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Abstract

Background. Cold-water immersion (CWI) is a commonly used recovery strategy among athletes, but evidence of its
effectiveness remains inconsistent due to variations in protocols and outcome measures.

Objectives. This systematic review aimed to evaluate the effects of CWI on post-exercise recovery in athletes,
focusing on physiological, performance, and perceptual outcomes.

Materials and Methods. Following PRISMA guidelines and PROSPERO registration (CRD420251068097), four
electronic databases (PubMed, Web of Science, Scopus, and ProQuest) were searched for randomized controlled
trials (RCTs) published between 2000 and 2024. Studies were included if they achieved a PEDro score >6. Twelve
RCTs met the inclusion criteria. Data were synthesized narratively, supported by vote-counting and harvest plots, as

heterogeneity prevented meta-analysis.

Results. CWI consistently reduced delayed-onset muscle soreness (DOMS) and muscle damage biomarkers (e.g.,
creatine kinase, lactate dehydrogenase) within 24-48 hours post-exercise. Several trials also reported improvements
in subjective recovery. The effects on neuromuscular performance (e.g., sprinting, countermovement jump) were
mixed and appeared context-dependent. Evidence regarding inflammatory markers (e.g., IL-6, CRP) was limited and
inconclusive. Variability in water temperature, immersion duration, and timing contributed to inconsistent outcomes

across studies.

Conclusions. The findings indicate that moderate-to-strong evidence supports the short-term use of CWI to
reduce muscle soreness and damage, as well as to enhance perceptual recovery. The effects on performance and
inflammation remain unclear, emphasizing the need for protocol standardization. CWI remains a practical tool for
athletes, especially in high-load or congested schedules, but its application should be individualized.

Keywords: cold-water immersion, athletic recovery, muscle soreness, randomized controlled trials, exercise-induced

muscle damage.

Introduction

Muscle recovery is a critical component of athletic
training and performance maintenance. Intense or
prolonged physical activity induces structural and metabolic
stress in skeletal muscle, resulting in exercise-induced
muscle damage (EIMD) (Mielgo-Ayuso & Fernandez-
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Lazaro, 2021). Common symptoms of EIMD include
reduced muscular strength, stiffness, swelling, and delayed
onset muscle soreness (DOMS), all of which can negatively
impact subsequent performance if not adequately addressed
(Peake et al., 2017). Efficient recovery is particularly
essential in competitive sports settings, where athletes are
often required to perform multiple bouts of high-intensity
effort within limited recovery windows. Inadequate recovery
has been associated with increased fatigue, elevated risk of
injury, and impaired long-term performance adaptations
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(Doherty et al., 2021; Kellmann et al., 2018). In contrast,
the application of effective recovery strategies promotes
the restoration of muscle function, reduces inflammation,
replenishes energy stores, and enhances psychological
readiness (Edholm et al., 2024a). Recovery is now widely
recognized as an active phase of the training cycle, involving
integrated physiological, biochemical, and psychological
processes that aim to restore homeostasis and prepare the
athlete for subsequent workloads (Rebeloetal., 2025). Among
thevariousrecoverystrategies studied inrecent decades, cold-
water immersion (CWI) has garnered substantial attention
for its potential to alleviate DOMS and accelerate muscle
recovery. CWI typically involves submerging the body or
limbs in cold water (10°C-15°C) for 10-15 minutes following
exercise. The proposed benefits of CWI include reduced
muscle soreness, attenuated inflammation, and expedited
return to baseline performance levels. Mechanistically, CWI
is believed to act via peripheral vasoconstriction, reduced
metabolic activity, hydrostatic pressure effects, and altered
neuromuscular signalling, though these mechanisms
remain incompletely understood (Algafly & George, 2007;
Peake et al., 2017). Several randomized controlled trials
(RCTs) and meta-analyses have evaluated the efficacy of
CWI for enhancing post-exercise recovery. A 2025 network
meta-analysis concluded that medium-duration CWT at
moderate temperatures (11°C-15°C) significantly reduced
DOMS and improved markers of muscle function, such as
jump performance (Wang et al., 2025). Similarly, Xiao et
al. reported that immediate application of CWI following
strenuous exercise resulted in reduced subjective fatigue
and enhanced perceptual recovery (Xiao et al., 2023).
Despite such findings, the literature remains inconclusive
due to inconsistencies in CWI protocol parameters (e.g.,
temperature, immersion depth, duration), variation in study
populations, and heterogeneity in outcome measures.

