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Despite its potential merit in sport and exercise recovery, the implications of repetitive
Whole Body Cryotherapy (WBC) during training programmes require further review due
to the possibility of repetitive cold interfering with long term adaptations. This study
investigated the impact of two weekly 3 min WBC sessions (30s at —60°C, 150s at
—120°C) on adaptations to a 6 week strength and endurance training programme.
Sixteen male participants (mean 4+ SD age 33.4 + 9.8 years, body mass 82.3 4+ 9.8kg)
randomly allocated into WBC (n = 7) and non-cryotherapy control (CON, n=9) groups
completed the programme consisting of two weekly strength and plyometric training
sessions and two weekly 30min runs (70% VO» max). Participants were assessed
for body fat, VO» max, muscle torque, three repetition maximum barbell squat and
countermovement jump height before and after the programme. Resistance and running
intensities were progressed after 3 weeks. Participants in both groups significantly
improved muscle torque (WBC: 277.1 + 63.2Nm vs. 318.1 £ 83.4Nm, p < 0.01, d
= 0.56; CON: 244.6 + 50.6 Nm vs. 268.0 & 71.8Nm, p = 0.05, d = 0.38) and barbell
squat (WBC: 86.4 + 19.5kg vs. 98.9 + 15.2kg, p = 0.03, d = 0.69; CON: 91.1 +
28.7kgvs. 106.1 + 30.0kg, p<0.01, d=0.51) following the 6 week programme. For the
CON group, there was also a significant reduction in body fat percentage (o = 0.01) and
significant increase in jump height (o = 0.01). There was no significant increase in VOo
max for either group (both p > 0.2). There was no difference between WBC and CON for
responses in muscle torque, 3RM barbell squat and body fat, however WBC participants
did not increase their jump height (p = 0.23). Repetitive WBC does not appear to blunt
adaptations to a concurrent training programme, although there may be an interference
effect in the development of explosive power. Sports practitioners can cautiously apply
repetitive WBC to support recovery post-exercise without undue concern on athletes’
fitness gains or long term performance, particularly throughout training phases focused
more on general strength development than explosive power.
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INTRODUCTION

Whole Body Cryotherapy (WBC) is a potentially useful, albeit
expensive tool for post-exercise recovery, demonstrating a variety
of effects such as reductions in pain, swelling and inflammation
(Lombardi et al., 2017). Whilst the treatment may benefit short
term recovery (Hausswirth et al., 2011; Haq et al., 2021), athletes
are concerned primarily with strategies to enhance longer term
responses throughout a training cycle. One area of controversy is
whether WBC might hinder adaptive responses to training.

Despite the demonstrated anti-inflammatory potential of
WBC (Ziemann et al., 2012; Ferreira-Junior et al., 2014),
the long term consequences of mitigating inflammation
could be detrimental due to continual dampening of the
adaptive responses. It is acknowledged that inflammation
post-exercise is a means through which muscles can repair and
regenerate (Fatourous and Jamurtas, 2016), thereby facilitating
training adaptations.

Only four studies thus far have examined the potential impact
of regular WBC treatment on adaptations to training. Broatch
et al. (2019) discovered that three weekly WBC treatments
did not influence adaptations to a 4 week cycling programme
involving high intensity interval sessions. Growth factor benefits
have been reported in volleyball and judo athletes following a 2
week period incorporating repeated WBC (10 total) and sports
specific exercises (Jaworska et al., 2018, 2021). The same research
group recently revealed that repetitive WBC (three times a week
for 4 weeks) could support strength gains via reduced myostatin
levels, an established negative mediator of muscle adaptations
(Jaworska et al., 2020). These studies would therefore indicate
no negative consequences of repetitive WBC application on
adaptive responses.

On the contrary, numerous cold water immersion (CWI)
studies indicate that repetitive cryotherapy can blunt training
adaptations, particularly with regards to muscle strength and
hypertrophy (Yamane et al., 2006; Roberts et al., 2015; Fyfe et al.,
2019). Potential associated mechanisms include blunted arterial
diameter gains and expression of anabolic signals (Yamane
et al., 2006), attenuation of muscle fiber size increases as
well as increased protein degradation markers (Fyfe et al,
2019) and blunted increases in testosterone (Earp et al., 2019).
In contrast, other studies have not found such effects on
endurance adaptations (Halson et al, 2014; Broatch et al,
2017). CWI has been demonstrated to augment endurance
adaptations due to increased expression of PGC-la, an
established molecular marker in the activation of mitochondrial
biogenesis (Ihsan et al., 2014).

