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Background: Infrared thermography is a diagnostic method used to monitor acute and chronic orofacial pain syndrome.

Repetitive transcranial magnetic stimulation (rTMS) is a form of non-invasive brain stimulation. This prospec-
tive study from a single center aimed to investigate the effects of rTMS and used infrared thermography as a
confirmatory test of orofacial pain.

Material/Methods: We used infrared thermography to examine the incidence of inflammatory changes as orofacial pain triggers.
During the analysis of rTMS effects on patients with orofacial pain, we compared the decrease in pain and the
thermal difference in the study group (n=17) and in the research group (n=13).

Results: In the control group (n=13), there were no statistically significant changes. Both groups showed a significant
decrease in self-reported pain. Numerical pain rating scores were significantly lower after S2 stimulation than
after S1/M1 (P=0.0071) or sham (P=0.0187) stimulation. The Brief Pain Inventory scores were also lower 3 to 5
days after S2 stimulation than at the pretreatment baseline (P=0.0127 for the intensity of pain and p=0.0074
for the interference of pain), and after S1/M1 (P=0.001 and P=0.0001) and sham (P=0.0491 and P=0.0359)
stimulations.
Conclusions: The findings from this study support the role of infrared thermography for the diagnosis of chronic orofacial
pain, and showed that on the first and fifth days of rTMS therapy in the study group there was a significant
reduction of the thermography findings when compared with the control group without rTMS therapy.
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Background

Few clinical studies on the diagnosis of orofacial pain have been
published. The diagnosis and management of facial pain below
the eye can be very different depending on whether the pa-
tient visits a dentist or medical practitioner. A structure for ac-
curate diagnosis is proposed, beginning with a very careful his-
tory-taking [1]. The Diagnostic Criteria for Temporomandibular
Disorders (DC/TMD) is intended for use within any clinical set-
ting and supports the full range of diagnostic activities, from
screening to definitive evaluation and diagnosis. The new pro-
tocol provides a common language for all clinicians while pro-
viding the researcher with the methods for valid phenotyp-
ing of their subjects, especially for pain-related problems [2].
According to the new classification of pain in The Classification
of Chronic Pain for ICD-11, 2019 (The International Classification
of Diseases) [3], orofacial pain is defined as a headache oc-
curring on at least 50% of days within the last 3 months and
lasting for a minimum of 2 h per occurrence [4,5]. Usually, it
is classified as atypical odontalgia. Chronic unilateral or bilat-
eral orofacial pain can be defined as a localized primary head-
ache [3]. This localization is very common in trigeminal auto-
nomic cephalalgias, less common in migraines, and rare in
tension-type headaches. The temporal definition of ‘chronic’
has been removed from the general definition of chronic head-
ache [6]. Another paradigm that is more mechanistic suggests
that orofacial pain may be nociceptive, inflammatory, neuro-
pathic, or pain without clear evidence of tissue damage [6,7].

Insufficient knowledge of the etiopathology of pain and the
neurobiological and pathophysiological mechanisms underly-
ing persistent pain can lead to unclear diagnoses as well as
suboptimal or unsafe treatment [8]. This study was based on
the hypothesis that pain can have an inflammatory origin. Our
aim was to objectify the pain, contribute to more precise diag-
noses, and determine the source of the inflammatory-inducing
processes mentioned above. To achieve this, we used thermog-
raphy to acquire thermal images of the face. Therefore, this
prospective study from a single center aimed to investigate
effects of rTMS at 2-week follow-up in patients with chronic
orofacial pain diagnosed by infrared thermography.

Infrared thermography is a contactless method based on the
detection of infrared radiation, which is emitted by the body
surface [9]. During a thermographic examination, changes in
the spatial distribution of temperature and differences be-
tween symmetrical sides of the examined area (the left and
right parts of the body) are observed under the same circum-
stances [10-12].

