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Purpose: To assess the effect of whole-body cryotherapy (WBC) on postmatch recovery in basketball. Methods: Using a crossover
design, 17 youth male players (age 16.2 [1.2] y, stature 190.5 [9.4] cm, body mass 79.2 [9.6] kg, experience 9.9 [3.9] y) completed
2 simulated matches, followed by WBC (4 min, —75 to — 85 °C) or a placebo intervention (CON). Countermovement-jump height,
change-of-direction performance, 10- and 20-m sprint times, heart-rate variability (log-transformed squared root of the mean sum
of the squared differences between R-R intervals [Ln-rMSSD]), muscle soreness, and perceived recovery (Perceived Recovery
Status Scale [PRS]) were recorded at prematch, postmatch, postrecovery, and 24 hours postmatch. Additionally, Ln-tMSSD was
recorded upon awakening on match day and the following moring. Results: Compared with CON, higher PRS values were
reported in WBC at prematch and postrecovery (P <.026), while no significant between-interventions differences were found for
any other measure (P >.05). Regarding the effect of time, our findings revealed that 20-m sprint times, Ln-rMSSD, and PRS
deteriorated in both interventions from prematch to postmatch (ie, acute changes, P <.045), while muscle soreness worsened in
WBC only (P <.003). Conversely, countermovement-jump height, change-of-direction, and 10-m sprint performance were
unaffected by match play in the acute phase (P > .05), while none of the investigated measures showed impairments at 24 hours
postmatch, compared with prematch (P >.05). Conclusions: Overall, these findings suggest that WBC was mostly ineffective for
improving postexercise recovery in the investigated sample, with benefits observed for perceived recovery being potentially

influenced by the participants’ status at baseline (ie, higher prematch PRS scores in WBC compared with CON).
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The intermittently intense nature of basketball match play has
been shown to generate substantial fatigue, leading to significant
impairments in measures of performance, physiological status, and
perceived well-being, which may persist in the days following
exercise.! Additionally, players are often exposed to congested
schedules, which may lead to fatigue accumulation due to incom-
plete recovery between training sessions and/or matches.?> There-
fore, the use of recovery interventions is critical to preserve
players’ readiness and high-level performance throughout the
competitive season.’

Among various recovery strategies, cold-based interventions
have received significant attention in the scientific literature,
standing out as the most extensively researched approach within
basketball populations.? Specifically, the use of cold-water immer-
sion has shown beneficial effects on measures of performance
(ie, isokinetic strength, jumping, change of direction [COD], single
and repeated sprinting), physiological (muscle damage and inflam-
mation), and perceptual recovery (ie, muscle soreness and per-
ceived fatigue) across various basketball samples (ie, adolescent,
collegiate, and professional players) following both matches and
training.>
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In addition to water immersion, other cold-based techniques
have gained popularity in recent years, such as whole-body cryo-
therapy (WBC), wherein minimally dressed subjects are exposed to
very cold air (=60 to —195 °C) for 1 to 4 minutes.* The proposed
mechanisms for WBC include reductions in muscle blood flow,
inflammation, local metabolic activity, cellular leakage, muscle
tension/pain, and edema development after exercise.*> These
phenomena are associated with exercise-induced muscle damage,’
which typically occurs following basketball activity,'- and offer an
explanation of why WBC may represent an effective strategy for
improving recovery in basketball. Accordingly, a recent survey
among basketball practitioners indicated that ~25% of the inter-
viewed participants used cryotherapeutic interventions on a regular
basis to improve recovery.°

However, to the best of our knowledge, no study has directly
assessed the effect of WBC on postexercise recovery in a basketball-
specific context® (including in youth players), warranting the need
for research in this area. Therefore, the aim of this study was to
investigate the effect of a postexercise WBC intervention on mea-
sures of performance, physiological, and perceptual recovery follow-
ing a simulated basketball match in high-level, youth male players.

