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ABSTRACT
Introduction The human body makes many physio-
logical adjustments throughout the day, including adjust-
ments to body temperature. The purpose of this study
was to determine oscillations in the skin temperature
(Tsk-1–Tsk-25) at 25 body regions of interest (ROIs) over
1 day using infrared thermography.
Methods Tsk values of 31 male (age 22.9±3.0 years)
Brazilian Air Force members were evaluated from five
thermograms collected at 7, 11, 15, 19 and 23 h
(Tsk7,11,15,19,23) by a Fluke imager. We applied one-way
analysis of variance for repeated measures for the differ-
ent times of the day and Tukey’s post hoc test to deter-
mine significant Tsk differences between ROIs (α=0.05),
and the cosinor analysis was used to determine the
midline estimating statistic of rhythm, amplitude and
acrophase of Tsk during the 24 h period.
Results The anterior hands showed the greatest Tsk var-
iations throughout the day. In the lower limbs, scapula,
abdomen, chest and lower back, Tsk-11, Tsk-15, Tsk-19
and Tsk-23 were significantly different (p<0.05) from
Tsk-7. The lowest Tsk values were obtained in the early
morning, with increases in the afternoon and levelling
after 15:00.
Conclusions The Tsk at all ROIs and the averaged Tsk
showed oscillations throughout the day, with the lowest
values in the early morning (07:00). Temperature fluctua-
tions depended on the specific ROI, with thermal stabil-
isation in some regions in the afternoon and a central
upward trend throughout the day in the hands.

Q1

INTRODUCTION
The human body undergoes a series of physio-
logical adjustments over a 24 h cycle. These adjust-
ments are mainly controlled by neurons in the
suprachiasmatic nucleus (SCN),1 which is located in
the anterior hypothalamus and is responsible for
the functional oscillations observed in organs and
tissues, such as heart, lung, liver, gut, adrenal gland
and adipose tissue.2 Thus, the SCN influences
rhythmic phenomena that include not only the
sleep–wake cycle but also breathing, HR, BP, peri-
stalsis, the motor system, mental functions, nerve
activity3 and body temperature.4

For a correct interpretation of body temperature,
it is important to consider its normal fluctuations
throughout the day.4 This daily variation in body
temperature has been demonstrated by measure-
ment of rectal,5–7 axillary,8 gastrointestinal,8 oral9

and skin temperatures (Tsk).10 In individuals with
normal lifestyles, rectal temperature presents the
highest values between 14:00 and 20:00, with a
peak at approximately 17:00 and a minimum at

05:00. Similar oscillations at different times of the
day are also found with regard to oral tempera-
ture.9 Small variations of Tsk in the chest and arm
region and large swings in the region of the hands
were described by Aschoff;4 at the distal regions
the highest values occurred during the night, when
the decline of rectal temperature starts,4 these
largest differences being present at the extremities
because they are areas that have a vasomotor func-
tion of heat loss.11 Another interesting study on the
effect of circadian rhythm described different
values of Tsk depending on the body area exam-
ined; the proximal area followed the same circadian
rhythm rectal temperature, while the Tsk distal,
hands and feet, exhibited an opposite pattern.12

One of the problems encountered by Tsk studies
employing thermal sensors is the small number of
body regions analysed,10 13 which makes it difficult
to understand what occurs throughout the whole
body. Therefore, it is necessary to use assessment
tools that allow simultaneous monitoring of Tsk in
a wide range of body regions.
Infrared thermography (IRT) is a safe, non-

invasive and low-cost technique that allows for the
rapid and non-contact recording of the irradiated
energy released from the body.14 15 A high-
resolution thermal image can provide interesting
information about the complex thermoregulation
system of the body. The development of fast and
easy-to-use IRT monitoring tools allows researchers
to obtain the general or local thermal profiles of
human bodies.

Key messages

▸ By using infrared thermography (IRT) to
perform skin thermographic control, it is
possible to map with thermal characteristics
considered normal for each body region.

▸ All analysed regions of interest (ROIs) in our
study showed skin temperature (Tsk)
oscillations during the day that exhibited
different amplitudes.

▸ The use of IRT for Tsk measurement can aid in
the study of heat production and dissipation,
which is a key factor in investigations on
clothing in the military sector.

