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This study aimed to evaluate the effect of a specific training program, supported by
10 sessions of whole body cryostimulation, on growth factors concentrations, amino
acids profile and motor abilities in professional judokas. Ultimately, twelve athletes took
part in the study. They were randomly assigned to the cryostimulation group (CRY,
n = 6) or the control group (CON, n = 6). During 2 weeks of the judo training program,
the CRY group performed 10 cryo-sessions (3-min, at a temperature of −110◦C) and
the CON group rested passively. Anthropometric measurements, a strength test, the
Special Judo Efficiency Test (SJET) were assessed 2 days before and after the judo
training program. Blood samples were collected at rest, 1 h after the first and the
second SJET and 1 h after the first and the last cryo-session to establish growth
factors and amino acid concentrations. Lactate level was measured before, immediately
after and 1 h after the first and the second SJET. The applied intervention resulted
in a significant increase of resting concentrations of brain-derived neurotrophic factor
(from 10.23 ± 1.61 to 15.13 ± 2.93 ng·ml−1; p = 0.01) and insulin-like growth factor
1 (IGF-1; from 174.29 ± 49.34 to 300.50 ± 43.80 pg·ml−1; p = 0.00) in the CRY
group. A different response was registered 1 h directly post SJET in the CRY group
(a significant increase of IGF-1, interleukin 15 and irisin: p = 0.01; p = 0.00; p = 0.03).
Additionally, the significant drop of proline and leucine concentrations in the CRY group
was obtained. Athletes’ performance remained unchanged in both groups. However,
subjects perceived positive changes induced by the intervention – not directly after
cryostimulation but in response to the specific training workload. The increase of growth
factors concentrations and the improvement of amino acid profile (proline and leucine)
contributed to maintaining a high level of muscle function.
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INTRODUCTION

Competitive judo is a demanding Olympic discipline, which
requires a high level of technical and tactical skills (Franchini
et al., 2008) as well as physical fitness (Franchini et al., 2011).
Judokas follow various complex training programs, geared
toward technical and tactical practice, traditional strength and
endurance training as well as fight simulation such as Randori
(Franchini and Takito, 2014), which evoke muscle damage
even among experienced judo fighters (Laskowski et al., 2011).
In the last few years, the frequency of judo competitions
has increased significantly (Sikorski, 2011). Athletes thus face
the challenge of maintaining a steady, high level of physical
performance and decision-making skills for an extended period
(Garatachea et al., 2012).

The specificity of the judo training process can pose a
challenge for coaches and physiotherapists as they need to
determine an optimal training program for their athletes,
involving appropriate recovery methods. Meanwhile, our
knowledge of the recovery methods adequate for judokas is
lacking, particularly in the aspects of fostering adaptation
to a judo training program or tailoring recovery to athletes’
special needs such as eliminating chronic injuries, aiding
progressive weight loss or maintaining muscle mass size.
At the same time, deficient recovery practices within a
professional training program, may lead to functional
overreaching and, in consequence, trigger an overtraining
syndrome (Meeusen et al., 2013).

Cold therapy is one of the most popular recovery methods
used by athletes (Murray and Cardinale, 2015; Lombardi
et al., 2017b). However, literature data have not unequivocally
verified its impact on regeneration, physical performance
and muscle adaptation. On the one hand, cold treatment
was demonstrated to enhance the muscle recovery process
and attenuate muscle damage including delayed-onset muscle
soreness (DOMS) (Siqueira et al., 2018). On the other
hand, its application does not always have a positive effect
on muscle recovery or a visible impact on the recovery
index (Malta et al., 2018). This differentiated effect of cold
therapy depends on the applied procedure, the type of
training and tasks executed simultaneously. Attenuated anabolic
signaling and muscle hypertrophy in response to cold water
immersion (CWI) was mainly recorded after a one-repetition
exercise test and less so after regular training or endurance
exercise (Malta et al., 2021). Interchangeably with CWI,
whole body cryostimulation or partial exposure to extremely
low temperature is also applied. Although the increasing
accessibility of cryo-chambers is making the implementation
of whole body cryostimulation in training more feasible and
convenient, reports on the application of this treatment as
part of a professional training program are limited (Rose
et al., 2017). Therapies based on exposure to extremely low
temperatures (−110 to −130◦C) are known to be well-tolerated
by professional athletes (Bouzigon et al., 2018), to limit exercise-
associated inflammation and to enhance athletes’ performance
during demanding competition and training periods (Ziemann
et al., 2012; Schaal et al., 2015; Bouzigon et al., 2020).

Positive impact on levels of growth factors such as brain-
derived neurotrophic factor (BDNF) or insulin-like growth
factor (IGF-1), and blood concentrations of amino acids
(Jaworska et al., 2018), linked with this temperature range,
have been recorded mainly in academic, non-professional
athletes. Therefore, the question of the effectiveness and validity
of applying this kind of recovery strategy in professional
training remains open.

Therefore, this study aimed to investigate the effect of 10
sessions of whole body cryostimulation on athletes’ performance,
levels of growth factors and amino acid concentrations in
professional judokas during a 2-week high-intensity specific judo
training program.

