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Abstract

We investigated whether cold water immersion follgyvintensive training sessions can enhance
recovery in elite Olympic weightlifters, taking emtaccount each athlete’s individual response
pattern. The entire German male Olympic weightldtinational team participated in the study
(n=7), ensuring collection of data from elite atbfeonly. Using a randomized cross-over design,
the athletes went through two high intensity tnagnimicrocycles consisting of five training
sessions that were either followed by a cold wiaenersion or passive recovery. Barbell speed
in a snatch pull movement, blood parameters asagetflubjective ratings of general fatigue and
recovery were assessed throughout the study. Rihysdormance at two snatch pull intensities
(85% 1RM: -0.15% vs. -0.22%, P=0.94; 90% 1RM: -0.V8b +1.23%, P=0.25) did not differ
significantly (condition x time). While questionnes revealed a significant decline in ratings of
overall recovery (P<0.001) and a significantly l@ghating of overall stress (P=0.03) over time,
no significant differences between conditions (R40.P=0.98) could be revealed. Similarly,
neither of the analyzed blood parameters changgdfisantly between conditions over time
(CK: P=0.53; Urea: P=0.43; Cortisol: P=0.59; Tettame: P=0.53; Testosterone:Cortisol ratio:
P=0.69). In _general, CWI did not prove to be aredfl/e tool to enhance recovery in elite
Olympic weightlifters over a three day intensivairting period. However, even though the
group was rather homogeneous with regard to pedooe, there were considerable inter-subject
differences in their response to CWI. It appeast Hihletes are best advised on a case-by-case

basis.
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INTRODUCTION

It is paramount to achieve an adequate balanceeketviraining and competition induced
stresses and recovery in order to maximize perfocedevels in elite athletes (1). Specifically
athletes that are training and/or competing mudtipnes per day often experience excessive
amounts of stress that might result in temporampaimments in performance due to a variety of
factors. Consequently, there is an increased siteagiong researchers and practitioners to

identify adequate modalities to support fast recpbetween intensive exposure periods (25).

The use of cold water immersion (CWI) is one of tin@re popular methods in elite
sports_ENREF 3t is rather low-cost, easily applicable underimas circumstances and widely
perceived to be performance enhancing. While theetlying physiological and biochemical
mechanisms for its proposed effectiveness remalaaat partly unclear (2) and are still under
investigation (15), a number of studies have shpatentially beneficial impacts on recovery.
Vaile, Halson, Gill and Dawson (32) showed that GMdls significantly better at restoring squat
jump performance in the three days following argitk training session compared to a passive
recovery control condition. Additionally, a receneta-analysis demonstrated that CWI can be
an effective strategy to reduce delayed onset rasmkeness (DOMS) (21). Halson (10) showed
that athletes involved in weight-bearing sports mhigenefit more from cooling than athletes

involved in non-weight-bearing sports, while Leed&issane, van Someren, Gregson and
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Howatson (20) found positive effects for muscle powbut not for muscle strength.
Furthermore, it was suggested by Poppendieck, FaWggmann and Meyer (25) that cooling
might have an effect on neuromuscular coordinafldrese findings seem to suggest that athletes
involved in sports that require these particulaygital qualities might potentially benefit the

most from the use of CWI as a recovery intervention

However, results of other studies question the gsed effectiveness of CWI as a recovery tool
(3, 6, 31). This makes it increasingly difficultrfpractitioners to decide whether CWI is a
worthwhile implementation into the training or costition routine of their respective athletes.
Part of that inconclusiveness might stem from # that the vast majority of research on the
topic focuses on the group mean efficacy of CWthasintervention, even though research on
elite athletes is naturally limited to small samgiees and therefore often inadequate to result in
conclusions that can be generalized for other @tjous. Indeed, individuals show a wide range
of different responses to the same intervention {81 22). Hence, it appears that specifically in
the area of high performance sport individual resgs to a given stimulus need to be accounted
for in order to be able to provide specific recomuaegions tailored to each athlete’s individual

response patterns.