▸ The practical application of IRT in the past few
years means it may be a technique capable of
preventing, diagnosing and monitoring the
process of injuries treatment.
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It is worth noting that despite the findings of van den Heuvel
et al,16 which showed a positive correlation between the tem-
peratures obtained by IRT and contact thermal sensors, these
two methods exhibited significant differences in Tsk measure-
ments in another study, with the IRT values that were 1.3–3.4°C
lower than those of contact thermal sensors.16

The differences between these methods are caused by differ-
ences in the protocols. On the one hand, thermal sensors make
physical contact with the skin, capturing the heat released from
the body through conduction processes, whereas IRT records
the temperature distribution on the skin via a thermal imager
that captures and processes the long-frequency infrared radi-
ation emitted by the body surface.17

Although there is extensive evidence of variations in body
temperature as measured by different techniques, a MEDLINE
database search for the keywords ‘circadian rhythm and therm-
ography’ or ‘periods of the day and thermography’ revealed no
studies that used IRT to measure Tsk throughout the day.

The use of IRT for Tsk measurement can aid in the study of
heat production and dissipation,18 which are key factors in
investigations on clothing in both the military sector and the
field of competitive or recreational exercise; such clothing aims
to facilitate heat loss or retention depending on the intensity of
the exercise and the weather conditions. Because of previous
studies that demonstrate daily variations of Tsk in different body
regions and their heat loss functions, it is important to identify
simultaneously these variations throughout the body. Therefore,
we selected 25 regions of interest (ROIs) that correspond to the
right/left sides and anterior/posterior regions of the body, areas
normally covered by sports or military clothing.

Therefore, the purpose of our study is to record the Tsk oscil-
lations over a period of 1 day in young men in the military by
IRT in 25 ROIs covering the whole body.

METHODS
Subjects
A convenience sample of 31 males enlisted in the Brazilian Air
Force School of Aeronautics, São Paulo, Brazil, volunteered for
this study. All men were considered active as they performed
military physical training sessions of moderate to high intensity
4–5 times per week.

The exclusion criteria were (a) any bone, muscle or joint
injury in the two months prior to data collection; (b) history of
kidney problems due to fluid accumulation in the body, causing
inflammation in several body regions; (c) currently undergoing
physiotherapy treatment; (d) tobacco or drug consumption
(antipyretics or diuretics), or food supplements that might
interfere with homeostasis hydration or body temperature in the
previous two weeks; (e) burns on the skin, regardless of their
degree; (f ) undergoing any local treatment with creams,
ointments or lotions; and (g) pain, fever symptoms, or sleeping
disturbances in the previous seven days.

The assessed men participated voluntarily and remained on
the military base during the 32 h study period. After being
informed about the dynamics of the study and its objectives,

they signed consent forms to participate and did not receive any
financial compensation.

Procedure and study design
The data were collected in two spring season days at an external
average temperature of 25°C. The standardisation of the evalu-
ation conditions began the day before data collection and all
subjects performed no high-intensity physical exercises19 and
were restricted to only normal daily activities. After the evening
meal, which was held at the military base, the subjects retired
into their respective rooms between 21:30 and 22:00 for a
period of 8 h of sleep.

Thermographic images were collected the next day between
07:00 and 24:00 at five different times with 3 h intervals
between collections (07:00 to 08:00, 11:00 to 12:00, 15:00 to
16:00; 19:00 to 20:00 and 23:00 to 00:00). During breaks, the
subjects remained in their rooms and engaged in only sedentary
activities with low-energy consumption, such as watching TV,
reading or playing cards (<1.6 METs).19

Subjects ate four meals, always soon after the completion of
thermographic imaging and 2 h before the next collection of
images. This schedule was maintained to minimise any thermo-
genic effect caused by food. Liquid consumption was restricted
to water. Figure 1 summarises the study protocol.

The Tsk values of the ROIs were obtained from the thermo-
grams according to the criteria described by the European
Association of Thermology:20 the first step consisted of prepar-
ing a room on the military base (4×6×2.6 m) with no natural
light, a temperature 23°C±1°C and humidity of 50%±5%.
These laboratory conditions were similar to other studies.21–23

All the thermograms were performed by the same examiner
using the same imager, which was positioned on a tripod 4 m
from the subject.

For each of the five data collections, the subjects arrived and
were instructed to change into a swimsuit or shorts. After a
minimum of 10 min of adaptation to the room conditions, as
recommended by Marins et al,21 the thermograms were
recorded.

During the adaptation period and the data collection, the sub-
jects were asked to abstain from making any type of movement,
sitting, crossing legs or arms, or scratching, given that those
actions can modify the local Tsk by friction. Before the first
thermography recording, the standard questionnaire used by
Marins et al21 was completed to exclude subjects meeting any
exclusion criteria. After these preparatory steps, thermograms
were taken following the procedures described below. The
subject was positioned standing in anatomical position
(Figure 2) facing the imager. Four images were recorded: anter-
ior and posterior views of the lower limbs and upper limbs.

