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REVIEW ARTICLE

Can infrared thermography replace other methods of assessing orofacial

pain intensity? Systematic review

A termografia infravermelha pode substituir outros métodos de avaliacdo da intensidade da dor

orofacial? Revisdo sistematica

Julia Pereira Americano', Sofia Melo Pires', Luciano Ambrésio Ferreira?, Karina Lopes Devito'

ABSTRACT

BACKGROUND AND OBJECTIVES: Measuring pain is
complex due to its various components, including the subjective
aspect. Establishing an effective and safe method for assessing
orofacial pain (OFP) is extremely important. The objective of
this study was to conduct a systematic review to verify whether
Infrared Thermography (IT) can be used as a substitute for other
methods of evaluating the intensity of neuropathic or musculos-
keletal OFP.

CONTENTS: Five databases were searched: Pubmed, Scielo,
Web of Science, Scopus, and Cochrane. The PECO question
was used to guide the definition of eligibility criteria used to se-
lect the articles. The risk of bias was analyzed using the Joanna
Briggs scale. Five studies met the eligibility criteria. Of the five
eligible studies, four reported an association between orofacial
pain intensity and temperature. Of these, one article showed that
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HIGHLIGHTS

o This review provides an updated analysis of the relationship between the intensity of neu-
ropathic or musculoskeletal orofacial pain and temperature.

o Infrared thermography does not replace other methods of assessing pain intensity, but it
serves as a valuable complement to diagnostic procedures.

o Further investigations are needed to establish a standardized method for obtaining and
analyzing orofacial infrared images.
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patients with temporomandibular disorders (TMD) and pain
showed an increase in temperature when compared with indi-
viduals without pain. The other three articles showed a decrease
in temperature with increasing pain intensity. In only one study
pain intensity was not significantly associated with temperature.
CONCLUSION: IT does not replace other pain intensity asses-
sment methods, but it is an important ally for complementing
diagnostic procedures. Additional investigations are necessary to
find a standardized method for obtaining and analyzing orofacial
infrared images.

Keywords: Facial pain, Systematic review, Thermography.

RESUMO

JUSTIFICATIVA E OBJETIVOS: A mensuracio da dor é com-
plexa devido aos seus vdrios componentes, incluindo o aspecto
subjetivo. E extremamente importante estabelecer um método
eficaz e seguro para avaliar a dor orofacial (DOF). O objetivo
deste estudo foi realizar uma revisio sistemdtica para verificar se
a termografia infravermelha (TT) pode ser usada como substituta
de outros métodos de avaliagio da intensidade da DOF neuro-
patica ou musculoesquelética.

CONTEUDO: Foram pesquisados cinco bancos de dados: Pu-
bmed, Scielo, Web of Science, Scopus e Cochrane. A questiao
PECO foi usada para orientar a defini¢ao dos critérios de elegi-
bilidade usados para selecionar os artigos. O risco de viés foi ana-
lisado usando a escala Joanna Briggs. Cinco estudos atenderam
aos critérios de elegibilidade. Dos cinco estudos elegiveis, quatro
relataram uma associacio entre a intensidade da dor orofacial e
a temperatura. Desses, um artigo mostrou que os pacientes com
distirbios temporomandibulares (DTM) e dor apresentaram um
aumento na temperatura quando comparados com individuos
sem dor. Os outros trés artigos mostraram uma diminui¢io da
temperatura com o aumento da intensidade da dor. Em apenas
um estudo a intensidade da dor nio foi significativamente asso-
ciada & temperatura.

CONCLUSAO: A TI nio substitui outros métodos de avaliacio
da intensidade da dor, mas é um importante aliado para com-
plementar os procedimentos diagnésticos. Sao necessdrias inves-
tigacdes adicionais para encontrar um método padronizado de
obtencio e andlise de imagens infravermelhas orofaciais.
Descritores: Dor facial, Revisio sistemdtica, Termografia.
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INTRODUCTION

Orofacial pain (OFP) is a condition related to the soft and hard
tissues of the head, face, and neck, potentially caused by pulpal
and periodontal, vascular, glandular, muscular, and bone chan-
ges, involvement of the sinuses and joint structures'. Risk factors
for OFP include having widespread chronic pain, being female,
age and psychological factors®.

It is essential to obtain as much information as possible about the
patient’s pain experiences, as they are individual and subjective. It
is also necessary to consider the patients’ expectations regarding
treatment, their health in general and the impact caused by pain
on their quality of life’. This information must be obtained by
means of the patient’s detailed report on history of pain, appro-
priate clinical assessment, including a comprehensive physical
examination of the dental, and head and neck region, palpation,
visual analogue scale (VAS) or numeric rating scale (NRS), DC/
TMD (Diagnostic Criteria for Temporomandibular Disorders),
RDC/TMD (Research Diagnostic Criteria for Temporomandibu-
lar Disorders), Fonseca Anamnestic Index (FAI) and complemen-
tary radiographic exams®®. Nevertheless, they are methods with
implications and limitations with regard to their application.