Overall, current literature available on the togeems to suggest that specifically athletes
involved in weight-bearing exercises that requirghhlevels of muscular power and
intramuscular coordination could benefit from irpmrating CWI as a recovery tool. Also,
special consideration needs to be attributed tosvarger-individual variability in the observed
response to a given stimulus in order to deriveividdalized athlete recommendations.

Consequently, the aim of this study was to inveséigvhether CWI following intensive training
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sessions can be a useful recovery tool for elitgmPlc weightlifters using an individualized

approach.

METHODS

Experimental Approach to the Problem

The study employed a randomized cross-over desigsisting of two four-day phases separated
by a ten-day wash-out period (Figure 1). Both phagere completed in familiar facilities using
standard equipment and followed a high-intensityynipic weightlifting specific training
protocol as outlined by the German national coathe athletes mainly performed the
competition lifts as well as a number of accessnoyements (e.g. back squat, front squat, high
pull, push jerk, etc.). In total, the athletes ctetgxl about 18-25 working sets per session,
generally working in the 3-5 repetition range wiithgoing to concentric muscle failure. While
exercise selection varied to-a certain extent betwehases, volume and intensity remained

constant.

< insert Figure 1 about here >

Subjects

Seven male members (25 + 4 y; mean + SD) of them@ernational team in Olympic
weightlifting volunteered and provided written censto participate in the study. All athletes
were healthy and free of injury throughout datdemion and trained to compete in different
bodyweight categories (69 kg (n=1), 77 kg (n=2),K&p(n=1), 94 kg (n=1), 105 kg (n=2))

according to the classification of the Internatiokéeightlifting Federation (IWF). The study
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was approved by the local Ethics Committee (Arzteker des Saarlandes, Saarbriicken,

Germany) and conformed to the Declaration of Hé&lsin

Procedures
In both phases, athletes underwent a total of tiaming sessions. Two training sessions were
performed on day 1, one session on day 2, and &ssians on day 3. When two training

sessions were scheduled for the same day one se¢ssloplace in the morning (9.30 — 11 a.m.)
and one in the afternoon (3.30 — 5 p.m.). The laming session on day 2 took place in the
afternoon (3.30 — 5 p.m.). Each session was imrteglidollowed by either a cold water
immersion protocol (CWI) or a control condition (B8 CWI consisted of a single bout of 10
consecutive minutes, during which the athletes vee@ted and immersed up to their neck in
water at between 12°-15°C (25), while CON consistet0 min of passive recovery in the same
body position. Subsequently, training session sitgnwas assessed via a rating of perceived
exertion (RPE). This method has been considereabd mdicator of general internal load (16).

Scores were collected using a modified 10 point BGRale (23).

A sport-specific performance test was carried otthe@ same time of day on the first and last day
of both phases. The test consisted of a snatchnpmtement at 85% and 90% of each athlete’s
individual snatch target weight for the World Chaomships that would take place 3 months
after completion of the study. Maximal barbell v@tg (vnay) during the pull was recorded using

a camcorder (Panasonic GS 500, Panasonic Corpor&@aoma, Japan) and a specific software
package (Realanalyzer, IAT Leipzig, Germany). Té¢s was chosen since the athletes were very
familiar with its execution due to a frequent ingoration into their training routine and since

Vmax has previously been shown to be a relevant pedoca indicator (4).
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106 Venous blood samples were collected from the fastétetes into 7.5 ml serum vacutainers
107 (Sarstedt AG & Co, Nurnbrecht, Germany) on the rnmy® of the first, second, and fourth day
108 of both phases. The vacutainers were left to dabam temperature before being spun in a
109 centrifuge (Hettich EBA 20, Hettich Lab Technologwttlingen, Germany) at 6000 rpm for 10

110 min. Subsequently, the serum was aliquoted anédtatr-18°C.

