapical abscess). Radiographic examination
was supported by clinical examination for de-
tecting symptoms and signs of periapical dis-
eases. The diagnoses of periapical diseases
were performed independently by two experi-
enced investigators. A third senior investigator
resolved the disagreements between the two
investigators. After the diagnosis of periapical
diseases was confirmed, each participant in
the study was examined thermographically by
using an Infra-red Camera (Teledyne FLIR,
Model T560) through extraoral imaging on the
face, directed at the maxilla and mandible re-
gions with the mouth closed. Infrared ther-
mography (IRT) was performed to identify

thermal signatures suggestive of periapical in-
flammation. Thermograms were captured in
frontal, right, and left views. The IRT out-
comes were either registered as a positive
sign (thermographic pattern or hotspot) rep-
resenting suggestive inflammatory activity, or
a negative sign showing no suggestive inflam-
mation (registered as a normal thermal pat-
tern). All thermograms and panoramic radio-
graphs (OPGs) were processed and visually
enhanced using Fiji ImageJ software for im-
proved thermographic and radiographic analy-
sis [26], which was maintained consistently in
all cases to ensure reproducibility. The ther-
mographic findings were then compared with
the radiographic findings (OPGs). All partici-
pants were informed of the study's purpose.
Thermograms were captured at a room tem-
perature within the range of (20-24 °C) and
humidity of 40-60%. The emissivity parame-
ters of the human body used to calibrate the
infrared camera were €: 0.98 and Spectral
range:7.5-14.0 um. All these standards are
important for minimizing the thermal variabil-
ity. Patients avoided vigorous exercise, smok-
ing, facial washing, drinking and eating for 60
minutes pre-procedure. Participants were ac-
climated to the same room 15-20 minutes be-
fore the scan. The resolution of thermal im-
ages was set at 90 x 120 pixels. Thermography
was performed on a uniform dark matte back-
ground. Artificial lights were switched off, all
electronic devices were kept > 2 m from the
participants, and window openings and reflec-
tive bright surfaces were covered with dark
opaque clothing.

Odontogenic facial cellulitis, abscess, active si-
nusitis, lymphadenitis, parotitis, otitis, or ma-
jor URTI symptoms, symptomatic active tem-
poromandibular disorders, symptomatic peri-
coronitis, facial skin diseases, face covered by
cosmetics, cream or oil that can affect emis-
sivity, severe symptomatic gingivitis and peri-
odontal abscess, pregnancy, patients on anti-
inflammatory drugs and analgesics within the
last 24 hours, smoker and alcoholic patients,
recent dental surgery, facial trauma, surgery,
fillers, or injections in last 4 weeks and poor
quality thermograms and panoramic radio-
graphs were not included in the study.

The statistical analysis was executed using
SPSS 29, as follows: Measurements of diag-
nostic accuracy metrics (Sensitivity, specificity,
PPV, NPV, accuracy). The exact McNemar Test
(two-sided) was applied to compare discord-
ant classifications (FP vs FN) between IRT and
OPG within the same individuals. Cohen’s
Kappa (k) was used to measure the agreement
between IRT and OPG beyond chance. Confi-
dence Intervals (95%) were used to determine
the precision of diagnostic performance
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metrics (sensitivity, specificity, accuracy and
predictive values).

Results

A total of 150 participants were included (72
males, 48.0%; 78 females, 52.0%), with an av-
erage age of 34.00 + 9.24 years. The data ana-
lyzed for both panoramic radiography diag-
nostic outcomes (as the reference standard)
and Infrared thermography screening findings.
The statistical analysis showed that panoramic
radiography identified 27 of 150 subjects
(18.0%) with pathological cases, and 123 of
150 subjects (82.0%) were recorded as normal
cases. The pathological cases in panoramic
(OPG) images were distributed as: AAP, 13
(8.7%); AA, 9 (6.0%); and CA, 5 (3.3%). In con-
trast, infrared thermography showed that
20% of the cases (30/150) were positive (in-
flammatory). and 80% of cases (120/150)
were negative (normal pattern). The thermal
pattern of infrared thermography showed IRT-
positive cases as follows: AAP 13 (8.7%), AA: 9
(6.0%), CA: 5 (3.3%), and the remaining 3 (2%)
were unspecified, considered as IRT-positive
cases. (Inflammatory-suspicious).

