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The aim of this work is to describe and assess energetic-metabolic activity of selected muscles of upper extremities and body during
breaststroke swimming through infrared thermography as electromyography cannot display such muscle activity. Thermograms were
taken of 25 students from the University of Defence immediately and 15 minutes after swimming 1,000 m focused on 20 regions of
interest, i.e., corresponding to selected agonists and synergists in upper extremities and body. We used FLUKE TiR infrared hand cam-
era. It was found that there is a significant increase (normalized units) 15 minutes after swimming in triceps brachii (on the right prior to
swimming 0.950 and after swimming 0.994; on the left prior to swimming 0.947 and after 0.990), and in side, rear and front parts of the
deltoid muscles. On the contrary, there was a significant relative decrease in temperature in pectoralis, thombic and lower trapezius,
erector spinae lumbalis and latissimus dorsi. It can be concluded that swimming 1,000 m breaststroke affected significant increase in the
temperature of regions of interest, i.e., corresponding to agonists and synergists of upper extremities for the swimmer’s forward motion.
A relative decrease in temperature occurred rather in body muscles. The problem of biased results due to water cooling was solved by
using thermograms taken only in the 15th minute after getting out of water and calculating relative temperatures with normalized units.
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sults of electromyographical studies have been pub-
lished on muscular activity during swimming [6],
[14].

Still, these are not parameters which originate in
ongoing or finished energetic-metabolic activity of
specific muscles or muscle groups.

1. Introduction

Measuring energetic-metabolic activity of certain
muscles or muscle groups presents a significant tech-
nical problem. Current methods of judging the rate of
aerometabolic muscular activity during human motion
are based on analysing exhaled air and calculating
oxygen intake [21]. However, this method of indirect

Solving the problem
by using infrared ther mography

calorimetry provides information on total body ener-
getic requirements only.

A very good method to measure individual muscle
activity is electromyography. This method provides
information on electric muscular activity which is
prior to metabolic activity itself. In recent years, re-

Mechanical effectiveness of human muscular
work is about 50% [2]. Large amounts of chemical
energy in muscles are transformed into heat during
muscle contractions. Total muscle heat is a sum of
their static, shortening and regeneration heat [15].
Higher working metabolic activity and perfusion of
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muscle tissue result in a significant increase in mus-
cular temperature. Heat energy is then transferred to
close adjacent tissues including skin through fluids
flowing in vessels [23].

Thermography displays heat energy radiation from
the body. Subsequently, temperature of selected points
or areas of skin surface is calculated [25].

Displaying increased metabolic muscular activity via
thermography is used in sports medicine while diagnos-
ing myositis caused by overload [4]. A number of
authors have described heat changes in the body surface
during human physical activity outside water [9]-{13],
[16]. However, scientific papers on heat changes caused
as a result of moving in water are very scarce [24], [28].

Muscle activity
during breaststroke swimming

Human motion in water is made possible through
the activity of a large number of muscles. Due to the
knowledge of in motion apparatus anatomy and bio-
mechanics [8], [17]-[20], it is possible to define spe-
cific muscles and muscle groups which are involved
in breaststroke swimming. A simplified overview of
the muscle groups is presented in Table 1.
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body surface caused as a result of energetic-metabolic

activity of the muscles of upper extremities and body

during breaststroke swimming.
The results should provide answers to the follow-
ing questions:

1. What is the distribution of temperature on skin
surface prior to and after swimming in this style?
Is there a right—left symmetry of the tempera-
tures?

2. What is the increase in temperature of the re-
gions of interest in respective muscle agonists
and synergists prior to and after breaststroke
swimming?

3. Is there any relationship between the velocity of
breaststroke swimming and the change in skin tem-
perature?

2. Materials and methods

Measured group of persons

Twenty-five young men were measured — students
from the University of Defence — who were not pro-

Table 1. Simplified overview of agonists and synergists of upper extremities during breaststroke swimming

Swimming

phase Joint movement

Main agonists
and synergists

Swimmer’s forward

Ulnar and palmar duction of wrist;|Mm. manus et antebrachii — flexores digito-
forearm pronation; flexion and

rum et carpi, m. pronator teres, m. pronator

motion due to back-
ward water pressure

extension in elbow joint; flexion
and adduction and inner rotation
of humerus in shoulder joint.

quadratus, m. pectoralis major et minor, m.
subscapularis, m. coracobrachialis, m.
latissimus dorsi, m. teres major et minor, m.
triceps brachii, m. brachialis.