Methods
Participants

Twenty-two male basketball players from 2 teams competing in
the top-tier Under-15 (U15; n=12) and Under-17 (U17; n=10)
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Italian leagues, respectively, were initially recruited for this study.
Inclusion criteria comprised the following: (1) players had to be
part of their basketball team (ie, no team transfers or dropout) and
complete the team’s training plan for the entire duration of the
study and (2) players had to be injury-free across the experimental
period and complete the intervention procedures. During the study,
4 UlS5 players were excluded due to illness (n=2) or incomplete
participation in the study procedures (n=2), while 1 U17 player
was excluded due to injury. Therefore, 17 players (age: 16.2[1.2] y,
stature: 190.5[9.4] cm, body mass: 79.2[9.6] kg, experience:
9.9[3.9] y) were retained for analysis. A priori power analysis
(G*Power, version 3.1.9.7, University of Diisseldorf) indicated that
this sample size was adequate (minimum n=14) using a=.05,
$=0.80, and effect size f=0.23, based on similarly designed
research in soccer.” The study was conducted during the off-season
phase (June 2023), immediately after participation in the final phase
of the Ul5 and U17 national championships. Prior to the study
period, the players’ typical weekly schedule (Supplementary Table
S1 in the Supplementary Material [available online]) included 10
training sessions (ie, five 90-min basketball-specific sessions
and five 45-min strength/power sessions, total training volume:
~11 h/wk) and 1 competitive match. After providing an explanation
of the experimental design, written consent was gathered from all
players and their parents/guardians. The study was approved by the
University of Rome “Foro Italico” Ethics Committee (CAR 168/
2023) and designed according to the Declaration of Helsinki.

Design

Before the study—which was conducted over a 2-week period—
participants were familiarized with all procedures and equally
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divided into 4 teams (ie, 2 U15 and 2 Ul7 teams). During the
first week, the Ul5 teams faced off in 2 simulated basketball
matches (each preceded by at least 48 h of rest), with U17 players
replicating the same schedule in the following week. Given the
smaller size of the U17 group (n = 10) compared with U15 (n=12),
2 of the recruited U15 players also took part in the U17 matches, to
ensure consistent playing time across all participants (note: only
data from the first week were analyzed for these players). Further-
more, the 3 players who became ill/injured after the first match
were replaced by players of similar competitive level (not included
in the analysis) in the second one. Throughout the study period,
participants consumed their meals (provided by the canteen located
within the training facility) at the same time every day and were
asked to maintain a consistent diet (ie, without excessive day-to-
day variations in food intake). Additionally, players were asked to
adhere to their regular sleep patterns, avoid all forms of physical
exercise (except for the activities included in the study), and refrain
from using any external recovery strategy (eg, nutritional supple-
ments, massage, foam rolling, recovery-dedicated devices, etc).
Using a randomized, placebo-controlled crossover design,
participants completed both WBC and a placebo intervention
(CON) after each match (Figure 1). Specifically, before the com-
mencement of the study, player allocation was randomized using a
freely available online tool (https://www.randomlists.com/team-
generator). To determine the effectiveness of WBC, measures of
performance (ie, countermovement jump height [CMJ]; 505 COD
time; 10- and 20-m sprint times), physiological (ie, heart rate
variability [HRV]), and perceptual (ie, muscle soreness and per-
ceived recovery) recovery were assessed at prematch, postmatch,
postrecovery, and 24 hours postmatch, with physiological assess-
ment also being conducted upon awakening on match day and the
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Figure 1 — Study timeline and procedures. Players were required to avoid any kind of physical exercise for a minimum of 48 hours before day 1 and

throughout all 4 days where data collection was performed (except for the activities included in this study, ie, basketball matches, warm-up, and
performance assessment).
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following morning. Additionally, both external and internal loads
were monitored during each match to ensure similar demands
across experimental sessions.