Using OPG as the reference standard, IRT
identified 30 positive cases (inflammatory)
among 150 subjects (20%) and identified 120
negative cases (normal). Within the IRT-posi-
tive group, 3 cases (2% of the total sample)
showed an abnormal thermal pattern and
were recorded as suspected cases. Panoramic
radiography (OPG) identified periapical pa-
thology in 27 cases (18.0%); out of these, in-
frared thermography identified 25 cases (sen-
sitivity 92.6%) and failed to identify 2 cases
(7.4%). Within the 123 cases with normal OPG
findings (82%), IRT identified 118 as negative
(specificity 95.9%) and produced 5 false-posi-
tive IRT results among OPG-negative cases
(4.1%). These five false positives comprised
two additional IRT-positive findings and three
suspected cases with thermal patterns, which
represent false positives relative to the OPG
reference (with no OPG evidence).

The statistical analysis of IRT findings com-
pared with OPG showed a sensitivity of 92.6%,
a specificity of 95.9%, and an accuracy of
95.3%. Analysis also showed good agreement
between IRT and OPG findings in 143 of 150
subjects (Cohen’s k = 0.848), and disagree-
ment was limited (FP =5 vs FN = 2). The nega-
tive predictive value (NPV) was high at 98.3%
(118 of 120 IRT-negative subjects were also
OPG-negative (NPV 98.3%). In positive infra-
red imaging results, panoramic radiographs
revealed the presence of the disease in 25 out
of 30 cases (PPV: 83.3%). The analysis showed
no statistically significant difference between
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the two testing methods in the classifications
of dual positive/negative results (Exact

McNemar test, p = 0.453).

Left Side Front View

Right Side

Figure 1. Panoramic radiograph with a ther-

mal pattern suggestive of periapical inflamma-
tion.

Discussion

Infrared thermography (IRT) is a non-invasive
imaging approach that profiles skin surface
temperature distributions, which can reflect
underlying vascular and inflammatory activity,
and provide functional thermal data. There-
fore, according to these facts, infrared ther-
mography can support traditional dental eval-
uations. The current study introduced infrared
thermography for detecting subclinical and
suspected inflammatory tissue changes in the
jaws. The study combined infrared thermogra-
phy with panoramic radiography for the de-
tection of periapical diseases, and the pano-
ramic radiographs were considered the stand-
ard reference.

Many studies have coupled infrared thermog-
raphy in dental practice; one study has been
assessed in endodontics as a quantitative sup-
plement for periapical inflammatory patholo-
gies and suggested detectable thermal differ-
ences among diagnostic categories [27]. Other
studies also included infrared thermography
as an adjunctive screening indicator in high-
risk patients to identify subclinical odonto-
genic infection foci, which depend on local-
ized temperature variations or thermal imbal-
ance [28,29]. Infrared thermography has also
been used in another study to assess postop-
erative inflammation and healing progression
after the removal of impacted wisdom teeth
by monitoring temperature changes over time
[30]. In temporomandibular disorders (TMD),
the data are inconsistent, and a systematic lit-
erature review demonstrated marked varia-
tion and risk of bias between studies. Clinical
research has shown limited diagnostic dis-
crimination, indicating IRT should be consid-
ered only an adjunctive tool rather than a de-
finitive diagnostic test [31,32].