Preparatory phase,

upper extremities
forward

bending and stretching

Radial and dorsal duction of wrist;
forearm supination; dorsal flex-
ion, abduction; external rotation
and arm elevation in shoulder
joint; elbow joint extension; wrist

m. supinator, m. biceps brachii, m. deltoi-
deus — pars lateralis et anterior,

m. trapezius — pars superior, m. elevator
scapulae, m. infraspinatus, m. supraspina-
tus, m. serratus anterior.

extension.

Other synergists are muscles which stabilise the
body (the spine) and make support for the movement
of upper extremities. They are mainly deep back mus-
cles and abdominal wall muscles.

Important are also muscles of lower extremities for
the movement in coxal, knee and ankle joints. These
muscle groups participate in the forward motion. They
are also support to maintain position and body motion
and the work of upper extremities.

Aims of the paper

The aim of this paper is to contribute to the
knowledge in the area of temperature changes of the

fessional swimmers. They went swimming for one
hour once per week within their curriculum. We pres-
ent a basic characteristic of the group of men (mean
values = standard deviations): age 20.3 = 1.29 vy,
height 183.9 = 7.73 cm, weight 79.7 £ 10.52 kg, body
mass index 23.53 + 2.43 kg-m *.

Physical conditions in the hall: air temperature
27.9-28.1 °C, relative humidity 52.3-52.8%, roofed
hall with air circulation up to 0.5 m-s™.

Skin adaptation before swimming: Students got
adapted in the hall by the pool in standing position for
15 minutes after they had put on their swimsuits with-
out taking a shower.
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Swimming load

The students were swimming 1,000 m breaststroke
in as short time as possible (relative to their own best
time) in a 50-metre pool. They were swimming sepa-
rately in three groups in two-metre wide lanes be-
tween 9 and 11 am.

Water temperature was 26.1-27.7 °C.

Infrared camera used

We used FLUKE TiR infrared hand camera with
wave range within the infrared spectrum part of
7.5-14 pum, 23x17° lens, manual focus, temperature
sensitivity of 0.1 °C, 480 x 640 pixel LCD display.

Procedur e of taking ther mograms

Thermograms were taken in standing position:

1. In static position prior to swimming (after 15-minute
adaptation in swimsuit).

2. Immediately after swimming after short non-
intensive drying with a towel without friction (ap-
prox. 30—60 seconds after swimming).

3. In the course of the 15th minute after swimming
(without any other use of towel).

Each time, four thermograms were taken: from the
front, from the back, from the right, and from the left.
This means 12 thermograms for each student, i.e., 300
thermograms in total.

Thermogram analysis

Thermograms were analysed with special Smart
View 2.0 software.

Table 2. Skin areas of the selected muscles,
their parts or groups

Skin arca Muscles, their parts or groups
abbreviation
Da m. deltoideus — pars anterior
Dp m. deltoideus — pars posterior
Dl m. deltoideus — pars lateralis
Bb m. biceps brachii
Tb m. triceps brachii
Ts m. trapezius — pars superior
P m. pectoralis major et minor
R-Ti m. thomboideus major et minor, and m.
trapezius — pars inferior
Ld m. latissimus dorsi
Esl m. erector spinae — pars lumbalis

To depict the temperatures on skin surface, colour
scale of high contrast was used.

To calculate temperatures of selected areas, we
used a coefficient of infrared emissivity of human skin
equal to 0.98.

We selected 20 regions of interest in each stu-
dent, on both the right and left sides, relating to
certain muscles or muscle groups (Table 2, Fig. 1).
Such agonists and synergists of both phases of the
swimmer’s movement (Table 1) were selected
which are close to skin and which are sufficiently
large (circle skin area with the radius of at least
4 cm).