Based on the findings of the aforementioned studies, it is
plausible that repetitive cryotherapy treatments hinder resistance
training adaptations more than endurance adaptations, a
view supported by recent reviews (Bouzigon et al, 2021;
Thsan et al, 2021; Petersen and Fyfe, 2021). Physiological
characteristics of resistance adaptations include increased motor
unit recruitment, myofibril cross sectional area and increased
number of sarcomeres (Schoenfeld, 2010; Del Vecchio et al,
2019). Whereas, endurance training is typically associated
with enhanced responsiveness of blood vessels and muscle

capillary density, increased nitric oxide levels, arteriogenesis, and
mitochondrial biogenesis (Green et al., 2012; Hawley et al., 2018).
Since it is established that the molecular pathways for each type
of adaptation are distinct (Coffey and Hawley, 2017), impeding
one type of pathway due to repetitive cooling does not necessarily
imply a negative impact on the other pathway.

Additionally, the majority of the WBC and CWTI studies
highlighted previously only investigated training of a single
type—i.e., interval or resistance training. Programmes
incorporating a combination of training methods are arguably
more relevant for overall sports practice with a focus on a
variety of fitness attributes, including speed, power, strength,
agility and endurance (Stolen et al.,, 2005; Wong et al., 2010).
Research examining the impact of repetitive WBC treatment
in conjunction with concurrent training programmes remains
scarce. Whilst the WBC studies by Jaworska et al. (2018,
2021) utilized a combination of training methods, a 2 week
training period is typically not long enough to induce sufficient
adaptations (Kraemer et al., 1998). As such, it does not reflect a
characteristic programme in populations aiming to significantly
enhance strength, endurance and/or other key fitness attributes.
Furthermore, mesocycles targeting specific fitness/performance
markers in sport usually last at least 5 weeks (Marrier et al., 2018).

Certainly any negative impact of repetitive WBC on adaptive
responses to training could outweigh the potential short term
benefits, becoming counter-productive in the long run. This
potential dilemma should be taken into consideration within the
sports science community.

Due to the limited work and contrasting findings in this
area, the overall impact of repetitive WBC treatment on chronic
training adaptations remains unclear. Therefore, this study will
aim to investigate the potential impact of repetitive WBC
treatments on adaptations to a concurrent progressive 6 week
training programme involving endurance, strength, and power
training. Elucidating this effect should enable scientists and
sports practitioners to further evaluate the overall merit of WBC
treatment for performance gains, as well as having implications
for cryotherapy usage in relation to the periodization of
training schedules.

MATERIALS AND METHODS

Participants

Twenty male volunteers were initially recruited for the study,
with 10 randomly assigned as cryotherapy (WBC) and 10
assigned as non-cryotherapy control (CON). Three of the
cryotherapy participants withdrew due to injury during their
programme. One of the control participants withdrew due
to testing positive for COVID-19 and developing prolonged
symptoms. Thus, 16 participants completed the study (mean +
SD age 33.4 & 9.8 years, height 1.79 £ 0.05m, body mass 82.3
=+ 9.8kg). All participants were of a suitable fitness level for the
demands of the study, partaking in physical activity at least twice
weekly. Sample characteristics for each group are summarized
in Table 1. Prior to assessment, all participants had their blood
pressure assessed and signed an informed consent form. Ethical
approval was obtained from the University of Northampton
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TABLE 1 | Summary of characteristics for whole body cryotherapy (WBC) and control (CON) participants in the training study.

