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Abstract

Background: Cooling vests are popular and widely used in many sports. There are several studies about their efficacy but there is not
much evidence about their impact on the recovery of kayak sprint male athletes. Methods: Ten elite male sprint kayakers completed an
exercise protocol on a kayak ergometer on two separate days. They were randomized to wear a cold vest during a 15 min active rest on
one of these days. Following the pre designed protocol, all sessions were performed in a climate chamber with controlled temperature and
humidity conditions. At both moments, the blood lactate concentration was determined, as well as urine temperature. Skin temperature
in the latissimus dorsimuscle area was assessed several times along the protocol, using infrared thermography. Borg’s rating of perceived
exertion (RPE Scale) was applied to the protocol after each exercise bout and the perceived recovery scale was applied before the last
moment of the protocol (500 m test). Results: The subjective perception of recovery was significantly higher during the cooling vest
condition (p < 0.01). There were no significant differences on performance in the 500 m maximal test when comparing both days. On
the other hand, after the active recovery with cold vest, the skin temperature (p < 0.01), urine temperature (p < 0.05) and blood lactate
concentration were all significantly lower (p< 0.05). Discussion: Results revealed that the cooling vest is a suitable instrument to induce
a decrease in skin and core temperature while paddling and also to reduce more quickly the blood lactate concentration. The vest should
be tested under on-water conditions in order to consider other factors such as wind and solar radiation. Conclusions: Wearing a cooling
vest during active rest after a training session or a competition seems to improve the recovery of male kayakers.
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1. Introduction

During kayak sprint competitions, athletes often com-
pete in 2 to 4 events a day, and, most of the time, there
is only a short period for them to recover between races.
Therefore, a complete recovery is unlikely to occur. On
this account, finding a way to quickly cool down the ath-
letes’ bodies is a major request, so that they can recover
better in the brief interval between races. This will prevent
heat stress from happening, which can impair aerobic per-
formance when hyperthermia occurs [1]. Since the major
international kayak sprint championships take place in the
summer season this has an even greater impact. This type
of competition schedule promotes incomplete athletes’ re-
coveries between races, which are associated with the levels
of blood lactate concentration (BLC) above the rest values
[2]. Therefore, these values are positively correlated with
muscular fatigue, and a greater probability of injury occur-
rences [3,4]. It is common to use active recovery (AR) after
submaximal and maximal intensity efforts in order to de-
crease BLC levels, thus reducing the muscular fatigue [5]

and, consequently, the rate of injuries.

Cryotherapy is a recovery modality that is usually ap-
plied to speed up the regeneration of tissues and to pre-
vent swelling of acute musculoskeletal injuries [6–8], espe-
cially for the athletes who have a training and competition
schedule that requires several bouts of exercises within one
day or in environments of extreme heat and humidity [6].
Cryotherapy can be used with two different purposes that
are related between each other: to recover between exercise
bouts or to recover during heat stress [9]. In kayak sprint
events both situations have to be considered, so cryotherapy
is a valuable tool in this sport. Cold stimulation shows pos-
itive effects on muscle enzymes, creatine kinase and lactate
dehydrogenase [1,10]. Furthermore, there is an increase in
β-endorphin secretion by the pituitary gland and a decrease
in nociceptive response, mainly in C fibers. On that ac-
count, cryotherapy can reduce the fibers damage, the de-
layed onset muscle soreness (DOMS), the pain’s percep-
tion and it may also have a placebo effect on the sense of
recovery [11,12]. Most scientists and practitioners in health
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sciences agree that it is important to understand subjective
symptoms and how they relate to objective findings. In
sport the same principle can be applied, considering that
perceived exertion is closely related to the heart rate, among
other strain variables such as blood lactate levels [13]. The
Borg’s rate scale (6 to 20) is considered to be the most ap-
propriate to be applied in studies of perceived exertion, both
for exercise testing and prediction [14].

According to Racinais et al. [12] the decrease in the
core temperature is smaller with a cooling vest than with
cold water immersion or mixed-cooling methods. How-
ever, without directly reducing muscle temperature, cool-
ing garments present the advantages of lowering the skin
temperature, thus reducing cardiovascular strain and heat
storage. Since they provide a fast reduction of the skin tem-
perature, athletes canwear them during the recovery breaks.
A delayed effect on temperature reduction in deeper tissues
can be expected due to the lowering of the skin temperature.