The ROIs analysed included the left and right hand, forearm,
upper arm, thigh and leg. In addition, Tsk of the chest,
abdomen, lower back and upper back were collected. The
choice of ROIs was based on an earlier work by Marins et al.21

Tsk values averaged from the 25 ROIs were collected by the
software Smartview (Fluke, Everett, USA). The shape of each

Figure 1 Schedule of data collection.
RES, rest in their rooms; IRT-n=data
collection number; IRT, infrared
thermography; EAT-1=breakfast;
EAT-2=lunch; EAT-3=snack;
EAT-4=dinner.
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ROI rectangle was determined by anatomical landmarks
(Table 1).

Figure 2 shows an example of how the images were acquired
and markings made of 25 ROIs.

The average Tsk (AvTsk) was calculated using the formula
AvTsk=0.34×Tskabd+0.15×Tskf-arm+0.33×Tskthigh+0.18×Tskleg
proposed by Choi et al24 using temperature values for only 4 of
the 25 ROIs analysed in our study; these regions are the abdomen
(Tskabd), posterior forearm right (Tskf-arm), anterior thigh right
(Tskthigh) and posterior leg right (Tskleg) (Figure 2).

Equipment
The thermographic imager was an IRT-25 camera (Fluke,
Everett, USA) with a measurement range of –20°C to +350°C,
an accuracy of ±2°C or 2% of the measurement, a sensitivity of

<0.1°C, infrared spectral bands from 7.5 to 14 mm, a refresh
rate of 9 Hz and a resolution of 160×120 pixels (focal plane
array). The images were obtained at the interval the minimum
cycle of calibration of 2 years performed by the manufacturer,
being considering a skin emissivity of 0.9817 and analysed using
software Smartview, V.3.1. The thermographic imager requires a
short time of approximately 5 s of stabilisation after being con-
nected; the focus was adjusted according to the distance from
the subject. The temperature and humidity of the room were
recorded by a thermohygrometer (ITHT-2200; ranges: tempera-
ture=10–50°C±1°C, humidity=20–90%±5%). An air condi-
tioner (Consul 10 000 BTU Hot/Cold CCO10B) was used to
maintain the environmental conditions of the room.

Statistical analyses
After confirming the normal distribution of the variables
(Shapiro–Wilk test) and homogeneity of variances (F-test),
descriptive statistics, including mean and SD, were used to
present the data. Additionally, one-way analysis of variance for
repeated measures, followed by Tukey’s post hoc test, was per-
formed to determine significant differences between the Tsk for
each ROI at different times of day. To validate the repeated mea-
sures, we adopted the Mauchly sphericity test, and where neces-
sary, the Greenhouse–Geisser correction was used. The cosinor
analysis was used to determine the midline estimating statistic of
rhythm (MESOR), amplitude and acrophase of Tsk during the
24 h period. The MESOR is the average value of the fitted cosine
curve. A significance level of α=0.05 was established. The soft-
ware Cosinor Periodrogam 2.7 was used for cosinor analysis, and
the software SigmaPlot 11.0 was used for all other calculations.

Figure 2 Front and back infrared thermograms and the locations Q3of the rectangles demarcating the 25 regions of interest (ROIs) analysed.
*indicates the four ROIs used to calculate the average skin temperature.

Table 1 Definition of the anatomical landmarks used

Landmarks

Hand The junction of the third metacarpal proximal
phalanx with the third ulnar styloid process

Forearm Cubital fossa and distal forearm
Arm Cubital fossa and axillary line
Abdomen (and low back) Xiphoid process and 5 cm below the umbilicus
Chest (upper back) Nipple line and top edge of the sternum

Thigh 5 cm above the upper border of the patella and the
inguinal line

Leg 5 cm below the lower border of the patella and
10 cm above the malleolus

Costa CMA, et al. J R Army Med Corps 2015;0:1–8. doi:10.1136/jramc-2015-000462 3

Original article

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

Original Text
Deleted Text
"The resolution of figure 2 is too low. Please resupply the figure in a resolution of at least 300 dpi. Guidelines on figure preparation can be found here: <uri xlink:href="



RESULTS
The mean age of the study participants: 22.9±3 years; height:
178.3±7.8 cm; body mass: 73.4±8.2 kg; body composition
9.6+3.5%. Figures 3 and 4 show the mean and SD of the Tsk
values for the analysed ROIs at different times of the day. Each
ROI exhibited significant Tsk differences (p<0.05) between at
least two time points. Additionally, each ROI showed a specific
Tsk behaviour, such that the average values were lower in the
distal hands, forearms, arms, legs and thigh regions compared
with the chest, abdomen and dorsal scapular inferior.

