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Abstract Objective The present study aimed to analyze the use of thermal images as a tool to
aid in the diagnosis of dysfunctions in the patellar tendon.
Methods A systematic review of the literature was carried out, following the PRISMA
protocol with a search in international databases: Web of Science, SCOPUS, and
Pubmed. Descriptors in English were used with the following combination ("thermal
imaging" OR thermography OR "Infrared image" OR "Skin Temperature" OR "thermal
image" OR "Infrared imaging") AND ("patellar tendon"). The evaluation of the method-
ological quality of the selected works was carried out by two evaluators independently,
using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool.
Results Six original articles were selected. Three papers evaluated changes in skin
temperature in pathological situations. Two other works evaluated the reliability and
reproducibility of thermography specifically in the patellar tendon region, and one

Keywords article monitored skin temperature before and after two physical training protocols.
= diagnosis Conclusion It can be concluded that the use of thermal images proved to be an
= knee excellent tool to support the diagnosis of dysfunctions in the patellar tendon region, as
~ patellar tendon well as for monitoring the physiological changes in this region also in non-pathological
= thermography conditions, such as during physical training.
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Objetivo O presente trabalho teve como objetivo analisar o uso das imagens térmicas
como ferramenta de auxilio ao diagnéstico de disfun¢des no tendao patelar.
Métodos Realizou-se uma revisao sistematica da literatura, sequindo o protocolo
PRISMA com busca nas bases de dados internacionais: Web of Science, SCOPUS, e
Pubmed. Foram utilizados descritores em Inglés com a seguinte combinacdo ("thermal
imaging" OR thermography OR "Infrared image" OR "Skin Temperature" OR "thermal image"
OR 'Infrared imaging") AND ("patellar tendon”). A avaliacdo da qualidade metodolégica
dos trabalhos selecionados foi realizada por dois avaliadores de forma independente
pelo instrumento Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2).
Resultados Foram selecionados seis artigos originais. Trés trabalhos avaliaram as
alteracoes da temperatura da pele em situacdes patoldgicas. Outros dois trabalhos
avaliaram a confiabilidade e reprodutibilidade da termografia especificamente na
regido do tendio patelar, e um artigo monitorou a temperatura da pele antes e
apos dois protocolos de treinamento fisico.

Conclusao Pode-se concluir que o uso das imagens térmicas se mostrou uma
excelente ferramenta de apoio ao diagnéstico a disfuncdes na regido do tendao
patelar, bem como para o monitoramento das alteracoes fisiolégicas dessa regido
também em condi¢6es nao patoldgicas, como durante a pratica de treinamento fisico.

Introduction

The knee is the joint most commonly injured by athletes.
Millions of adult amateur athletes of both sexes are affected
by knee injuries every year. Non-contact knee injuries ac-
count for more than two-thirds of knee injuries when data
from team sports athletes is analyzed. These injuries result in
profound consequences, including physical disability, sub-
stantial treatment costs, and even depression in some cases.

Lyons et al.? analyzed the epidemiological data of injuries
of the knee extensor mechanism, using the database of
emergency departments in the United States in the period
from 2001 to 2020. The authors observed that ruptures of the
patellar tendon are the second most frequent type of injury
(13.5% of all injuries, overall incidence rate: 0.48), second
only to patellar fractures (77.5% of all injuries, overall inci-
dence rate: 2.69).

Patellar tendon dysfunction is usually the result of a
chronic process or an acute trauma. Chronic inflammation,
such as patellar tendonitis, weakens the tendon and
increases the likelihood of rupture, either partial or com-
plete. In addition, some systemic pathologies (systemic lupus
erythematosus, chronic kidney disease, and diabetes melli-
tus, among others) can lead to a weakened tendon that is
predisposed to rupture.’

Patellar tendinopathy is a degenerative condition marked
by histopathological changes in the tendon. Patellar tendin-
opathy, also commonly called jumper’s knee, most commonly
occurs in active individuals between the ages of 14 and 40.*
The clinical diagnosis of patellar tendinopathy is based on the
patient’s symptoms, and can be characterized by pain on
palpation at the lower pole of the patella and adjacent areas
and, in more advanced cases, a palpable nodule and associated
edema may be present.” Complementary exams, such as
radiography, ultrasonography (US) and magnetic resonance
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imaging (MRI) help the diagnosis, as they can define the exact
location of the lesion, its extent, as well as allow the visualiza-
tion of degenerative changes, when present.”