In recent years some elite teams began to wear cool-
ing vests combined with the active rest after competition,
in order to accelerate recovery and prevent injuries in hot
environments. However, there are few studies approaching
the evaluation of their efficacy in kayak sprint. Finding an
effective strategy is important to avoid the potential mal-
adaptive physiological and psychological effects of over-
training [15]. Therefore, the main goal of this study was to
evaluate the cooling vest’s impact on the recovery process
of kayak sprint male athletes, by means of the analysis of
the BLC, Borg’s rate of perceived exertion (RPE), perfor-
mance and differences in infrared thermographic imaging
distributions.

2. Methods
2.1 Participants

Ten kayak sprint elite male athletes took part in this
study. The subjects were characterized by the following
biometric characteristics (mean ± SD): age, 21.63 ± 2.85;
height, 177.9 cm ± 7.33; body mass, 75.18 ± 7.33 kg; arm
span, 180.92 ± 9.5 cm; fat mass %, 10.19 ± 4.65. The
inclusion criteria were: (1) participation in at least one in-
ternational event in the last two years, in order to be con-
sidered an elite athlete; (2) be included in a training plan
which aimed the participation in international competitions.
The exclusion criterion was: having a fat mass percent-
age higher than 20%, considering that fat can interfere in
the cold impact on deeper tissues and, consequently, in the
skin temperature measurements performed [16]. Moreover,
each athlete was his own control.

2.2 Experimental protocol
The study protocol was completed in a climate cham-

ber with controlled temperature and humidity, using a wind-
braked kayak ergometer (Dansprint® PRO kayak, Hvi-
dovre, Denmark) that has already been used on previous
studies [17,18]. The participants reported to the laboratory

on three occasions with a week in between. On the first
occasion each subject performed a 4 minutes test to deter-
mine his maximal average power (MAP). This test defined
the power output of the training session (TS) and active re-
covery (AR) performed during the protocol. On the second
and third occasions, the participants reported to the labo-
ratory in order to follow the same protocol, with a single
difference: the randomized wearing of a cold vest during
the AR on one of the occasions.

The protocol (Fig. 1) consisted of a 15 min acclima-
tization, a warm-up (5 min at 40% MAP), an aerobic TS
(5 times 3 min work with 3 min of passive rest) at 75% of
the MAP, similar to what the athletes were used to do in
their daily training routine. After it, they had a 5 min pas-
sive rest (PR) and then paddled for 15 min (40% MAP) as
an AR. Depending on the randomization, the AR was per-
formed wearing or not a colling vest (Inuteq Siku PAC® &
H2O®, Deventer, The Netherlands). This cooling vest had
pockets to put 4 cold accumulators inside, 2 pockets in the
front side and 2 in the back. The recommendations of the
cooling vest brand, on how to get the most out of the gar-
ment’s wearing, were followed. After resting passively for
15 min, athletes finally performed a 500 m race simulation
in order to evaluate their performance. The distance of 500
m was chosen because it is the distance used on national
team selection races. The wearing of the cooling vest was
decided randomly bymeans of a calculator in anExcel 2013
spreadsheet.

Prior to the test, the body characteristics such as
height, body mass, arm span and skinfolds were measured
to estimate the body density (BD) based on Jackson and
Pollock’s equation. This is a generalized equation for the
calculation of the BD of men aged between 18 and 61 years
old, and it uses the sum of seven skinfolds (subscapular, tri-
ceps, abdominal, suprailiac, thigh, chest and medium axil-
lar). The BD’s result enabled the estimation of the fat mass
percentage with Siri’s formula [19].

During the protocol the skin temperature was assessed
five times, the BLC was measured four times, while the
urine temperature was measured twice. In each phase of
the study the perceived exertion was questioned by using
Borg’s RPE. Prior to the 500m race simulation, all kayakers
were asked to classify their perceived recovery, in a scale
ranging from 0 to 10 (in which 10 represents completely
recovered).

The air temperature of the chamber throughout the
three phases of the test varied between 20.9 °C and 21.2 °C.
The optimal temperature for the use of the infrared camera
in the study of the human body is 21 °C [20]. The relative
humidity during all the tests ranged from 66.0% to 68.9%.
The usual values for the use of the infrared camera ranged
between 40% and 70% of relative humidity, but there are
not established norms yet [20].
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Fig. 1. Study’s protocol: expressing the procedures and the assessments made in each phase. IRT, infrared thermography; BLC,
blood lactate concentration; TS, training session.