For the VAS and the NRS, it is essential for the patient to be
fully conscious and cooperative. The observation of non-specific
clinical parameters or signs, in addition to the subjective asses-
sment of vital parameters or changes in these, such as tear flow,
sweating, defensive movements and the patient’s facial expres-
sions, can be used to assess pain. These assessments demand ex-
tensive clinical experience and close observation by the dentist*.
For RDC/TMD and DC/TMD, the operator requires extensive
training and mastery of the evaluation method’. For comple-
mentary imaging exams, including magnetic resonance imaging
(MRI), computed tomography (CT) and cone beam computed
tomography (CBCT), there is a high cost involved, direct expo-
sure of the patient to ionizing radiation in tomographic exams,
in addition to lack of information in the analysis of physiological
functional aspects, such as microcirculation and the autonomic
nervous system of the region analyzed®.

Infrared Thermography (IT) has gained space as an alternative
diagnostic method. IT is a painless, non-invasive, non-ionizing
and low-cost method that reveals the distribution of body tem-
perature and detects functional, nervous, and vascular changes
by means of real-time photographic imaging, based on the cap-
ture and transmission of infrared radiation emanating from the
human skin’. Despite the advantages, temperature values are di-
rectly affected by environmental and patient conditions, which
must be carefully controlled to avoid obtaining inaccurate body
temperature data by I'T*. It is also important to note that the
thermographic imaging is not a “pain picture”, but rather an in-
direct tool for detecting changes in cutaneous vascular supply,
which typically result in variations in skin temperature!’. IT is a
physiological test, and like any physiological test, normal values
should be established. Several authors have demonstrated that
normal individuals exhibit thermal symmetry, meaning corres-
ponding parts on opposite sides of the body show extremely
small temperature differences'""'. Therefore, any altered pattern

should be correlated with other clinical findings or established
diagnostic tests'’.

Thermographic patterns may vary in different painful condi-
tions'"%. For example, in chronic reflex sympathetic dystrophy
a diffuse pattern of hypothermia is usually seen. In myofascial
syndromes, trigger areas generally have an elevated temperatu-
re'!. The literature also diverges regarding the behavior of tempe-
rature in the masticatory muscles in cases of OFP. Some studies
have indicated an increase in muscle temperature in individuals

with TMD compared to a control group'"
16,17

, while others have
reported a decrease in temperature
It is known that measuring pain is a complex task due to the
different components involved, including the subjective aspect.
Establishing an effective and safe assessment method for OFP is
of utmost importance. Furthermore, knowing more about the
relationship between pain intensity and temperature is essential
to establish a more assertive treatment approach. Therefore, the
aim of this systematic review was to evaluate IT as a possible

diagnostic tool to replace other methods for assessing the inten-
sity of OFP.

CONTENTS

The present systematic review was conducted and reported in ac-
cordance with the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) guidelines' and registered
on the Inplasy (International Platform of Registered Systematic
Review and Meta-analysis Protocols) platform, with protocol
number 202330091.

Studies that used IT as a method for the assessment of adult
patients with OFP were considered eligible. Clinical trials, ca-
se-control studies, cohort studies and clinical cases with more
than three patients were included. No restrictions on language or
year of publication were applied. The exclusion criteria were (1)
literature review studies, systematic review, letters to the editor,
book chapters, clinical cases with up to three patients; (2) animal
studies; (3) ex-vivo or in-vitro laboratory studies; (4) studies with
a population under 18 years of age; (5) studies that did not meet
the aim of this systematic review; (6) studies without a control
group; (7) studies in which IT was applied in different regions of
the orofacial region; (8) studies in which IT was used to evalua-
te and/or compare treatments and (9) studies without another
method of evaluating and comparing the intensity of OFP of
neuropathic or musculoskeletal origin.

The guiding question of this systematic review (PECO question)
was: “Can infrared thermography replace other assessment me-
thods for OFP intensity in adult patients?” Where “P” (popu-
lation) referred to adult patients with history of neuropathic or
musculoskeletal OFP; “E” (exposure) referred to exposure to the
IT exam; “C” (control) referred to other methods for assessment
of OFP intensity; and “O” (outcome) referred to the correlation
of IT with other methods for assessment of OFP intensity.

Search strategy
Five electronic databases were searched to identify studies with po-
tential relevance: PubMed, Scielo, Web of Science, SciVerse Sco-
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pus and Cochrane Library. Mesh (Medical Subject Headings) and
non-Mesh descriptors were used to define the key words related
to “Orofacial Pain” and “Infrared Thermography”. The Boolean
operators “OR” and “AND” were used when crossing key words.

Additional searches were conducted in the gray literature (Open-
Grey), on the Google Scholar platform and a manual search was
made of the references of the studies included. Table 1 presents
the search strategy in the different databases.