WBC CON OVERALL T-Test between groups
n=7) (n=29) (n =16)
Age (y) 38.0 £10.0 29.8 £ 85 33.4+£938 p=0.10
Height (m) 1.80 4+ 0.04 1.79 £ 0.06 1.79 £ 0.05 p=0.64
Body mass (kg) 80.7+7.7 83.6+£11.5 82.3+9.8 p=0.58
Body mass index (kg/m?) 249+22 26.1 +3.5 25.6 +£3.0 p=0.42
Body fat % 20.4 +£55 19.4+5.3 19.8 +£5.3 p=0.74
Absolute VO, max (I/min) 3.75+0.38 3.59 + 0.53 3.66 £ 0.46 p=0.53
Relative VO, max (ml/min/kg) 46.7 £ 5.4 432+ 5.6 44.8 +£5.6 p=0.23

Data presented as mean + SD.

Graduate School Research Ethics Committee and the study was
conducted according to guidelines of the Declaration of Helsinki.

Study Design

Participants performed a 6 week exercise training programme
incorporating a mixture of endurance and strength training,
with intensity increasing after 3 weeks. An independent groups
design was employed where WBC participants performed their
programmes in conjunction with two weekly WBC treatments.
The CON group underwent the same training programme
without cryotherapy intervention. To assess the impact of the
training, pre and post tests were conducted on performance (VO,
max, muscle torque of the right quadriceps, three repetition
maximum barbell squat, and countermovement jump height)
and anthropometric characteristics (body fat). The study design
is summarized in Figure 1.

Experimental Procedures—Pre- and

Post-test

All participants were asked to refrain from alcohol and strenuous
exercise for 24 and 48h, respectively prior to testing. Upon
arriving for the first test, participants blood pressure was
assessed in a seated position. Anthropometric characteristics
were assessed, including height and body mass. Body fat content
was assessed by skinfold calipers (Harpenden Indicators, UK)
using the methods described previously (Haq et al., 2021).
Participants were familiarized to a muscle torque assessment
using a Biodex dynamometer, which involved two submaximal
isometric contractions (60 and 80% effort), followed by a singular
maximal contraction.

Maximal aerobic capacity (VO, max) was measured using an
online breath by breath analyser (Cortex Metalyser, Germany),
following an incremental treadmill (Cosmos, Germany) protocol
until the participant reached volitional exhaustion, as described
previously (Hagq et al.,, 2021). The absolute and relative VO, max
values were reported and 70 and 75% of the absolute VO, max
were calculated.

Once fully recovered after the VO, max test, participants
underwent a barbell squat test where the maximum weight
lifted for three repetitions was determined (Haff and Triplett,
2016). Participants performed 6-10 warm-up repetitions with
a 20 kg Olympic barbell, ensuring appropriate technique (Myer
et al., 2014). The weight was gradually increased by the addition

of weight plates (Eleiko, Sweden) until participants attained
the maximum weight they could complete the movement with
correct form for three repetitions. Participants were given at
least 2 min recoveries between each attempt. Participants were
required to descend until their quadriceps were parallel to the
ground and to fully extend at the knees on the upward phase.
Proper activation of the gluteal muscles was also encouraged
to ensure movement efficiency and reduced risk of muscle
imbalances and injuries (Myer et al., 2014).

Unilateral isometric maximal torque of the right quadriceps
was assessed by an isokinetic dynamometer (Biodex Medical
Systems 3, New York) calibrated prior to the study. The
dynamometer was fitted with a lever arm attachment locked in
at 90° leg extension. Participants sat on the chair with 90° hip
flexion using the setup described previously (Haq et al., 2021).
Participants performed two warm up contractions at 60 and 80%
effort, respectively, by exerting force against the pad. Following
2min rest, they performed three maximal contractions (with
2 min recoveries) with verbal encouragement given throughout
(Baross et al., 2013). All contractions were 5s in duration. The
peak torque (Nm) was determined as the maximum of the three
contractions. A pilot study conducted in the laboratory revealed
a day to day variance of 5.3% within individuals.