2.3 Skin temperature and core temperature

Since the latissimus dorsi along with the upper and
lower abdominals, pectoralis magnus, anterior serratus
and other torso muscles are some of the primary and sup-
porting muscles of the paddling technique [21]. The ra-
diant temperature of the human body can be measured by
means of an infrared thermographic imaging (IRT), which
is a contact-free technology used to monitor the skin tem-
perature [22]. The temperature distribution of large areas
of skin can be quantified quickly and accurately [23], thus
enabling the transformation of body’s radiation into tem-
perature values [22]. The use of IRT needs to follow some
recommendations [20,24]. Therefore, an infrared camera
(FLIR® SC660; FLIR Systems, Notting Hill, VIC, Aus-
tralia) on a tripod was used to take infrared pictures of the
posterior part of the upper body of each subject. The region
of interest (ROI) in the pictures was the skin area above the
latissimus dorsimuscle (one of the most important muscles
in the paddling technique). Special attention was given to
five different moments: the initial resting conditions after
acclimatization, TS, AR, and before and after the 500 m
race simulation. During heavy physical exercise, there is
an increased metabolic rate and, consequently, a rise in the
internal heat production. With the continuity of the exer-
cise, an increase of the blood flow rate between the human
body core and the skin occurs, in order to exchange more
heat with the surrounding environment [25]. All partici-
pants were aware of the recommendations before the IRT
screening. During the assessment, the subjects were on the
upright position and placed 1.5 m away from the camera.

The calculated value was an average of the thermograms of
the ROI.

A non-invasive evaluation of the core temperature
based on skin surface measurements may be biased by mul-
tiple factors such as the measurement location, local evap-
oration and clothing conditions [26]. As a result, the urine
temperature (Checktemp® digital thermometer 1HI98509,
Hanna Instruments, Woonsocket, RI, USA) was determined
in order to reduce error in the evaluation of the core temper-
ature. Using the urinary outpour to measure the urine tem-
perature is a less invasive technique and is better accepted
by the athletes than other techniques, such as the rectal or
esophageal temperature. According to Lefrant et al. [27],
the urinary bladder technique is more accurate than others
tomeasure the core temperature. Kawanami et al. [28] state
that measuring the urine’s temperature is a good method
to assess the human body core temperature and that there
are small differences when comparing it with other tech-
niques. In our study the urine temperature was assessed
twice, firstly prior to the TS and secondly before the 500 m
simulation race.

2.4 Blood lactate concentration

The BLC was measured after the TS, before the AR
and before and after the 500 m race simulation. Capillary
finger blood samples were collected and the BLCwas deter-
mined by means of a spectrophotometric method that has a
high degree of specificity for lactic acid [29,30]. The instru-
ment used was the Miniphotometer plus LP20, Dr. Lange,
Bavaria, Germany.
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Fig. 2. Infrared thermograms along the protocol – example of two sequences of thermographic images collected in different
moments of the protocol, with and without the cooling vest. (a) Without cooling vest. (b) With cooling vest. TS, training session;
AR, active recovery.

Table 1. Skin temperature above the right (RL) and left (LL) latissimus dorsi muscle (ROI) and the core temperature registered
during the protocol (before and after the training session, after the active recovery and before and after the 500 m test) for the

two active AR conditions.
With cooling vest (temperature °C) Without cooling vest (temperature °C)

RL LL Core RL LL Core

Before TS 35.28 ± 0.79 35.29 ± 0.93 36.3 ± 0.22 34.61 ± 0.89 34.74 ± 0.77 36.7 ± 0.26
After TS 34.93 ± 0.89 34.95 ± 0.90 - 34.84 ± 1.26 34.65 ± 1.39 -
After AR 30.09 ± 2.12 29.15 ± 2.39 - 34.22 ± 0.94 34.19 ± 1.05 -
Before 500 m 33.9 ± 0.97 33.64 ± 1.01 37.1 ± 0.46 34.67± 0.86 34.55 ± 0.81 37.4 ± 0.32
After 500 m 33.62 ± 0.88 33.64 ± 1.02 - 33.51 ± 0.82 33.62 ± 0.88 -
TS, training session; AR, active recovery; RL, right latissimus dorsi; LL, left latissimus dorsi; underlined for dif-
ferences in the skin temperature (p< 0.01); the statistical differences in the core temperature after AR are indicated
in bold (p < 0.05).

2.5 Statistical analysis
The body mass percentage was calculated by using

Excel 2013 for Windows 7. The statistical analysis was
done using the IBM SPSS Statistics version 24 (IBMCorp.,
Chicago, IL, USA) for Windows 7. The descriptive statis-
tics were performed for all the variables. The comparison
between the twomoments of the study was performed using
Wilcoxon’s test and the correlation was tested with Spear-
man’s test. Bothwith andwithout the cooling vest, five time
points of analysis of the independent variables were consid-
ered (IRT, core temperature, BLC, Borg RPE scale, average
power and distance), has presented on Fig. 1. Values of p
≤ 0.05 were considered statistically significant.