These methodological discrepancies hinder direct com-
parisons between studies and limit the generalizability of
findings. Therefore, a systematic synthesis of high-quality ev-
idence is warranted to clarify the role of CWI in post-exercise
recovery. This systematic review aims to critically evaluate
randomized controlled trials published between 2000 and
2024 that investigated the effects of cold-water immersion
on post-exercise recovery outcomes. The review focuses on
key domains such as muscle soreness, muscle function, bio-
chemical markers of muscle damage, inflammation, fatigue,
and overall athletic performance. The findings will help es-
tablish the current state of evidence, identify optimal CWI
protocols, and provide evidence-based recommendations for
practitioners in sports science and athletic rehabilitation.

Materials and Methods

Registration

The present systematic review was guided by the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) statement (Page et al., 2021) and
registered in an international database of systematic reviews
in health and social care (PROSPERO CRD420251068097).

Literature Search: Administration and Update

A systematic literature search was performed, and
updated up to May 2025, in the electronic databases PubMed,

Web of Science, SCOPUS and ProQuest using the Boolean
operators AND/OR, in combinations with the keywords:
“muscle damage”, “muscle soreness”, “cold-water immersion’,
“cooling intervention”, “cold exposure”, “rct”, “random’,
“sport”, “athlete”, “player”, “muscle recovery’, “post-exercise
recovery’. One author (RD) conducted the initial search and
removed duplicates. Two authors (AS and SP) independently
screened the titles, abstracts, and full-texts of the retrieved
studies. The search results were then analysed according to
the eligibility criteria (Table 1). A third author (RS) resolved
potential disagreements between AS and SP.

Inclusion and Exclusion Criteria

Studies were selected based on predefined eligibility criteria
using the PICOS framework (Participants, Interventions,
Comparators, Outcomes, and Study Design) (Liberati et al,,
2009). Only original, peer-reviewed, full-text articles published
in English were considered for inclusion. Additional exclusion
criteria are detailed in Supplementary File 1.

Table 1 Inclusion criteria according to the PICOS
conditions

Items Details Inclusion Criteria
Population Athletes
Intervention  effects of recovery strategies, specifically cold-
water immersion, Contrast water immersion on
post-exercise recovery and performance.
Comparison ~ Two or more groups
Outcome muscle recovery (e.g., markers of muscle damage,
inflammation) and/or performance indicators
(e.g., strength, power, endurance)
Study Design  randomised controlled trials (RCT)
( Identification of studies via databases and registers \
L J
5 Records identified from*:
7 Web of science (n=054) Records removed before screening:
g PubMed (n=29) > Dupticate records removed (n =113)
g Scopus (N=160)
3 ProQuest (N=82)
= Total =525
J
l Records excluded**
— (a=390)
Animal- 2
Records screened (n =412) Combine effect-15
Contrast Bath 11
Cryotherapy- 32
Irrelevant- 185
Non-English-4
Review- 58
Non-Randomize- 23
Non-sports-19
= retracted article- 1
E Book, Thesis. Conference- 40
3 Full text article assessed Reports not retrieved
(n=22) (n=6)
s Reports excluded:
ﬁlezc;x;)s assessed for »| Low PEDro Score (n=4)
— !
3 -
= Studies included in review
3 (a=12)

Fig. 1 PRISMA flow chart of the study selection process
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Table 2. Characteristics of the studies examined in the present review

