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ABSTRACT

BACKGROUND AND OBJECTIVES: Cryotherapy is a resource widely used in rehabilitation and sport, mainly to reduce pain
and improve recovery in athletes. The objective of this study was to determine the effects of immersion cryotherapy on the
perception of muscle pain in athletes from different sports.

METHODS: The studies were collected by searching the following databases: Pubmed, Embase, The Cochrane Library, The
Physiotherapy Evidence Database (PEDro), Scopus, Web of Science and LILACS. As well as the following gray literature: Google
Scholar, LIVIVO, Open Grey and the CAPES Catalog of Theses and Dissertations. The risk of bias assessment was conducted
using Cochrane’s RoB 2 tool. The primary outcome was muscle pain/ perception of soreness, and the secondary outcome
was perception of recovery.

RESULTS: Nine randomized clinical trials were selected. The meta-analysis included two studies on the muscle pain/ perception
of soreness outcome. The combined analysis suggests that, overall, the intervention has a statistically significant effect on
reducing the measure evaluated (SMD =-0.64, [-1.27,-0.02], p = 0.04); I = 0%. However, specific analyses of 24 h (p=0.24), 48 h
(p=0.10) and 72 h (p=0.50) post-intervention individually did not show statistical significance.

CONCLUSION: Cold water immersion can have beneficial effects on reducing muscle pain, but the lack of primary studies of
high methodological quality prevents certainty in this statement.

KEYWORDS: Athletes, Cryotherapy, Pain measurement.

RESUMO

JUSTIFICATIVA E OBJETIVOS: A crioterapia é um recurso muito utilizado na reabilitacdo e no esporte, para este, principalmente
visando reduzir a dore melhorar a recuperagéo de atletas. O objetivo deste estudo foi analisar uma revisdo sistemética sobre
os efeitos da crioterapia de imersdo na percepgao da dor muscular em atletas de diferentes modalidades desportivas.
METODOS: Os estudos foram recolhidos através da pesquisa nas seguintes bases de dados: Pubmed, Embase, The Cochrane
Library, The Physiotherapy Evidence Database (PEDro), Scopus, Web of Science e LILACS. Assim como a seguinte literatura
cinzentas Google Scholar, LIVIVO, Open Grey e o Catélogo de Teses e Dissertagdes da CAPES. A avaliagdo do risco de viés foi
realizada utilizando a ferramenta RoB 2 da Cochrane. O desfecho primério foi a dor muscular/percepcao de dor e o desfecho
secundario foi a percepgao de recuperagao.

RESULTADOS: Foram selecionados nove ensaios clinicos aleatérios. A meta-analise incluiu dois estudos sobre o resultado
dormuscular/percepgao de dor. Aanalise combinada sugere que, globalmente, a intervencao tem um efeito estatisticamente
significativo na redugdo da medida avaliada (DMP =-0,64, [-1,27,-0,02], p=0,04); I* = 0%. No entanto, analises especificas de
24 h (p=0,24), 48 h (p=0,10) e 72 h (p=0,50) pbs-intervencdo, individualmente, ndo apresentaram significancia estatistica.
CONCLUSAO: Aimersdo em 4gua fria pode ter efeitos benéficos na reducdo da dor muscular, mas a falta de estudos primérios
de alta qualidade metodologica impede a certeza dessa afirmacao.

DESCRITORES: Atletas, Crioterapia, Medi¢do da dor.

HIGHLIGHTS

+ Cryotherapy is a therapeutic modality that aims to reduce tissue temperature in order to reduce pain and metabolism
« Thistoolis widely used in sports, but its protocols are still lacking a better foundation

« In this systematic review, it was possible to observe a reduction in pain in athletes who underwent cryoimmersion
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INTRODUCTION

Cryotherapy is a method in which a substance is used to
remove heat from the body, resulting in a reduction in tissue
temperature, to achieve therapeutic goals (curative and/or
preventive)? The effectiveness of the treatment depends on
factors such as the period of application, the size of the treatment
area, the level of physical activity carried out previously, and the
application of the technique. The method results in analgesic
repercussions and enables functional and structural restoration,
facilitating rehabilitation performance. Pain tolerance can be
increased when exposed to low temperatures, due to the reduction
in nerve conduction velocity, making it difficult for nociceptive
information to reach higher centers; reducing the production of
inflammatory mediators due to reduced metabolism; release of
beta-endorphins centrally, and all these mechanisms are important
in the reduction in pain perception®*.