The final exercise test was a maximal countermovement jump
(CM)J) for the assessment of explosive power. Participants were
required to vertically jump on a mat (Perform Better, UK), aiming
for maximum height five times whilst keeping their legs extended
and hands on hips prior to landing. Participants were asked to
land in the same position each jump (Markovic et al., 2004).
The flight times (ms) and heights (mm) were measured for each
jump. Flight time was measured as the interval between lift-off
and landing of the feet and automatically converted into jump
height. The means from the highest three jumps were recorded as
the individuals pre-test score (Young et al., 1995). The CMJ has
been demonstrated to be a reliable test for jump power, effectively
activating the stretch-shortening cycle and with low reported
within-subject variance (2.8%) and high correlation coefficient
(0.98; Markovic et al., 2004).

Participants returned to the laboratory 3-7 days following
their final training session to have the same six tests re-assessed
in the same order to determine their post-test score. Caffeine,
alcohol and strenuous activity were avoided as before and the
post-test was conducted at a similar time of day as the pre-test.
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Muscle torque

cMmlJ

Training Programme:
Weeks 1-3:
2 x 30 minute runs at 70% VO, max

2 x strength training sessions

Pre-tests: WABC participants: 2 x WBC treatment (3 mins Post-tests:
at-120°C)
Skinfold for Body Fat% Skinfold for Body Fat%
CON participants: No WBC
VO, max VO, max
3RM Squat 3RM Squat

Weeks 4-6:
2 x 30 minute runs at 75% VO, max
2 x strength training sessions*

WBC participants: 2 x WBC treatment (3 mins
at-120°C)

CON participants: No WBC

Muscle torque

cMmJ

FIGURE 1 | Summary of design for training study with 4 sessions performed weekly. WBC, whole body cryotherapy; CON, control; 3RM, 3 repetition maximum; CMJ,
countermovement jump test. *Weight for barbell squat progressed from 70% 1RM to 75% 1RM after 3 weeks.

Training Programme and Exercises

A 6 week training duration was considered an appropriate
compromise between attaining significant adaptations (Kraemer
etal., 1998; Marrier et al., 2018) and timing/logistical constraints
(e.g., use of the cryotherapy chamber). Participants commenced
their training programme between 3 and 7 days following the
pre-test. The programme consisted of four sessions per week:
two 30min treadmill runs at 1% incline and initial intensity
equivalent to 70% VO, max, as well as two strength and
plyometric training sessions with 2 min recoveries between sets.
There were five exercises: barbell squats (4 x 6 repetitions at 70%
estimated one repetition maximum); dumbbell lunges (3 x 8 on
each leg); nordic leg curls (2 x 8); depth jumps (3 x 8 from
a box height of 30 cm) and split lunge jumps (3 x 8 on each
leg with hands on hips). Participants were familiarized with all
exercises beforehand.

The four sessions were performed on separate days of the
week in the order of run>weights>run>weights. Since many of
the participants were previously untrained, a frequency of four
total sessions was considered an appropriate balance between
attaining adaptations and preventing overtraining and/or injury.
The WBC participants received cryotherapy treatment within

30 min following completion of their first and final training
sessions each week.

After 3 weeks, the treadmill speed progressed to an intensity
corresponding to 75% of initial VO, max and the barbell
squat weight increased to 75% of estimated 1RM to ensure
appropriate progressive overload. Participants were instructed to
continue with their usual diets and activity levels outside of the
prescribed sessions.

Verification of Training Running Speeds

Following completion of the pre-tests and sufficient recovery,
participants were linked to the gas analyser to determine their
prescribed treadmill running speeds. For the first 3 weeks of
the programme, participants were required to run at a speed
eliciting an intensity equivalent to 70% of absolute VO, max. The
intensity progressed to 75% VO, max for the second 3 weeks.
Participants ran on the treadmill (1% incline) at a steady speed
with VO, values continuously monitored. The speed was slightly
adjusted until a VO, value equivalent to 70% VO, max was
attained on a consistent basis. Expired gas data was averaged over
a period of at least a minute of running at a constant speed during
this process. Following establishment of the speed at 70%, the
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speed was progressed slightly and the same process was applied
for determination of the speed at 75% VO, max.