MATERIALS AND METHODS

Study Design
The study design and timeline are presented in Figure 1.
Professional judokas participated in a 2-week judo training
program including various kinds of high intensity practices. In
addition, the experimental group underwent 10 sessions of whole
body cryostimulation, while the control group did not use any
dedicated methods of recovery. 2 days prior to beginning the
intervention and 2 days after its completion, blood samples were
collected, anthropometric measurements were taken, muscle
performance was assessed and the Special Judo Efficiency Test
(SJET) was performed (Laskowski, 2007).

Subjects
Thirteen highly trained judokas (all members of the Polish
National Judo Team, age: 21 ± 3 years, height: 176 ± 8 cm,
body weight 84 ± 22 kg, skeletal muscle mass 34 ± 7 kg,
body fat 22 ± 14 kg, VO2max 47 ± 11 ml·kg−1

·min−1) took
part in the study. The average training experience of each
judoka amounted to 10 ± 2 years. Athletes were randomly
split into two groups: the experimental group (CRY; n = 7)
and the control group (CON; n = 6). Subjects stayed in a
university dorm and followed a predetermined, balanced diet,
taking their meals in the same place and at the same time
of day (daily average intake of 3,600 ± 600 calories included
protein at 1.5 g·kg−1 body mass). This approach was based on
the previously published protocol (Laskowski and Antosiewicz,
2003). None of the participants had any previous experience
with whole body cryostimulation, and did not take any
supplementation or prescribed drugs during the intervention.
Subjects were informed about the risks associated with the
study and provided a written consent to their participation. The
Bioethical Committee of the Regional Medical Society in Gdańsk
approved the investigation before its onset (KB-28/17). The study
was conducted under the Declaration of Helsinki. Athletes knew
well the venue where all tests, the training protocol and recovery
sessions took place.

Anthropometric Measurements
Body mass and body composition were assessed using a multi–
frequency impedance body composition analyser (In Body
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FIGURE 1 | The study schedule and the configuration of the Special Judo Efficiency Test (SJET). R – recruitment and division judokas into two group, WBC – whole
body cryostimulation, S1: blood samples collection (syringe): at rest (I, Ia), anthropometric measurements, strength test, the Special Judo Efficiency Test (SJET)
before (S1) and after intervention (S2). Blood samples collection 1 h after the first (II) and the second (IIa) SJET; 1 h after the first (III) and last cryo-session (IIIa). The
SJET illustration: (A) – “zempo-ukemi” judo forward roll break-fall performed by Tori (thrower) toward other Uke (throw receiver), (B) – single throw performed by Tori
on Uke, 4 m – distance between uke, timer – time of the test for men 5 min and for women 4 min.

720, Biospace, Korea). Impedance of segments of the body
parts (trunk, arms, and legs) was measured at diverse six
frequencies (1, 5, 50, 250,500, and 1000 kHz), using an eight-polar
tactile electrode (Volgyi et al., 2008). Measurements were taken
according to the manufacturer’s protocol (McLester et al., 2020),
following an overnight fasting (12 h after the last meal and drink).
Athletes were also instructed to drink 400 ml of water, additional
to their daily intake, and avoid any physical exercise 1 day before
to the measurements.

The Assessment of Muscle Performance
Muscle function of the lower and upper limbs was estimated
using a Biodex System four dynamometer (Biodex Medical
System, Inc. Medical System, NY, United States). After 10 min
of standardized warm-up, athletes were positioned in the
equipment, according to the manufacturer’s manual. Each
test was performed in a sitting position and belts were used
for body stabilization. Athletes received standardized verbal
instructions before each test, and verbal encouragements
throughout it. Subjects were asked to contract “as hard as
possible” (to their maximum) to obtain their maximal peak

torque. First, we measured muscle strength in isometric
conditions, and recorded the peak contraction during
flexion and extension in the knee and shoulder joints (of
dominant limbs) in the conditions of 5-s isometric contractions.
Then, we immediately measured the peak torque for the
flexion and extension of the knee and shoulder joints
(of dominant limbs) in the isokinetic conditions (velocity
90◦

·s−1) in a three-time repeated movement. This assessment
was repeated twice before and after the whole training
program intervention.

The Assessment of Specific Physical
Performance
The SJET was used to establish participants’ specific judo
performance abilities (Laskowski, 2007). The configuration of the
SJET is shown in Figure 1. During the test, judokas performed
an effort similar to a competitive match, characterized by the
high-intensity, the approximate number of actions and changing
body positions (standing “nage-komi” – repetitive throwing
practice with a partner executing the technique and groundwork
position; “zempo-ukemi” – judo forward roll break-fall). The
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SJET was based on performing the highest number of throws
in 5 min for men and 4 min for women. Before the test,
athletes performed a standardized 15-min warm-up. During the
SJET, subjects received verbal encouragements. SJET involved
four judokas – one performing the throws and three athletes
partnering (partners had a similar height and body mass as
the athlete performing the test). Before every single throw,
“zempo-ukemi” toward other judokas was done (Figure 1).
Judokas’ heart rate during the SJET was measured using a Polar
Team2; Pro device (Polar, Kempele, Finland).