It is a fact that the routine of a high-performance athlete
requires high physical and physiological demands, which are
individual and specific to each sport. Such competitive demands
can trigger some tensions in various physiological systems, such as
the musculoskeletal system, thus, for the preparation of upcoming
sporting events, post-exercise recovery strategies become essential,
quickly returning performance to its natural state’'!. There are
different methods for alleviating late onset muscle damage and
soreness (DOMS), either alone or in combination, including cold
water immersion, where there are huge differences in protocols'>.

There are still controversies regarding its effects and
different protocols'*'¢. This gave rise to the research question:
“Is cryoimmersion effective in reducing pain and discomfort in
athletes?” Since systematic reviews condense the literature and
seek to answer objective questions in a transparent way"’, this was
the opted study design. The objective of the study was to analyze
the effects of immersion cryotherapy on the perception of muscle
pain in athletes from different sports.

CONTENTS

Protocol and registration

A systematic review in question followed and was documented
in accordance with the standards established by the Preferred
Reporting Items for Systematic Reviews and Meta- analysis
(PRISMA). Registered with The Open Science Framework: https://
doi.org/10.17605/OSEIO/E7K52.

Eligibility criteria

The acronym PICOS was used to formulate the question
focused on in this study: P - population: athletes of any sport;
I - intervention: cryoimmersion; C - comparator: sitting, active
recovery, rest, immobile in a semi-reclined position, passive recovery,
immersion in thermo-neutral water, bioceramics, treadmill at a
comfortable walking pace; O - outcomes: muscle pain / perception
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of soreness; S - study design: randomized clinical trials. There
were no limitations on language or period and no filters were
used, to obtain as many manuscripts as possible in the search.
For the search strategy, the Boolean descriptors “AND” and “OR”
were used, covering various terms, but in summary the strategy
was: “Athletic Performance” OR “Sports Performance” AND
“Cold Temperature” OR “Cold Temperature” OR “Cold Water
Immersion” OR “Cold Temperatures” OR “Cold” OR “Cryotherapy”
OR “Cryotherapy” OR “Cold Therapy” OR “Cryostimulation”

Inclusion criteria: men and women; athletes in soccer,
volleyball, basketball, street racing, hockey, rugby or any other
sport, regardless of level or sport; adolescents (16 to 19 years)
and adults (19 to 33 years). Immersion temperature between
0and 10 C°. Duration of the immersion intervention: minimum
of 5 minutes and maximum of 20 minutes. Randomized clinical
trials. Exclusion criteria: intervention not carried out after exercise;
players who have been injured in the last 6 months; pregnant
women; cold allergy; vascular diseases; lower limb surgery;
literature and editorial reviews, systematic reviews, cohort studies,
case reports, case studies.

Selection of studies and data collection

The studies were collected by searching the following databases:
Pubmed, Embase, The Cochrane Library, The Physiotherapy
Evidence Database (PEDro), Scopus, Web of Science and LILACS.
As well as the following gray literature (i.e. databases other than
the traditional): Google Scholar, LIVIVO, Open Grey and the
CAPES Catalog of Theses and Dissertations. In a two-stage process,
two independent reviewers (R1 and R2) selected the studies for
inclusion. In the first stage, titles and abstracts were reviewed
according to pre-defined eligibility criteria. In the subsequent
stage, the full texts were analyzed, applying the same criteria used
previously. In the event of disagreement, a consensus meeting was
held between the two reviewers in both phases, and if necessary,
differences were resolved by reviewer R3. Data was gathered to
detail the properties of the studies, including information on the
authors, the year in which they were published and the country of
origin. The characteristics of the sample were also examined, such
as the number of participants, average age and gender distribution,
as well as the type of intervention applied, the times at which
evaluations were carried out to measure the results and formulate
a conclusion. The primary outcome observed was pain, while
secondary outcomes included analyses of physical performance.

Individual assessment of the risk of bias in studies

An assessment of the risk of bias was conducted using
Cochrane’s ROB 2 tool by blind reviewers R1 and R2, and if
necessary, differences were resolved by reviewer R3. The included
studies were judged in five domains: bias in the randomization
process, deviations from the intended intervention, bias due to
missing data, bias in the measurement of outcomes and bias in the
selection of reported results. Each domain was given an overall
rating of low risk, unclear or high risk.
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Assessing the risk of publication bias

In order to minimize the likelihood of publication bias, a
comprehensive study was carried out, without language or period
restrictions, and including grey literature. In this way, the possibility
of publication bias was reduced, although not eliminated.

Meta-analysis

Statistical analysis was carried out using RevMan 5.4.1 (The
Cochrane Collaboration, Software Update, Oxford, UK)'.
Continuous results were expressed as standard mean differences
(with ninety-five percent confidence intervals - 95% CI). A p-value
of <0.05 was considered statistically significant. The value of the
I? statistical test was calculated to test for heterogeneity between
studies. An I? value > 50% was considered significant heterogeneity.
A random effects model was adopted.