In some instances, a thermal decrease in the affected area and
observation of an adaptation reaction have been used to in-
crease diagnostic sensitivity [13,14]. Our studies have found
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that the results of thermographic measurements correlate with
results from other methods, such as X-ray examination [15].
Thermographic measurements help detect abnormalities in vas-
cular adaptation resulting from dysfunction of the autonomic
nervous system and delayed response to thermal changes in
patients with complex regional pain syndrome [13,14]. In pa-
tients with postherpetic neuralgia, the subjectively most pain-
ful spot has been associated with increased temperature [12].
In patients with orofacial pain, temperature increases or de-
creases have been recorded depending on the underlying eti-
ology. Thermography is a method that can be beneficial in the
differential diagnosis of the origin of pain [10]. In our study, pa-
tients were referred initially for non-invasive brain stimulation
therapy (rTMS), which lasted for 5 consecutive days. Before
ITMS, functional magnetic resonance imaging was performed
to localize the painful region. We attempted to measure the
effectiveness and/or response of rTMS using thermography.
With thermography, it is also possible to monitor the influ-
ence of rTMS application using thermal images of the pain-
ful region. Nevertheless, in patients with chronic neuropath-
ic pain, there is a high incidence of positive responses due to
the placebo effect [16].

Material and Methods

Subjects and Study Design

The study followed the principles of the Declaration of Helsinki
and was approved by the Ethics Committee of the Third Faculty
of Medicine, Charles University. Written informed consent
was obtained from all participants prior to them taking part
in the study.

In our study, we prospectively included subjects with chron-
ic orofacial pain who met the following inclusion criteria: (a)
orofacial pain syndrome with a duration of at least 6 months,
intractable pharmacotherapy-resistant pain (defined as the
longer duration of pain despite at least 2 attempts at a phar-
macological treatment in the past, both of sufficient dose and
time); (b) stable analgesic medication for at least 1 month be-
fore the start of the study and throughout the course of the
study and the 2-week follow-up evaluation; (c) aged 18-71
years; (d) absence of severe organic brain damage or oth-
er serious diseases that could be affected by rTMS (eg, epi-
lepsy), and the absence of any metallic implants in the body
(restrictions similar to those for magnetic resonance imaging
[MRI]). This single-center study contained a 2-arm double-
blind, placebo-controlled, randomized single-session study
with a 2-week follow-up. Patients were randomly selected ac-
cording to a permuted block design in a 1: 1 ratio (no stratifi-
cation) to either active (A) or sham (S) TMS sessions. The pa-
tients and raters were blinded to the treatment received. Only
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Table 1. Patient demographics.

Research group Control group

Mean age (years) 52.9+11.1 51.9+12.2
| Maximal age (years) no no
 Minimal age (years) I 0
Sex Male/Female) &9 a9

the clinician administering the rTMS was aware of the treat-
ment group allocated to each participant. Two groups were
formed with a total of 30 subjects. The research group con-
sisted of 17 subjects, 9 women and 8 men, aged 38-71 years
(mean age 52.9+11.1 years); the control group consisted of 13
subjects, 9 women and 4 men, aged 30-71 years (mean age
51.9+12.2 years; Table 1).

The sham coils generated clicks that were very similar to the
active coils, which were also sensed on the scalp. The sub-
jects were unable to distinguish which session was the sham
(control) and which was the rTMS session (research group).

Thermography

Measurements using a thermal camera were performed at the
Department of Psychiatry, First Faculty of Medicine and General
University Hospital in Prague, Czech Republic, always using the
same technical conditions, in the same department, with a con-
stant ambient temperature of 23.4-23.7°C. A thermal camera
(ThermaCAM™ E300, FLIR systems, Wilsonville, OR, USA) was
used for measurements, with a resolution of 320x240 pixels,
an imaging frequency of 50 Hz, and a sensitivity of 0.1°C. All
patients followed pre-measurement instructions. No compli-
cations occurred during any of the measurements. Differences
in measured temperature between duplicate pictures from the
same region and on the same side of the face were in the or-
der of 0.1+0.1°C. Airflow was kept to a minimum. The room
was darkened, without direct sunlight. A thermal camera was
placed on a stand so that no reflective surfaces were pres-
ent in the field of the camera, and no heat sources were close
enough to affect the results. Patients were informed about
the course of the study in advance, signed a written consent,
and obtained an information leaflet with instructions regard-
ing precautionary measures before measurements were taken.
Thermal camera measurements were performed under the fol-
lowing conditions: no food, no drink, and no use of a cell phone
1 h prior to the examination; no smoking for 3 h before the ex-
amination; no alcohol consumption for 12 h before the exami-
nation; avoidance of analgesics, non-steroidal anti-inflamma-
tory drugs, and face shaving for 24 h before the examination;
no acupuncture or manual manipulation therapy for 72 h be-
fore the examination; and avoidance of sunbathing for 10 days
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Figure 1. Thermography of orofacial area before therapy
(orofacial pain on right side).