Training Program
The training protocol was conducted at the beginning of the
training preparation phase. Every judoka attended two training
sessions a day with various loads applied, including special
judo technical training (standing position – tachi waza and
ground position – ne waza) as well as endurance and resistance
training components. Each training session begun with 15–
20 min of warm-up and ended with 15 min of stretching
exercises. The endurance training units consisted of a continued
50-min run with the intensity of 60% of maximum heart rate
(MHR). Sprint training units performed at the track included
sprints at 100, 200, 400, and 800 m (90% MHR). The whole-
body resistance training focused on strength improvement and
included four main exercises: clean and jerk, squat, bench
press and barbell row. Each training consisted of five sets of
five repetitions maximum (RM) of each exercise. During the
current intervention athletes were under the strict control of
the team’s coach (seven DAN judo, master class trainer) and a

TABLE 1 | The judo specific training protocol.

Day Training at
10 am

Intensity Recovery
12–1 pm

Training at
4 pm

Intensity

Monday A 60–70% MHR CRY/PR B 60–70% MHR

Tuesday C 90% MHR CRY/PR D 5 × 5 RM

Wednesday E 60% MHR CRY/PR F 80–90% MHR

Thursday A 60–70% MHR CRY/PR B 60–70% MHR

Friday C 90% MHR CRY/PR D 5 × 5 RM

Saturday E 60% MHR Rest

Sunday Rest

Mondaycy i A 60–70% MHR CRY/PR B 60–70% MHR

Tuesday C 90% MHR CRY/PR D 5 × 5 RM

Wednesday D 5 × 5 RM CRY/PR F 80–90% MHR

Thursday A 60–70% MHR CRY/PR B 60–70% MHR

Friday C 90% MHR CRY/PR D 5 × 5 RM

Saturday E 60% MHR Rest

CRY, single session of cryostimulation; PR, passive rest; MHR, maximal hart
rate; RM, repetitions maximum. Training A: special judo training ne-waza base
on repetitive technical exercise; 90 min. Training B: special judo training tachi-
waza based on repetitive throwing exercise; 90 min. Training C: high-intensity
sprint training at the running track, 100, 200, 400, and 800 m; 60 min. Training
D: whole-body resistance training at the gym; four exercise, five sets of 5 RM,
2 min break between sets; 60 min. Training E: endurance training based on
continuous moderate-intensity run; 50 min. Training F: fight practice – Randori;
four sparring in ne-waza and 8 sparring in tachi-waza, every lasted 5 min, 2 min
break between fight; 120 min.

physiologist. The detailed schedule of the training program is
shown in Table 1.

Whole Body Cryostimulation
All athletes in the CRY group participated in 10 sessions of
whole body cryostimulation in a cryogenic chamber (Zimmer,
Medizine-systeme, German) at the Pomeranian Rheumatologic
Centre in Sopot, Poland. Sessions took place between 12 and
1 pm from Monday to Friday under medical supervision.
Every session lasted 3 min. Before entering the main cryo-
chamber, participants followed the adaptation procedure in
the vestibule at a temperature of −60◦C (approx. 30 s). The
temperature in the main cryogenic chamber was −110◦C.
During the treatment, participants wore only shorts, socks,
gloves and hats to cover their auricles. The sessions were
conducted following the standardized protocol of whole body
cryostimulation (Lombardi et al., 2017b).

Blood Collection and Analysis
In order to assess growth factors concentrations, blood samples
were collected 2 days before and after the specific training
program, at baseline and 1 h after the first and second
SJET test (Figure 1). Additionally, blood samples were taken
1 h after the first and last cryo-session. Samples were taken
from the antecubital vein into vacutainer tubes with K2EDTA
(Becton Dickinson and Co., Franklin Lakes, NJ, United States)
by professional medical staff. Immediately following blood
collection, samples were centrifuged at 2,000g for 10 min at
4◦C and the serum was stored at −80◦C until later analysis,
according to the currently available pre-analytical warnings
(Lombardi et al., 2017a).

For blood lactate concentration (LA) analysis, samples were
collected from capillary blood taken from the right index
fingertip before the warm-up, immediately after and 1 h after
the first and the second SJET. Directly after the collection,
samples were deproteinized adding ice-cold 0.4 M perchloric
acid. After being thoroughly mixed, samples were centrifuged at
12,000g for 10 min. Blood LA was determined using a standard
Randox (Crumlin, United Kingdom) kit based on the LA oxidase
method (LC2389). Assays were performed on the Cecil CE9200
spectrophotometer (Cambridge, United Kingdom).

Serum concentrations of BDNF, IGF-1 and interleukin-15
(IL-15) were assessed using sandwich ELISA kits according
to manufacturer’s instructions (R&D System, United States;
catalog no. DBD00, DG100, and D1500, respectively). Irisin
concentration too was determined with an ELISA kit (Phoenix
Pharmaceutical Inc. United States; catalog no. EK 067-16).

Quantification of serum amino acids was done through
the ion-pair reversed phase high performance liquid
chromatography combined with the tandem mass spectrometry
IP-RP HPLC-MS/MS triple state quadrupole (TSQ Vantage
Thermo Scientific) and was performed following the same
procedure as in the previous study (Gmiat et al., 2018).