3. Results
Both on the protocol with andwithout the cooling vest,

the average skin temperature above the latissimus dorsi
muscle dropped after the AR. Comparing the thermogram
after the TS with the one after the AR (Fig. 2a and b), the
temperature decrease (Table 1) was higher with the wear-
ing of the cooling vest than without it. The ROI tempera-
ture after the AR with the wearing of the cooling vest was
significantly lower on both sides (z = –2.803; p < 0.01
(0.005)) (Fig. 3 – asterisk). There were no significant dif-
ferences in the skin temperature after the 500 m race simu-
lation (Fig. 2).

Regarding the core temperature, there were no signif-
icant differences between the measures before the TS. On
the other hand, after the AR the core temperature was sig-
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Fig. 3. Skin temperature along the protocol – variation dur-
ing the whole protocol in both situation of the study (AR with
and without the cooling vest). Grey lines represent the protocol
where the kayaker performed the AR with the cooling vest and
black lines the AR without wearing it. Continues and dashed lines
represent right or left lattisimus dorsi, respectively. The asterisk
is indicating that after the AR there is a significant difference (p<
0.01) in the temperature values between AR conditions. RL, right
latissimus dorsi; LL, left latissimus dorsi.

nificantly lower, 15 minutes after the wearing of the cooling
vest (z = –2.014; p < 0.05 (0.044)), when compared with
the moment at which the athletes did not wear the cooling
vest. All temperature values are registered in Table 1.

The values, which are statistically different when
comparing the wearing of the cooling vest with the ones
at which it was not being worn, concerning the skin tem-
perature (p < 0.01) are underlined and, in bold regarding
the core temperature (p < 0.05). Mean ± SD.

There were no significant differences in the values of
the BLC after the TS when comparing the moments wear-
ing the cooling vest with the ones without wearing it. The
changes in the BLC at all the moments of the protocol are
presented in Fig. 4.

Fig. 4. Blood lactate concentration along the protocol for both
AR conditions, with and without wearing the cooling vest. The
asterisk indicates that there was a significant difference (p< 0.05),
for the respective measurement time point. BLC, blood lactate
concentration; TS, training session; AR, active recovery.

After the AR with the cooling vest, the BLC was sig-
nificantly lower (z = –2.191; p < 0.05 (0.028)) comparing

with the values obtained at the same moment without the
cooling vest (Table 2) (Fig. 4 – asterisk).

Table 2. BLC values during the protocols with and without
the cooling vest.
BLC BLC

With cooling vest
(mmol/L)

Without cooling vest
(mmol/L)

After TS 6.78 ± 2.61 6.86 ± 2.86
After AR 2.29 ± 1.10 2.77 ± 1.11
Before 500 m 1.89 ± 1.01 2.13 ± 1.13
After 500 m 12.13 ± 2.70 14.31 ± 3.87
TS, training session; AR, active recovery; BLC, blood lactate
concentration.
The values which are statistically different (p < 0.05) are un-
derlined. Mean ± SD.

Although there were no statistical differences between
the BLC before the 500 m race simulation (z = –1.481; p =
0.139), after the AR wearing the cooling vest the average
BLC was lower, compared with the protocol at which the
cooling vest was not worn. The same happened with the
BLC after the 500 m test (z = –1.836; p = 0.066), where,
although the mean value was lower when the cooling vest
was worn during the AR comparing with no cooling vest, it
was not verified a significant statistical difference (Table 2).
The variation of the BLC values before and after the 500 m
for each athlete are specified in Fig. 5.

Fig. 5. Variation of BLC values before (black) and after (grey)
the 500 m race simulation for each athlete (1 to 10) at which
moment of study considering the two AR conditions. Variation
= (BLC with vest) – (BLC without vest).

The analysis of the perceived exertion (Borg RPE
Scale) and the power registered in the ergometer showed
no appreciable correlation in any period of the study when
comparing the two cooling vest conditions. However, the
athletes’ subjective perception of recovery before the 500
m simulation race was significantly higher after perform-
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ing the AR wearing the cooling vest (z = –2.831; p < 0.01
(0.005)), compared with the protocol of AR with no vest
(Fig. 6).

Fig. 6. Athlete’s subjective perception of recovery before the
500 m test. Mean ± SD with vest (6.85 ± 0.94) and without vest
(5.25 ± 1.09) during the active recovery.

No statistical difference was observed in the average
power of the maximal 500 m test between the two condi-
tions. The same happened regarding the performance time
in the 500 m race simulation test, which was not statisti-
cally different when comparing the protocols of AR wear-
ing cooling vest and without wearing it. At both conditions,
no correlation was not found between the BLC before the
500 m test and the performance time in the race simulation
test.