Figure 2. Thermography of orofacial area after therapy (orofacial
pain on right side).

before the examination. During the measurements, it was nec-
essary to have clean, dry skin, without cosmetics. Before the
examination, patients were seated for 20 min in a quiet room
with a stable temperature between 20°C and 24°C. Before the
beginning of each measurement, localization and pain grade
were recorded using the Pain Intensity Scale. During thermog-
raphy imaging, patients were seated in an armchair. The dis-
tance between the thermal camera and the tested subject and
its height and position were adjusted for each patient. A ro-
tating stand was adapted so that the position of the thermal
camera could be optimally adjusted in all imaging directions.

For precise adjustment of the required angle, a protractor af-
fixed to the diagnostic armchair in the subcranial region was
used. The patient’s face and head were free of obstruction,
including glasses, hats, and hair. Imaging was performed on
the first and the fifth day before and after rTMS and always
from a constant distance and in the direction toward the ex-
amined region. Two pictures were taken from the front, from
the side, and from an angle of 45° from the left and right
sides of the face.
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Figure 3. Difference in temperature after a single therapeutic
session in the research group.

Differences in the thermal maximum, minimum, and aver-
age of the regions on the right and left sides of the face were
compared before and after the first therapy (Figure 1), be-
fore and after the last therapy (Figure 2), and before and af-
ter each individual therapy. Similarly, the results were com-
pared with the pain grade indicated by the patient on the day
of the examination.

Transcranial Magnetic Stimulation (rTMS)

ITMS stimulation was applied using a Magstim® Rapid2 with
an AirFilm® Coil (Rapid version) air-cooled, 70-mm coil, creating
a magnetic field of 1-2 Tesla in a time interval of 100-200 ms
using a Magstim Super Rapid stimulator (Magstim, Whitland,
UK). rTMS stimulation was administered to patients over 5 con-
secutive days. We used increasing stimulus intensity of 85%,
90%, and 95% of the motor threshold, and for a total of 600
pulses per session. The stimuli were applied during 5 sessions,
several days apart, with the rTMS applied over the contralat-
eral motor cortex at a point corresponding to the somatotopic
localization of pain. The area in the motor cortex was identi-
fied using a validated method of functional site identification
and stimulation of the motor cortex.

fMRI and Neuronavigation

Neuronavigation was performed using Visor™2ST (with soft-
ware-based 3D modeling of the native T1 MRI brain scan) and
NIFTI (Neuroimaging Informatics Technology Initiative) coor-
dinates based on functional MRI (fMRI). Initially, each patient
underwent fMRI scanning. A region of interest (ROI) was spec-
ified from the scan (ie, the region in the brain that should be
stimulated). Patients underwent fMRI before the application

Figure 4. Difference in temperature after a single therapeutic
session in the control group.

of ITMS, and during the examination a painful sensation was
created using Von-Frey hairs. Before rTMS stimulation, the
stimulation coil was positioned toward the head of the pa-
tient. Anatomical images from the MRI were transformed by
segmentation into anatomically accurate numerical models
of each patient’s head together with models of the stimula-
tion coil, and models of stimulation regions were coregistered
in an electromagnetic field numerical simulator. The accura-
cy of rTMS applications was assessed based on calculations
of the distribution of intensity of electric fields and their in-
tersection with ROIs.