Magnetic resonance imaging is the method with the best
resolution to support the diagnosis of patellar tendon injury,
as it allows observation and evaluation of bone structures
and soft tissues.? Recently, the use of thermal imaging in the
evaluation and follow-up of patients with musculoskeletal
injuries has shown great relevance in clinical practice.ﬁ‘8
Medical thermography allows a non-invasive, low-cost and
non-radioactive analysis,” resulting in a functional and visu-
al measurement of skin temperature distribution. In this
sense, the present work aimed to analyze the use of thermal
images as a tool to aid in the diagnosis of dysfunctions in the
patellar tendon.

Methodology

A literature review was carried out, which followed the
PRISMA protocol for systematic review studies. Therefore,
we used a search in 3 of the largest international databases
(Web of Science, SCOPUS, and Pubmed), according to the
keywords and database presented in =Table 1, and the
selection flow presented in =Fig. 1.

After the initial search, using the search phrases men-
tioned in =Table 1, two independent evaluators carried out
the selection of studies. In cases of disagreement between
the evaluators, a third researcher gave his opinion.

This systematic review included studies that assessed skin
temperature in dysfunctions in the patellar tendon region.
Studies from systematic reviews, reviews with meta-analysis,
case studies, and studies without full text were excluded.
Studies with a publication date prior to 1985 were also
excluded, in view of the low resolution of older camera images.



Table 1 Presentation of databases and search phrases used in this systematic review

Databases Search phrases

Web of Science All fields ( "patellar tendon" ) AND All fields ( "thermal imaging" OR thermography OR "Infrared image" OR
"Skin Temperature" OR "thermal image" OR "Infrared imaging" )

"Infrared imaging") AND ("patellar tendon")

Scopus TITLE-ABS-KEY ( "patellar tendon" ) AND TITLE-ABS-KEY ( "thermal imaging" OR thermography OR "Infrared
image" OR "Skin Temperature" OR "thermal image" OR "Infrared imaging" )
PubMed ("thermal imaging" OR thermography OR "Infrared image" OR "Skin Temperature” OR "thermal image" OR

Studies tracked through research
on database (Web of Science,
Scopus, and PubMed)

Scopus (n =8)
PubMed (n=7)

(n = 45). Studies deleted due to
the title, which was not
> related to patellar
v tendon dysfunction
Selected studies (n = 18): (n=27).

Web of Science (n = 3)

Studies deleted due to

v

v

duplicate title
(n=7).

(n=11).

Selected studies for
eligibility evaluation

[ Eligibility ] [Pre-selection] [ Tracking

Studies deleted after full
reading for not
presenting content
related to patellar

v

v

tendon dysfunction
(n=5).

for qualitative and

(n=86).

Elegible studies selected

quantitative analyses

Fig. 1 Flowchart of the search and selection process of articles included in this systematic review.

The following data were extracted from the studies:
sample profile, type of intervention, main results, and delta
temperature observed by infrared thermography.

The evaluation of the methodological quality of the selected
works was carried out by two evaluators independently
using the Quality Assessment of Diagnostic Accuracy Studies
instrument'? (~Table 2 - Quadas-2).""-1®

Results

Six original articles were selected to compose the corpus of
this review. Three papers evaluated changes in skin temper-
ature in pathological situations. Two other works evaluated
the reliability and reproducibility of thermography specifi-
cally in the patellar tendon region, and one article monitored
skin temperature before and after two physical training
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Table 2 Assessment of methodological quality and risk of bias of studies selected by the Quality Assessment of Diagnostic

Accuracy Studies (QUADAS-2) tool

Risk of bias Applicability concerns
Study Selection of Index test Reference Flow and Patient Index Reference
participants standard timing selection test standard
Molina-Pay et al. 2021 + + + + + + +
Dos Anjos et al.’? + + + + + + +
Alfieri, 20203 + + + + N N N
Sanz-Lopez et al., 2016'* + + + + + + +
Gross et al. 1989'° + + - + + + —
Mangine et al. 1987'® + + + + + + +

+: High risk; -: Low risk.

protocols. The flowchart illustrating the article selection
process is shown in =Fig. 1. =Table 3 presents the data of
interest extracted from each of the analyzed studies.'~'®

Discussion

This study aimed to analyze the use of thermal images as a
tool to aid in the diagnosis of dysfunctions in the patellar
tendon. Therefore, we started the discussion of the results by
analyzing the reliability and reproducibility of thermogra-
phy in the region of the patellar tendon.

