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Cryostimulation is widely used to treat inflammation, rheumatism, acute soft tissue injuries, and neurodegen-
eration. It helps prevent injury and promotes recovery. This study aimed to examine the duration of the effects of
evening partial body cryostimulation (PBC) on core and skin temperatures. Seven male athletes participated in
this study. On the day of PBC, at 18:00, each athlete was exposed to PBC (approx. —180°C) in a specially
designed cabin for 3 min. On the control day, at 18:00, the participants sat still on a sofa for 10 min. On both
days, bedtime was at around 23:00. Wrist and abdominal skin temperatures, except during PBC, were recorded
with Thermochron thermistors after 17:30. Core temperatures were monitored with an ingestible and telemetric
core body temperature sensor and a data recorder. The circadian rhythm of the core temperature was observed
on both days. The core temperature at 22:30 was found to be lower on the PBC day. Wrist and abdominal skin
temperatures recovered after PBC; however, the residual effects on both were different. The abdominal skin
temperature at 22:30 was lower on the PBC day. Subjective sleep quality and next morning sleepiness did not
differ between the conditions. These results suggested that the effects of a 3-min evening PBC session on the core
and skin temperatures lasted for several hours. However, these differences did not affect the subjective sleep

quality.

1. Introduction

Recently, cryostimulation has been widely used for various pur-
poses, including treatment of inflammation (Pournot et al., 2011),
rheumatism (Yamauchi, 1989), and fibromyalgia (Bettoni et al., 2013).
Cryostimulation is used to relieve depression and anxiety syndromes
(Rymaszewska et al., 2008). Cryostimulation is also becoming popular
amongst athletes and clinicians to prevent injury and promote recovery
(Paddon-Jones and Quigley, 1997; Banfi et al., 2009; Hausswirth et al.,
2011; Schaal et al., 2015).

Techniques for cryostimulation involve exposing the whole or part
of the body to cold air. In sports medicine, whole-body cryostimulation
(WBC) consists of acute exposure to cold air (usually between —60 to
—135°C) in a specially designed chamber. Athletes enter the vestibule
chamber (at —60 °C) for approximately 30 s for body adaptation, and
then a cryochamber (between —110 and — 135 °C), where they stay for
up to 3min. In contrast, during partial body cryostimulation (PBC), an
athlete stands inside a specially designed cabin and his entire body,
except for the neck and head, is exposed to cold air (usually between
—160 and —195 °C). For PBC, the temperature inside the cabin was

regulated through injections of liquid nitrogen, which boils at —196 °C
at normal atmospheric pressure. It is noteworthy that the temperatures
described above were as reported by manufacturers. The heat of the
participant's body affects the temperature inside a chamber or a cabin.
Savic et al. (2013) reported that the actual temperatures measured next
to the skin were higher than those reported by the manufacturers.
Nevertheless, WBC and PBC differ regarding the body areas exposed to
the cold air, and the temperatures used for cryostimulation.

Many studies have evaluated the changes in skin temperature fol-
lowing WBC and PBC and focused on the extent to which cryostimu-
lation lowered the temperature (Costello et al., 2012; Fond et al., 2014;
Selfe et al., 2014; Hausswirth et al., 2013). However, there is a scarcity
of research on the body's thermal responses for several hours after
cryostimulation (Zalewski et al., 2014). Therefore, the duration of the
effects of a cryostimulation session is still unclear.

Schaal et al. (2015) reported that WBC mitigated the signs of
functional overreaching, such as reduced sleep. Additionally, Bouzigon
et al. (2014) reported that WBC improved subjective sleep quality in
athletes after matches. In both these studies, WBCs were conducted in
the evenings, and their findings may imply that effects of the evening
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cryostimulation last until bedtime and may improve nocturnal sleep.
However, no available data show that the effects of evening PBC last for
several hours. In this study, we prescribed a 3-min PBC session at 18:00
to the participants. The purpose was to examine the duration of the
effects of our intervention on the core and skin temperatures.

2. Material and methods
2.1. Subjects

Seven active males (age = 22.7 * 1.7 years; height = 170.3 +
2.8 cm; weight = 65.5 + 4.6kg; BMI = 22.6 + 1.8kg/m?) partici-
pated in the study. The participants were national level triathletes
(n = 2), college level athletes (n = 3), retired athlete (n=1), a
strength training professional (n = 1). It was the first time any of the
participants were being prescribed PBC. The participants maintained
regular sleeping habits and were not medicated with psychoactive
agents or other medications. They were studied during the off-season
and were prohibited from training after 12:00 on the PBC days.
Smoking and alcohol consumption were prohibited. Written informed
consent was obtained from all the participants after explaining to them
the experimental procedure and possible risks. This study was approved
by the Japan Institute of Sports Sciences Ethics Committee.