Statistical Analysis

Datasets were acquired in the Department of Psychiatry of the
General University Hospital, Prague. The Kolmogorov-Smirnov
test was used to test the normality of the data (with a signifi-
cance level P=0.05). The assumed normal distribution was not
found in any dataset. Hence, additional statistical testing used
nonparametric methods. The 2-tailed Wilcoxon test (P=0.05)
was used to determine significant differences between mea-
surements of particular parameters of temperature and pain
level; a significant difference was defined as P<0.05. The re-
sults and observed differences in the measured parameters
between the 2 groups were visualized as box-plots represent-
ing the median, first, and third quartiles, and maximum, mini-
mum, and extreme values of the obtained statistical samples.
The statistical analysis was performed using MATLAB R2013a
(MathWorks, Inc., Natick, MA, USA).
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Figure 5. Difference in temperature between the first and fifth
treatment day in the research group.

Figure 7. Difference in pain between the first and fifth treatment
day in the control group.
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Figure 6. Difference in temperature between the first and fifth
treatment days in the control group.

Results

Spearman’s correlation coefficients did not show a correlation
between the level of pain and the difference in temperature
in the localizations of the self-reported pain compared to cor-
responding areas on the opposite side of the face (Spearman:
-0.1401, P=0.1335). There was no significant difference in tem-
perature between the regions of the self-reported pain com-
pared to the reference areas on the opposite side of the face
before and after a single therapeutic session in the research
group (Figure 3) or the control group (Figure 4).

Figure 8. Difference in pain between the first and fifth treatment
day in the research group.

We found a significant difference in temperature between the
regions of self-reported pain compared to the reference areas
on the opposite side of the face on the first and fifth therapy
days in the research group (Figures 1, 2, 5)

For the control group, no significant change was seen. As
shown in Figure 6, the difference in temperature was signif-
icantly lower in the research group on the fifth therapy day.

We found a significantly lower level of pain on the fifth day
of therapy compared to the first day of therapy in both the
control group (Figure 7) and the research group (Figure 8).
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Spearman’s correlation coefficients did not show any associa-
tion between the difference in temperature and the difference
in pain and the change in pain before the first therapy and
before the fifth therapy (control group: Spearman: 0.08595,
P=0.8543, Research group: Spearman: 0.0935, P=0.7211).

Discussion

Infrared thermography can be used as a supplementary diagnos-
tic method in patients with orofacial pain [9,10,17]. According
to new ICD 11 criteria, orofacial pain is defined as a headache
occurring on at least 50% of days within the last 3 months and
lasting a minimum of 2 h per occurrence.

Orofacial pain, especially chronic orofacial pain, is challeng-
ing to detect because it is often associated with bone struc-
tures in the mouth and face, and less often with the surround-
ing soft tissues [18]. There were no adverse effects among the
patients in our study who underwent thermography. Testing
burdens were not excessive during the measurements, and
patients had to follow specific guidelines prior to thermogra-
phy examination [9]. The indicated accuracy of the measur-
ing device was 0.1°C. The variation between the measured val-
ues on duplicated pictures on the same side of the face was
0.1£0.1°C. In the diagnosis, a comparison of the thermal differ-
ence between the examined region and symmetrical referenc-
es on the other side of the patient’s body were used [8,10,12].
Chronic orofacial pain, post-traumatic trigeminal neuropath-
ic pain [19], persistent idiopathic orofacial pain, and burning
mouth syndrome are usually referred to as primary chronic
pain and neuropathic pain.

The difference in maximum temperature in the painful region
corresponding to the same painful localization on the oth-
er side of the body was assessed in pictures taken from the
frontal view, from the lateral view, and from an angle of 45°.
The advantage of a thermal camera is most pronounced in pa-
tients where other methods have failed. After 1 therapy unit
of rTMS, no statistically significant thermal change between
the painful side and the same region on the other side of the
face was found. A meta-analysis focused on the use of rTMS
in patients with neuropathic pain found that the effective-
ness of ITMS increases during a series of therapies [11,18,20].
The previous case study demonstrates the usefulness of ther-
mal imaging in localizing inflammation associated with orofa-
cial pain. In this pilot project, the use of infrared thermogra-
phy, as an auxiliary aid in the diagnosis of orofacial pain, was
demonstrated. In our patients, we found significantly elevat-
ed average, maximum, and minimum temperatures in the fa-
cial region of the self-reported pain compared to the corre-
sponding region on the opposite side of the face. In the final
measurement (ie, after 5 consecutive day rTMS treatments),
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the pronounced thermal asymmetry between the right and
left sides of the face was gone [18].