111 The samples were analyzed in a certified diagndeioratory with regards to concentrations of
112  creatinkinase (CK), urea (UniCelDxC 600, Beckman Coulter GmbH, Krefeld, Germany),
113  cortisol (Acces8 2, Beckman Coulter GmbH, Krefeld, Germany), ame frestosterone (ELISA,

114 LDN Labor Diagnostika Nord, Nordhorn, Germany).

115 Throughout data collection subjective ratings wassessed using the recently developed Acute
116 Recovery and Stress Scale (ARSS)(12). The ARSSsterts 32 adjectives describing physical,
117 emotional, mental, and overall aspects of recoaeny stress, which are assessed with a seven-
118 point Likert-type scale ranging from 0 (does noplgmat all) to 6 (fully applies). Finally, all the
119 adjectives are subdivided into the following dimiens: physical performance capability, mental
120 performance capability, emotional balance, oveedbvery, muscular stress, lack of activation,
121 negative emotional state, and overall stress. TRS® has been checked for psychometric
122 reliability-and validity (12, 19). The athletes weasked to fill in the questionnaire every

123 morning at the same time (paper-based).

124 Statistical Analyses

125 Statistical analyses were conducted using STATI&TBD (StatSoft Inc., Tulsa, AZ, USA) and
126  Microsoft Excel™. Results are reported as means * standard devig8iDd) unless otherwise
127 stated. Distribution of all data was checked usangolmogorov-Smirnov normality test. For

128 normally distributed data a two-way repeated mess@ANOVA was used to assess changes in
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the interaction between condition (CON vs CWI) éintk. The same statistical test was used for
the analysis of the ARSS. The authors are awateptrametric tests are generally not adequate
for ordinal data. After a thorough review of curréiterature on the topic, we decided to follow
recommendations given by Sullivan and Artino (3®)etmploy parametric procedures. An
level of P<0.05 was accepted as statistically &icamt.

Furthermore, inter-condition differences + 90% ddance limits (CL) as well as inter-condition
differences expressed as Cohen’s d effect size} {F¥% CL are reported to compare the
magnitude of the difference (thresholds: 0.2 —ah\0.6 — small; 1.2 — moderate; 2.0 — large; 4.0
— extremely large). Magnitude based inferences veemeducted in order to determine the
smallest worthwhile difference between conditiob¥)(using a published spreadsheet (13). This
approach represents a contemporary method of datgsss that uses confidence limits in order
to calculate the probability that a difference mgically meaningful. For all parameters a
between-subject SD of 0.2 (small effect) was careid to be meaningful. This allows for a
guantitative assessment of the chance for theuvaliee to be positive, trivial, and negative as
well as for an assignment of qualitative probabdiserms using the following scale: <0.5% -
most unlikely, almost certainly not; 0.5-5% -very unlikely; 5—-25% -unlikely, probably not; 25-
75% -possibly; 75-95% -likely, probably; 95-99.5% -very likely; >99.5% -most likely, almost
certainly (14). In case chances for both negative and pesdffects were calculated to be >5%,

results were deemedahclear (14).

RESULTS

Five intensive training sessions on three conseeuways induced a strong subjective sense of

fatigue in the athletes in both conditions. Questaires revealed a significant decline in ratings
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of overall recovery (P<0.001) and a significantlgher rating of overall stress (P=0.033) over
time. Similarly, the analysis of blood borne maskeevealed a significant increase of CK
(P<0.001) and significantly lower values of corti@®=0.002) over the duration of the training

phases.

On a group level, there were no significant intBoac (condition x time) effects across all
parameters (Tables 1 & 2), including RPE (P=0.48gnitude based inferences showed CWiI
to possibly have a trivial negative effect on phgkiperformance in one of the sport-specific
performance tests (Table 2) while also showing likiely to.initially result in a small increase in
cortisol levels (Table 2). Questionnaires revedieat CWI did not significantly change the
athletes’ perception of recovery and fatigue in afythe eight dimensions. Conducting
magnitude based inferences revealed that the eshi&ibjective feeling of overall recovery was
very likely positively influenced by the cold watertervention while CWI also very likely
affected the athletes’ emotional state in a hegatisty, especially towards the end of the training

microcycle (Table 2).