Statistical Analysis
Statistical analysis was performed using Statistica 13.1 software.
All values are expressed as a mean ± standard deviation
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(SD). Shapiro–Wilk test was used to assess the homogeneity
of dispersion from the normal distribution. Brown–Forsythe
test was used to evaluate the homogeneity of variance. For
homogenous results, the analysis of variance (ANOVA) for
repeated measures and the post-hoc Tukey’s test for unequal
sample sizes were performed to identify significantly different
results. For heterogenous results, ANOVA Friedman’s test and
Dunn-Bonferroni post-hoc test were used. The effect size (partial
eta squared, η 2

p) was also calculated, with η 2
p ≥ 0.01 indicating

small effect; ≥0.059 indicating medium effect; and ≥0.138
indicating large effect (Cohen, 1988). The significance level was
set at p < 0.05. Additionally, due to the small size of the
study group, all measurements were compiled in a spreadsheet
for the analysis of parallel-group trials and the effects were
interpreted using the magnitude-based inferences decision. All
data was log-converted to reduce bias arising from the error
non-uniformity. Probabilistic conclusions about the true (large-
sample) value of effects were provided in the spreadsheet as
clinical magnitude-based inferences (Hopkins et al., 2009). We
expressed uncertainty in each effect as 90% confidence limits
and as probabilities that the true effect was beneficial (e.g., a
substantial increase in irisin level) and harmful (e.g., a substantial
decrease in irisin level). Clinically clear beneficial effects were
those for which the benefit was at least possible (>25% chance)
and the risk of harm was acceptably low (<0.5%). Effects where
the chance of benefit outweighed the risk of harm (odds ratio
of benefit to harm >66) were also deemed clear. Other effects
were either clearly non-beneficial (chance of benefit <25%) or
unclear (chance of benefit >25% and risk of harm >0.5%).
Clear effects were reported as the magnitude of the observed
value, with the qualitative probability that the true effect was
beneficial, trivial or harmful for the change (e.g., in irisin level).
The scale for interpreting the probabilities was as follows: ∗ –
possible, ∗∗ – likely, ∗∗∗ – very likely, ∗∗∗∗ – most likely
(Hopkins et al., 2009).

RESULTS

Subjects
Twelve athletes completed the intervention. One judoka from
the CRY group was excluded from the study due to his
injury (CRY, n = 6; CON, n = 6). After the intervention,
no changes in body composition or body mass were recorded
(data not shown).

Changes in Physical Performance
Muscle performance test data indicated that judo training did
not affect athletes’ muscle function, regardless of the applied
recovery strategy. Among all analyzed parameters characterizing
muscle function no significant changes were noted. Parameters
remained unchanged, regardless of the rest procedure (Table 2).
Results of the SJET also did not differ significantly. The average
number of throws in the first SJET reached 57 ± 14 (CRY
53 ± 12; CON 61 ± 15) with the average HR during the test
183 ± 7 bpm (CRY 183 ± 5; CON 185 ± 6). After the 2-
week training program, the average number of throws increased

slightly in the second SJET and totaled at 60 ± 14 (CRY 56 ± 11;
CON 63 ± 15) with the average HR 180 ± 3 bpm (CRY 181 ± 1;
CON 179 ± 4).

Changes in Blood Lactate Concentration
The fatigue level was expressed by blood LA. Recorded values
indicated that the intensity of SJET was high and above the
anaerobic threshold for both groups. The average blood LA
concentration immediately reached 7.06 ± 1.23 mmol·l−1 in
the CRY group and 10.48 ± 1.86 mmol·l−1 in the CON
group. 1LA (the difference between the LA concentration
recorded immediately after the SJET and 1 h rest) after the
first SJET was 4.47 ± 1.02 mmol·l−1 in the CRY group and
4.37 ± 0.86 mmol·l−1 in the CON group. After the 2-week
intervention, 1LA were 3.74 ± 1.32 mmol·l−1 in the CRY group
and 5.72 ± 1.49 mmol·l−1 in the CON group.

Changes in Growth Factors Levels
Changes in resting serum growth factors concentrations before
and after the intervention are presented in Figure 2. The
applied whole body cryostimulation, resulted in a significant
increase of resting BDNF concentration from 10.23 ± 1.61
to 15.13 ± 2.93 ng·ml−1 (p = 0.01; Figure 2B). This
change was accompanied by a significant elevation of IGF-1
concentration in the CRY group (pre: 174.29 ± 49.34; post:
300.50 ± 43.80 pg·ml−1; p = 0.00; Figure 2D). The effect size p(
η2

ρ

)
of delta values recorded pre vs post of resting concentration

of BDNF was 0.47 and, respectively, 0.81 of IGF-1. In the CON
group, no changes in BDNF (pre: 8.74 ± 2.08 ng·ml−1 vs post:
9.04 ± 2.01 ng·ml−1) and IGF-1 (pre: 175.19 ± 44.67 pg·ml−1,
post: 159.70 ± 22.33 pg·ml−1) were recorded. At the same time,
only a slightly elevated tendency of IL-15 concentration was
noted in both groups (Figure 2E). Independently of the applied
recovery method, the training program did not alter resting irisin
concentration (Figure 2F). Interestingly, a correlation between
the resting level of irisin and 1LA after the second SJET was
noted (r = 0.90, p < 0.05).

The applied intervention did not cause changes in proteins
in samples taken 1 h after cryo-session (data not shown). Still,
significant differences were observed in serum taken 1 h after the
second SJET (Figure 3). These were recorded for IGF-1, IL-15,
and irisin concentrations.

