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RESUMEN

Introduccion: las secuelas relacionadas con el dafio cerebral son la tercera causa de discapacidad en el mundo
y la segunda de muerte. La subjetividad del evaluador en la valoracion del tejido trofico es siempre un elemento
a tener en cuenta. En este sentido, los objetivos de este estudio piloto fueron observar la fiabilidad y validez de
la técnica termografica en pacientes con secuelas motoras tras dafio cerebral. Material y método: se reclutaron
28 pacientes con afectacion neuromuscular. Un investigador ciego especializado en la evaluacién del dafio neu-
romuscular midi6 la afectacion segun la Escala de Ashwort, determinando el grado de restriccion y resistencia a
la flexion del tobillo, mientras que 2 investigadores registraron los patrones térmicos. Resultados: en el primer
momento de la medicion, la temperatura de las dos piernas por separado no super6 los 30,2 °C en el 75 % de los
casos y en el segundo momento no supero6 los 29,7 °C. Las mediciones medias en la pierna izquierda y derecha
ofrecen valores maximos inferiores a 31,9 °C para ambas. En conjunto, las mediciones fueron de una media de
28,4 °C con una desviacion tipica de 1,928. En el 75 % del total de las mediciones hubo una temperatura igual o
inferior a 29,8 °C, por lo que la temperatura en estos pacientes patoldgicos parece generalmente inferior a 32 °C.
Conclusion: la termografia podria ser una herramienta fiable y valida en la valoracién de pacientes con dafio neu-
romuscular; sin embargo, son necesarios mas estudios con un mayor tamafio muestral para clarificar el papel de
esta técnica en relacion con el dafio neuromuscular.

Palabras clave: termografia, dafio cerebral, ictus, neuromuscular.

ABSTRACT

Introduction: sequelae related to brain damage are the third leading cause of disability worldwide and the se-
cond cause of death. The subjectivity of the evaluator in assessing trophic tissue is always an element that must
be taken into account. In this regard, the objectives of this pilot study were to observe the reliability and validity of
the thermographic technique in patients with motor sequelae after brain damage. Material and method: twenty-eight
patients with neuromuscular involvement were recruited. A blinded researcher, specialised in the assessment of
neuromuscular damage, measured the impairment according to the Ashwort Scale determining the degree of res-
triction and resistance to bending of the ankle, while two researchers recorded thermal patterns. Results: in the
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first measurement, the temperature of the two legs separately did not exceed 30.2 °C in 75 % of cases, and in the
second measurement it did not exceed 29.7 °C. The average of the measurements on the left and right legs offe-
red maximum values of less than 31.9 °C for both. Overall, measurements had an average of 28.4 °C with a stan-
dard deviation of 1.928. In 75 % of the total measurements, the temperature was equal to or lower than 29.8 °C
indicating that the temperature in these pathological patients generally appears to be lower than 32 °C. Conclu-
sion: thermography is a reliable and valid tool for assessing patients with neuromuscular damage; however, fur-
ther studies with a larger sample size are needed to clarify the role of this technique in relation to neuromuscular

damage.

Keywords: thermography, brain damage, stroke, neuromuscular.

AVAILABITY OF THE STUDY’S DATA

The data generated or analyzed in this study are in-
cluded in this article.

ABBREVIATIONS

ATM: Atmosphere

BMI: Body Mass Index

CT: Computerized Tomography
AT: Difference of temperature
HYP: Hypotonia

LH: Left hemiplegia

LL: Left leg

PMI: Psycomotor impairment

RL: Right leg

RH: Right hemiplegia

ROI: Region of interest

SD: Spastic diplegia

TE: Tetrapelegia

TISEM: Thermographic Imaging in Sports and Exer-
cise Medicine

WHO: World Health Organisation

INTRODUCTION

According to the WHO, sequelae related to brain da-
mage are the third leading cause of disability worldwide
and the second leading cause of death(’-2. With 13 million
new cases reported each year, of which over a third are
associated with permanent functional dependency® 4,
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neuromuscular disfunctions secondary to brain da-
mage pose a significant challenge for both patients and
healthcare personne'®. The initial step in providing ap-
propriate treatment and follow-up for each patient invol-
ves assessing the motor and sensory sequelae post-
injury®. Despite the numerous numerical scales used for
this purpose, the subjectivity of the evaluator is always
an factor to consider'%. This is why diagnostic imaging
techniques are always the preferred choice for evalua-
ting trophic tissue!"'"%),