Table 1. Search strategies for all databases

Selection of studies and data extraction

After collecting references from all databases and removing du-
plicates, the first stage of evaluating articles began, based on titles
and abstracts. Two calibrated and independent authors (JPA and
SMP) performed this step. The studies that did not meet the
inclusion criteria were excluded.

The studies considered relevant were obtained in full for reading
and were assessed relative to whether they would be included

Pubmed

(Facial Pain) OR (Facial Neuralgia) OR (Myofascial Pain Syndromes) OR (Trigeminal Neuralgia) OR (Neuralgia) OR (Myalgia)

OR (Muscular Diseases) OR (Musculoskeletal Diseases) OR (Temporomandibular Joint Dysfunction Syndrome) OR (Tempo-
romandibular Joint Disorders) OR (Joint Diseases) OR (Craniomandibular Disorders) OR (Cranial Nerve Diseases) OR (Trige-
minal Nerve Diseases) OR (Trigger Points) OR (Face Pain) OR (Orofacial Pain) OR (Neuralgic Facial Pain) OR (Craniofacial
Pain) OR (Myofacial Pain) OR (Craniofacial Pain Syndrome) OR (Facial Pain Syndrome) OR (Myofacial Pain Syndrome) OR
(Myofascial Pain Syndrome) OR (Myofascial Trigger Point Pain) OR (Trifacial Neuralgia) OR (Neuropathic Pain) OR (Nerve Pain)
OR (Muscle Pain) OR (Muscle Soreness) OR (Muscle Tenderness) OR (Muscular Disease) OR (Myopathy) OR (Muscle Disor-
der) OR (Myopathic Condition) OR (Musculoskeletal Disease) OR (Orthopedic Disorder) OR (Myofascial Pain Dysfunction
Syndrome) OR (TMJ Syndrome) OR (Temporomandibular Joint Syndrome) OR (Temporomandibular Joint Disorder) OR (TMJ
Disorder) OR (Temporomandibular Disorder) OR (Temporomandibular Joint Disease) OR (TMJ Disease) OR (Joint Disease)
OR (Arthropathy) OR (Craniomandibular Disorder) OR (Craniomandibular Disease) OR (Cranial Nerve Disease) OR (Nervus
Cranialis Disorder) OR (Cranial Nerve Disorder) OR (Cranial Neuropathy) OR (Multiple Cranial Neuropathy) OR (Cranial Ner-
ve Palsy) OR (Trigeminal Nerve Disease) OR (Trigeminal Neuropathy) OR (Trigeminal Nerve Disorder) OR (Cranial Nerve V
Diseases) OR (Fifth Cranial Nerve Diseases) OR (Trigger Point) OR (Trigger Area) AND (Thermography) OR (Thermometry)
OR (Infrared Thermography) OR (Temperature Mapping) OR (Infrared Thermometry) OR (Infrared Measurement) OR (Infrared
Thermography Diagnosis) OR (Infrared Thermography Oral) OR (Infrared Thermography Pain) OR (Infrared Thermography
Injury) OR (Infrared Thermography Dentistry) OR (Infrared Termal Imaging) OR (Digital Infrared Termal) OR (Infrared Thermal
Image) OR (Thermography Diagnosis) OR (Thermography Myofascial) OR (Thermography Orofacial) OR (Infrared Imaging) OR
(Infrared Image) OR (Temperature Infrared) OR (Infrared Temperature Measurement).

Scielo

(Facial Pain OR Facial Neuralgia OR Myofascial Pain Syndromes OR Trigeminal Neuralgia OR Neuralgia OR Myalgia OR

Muscular Diseases OR Musculoskeletal Diseases OR Temporomandibular Joint Dysfunction Syndrome OR Temporomandi-
bular Joint Disorders OR Joint Diseases OR Craniomandibular Disorders OR Cranial Nerve Diseases OR Trigeminal Nerve
Diseases OR Trigger Points OR Face Pain OR Orofacial Pain OR Neuralgic Facial Pain OR Craniofacial Pain OR Myofacial
Pain OR Craniofacial Pain Syndrome OR Facial Pain Syndrome OR Myofacial Pain Syndrome OR Myofascial Pain Syndrome
OR Myofascial Trigger Point Pain OR Trifacial Neuralgia OR Neuropathic Pain OR Nerve Pain OR Muscle Pain OR Muscle
Soreness OR Muscle Tenderness OR Muscular Disease OR Myopathy OR Muscle Disorder OR Myopathic Condition OR
Musculoskeletal Disease OR Orthopedic Disorder OR Myofascial Pain Dysfunction Syndrome OR TMJ Syndrome OR Tem-
poromandibular Joint Syndrome OR Temporomandibular Joint Disorder OR TMJ Disorder OR Temporomandibular Disorder
OR Temporomandibular Joint Disease OR TMJ Disease OR Joint Disease OR Arthropathy OR Craniomandibular Disorder OR
Craniomandibular Disease OR Cranial Nerve Disease OR Nervus Cranialis Disorder OR Cranial Nerve Disorder OR Cranial
Neuropathy OR Multiple Cranial Neuropathy OR Cranial Nerve Palsy OR Trigeminal Nerve Disease OR Trigeminal Neuropathy
OR Trigeminal Nerve Disorder OR Cranial Nerve V Diseases OR Fifth Cranial Nerve Diseases OR Trigger Point OR Trigger
Area) AND (Thermography OR Thermometry OR Infrared Thermography OR Temperature Mapping OR Infrared Thermometry
OR Infrared Measurement OR Infrared Thermography Diagnosis OR Infrared Thermography Oral OR Infrared Thermography
Pain OR Infrared Thermography Injury OR Infrared Thermography Dentistry OR Infrared Termal Imaging OR Digital Infrared
Termal OR Infrared Thermal Image OR Thermography Diagnosis OR Thermography Myofascial OR Thermography Orofacial
OR Infrared Imaging OR Infrared Image OR Temperature Infrared OR Infrared Temperature Measurement)