2.2. Study design

The participants were divided into 2 groups. In a crossover design,
the participants were subjected to two measurements on the habitual
day (CON) and the PBC day (CRY). Both the measurements were con-
ducted within a month at the Japan Institute of Sports Sciences, Tokyo,
Japan. The institute was air-conditioned, and the room temperature
was 22.0 = 0.85°C.

Fig. 1 shows the schedule for the measurements. On each day, the
participants came to the laboratory at 15:00. For the CRY condition,
they moved to the room for the PBC at 17:45. Next, they sat still and
waited for PBC until 18:00, and at 18:00 they were exposed to the PBC.
For the CON condition, after sitting still for more than 10 min, the
participants’ core and skin temperatures were evaluated at 18:00. For
both the conditions, at the restaurant in our institute, the participants
had their dinner before 20:00. Next, they stayed in the institute dor-
mitory room and were requested to go to bed around 23:00, and sleep
for more than 7 h. Immediately on waking up, they filled the ques-
tionnaire sheet that asked about their sleep and feelings. For both
conditions, the core and skin temperatures were continuously recorded
from 17:30 on the day of CON or CRY until they woke up the next
morning (except during PBC).

2.3. Partial body cryostimulation

Each participant was exposed to PBC for 3min (Cryoshower CS-
2000, Saraya Co., Ltd., Japan). For PBC, the temperature inside the
cabin was regulated through injections of liquid nitrogen, which boils at
—196 °C at normal atmospheric pressure. The temperature at the outlet
for the nitrogen was regulated at — 180 °C. It should be noted that, due
to the convection from the participant's body to the air in the cabin, the
actual temperature next to the skin may have been higher. Savic et al.

15:00 18:00 20:00 23:00

CRY ¢-
CON ¢-
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(2013) reported that the actual temperature next to the skin often
reaches — 35 °C during 3-min PBC.

The participant entered the cabin in swimwear, equipped with
gloves, socks, and shoes to prevent frostbite of the extremities. By ad-
justing the height of the platform in the cabin, his head and neck were
outside the cabin and were not exposed to the nitrogen gas. During the
PBC, he was allowed to move his extremities and turn around slowly
inside the cabin.

2.4. Core body temperature measurements

The core body temperature was determined using an ingestible
telemetric temperature capsule system (CorTemp, HQInc, USA). The
system comprised of two components: i) a portable monitor for re-
gistering, storing, and exporting digital records of temperature, and ii)
an ingestible capsule-type sensor for measuring temperature.

Around 15:30, each participant swallowed the capsule with a small
amount of water. The participant's core temperature was recorded once
every minute, from 17:30 until the participant woke up the next
morning (except during the PBC).

2.5. Skin temperature measurements

The wrist and abdominal skin temperatures were recorded using the
iButton wireless temperature system (type DS1921H; Maxmim/Dallas
Semiconductor Corp., USA). It is a small (diameter = 17 mm;
height = 7 mm; weight = 3.3 g) system for measuring and recording
temperature. Next, the time and temperature data were transferred to a
computer for data analysis. To record the temperatures, the bottom of
each iButton was attached to the skin of the non-dominant wrist and
abdomen using an adhesive tape at 15:00. Wireless determination skin
temperature using iButton has already been validated (Marken
Lichtenbelt et al., 2006; Hasselberg et al., 2013). The recording interval
was set at 1 min. Data collected between 17:30 and 18:00 and after
18:30 were analyzed.

The iButton wireless temperature system used in this study does not
start recording skin temperatures instantly. Therefore, we adopted
supplemental measurements of skin temperatures using a non-contact
digital infrared thermometer (DT-8806H, MK Scientific, Inc.,
Kanagawa, Japan), immediately after PBC. The supplemental mea-
surements of skin temperatures were performed at the suprasternal
region, the right side of the navel, and the upper part of the thigh.

2.6. Subjective sleep quality and sleepiness

The participants were also asked to assess their sleep quality and
sleepiness immediately after waking up. Subjective sleep quality was
assessed using the 5-point Likert scale question (1: Could not sleep at all
— 5: Slept very well). Sleepiness was assessed utilizing the Karolinska
Sleepiness Scale (Akerstdt and Gillberg, 1990).

2.7. Statistics

Data are expressed as means *+ standard deviation (SD). The
Shapiro-Wilk test was used to assess normal distribution of data. In this
study, skin and core temperatures at 17:30, 19:00, 22:30, and 6:00 for

) Fig. 1. Temperature measurement schedule.
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Fig. 2. Mean and standard deviation (SD) of skin temperatures from the wrist
and abdomen, and the distal (wrist) — proximal (abdomen) gradients of skin
temperature. Bold orange line indicates control condition; bold blue line in-
dicates cryostimulation condition; thin vertical lines indicate the SD for the
mean data in both the conditions. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of this article).

the conditions were compared. For these temperatures, statistical
multiple comparison was performed by Tukey method. For Subjective
sleep quality and Karolinska sleepiness scale, paired t-test was used.
These analyses were done with the Ekuseru-Toukei 2012 statistical
package (Social Survey Research Information Co., Ltd., Tokyo, Japan).
Statistical significance was set at p < 0.05.