While no change was seen immediately after 1 therapeutic unit,
our results demonstrate the stability of the ambient tempera-
ture and that the acclimatization was of sufficient length be-
fore the examination. When comparing the difference in the
maximum temperature of the painful region compared to the
same region on the other side of the face in a research group,
a statistically significant decrease was detected on the fifth day
(Figures 2, 5). In the control group, there was no statistically
significant decrease in thermal difference. When assessing self-
assessed pain on the Pain Intensity Scale, pain was reduced in
both the research and control group. In patients with chronic
pain, this might also be caused by the placebo effect [16]. Pain
relief in the control group could have been caused by the ma-
nipulation of the patient during the sham procedure. No corre-
lation was found between the decrease in pain grade and the
thermal difference. With regard to the subjective sensation of
pain, pain relief was detected in both the research and control
groups; however, using thermography, the effect was only seen
in the research group. While the subjective pain scale is based
on a patient”s assessment, thermography offers an objective
diagnosis of changes in a physical quantity, and it is not influ-
enced by the subjective sensation of the patient. The method
showed itself to be acceptably sensitive, even without the appli-
cation of provocation mechanisms used to increase diagnostic
sensitivity [1,3]. As such, it is a suitable instrument that offers
new diagnostic tools for use in complex analyses of the effec-
tiveness of rTMS therapy, which uses a series of treatments for
patients with chronic orofacial pain. Additionally, thermogra-
phy makes it possible to monitor changes in the painful region
during rTMS applications. A meta-analysis of studies focused
on this therapy found that the effectiveness of rTMS increases
with the number of intervention units [14,21]. However, in pa-
tients with chronic neuropathic pain, a high incidence of pos-
itive responses may be associated with the placebo effect [9].

rTMS stimulation in patients with chronic orofacial pain has
been used several times previously; authors from Finland [22]
used high-frequency rTMS directed at the sensorimotor (S1/
M1) and the right secondary somatosensory (S2) cortices.
Numerical pain rating scores were significantly lower after S2
stimulation than after S1/M1 (P=0.0071) or sham (P=0.0187)
stimulation. The Brief Pain Inventory scores were also lower 3
to 5 days after S2 stimulation than at the pretreatment base-
line (P=0.0127 for the intensity of pain and p=0.0074 for the
interference of pain), and after S1/M1 (p=0.001 and p=0.0001)
and sham (P=0.0491 and p=0.0359) stimulations. The right S2
cortex is a promising new target for the treatment of orofa-
cial neuropathic pain with high-frequency rTMS [22]. The pres-
ent study has potential limitations. The data, especially pain
evaluation, are self-reported by patients (selective memory,

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€933017-6




Fricova . et al:
Infrared thermography for orofacial pain after rTMS
© Med Sci Monit, 2021; 27: €933017

telescoping, attribution, and exaggeration). Limitations of the
study are the small sample size, the use of a single center, and
use only 1 type of transcranial stimulation. The next important
limitation of this study is that the patients were not screened
specifically for the presence of myofascial trigger points with
respect to facial myofascial syndrome [23].

Conclusions

Our hypothesis about the potential benefit of infrared ther-
mography to analyze the effectiveness of rTMS in patients with
chronic orofacial pain was confirmed. Equally, we showed that
infrared thermography could be used to quantify and refine the
diagnosis of orofacial pain. No correlation between the assess-
ment of the pain grade and the maximum thermal difference
between the painful region and its symmetrical counterpart
on the other side of the face was found. Immediately after ad-
ministration of 1 therapeutic unit, no thermal difference was
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detected. Comparing thermal differences on the first and fifth
days of therapies showed a statistically significant lowering of
the thermal difference in the research group, whereas in the
control group no decrease in temperature was seen. In both
groups (research and control), pain grades decreased. Thus,
infrared thermography is recommended as a suitable supple-
mentary method that can help quantify and refine the diag-
nosis of chronic orofacial pain. The findings from this study
support the use of infrared thermography for the diagnosis
of chronic orofacial pain. On the first and fifth days of rTMS
therapy in the study group, there was a significant reduction
of the thermography findings when compared with the con-
trol group without rTMS therapy.
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