Whole Body Cryotherapy Treatment
Cryotherapy treatments were undertaken in a two-stage
cryogenic chamber (JUKA, Poland). The source of cold was
liquid cryogenic gas originating from external pressure vessels.
Participants were screened for contraindications following the
completion of a health questionnaire, including hypertension,
other cardiovascular diseases, open wounds, cold intolerance,
and neural/mental disorders. Before entering the chamber,
participants wore a head band, face mask, gloves, socks, elbow
and knee bands, and clogs. Participants entered the cryotherapy
chamber, initially exposed to a vestibule chamber at —60°C for
30s, followed by the main chamber at —120°C for 150s (Haq
et al,, 2021). On completion, the exit door for the main chamber
opened and the participant exited. Thereafter, participants were
advised to stay mobile before changing in usual clothing.

Statistical Analysis

All data was analyzed using SPSS Version 26. Data for all
variables was assessed for normal distribution by the Shapiro-
Wilk test. There was no significant deviation from normality
in any of the variables except for 3RM squat, where a log
transformation was applied. A two way repeated measures
analysis of variance was used to assess the interaction effect
between treatment group (WBC vs. CON) and time (pre vs.
post) for all five outcome variables. Paired ¢-tests were applied to
examine pre-post differences within the WBC and CON groups.
Effect sizes (Cohen’s d) were calculated and defined as follows:
small-—0.2; medium-—0.5; large-—0.8 (Cohen, 1992). For each
dependent variable, 95% confidence intervals (CI) were also
calculated. Significance levels were set at 0.05.

RESULTS
Anthropometry

Body fat percentage significantly decreased following the 6 week
training programme for the CON group (19.4 £ 5.3%, 95% CI
(15.9, 22.9] vs. 18.6 = 5.1%, 95% CI [15.2, 21.9], p = 0.01, d =
0.16) whilst the decrease approached significance for the WBC
group (20.4 £ 5.5%, 95% CI [16.3, 24.5] vs. 19.6 £ 5.9%, 95%
CI [15.2, 24.0], p = 0.08, d = 0.14, Figure 2). There was no
difference between groups over time (interaction effect, p = 0.90,
d = 0.05). There was no difference in body mass before and after
the training for either group (WBC, 80.7 & 7.7 vs. 80.7 & 9.3 kg,
p=1.0; CON, 83.6 &= 11.5 vs. 84.2 £ 10.6, p = 0.24).

Relative VO, Max

There was no significant increase in relative VO, max following
the training programme for either WBC (46.7 & 5.4 ml/min/kg,
95% CI [42.7, 50.7] vs. 47.9 = 4.9 ml/min/kg, 95% CI [44.2, 51.5],
p=10.25,d =0.23) or CON (43.2 =+ 5.6 ml/min/kg, 95% CI [39.6,
46.9] vs. 44.3 £ 5.1 ml/min/kg, 95% CI [41.0, 47.6], p = 0.24, d
= 0.20, Figure 3). There was no difference between groups over
time (interaction effect, p = 0.90, d = 0.04).

30
28+
26+
24+
22
20+
18-
16

14- =
g  mansms

10 T T

................

Body Fat %

FIGURE 2 | Body fat percentages before and after the 6 week training
programme for WBC (n = 7) and CON (n = 9) groups. *p < 0.05 for body fat
decrease in CON. Solid lines present means + standard deviations. Dotted
lines present individual participant responses. N = 16.

60-

55-

50-

45+

40+

35-

Relative VO, max (ml/min/kg)

30 T T

FIGURE 3 | Relative VO, max for WBC (n = 7) and CON (n = 9) groups before
and after 6 week training programme. Solid lines present means =+ standard
deviations. Dotted lines present individual participant responses. N = 16.

Muscle Torque

There was no significant difference in baseline muscle torques
between groups (p = 0.29). Maximal isometric leg muscle torque
significantly increased following the training in both WBC and
CON groups (WBC, 277.1 £ 63.2Nm, 95% CI [230.3, 323.9]
vs. 318.1 + 83.4Nm, 95% CI [256.32, 380.0], p = 0.00, d =
0.56; CON, 244.6 £ 50.6 Nm, 95% CI [209.6, 279.7] vs. 268.0 £
71.8 Nm, 95% CI [218.3, 317.7], p = 0.05, d = 0.38, Figure 4).
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Pre Post

FIGURE 4 | Leg muscle torques for WBC (n = 7) and CON (n = 9) before and
after 6 week training programme. *p < 0.05 for increase in both groups. Solid
lines present means + standard deviations. Dotted lines present individual
participant responses. N = 16.