RESULTS

Selection and summary of studies

During the search, 1.877 records were found, 1.699 in the
main databases and 178 in the gray literature (Appendix A).
The first search was carried out on December 1, 2023, and the
last update on December 5, 2024. 783 duplicate studies were
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excluded automatically and manually. This left 1094 studies for
Phase 1 (reading titles and abstracts). And 18 studies for Phase
2 (reading the full studies). This left 9 studies in this review
(Apéndice A).

The entire process of selecting the studies, from the search
and refinement to the final number of manuscripts analyzed, is
shown in Figure 1, and their synthesis is presented in Table 1.

Analysis of the risk of bias of the studies

Nine randomized clinical trials were selected. The assessment of
risk of bias with Cochrane’s RoB 2 tool identified greater compromise
in the randomization process, with studies'>'* presenting high risk,
while study?' demonstrated low risk. In deviations from planned
interventions, most studies, such as'*?, presented low risk, but
the article'? raised some concern. In incomplete outcome data,
asticles'>** had low risk, while'” showed some concern. When
measuring the outcome, studies'**' were classified as low risk,
but study'? showed some concern. For the selection of outcomes
reported, articles'>'* showed low risk, while" was classified at
high risk. The results highlight the need for greater rigor in
randomization, although robust practices have been observed
in other domains.

Finally, the general analysis of bias showed that most of the
included studies'>'>!¢2! were considered to have an unclear
risk of bias and three studies'>'**? presented a high risk of bias
(Figures 2 and 3).

[ Identification of studies via databases and registers [ Identification of studies via other methods ]
N
Records identified from*: Records removed before Records identified from (n =
= (n = 1699) screening: 178):
2 PubMed (n =671) Duplicate records removed Google Scholar (n = 100)
H Cochrane (n = 123) N (n = 740) BraZ|I!an cala_nlog of theses
g Lilacs (n = 96) > Records marked as ineligible and dissertations - CAPES (n
S Embase (n = 332) by automation tools (n = 612) =0)
= Scopus (n = 357) Records removed for other LIVIVO (n = 76) B
Web of Science (n = 120) reasons (n = 128) Citation search (n = 02)
— l
—
Records screened >
(n =959) Records excluded**(n = 944)
: Report: ht f trieval
Reports sought for retrieval »| Reports not retrieved (nef% 4§ sougntiareineya .| Reports not retrieved
= (n=15) "l (n=0) 7l (n=01)
=
@
: | !
=3
7]
Reports assessed for eligibility Reports assessed for eligibility e
(n=15) —»| Reports excluded: (n = 09): (n =03) »
Wrong intervention (n = 06) Reports excluded:
Wrong population (n = 01) (n=0)
Wrong study design (n = 01)
Wrong outcome (n = 01)
_
v
= Studies included in review
S (n=09)
= Reports of included studies
= (n=0)

Figure 1. PRISMA flow diagram for new systematic reviews.
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Table 1. Summary characteristics of the randomized clinical trials included in this review (n =09).

AL ) Samplesize Interventions Foll? w-up Sport Lol Main conclusion
Country time Measured
T0) Pre- The present results
Training T1) suggest that cryotherapy,
Immediately applied as an immediate
n=24EG:n= EG: CWI. 10°C post- Muscle single bout of cold-water
Alexander et al.?® n/iCG:n=n/i for'll m}in CGi training T2) Football (Elite) soreness: Five-  immersion after a soccer
United Kingdom Age: 20.58 + PAS * Immediately pointscale,  match, effectively reduces
2.55 Gender: M post- (1-5)) some biochemical,
intervention functional, and perceptual
T3)24hpost- markers of muscle
intervention damage.
_ EG: CWI, 10°C, TO) Baseline Muscle pain: Cetiresy ey
n=20EG: . . after a soccer match
_ for 10 min T1) 30 min of Scale from 0 .
n=10CG: ) " effectively reduces
~ b _ ] CG: 10 min the end T2) Soccer (“absence of
Ascensdo et al. n=10Age: A ) some markers of
thermoneutral  24h after the (National soreness”) .
Portugal CG: 18.3+0.8 o muscle damage despite
water match T3) league teams)  to 10 (“very -
EG:18.1+1.8 . . . conflicting research
immersion, 48h after the intense .
Gender: M o " on muscle adaptation
35°C match soreness”). .
mechanisms.
Perception
of soreness:
I-)f))lz/‘l‘it()(;e_nlc%) For 48-hour recovery
n=25EG o — of muscle damage, BIO
(CWI):n=09 to 10 (“ver and CWI do not provide
EG (BIO):n= o TO) Baseline . y conclusive evidence of
B CWI: 10°C for intense . .
2 08CG:n=08 . . T1) Postmatch Soccer " enhancing functional
Coelho et al. 10 min BIO: . . soreness”)
. Age: EG (BIO): - - T2) 24h (Uviversity - and perceptual recovery
Brazil Bioceramic Perceived
22.63+4.2EG CG: Seated postmatch T3) level) reCovery: after a soccer match,
(CWI): 22.63 + : 48h postmatch Py Ofy(') with BIO needing further
3.-CG:20.8 + T — research to be accepted
3.2 Gender: M ypP ”y as an effective recovery
recovered”) modalit
and 10 Y-
(“very well
recovered”)
n=30EG (I): CWI at 10°C for 10 minutes
T1) . .
n=10EG . has been widely used in
- I: Immersed of Immediately L . -
(CWI):n=10 clinical settings, but it is
_ temperature post- .
CG:n=10 o . . no more effective than
” ) ) (29.8°C + running T2) . Perception of . .