< insert Table 1 and Table 2 about here >

On an individual level, athletes showed differimgponses to the intervention (Figures 2 & 3).
One athlete (#5) improved performance in both téstsughout the intervention condition (85%:
+1.1%; 90%: +2.9%), but saw a decline in perforneafar both tests during the control
condition (85%: -6.7%; 90%: -1.7%). For this pautér case questionnaires also revealed an
improved feeling of overall recovery and less ollestress for CWI in comparison to CON. On
the other end of the spectrum, two athletes (#34&performed consistently worse during CWI

(#3: 85%: -2.5%; 90%: -0.5% / #4: 85%: -2.9%; 90%5%) and better or the same during CON
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(#3: 85%: +2.6%; 90%: +2.7% / #4: 85%: +1.5%; 9@%%) while questionnaires showed no or

only slight differences in subjective feeling otosery.

<insert Figure 2 and Figure 3 about here >
DISCUSSION

To the authors’ knowledge, this study is the fistinvestigate the effectiveness of CWI as a
recovery tool for elite Olympic weightlifters. Iadt, the training history and experience of the
participants is a unique aspect for any study itigasng the effects of a recovery intervention
on the physical qualities in this particular coh®&tevious reviews and meta-analyses have found
CWI to be effective in terms of performance restion for athletes involved in weight-bearing
sports (10) that require high levels of musculamg@o(20) and neuromuscular coordination (25).
Since Olympic weightlifting is largely based on gkephysical qualities (28, 29) it is within
reason to speculate CWI to be a suitable recowmiyfor this particular sport. However, results
of the present study question the aforementionsdnagtions. The application of CWI after five
high-intensity training sessions over three conseeways did not prove to be a successful tool

to enhance overall performance capabilities in s&lite German Olympic weightlifters.

The results of the current study are in line witBvious research investigating the effectiveness
of CWI ‘on strength measures following resistancpetyexercise in non-elite populations.
Pointon, Duffield, Cannon and Marino (24) foundttlaasingle application of CWI does not
significantly enhance restoration in muscle funct@nd contractile damage following high-
intensity eccentric exercise. Similarly, Jakemargche and Eston (17) showed that a single
bout of CWI after plyometric activity did not prale beneficial effects to alleviate the symptoms

of EIMD nor did it enhance counter movement jumpfgenance or maximal voluntary
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contraction of the quadriceps. These results ardiraped by further studies using similar

approaches (7, 9, 27, 31).

Positive effects of CWI on the restoration of pemiance parameters have been found in a study
carried out by Vaile, Halson, Gill and Dawson (3&hich investigated the effects of CWI on a
dynamic power measure (squat jump) in 12 non-elésistance trained males after a DOMS-
inducing strength training session. It was showat tBWI was significantly better at restoring
squat jump performance in the three days followimg training session compared to a passive
recovery control condition. While the measure ofawyic power employed in the current study
is not limited to lower limb power exclusively, tlsguat jump as a performance measure is
rather similar to the snatch pull in terms of thederlying movement pattern. It is therefore
worth noting that CWI was shown to be a potentiajlyod recovery method for power-

dependent movements.