170+
160+
150
140+
130
120
110
100
90-
80
70-
60+
50 : |

3RM Squat (kg)

FIGURE 5 | Barbell squat three repetition maximums for WBC (n = 7) and
CON (n = 9) before and after 6 week training programme. “p < 0.05 for
increase in both groups. Solid lines present means + standard deviations.
Dotted lines present individual participant responses. N = 16.

There was no significant difference between groups over time
(interaction effect, p = 0.21, d = 0.65).

Barbell Squat

There was no difference in baseline between groups (p = 0.78).
Three repetition maximum squat significantly increased in both
groups following the training (WBC, 86.4 &+ 19.5kg, 95% CI
(72.0, 100.9] vs. 98.9 + 15.2kg, 95% CI [87.6, 110.1], p = 0.03,

— ~ wac
—~ 420 - CON
£ 400-
= 3801
-g, 360
S 340-
L 3204
< 3004
O 280+
260
240+
220
FIGURE 6 | Countermovement jump height for WBC (n = 7) and CON (n = 9)
before and after 6 week training programme. *p < 0.05 for increase in CON
group. Solid lines present means =+ standard deviations. Dotted lines present
individual participant responses. N = 16.

d = 0.69; CON, 91.1 £ 28.7kg, 95% CI [72.4, 109.9] vs. 106.1 £
30.0kg, 95% CI [86.5, 125.7], p = 0.00, d = 0.51, Figure 5). There
was no difference between groups over time (interaction effect, p
—=0.80, d = 0.10).

Countermovement Jump

There was no difference in baseline jump height between groups
(p = 0.70). Vertical jump height did not significantly increase
in the WBC group following the training programme (302.3 £
44.0mm, 95% CI [269.7, 334.9] vs. 312.3 £ 47.8 mm, 95% CI
[276.9, 347.7], p = 0.23, d = 0.22), whilst there was a significant
increase for the CON group (293.3 & 45.2mm, 95% CI [261.9,
324.6] vs. 328.1 & 69.2 mm, 95% CI [280.1, 376.1], p = 0.01,d =
0.61, Figure 6). The overall interaction between group and time
approached significance (p = 0.07, d = 0.96).

DISCUSSION

This is one of the first studies to investigate the impact
of repetitive WBC treatment on adaptations to a strength
and endurance training programme. The 6 week concurrent
and progressive training programme was generally effective
in improving lower body strength, jump power and body
composition in both groups. However, there were no significant
gains in aerobic endurance. Repetitive whole body cryotherapy
did not appear to have a detrimental impact on such
fitness attributes; however it might hinder improvements in
countermovement jump power.

Prior studies on cold water immersion (CWI) treatments
(Roberts et al.,, 2015; Fyfe et al., 2019) indicate that repetitive
cryotherapy is unfavorable and potentially damaging to long term
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training adaptations. This could be due to attenuation of anabolic
signaling and muscle protein synthesis (Petersen and Fyfe, 2021),
as well as potential dampening of the inflammatory response
which would otherwise be a necessary component of adaptive
gains (White and Wells, 2013). This current study indicates
that repetitive cryotherapy does not hinder such adaptations,
particularly with regards to muscle strength. However, the lack
of significant increase in countermovement jump height for the
cryotherapy group indicates that repetitive WBC may hinder
adaptations in explosive power which would be of concern to
athletes where power is an important performance component.

Previous studies that have examined the influence of WBC
treatments on training responses adopted training of a single
type—interval (Broatch et al., 2019) or resistance (Jaworska et al.,
2020) or were a much shorter duration of just 2 weeks (Jaworska
et al., 2018, 2021). The inclusion of a mixture of endurance,
strength and power training in this study is arguably more
representative of sports training programmes. The 24 training
sessions performed in this programme is also substantially more
than the aforementioned studies. It is therefore likely that the
overall higher load in this 6 week programme would induce more
significant adaptations.