Dantas et al. Age: EG (IG): N : Street racing water immersion and rest
. 0.66°C) for 10  Immediately . soreness:-VAS . - -
Brazil 31.71 +5.43-EG . . (recreactional) in recovering functional

min CWI: 10°C post- (0-100 mm)
(CWIG):30.28+ ; . . performance, torque and
for 10 min CG:  intervention .
6.10 CG: 33.00 CK blood concentration
Rested T3) 24h post- .
+4.84 Gender: . : in muscles damaged after
intervention
M 10-km street runs.
On the basis of our
n=23EG investigation, neither CWI
_ CWI: 10°C Perception of or AR while immersed
(CWI):n=07 . TO) Football,
_ for 10 min . soreness: VAS-  were deemed as more
CG(AR):n= . Baseline T1) volleyball, . B
Getto and AR: Active - PS:1-10, with advantageous in the
16 08 CG (PAS): n Postexercise basketball oL
Golden'® USA - . recovery . 10 indicating recovery of speed or
LB PAS: Passive L (Gelizme the most ower, compared with
Gender: 13 M, ) postintervention athletes) p 7 P
10F recovery soreness. passive recovery when

implemented after routine
conditioning and training.

(n/i): notinformed; M = male; F = female; Age = years; VAS = visual analogue scale; CG = control group; EG = experimental group; PG = placebo group; CWI = Cold-water
immersion; NSP = Numerical scale of pain; TWI = Thermoneutral water immersion; ARG = athletes used a treadmill; h = hours; min = minutes; DOMS = delayed-onset
muscle soreness; PAS = passive recovery; AR = active recovery; VAS-PS = Visual analogue scale for perceived soreness; BIO = Bioceramics.
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Table 1. Continued...
2:::::)/’ Study design  Sample size Interventions Foltl;::' :'P sport ;:t:;“::: e concaon
Perception .
T0) A week of soreness: AsinglelboutofiCW|
Beforeii) DOMS (0-10) accelerated recovery,
Baseline Y . especially in inflammation
T2) Post the soreness) to 10 ?::C:S:}ro;::ssiﬂgar
n=19EG match T3) (very intense suggests 'usin morye
5 . (CWI):n=11 CWI:10°Cfor  30min after soreness). gge § mort
Nunes et al. Randomized o . ) Rugby . sensitive and specific
Brazil clinical trial el SUlides Pl (Professional) PRBEEEE markers to measure CWI
Age:2.1+16 Seated T4) 24h after recovery: VAS offects. as some recover
Gender: M the match (0-10) - from marker’s in the CWI rouy
UBJEEl i) OECesiy were better than ir‘:;thep
the match T6) recovered) control eroup. supportin
72h after the and 10 (high- group, supp &
match perceived CWI for postmatch
— recovery in rugby players.
U2l sty . Daily post-exercise CWI
T2) 2 Pre day Perception did not improve match
n=18EG T3) 2 Post day of soreness: erformancF:e erceptual
. . (CWI):in=09 CWI:5t08°C T4)3Preday DOMS-VAS P > percep
Krueger et al. Randomized o N Field hockey recovery, or biomarkers
Germany clinical trial Uem=D — (EEnSHO) ey D) Slestesy; (Elite) (U =0 of muscle damage and
Age:16.6+0.6 5min CG: PAS  T6) 4 Pre day (no soreness) metabolic load in elite
Sex: M T7) 4 Post day to 100 (severe outh field-hocke
T8) 5 Pre day soreness.). y lavers y
T9) 5 Post day players.
No significant differences
n=28EG CWI: 10°C for in observed variables,
(CWI):n=07 10 min TWI: T0) Baseline including DOMS,
Pesenti et al.1 Blind CG (TWI):n= 10 min AR: T1) 24h follow Perception of were found between
Brazil ’ randomized 07EG (AR):n  treadmill for up T2) 48h Soccer soreness: -NSP interventions, indicating a
clinicaltrial =07CG:n=07 10 min CG: follow up T3) (0-10). need for further studies to
Age:of16and  seated for 10  72h follow up. develop effective recovery
19 Gender: M min strategies for soccer
players
n =20 Age: S The repeated use of
14,0541 79', T1: Baseline outcomes: CWI over the course of
Randomized- T CWI: 14 +1°C  T2: wash-out : a training week had no
Gender: 12 R . . (1to 5) poor . X
crossover TWIE:27+£1°C  (1-week) T3: Swimming . impact on the functional
. S M/8F EG (CWI): . well-being, . .
Batistaetal.?Brazil placebo- B (as placebo) before and (Competitive . or swimming performance
n=19 PG . heaviness,
controlled ~ PAS: passive after each team) . outcomes of adolescent
- . (TWI):n=16 . . tiredness, o .
clinical trial CG (PAS): n recovery intervention discomfort competitive swimmers.
-16 ’ week i The preference for CWI as