While infrared thermography has been proposed in
recent studies as a valid tool for assessing and monito-
ring the treatment of patients with atrophy and weakness
secondary to brain damage!"* ¥, or even for assessing
muscle tissue and functional response in neurodegene-
rative diseases('®, its high cost, the challenge of inter-
preting imagines accurately and the time required for
certain tests have led to its consideration. Thermography
is a diagnostic technique that records infrared radiation
emitted by tissues, and converts it into a thermal pattern.
Itis currently considered a reliable, cost-effective, porta-
ble and the used technique for quantifying and tracking
numerous pathologies!'” '®),

However, despite its wide use in diseases related to
the integumentary system(®29, endocrine system®@, or
vascular system@), there are no studies in which this
technique has been used as a tool to assess and quan-
tify functional response and tissue at a neuromuscular
level following brain damage.

In this context, the objectives of this pilot study were
twofold: first, to observe the reliability and validity of the
thermographic technique in patients with motor sequelae
after brain damage, correlating the thermal data with a
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specific and validated assessment scale; and second,
asses the diagnostic capacity based on the temperature
criterion in healthy patients.

MATERIAL AND METHOD
Study design

Alongitudinal descriptive observational study was ca-
rried out. Thirty patients with neuromuscular involvement
secondary to brain damage were recruited from the As-
trapace Centre (Asociacion para el Tratamiento de Per-
sonas con Paralisis Cerebral y Patologias Afines, an
association for the treatment of individuals with cerebral
palsy and related pathologies). The study received ap-
proval from the Ethics Committee of the Catholic Univer-
sity of San Antonio of Murcia, Registration Number
CE102107, and informed written consent was obtained
from the patient or their relatives. A health worker spe-
cialising in brain damage classified patients according to
age, sex, BMI and functional diagnosis through medical
observations.

Inclusion criteria and exclusion criteria

All patients who had suffered brain damage with more
than 5 years of evolution and had motor impairment in at
least one anatomical region were included. Patients who
were infected by SarsCovid-19 in the last year were ex-
cluded, as its potential influence on thermography is unk-
nown. Patients who did not comply with the recommen-
dations of the TISEM®) protocol, as outlined in the infor-
mation sheet, and those who could not understand the
commands given throughout the tests were also exclu-
ded. The TISEM protocol is a check-list published in
2017 that describes the key variables to be conside-
red in order to execute a thermographic measurement
that generates less possible biases are described. For
instance, it includes variables related to the intake of
drugs, alcoholic beverages or drugs that could affect
the thermographic measurement, which the examiner
must control according to the parameters outlined in
this evaluation list.
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Population

Ten patients with psychomotor impairment, ten pa-
tients with spastic diplegia, five patients with right spas-
tic hemiplegia, three patients with spastic quadriplegia,
one patient with left spastic hemiplegia and one patient
with generalised hypotonia were included in the study. A
blinded researcher specialised in the assessment of neu-
romuscular damage measured the impairment according
to the Ashwort Scale®), determining the degree of res-
triction and resistance to bending of the ankle, while two
researchers recorded thermal patterns.

Thermography

Before the thermography measurement, all patients
had to acclimatise to the environment for a period of
15/20 minutes in a room that was 15 m?, at a temperature
between 20 °C and 23 °C, humidity of 40 % (+ 0.8 %),
and atmospheric pressure of 1 ATM?-2"), The room was
free of electronic devices and received sunlight through
a window far from the measuring point. During this pe-
riod, patients underwent a body temperature check (with
a digital thermometer) to rule out alterations in basal tem-
perature, and information was collected to ensure com-
pliance with the TISEM@ protocol. Patients were placed
in shorts on a 1.5 meter-thick cotton pad to avoid direct
contact with the floor and thus generate temperature
changes in the lower limbs. In order to perform the most
reliable measurements and analysis possible, two blin-
ded researchers with more than two years of experience
in thermography recorded and analysed images of the
back of the leg on different days and hours, with one
week between measurements. ROIs were identified from
the lower edge of the popliteal fossa up to 15 cm above
the lower edge of the heel, thus analysing the gastroc-
nemius region® 29, Image processing was performed
using Flir's IR research program/software®0.