Statistical data analysis

1. Basic data characteristics: mean values and stan-
dard deviations, analysis of normal distribution
(Shapiro—-Wilk W test and Kolmogorov—Smirnov
test).

2. Tests of temperature differences on the right and
lefts sides prior to and after swimming (non-
parametric Wilcoxon test of pair samples).

3. Test of temperature relationships on the right and
left sides (non-parametric Spearman’s correlation
test).

The problem of assessing skin temperature is
caused by simultaneous temperature increase (work-
ing muscles) and decrease (skin cooling by water).
Herefore, we have defined a relative temperature indi-
cator and normalized units.

The relative temperature of one area is calculated
by the following formula:

RT [nu] = {(T [°CY/AT [°C])}

RT — relative temperature of concrete area in nor-
malized units (nu),

T — temperature of concrete area in grades of Cel-
sius (°C),

AT — average temperature of all 20 measured areas
in grades of Celsius (°C).

3. Results

Swimming

Reached times and velocities during 1,000 m
breaststroke swimming (means and standard devia-
tions): time (min:sec) 27:05 + 3:57, velocity (m-s ')
0.627 £ 0.080.
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Thermograms

Examples of thermograms in one student are pre-
sented in Fig. 1.

Thermograms prior to and 15 minutes after swim-
ming do not contain any significant bias caused by
dermal focuses and they were further analysed and
assessed.

Thermograms taken in the first minute after
swimming are significantly biased in 13 out of 25
students (52%) by dermal focus changes — cold fo-
cuses of water evaporation and hot focuses of skin
perfusion by artery perforators. Therefore, all ther-

mograms taken in the first minute after swimming
were excluded.

For 10 out of 20 selected muscle areas, the hy-
pothesis about normal distribution of values at 5%
level of significance has been declined. Therefore
we present next results in medians and percentile
bands.

Statistic characteristics of the position and vari-
ability of muscle areas temperature are given in Ta-
ble 3. Right—left temperature differences are signifi-
cant only in 4 (40%) cases before swimming (Dp,
Tb, Ld, Dl) and in 3 (30%) cases after swimming
(Bb, Dp, Tb).

|
%
o

Fig. 1. Examples of thermograms with selected muscle areas: Before swimming (a, b), 1 minute after swimming (c),
(d) and 15 minutes after swimming (e), (f). Front view (a), (c), (¢): front part of deltoid muscle and arm biceps.
Rear view (b), (d), (f): Rear parts of deltoid muscles and arm triceps. Colour scale from 28 to 38 °C
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Analysis of temperature changes prior
to and after swimming

Medians of temperatures after swimming are lower
than before swimming (Table 4). Temperature de-
crease is statistically significant. The only exception

where there was temperature increase is areas of m.
triceps brachii, both right and left.

Table 5 presents calculated relative skin tem-
perature of the regions of interest, the results of
Wilcoxon’s tests and their differences before and
15 minutes after swimming and the results of the

Table 3. Skin temperature (°C) of muscle areas before and 15 minutes
after swimming 1,000 m breast-stroke (n = 25)

Muscle | Before/ Right side Left side R-L difference

area | after me | 25% | 75% | m, | 25% | 75% | m. | 25% | 75% | Wp,
Da bfr | 348 | 341 [ 351|347 | 340 | 351 | 00 | 02 | 03 NS
after | 339 | 333 [ 347|339 | 335 | 347 ] 01 | -03 | 0.1 NS

» bfr | 343 | 340|347 | 342 | 337 | 348 | -0.1 | 03 | 02 NS
after | 329 | 320 336|330 317 | 34 | 00 | =03 | 04 NS

Bb bfr | 343 [ 339347 | 342 | 337 | 348 | 01 | 02 | 03 NS
after | 33.6 | 327 | 341|337 | 332 | 342 | 02 | -04 | 0.1 ok

s bfr | 356 | 349|359 355 ] 351 [ 359 | 00 | 02 | 02 NS
after | 34.6 | 34.0 | 350 | 346 | 340 | 353 ] 00 | -03 | 0.1 NS