Methodology
Basketball Match Structure

All simulated matches were officiated by a referee, took place on a
28 X 15-m wooden basketball court, and consisted of four 10-
minute quarters (using a 24-s shot clock, 2-min interquarter breaks,
and a 10-min halftime). To ensure equal playing time across all
participants, substitutions were performed approximately every 3
minutes and 20 seconds, with each participant playing ~33 minutes
in each match (see Supplementary Table S2 in the Supplementary
Material [available online]).

Postmatch Recovery Interventions

Following the end of each match, players undergoing the WBC
intervention transferred to a nearby fitness center (~5-min trip using
the team’s private bus), where the WBC device was located.
Conversely, the CON group moved to a physiotherapy room within
the team’s training facility, where the placebo intervention was
performed. Both interventions started simultaneously, approxi-
mately 30 minutes after the end of the match.

The WBC intervention involved a 4-minute session in an
electrically powered cryotherapy chamber (Cryo:one, Mecotec
GmbH), at temperatures ranging from —75 to —85 °C. Participants
wore gloves, dry socks, and a hat covering the head and ears during
exposure. This recovery protocol was selected for several reasons.
Specifically, the current absence of clear, evidence-based guide-
lines for the characteristics of WBC interventions* makes it
challenging to identify the optimal parameters (eg, temperature
and duration) that would result in improved recovery. Therefore,
the choice of the current protocol was mainly based on ecological
validity, as the study participants routinely used it during the
competitive season as recovery strategy. Additionally, a tempera-
ture of =75 to —85 °C was selected since it represented the lowest
temperature range achievable by the WBC device used in this
study.

Based on previous research in basketball,? the placebo interven-
tion consisted of sham treatment, using inactive light-emitting diode
devices (BCD 650, Biolight AB Sweden) to create a fictitious
stimulation of glutei, hamstrings, quadriceps, adductors, and gastro-
cnemii. Specifically, the devices were placed in contact with each
muscle group for 45 seconds, once for each lower limb (ie, right and
left side).

Performance Assessment

The CMJ test without arm swing was used to assess jumping
performance through the Optojump system (Microgate).” Players
started in the erect standing position (with feet placed hip-width-to-
shoulder-width apart and hands on their hips) and were instructed
to jump “as high and as fast as possible” using a self-selected
countermovement depth.’

The 505 test was used to assess players’ COD ability. A set of
timing gates (Racetime2 Light Radio Kit, Microgate) and a set of
cones were placed at 10 and 15 m from the starting position,
respectively.!? Participants sprinted to the cones, performed a 180°
turn, and sprinted through the timing gates at the 10-m mark.'? The
time from the 10-m gate to the 15-m cones and back to the 10-m
gate was recorded as the 505 COD time.'0

Furthermore, 10- and 20-m maximal sprint times were re-
corded through a 20-m sprint test with a 10-m split,'! using the
same timing gates described above (ie, 3 sets, positioned at 0, 10,
and 20 m from the start, respectively). Players started 50 cm behind
the first timing gate, to avoid involuntary triggering of timing in the
start position.

At each time point, 3 CMJ trials (interspersed by 1 min of
passive rest) and 2 COD and sprint trials (2-min passive rest) were
performed by each player, with the best result used for analysis. The
reliability of the CMJ,'2 COD,!° and sprint!? testing procedures
described above has been previously established. Additionally,
performance assessment at all time points (except for postmatch)
was performed following a ~10-minute standardized warm-up
(Supplementary Table S3 in the Supplementary Material [available
online]), to ensure that potential changes between time points
were due to fatigue-related factors, and not drops in muscle
temperature.

Physiological Assessment

Bluetooth heart rate monitors (H10, Polar Electro Oy) were used to
assess HRV in supine position. Players were required to measure
HRYV for 90 seconds through the Elite HRV smartphone applica-
tion, a valid and reliable tool to assess HRV during ultrashort
recordings.'# The log-transformed squared root of the mean sum of
the squared differences between R-R intervals (Ln-rMSSD) was
calculated to investigate parasympathetic autonomic activity.® Of
the 136 scheduled measurements, 8 were excluded due to poor
signal quality or players being unable to perform the test.