3. Results

The supplemental measurements of skin temperatures, obtained
using a non-contact digital infrared thermometer, immediately after
PBC demonstrated that the temperatures were 25.8 + 2.18°C at the
suprasternal region, 16.9 + 2.15°C at the right side of the navel, and
6.0 * 5.47°C at the upper part of the thigh.

Results of skin temperatures obtained using the iButton wireless
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Fig. 3. Mean and standard deviation (SD) of skin temperatures from the wrist
and abdomen, and the distal (wrist) — proximal (abdomen) gradients of skin
temperature at the selected 4 time points. Open squares ([J) indicate control
condition; Closed squares (l) indicate cryostimulation condition. # p < 0.05
between the conditions; *# p < 0.01 between the conditions; *p < 0.05 be-
tween the time points within the condition; ** p < 0.01 between the time
points within the condition.

temperature system showed that both the wrist and abdominal skin
temperatures were lowered by PBC (Figs. 2 and 3). For both the wrist
and abdomen, the cryostimulation lowered the skin temperature, and
its effects were still noted at 19:00. For the CRY condition, the skin
temperatures at 19:00 were significantly lower than at the other time
points. The skin temperatures recovered after then; however, the re-
sidual effects on both were different. The abdominal skin temperature
at 22:30 was lower for CRY condition (Fig. 3). Figs. 2 and 4 also show
the mean and SD for the distal (wrist) — proximal (abdomen) skin
temperature gradients. PBC lessened the gradient; however, the tran-
sient increments in the gradients were observed later. After the tran-
sient increments, the gradients lessened again (Fig. 2). At the selected 4
time points, statistical differences between the conditions appeared at
and after 19:00. For CRY condition, D-P gradients at 17:30 and 19:00
were greater than at 22:30 and 6:00 (Fig. 3).

The mean and SD of core temperatures for both conditions are
shown in Figs. 4 and 5. For both conditions, circadian rhythm of the
core temperature was observed. The core temperature at 6:00 was
lower than at the other time points. Statistical difference between the
conditions was observed at 22:30 (Fig. 5).

Subjective sleep quality was 3.57 *+ 0.90 and 3.71 + 0.88 for the
CRY and CON condition, respectively. The Karolinska sleepiness scale
score was 2.71 = 1.57 and 4.14 * 1.72 for the CRY and CON
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cryostimulation condition; thin vertical lines indicate the SD for the mean data
in both the conditions. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article).
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Fig. 5. Mean and standard deviation (SD) of core temperatures at the selected 4
time points. Open squares ([]) indicate control condition; Closed squares ()
indicate cryostimulation condition. * p < 0.05 between the conditions;
*p < 0.05 between the time points within the condition; ** p < 0.01 between
the time points within the condition.

condition, respectively. For both parameters, the differences between
the conditions were insignificant.

4. Discussion

The two major findings from this study are that evening PBC 1)
affected the core and skin temperatures for several hours, and 2) did not
affect the participants’ subjective sleep quality.

Our study results for the skin temperatures after PBC are compar-
able to those of previous studies (Fonda, 2014, Hausswirth et al., 2013;
Savic, 2013; Westerlund et al., 2003). Since cold air has a higher den-
sity than warm air, the lower part of the PBC cabin might be colder than
the upper part (Savic et al., 2013) and may affect skin temperatures
following PBC influencing the skin temperature restoring process.
Westerlund et al. (2003) compared the skin temperature from 8 dif-
ferent surface areas before, during, and after WBC (Chamber type)
demonstrating that the lowest temperature and temperature changes,
0-30 min after cryostimulation, varied with the surface areas. We hy-
pothesize that the athletes’ thermal responses to cold air and the air
temperature inside the PBC cabin contributed to our results.

Our results suggest that evening PBC affected core temperatures for
several hours (Figs. 4 and 5). One of the reasons might be the venous
return of cool blood from the periphery to the core. Other possible
reasons are heat redistribution by distal vasodilation (Rubinstein and
Sessler, 1990), and thermal conduction between the tissue from the
periphery to the internal territories. Although the large distal-proximal
gradients were observed immediately after the cryostimulation, these
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two restoring processes may have accelerated the narrowing of the
gradients. Additionally, it is well-known that core temperature exhibits
a circadian rhythm, peaking in the evening and lowering near bedtime
(Aschoff, 1983). In this study, PBC lowered the peak core temperature
in the evening probably due to the venous return of cold blood to the
core and heat redistribution. Circadian lowering of the core tempera-
ture was observed irrespective of the cryostimulation (Figs. 4 and 5).
Time at the lowest temperatures, circadian phase-shift indicator, did
not change after PBC (Fig. 4). Importantly, the lower core temperature
was maintained for several hours in the CRY condition.