Dp bfr | 34.8 | 341352 | 347 | 340 | 350 | 02 | 00 0.5 ok
after | 343 | 333 | 348 | 340 | 333 | 346 | 02 | 00 0.5 ok

RTi bfr | 353 | 346 (357|352 | 345 [ 355 02 | -01 | 03 NS
after | 33.8 | 333 | 343 | 338 | 328 | 345 | 0.1 | —02 | 02 NS

™ bfr | 32.8 | 324 (333|326 ] 323 334 01 | -0.1 | 04 ok
after | 335 | 329 (339 331 | 329 | 336 | 02 | 0.1 0.5 ok

d bfr | 344 | 338 | 348 | 342 | 336 | 348 | 0.1 0.0 0.2 o
after | 33.0 | 323 339 329 | 322 [ 337 ] 01 | -01 | 03 NS

Eel bfr | 345 | 338|348 | 345 | 337 | 348 | 00 | -0.1 | 02 NS
after | 322 | 315 332 ] 321 | 313 [ 333 ] 00 | —02 | 02 NS

DI bfr | 349 | 344|355 | 347 | 341 | 350 | 03 | o1 0.6 o
after | 344 | 337|349 | 340 | 338 | 347 ] 01 | -0.1 | 03 NS

Key: before/after — before or after swimming; 25% — 1st quartile; 75% — 3rd quartile; R-L — right-left;
Wp_p — results of Wilcoxon’s tests of right—left difference; NS — non-significant difference; * — p < 0.05;
**% _ p <0.005. Abbreviations of the areas are clarified in methods (Table 2).

Table 4. Differences in temperature before and 15 minutes after swimming,

comparison with Wilcoxon’s test

Right side Left side
Muscle | Median temperature Wilcoxon |Difference in median| Wilcoxon
area difference (after) (after) minus | temperature (after) | (after) minus
minus (before) (°C) (before) (p) | minus (before) (°C) | (before) (p)
Da -0.9 0.000146 -0.8 0.000214
P -1.4 0.000035 -1.2 0.000031
Bb 0.7 0.000060 -0.5 0.004903
Ts -1.0 0.000419 -0.9 0.000618
Dp 0.5 0.007440 -0.7 0.004676
R-Ti -1.5 0.000052 -1.4 0.000195
Tb +0.7 0.085310 +0.5 0.217318
Ld -1.4 0.000207 -13 0.000332
Esl 2.3 0.000035 2.4 0.000046
Dl 0.5 0.010324 -0.7 0.020804

Key: p — level of significance during Wilcoxon pair difference test. Abbreviations of
areas are clarified in methods (Table 2).
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Table 5. Relative temperatures of muscle areas before and 15 minutes after swimming,
their differences and relationships of such differences to velocities of swimming (n = 25)

Relative temperature (nu)
l\gizle Side Before swimming 15 min after swimming | Wyg.agier SFeesatlrglgn
m, 25% | 75% m, 25% | 75%
Da R 1.007 | 1.000 | 1.012 | 1.011 | 1.004 | 1.019 NS —0.304348
L 1.005 | 1.002 | 1.015 | 1.012 | 1.005 | 1.021 1 —0.327075
p R 0.997 | 0987 | 1.007 | 0.978 | 0.967 | 0.988 1 —0.071146
L 0.994 | 0.988 | 1.002 | 0.981 | 0.965 | 0.989 Ll —0.267787
Bb R 0.999 | 0.988 | 1.008 | 0.999 | 0.984 | 1.008 NS 0.116601
L 0.994 | 0988 | 1.006 | 1.002 | 0.991 | 1.013 NS 0.144269
Ts R 1.031 | 1.025 | 1.036 | 1.027 | 1.025 | 1.034 NS 0.522727*
L 1.032 | 1.027 | 1.038 | 1.033 | 1.024 | 1.040 NS 0.491107*
Dp R 1.008 | 0.995 | 1.015 | 1.017 | 1.010 | 1.026 1 —0.116601
L 1.002 | 0.990 | 1.008 | 1.011 | 0.995 | 1.021 " —0.000988
R-Ti R 1.019 | 1.011 | 1.026 | 1.006 | 0.997 | 1.012 Ll —0.119565
L 1.015 | 1.005 | 1.024 | 1.005 | 0.995 | 1.016 l 0.157115
Tb R 0.950 | 0.941 | 0.963 | 0.994 | 0.987 | 1.008 ™ 0.281621
L 0.947 | 0934 | 0.962 | 0.990 | 0.978 | 1.002 " 0.464427*
Ld R 0.999 | 0.992 | 1.003 | 0.993 | 0.975 | 1.000 l —0.330040
L 0.990 | 0.986 | 1.003 | 0.989 | 0.971 | 0.997 l —0.164032
Esl R 0.997 | 0.989 | 1.002 | 0.965 | 0.950 | 0.972 Ll —0.320158
L 0.997 | 0986 | 1.002 | 0.967 | 0.948 | 0.974 () —0.189723
DI R 1.012 | 1.000 | 1.017 | 1.023 | 1.011 | 1.038 ™ —0.473320*
L 1.008 | 0992 | 1.011 | 1.021 | 1.007 | 1.032 ™" —0.300395