Perceptual Assessment

According to previous research,'> Borg CR10 scale of perceived
muscle pain for lower limbs between 0 (‘“nothing at all”’) and 11
(“maximum pain”) was used to assess muscle soreness in a static
condition (ie, standing without moving). Additionally, muscle
soreness was measured in the quadriceps muscles while performing
a deep squat (ie, dynamic condition), through a previously used
visual analog scale from O (“none”) to 10 points (“intolerably
intense”).!'® Finally, the overall perception of recovery was ob-
tained using the Perceived Recovery Status Scale (PRS), a valid
and reliable method to detect postmatch changes in perceived
recovery in youth team sports.!” The scale ranges between 0 (“very
poorly recovered/extremely tired”) and 10 (“very well recovered/
highly energetic”).!”

External- and Internal-Load Monitoring

External load was measured using accelerometry (ClearSky T6,
Catapult Innovations) as previously described.'® Briefly, match
PlayerLoad (PL, in arbitrary units) was computed as the sum of
the accelerations across all axes during movement (derived from
the instantaneous rate of change of acceleration), while PL per
minute (in arbitrary units per minute) was calculated by dividing
PL by session duration (in minutes).!® Summated-heart-rate-zones
(SHRZ) internal load was calculated using the previously described
heart rate monitors: SHRZ (in arbitrary units) = (duration in zone
1 X 1)+ (duration in zone 2 X 2) + (duration in zone 3 X 3) + (dura-
tion in zone 4 X 4) + (duration in zone 5 X 5), where zone 1 =50%
to 59.9% maximum HR (HR,,,,), zone 2 =60% to 69.9% HR,, .,
zone 3 =70% to 79.9% HR .., zone 4 = 80% to 89.9% HR,.x, and
zone 5=90% to 100% HR,..'° and duration is calculated in
minutes. For each player, the peak heart rate value achieved across
the 2 matches was used as an estimate of HR,,,.>° Finally, players’
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rating of perceived exertion (RPE) scores were collected (using the
paper and pencil method, without peer influence) approximately 10
to 20 minutes after the match through the modified CR10 scale?!
and then multiplied by session duration (in minutes) to determine
session-RPE load (s-RPE, in arbitrary units).?!

Statistical Analysis

Descriptive statistics (mean [SD] or median [interquartile range]
for continuous and ordinal data, respectively) were calculated for
each variable. Separate linear mixed models, which correctly deal
with missing values and repeated measures, were used for each
continuous dependent variable (CMJ height, 505 time, 10- and
20-m sprint times, and Ln-rMSSD) to calculate the effect of time,
intervention, and time X intervention interaction. In these models,
time and intervention represented the fixed effects, while player
represented the random effect. In case of statistically significant
differences, Bonferroni post hoc analyses were run. All variables
showed normally distributed residuals (Shapiro—Wilk test P >.05),
except for Ln-rMSSD. However, violations of this assumption
within linear mixed models are rarely problematic, and the use of
alternative methods (eg, nonparametric tests, generalized linear
models) may affect the reliability of conclusions to a greater
extent.? To assess the effect of time for ordinal data (muscle
soreness and PRS), separate Friedman tests (ie, one for each
intervention) were used. In case of statistically significant differ-
ences, post hoc analyses were run using the Wilcoxon test with
Bonferroni correction. The Wilcoxon test was also used to compare
ordinal data between interventions at corresponding time points.
After assessing the normal distribution assumption via the Sha-
piro—Wilk test (P>.05), differences in PL, PL per minute, and
SHRZ load data between WBC and CON were assessed using
paired-samples ¢ tests, while nonnormally distributed s-RPE data
(P <.05) were compared via the Wilcoxon test. The magnitude of
differences for pairwise comparisons was assessed using Cohen
d effect size (ES) for parametric analyses and was interpreted as:
trivial, <0.20; small, 0.20 to 0.59; moderate, 0.60 to 1.19; large,
1.20 to 1.99; and very large, >2.0.2? For nonparametric analyses,
ES was calculated using the r value (Wilcoxon z value/,/N) and
interpreted as: small, .10 to .29; moderate, .30 to .49; and large,
>.50.%3 Statistical significance was set at P <.05 and all analyses
were carried out using the Jamovi software package for Windows
(version 2.3.28).