The intensive nature of five training sessions mesd an acutely fatiguing stimulus to the
athletes. Whilst performance capabilities remairsgter consistent after three days of training,
increased markers of muscle damage as well as agsttesubjective ratings of recovery
indicated that athletes were objectively and subjely fatigued. Results showed that the
athletes’ perception of overall recovery was vekgly enhanced in the CWI condition. This
finding is not particularly surprising, given thatior research has found CWI to be an effective
strategy to reduce DOMS and thereby enhance theem@on of recovery (5, 20). These
subjective responses are rather common for intéiorenthat cannot easily be blinded. Indeed, it
has been shown that the placebo effect might patnaccount for most of these effects (3). It
is therefore important to point out that an atheteelief in a certain recovery protocol might

play an integral part in the subsequent subjeategponse to the treatment. Coaches and sport
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scientists should acknowledge this fact and spatiji devote time to stress the importance of
recovery to the long-term development of perforneanthereby potentially increasing the

athletes’ responsiveness to a certain treatment.

Subjective ratings also revealed that CWI veryllikaffected the athletes’ emotional state in a
negative way. This is particularly important inugitions where CWI is used rather regularly. A
negative mindset going into a training session wuan imminent immersion into cold water
may lower the quality of subsequent training perfance. The coaching staff should try to
remain aware of the emotional state of the athlate$ assess individually whether CWI is

suitable as a recovery method or is rather perdeagean additional stressor.

Apart from a negative subjective responsivenesshdu evidence has emerged that objectively
guestions the efficacy of CWI as a chronic recovent for resistance-type exercise. Frohlich,
Faude, Klein, Pieter, Emrich and Meyer (8) analyttexleffects of a regular application of CWI
on adaptations to strength training over a fivedweaining cycle in 17 male sport students.
They found that measures of muscular strength wesheced by 1-2% for the cooling condition
compared to an uncooled control condition. Theselte were confirmed by Roberts, Raastad,
Markworth, Figueiredo, Egner, Shield, Cameron-Sp@tbombes and Peake (26), who showed
that a long-term application of CWI can attenuaiactional, morphological and molecular
adaptations to strength training. These changestraaglate to a reduction of long-term training
gains in muscle strength and hypertrophy. Overalhppears that the use of CWI should be
planned strategically in order to enhance recoweétkiout jeopardizing muscular adaptations.
Based on the current data, CWI after 5 consecutaiaing sessions did not negatively affect

performance capabilities in the athletes.
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When assessing individual response patterns, it stasvn that one athlete (#5) seemed to
acutely benefit from the application of CWI. Measiiof performance as well as of subjective
rating of well-being improved during CWI compared@ON. For this particular athlete it might
be important to further stress the positive conimtaof CWI in order to reinforce his belief in
the effectiveness of the intervention. This migktdpecifically helpful in phases immediately
prior to competition when the reduction of fatigaeprioritized over further adaptive processes.
On the other hand, two athletes (#3 & #4) reactededy negative to the intervention. A drop-off
in performance along with an increased feeling efativity clearly demonstrate that this
particular recovery protocol was unable to alleyi@aining-induced symptoms of fatigue. Based
on the current findings, these two athletes shbelddvised against the use of CWI and could
potentially be more receptive to other recovergrnventions. The validity of these particular
recommendations could be further supported if sylsset investigations found these effects to
be individually reproducible. This would allow far more informed decision-making process

regarding future application of CWI on an indivitlievel.

Overall, a prevailing lack of scientific studiesv@stigating recovery interventions in elite
athletes involved in strength and power-type dise®s makes it hard to further discuss the
results of the present study, which only recrugbte level Olympic weightlifters. The systemic
recovery from (near) maximal muscular effort iopit that has attracted less academic interest
compared to other areas, i.e. endurance-type tctiuiiture research should be directed towards

this cohort, even though access to elite athletdéisis area can potentially be difficult.