TWI was similar.

(n/i): notinformed; M = male; F = female; Age = years; VAS = visual analogue scale; CG = control group; EG = experimental group; PG = placebo group; CWI = Cold-water
immersion; NSP = Numerical scale of pain; TWI = Thermoneutral water immersion; ARG = athletes used a treadmill; h = hours; min = minutes; DOMS = delayed-onset
muscle soreness; PAS = passive recovery; AR = active recovery; VAS-PS = Visual analogue scale for perceived soreness; BIO = Bioceramics.

Characteristics of the included studies

Of the nine studies included in this review, only one was a
randomized-crossover placebo-controlled clinical trial '), the
others were randomized clinical trials.

Several sports modalities were included in this review. football'é;
soccer'>'*'; street running?'; football, volleyball and basketball'®;
hockey'; rugby" and swimming?.

The total number of athletes sampled was 207, only two studies
included females with an n = 18'%2. The remaining volunteers
were male n = 189.

Most of the studies were conducted in Brazil*'>'*?!. The others
in the United Kingdom?®; Portugal's; United States of America'®
and Germany'.

Collection instruments

Various instruments were used to measure the outcomes in
this study. The perception of soreness/muscle pain outcome was
assessed using a scale from 0 to 10'>*!>"%; from 1 to 10" from 0 to
100%; from 1 to 5'%%2. However, in all the different instruments the
Likert scale used the same interpretation, the higher the worse.
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Randomization process

Deviations from intended interventions

Measurement of the outcome

Missing outcome data

Selection of the reported result

Overall bias

0%

25% 50% 75%  100%

. Low risk of bias

|:| Unclear risk of bias

[ High risk of bias

Figure 2. Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages across all included studies.

The perception of soreness/muscle pain outcome was
assessed in studies'**!, which used the Visual Analog Scale
(VAS - 0 to 100); the authors'® used the Visual Analog Scale for
perceived pain (VAS-PS; 1-10); the study’’ used the self-reported
psychometric questionnaire and numerical pain scale (NSP -
0 to 10). The delayed onset muscle soreness (DOMS; 0 - 10) was
measured in the studies'>?°. Muscle soreness (1 - 5) was measured
in study" and just pain (1 -5) in study®% finally, muscle pain (0 -
10) was measured in study'

Primary outcome - muscle pain/ perception of soreness

In three studies, a reduction in delayed onset muscle pain
(DOMS) levels was observed!>'*?2, However, six other studies
found no advantages to the method'!41¢172!,

Meta-analysis

Due to the great diversity in the studies, it was possible to
include only two for meta-analysis'**', and only for the muscle
pain intensity outcome.

The meta-analysis did not show a statistically significant
difference between the experimental and control groups at 24 hours
(p = 0.24). The lack of variability in the data from study* made
it impossible to include the results in the combined estimate.
Similarly, there was no significant difference at 48 (p = 0.10)
and 72 hours (p = 0.50). However, there was a standard mean
difference of -1.00 with a 95% confidence interval of [-1.27, -0.02],
which is statistically significant (p = 0.04). Heterogeneity was low
(I* = 0%), indicating consistency between the studies. The test
for differences between subgroups was not significant (p = 0.75),
indicating that there was no significant difference in the effects
between the different post-intervention periods.

The combined analysis suggests that, overall, the intervention
has a statistically significant effect on reducing the measure
evaluated (SMD = -0.64, p = 0.04). However, specific analyses
of 24 h, 48 h and 72 h post-intervention individually did not
show statistical significance, a cutoff value greater than 2 points
of NPRS is considered clinically relevant. Thus, the high risk of
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Batista et al., 2024
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Coelho et al. 2021

Dantas et al. 2019 | ' ? ?