Web of
Science

(Facial Pain OR Facial Neuralgia OR Myofascial Pain Syndromes OR Trigeminal Neuralgia OR Neuralgia OR Myalgia OR
Muscular Diseases OR Musculoskeletal Diseases OR Temporomandibular Joint Dysfunction Syndrome OR Temporomandi-

bular Joint Disorders OR Joint Diseases OR Craniomandibular Disorders OR Cranial Nerve Diseases OR Trigeminal Nerve
Diseases OR Trigger Points OR Face Pain OR Orofacial Pain OR Neuralgic Facial Pain OR Craniofacial Pain OR Myofacial
Pain OR Craniofacial Pain Syndrome OR Facial Pain Syndrome OR Myofacial Pain Syndrome OR Myofascial Pain Syndrome
OR Myofascial Trigger Point Pain OR Trifacial Neuralgia OR Neuropathic Pain OR Nerve Pain OR Muscle Pain OR Muscle
Soreness OR Muscle Tenderness OR Muscular Disease OR Myopathy OR Muscle Disorder OR Myopathic Condition OR
Musculoskeletal Disease OR Orthopedic Disorder OR Myofascial Pain Dysfunction Syndrome OR TMJ Syndrome OR Tem-
poromandibular Joint Syndrome OR Temporomandibular Joint Disorder OR TMJ Disorder OR Temporomandibular Disorder
OR Temporomandibular Joint Disease OR TMJ Disease OR Joint Disease OR Arthropathy OR Craniomandibular Disorder OR
Craniomandibular Disease OR Cranial Nerve Disease OR Nervus Cranialis Disorder OR Cranial Nerve Disorder OR Cranial
Neuropathy OR Multiple Cranial Neuropathy OR Cranial Nerve Palsy OR Trigeminal Nerve Disease OR Trigeminal Neuropathy
OR Trigeminal Nerve Disorder OR Cranial Nerve V Diseases OR Fifth Cranial Nerve Diseases OR Trigger Point OR Trigger
Area) AND (Thermography OR Thermometry OR Infrared Thermography OR Temperature Mapping OR Infrared Thermometry
OR Infrared Measurement OR Infrared Thermography Diagnosis OR Infrared Thermography Oral OR Infrared Thermography
Pain OR Infrared Thermography Injury OR Infrared Thermography Dentistry OR Infrared Termal Imaging OR Digital Infrared
Termal OR Infrared Thermal Image OR Thermography Diagnosis OR Thermography Myofascial OR Thermography Orofacial
OR Infrared Imaging OR Infrared Image OR Temperature Infrared OR Infrared Temperature Measurement)

Continue...
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Table 1. Search strategies for all databases — continued