Results

The analysis of external and internal load data showed comparable
match-related demands between interventions, as trivial-to-small,
nonsignificant differences (P > .05) were observed for PL (WBC =
440.8 [75.5] AU; CON =451.7 [82.5] AU), PL per minute (WBC =
8.2[1.6] AU/min; CON =8.4[1.3] AU/min), SHRZ (WBC =158.6
[27.8] AU; CON = 145.4 [22.4] AU), and s-RPE (WBC = 324.6
[134.7] AU; CON = 281.0 [104.8] AU).

Figures 2 and 3 show the time course of the investigated
performance, physiological, and perceptual measures throughout
the study.

For performance and physiological measures (linear mixed
models outcomes: CMJ height [R2 conditional =.87], 505 COD
time [R2 conditional =.70], 10- [R2 conditional =.68] and 20-m
sprint times [R2 conditional =.72], Ln-rMSSD [R2 conditional =
.74]), no significant effects of time X intervention interaction or
intervention (P >.05) were observed, while a significant effect of
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time (P <.009) was found for all of them, except 505 COD time
(P=.191). Post hoc analysis for time showed better CMJ height
at postrecovery compared with postmatch (P=.013; ES=0.50,
small). Worse sprint performance over 10 m was recorded at
postmatch compared with postrecovery (P=.021, ES=0.45,
small) and 24 hours postmatch (P =.025, ES =0.53, small), while
20-m performance (P <.045, small-to-moderate ES) and Ln-
rMSSD (P £.043, moderate-to-large ES) worsened at postmatch
compared with all other time points. Ln-rMSSD also decreased at
24 hours postmatch, compared with match-day morning (P =.043,
ES =0.77, moderate).

Regarding perceptual data, no significant, direct differences
were found for static and dynamic muscle soreness between
interventions at corresponding time points (P >.05). Conversely,
a significant effect of time was found for static (P <.001) and
dynamic (P=.032) muscle soreness in WBC, but not in CON
(P=.056 and P=.113 for static and dynamic soreness, respec-
tively). Post hoc analysis for time in WBC revealed significantly
higher values at postmatch, compared with prematch, in both static
(P=.002, r=.56, large) and dynamic (P=.003, r=.53, large)
muscle soreness. In terms of perceived recovery (PRS), significant
improvements were reported in WBC—compared with CON—at
prematch (P =.023, r= .41, moderate) and postrecovery (P =.026,
r=.40, moderate), with no differences at postmatch and 24 hours
postmatch (P >.05). Additionally, a significant effect of time was
observed in both WBC (P <.001) and CON (P =.007). Post hoc
analysis for WBC showed lower values at postmatch compared
with prematch (P=.001, r=-.59, large) and postrecovery
(P=.002, r=-.55, large), while results from CON highlighted
lower values at postmatch compared with prematch (P=.004,
r=-.51, large) and 24 hours postmatch (P =.004, r=—.52, large).

Discussion

The main findings from this study indicate that WBC did not affect
postmatch recovery in U15 and U17 basketball players, except for
the presence of an apparently beneficial, moderate effect of WBC
on perceived recovery shortly after the intervention.