The Tsk of the anterior and posterior forearm and arm,
abdomen and lower back showed no significant differences
between 07:00 and 11:00 or between 15:00, 19:00 and
23:00, with the exception of the anterior forearm, which
showed a significant difference (p<0.05) between 19:00 and
23:00.

In the posterior and anterior thigh and legs, chest and
scapula, the Tsk at 11:00, 15:00, 19:00 and 23:00 were

significantly different (p<0.05) from those at 07:00, demon-
strating an increase in Tsk in the morning and a stabilisation
after 11:00 . The Tsk of the anterior thigh was also significantly
different (p<0.05) at 11:00 compared with 15:00, as was the
anterior leg at 11:00 compared with 19:00.

Table 2 shows the AvTsk obtained using the Tsk values
using temperature from values only 4 of the 25 ROIs analysed
in our study; these regions are abdomen (Tsk-12), posterior
forearm right (Tsk-15), anterior thigh right (Tsk-7) and pos-
terior leg right (Tsk-21) at the five time points. The results
show that AvTsk also varied during the period analysed. The
lowest values were obtained in the early morning, with
increases in the afternoon and a levelling off starting at
15:00. AvTsk was significantly different (p<0.05) at 07:00
and 11:00 compared with 15:00, 19:00 and 23:00; however,
the latter time points were not significantly different from
each other. AvTsk was also significantly different (p<0.05)
between 07:00 and 11:00.

Figure 3 Skin temperature values at anterior regions of interest (ROIs) in men (n=31). Significant differences between individual time points are
represented by the letters a–e. a, from 07:00; b, from 11:00; c, from 15:00; d, from 19:00; e, from 23:00. The top letters of each graph correspond
to ROI number 1. The lower letters of each graph correspond to ROI number 2.
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Figure 4 Skin temperature values at posterior regions of interest (ROIs) in men (n=31). Significant differences between individual time points are
represented by the letters a–e. a, from 07:00; b, from 11:00; c, from 15:00; d, from 19:00; e, from 23:00. The top letters of each graph correspond
to ROI number 1. The lower letters of each graph correspond to ROI number 2.
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Table 3 shows the rhythmic parameters of the cosinor analysis
The acrophase denotes the time after midnight when the fitted
curve is estimated to be at its peak. The amplitude is the dis-
tance between the maximum of the fitted curve and the
MESOR.25 The MESORs indicate a similarity in Tsk values
between the left and right sides of the body; the largest ampli-
tudes are in the hands; and the acrophases show that ROIs have
highest Tsk values in the late afternoon and evening, even
though they differ in detail with ROI. The anterior parts of the
right and left arms showed significant rhythms (p<0.05).

DISCUSSION
The temperature values obtained by IRT revealed Tsk variations
in all examined ROIs over the five analysed times of day; these
variations exhibited different magnitudes depending on the area
analysed. Our findings are similar to those of studies that identi-
fied daily variations in body temperature measured from the
rectum,5–7 axilla6 8 gastrointestinal region,8 mouth9 and skin.13

It seems clear that body temperature varies throughout the
day and exhibits a wave-shaped progression, which has been
confirmed in the studies cited above that analysed a limited
number of ROIs. Our study (Figures 3 and 4) shows that such
changes also occur in the whole body, although their magni-
tudes are different at the different ROIs, especially in the
extremities relative to the trunk. This observation justifies con-
sidering the temperature behaviour of each body region indi-
vidually, demonstrating acrophases between late afternoon and
evening (Table 3).

The Tsk values obtained in this study were consistently lower
in the morning (07:00): in 23/25 analysed ROIs, the lowest Tsk
was obtained at this time (Figures 3 and 4), whereas 18 ROIs
showed the highest temperatures at 23:00. A lower body tem-
perature in the morning, followed by an increase in the after-
noon, has also been observed by other authors using different
methods for recording body temperature. Some examples are
the works of Monk et al,5 who registered rectal temperature in
young adults and elderly individuals; Edwards et al,9 who used
a sublingual clinical thermometer; and Pronina and Ribakov,13

who measured the Tsk through a sensor attached to the shoul-
der of children and young adults.