SciVerse
Scopus

Cochrane Li-
brary

Google
Schoolar

Gray literature

Facial Pain OR Facial Neuralgia OR Myofascial Pain Syndromes OR Trigeminal Neuralgia OR Neuralgia OR Myalgia OR
Muscular Diseases OR Musculoskeletal Diseases OR Temporomandibular Joint Dysfunction Syndrome OR Temporomandi-
bular Joint Disorders OR Joint Diseases OR Craniomandibular Disorders OR Cranial Nerve Diseases OR Trigeminal Nerve
Diseases OR Trigger Points OR Face Pain OR Orofacial Pain OR Neuralgic Facial Pain OR Craniofacial Pain OR Myofacial
Pain OR Craniofacial Pain Syndrome OR Facial Pain Syndrome OR Myofacial Pain Syndrome OR Myofascial Pain Syndrome
OR Myofascial Trigger Point Pain OR Trifacial Neuralgia OR Neuropathic Pain OR Nerve Pain OR Muscle Pain OR Muscle
Soreness OR Muscle Tenderness OR Muscular Disease OR Myopathy OR Muscle Disorder OR Myopathic Condition OR
Musculoskeletal Disease OR Orthopedic Disorder OR Myofascial Pain Dysfunction Syndrome OR TMJ Syndrome OR Tem-
poromandibular Joint Syndrome OR Temporomandibular Joint Disorder OR TMJ Disorder OR Temporomandibular Disorder
OR Temporomandibular Joint Disease OR TMJ Disease OR Joint Disease OR Arthropathy OR Craniomandibular Disorder OR
Craniomandibular Disease OR Cranial Nerve Disease OR Nervus Cranialis Disorder OR Cranial Nerve Disorder OR Cranial
Neuropathy OR Multiple Cranial Neuropathy OR Cranial Nerve Palsy OR Trigeminal Nerve Disease OR Trigeminal Neuropathy
OR Trigeminal Nerve Disorder OR Cranial Nerve V Diseases OR Fifth Cranial Nerve Diseases OR Trigger Point OR Trigger
Area AND Thermography OR Thermometry OR Infrared Thermography OR Temperature Mapping OR Infrared Thermometry
OR Infrared Measurement OR Infrared Thermography Diagnosis OR Infrared Thermography Oral OR Infrared Thermography
Pain OR Infrared Thermography Injury OR Infrared Thermography Dentistry OR Infrared Termal Imaging OR Digital Infrared
Termal OR Infrared Thermal Image OR Thermography Diagnosis OR Thermography Myofascial OR Thermography Orofacial
OR Infrared Imaging OR Infrared Image OR Temperature Infrared OR Infrared Temperature Measurement

(Facial Pain OR Facial Neuralgia OR Myofascial Pain Syndromes OR Trigeminal Neuralgia OR Neuralgia OR Myalgia OR
Muscular Diseases OR Musculoskeletal Diseases OR Temporomandibular Joint Dysfunction Syndrome OR Temporomandi-
bular Joint Disorders OR Joint Diseases OR Craniomandibular Disorders OR Cranial Nerve Diseases OR Trigeminal Nerve
Diseases OR Trigger Points OR Face Pain OR Orofacial Pain OR Neuralgic Facial Pain OR Craniofacial Pain OR Myofacial
Pain OR Craniofacial Pain Syndrome OR Facial Pain Syndrome OR Myofacial Pain Syndrome OR Myofascial Pain Syndrome
OR Myofascial Trigger Point Pain OR Trifacial Neuralgia OR Neuropathic Pain OR Nerve Pain OR Muscle Pain OR Muscle
Soreness OR Muscle Tenderness OR Muscular Disease OR Myopathy OR Muscle Disorder OR Myopathic Condition OR
Musculoskeletal Disease OR Orthopedic Disorder OR Myofascial Pain Dysfunction Syndrome OR TMJ Syndrome OR Tem-
poromandibular Joint Syndrome OR Temporomandibular Joint Disorder OR TMJ Disorder OR Temporomandibular Disorder
OR Temporomandibular Joint Disease OR TMJ Disease OR Joint Disease OR Arthropathy OR Craniomandibular Disorder OR
Craniomandibular Disease OR Cranial Nerve Disease OR Nervus Cranialis Disorder OR Cranial Nerve Disorder OR Cranial
Neuropathy OR Multiple Cranial Neuropathy OR Cranial Nerve Palsy OR Trigeminal Nerve Disease OR Trigeminal Neuropathy
OR Trigeminal Nerve Disorder OR Cranial Nerve V Diseases OR Fifth Cranial Nerve Diseases OR Trigger Point OR Trigger
Area) AND (Thermography OR Thermometry OR Infrared Thermography OR Temperature Mapping OR Infrared Thermometry
OR Infrared Measurement OR Infrared Thermography Diagnosis OR Infrared Thermography Oral OR Infrared Thermography
Pain OR Infrared Thermography Injury OR Infrared Thermography Dentistry OR Infrared Termal Imaging OR Digital Infrared
Termal OR Infrared Thermal Image OR Thermography Diagnosis OR Thermography Myofascial OR Thermography Orofacial
OR Infrared Imaging OR Infrared Image OR Temperature Infrared OR Infrared Temperature Measurement)

Orofacial Pain AND Infrared Thermography

Orofacial Pain AND Infrared Thermography

Evaluation of risk of bias

in this review. In case of disagreement between the authors, the
decision was made by consensus and by evaluation of a third
author. After applying the eligibility criteria, 65 articles were
selected for reading in full. Of these, 64 articles were available
for complete reading and conclusion of the second stage. The
ResearchGate platform was used to contact the authors of the
only article not found, and a positive response was obtained. A
manual search was also performed, which did not result in the
inclusion of articles.

Data were extracted by the same two authors, independently.
In case of divergence, a third author stipulated consensus. The
following data were extracted: name of the author(s), year of pu-
blication, country, study design, sample size, groups evaluated,
symptomatological conditions, orofacial regions/muscles/points
evaluated, thermography acquisition protocols (environmental
specifications, patient specifications, regions examined), other
exams performed, criteria for measuring temperature, criteria for
measuring the intensity of OFD, results found and conclusion.
In case of any information not obtained in the articles, the term
“not informed” was used.