Changes in Amino Acids Concentration
Changes of amino acid serum concentrations are shown in
Table 3. Following the specific judo training program and
whole body cryostimulation, a significant decrease of proline
concentration was observed (Table 3). The magnitude-based
inference indicated that the difference between groups was
significant and the effect was very likely. Also, a statistically
significant decrease of leucine concentration in the CRY group
was noted and the effect was likely. The intervention too affected
concentrations of isoleucine, valine and tryptophan, but the
changes were not significant. There were no significant changes
in baseline amino acid serum concentrations before and after the
intervention in the CON group.
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TABLE 2 | The muscle functions results before and after 2-week of specific judo training program combined with 10 sessions of cryostimulation or passive
rest in both groups.

PRE POST SMD MBI ANOVA p (η 2
p )

X̄ ± SD 95% CI X̄ ± SD 95% CI d – Cohena Practically
worthwhile effect

Group × Time
Interaction

PT max isometric [Nm] extension

Dominant leg CON 348.47 ± 74.42 270.37– 426.56 393.62 ± 125.85 261.55–525.69 0.44 Unclear 0.12 (0.23)

CRY 306.63 ± 89.71 212.48 – 400.77 307.16 ± 99.38 202.87–411.46 0.01

Dominant shoulder CON 135.22 ± 43.69 89.37–181.07 137.38 ± 41.06 79.51–193.32 0.05 Unclear 0.99 (0.00)

CRY 131.63 ± 47.32 81.97– 181.29 133.93 ± 49.98 81.48–186.38 0.05

PT max isometric [Nm] flexion

Dominant leg CON 153.43 ± 29.83 122.13–184.74 157.59 ± 37.15 118.60–196.58 0.12 Unclear 0.43 (0.06)

CRY 155.20 ± 32.95 120.61– 189.78 149.46 ± 24.68 123.56– 175.36 0.20

Dominant shoulder CON 105.01 ± 38.58 64.52–145.49 98.50 ± 23.49 73.85–123.15 0.20 Unclear 0.98 (0.06)

CRY 94.27 ± 28.72 64.14– 124.41 95.54 ± 35.51 58.27– 132.81 0.04

PT max isokinetic 90◦• s−1 [Nm] extension

Dominant leg CON 245.36 ± 43.94 199.24–291.47 229.16 ± 35.11 192.31–266.00 0.41 Unclear 0.59 (0.03)

CRY 235.12 ± 64.49 167.44– 302.80 224.64 ± 60.09 161.58– 287.70 0.17

Dominant shoulder CON 107.83 ± 31.55 74.72–140.94 111.63 ± 23.67 86.79–136.47 0.14 Unclear 0.33 (0.01)

CRY 98.32 ± 33.59 63.07–133.57 98.75 ± 29.78 67.50– 130.00 0.01

PT max isokinetic 90◦• s−1 [Nm] flexion

Dominant leg CON 137.91 ± 21.92 114.91–160.91 129.17 ± 17.50 110.80–147.53 0.44 Unclear 0.44 (0.06)

CRY 136.35 ± 35.58 99.02– 173.69 134.33 ± 38.00 94.45– 174.22 0.05

Dominant shoulder CON 96.40 ± 23.48 71.76–121.04 96.60 ± 13.46 82.48–110.73 0.01 Unclear 0.61 (0.02)

CRY 84.92 ± 28.01 55.53– 114.31 82.07 ± 25.70 55.10– 109.04 0.11

AP max isokinetic 90◦• s−1 [W] extension

Dominant leg CON 147.07 ± 57.69 86.52– 207.61 149.87 ± 10.61 138.73–161.00 0.07 Unclear 0.54 (0.04)

CRY 167.95 ± 48.49 117.06–218.84 157.43 ± 40.27 115.17– 199.69 0.24

Dominant shoulder CON 85.25 ± 27.59 56.30– 114.20 80.27 ± 23.65 55.44–105.09 0.19 Unclear 0.12 (0.02)

CRY 69.32 ± 29.15 38.72–99.91 69.70 ± 29.31 38.94–100.46 0.01

AP max isokinetic 90◦• s−1 [W] flexion

Dominant leg CON 101.42 ± 32.64 67.16– 135.67 106.25 ± 16.48 88.96– 123.54 0.19 Unclear 0.70 (0.02)

CRY 108.98 ± 30.13 77.37– 140.60 108.43 ± 32.39 74.44– 142.42 0.02

Dominant shoulder CON 87.77 ± 36.88 49.07– 126.47 71.55 ± 17.75 52.92–90.18 0.56 Unclear 0.09 (0.07)

CRY 64.25 ± 24.40 38.64–89.86 62.60 ± 23.88 37.54–87.66 0.07

PRE, before 2-week of special judo training program; POST, after 2-week of special judo training program; PT max, peak torque maximal, AP max, average power
maximal; CRY, cryostimulation group; CON, control group; 95%CI – confidence interval; η 2

p, effect size, partial eta-squared; SMD, standardized mean difference; MBI,
Magnitude-based inference.

DISCUSSION

The aim of this study was to determine the effect of the
specific judo training, supported by 10 sessions of whole body
cryostimulation, on muscle adaptation as reflected in growth
factors concentrations, amino acids levels and motor abilities
of professional judokas. The applied cryo-intervention caused a
significant increase in circulating levels of the two growth factors
(BDNF and IGF-1), together with a decrease of the circulating
amino acids (proline and leucine) in blood after overnight fasting.
Those ameliorations were not observed in judokas in the CON
group, who rested passively in-between training units.