Although the use of thermocouples has advantages such as
high precision, sensitivity, reproducibility, high response time
and high amplitude temperature measurement,26 27 it also has
disadvantages, such as reading the Tsk over only a restricted
area of a few square centimetres,26 the relatively high cost of
some basic reading equipment,26 the differences of Tsk gener-
ated by using fixing thermocouples28 and difficulties due to heat
loss through convection and evaporation in the region where

Table 2 Average skin temperature (AvTsk) calculated from the Tsk of four
regions of interest using the Choi et al formula24

Hour of the day 07:00 (a) 11:00 (b) 15:00 (c) 19:00 (d) 23:00 (e)

AvTsk (°C) 31.38* 31.92† 32.26*† 32.24*† 32.28*†
SD 0.73 0.57 0.74 0.63 0.83
Maximum (°C) 29.44 30.82 30.79 31.01 30.29
Minimum (°C) 32.78 32.78 33.50 33.40 33.97

*Significant difference (p<0.05) from the value of 11:00. Formula:
AvTsk=0.34×Tsk-12+0.15×Tsk-15+0.33×Tsk-7+0.18×Tsk-21.
†Significant difference (p<0.05) from the value of 07:00.

Table 3 Analysis cosinor in the 25 analysed regions of interest (ROIs) (Tsk-1−Tsk-25)

ROI Anterior ROI MESOR (°C) Amplitude (°C) Acrophase p Value

Tsk-1 Right hand 29.6 1.75 21:48 0.234557
Tsk-2 Left hand 29.9 1.75 21:28 0.261442
Tsk-3 Right forearm 32.3 0.49 20:16 0.299920
Tsk-4 Left forearm 32.4 0.56 20:52 0.279506
Tsk-5 Right arm* 32.7 0.21 22:44 0.036082
Tsk-6 Left arm* 32.4 0.56 20:52 0.007917
Tsk-7 Right thigh 31.0 0.68 18:32 0.108469
Tsk-8 Left thigh 31.1 0.71 18:20 0.135619
Tsk-9 Right leg 31.9 0.38 19:24 0.149677
Tsk-10 Left leg 31.9 0.52 18:12 0.089852
Tsk-11 Chest 33.1 0.29 18:36 0.261255
Tsk-12 Abdomen 33.2 0.26 19:52 0.224596

ROI Posterior ROI MESOR (°C) Amplitude (°C) Acrophase p Value

Tsk-13 Right hand 29.8 1.59 20:28 0.273843

Tsk-14 Left hand 29.7 1.62 20:32 0.273904
Tsk-15 Right forearm 31.9 0.40 21:16 0.216061
Tsk-16 Left forearm 31.5 0.43 21:36 0.247159
Tsk-17 Right arm 31.0 0.38 19:20 0.192136
Tsk-18 Left arm 30.6 0.26 19:40 0.331987
Tsk-19 Right thigh 33.4 0.19 11:16 0.308451
Tsk-20 Left thigh 33.2 0.21 19:12 0.328707
Tsk-21 Right leg 31.8 0.50 19:12 0.170138
Tsk-22 Left leg 31.6 0.41 19:00 0.270348
Tsk-23 Right scapula 31.6 0.49 18:36 0.198073
Tsk-24 Left scapula 31.5 0.43 19:08 0.318177
Tsk-25 Lower back 32.9 0.34 20:08 0.203623

*Significant cosine rhythm (p<0.05).
MESOR, midline estimating statistic of rhythm; Tsk, skin temperature.
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the thermocouple is fixed.28 29 In addition, long-term activities,
sweating and body movement can cause the thermocouple
detachment,29 interference due to movement of the attachment
cable26 and difficulty of use in a military context due to interfer-
ence from electronic devices. The use of the IRT can serve as an
alternative method to minimise the disadvantages of thermocou-
ples because it is a non-invasive technique that does not require
physical contact.23 30 The monitoring of Tsk can be focused on
a particular region of the body for local analysis or can assess
the entire body, enabling a more comprehensive analysis.30 23

Other advantages include freedom of movement during exercise
and lack of interference of processes concerned with heat loss
through radiation, convection and evaporation. The method
measures heat loss as it occurs naturally, has high sensitivity,
accuracy and reproducibility, and can be recorded by a
camera.23 30 31 However, disadvantages are the need for care
regarding factors that can interfere with the collection of IRT
data (such as room temperature and light radiation), the need to
train individuals in the use of the software that analyses the IRT
and circumstances when measurements require activities being
performed at any given time to be stopped in order to perform
the IRT.23

Considering the agreement of our study, we think that IRT
might be an alternative tool to assess the temperature variations
of Tsk when several body areas need to be simultaneously
measured.