Assessments of methodological quality and risk of bias for
each study were carried out by two reviewers, independently,
using the Joanna Briggs scale for analytical cross-sectional
studies. In case of divergence, the supervisor established con-
sensus. This scale was made up of nine questions (items) and
for each item, the reviewers assigned four possible types of
answers, namely: “Yes”, “No”, “Not clear” and “Not applica-
ble”. The evaluators were calibrated regarding the parameters
established for each of the possible answers and the scores
assigned were: “Yes” = 1, “No” = 0, “Not clear” and “Not
applicable” = 0.

After judging the items, the evaluators defined the overall me-
thodological quality of each study in order to classify them as
“Good”, “Moderate” or “Poor”, based on an overall score of
“Yes” answers. The answers obtained were interpreted according
to the methodology of a reference study', which considered that
if the overall score was < 50%, the article should be classified as
“bad”, if it was between 50% and 80% it would be “moderate”,
and if it was > 80% it would be “good”.
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RESULTS

The PRISMA flowchart with presentation of the study selection
process throughout the systematic review is illustrated in figure
1. After screening 7,194 in all databases, 65 articles were pre-se-
lected for reading in full and analysis. Of these, 60 were excluded
because they did not meet the eligibility criteria, and five articles
were included for this review.

The sample size of the five studies included ranged from 23 to 86
patients®?. Four studies described the gender and age of the pa-
tients evaluated, one with women aged 22 to 82 years®, one with
women aged 18 to 40 years®, one with women from 33 to 49
years old®, one with both genders from 18 to 60 years old®. One
study did not inform the gender and age of the participants®.
Four studies were conducted in patients with TMD and without
TMD?#%22% and one was conducted in patients with myofacial
trigger points®'.

Four studies used acquisition protocols for thermographic ima-
ges, with three studies citing the protocol recommended by the
Academy of Neuro-Muscular Thermography®*'#, one used the

American Academy of Thermology reference” and one study
used its own protocol*.

Three studies used VAS#?"*?as a criterion for measuring pain in-
tensity, two studies used NRS?*?. Four studies reported an as-
sociation between the intensity of OFP and temperature®?2"2,
One article showed that patients with TMD and pain had in-
creased temperature compared to normal individuals without
pain®, while the others demonstrated a decrease in temperature
with increasing pain intensity®**?. In only one study, pain inten-
sity was not significantly associated with temperature??. Table 2
presents the information extracted from the studies included in
the present review.

Considering the application of the Joanna Briggs scale to evalua-
te the studies included, the general results suggested a moderate
quality, since the studies presented a mean score ranging from
6 to 7 points (66.66% to 77.77%) out of a total of 9 points
(100%). No study showed a high risk of bias, according to the
evaluation parameters used'. The questions that most affected
the scores were: “Was the sample size adequate?”, for which no
study demonstrated appropriate sample size calculation or repre-

Identification of studies via databases and registers | | Identification of studies via other methods
Records identified from: Records removed before Records identified from:
Databases (n = 7,194) screening: Websites (n = 0)
S| |Pubmed: 2,640 Duplicate records removed Organizations (n = 0)
% | | Scopus: 2,548 (n=1,134) Citation searching (n = 0)
£ | | Web of Science: 1,600 —>| Records marked as ineligib- Gray literature (n = 0)
‘g Scielo: 49 le by automation tools Manual search (n = 0)
O | | Cochrane: 357 (n=0)
Records removed for other
reasons (n = 0)
Records screened 5 Records excluded™
(n =6,060) (n =5,595)
v \
D
g Reports sought for retrieval L5 Reports not retrieved Reports sought for retrieval . Reports not retrieved
g (n=65) n=1) (n=1) (n=0)
O
n
v v
Reports assessed for eligi- Reports excluded: Reports assessed for eligi- Reports excluded:
bility —>| Criteria 1 (n = 3) bility —>>| Criteria 1 (n = 0)
(n=64) Criteria 2 (n = 0) (n=1) Criteria 2 (n = 0)
o ¢ Criteria 3 (n = 0) Criteria 3 (n = 0)
— Criteria 4 (n = 0) Criteria 4 (n = 0)
Criteria5 (n = 18) Criteria5 (n=1)
L . ) Criteria 6 (n = 9) Criteria 6 (n = 0)
3 Studies included in review Criteria 7 (n = 5 Criteria 7 (n = 0)
E g‘ =95) fincl . Criteria 8 (n = 11) Criteria 8 (n = 0)
2 (ne_p%;ts of included studies Criteria 9 (n = 14) Criteria 9 (n = 0)

Figure 1. PRISMA 2020 flowchart to present the study selection process throughout the systematic review