Key: nu—normalized units; m, — median; 25% — 1st quartile; 75% — 3rd quartile; Wyg.aper — Wil-
coxon difference test before and after swimming; R — right side; L — left side; NS — non-
significant difference; 1/| - significant increase or decrease (p < 0.05); 11/]] — significant in-
crease or decrease (p < 0.01); 111 — significant increase (p < 0.005); R — Spearman’s correla-
tion coefficient; * — statistically significant relationship (p < 0.05). Abbreviations of areas are
clarified in methods (Table 2).
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Fig. 2. Changes in relative temperatures in individual muscle areas after swimming.

Key: 25% — 1st quartile; 75% — 3rd quartile. Abbreviations of the areas are clarified in methods (Table 2)
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relationship of such differences to velocities of
swimming.

After swimming, there was a relative increase in
temperature mainly on both sides in the areas of m.
triceps brachii and sides of m. deltoideus. Visible is
also an increase in temperatures of rear parts of m. del-
toideus on both sides and slightly less also in the case
of the front parts of deltoid muscles on the left.

On the contrary, there was a relative decrease in
temperature on both sides in the area of m. pectoralis,
mm. rthomboidei et trapezius inferior, latissimus dorsi
and erector spinae lumbalis.

With swimming velocity, relative temperature sig-
nificantly increased in the area of m. trapezius — pars
superior on both sides and m. triceps brachii left.
Relative temperature decreased significantly with
increasing velocity in the case of the side part of del-
toid muscle on the right side.

A better overview of changes in relative tempera-
tures after swimming in individual muscle areas (dif-
ferences compared with temperatures before swim-
ming) is presented in Fig. 2.

4. Discussion

In total, skin temperature was lowered by water be-
cause water temperature was lower than that of the
body and air, which is in compliance with long-familiar
facts about the effects of cooler water [3], [22], [24].
The only exception when skin temperature increased
was the area of arm triceps. This can be explained by
the fact that during swimming these muscles work very
intensively because they drive the swimmer forward
against water resistance. Additionally, this area may be
less cooled by water counter-current.

We expected an increase in temperature in other
agonists of the swimmer’s forward motion — m. latis-
simus dorsi and m. pectoralis. The explanation why
this did not occur could probably be looked for in
relatively lower intensity of work (if compared with
m. triceps brachii) and larger contact area with the
skin through which heat is transferred to water.

An available reference on the effects of swimming
on the distribution of temperature on the body surface
is Zaidi et al. [28], which is a one-case study with
completely different methods (swimming 4 x 100 m
using four styles with 10-minute breaks; skin areas
irrespective of the muscle areas).