Gross et al."” and Molina-Paya et al.'! reported excellent
reliability and reproducibility values. Molina-Paya et al.'’
reported ICC values between 0.904 and 0.998. These values
correspond to a difference in temperature of the order of
0.006°C (Limits of Agreement: -0.10 to 0.10) intra-examiner,
and 0.001°C (Limits of Agreement: -0.13 to 0.13) inter-
examiner. In the study by Gross et al.'® the Pearson correla-
tion coefficient was used to assess reliability, reporting intra-
examiner reliability values of 0.99 and inter-examiner (two
investigators) of 0.88. Inter-examiner reliability was also
investigated in the study by Selfe et al.'” involving patients
with pain in the anterior region of the knee, indicating good
results. They observed ICC values between 0.82 and 0.97
when using thermally inert markers, placed in specific
anatomical locations, defining an area on the anterior aspect
of the knee.

The reliability values and reproducibility of thermogra-
phy in the patellar tendon region are in line with what is
observed in other body regions, allowing its safe use in
clinical practice. Dos Santos Moraes et al.'® aimed to
evaluate the inter- and intra-examiner reliability of infrared
thermography in the analysis of skin temperature in people
complaining of pain in the upper trapezius muscle. Eighty-
two individuals of both sexes who had moderate or severe
pain in the upper trapezius muscle were evaluated. Area
evaluation indicated a very strong overall intraclass corre-
lation coefficient (ICC) for both intra-examiner (between
0.936 and 0.979) and inter-examiner (between 0.933 and
0.979).

Dos Anjos et al.,'? Alfieri'® and Mangine et al.'® reported
significant variations in skin temperature (~Table 3) over the
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patellar tendon region in conditions of pathophysiological
changes diagnosed by gold standard methods. The studies
analyzed in this review suggest that thermography is capable
of documenting thermal variations at the level of the skin,
resulting from pathophysiological changes in the region of
the patellar tendon.'>13.16

This ability to capture thermal changes resulting from
alterations in human physiology has allowed the use of
thermal images in several medical applications, such as:
diagnosis of musculoskeletal injuries,® monitoring changes
in the feet of diabetics,'® aiding in the diagnosis of Osgood-
schlatter disease?®, and others. In this sense, it can be said
that thermography has been consolidated in medical prac-
tice as a reliable tool with a clinical application that perme-
ates several specialties.

In addition to the applications more directed to the
medical area, Sanz-Lopez et al.'* involved the practice of
physical training and the monitoring of the thermal re-
sponse at the level of the patellar tendon. The authors
observed significant changes in skin temperature over the
patellar tendon after continuous running training and ec-
centric strength training associated with continuous run-
ning training. Bandeira et al.® and Neves et al.?' had already
reported similar findings in other body regions. These
observations corroborate the applicability of using thermal
images to assess the patellar tendon region even in non-
pathological situations, such as monitoring physical train-
ing,%2! whether for injury prevention or even for workload
assessment.

As limitations of the present review, the low number of
studies that used thermal imaging of the patellar tendon
region available in the literature, and the heterogeneity of
the patients of the analyzed studies, variables and interven-
tions used can be mentioned. However, on the other hand,
this aforementioned heterogeneity allowed a holistic ap-
proach to the applicability of the tool to the evaluation of the
patellar tendon.

Conclusion

After analyzing the corpus of works selected in this system-
atic literature review, it can be concluded that the use of
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thermal images proved to be an excellent tool to support the
diagnosis of dysfunctions in the patellar tendon region, as
well as for monitoring the physiological changes in this
region also under non-pathological conditions, such as dur-
ing physical training.

The use of thermography in the clinical practice of
health professionals who need to monitor and/or evaluate
the patellar tendon is recommended, as well as the devel-
opment of more original studies, which address other
pathologies and non-pathological situations, in order to
expand the knowledge of the thermal physiology of this
specific region.
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