Gettoetal. 2013 ' ? ?

Krueger et al., 2019 | ' ? ?

Nunes et al., 2018 | (? ?

@ -

o000 oo oo
o
o

Pesenti et al. 2020

Figure 3. Risk of bias summary: review authors’ judgments about each
risk of bias item for each included study.

bias of the studies must be considered, as well as the small sample
size (Figure 4).
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Experimental Control Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
1.2.1 24 hours
Dantas et al. 2019 0 0 10 31 461 10 Not estimable
Pesentietal. 2020 3.7 1.2 7 46 1.4 7 336% -0.65[1.73,0.44) =—r=
Subtotal (95% CI) 17 17 33.6% -0.65[-1.73,0.44) e
Heterogeneity. Not applicable
Testfor overall effect Z=1.17 (P =0.24)
1.2.2 48 hours
Pesenti et al. 2020 32 156 7 4.7 1.36 7 311% -096[(-209,017) —l
Subtotal (95% Cl) 7 7 311%  .0.96[-2.09,0.17) TR
Heterogeneity. Not applicable
Testfor overall effect Z=1.67 (P=0.10)
1.2.372 hours
Pesentietal. 2020 1.5 1.8t 7 21 12 7 353% -0.37[-1.43,0.69) —_—a
Subtotal (95% CI) 7 7 353% .0.37[-1.43,0.69] o
Heterogeneity, Not applicable
Test for overall effect Z= 0.68 (P = 0.50)
Total (95% CI) 31 31 100.0% .0.64 [-1.27,-0.02) <
Heterogeneity. Tau®= 0.00, Chi¥= 0,57, d=2 (P=0.75); F= 0% 1 + 1 }

Test for overall effect Z=2.01 (P =0.04)
Test for subgroup differences: Chi*=0.57,df=2 (P=0.75), = 0%

2 4 0 1 2
Favours [experimental] Favours [control)

Figure 4. Forest plot of the comparison between cryoimmersion vs. control at rest - outcome muscle pain intensity.

DISCUSSION

The cold-water immersion technique is known as one of the
most popular post-exercise intervention strategies and can be used
in a variety of situations, such as reducing ITD, aiding recovery
from muscle damage and maintaining physical performance
after repetitive high-level training and competitions'>"*. In this
sense, it was possible to identify that only three studies showed
favorable results for the use of post-exercise cryoimmersion,
influencing various physiological aspects, such as DOMS, physical
performance or muscle damage. The purpose of this study was
to conduct a literature review on the effects of cryotherapy on
post-exercise recovery in athletes from different sports, using the
cryoimmersion method. It considered the results of perceived
muscle pain. A brief narrative summary of the studies that were
considered in this review is provided below.

The study by authors" aimed to evaluate the effect of cold-
water immersion after strenuous exercise on multiple performance
parameters, compared to passive recovery. Twenty-four elite soccer
players were subjected to cryoimmersion up to the level of the
sternum for 11 minutes at 10°C. Data was collected immediately
after training, immediately after the intervention and 24 hours after
the intervention. To assess perceived muscle pain, a self-reported
psychometric questionnaire was used, which quantified general
muscle pain, fatigue, sleep quality, stress levels and mood on a
five-point scale. The authors concluded that there were impacts
on muscle pain.

In another study'?, immersion in cold or thermoneutral water
after practice was compared. Twenty soccer players underwent
cryoimmersion therapy with their lower limbs submerged up
to the iliac crest at 10°C for 10 minutes. Data was collected for

30 minutes, 24 and 48 hours after the match. To assess muscle
pain, a questionnaire was used to classify the pain felt on a scale
of 0 to 10. The authors concluded that there were beneficial
effects in relation to cold water immersion in reducing late onset
muscle soreness and general perceptions of fatigue, compared to
the thermoneutral water immersion group.

The authors® used cold water immersion on 20 swimming
athletes, comparing it with thermo-neutral water and passive
recovery, three times a week. They carried out a crossover study,
with a recovery time of 1 week. They analyzed pain using a
questionnaire. The authors report that there was an improvement
in recovery in all groups, with the athletes indicating a preference
for immersion in both cold and thermoneutral water.

The study® also with soccer players, aimed to evaluate the
effects of two common recovery methods, the use of cold-water
immersion and infrared-emitting ceramic materials. In cold water
immersion, 9 soccer players were submerged in water stirred at
10°C for 10 minutes, up to the height of the iliac crest. Data was
collected immediately, 24 and 48 hours after a soccer match.
The authors reported that there was no difference between the
interventions applied in the treatment of ITD and the perception
of recovery.