4. Discussion

The results of the carried out study revealed that the
cooling vest is a suitable instrument to induce a lowering
in the skin temperature while paddling (Fig. 3), being at
the same time light and not limiting the movement of low-
intensity paddling. As described in other studies [11,23]
the IRT can be used to monitor the skin temperature dur-
ing physical activity and cold treatments. In Table 1 it is
patent that the skin temperature above the latissimus dorsi,
for the athletes wearing the cooling vest during the AR, was
almost 4 degrees lower when comparing with the AR with-
out wearing the cooling vest. After the application of the
cooling vest the body needs to increase the blood flow in
the covered area in order to return to the homeostasis point.
The increased blood flow enables to eliminate more quickly
the waste products such as lactate, thus promoting a better
and faster recovery [11,27]. If it is worn regularly in the hot
days, the cooling vest will reduce fatigue, by decreasing lac-
tate levels and, consequently, the probability of developing
an injury or reach an overtraining level is lower [6].

When analyzing Fig. 5 it can be verified that, before
and after the 500m race simulation, eight athletes presented
lower BLC values when they wore the cooling vest during
the AR, in comparison with the AR without wearing the
cooling vest. One athlete (number 5 – Fig. 5) presented
higher BLC values after performing the AR with the wear-
ing of the cooling vest, and another athlete (number 6 –
Fig. 5), after wearing of the cooling vest presented higher
BLC values before the race simulation, but lower values
after it. These changes were more evident in the values af-
ter the race simulation as indicated by the size of the grey
columns, and it clearly suggests a difference in the kayak-
ers’ physiologic response to this recovery method. This fact
shows a singularity of high-performance sports, the need
of individualization. In addition, a different response to
the same recovery method means that what is an advantage
for a given athlete may not be necessarily an advantage for
another, although, on overall, wearing a cooling vest pre-
sented itself as an advantage.

Both the RPE and power had similar values in the two
occasions of the study, which means that the kayakers per-
formed the TS and the AR with similar intensity and the
same amount of physical and motivational resources [31].
As a result, it can be assumed that the differences found in
the BLC values were independent of these variables. Since
the RPE has a correlation with lactate levels [14], it was ex-
pected that the RPE of the AR with the cooling vest would
be lower, but this fact did not occur.

As it is described in literature [11,12], cold increases
the athletes’ subjective perception of recovery with an ef-
fect similar to a placebo. This effect is linked to dopamine
release from the nucleus accumbens, a central component
of the brain reward system, and it is known that the expec-
tation of an analgesic effect can trigger endogenous opioid
systems [15]. In the current study, similar results were ob-
tained and they confirmed that, when kayakers performed
the active recovery wearing the cooling vest, they felt more
recovered than when they did not wear it. The individual
perception of recovery is related to the subsequent perfor-
mance, and the psychometric measures can be more sensi-
tive than the physiological markers in determining the re-
covery state of the athletes [15].

At the two protocol conditions the performance has
not been different. Thismeans that it was not affected by the
use of the cooling vest, despite the difference in the physio-
logical response to cold. The reason for this result may have
been the small number of participants on the study. There-
fore, performing the same protocol with a larger number of
athletes should be considered in future studies.

5. Limitations of this study
The core temperature measurement was not assessed

with a sensor inside the body because this is an invasive
method and it is not practical for the performance during
a protocol with intense physical activity. It was assumed
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that the temperature of the urinary outpour is the same as
the one inside the urinary bladder. In further studies, either
parameter needs to be fixed or a correlation between the
urine temperature inside and outside the bladder should be
done prior to the study.

This study was conducted without taking into account
the wind, solar radiation and other variables that exist in real
weather conditions. For that reason, there is a need to con-
firm these results, of the recovery method in the real envi-
ronment of racing, in different weather conditions, it would
be interesting to carry out this study analyzing more mus-
cles and with other cooling vests, in order to see if there is
consistency in the results. Testing the muscles and compar-
ing their impact, by taking into account the types of muscle
fibers and their less or more intense participation in the pad-
dling technique, it would be also of interest.

6. Conclusions
A cooling vest may lead to a faster physiological re-

covery by reducing the core and skin temperature and pro-
moting a faster lowering of the BLC levels on male kayak-
ers. This vest can be a useful tool to apply during the AR
training sessions or races with a short period to recover
in between them. Nevertheless, an evident correlation be-
tween cold effects and performance improvements was not
found in the present study. Regarding the used settings, the
IRT revealed to be a reliable method to monitor the skin
temperature before and after the exercise.
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