Thermograph

The thermograph used for this work is the Flir E75
model. This thermograph has an infrared resolution of:
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320 x 240 pixels, thermal sensitivity: < 0.04 °C and re-
gisters from -20 °C to +120 °C. To enable the machine
to calibrate itself accurately for the room conditions, the
principal investigator turned it on one hour before con-
ducting the initial scan, placing it on a tripod at a distance
of 1 m from the patient registration point, with a 10° to
15° inclination. The emissivity was set to 0.98, as re-
commended by the manufacturer and corroborated in
other studies®" %

Data analysis

The sample was described by reporting the frequen-
cies for qualitative or categorical variables and presen-
ting mean, standard deviation, median, interquartile
range, and the minimum and maximum values for quan-
titative variables. Additionally, the Krustal-Wallis test was
used to examine differences in all variables among pa-
thologies, and the Fisher's exact test was employed to
study the relationship between sex and the diagnosed
pathology. The software analysis was conducting using R
(version 4.1).

Reliability of the instrument

To assess the reliability of thermography as a diag-
nostic test, paired Student's T tests, Wilcoxon tests and
Interclass Correlation Coefficient (ICC) were applied to
investigate the following:

1. Whether the values of AT were affected by the time
of measurement.

2. If the AT of the right leg between the two measure-
ment times was significantly different from the dif-
ference in the left leg between the two times.

3. If the AT found between the right leg and left leg at
one time was statistically different at another time.

Due to such as camera error, capture error, non-flat
body shape, and variability in defining the left and right
ROI, AT values were categorized as follows: high relia-
bility if < 0.5, moderate reliability if between 0.5 and 1,
and low or unreliable if > 1 degree® 34,
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Converged validity.
Relationship between Temperature and
Movement Restriction (Ashworth Scale)

Spearman's correlations were used based on the re-
sults of the Shapiro-Wilk normality tests, and graphs were
created for visualisation. The significance of the correla-
tions was assessed (other than 0), and the Cohen® cri-
terion was used to estimate the size of the correlation
effect: a large effect corresponds to r = 0.50, a medium
effect to r = 0.30 and small effect to r = 0.10.

Validity of the instrument referred to judgement

As bibliography after publication of the TISEM®@ pro-
tocol does not provide an absolute reference value for
thermographic patterns of normality on the gastrocne-
mius, older reference values were used, setting the nor-
mality threshold at 32°C, based on previous studies®®3",
Thus, we studied temperature values in each leg for each
time point and as a whole. In general, thermography sho-
wed lower temperatures in pathological patients than
those in the reported in the literature for healthy patients.
The approach to the normal distribution of these varia-
bles was assessed by means of the Shapiro Wilk, follo-
wed by the Student’s T test and the Wilcoxon test for a
single sample.

RESULTS

IMAGE 1. Thermographic image of patient with
right hemiparesis secondary to brain damage.
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Total SD HR HL HYP PMI TE
(n=28) (1=9) (=5  (1=1) (n=1) (n=9) (n=3) Pale
GENDER 0.0201

w 16 (57.1%) 3(33.3%) 3(60.0%) 1(100.0%) 1(100.0%) 8 (88.9%) 0 (0.0%)

M 12 (42.9%) 6(66.7%) 2(40.0%) 0(0.0%)  0(0.0%) 1(11.1%) 3(100.0%)

AGE 0.52
Mean+SD 336+75 324+56 31.8+66 340+NA 330+NA 323%54 443155
Median 32,0 31.0 32.0 34.0 33.0 31.0 38.0
[25%-75%] [28.8-35.5] [31.0-32.0] [26.0-33.0] [34.0-34.0] [33.0-33.0] [28.0-37.0] [35.5-50.0]

BMI 0.0852
Mean+SD 264+54 237+43 267+85 327+NA 206+NA 282+35 286+5.1
Median 26.0 24.1 225 32.7 20.6 27.6 31.0
[25%-75%] [22.6-30.8] [23.4-25.7] [21.7-26.0] [32.7-32.7] [20.6-206] [27.1-31.2] [26.9-31.5]