Assessing prematch to postmatch changes in jumping, COD
and sprint abilities offers insights into fatigue responses in basket-
ball, as repetitive execution of these tasks during match play may
impair players’ muscle function, leading to reduced performance.!
Findings from the present study indicate that WBC was not
superior to placebo for improving any of the investigated perfor-
mance measures, acutely and up to 24 hours postmatch. As
reported in a recent review,* research into the use of WBC after
fatiguing exercise has yielded mixed results in terms of perfor-
mance recovery, possibly due to heterogeneity among study pro-
tocols (eg, type of fatiguing exercise, WBC temperature, duration,
timing, and number of exposures).>*> Considering prior evidence
from other team sports (given the lack of basketball-specific data
for comparison), Russell et al” examined a soccer sample similar to
ours (ie, high-level, youth male players). Their findings reported no
benefits of a single WBC exposure on CMJ peak power output in
the acute phase, as well as 2 and 24 hours following exercise
(time X intervention P =.522, Ty = .055), compared with control.”
However, the type of fatiguing protocol (15 x30-m sprints) and
WBC intervention (30 s at —60 °C, followed by 2 min at —135 °C)’
differed considerably from the present study. Two further inves-
tigations employed similar temperatures (-85 °C) and exposure
duration (3—4 min) compared with our study, highlighting a
negative®* or mixed?> effect of WBC on strength-related measures
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of performance recovery (ie, peak torque, maximal voluntary
contraction, reactive strength index,?*>> CMJ height, rate of
force development??) following a marathon race?* and lower-body
resistance exercise,? respectively. However, the different type of
samples, fatigue-inducing protocols and WBC interventions (ie, 3-
min bout followed by a 4-min bout, separated by 15 min) employed
in these studies>*?> make comparisons with the present data
challenging. In summary, the impact of WBC on performance
measures during postexercise recovery remains unclear,*> with no
beneficial effects observed in the present study.

In addition to impairing performance, exercise-induced
fatigue can suppress parasympathetic activity, indicating the
presence of changes in cardiovascular homeostasis that can
negatively impact postexercise recovery.® In the present study,
no differences in Ln-rMSSD were found between WBC and
CON, indicating a comparable effect of the 2 interventions on
autonomic recovery. These findings differ from what has been
observed in other sports, as a positive effect of WBC on postex-
ercise parasympathetic reactivation was reported in synchronized
swimmers (WBC generated acute increases in low-/high-fre-
quency power and their ratio [P <.05] compared with control)?®
and endurance-trained runners (low-/high-frequency power and
total power generally decreased at 14-38 h in the control condi-
tion [P=.007-.049], but were increased [only high-frequency
power at 14 h, P=.023] or unchanged [P>.097] in WBC).?’
However, cooler temperatures were employed in these studies
(326 and 2.5 min?’ at —110 °C, respectively, both preceded by
precooling at —10%¢ to —60 °C?%27) compared with ours (=75 to
—85 °C), which may explain these differences. Accordingly,
previous research reported that only a 3-minute exposure to WBC
at —110 °C (but not —10 or —60 °C) was able to stimulate the
autonomic nervous system.?® Therefore, further research explor-
ing the use of lower temperatures may be necessary to determine
whether WBC has a beneficial effect on parasympathetic reacti-
vation following basketball match play.