The authors acknowledge limitations to the currgdy. The two training phases were not
completely identical with regard to exercise seétectThe athletes were preparing for the World

Championships that would take place 3 months upomptetion of the study. In order to assure
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external validity as well as not to interfere witlhe athletes’ preparations, the design of the
training sessions remained in the hands of theomalticoach. Changes in exercise selection
reflect the natural progression towards the Worldhi@pionships as outlined by the coaching
staff. However, general training load remained game. Minor variations in exercise selection
should therefore not have systematically affectesd durrent results. Moreover, as Is often the
case with elite athletes involved in individual ggpa shortage of potential participants made it
nearly impossible to increase the sample size. gsipte way to improve reporting data from
small samples might be to use a more qualitatiyeageh which takes into account individual
responses to the intervention. This perspectivehtmagld valuable information in the area of

high-performance individual sports.

To conclude, this study adds to the growing boditefature questioning the principal efficacy
of CWI as a recovery tool (3, 8, 26). For the fitiste it has been shown that elite Olympic
weightlifters on average do not show signs of imprb performance recovery from multiple
high intensity sport specific training sessions kyipg a CWI protocol post-workout. This
particular population was hypothesized to benefint the intervention due to the inherent
characteristics of the sport that requires qualipesviously found to be positively affected by

CWI. However, results of the present study couldoomfirm these findings.

Inter-individual variability in the response to tlgiven stimulus calls for an individualized
approach to recovery management (11, 22). Recestareh has demonstrated the need to
gualitatively assess each athlete individually irdeo to be able to to provide specific
recommendations tailored to each athlete’s ownamesp patterns. This is particularly true for
elite populations and needs to be accounted fosgmyrt scientists and coaches in order to

maximize their athletes’ long-term performance dayent.
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PRACTICAL APPLICATIONS

Elite Olympic weightlifters should be advised onase-by-case basis whether the application of
CWI can be a useful implementation into their tragnor competition routines. Inter-individual
differences in the response to the treatment do allow for a more general practical
recommendation. If CWI is employed, coaches andtsgpmentists are advised to cautiously
monitor the subjective well-being of their athlessce CWI was shown to very likely have a

negative effect on the athletes’ emotional state.
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378 Figure 1. Visualization of the cross-over desigmpkryed in this study.

379 Figure 2. Barbell snatch pull velocity at 85% oé thstimated 1 RM for CON (a) and CWI (b).
380 Bars indicate group mean velocity, while lines thgpndividual trends.

381 Figure 3. Barbell snatch pull velocity at 90% oé thstimated 1 RM for CON (a) and CWI (b).
382 Bars indicate group mean velocity, while lines thgpndividual trends.



Table 1. Overview of all parameters assessed throughout the study. Results are displayed as mean * SD.

CON CWI
Day 1 (Pre) Day 2 Day 3 Day 4 (Post) Day 1 (Pre) Day 2 Day 3 Day 4 (Post)
vmax at 85% (cm/s) 195.29 +15.72 194.86 + 14.18 196.00 + 17.64 195.71 +13.16
vmax at 90% (cm/s) 185.43 +14.32 187.71+12.07 185.00 + 21.78 183.71 +16.97
CK (U/L) 192.29 +58.23 460.43 +180.74 542.00 + 270.85 198.43 +75.15 455.43 +229.20 582.14 + 304.95
Urea (mg/dl) 44,14 +£8.71 46.86 + 11.01 43.86+12.76 41.57 £7.50 46.57 +10.00 4557 +7.41
Free Testosterone (pg/ml) 15.62+9.33 15.79 +9.86 15.83 +9.17 10.98 +2.34 17.43 £17.04 16.71+11.64
Cortisol (ug/dl) 15.98 +1.69 13.48£2.21 1341 +£2.72 14.45 +3.80 13.80+3.43 12.65+1.16
Free Testosterone/Cortisol Ratio 1.01+0.66 1.26 +£0.97 1.23+0.74 0.86+0.47 1.39+1.53 1.35+1.05
Physical performance capability 4.14 +£0.69 3.71+0.49 3.86 £ 0.69 3.14£0.90 4.00 £ 1.00 3.57+0.79 3.43+0.98 3.57+£0.79
Mental performance capability 4.71+0.49 4.14£0.38 4.29+0.76 4.14 £0.69 4.14+0.90 4.00+1.29 3.86 £ 0.69 3.86 £0.38
Emotional balance 5.00 +0.00 5.00+0.00 4.71+0.76 4.86+0.38 4.86 +0.69 4.71+0.49 4.29+0.76 4.86 +£0.38
Overall recovery 4.57 £0.53 3.86 £ 0.90 3.29+0.76 2.71+1.38 4.57+0.79 3.43+0.53 3.29+0.76 3.57+0.79
Muscular stress 1.57 £0.79 2.29+0.95 2.86+1.21 3.29+1.38 1.43+0.79 243+1.13 3.29+0.95 3.00+1.00
Lack of activation 1.86+1.21 1.43+0.53 1.57+0.98 2.00+1.15 1.57+1.13 229+1.25 1.86 +0.69 2.00 £0.00
Negative emotional state 0.71£0.76 1.14+0.90 1.14+0.90 0.86+0.38 0.71+£0.76 0.57 £0.53 1.29+0.49 1.71+£1.50
Overall stress 1.57 +1.27 2.43+0.98 2.43+£0.98 3.14+1.35 1.57+£1.27 229+1.11 2.57+0.98 3.00+1.00