LL 10 0.42
Mean+SD 292+14 288+13 298+15 280+NA 280+NA 205+16 292+09
Median 288 285 29.9 28.0 28,0 28.8 29.0
[25%-75%] [28.2-30.2] [27.7-29.7] [28.7-30.0] 28.0-28.0] [28.0-28.0] [28.6-30.8] [28.8-29.6]

LL2° 0.42
Mean+SD 27.9+20 275+16 292+13 287+NA 248+NA 282%22 272+26
Median 285 26.6 29.3 28.7 24.8 285 27.9
[25%-75%] [26.2-29.3] [26.1-28.7] [28.6-29.3] [28.7-28.7] [24.8-24.8] [26.2-29.3] [26.1-28.6]

RL1° 0.52
Mean+SD 290+18 290+17 27.6+27 289+NA 27.9+NA 29812 29.4%06
Median 29.1 28.7 27.9 28.9 27.9 29.9 29.1
[25%-75%] [27.9-30.2] [27.3-30.7] [25.8-295] [28.9-28.9] [27.9-27.9] [29.5-30.5] [29.0-29.6]

RL 2° 0.42
Mean+SD 277422 27.6+21 27.0+20 298+NA 244+NA 285+21 27329
Median 28.2 26.8 27.0 29.8 24.4 294 286
[25%-75%] [25.8-29.7] [258-29.7] [254-28.0] [29.8-29.8] [24.4-244] [26.3-29.7] [26.2-29.0]
ASHWORT 0.0012

RIGHT
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Total SD HR HL HYP PMI TE value
(n=28) (n=9) (n=5) (n=1) (n=1) (n=9) (n=3) P
Mean*SD 18+14 26+11 3204 10£NA 00xNA 0307 2000
Median 2.0 [0.0-3.0]3.0 [2.0-3.0] 3.0 [3.0-3.0]1.0 [1.0-1.0]0.0 [0.0-0.0]0.0 [0.0-0.0]2.0 [2.0-2.0]
[25%-75% 20 [0.0-30130 12030130 [3.0-3.0]1.0 1.0-1.010.0 [0.0-0.0]0.0 [0.0-0.02.0 [2.0-2.
ASTRORT 0.0032
Mean*SD 14+13 26+11 02+x04 20xNA 00+NA 06x09 23+06
Median 4 4 10,0-2.013.0 [2.0-3.0]0.0 [0.0-0.0] 2.0 [2.0-2.0]0.0 [0.0-0.0]0.0 [0.0-1.0] 2.0 [2.0-2.5]
prn ey 0 U2 20 000 [OU0 2D [20 2000 [0 0D (RO A e

SD: Spastic diplegia; RH: Right hemiplegia LH: Left hemiplegia, HYP: Hypotonia, PMI: Psycomotor impairment,
TE: Tetrapelegia, LL:Left leg, RL:Right leg, BMI: Body mass index. 1 Fisher’s exact test; 2 Kruskal-Wallis rank sum tes.t

The main hypothesis of this study was to find evi-
dence of reliability and validity that would demonstrate
the suitability and effectiveness of thermography as a
diagnostic test for this type of patient. This involved ope-
rationalizing these results to show temperatures signifi-
cantly lower than the criteria used for healthy patients, a
significant correlation with the scores on the Ashworth
scale, and temperature differences that, although they
varied significantly between moments, did not exceed
0.5°C between legs and moments.

The final sample consisted of 16 women and 12 men,
as 2 subjects were excluded for meeting one of the ex-
clusion criteria (SarsCovid-19). The median age and a
BMI were 33.6 £ 7.5 and 26.4 £ 5.4, respectively. In the
comparative analysis between pathologies, no variables,
such as age or BMI, or any thermographic measurements,
showed significantly different values between pathological
groups, except for the Ashworth Scale (p < 0.05 for both
legs). PR patients had mean values lower than 1, unlike
the rest of pathologies (table 1).