Even when the use of a given recovery strategy fails to produce
performance or physiological advantages, practitioners may still
choose to adopt it, due to its contribution in enhancing subjective
aspects of recovery.® Accordingly, a previous meta-analysis indi-
cated that utilizing cryotherapeutic interventions may induce a
moderate (Hedges g =0.53) decrease in postexercise muscle sore-
ness,” which is, for the most part, consistent with findings from
other review articles.*>-2° However, no beneficial effects of WBC
(compared with CON) were observed in the present study for either
static or dynamic muscle soreness at any time point. On the other
hand—while the present data show a potentially beneficial effect of
WBC on perceived recovery in the short term (ie, postrecovery)—
previous research investigating various WBC protocols (2-3 min,
—70 to —195 °C) has yielded mixed findings in terms of perceived
recovery/fatigue, without any apparent trend depending on meth-
odological aspects (eg, WBC temperature or duration).* Overall,
these discrepancies between past and present data may be ex-
plained by the emphasis of previous research on analyzing samples
(eg, physically active, recreationally trained or endurance/resis-
tance-trained participants and motocross riders) and fatigue-induc-
ing protocols (eg, lower-body resistance exercise [drop jumps,
hamstring-focused tasks], long-distance running)* that differ
greatly from the present study, which limits their applicability in
basketball. Conversely, the stimulus provided by match play in our
investigation represents an ecologically valid way to induce fatigue
in basketball. Nevertheless, it appears that playing ~33 minutes
over a single match was insufficient to elicit lasting fatigue in

highly trained, youth basketball players (ie, muscle soreness and
perceived recovery recorded at postrecovery and 24 h postmatch
were statistically comparable with prematch, in both interventions).
Consequently, comparing the effectiveness of recovery strategies
may become challenging if markers of fatigue have already
subsided, as suggested by previous research.” Another reason that
might explain differences with past research is that participants in
previous studies may have been influenced by biased subjective
assessment® in favor of WBC, due to the lack of a placebo
intervention in most investigations.* Finally, a cautionary note is
warranted when discussing the beneficial effects of WBC on
perceived recovery in the present study, as the higher PRS values
observed at baseline in WBC (indicating superior perceived recov-
ery at prematch) compared with CON suggest that the participants’
baseline status may have influenced perceived recovery immedi-
ately after WBC.

This study represents the first attempt to determine the impact
of WBC on postexercise recovery in basketball. When interpreting
the present findings, a general consideration related to the use of
cold-based interventions should be noted. Specifically, previous
research has shown that habitual exposure to cold temperatures
may result in blunted physiological responses (eg, lower decreases
in skin temperature, attenuated shivering, reduced cold sensa-
tions).39 Accordingly, the effectiveness of WBC in the current
study might have been diminished due to participants routinely
employing it as a recovery strategy throughout the competitive
season. Therefore, readers are advised to consider this factor when
interpreting data from the current study.

Although our investigation provides useful insight, some
limitations should be acknowledged. First, the participants
involved in this study competed in youth male basketball leagues,
and therefore, our findings might not apply to players of different
sex, age, or competitive level. Second, biochemical markers of
muscle damage, inflammation, and hormonal status were not
included, in order to provide a practical and noninvasive evaluation
of postmatch fatigue. Future research including the measurement of
these markers could offer additional information concerning the
mechanisms underlying responses to WBC exposure. Lastly, a
specific WBC intervention (4 min, —75 to —85 °C) was examined in
this study. Future research establishing the optimal temperature,
duration, timing, and number of WBC exposures (ie, single or
multiple) is needed to develop evidence-based guidelines that can
be used by basketball practitioners during daily practice.

Practical Applications

The 4-minute exposure to WBC (=75 to —85 °C) used in the present
study appeared to be generally ineffective for improving recovery
in well-trained, youth basketball players, acutely and up to 24 hours
following a simulated match. Therefore, although future basket-
ball-specific research utilizing different WBC protocols is war-
ranted, practitioners should be aware of the limited benefits in terms
of performance, physiological, and perceptual recovery when
employing the current protocol.

Conclusions

The present findings indicate that a single whole-body cryotherapy
(WBC) exposure (4 min, —75 to —85 °C) was ineffective for
improving recovery of performance, cardiac autonomic activity,
and muscle soreness in high-level, youth male basketball players
following a simulated match. On the other hand, WBC might have
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a potentially beneficial effect on perceived recovery in the acute
phase (ie, postrecovery), although caution is advised when inter-
preting these findings, given the observed differences at baseline
(ie, prematch) between WBC and the placebo intervention.
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