In our study, panoramic radiography (OPG)
identified 27 of 150 subjects (18%) with peri-
apical pathology, and 123 of 150 subjects
(82%) were recorded as normal cases. The
pathological cases in panoramic (OPG) images
were distributed as: AAP, 13 (8.7%); AA, 9
(6%) and CA, 5 (3.3%). In contrast, infrared
thermography (IRT) showed that 20% of the
cases (30/150) were positive (inflammatory or
suspicious). and 80% of cases (120/150) were
negative (normal pattern). The thermal pat-
tern of infrared thermography showed posi-
tive cases as follows: AAP 13 (8.7%), AA: 9
(6%), CA: 5 (3.3%), Suspected: 3 (2%), and the
last three suspected cases were unspecified
and considered IRT-positive cases (Inflamma-
tory or suspicious). The negative predictive
value (NPV) was very high, at 98.3%. This re-
sult is clinically most important in our study; in
120 IRT-negative subjects, there were also
118 OPG-negative, and a normal thermal pat-
tern made OPG-detectable pathology unlikely.
The positive predictive value (PPV) was 83.3%,
which is lower than NPV, because IRT involved
a small number of positive cases in OPG-nega-
tive subjects (5/150, 3.3%), which naturally re-
duces the PPV, especially since OPG-detecta-
ble pathology is relatively low (18%). Notably,
three of these cases (3/150, 2%) were identi-
fied as “suspicious” because they had an ab-
normal thermal pattern in thermograms,
which were still recorded as negative results
on OPG and were considered as IRT-positive
(inflammatory/suspicious) for analysis.

The suspicious findings (2%) can be inter-
preted in either of two reasonable ways: First,
they may suggest early functional inflamma-
tory changes that affect facial temperature
before structural changes become visible on
panoramic imaging. Second, they may repre-
sent non-specific thermal variations related to
several factors, such as technical factors,
standardization of acquisition conditions and
ROI placement, as well as soft tissue condi-
tions, environmental influences, and normal
perfusion differences.

The statistical analysis of IRT findings showed
good overall performance of IRT, compared
with OPG, with a sensitivity of 92.6%, specific-
ity of 95.9%, and accuracy of 95.3%. The anal-
ysis also showed that agreement between the
findings of two modalities was strong (Co-
hen’s k = 0.848). and disagreement was lim-
ited (FP =5 vs FN = 2), referring to IRT was
slightly more likely to mark positives in OPG-
normal cases than to miss OPG-positive find-
ings, which supports a screening role where
missing disease should be minimized. The
analysis showed no significant difference in
paired positive/negative classifications be-
tween the two modalities in our sample (exact



Dentistry 3ty

Vol 14, No 1 (2026) DOI 10.5195/d3000/2026.1179

McNemar test, p = 0.453). These results gen-
erally support IRT as a useful supplementary
tool with high ability to exclude disease.

Clinically, according to our findings, some cases
identified by infrared thermography (IRT-posi-
tive and OPG-negative) may indicate early in-
flammatory changes that are still not radio-
graphically evident. This emphasizes im-
portance of further assessment supported by
new studies in specific cases, such as clinical
endodontic tests, when necessary, and high-
resolution imaging to determine whether
some false positives may be early clinically sig-
nificant pathology that was not detected by
panoramic radiography. Moreover, IRT does
not provide anatomical information such as the
size of the lesion, its borders, or its relationship
to the maxillary sinus/canal, or a radiographic
differential diagnosis, which is why radiog-
raphy remains essential.

Conclusion

Infrared thermography showed a high level of
agreement with panoramic radiography and a
reliable ability to rule out periapical pathology
that was detectable on OPG when the thermal
pattern was normal. The study showed mini-
mal disagreement between two modalities,
which were primarily defined in some cases by
marking suspected inflammation on thermog-
raphy that appeared normal on OPG, which
may be due to either early functional changes
undetectable on radiographs or non-specific
thermal variations. These results generally sup-
port IRT as a useful supplementary tool to den-
tal radiography, but this does not overlook the
need for clinical correlation and proper imag-
ing for confirmation of positive or suspicious
findings.
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