Subtitles - Criterion 1: literature review studies, systematic review, letter to the editor, book chapter, clinical case with up to three patients; Criterion 2: animal studies;
Criterion 3: ex-vivo or in-vitro laboratory studies; Criterion 4: studies with a population under 18 years of age; Criterion 5: studies that do not meet the aim of the
systematic review; Criterion 6: studies without a control group; Criterion 7: studies in which IT was applied in different regions of the orofacial region; Criterion 8:
studies in which IT was used to evaluate and/or compare treatments; and Criterion 9: studies without another method of evaluating and comparing the intensity of

OFP of neuropathic and musculoskeletal origin.
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Table 3. Critical assessment of the methodological quality of the studies included, using the Joanna Briggs scale

Articles P1 P2 P3 P4 P5 P6 P7 P8 P9 Overall score
Canavan and Gratt® 1 1 0 0 0 1 1 1 1 6/9
Haddad, Brioschi and Arita?' 1 1 0 1 0 1 1 1 1 7/9
Dibai-Filho et al.?2 1 1 0 1 0 1 1 1 1 7/9
Haddad et al.? 1 1 0 1 0 1 1 1 1 7/9
Barbosa et al.?° 1 1 0 1 0 1 1 1 1 7/9

P1: Was the sample frame appropriate to address the target population?

P2: Were study participants sampled in an appropriate way?
P3: Was the sample size adequate?

P4: Were the study subjects and the setting described in detail?

P5: Was the data analysis conducted with sufficient coverage of the identified sample?

P6: Were valid methods used for the identification of the condition?

P7: Was the condition measured in a standard, reliable way for all participants?

P8: Was there appropriate statistical analysis?

P9: Was the response rate adequate, and if not, was the low response rate managed appropriately?

“YES” =1, “NO” = 0, “NOT CLEAR” = 0 and “NOT APPLICABLE” = 0.

sented a large enough sample to provide high validity, and “Was
data analysis performed in a sufficient portion of the sample
identified?”, since these data did not were presented in any of the
studies in question. Table 3 presents the critical assessment of the
methodological quality of the studies included.

DISCUSSION

The variation in body temperature has been the subject of stu-
dy since ancient times. During inflammation or the process
of repairing traumatized tissues, nociceptive fibers can beco-
me sensitized and cause pain. The activation of nociceptors is
modulated by endogenous algogenic substances (potassium,
prostaglandins, leukotrienes, serotonin, bradykinin, histami-
ne, substance P, etc.). These mediators influence the level of
nerve activity, and consequently, the intensity of pain. Neu-
ropeptides such as substance P cause vasodilation and edema
and may be responsible for the skin warming produced by
pain'’. IT has been used to study a range of diseases where
temperature may reflect the presence of inflammation in the
underlying tissues, i.e., where blood flow is increased or de-
creased due to a clinical abnormality®.

Based on the relationship established between pain, muscle
activity and skin surface temperature, I'T has been considered
a possible diagnostic tool for assessing OFP%, in a way that is
non-ionizing, painless and safe for patients’. It can demons-
trate cutaneous, vasomotor and neurovegetative activity, ba-
sed on the capture and transformation of infrared radiation
emitted by human skin into images that reflect local microcir-

culatory dynamics!'4%.

In this systematic review, three studies®***

presented significant,
but different, inferences about the use of IT to assess pain in-
tensity in patients with TMD. Painful symptoms are one of the
main clinical manifestations in patients with TMD®¥%, who

presented an asymmetrical thermal pattern when comparing the
right and left sides®>”.

The findings of a study® highlighted the use of IT to include
or rule out TMD as a possible cause of OFP, with an accuracy
of 89%. According to the authors, the TM] region of patients
with TMD and pain was hotter than the same area of indivi-
duals without TMD and pain; and as the pain level increased,
the average temperature values also increased. Other studies car-
ried out in patients with TMD also found an increase in skin

1415 and in

temperature over the masseter and temporal muscles
the TM]J region'. According to one of these studies*, muscular
activities, spasms and contractions are indicated on thermograms
as an increase in heat emission, and, consequently, an increase
in temperature. When painful, TMD are generally associated
with hyperthermia of the overlying skin. It is hypothesized that
this skin hyperthermia, caused by regional vasodilation, is indu-
ced by nitric oxide produced in the extravascular space of the
joint. Extravascular nitric oxide can be produced by osteoblasts,
chondrocytes, and macrophages, or by stimulated neurons. It is
suggested that this kind of pain is associated with nitric oxide-e-
nhanced sensitivity of the peripheral nociceptors**®.