Recently published studies, involving martial arts athletes,
analyzed only a single application of cold therapy (CWI, 15 min
at 10◦C) after a single sparring training /combat stimulation
unit (Lindsay et al., 2017; Tabben et al., 2018). No studies,
however, examined the effect of chronic cold therapy (repeated

daily for a certain time) on adaptation to training in professional
judo athletes. Malta and co-workers (Malta et al., 2021) based
on results obtained from eight papers, reported that effects of
CWI (temperature <15◦C) are modified by the specificity of
strength training (duration, frequency, number of sets). Findings
of Roberts et al. (2015) showed that CWI (10 min at 10◦C) applied
after each unit of high-intensity strength training (12 weeks,
2 units per week, 3 – 5 sets of 8 – 12 RM) substantially attenuated
satellite cells’ activity as well as suppressed the acute anabolic
signaling in muscle cells after training. This resulted in a small
improvement of strength and hypertrophy, mainly in type II
muscle fiber. On the other hand, Fyfe and co-workers (Fyfe et al.,
2019) observed a negative impact of cold application (15 min at
10◦C) performed after resistance training (7 weeks, 3 units per
week, 3 – 5 sets of 12 RM) on muscle fibers hypertrophy but had
no effect on maximal strength performance. Compared with the
above-mentioned studies, in the this study cryostimulation was
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FIGURE 2 | The immunological response induced by training and whole body cryostimulation. (A) delta changes (1 POST to PRE) of brain-derived neurotrophic
factor BDNF (effect size p η 2

p 0.47 and (C) insulin-like growth factor 1 – IGF-1 (effect size p η 2
p 0.81); comparison of serum growth factors concentration at rest:

(B) BDNF, (D) IGF-1, (E) IL-15, (F) irisin; *significant changes (p < 0.05); CRY, cryostimulation group; CON, control group; POST, post intervention values, PRE,
pre-intervention values; I, baseline, Ia, after 2-week the training program.

applied 2 h post rather than immediately after training and the
administered temperature was much lower. Based on the fact that
CWI (8◦C, 4 min) caused a similar decrease of muscle and trunk

temperature as a single session of whole body cryostimulation
in a special cryo-chamber (Costello et al., 2012), it was possible
that the applied cold treatment protocol could decrease judokas’
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FIGURE 3 | The effect of Special Judo Efficiency Test (SJET) performed
before and post 2 weeks of intervention. Comparison serum concentration of
resting (I, Ia) and 1 h post SJET values (II, IIa): (A) insulin-like growth factor 1 –
IGF-1 (CRY IIa vs CON IIa: p = 0.01, effect size 0.52); (B) IL-15, interleukin 15
(CRY IIa vs CON IIa: p = 0.03, effect size 0.38); (C) irisin (CRY IIa vs CON IIa:
p = 0.00, effect size 0.63); CRY – cryostimulation group; CON – control group
with passive rest.

motor abilities. Meanwhile, the obtained data showed that the
applied intervention did not alter muscle performance, sustained
muscle function and even slightly improved the SJET results. This
is particularly important as our participants represented a very
high level of physical capacity.

Alongside high physical capacity demands, mental strength
and psychological skills are an integral training component in
professional sport. BDNF is one of the growth factors involved
in cognitive functions, which has an impact on brain plasticity
(Cotman and Berchtold, 2002). Physical activity has been
reported to enhance its level (Dinoff et al., 2017), which manifests
in boosted brain functions, improved mood and inhibited
depression (Teixeira et al., 2010; Phillips, 2017). A recent paper
by Schor et al. (2019) reported that combat exercise, like Randori,
can have a far more significant impact on BDNF release into the
bloodstream than other kinds of exercise in elite judo athletes.
A single fight induced a much pronounced increase of BDNF in
both female and male judokas in comparison to changes after
a maximal incremental effort. The authors have explained that
judo fights can engage the nervous central system far more than
other types of exercise owing to the tactical preparation and quick
reactions to sudden changes of action provoked by the opponent
(Schor et al., 2019). In our study, a significant difference between
groups in the BDNF serum after the intervention was recorded.
The 10 sessions of whole body cryostimulation caused an increase
in the resting level in BDNF in judokas, yet without changes in
body composition or muscle strength. In our previous paper, the
specific resistance volleyball training supported by whole body
cryostimulation, induced a significant increase of resting BDNF
concentration among volleyball players, together with a less
pronounced drop of maximal power in the countermovement
jump in both female and male athletes (Jaworska et al., 2018).
Both studies prove that whole body cryostimulation (9–10
sessions administered daily) combined with resistance training,
modified BDNF concentration; however, changes in physical
performance depended on the physical workload applied. At the
same time, the frequency and duration of breaks in-between
cold therapy sessions affect the change of BDNF concentration.
For instance, no change in BDNF was noted in untrained
students in response to 12 sessions of whole body cryostimulation
performed 3 days per week, a day after a strength training
session had been completed (Jaworska et al., 2020). IGF-1 is
involved in muscle hypertrophy (Adams and McCue, 1998),
reduces protein breakdown, and acts as a mediator of anabolic
actions in skeletal muscles (Lee et al., 2017). Chronically low
concentrations of IGF-1 may reflect an overreaching condition
or impaired muscular adaptation to training (Lee et al., 2017).
Moreover, IGF-1 is necessary to transform pro-BDNF to BDNF
in the central nervous system (Ding et al., 2006). In our study
applied procedure induced an increase of IGF-1 only in CRY
group, which could have prevented a decline in muscle function.