In the first moment of measurement, the temperature
of the two legs separately did not exceed 30.2°Cin 75 %
of cases, and in the second moment, it did not exceed
29.7 °C. The average measurements on the left and right
legs offered maximum values of less than 31.9 °C for
both. Overall, measurements had an average of 28.4 °C
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with a standard deviation of 1.928. In 75 % of the total me-
asurements, there was a temperature equal to or lower
than 29.8 °C, so the temperature in these pathological pa-
tients generally appears lower than 32 °C (table 1). To de-
termine whether these observed temperatures were
significantly lower than 32 °C, a one-sample Student’s t-
test was carried out for the left unilateral contrast, except
for the RL measurements at the 2nd moment, for which
the Wilcoxon one-sample test was applied as it did not
meet the assumption of normality (W = 0.9626; p < 0.05).

All contrasts showed significant differences (RL 10:
t=-9.0537, p < 0.05; LL 10: t =-10.861, p < 0.05; RL 2o0:
V=0,p<0.05;LL20:t=-11.019, p <0.05), thus, it could
be rejected with 95 % confidence that the sample tempe-
rature is equal to or higher than 32 °C.

Relationship between Temperature and
Ashwort Scale

Ashwort Scale data for both legs did not follow a
normal distribution (WRL = 0.879, p < 0.05; WLL =
0.851, p < 0.05) so Spearman correlations were calcu-
lated. In this case, the correlations were significantly dif-
ferent from 0 in the right leg at the first moment
(rhoRL10 =-0.407, p < 0.05) unlike the right leg at the
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IMAGE 2. Relationship between Ashwort Scale and Average Temperature of Left Leg and Right Leg.

second moment and the left leg in both (rhoRL20 =-0.270,
p =0.165; rhoLL10 =-0.291, p = 0.132; rhoLL20 = -0.296,
p = 0.126). According to the criterion proposed by Cohen,
the first correlation mentioned would be considered of me-
dium-high magnitude, and the other 3 of average magni-
tude. Image 2 shows how the relationship was negative.

Reliability of the instrument

As see in Image 3, the values of the thermography
are not significantly equal at the two temporal moments
(VRL =535, p <0.05, ICC=0.505; t LL = -4,109, p <
0.05, ICC = 0.421), but it seems that, although there are
differences between the two moments for each individual

leg, those differences are not significantly distinct form
one leg to the other (t DifRL-DifLL = -0.604, p = 0.551,
ICC =0.976). Similarly, the differences between the two
legs at any given time are not significantly different bet-
ween time 1 and time 2 (V DifT1-DifT2 = 174, p = 0.501,
ICC=0.965).

As shown in table 1, the differences between the legs
were significantly greater than 0.5 both at time 1 (t =
2,7328, p <0.05) and at time 2 (V = 313, p < 0.05). A total
of 5 cases, representing 17.86 % of the sample, exhibi-
ted differences greater than 0.5 °C between moments for
the differences between the legs, indicating a low relia-
bility of the test.
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IMAGE 3. Temperature differences between moments on the left and right leg.
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Within this subgroup, only 1 person (3.57 %) obtai-
ned values of 1, indicating low reliability, while the other
4 (14.29 %) were considered to have intermediate relia-
bility values (between 0.5 and 1 °C). Among these 5
cases, 3 were diagnosed with RH, 1 with PMI and one
with TE. In contrast 82.14 % of the sample, exhibited dif-
ferences between the legs that did not vary by £ 0.5 °C
between one time and another, indicating a high reliabi-
lity. Statistically, these differences between moments of
the differences between legs were not significantly grea-
ter than 0.5° (t = -4,688, p = 1).

DISCUSSION

The objectives of this pilot study were to evaluate the

Case Patology 12AT 22 AT AT
RL&LL RL&LL 1*&2?
1 PMI 0.4* 0.4* 0.0
2 SD 0.5 0.6 0.1
3 SD 0.8 0.6 0.2
4 TE 0.0* 0.0* 0.0
5 RH 0.5 0.7 0.2
6 SD 1.0 1.0 0.0
7 SD 1.0 1.1 0.1
8 HYP 0.1 0.4* 0.3
9 SD 0.3 0.5 0.2
10 PMI 0.2 0.3 0.1
11 SD 0.5 1.3 0.8**
12 PMI 1.0 0.8 0.2
13 PMI 0.7 1.3 0.6*
14 SD 1.5 1.2 0.3
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diagnostic ability based on temperature values in healthy
patients, observe the reliability and validity of the ther-
mographic technique in patients with motor impairment
after brain damage, and describe the possible relations-
hip between the thermal challenge and the Ashworth
scale.