Table 2. Statistical analysis of all parameters. Overall P-value refers to the interaction of condition x time.

Largest inter-condition difference

Overall P-

Difference as Quantitative chances (%)
Difference + 90% CL Qualitative inference Time Point value

Cohen ES +90% CL (positive/trivial/negative)
vmax at 85% (cm/s) 0.14+6.84 0.01+0.43 21/60/19 Unclear Day 4 - Day 1 0.969
vmax at 90% (cm/s) -3.57+5.41 -0.20+0.31 2/47/50 Possibly negative Day 4 -Day 1 0.247
CK (U/L) 45.14 +79.92 0.70+1.24 77/13/10 Unclear Day 4 - Day 2 0.529
Urea (mg/dl) 4.29+6.77 0.54 +£0.85 77/16/7 Unclear Day 4 - Day 1 0.434
Free Testosterone (pg/ml) 6.28 +11.84 0.90+1.70 77/10/13 Unclear Day 2 -Day1 0.527
Cortisol (pg/dl) 1.85+2.42 0.63 +£0.82 83/13/5 Likely positive Day 2 -Day1 0.589
Free Testosterone/Cortisol Ratio 0.29+0.68 0.52+1.23 68/17/15 Unclear Day 2 -Day1 0.686
Physical performance capability 0.86 £ 0.89 1.03+1.08 91/6/3 Likely positive Day 4 - Day 3 0.263
Mental performance capability 0.43+1.03 0.57+1.36 69/15/16 Unclear Day 2 -Day 1 0.851
Emotional balance 0.43 +0.58 0.90+1.22 85/9/6 Unclear Day 4 - Day 3 0.504
Overall recovery 1.29+0.82 1.99+1.26 98/1/1 Very likely positive Day 4 - Day 2 0.139
Muscular stress -0.71+£0.70 -0.94 +£0.92 3/6/92 Likely negative Day 4 - Day 3 0.741
Lack of activation 1.14+1.37 1.00+1.20 88/7/5 Likely positive Day 2 - Day 1 0.475
Negative emotional state 1.43+1.26 197+1.74 95/2/3 Very likely positive Day 4 - Day 2 0.094
Overall stress -0.29+1.32 -0.23+£1.08 23/24/52 Unclear Day 4 - Day 3 0.979




Intervention

Control

Group 1:

Pre-Test — 5 Training sessions + CWI — Post-Test

Group 2:

Pre-Test — 5 Training sessions + CWI — Post-Test

Phase 1-Days 1-4

| Days5-14

Phase 2 - Days 15 - 19

Group 2:
Pre-Test — 5 Training sessions + CON — Post-Test

Group 1:
Pre-Test — 5 Training sessions + CON — Post-Test
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