As stated in the introduction, there are researches reported that
evening cryostimulation improved nocturnal sleep. It is well-known
that decline in core temperature (Murphy and Campbell, 1997) and
distal-proximal skin temperature gradient promotes rapid onset of sleep
(Kurauch et al., 1999). Although the evening PBC affected the core
temperature (Fig. 5) and the distal-proximal skin temperature gradient
(Fig. 3), evening PBC did not improve subjective sleep quality and
morning sleepiness. There are several reasons for the differences in the
results of previous studies and ours. As described in the introduction,
the previous studies (Bouzigon et al., 2014; Schaal et al., 2015) applied
WBC to their athletes. WBC, which includes exposing the head and neck
to cold stimulus, would elicit greater stimulation than PBC. Louis et al.
(2015) reported that WBC stimulated the autonomic nervous system
with a predominance of parasympathetic tone activity greater than
what PBC effected. Moreover, in the previous studies, WBC was applied
to the athletes in situations where sleep quality is known to be im-
paired. In contrast to our participants, the athletes in these studies were
functionally overreaching (Schaal et al., 2015) or competing in matches
in the afternoon and/or evening (Bouzigon et al., 2014). Both core and
skin temperatures and the reactivity of the autonomic nervous systems
in the athletes might therefore show different patterns compared to
those in our study. These may have caused the differences in the results
of previous studies and ours.

There are some limitations to this study. Firstly, the iButton wireless
temperature system does not start recording skin temperatures in-
stantly. We have to adopt supplemental measurements of skin tem-
peratures, using a non-contact digital infrared thermometer, im-
mediately after PBC. We could not measure skin temperature
continuously using one temperature measurement system. This was a
technical limitation of this study. Secondly, our subjects were young
male athletes and had a relatively lower BMI (22.6 kg/m? on average).
Our participants comprised two triathletes, a lacrosse player, a football
player, a baseball player, a retired kayaker, and a strength training
professional. Their BMI ranged from 20.6 kg/m? to 26.0 kg/m?, but 6 of
7 athletes showed a BMI < 25.0 kg/mz. Cholewka et al. (2012) re-
ported that skin temperature decreased by 7.9-8.1 °C in a thin partici-
pant (BMI < 25kg/m?) and increased by 4.8-5.5°C in an obese par-
ticipant (BMI > 30 kg/m?). Hammond et al. reported that body fat
percentage in males correlated with the changes in skin temperature
following WBC. Not only muscle mass and body composition, but also
autonomic nervous system function might have influenced our results.
Our participants were from various sporting backgrounds. Since the
autonomic nervous system functions in athletes from aerobic or anae-
robic sports may be adapted differently (Smith et al., 1988), our results
may have partially reflected individual differences in the functions.
Furthermore, Hammond et al. (2014) reported that the cooling effi-
ciency of WBC is potentially greater in females than in males. Their
study suggested that a higher surface area-to-mass ratio, a higher per-
centage of body fat, and extensiveness of peripheral vasoconstriction
are critical factors. Thus, our results may be partially dependent on the
physical and physiological characteristics of the participants. Thirdly,
there is a possibility that the food and drink intake could have influ-
enced our results. We did not manage the amount of calories and nu-
trients in the participants’ meals. The restaurant in our institute changes
its menu daily, and our participants chose their meals from this menu.
However, only one or two participants were studied daily, which might
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have helped to lessen the effects of nutrients.

In this study, the participants slept in a relatively cool environment
(22.0°C). It is well known that sleep disturbances in hot environments
are related to the impaired decline in the core temperature. There is still
the possibility that lowering the core temperature using PBC might help
improve sleep in hot environments. Further studies are needed to clarify
this.

5. Conclusion

This study is the first to demonstrate that a 3-min session of PBC in
the evening affects core and skin temperatures for several hours.
Following evening PBC, abdominal and wrist skin temperatures re-
stored differently. These induced transient increments followed by a
decline in the distal-proximal skin temperature gradient and resulted in
core temperature decline. Although these may have a possibility to
improve nocturnal sleep, our intervention did not change the partici-
pants’ subjective sleep quality and morning sleepiness. We tested them
on a non-training day in a relatively cool environment. There is still a
possibility that PBC affects nocturnal sleep in other situations. Further
studies are necessary to explore the possibility.
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