Diagnostic capacity

Itis known by other authors that thermal asymmetries
(between sides) in the same subject and thermal diffe-
rences in the same anatomical region between different
subjects could be evidence of pathological situations,
both acute and chronic. Therefore, numerous reliability
and validity studies have been carried out in both patho-
logical subjects®“9 and in healthy subjects“" 2, to de-

Case Patology 1°AT  22AT AT
RL&LL RL& LL 1°&2°
15 sD 0.5 0.8 0.3
16 PMI 25 2.1 0.4
17 sD 0.2" 0.2" 0.0
18 RH 2.9 3.9 1.0**
19 RH 44 3.8 0.6
20 TE 0.6 0.7 0.1
21 LH 0.9 1.1 0.2
22 TE 0.2" 0.4* 0.2
23 PMI 0.3* 0.5 0.2
24 RH 15 15 0.0
25 PMI 0.9 12 0.3
26 RH 2.0 13 0.7
27 PMI 1.1 1.0 0.1
28 PMI 16 12 04

SD: Spastic diplegia; RH: Right hemiplegia LH: Left hemiplegia: HYP: Hypotonia; PMI: Psycomotor impairment, TE: Tetrapelegia, LL: Left leg;
RL: Right leg; *Temperature differences between legs < 0.5 °C; **Differences between moments of the differences between legs > 0.5 °C
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termine normal and clinical reference values. In this
sense, our results support previous research. When com-
paring a sample with neuromuscular involvement after
brain damage and thermal references in the literature of
healthy patients®*", we have observed lower tempera-
tures in the first group compared to the second. In fact, in
75 % of the total measurements there was a temperature
equal to or lower than 29.8 °C, so the temperature in
these pathological patients generally appears lower than
32 °C. Amuscle that is spastic, stunted, or with sarcope-
nia“#4 is known to present physiological and functional
alterations of a different nature compared to a healthy
structure®7), The difference in blood supply between af-
fected and healthy muscles could justify, on the one hand,
the thermal mismatch between the two groups and, on
the other hand, the increase in the Ashworth score in pa-
tients with lower temperatures. This is because healthy
muscle tissue is more elastic, efficient, and vascularised
than trophic, rigid and poorly vascularized tissue, whe-
ther hypertonic, spastic, or hypotonic. In fact, recent stu-
dies carried out with CT scan and thermography in
patients with degenerative neuromuscular dystrophy
have shown that as“¢-5" the disease progresses the tro-
phic nature of the disease increases, and the temperature
in the anterior and posterior regions of the lower limbs
decreases. This thermal decrease was associated with
a decrease in muscle functionality in terms of strength-re-
sistance®2 %),

However, the age of the healthy groups taken as re-
ference is different from the age of the groups analyzed
in our study, something that, according to the most cu-
rrent thermographic protocols, could be affecting the
thermographic responses. Nevertheless, we believe
that although age is an important factor to take into ac-
count in thermographic measurements, in this case the
range of AT between healthy and affected patients is
wide enough to determine that we are not analysing a
physiological change due to age® but due to patholo-
gical status. In fact, there are no known previous studies
where there is a AT greater than 2 °C among healthy
populations in similar metabolic conditions®® even at
different ages, as previous studies have shown that the
thermographic difference between young and adult
women in the posterior region of the leg does not ex-
ceed 1.5°C.
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Using normality values as a comparative thermogra-
phic tool has generated a lot of controversy in previous
years. In fact, Uematsu et al.®®, suggested not using ther-
mal ranges of normality but the asymmetric thermal de-
gree between opposite sides of the same body region,
as the possible standardisation of normality patterns
could lead to a biased interpretation of thermal results.
Today, thanks to the TISEM? scale and the continuous
development in terms of precision and reliability of ther-
mographic equipment, this technique has acquired a
much greater sensitivity, significantly limiting the risk of
bias®"-%), However, it should be noted that although there
are studies that offer normality reference values of the
posterior region of the leg in healthy populations, so far
there is no full consensus on the thermographic values of
the lower limbs of healthy patients®® ). This aspect high-
lights the need to investigate and have reference values
of normal thermographic patterns based on differences in
anatomical regions, ages, and genders, to have a basis
on which to base future studies.