Surface temperature of all selected areas of the
back (m. trapezius — pars superior, mm. thomboids et
m. trapezius — pars inferior, m. latissimus dorsi and m.

erector spinae — pars lumbalis) before swimming (Ta-
ble 3) is higher than average temperature of the back
33.3 °C which was found by Akimov et al. [1] in 23.5
+ 4.9 year-old differently trained endurance athletes.
This may have been caused by the fact that they per-
formed the examination in a room with slightly lower
temperature (21-22 °C). The conclusions of their
work speak about higher temperature of the back in
athletes with higher aerobic capacity. On the contrary,
our students who could be expected to have higher
aerobic capacity due to higher speed of swimming,
had lower temperature in the area of back muscles.

Statistically significant positive relationship of
swimming velocity to increasing relative temperature
(Table 5) in the area of upper part of trapezius and
left-sided arm triceps is rare.

In the case of left-sided triceps, main agonists of
the swimmer’s forward motion, this is in compliance
with logical assumption of reaching higher speed due
to more intensive muscle work. It is also in compli-
ance with the result of Wilcoxon difference test of
such values before and after swimming (Table 5).
However, the results of the correlation test are not in
compliance with this in right-sided triceps. It can be
assumed that the relationships of temperature changes
in relation to swimming velocity could be affected by
inter-individual diversity of the students’ swimming
technique.

Due to the fact that Boon et al. [5] described that
skin temperature of clavicular region increases after
immersion into cold water because of the BAT activ-
ity, we cannot exclude a partial influence of supracla-
vicular BAT on the skin temperature at the dorsal
superior trapezius region after swimming. We did not
measure temperature of the nearest region of pericla-
vicular BAT which has been documented by Symonds
et al. [26] as well as we did not measure anterior skin
region of the superior trapezius because we consid-
ered a powerful thermic source of great blood vessels
in the region (arteria et vena subclavia). We assume
that there is no influence of BAT on the temperature on
these specific regions: deltoids, trapezius, biceps, latis-
simus, rhomboids and pectorals. Positron-emission
tomography images have shown that the BAT is not
distributed in these locations [27].

An accurate and quantitative expression of the
muscular activity is a problem. The use of infrared
thermography is based on a relation between muscular
thermogenic activity during exercise [2], [12], [15]
and following temperature changes of the skin nearest
to specific muscle [6], [9], [28]. The accuracy of
thermographic evaluation of muscular activity could
be researched in the future.
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5. Conclusions

Our results have contributed to the knowledge of
temperature changes in skin which occur due to
working activity of the muscles during breaststroke
swimming in university students:

e In examined group of persons, we have declined
normal distribution of temperature in 50% of mus-
cle areas of upper extremities and body.

e In nearly all areas, the right-left difference in tem-
peratures is not significant.

e As a result of breaststroke swimming, there was
the most radical increase in temperature in the area
of arm triceps — agonists of the swimmer’s for-
ward motion.

e There was also high, though only relative, increase
in temperature in the side parts of m. deltoideus
which are agonists of stretching the arms forward.

e There was a smaller relative increase in tempera-
ture in the area of rear parts of m. deltoideus which
thus participate in the forward motion (synergists)
and front parts of m. deltoideus which ensure
stretching the arms forward.

e There was a relative decrease in temperature in the
areas of other synergists of the swimmer’s forward
motion: breast muscles, rhombic muscles with
lower parts of m. trapezius and latissimus dorsi.
Water cooling was probably stronger than heating
by working activity. There was a similar decrease
in temperature also in erector spinae pars lumbalis.

e There was a significant increase in relative tem-
perature with increasing velocity during swimming
mainly in left arm triceps (agonist during forward
motion) and upper parts of m. trapezius (agonists
of stretching the arms forward).

e Thermograms from the first minute after swim-
ming are biased nearly in half of the swimmers
due to dermal changes (cool focuses of water
evaporation, warm focuses of artery perfusion) and
could not be used for the assessment of working
activity.

e The problem of assessing temperature changes in
individual muscle areas which is caused by the
conflict of heating skin by working muscles and
cooling by water during swimming was partially
solved by introducing relative — normalized — tem-
perature units.

e [If we want to take assessable thermograms after
swimming, it is necessary to restrict water evapora-
tion from the skin by a short drying with a towel by
placing it to the skin (approx. during 20 seconds)

immediately after swimming without friction and
wait until the focuses of dermal changes disappear
in about 15 minutes.
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