A study® evaluated, in patients with and without TMD, the cor-
relation of temperature with the intensity of pain on palpation
in the region of the TMJ and the masseter and anterior temporal
muscles. The authors did not observe significant differences in
the temperature of both groups (with and without TMD). When
correlating temperature with the intensity of pain on palpation,
they observed a negative correlation only for some regions of the
masseter muscle. The authors concluded that thermography has
low accuracy in differentiating patients with and without TMD.
Another study® compared the temperature values in masseter and
anterior temporal muscles region between patients with and wi-
thout TMD. The authors observed that the temperature values
measured in volunteers with TMD were significantly lower than
those measured in individuals without TMD. The sensitivity
and specificity of the thermographic assessment for the masseter
region were 70% and 73%, respectively; and, for the anterior
temporal region, it was 80% and 62%, respectively.
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A study?” evaluated trigger points in patients with myofas-
cial pain and observed that the thermographic image of these
points is hypo-radiant compared to the corresponding region
without trigger points. In other words, the areas of the face
that were warmer were correlated with regions without trigger
points. The authors concluded that IT makes it possible to
identify tender points and that the use of thermographic data
in conjunction with physical assessment can serve as a means of
screening in clinical practice.

Some authors have stated that, in cases of muscular hyperac-
tivity, as occurs with some chewing muscles in patients with
TMD, the decrease in the surface temperature of these muscles
may be due to the contractile process itself that temporarily
reduces muscular blood flow. Contracting skeletal muscle com-
presses intramuscular blood vessels. Isometric muscle contrac-
tions can cause rapid muscle fatigue due to insufficient oxygen
and other nutrients'*
tion and skin temperature over tender points in individuals

. Another study relating microcircula-

with fibromyalgia also attributed the decrease in surface tem-
perature in these patients to peripheral vasoconstriction that
occurs around painful points due to local hypoxia®'.

In a study®, pain intensity in women with myogenic TMD
was not associated with temperature of the skin surface. No
significant differences in temperature or asymmetry were de-
tected between individuals with and without TMD. These
findings were justified by the fact that IT evaluates the tem-
perature of the skin surface, conditioned by local microcircu-
latory dynamics and the autonomic nervous system, which
constitutes an indirect measure of blood flow. Another justi-
fication may be associated with variations in thermographic
image acquisition protocols, which can directly interfere with
temperature variation.

Systematic reviews prior to the present review have been propo-
sed, but none evaluated the intensity of OFP and temperature
specifically. A study'® conducted a systematic review on the ef-
fectiveness of IT for diagnosing TMD and concluded that there
were an insufficient number of studies on the reliability of this
exam for diagnosing TMD. In the aforementioned review'’, the
RDC/TMD exam was used to diagnose TMD. This is a pre-
cise instrument for identifying TMD in research and clinical
practice. However, despite assessing pain intensity in Axis I as
part of the requirements for TMD diagnosis, this information
is not always presented in articles. The same situation occurs
with the application of DC/TMD, which despite addressing
pain intensity in Axis II, studies do not always provide this spe-
cific information. Some articles reviewed in full were excluded
precisely because they did not present pain intensity data®.
A study® carried out a systematic review on the characteri-
zation of myofascial pain syndrome and myofascial trigger
points using IT. The authors found contradictory results, and
in some studies no difference was observed in the temperature
of patients with trigger points compared to control patients.
In other studies, there was an increase in temperature in the
trigger point regions, when compared to the unaffected contra-
lateral areas. A study®® conducted a systematic review with me-
ta-analysis on I'T as a method for assessment of musculoskele-

tal and temporomandibular disorders. The authors concluded
that, in general, healthy individuals showed subtle thermal dif-
ferences between sides. Another study®” evaluated IT as a useful
tool for diagnosing pain syndromes of the back and neck. It
was concluded that I'T could diagnose changes in inflammatory
activity and could be used as a tool to monitor the effectiveness
of treatment and for identifying deviations from a healthy sta-
te. Other study” analyzed changes in skin temperature at speci-
fic acupuncture points in patients with primary dysmenorrhea
and healthy individuals using I'T. It was concluded that patients
with dysmenorrhea showed differences in skin temperature in
some areas compared to healthy individuals.

The literature on the reliability of I'T in assessing pain intensity
is controversial, considering the variable temperature records
in OFP. According to a study'!, I'T is not the sole answer to all
diagnostic dilemmas of pain-producing conditions. It is just
one of the procedures that the clinician can use to assess the pa-
tient. Additional information from IT can lead to a reduction
in invasive tests and direct treatment towards more successful
outcomes.

Some limiting questions in this review were the small amount
of evidence found, eligible studies with a small sample size, and
the subjectivity of pain assessment itself. The lack of a stan-
dardized protocol for measuring temperature and the need for
adequate professional training for the purpose of acquisition
and evaluation of thermograms have become limiting factors of
IT. Temperature values are directly affected by environmental
and patient conditions, which can lead to inaccurate body tem-
perature data being obtained and analyzed by the technique!’.
Although some studies have observed that the use of IT was
reliable, there is still a scarcity of literature concerning the accu-
racy of this diagnostic instrument for assessing pain intensity.

CONCLUSION

The studies included in this systematic review showed variable
records of temperature measured by IT in the presence of pain-
ful symptoms. Therefore, at the present, IT does not replace
other methods for the assessment of pain intensity, however,
it is an important ally for complementing diagnostic methods.
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