The obtained data also show a slight increase of IL-15
concentration in blood serum. This myokine, released into the
bloodstream in response to exercise (Bazgir et al., 2015), may
have a beneficial effect on muscle adaptation by stimulating
mitochondrial activity (Quinn et al., 2013). Its elevated level and
intensified expression may in turn contribute to an enhanced
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TABLE 3 | Amino acid profile at baseline and after 2-week of intervention.

Amino acid [µmol · l−1] PRE POST SMD MBI ANOVA p (η 2
p )

X̄ ± SD 95% CI X̄ ± SD 95% CI d – Cohena Practically
worthwhile
effect

Group × time
interaction

AAs-after deamination form keto acid like alpha-ketoglutarate

Proline CON 149.25 ± 63 83.13 – 215.36 134.35 ± 32.52 100.23 – 168.47 −0,31 Very likely 0.046 (0.34)

CRY 157.98 ± 51.39 104.04 – 211.91 90.99 ± 41.26* 47.69 – 134.29 −1,45

AAs-after deamination form keto acid like acetyl-CoA

Leucine CON 85.79 ± 22.92 61.73 – 109.85 104.29 ± 37.37 65.07 – 143.50 0,61 Likely 0.008 (0.53)

CRY 138.51 ± 37.25# 99.42 – 177.61 93.43 ± 24.47* 67.75 – 119.10 −1,46

Isoleucine CON 138.27 ± 62 73.20 – 203.34 121.73 ± 114.67 71.39 – 203.34 −0,19 Unclear 0.718 (0.01)

CRY 108.10 ± 31.53 68.72 – 147.49 67.65 ± 41.34 24.27 – 111.03 −1,11

Tryptophan CON 39.62 ± 13.81 25.13 – 54.12 39.52 ± 7.71 31.43 – 47.61 −0,01 Unclear 0.051 (0.32)

CRY 50.55 ± 8.93 38.16 – 62.94 32.33 ± 10.03 21.81 – 42.86 −1,82

AAs-after deamination form keto acid like fumarate

Valine CON 113.53 ± 47.79 63.43 – 163.73 105.53 ± 46.33 56.91 – 154.16 −0,17 Trivial 0.379 (0.08)

CRY 133.05 ± 35.75 95.54 – 170.56 95.48 ± 22.31 72.06 – 118.89 −1,29

PRE, before 2-week of special judo training program; POST, after 2-week of special judo training program; AAs, amino acids; CRY, cryostimulation group; CON, control
group; 95%CI, confidence interval; η 2

p, effect size, partial eta-squared; SMD, standardized mean difference; MBI, magnitude-based inference; #, significant differences
between groups; *, significant differences between measurements.

muscle endurance. Besides the power and strength potential, a
high level of aerobic capacity in judokas is particularly relevant
for an efficient recovery in-between actions or for an ability to
perform technical actions effectively in the last minute of a match
(Franchini et al., 2011). Although cryostimulation did not change
drastically IL-15 concentration, its level was statistically different
after the second Special Judo Efficiency Test.

As evidenced by previous studies, not only exercise (Huh,
2018), but also whole body cryostimulation can be associated
with an increase of irisin concentration in the blood (Ziemann
et al., 2013). Irisin is considered to be a factor regulating
metabolic muscle adaptation, including stimulation of glucose
uptake and lipid metabolism (Lee and Jun, 2019). In this study,
no statistical alternations in the resting level of irisin were
recorded in response to the applied intervention. Similar results
were registered by Sliwicka and co-workers (Sliwicka et al.,
2020), who noted that whole body cryostimulation had not
affected serum irisin concentration in subjects characterized by
a high physical fitness level. An interesting correlation between
the irisin level and 1LA after the second SJET in the CRY
group was still observed. Currently available data account for
a positive impact of irisin on maintaining a balance between
glucose uptake in peripheral tissues, including skeletal muscles,
and hepatic glucose homeostasis (Arhire et al., 2019). Studies
on animal models have shown that irisin stimulated glucose
uptake in myocytes and reduced gluconeogenesis in hepatocytes
(Mo et al., 2016; Xin et al., 2016). The significant correlation
between irisin and 1LA observed in this study suggest that an
increased concentration of circulating irisin may have enhanced
lactate removal from blood in response to a high-intensity
SJET. During and after exercise, lactate can be utilized via
gluconeogenesis, and metabolized to carbon dioxide and water
substrate by tissues including brain, skeletal muscle and some
others. The actions of irisin on the removal of circulating

lactate via gluconeogenesis process is unequivocal (Mo et al.,
2016; Xin et al., 2016). A lower concentration of lactate in
the CRY group after the high-intensity SJET may indicate
that its production decreased, while the utilization increased.
Since the cryostimulation intervention was associated with
slightly improved scores in the SJET, based mainly on anaerobic
glycolysis, lower lactate production can likely be excluded. The
role of irisin in lactate removal also cannot be ruled out.
A recently published study by Kujach and co-workers (Kujach
et al., 2019) demonstrated that a high cumulation of circulating
lactate positively correlated with circulating BDNF. It thus cannot
be dismissed that the changes in BDNF concentration noted in
this study were associated with prefrontal cortex and muscular
oxygenation in response to whole body cryostimulation. This
observation corresponds with the data obtained by Douzi and co-
workers (Douzi et al., 2020), using near-infrared spectroscopy.
The authors noted a significant increase in the relative blood
perfusion in subjects, who performed the exercise with a cooling
vest during submaximal exercise.