The training programme was effective in improving
the participants body compositions following the 6 week
programme, as evidenced by the significant decreases in body
fat percentages assessed via skinfold (Figure 2). Since there was
no difference in body mass before and after the programme, it is
highly probable that the participants increased their lean muscle
mass. Increases in lean body mass are a common observation
following exercise training programmes, particularly when the
exercises are unaccustomed (Brook et al., 2015; Benito et al.,
2020). Repetitive WBC treatments did not blunt this adaptive
response (0.8% decrease in body fat for both WBC and CON
groups). Therefore, sports competitors and practitioners do
not need to be concerned about any potential detrimental
impact of such treatments on body composition following a
training programme.

The outcomes of this study would suggest that it is unlikely
that WBC treatment can be used as an effective tool to reduce
body fat and improve body composition in conjunction with an
athletic training programme. However, results may differ with a
higher frequency of weekly WBC treatments. The relationship
between body composition and sports performance has already
been well-documented (Collins et al., 2014; Esco et al., 2018).
It is theorized that cold treatments could support changes
in body composition via increased thermogenesis, activity of
brown adipose tissue and subsequent caloric burn and fat loss
(Cannon and Nedergaard, 2012). Pilch et al. (2020) recently
demonstrated fat mass decreases following repetitive WBC,
however no experimental study has showed promising results
regarding repetitive WBC and body fat content in a sports or
training context.

There were clear improvements in muscle strength following
the training programme (Figures4, 5), as assessed by both
barbell squat performance and maximal isometric muscle torque.
Numerous studies have documented the relationship between
lower body strength and sports performance (Seitz et al., 2014)
as well as the benefits of the barbell squat exercise in sports

training programmes (Clark et al., 2012; Vecchio et al., 2018).
The improvements in barbell squat three repetition maximum
and muscle torque were comparable in both WBC and CON
groups, indicating that repetitive cryotherapy treatment does not
attenuate the adaptive gains of muscular strength following a
strength training programme. This study did not assess protein
synthesis rates or muscle fiber cross sectional areas. Yet, it is
conceivable that due to the likely increases in lean body mass, the
strength gains in both groups were the result of a combination
of muscle hypertrophy, neurological adaptations and superior
motor unit recruitment (Haff and Triplett, 2016; Del Vecchio
et al, 2019). A cautionary note is that it would be difficult to
conclude that repetitive WBC can augment strength adaptations
compared to CON, despite a moderate effect of 0.65 for between
group differences in muscle torque.

The outcome of the lack of difference in strength response
between WBC and CON groups contradicts previous findings of
repetitive CWI attenuating gains in muscular strength (Roberts
et al, 2015). The fairly modest quantity of 12 cryotherapy
treatments in total could be a factor in the lack of hindrance effect
on adaptations. An alternative explanation is that the modality
and mechanisms of the cold exposure in WBC is different to that
of CWI (Bleakley et al., 2014). Cold water exerts a hydrostatic
effect and has a higher thermal conductivity than cold air (White
and Wells, 2013). The latter may therefore not hinder subsequent
amino acid supply to muscles and anabolic cell signaling to
the same extent. This potential explanation is supported by
findings that CWT elicits more pronounced reductions in lower
limb blood flow than WBC (Mawhinney et al., 2017). Further
studies on repetitive WBC treatment in training programmes are
necessary to form conclusions regarding the potential impact and
mechanisms of repetitive cold exposures on attenuating gains in
muscle strength/hypertrophy.