Reliability and validity of the thermographic
technique

The primary findings of this preliminary study (indi-
cate) suggest that thermography may be a valid and re-
liable method for (evaluating) assessing thermal
variations in the posterior leg region of individuals with
neuromuscular impairments after brain damage. It is im-
portant to note that the observed thermal difference bet-
ween the two measurements in within the same patient
is likely attributable to the time gap between the two re-
adings. Itis known that, as the day progresses, thermo-
regulation and physiological processes in the human
body change, resulting in varying thermographic patterns
within the same patient throughout the day®©". However,
despite the observed temperature variation within the
same patient and the same leg region on different days,
statistically, this variation is not significantly different from
one leg to the other. This suggests that the temperature
change is likely associated with the time difference bet-
ween measurements on different days. Moreover, the
temperature difference between legs remains constant
over time. This could indicate that physiological changes
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are influenced more by the thermal patterns at different
times of the day than by variations in the quantity or qua-
lity of affected muscle tissue, which appear to remain sta-
ble regardless of the time or day. Nonetheless, we believe
that this aspect warrants further investigation in future re-
search, as it could provide valuable insights onto un-
derstanding the phycological response based on time
differences and help optimize therapeutic treatment pro-
tocols.

Thermography and Ashworth scale

The results show a poor correlation between the As-
hworth scale and the thermographic data since there is a
statistically significant correlation between the Ashworth
scale and thermography in just one moment and in a sin-
gle leg. Numerous studies have demonstrated the relia-
bility of the Ashworth scale in the assessment motion
restriction associated with spasticity or hypertonia in pa-
tients with neuromuscular sequelae® %), However, some
authors® have suggested not using this scale due to its
low inter-evaluator reliability and poor reliability in as-
sessing reflex muscle activity compared to electromyo-
graphy®. These facts show the need to compare a
numerical scale of assessment with an objective tool,
given the subjective nature of the examiner when quan-
tifying the clinical assessments. Although this study has
shown that thermography does not correlate with the as-
sessment of neuromuscular damage using the Ashworth
scale, we believe that the small size of the sample could
be the fundamental reason for this lack of total signifi-
cance, since all correlations have been negative and of
medium magnitude, demonstrating that as the tempera-
ture decreases, the scale increases. Based on previous
studies that have shown that the average temperature of
analyzed ROls varies as the musculoskeletal system is
affected, even in trophic diseases® ), it would be inte-
resting to explore whether a larger sample with more spe-
cific characteristics might reveal a common thermal
pattern for specific functional diagnoses. In this study,
such conditions were not available, and only one patient
was included for certain pathologies.

According to these results, it has not been possible to
determine whether the skin temperature challenge could
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be a useful element in assessing the degree of neuro-
muscular involvement after brain injury. However, we be-
lieve that the small sample size in this study is a
significant limiting factor and may have reduced the sta-
tistical value. Future studies are needed to assess the in-
volvement of the nervous and musculoskeletal systems,
as this could influence the cutaneous thermal response.
This would help to understand how different levels of
functional involvement could lead to different cutaneous
thermal patterns. If future studies can establish a signifi-
cant correlation between the quantification of neuromus-
cular sequelae and thermographic images, it would be
possible not only to streamline the process of evaluating
such sequelae, but also this could be of extreme impor-
tance for monitoring the effects of rehabilitation protocols
and pharmacological therapies that want to act on the
motor sequelae in patients with these characteristics.

CONCLUSION

Thermography is a fast, economic, non-invasive, and
objective tool. This study has analysed the potential role
of this technology in a small group. A large-scale study,
based on these initial results, and conducted with appro-
priate instruments, standardised protocols, and well-trai-
ned professionals, would be highly recommended to
objectively quantify the neuromuscular sequelae after
brain damage. This approach would utilize a cost-effec-
tive and reliable tool, patients and therapists with a more
precise diagnostic method. Furthermore, we believe that
these findings could assist various healthcare professio-
nals in assessing the most current rehabilitaron techni-
ques, ultimately contributing to reducing the financial
expenses associated with the evaluation process and the
development of clinical protocols.
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