Our study also aimed to verify if the applied intervention
can affect the amino acid profile. To the best of our knowledge,
this is the first study to show an influence of extremely cold
temperature on the blood level of proline. The observed change
can be explained by two mechanisms.

First, the exposure to cold induces sympathetic-mediated
vasoconstriction followed by a reactive vasodilation response
that cause the reduction first and the next consequent forced
blood flow (Sieroń et al., 2010), resulting in limited availability
and subsequently, better uptake of amino acids. Proline is
known as the main amino acid component of collagen (Wu
et al., 2011) and has an impact on the regeneration process
of the articular cartilage matrix (de Paz-Lugo et al., 2018).
Poor availability of this crucial amino acid disturbs collagen
synthesis, which may increase proneness to osteoarthritis
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(Wu et al., 2011). In the CRY group, cryostimulation caused a
significant drop in the circulating level of this amino acid,
whereas in the CON group, the opposite tendency was observed.
This may suggest that cryostimulation enhanced the prolinase
activity, which was found to recycle proline for collagen
resynthesize (Zareba and Palka, 2016). The potential of long-
term whole body cryostimulation to enhance collagen structure
can make it a useful injury prevention treatment in judo.
Permanent grip fight is a crucial part of competitive judo fights;
hence, finger injuries are the most common chronic problem
among judokas (Strasser et al., 1997). Repetitive and untreated
damage to fingers can increase the risk of osteoarthritis, thus,
enhanced uptake of proline in response to cold treatment
can be considered a recovery method particularly pragmatic
for judo players.

Second, the obtained changes can be linked with brown
adipose tissue. It is known that exposure to low temperatures
stimulates browning fat tissue and its activity (Cannon and
Nedergaard, 2004). Recently, Marmol and co-workers (Marmol
et al., 2020) revealed that stimulation of activin receptor
ALK7 suppressed the expression of Kruppel Like Factor
15 (key regulator of amino acid metabolism) and proline
dehydrogenase (amino-acid catabolizing enzyme) in both mouse
and human brown adipocytes. This can account for the observed
decrease in proline concentration. The applied whole body
cryostimulation also caused a drop in the level of branched-
chain amino acids in serum after the 2-week intervention.
The inter-group difference was most pronounced for leucine, a
potential stimulator of muscle protein synthesis and mammalian
target of rapamycin complex 1 (mTORC1) signaling human
skeletal muscle (Moro et al., 2016). Those findings suggest
that cryostimulation may have enhanced the amino acid
uptake, supporting the maintenance of motor abilities in
judokas after the 2-week training program. Cholewka and
co-workers (Cholewka et al., 2012) reported, using thermal
imaging, that the extremely cold exposure had a significant
effect on skin temperature changes, especially extremities. With
a thermal vision camera, the authors demonstrated that one
session of whole body cryostimulation (3 min at −120◦C)
caused a substantial reduction of skin temperature. This rapid
body cooling stimulates circulation in the thermoregulation
prosses, which affects the constriction of microcirculation
vessels and in turn, is quickly followed by vasodilatation
due to transmitter substances being released (Sieroń et al.,
2010). In this study, whole body cryostimulation caused a
significant decrease of proline and leucine levels as well
as negative shifts in blood isoleucine and valine. Hence,
it can be assumed that by stimulating microcirculation,
the applied cold therapy encouraged the peripheral amino
acid tissue uptake.

Our study is not without limitations, namely the small
sample size of the study group. Our participants were
belonged to members of Poland’s national judo team, a
selected group accustomed to training with a very high
intensity. Extending this group to other, less advanced athletes
was hardly possible without affecting the study groups’ core
characteristics. In order to credibly interpret the obtained

results, we used statistical methods adjusted to the undersized
sample size of the study. It is due to these sample size
considerations that we could not organize a whole body
cryostimulation group in parallel with an untrained group.
Future studies, however, could aim to verify the effect of
whole body cryostimulation on adaptation training markers
in bigger groups of subjects. We would also recommend
using in future research not only fitness tests, but also
tests to assess the fatigue of the nervous system and the
number of mistakes made in tactical tasks, and monitor sleep
quality and patterns.

To the best of our knowledge, no reports in the past provided
evidence of the effectiveness of whole body cryostimulation as a
recovery method in judo. The applied specific training program,
combined with 10 sessions of whole body cryostimulation, caused
positive, significant changes in BDNF and IGF-1 concentrations
as well as the amino acid pool in blood stream post intervention
at rest and 1 h after training. The changes in growth factors could
be deemed responsible for the muscle function being maintained
(not dropping), while the amino acid profile improved. Whole
body cryostimulation can thus be considered as a promising
physiotherapy procedure for judokas, which can mitigate the
overload and overtraining syndrome. Hence, we recommend
the use of this treatment during both intense training and
competition periods.
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