Whilst WBC has previously shown to benefit muscle power
in the short term (Fonda and Sarabon, 2013) and could support
post-activation potentiation following exercise (Partridge et al.,
2019), the impact of repetitive WBC on long term muscle power
development remains inconclusive. It was initially the authors’
intention to include power specific exercises to take advantage of
activating the stretch shortening cycle, which would more likely
be representative of sports training programmes. For instance,
the depth jump exercise has previously been demonstrated to
be effective in eliciting power improvements (McClenton et al.,
2008). Countermovement jump height significantly improved
in the CON group (293.3 vs. 328.1 mm), indicating that the
programme was suitable for training leg power. However, the
cryotherapy group did not demonstrate such improvements
(Figure 6). Combined with the large between group effect size
of 0.96, this might indicate that repetitive WBC blunts the
adaptive response to gains in power. The possible physiological
mechanisms for this blunted response are not clear, particularly
when the cryotherapy group significantly improved their muscle
strength, which is an important component of power (Kraemer
and Looney, 2012). Whilst the total force output was unaftected,
the rate of force development could have been compromised
by repetitive WBC applications. Possible mechanisms for this
attenuation could be a reduction in motor unit activation
and/or signaling frequency from the central nervous system.
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The cryotherapy participants did not appear to improve their
stretch shortening cycle capabilities, potentially compromising
the elastic properties of the muscle despite improvements in
total force capacities (Kraemer and Looney, 2012). A recent CWI
study has indicated negative effects of repetitive cold on power
development based on lack of CMJ improvements (Fyfe et al.,
2019). The possible mechanisms in which repetitive cold could
compromise the rate of force development is an area that requires
further research before conclusions can be drawn regarding
the effects.

The main finding that repetitive WBC did not blunt
strength adaptations would have positive implications for
sports periodization and training programming, yet the possible
negative impact on explosive power development remains
inconclusive. It may consequently be preferable for athletes to
undergo repetitive WBC treatments throughout training phases
when there is higher priority on general strength development
than explosive power. For instance, strength development would
be prioritized for many sports during the general adaptation
phase where there would be more focus on taking advantage
of the general adaptation syndrome via supercompensation
(Turner, 2011). Alternatively, repetitive WBC can be applied
during competitive or tapering phases of athletic training
programming, when athletes are more concerned with exercise
recovery as opposed to training adaptations.

STUDY LIMITATIONS

The relatively small sample size for the cryotherapy group should
be taken into account before interpreting the results, particularly
in concluding that repetitive cryotherapy blunts adaptations in
muscular power. Whilst it is unlikely that a larger sample would
substantially alter the outcomes regarding strength and VO, max
(due to similar responses to the CON group), it is conceivable
that the outcome in jump height was impacted by this sub-
optimal sample.

Another potential factor is that the lack of impact of repetitive
cryotherapy treatments on adaptive responses to training may
be due to the relatively low number of treatments. Higher
frequencies of WBC treatments are more likely to significantly
attenuate adaptive inflammatory responses (Zembron-Lacny
etal., 2020). Logistical and timing constraints in this study meant
that it was not feasible for each participant to perform more than
two weekly cryotherapy treatments. Additionally, the economic
viability of higher numbers of weekly WBC treatments requires
further consideration.

Finally, whilst the variables were measured pre and post-
training to evaluate the overall adaptive response, little insight
is provided into how effective the WBC treatments were in
promoting short term recovery following the exercise sessions.
Previous work has demonstrated that WBC treatments can
effectively mitigate muscle strength reductions post-muscle
damaging exercise (Haq et al., 2021), however it is not clear if the
WBC interventions in this programme were equally effective for
this purpose. Due to logistical and timing constraints, it was not
possible to assess other physiological or performance parameters
throughout the training programme (e.g., blood markers, muscle
strength reductions). Thus, the specific mechanisms of the WBC

treatments in this study and how they could influence adaptive
responses to the training remains open to interpretation.

CONCLUSIONS

In conclusion, repetitive WBC treatment did not have a
significant negative impact on adaptations to muscle strength
or body composition following a concurrent 6 week training
programme. WBC may therefore be a preferable modality to
CWI for repetitive applications during training cycles. Sports
practitioners can cautiously apply repetitive WBC to support
recovery post-exercise without undue concern on athletes’ fitness
gains or long term performance, particularly throughout training
phases focused more on general strength development than
explosive power. However, the potential negative impact on
muscular power remains inconclusive. Further research should
focus more on clarifying the potential mechanisms by which
repetitive WBC can affect physiological adaptations to sports
training programmes, particularly with regards to muscle power.
It would be beneficial for future studies to measure parameters
such as electromyography and muscle hypertrophy markers (e.g.,
protein synthesis rates and muscle fiber cross sectional areas) in
order to elucidate how repetitive WBC could mediate potential
mechanisms of strength and power development.
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