Study*' investigated the effects of cold-water immersion
after a 10km road race on the recovery of muscle damage
markers. The cold-water immersion intervention took place for
10 minutes at 10°C, with 10 athletes submerged up to the level of
the anterosuperior iliac spine. Baseline data on reported pain was
collected 10 minutes before the race, after the race, immediately
and 24 hours after the intervention. They report that there was no
interaction in the different pain analyses between time and group.
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The aim of the study by the authors'® was to compare cold
water immersion, active recovery and passive recovery in relation
to perceived pain, power and speed after exhaustive exercise.
Seven athletes from the first division of the National Collegiate
Athletic Association (NCAA) were given the intervention of
immersion in cold water for 10 minutes at 10° C, submerged up
to chest height. Data was collected post-exercise and 24 hours
after the intervention. The authors report that the interventions
of cold-water immersion, active and passive recovery did not
induce significant differences in the recovery of perceived pain.

The study by authors'* evaluated the influence of daily post-
exercise immersion in cold water on the athlete’s recovery.
The collection took place over a period of 5 days, with elite youth
field field hockey players, with 9 players randomly assigned to
immersion in cold water up to the neck, for 5 minutes, at 6 °C.
Late onset muscle soreness was measured every morning and
evening. Even with high levels of DOMS, several parameters,
such as the perception of recovery and stress and sleep quality,
remained unchanged during the tournament.

The study’ aimed to verify the effect of post-match cold
water immersion on muscle damage, neuromuscular fatigue and
perceptual responses within 72 hours of a Rugby match. Eleven
athletes were immersed in cold water at a temperature of 10°C
for 10 minutes, submerged up to the height of the iliac crest.
The results were collected 24, 48 and 72 hours after exercise.
There was no clear and substantial difference between the groups.

The study by the authors' evaluated the impact of cold-
water immersion on late muscle pain, muscle recruitment and
postural control in soccer players. Seven players were immersed
in cold water for 10 minutes at 10°C, up to the level of the iliac
crest. The results indicated that the induced DOMS protocol
was effective, with significant increases at 24 and 48 hours.
Cryoimmersion allowed the athletes to return to baseline levels
of pain intensity within 72 hours.

In this manuscript, it was decided to present the discussion
with a description of the studies, due to the wide variety of
protocols, forms of analysis (including statistics) and results.
These characteristics led to limitations in the possibilities for meta-
analysis. Thus, only two studies were included'**? on the outcome
of muscle pain intensity. The result of the meta-analysis of the
muscle pain intensity outcome included two clinical trials'** with
62 individuals at all times included (24, 48 and 72 hours after the
intervention).

The study'! presented results 24 hours post-intervention
(SMD = -0.65 [-1.73, 0.44]; p = 0.24). The article® was not able
to make the same estimation due to the lack of variability in the
experimental group (standard deviation = 0.0). Thus, combined
SMD: 0.65 [-1.73, 0.44], not significant (p = 0.24). 48h after the
study'' intervention (SMD = -0.96 [-2.09, 0.17]; p = 0.10) and
72h post-intervention (SMD = -0.37 [-1.43, 0.69]; p = 0.50).
The combined effect estimate (-0.64 [-1.27, -0.02]; p = 0.04) was
significant; I* = 0%. It is important to consider the limitation that
the combined estimate was mainly influenced by a single study’,
due to the lack of estimable data from other studies. In other
words, although statistical results for muscle pain have occurred,
it is not possible to infer it as a therapeutic truth, mainly due to
the high level of bias risks observed. Thus, there is a need for
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primary studies with high methodological quality and repetition
of protocols and outcomes, so that an in-depth analysis can be
carried out in the future.

The nine studies analyzed presented some concerns about the
risk of bias in various domains, especially due to the impossibility of
blinding the participants and administrators of the interventions, as
well as some uncertainties about the concealment of the allocation
sequence and the selection of the reported results. However, most
studies managed to maintain a low risk of bias in missing data
and in the measurement of outcomes. It is also worth mentioning
the limitation of this study to only target athletes, which does not
allow it to be extrapolated to other populations. It is essential
to consider these limitations when interpreting the results and
planning future studies to improve the methodological quality
and robustness of the evidence.