Several metabolic adjustments may explain the lower tempera-
ture in the early morning compared with other times of the day.
According to Wakamura and Tokura,32 the sharp reduction in
metabolic rate that occurs while the subject sleeps at night gen-
erates a decrease in body temperature. Dijk et al7 reported that
endocrine responses of melatonin and cortisol are also involved
in this process. The administration of melatonin normally leads
to a reduction in the internal temperature under resting condi-
tions,33 suggesting that the nocturnal secretion of melatonin
may play a role in the diurnal variations of body temperature.34

The major differences recorded throughout the day (Figures 3
and 4) and the larger amplitude (Table 3) occurred in the distal
limbs, especially in the hands, which may be explained by the
fact that they are the sites where vasomotor function allows heat
loss.11

Despite such increases in Tsk in the distal regions, the values
in these regions did not surpass the Tsk values in regions of the
trunk, which remained quite constant throughout the day, with
lower amplitude in the chest and abdomen (Table 3). This lower
amplitude of Tsk in the central body can be regarded as normal,
given the concentration of major organs in the abdomen and
chest, which, under resting conditions, are the main producers
of heat.35 Another study corroborates the results obtained in
this work, as it also reported higher Tsk values in the abdominal
area in adults and elderly people.36

Our results confirm the existence of a thermal plateau between
15:00 and 23:00 in the anterior and posterior arms, thighs and
legs, scapulas, lower back, chest and abdomen. The peak tem-
peratures in the Tsk-5 and Tsk-6 (Figure 3C), Tsk-11 and Tsk-12
(Figure 3D), Tsk-9 and Tsk-10 (Figure 3F), Tsk-23 and Tsk-24
(Figure 4D), Tsk-19 and Tsk-20 (Figure 4E), Tsk-21 and Tsk-22
(Figure 4F) occurred between 15:00 and 23:00, demonstrated
also by acrophase obtained through cosinor analysis of each ROI.
A body temperature peak at approximately 17:00 has been
reported by other authors who recorded the Tsk in proximal
areas using rectal temperature and oral temperature.9

Aschoff4 described the small variations of Tsk in the region of
the chest and arms and wide oscillations of Tsk in hands, which

reached a maximum at 22:00, when rectal temperature started
to decline.4 These results agree with those obtained in the
present study (Figures 3A, B and 4A, B), in which the highest
Tsk in the distal regions (ie, Tsk-1, Tsk-2, Tsk-3, Tsk-4, Tsk-13,
Tsk-14, Tsk-15 and Tsk-16) occurred between 20:00 and 22:00
(Table 3).

The distribution of Tsk should exhibit symmetry between
contralateral hands, forearms, arms, thigh and legs because the
thermoregulatory adjustments of the right and left sides should
be similar due to a balanced nerve stimulation. The present
study noted similar behaviour between each pair of ROIs in the
bilateral analysis and demonstrated by the similarity of rhythmic
parameters (MESOR, amplitude and acrophase).

The development of new equipment collaborated, coupled
with the evolution of the practical application of IRT in the past
few years, has become an innovative feature, and it may be a
technique capable of preventing, diagnosing and monitoring the
process of injury treatment.37 38 The lack of similar studies
employing IRT throughout the day makes it difficult to general-
ise our results, but the present study is valuable in establishing
the differences and the parameters of the circadian rhythm and
the Tsk pace at five times of the day using the IRT technique.
Our findings should stimulate further work to investigate the
thermographic profile of the skin during the day in different age
groups and genders, considering that there are specific thermal
responses in children, women and the elderly.13 This restricted
sample population can be considered a limitation of this study,
as can the absence of data between 23:00 and 07:00 and the
lack of data about the internal temperature (ie, gastrointestinal
or rectal), which would provide more information for a more
precise interpretation of body temperature variations.

CONCLUSIONS
By using IRT to perform skin thermographic control, it is pos-
sible to establish the specific thermal profile of subjects generat-
ing a map with thermal characteristics considered normal for
each body region. It is important to consider that all analysed
ROIs in our study showed Tsk oscillations during the day but
exhibited different amplitudes. Distal ROIs showed greater Tsk
variation than central regions. Lower Tsk values were detected
in early morning, while during the night the highest tempera-
tures were recorded at most of the ROIs. The AvTsk also indi-
cated the existence of thermal variations during the day.
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