CONCLUSION

The results indicate that cold water immersion can have some
beneficial effects on reducing muscle pain, but the lack of primary
studies of high methodological quality prevents certainty in this
statement, as there is a lot of variability and different contexts.
It is therefore considered necessary to carry out studies with a
high level of methodology on the subject, extending to other
populations as well.
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APPENDIX A. DATABASE SEARCHES

Database Terms
(((“Athletic Performance”[Mesh]) OR ((“Athletic Performance”)) OR (“Athletic Performance”[Title/Abstract]) OR”
Athletic Performance” OR “Athletic Performances” OR “Sports Performance” OR “Sports Performances”)) AND
Pubmed (((“Cold Temperature”[Mesh]) OR (“Cold Temperature”)) OR (“Cold Temperature”[Title/Abstract]) OR “Cold

Temperature” OR “Cold Water Immersion” OR “Cold Temperatures” OR “Cold” OR “Cryotherapy”[Mesh] OR
“Cryotherapy” OR “Cryotherapies” OR “Cold Therapy” OR “Cold Therapies” OR “Cryostimulation”))

Web of Science

(“Athletic Performance” OR “Athletic Performances” OR “Sports Performance” OR “Sports Performances”) (All
Fields) and (“Cold Temperature” OR “Cold Water Immersion” OR “Cold Temperatures” OR Cold OR Cryotherapy
OR cryotherapie OR “Cold Therapy” OR “Cold Therapies” OR costimulation)

Scopus

TITLE-ABS-KEY (“Athletic Performance” OR “Athletic Performances” OR “Sports Performance” OR “Sports
Performances”) AND TITLE-ABS-KEY (“Cold Temperature” OR “Cold Water Immersion” OR “Cold Temperatures”
OR cold OR cryotherapy OR cryotherapies OR “Cold Therapy” OR “Cold Therapies” OR cryostimulation)

Embase

(‘athletic performance’/exp OR ‘athletic performance’ OR ‘athletic performances’ OR ‘sports performance’/
exp OR ‘sports performance’ OR ‘sports performances’) AND (‘cold temperature’/exp OR ‘cold temperature’

OR ‘cold water immersion’/exp OR ‘cold water immersion’ OR ‘cold temperatures’ OR ‘cold’/exp OR cold OR
‘cryotherapy’/exp OR cryotherapy OR cryotherapies OR ‘cold therapy’/exp OR ‘cold therapy’ OR ‘cold therapies’
OR cryostimulation)

Lilacs

(“Athletic Performance” OR “Athletic Performances” OR “Sports Performance” OR “Sports Performances” OR
“Desempenho Atlético” OR “Rendimiento Atlético” OR “Desempenho Esportivo” OR “Performance Atlética”

OR “Performance Esportiva” OR Esporte) AND (Cryotherapy OR Cryotherapies OR “Cold Therapy” OR “Cold
Therapies” OR Cryostimulation OR “Cold Temperature” OR “Cold Water Immersion” OR “Cold Temperatures” OR
Cold OR Crioterapia OR “Terapia a Frio” OR “Terapia por Frio” OR “Temperatura Baixa” OR Frio OR Esfriamento OR
Frio OR Temperatura Minima OR “Isquemia fria” OR “Cold Ischemia” OR “Isquemia Fria”)

Cochrane

Trials matching (“Athletic Performance” OR “Athletic Performances” OR “Sports Performance” OR “Sports
Performances”) in All Text AND (“Cold Temperature” OR “Cold Water Immersion” OR “Cold Temperatures” OR
Cold OR Cryotherapy OR Cryotherapies OR “Cold Therapy” OR “Cold Therapies” OR Cryostimulation) in Title
Abstract Keyword - (Word variations have been searched)

Google scholar

(“Athletic Performance” OR “Athletic Performances” OR “Sports Performance” OR “Sports Performances” OR
“Desempenho Atlético” OR “Rendimiento Atlético” OR “Desempenho Esportivo” OR “Performance Atlética”

OR “Performance Esportiva” OR Esporte) AND (Cryotherapy OR Cryotherapies OR “Cold Therapy” OR “Cold
Therapies” OR Cryostimulation OR “Cold Temperature” OR “Cold Water Immersion” OR “Cold Temperatures” OR
Cold OR Crioterapia OR “Terapia a Frio” OR “Terapia por Frio” OR “Temperatura Baixa” OR Frio OR Esfriamento OR
Frio OR Temperatura Minima OR “Isquemia fria” OR “Cold Ischemia” OR “Isquemia Fria”)

Open Grey Athletic Performance AND Cryotherapy
(“Athletic Performance” OR “Athletic Performances” OR “Sports Performance” OR “Sports Performances”)
LIVIVO AND (“Cold Temperature” OR “Cold Water Immersion” OR “Cold Temperatures” OR Cold OR Cryotherapy OR
Cryotherapies OR “Cold Therapy” OR “Cold Therapies” OR Cryostimulation)
CAPES Thesis and

Dissertation Catalog

Athletic Performance AND Cryotherapy
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