Author A N A Outcomes O (L T
ey Design Participants Intervention = Comparator Measured Main Findings
(Michelettiet RCT 64 male youth CWI (13°C, 15 Passive rest Lactate, HRYV, CWI improved lactate
al., 2019) footballers (13-17 min) DOMS, MVIC, clearance and HRV;
yrs) agility, sprint, no significant effect on
recovery score performance outcomes
(Leeder etal, RCT 16 male athletes CWI post- Control Sprint performance, CWI maintained sprint speed
2019) (rugby, hockey, tournament soreness and reduced soreness at
football) 24-48h
(Chowetal., RCT 24 amateur rugby ~ CWI (ice bath) Room temp Jump height, agility, Mixed results: improved
2018) players vsroom temp  immersion pain threshold jump recovery, no significant
water (25°C) effect on agility
(Halson et al,, RCT 24 cyclists CWI (15°C, Control Power output, CMJ,  No significant long-term
2014) 15 min) after adaptation markers  benefit; acute power
training blocks unchanged
(Parouty et RCT 14 competitive CWI (10°C, Passive rest 100m freestyle time, CWI improved 100m
al., 2010) swimmers 15 min) post- HR, lactate, RPE performance and reduced
sprint RPE/lactate
(Roonkiani et RCT 20 young male CWI (10°C, Control CK, LDH, muscle CWI reduced CK, LDH
al., 2020) soccer players 15 min post- soreness and soreness significantly at
match) 24-48h
(Elias et al., RCT 21 elite male CWI post- Passive CMJ, MVC, CWI improved CM]J and
2013) footballers match (10°C for recovery soreness, fatigue soreness at 24—48h; faster
10 min) neuromuscular recovery
(Ascensaoet RCT 20 junior soccer CWTIat 10°C Thermoneutral CK, Myoglobin, CWI reduced CK and CRP at
al,, 2011) players (18.2+1.3 for 10 min post- water CRP, DOMS (quad, 24-48h; improved strength
yrs) match immersion calf, adductors), and reduced quadriceps and
(35°C, 10 min)  Strength, Jump, calf soreness at 24h
Sprint (0-20m)
(Dunabeitia et RCT 34 recreational Massage + CWI Control Running economy, =~ CWI + massage preserved
al.,, 2022) runners lower-limb running economy; limited
biomechanics effects on biomechanics
(Leeder etal, RCT 15 trained athletes ~ Seated vs Passive control =~ Sprint recovery, Standing CWI more
2015) standing CWI DOMS effective in reducing DOMS
(10°C, 10 min) and improving sprint
performance
(Barberetal, RCT 20 male rugby Repeated CWI  Passive rest CM]J, strength, RPE, Improved strength and power
2020) players at 14°C for 15 DOMS, fatigue at 24-48h; reduced perceived
min fatigue
(Tavares et al., RCT 12 highly trained 12 min Passive CMJ height, muscle  No significant group X time
2020) volleyball cold-water recovery (rest  soreness, perceived  interaction for performance.
athletes (age: immersion in seated recovery, muscle CWI group had significantly
20.7 £ 2.6 years; all  (10°C) after each position) damage markers lower soreness and fatigue
male) training session (CK), fatigue ratings, during training week; no
for 5 days training loads effect on CMJ or CK.
(Janusiak et ~ RCT 48 basketball Recovery Active recovery Pressure pain Significant improvement in
al.,, 2025) players including CWI threshold pressure pain threshold post-
intervention
(Stearns et al., RCT 33 elite triathletes 10 min Passive rest (no DOMS, CK, No significant group x time
2018) (22 males, 11 cold-water CWI) myoglobin, IL- effects for any outcome.
females); mean immersion 6, CRP, cortisol, CWI did not enhance
age 40 = 11 years;  (CWI) at 10°C hydration (Usg, recovery of muscle damage or
participated in immediately BML), Tgi inflammation markers within
Ironman WC post-race 40 hrs post-race.
(Guo et al.,, RCT 30 elite male race  CWI: 10°C for CWT and IL-6, PGE2, RPE, CWI reduced IL-6 and PGE2
2022) walkers (3 groups, 10 min daily Control Muscle soreness vs CWT; no significant
n=10 each) post-training (stretching (VAS) change in RPE or soreness
over 15 days only)
(Sanchez- RCT 10 male adolescent Continuous Passive seated  Muscle soreness Both CWI protocols reduced
Urena et al., basketball players ~ CWI: 12 min recovery (12 (VAS), CM]J, thigh soreness and preserved CMJ;
2017) (14 +£ 0.4 yrs) at 12°C; min) muscle volume no volume change
Intermittent:
4x2 min +
1 min rest
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Data Extraction

Afterthefinalinclusion, the following data were extracted
from the articles: a) First author name and publication
year; b) Study design; ¢) Types of athletes; d) Participants’
characteristics age, sex, height, weight and sample size
by group; e) Session; f) Duration; g) Type of exercise
training; h) Characteristics of WCI (water temperature) ;
i) Characteristics of control group intervention, and j) The
main findings are related to predefined outcomes from the
experimental and control groups, comparing each other.
Data from the included studies were extracted independently
by one reviewer (RD), who consulted with another reviewer
(SP), and any discrepancies were resolved by a consensus by
the third reviewer (RS). Then, the data were transferred to an
Excel spreadsheet. This process follows Cochrane Consumer
and Communication Review Group’s standardised data
extraction protocol (Prictor & Hill, 2013).

Study Selection

The study selection process was conducted in multiple
stages. Initially, one reviewer (S.P.) performed the preliminary
screening, during which duplicate records were removed using
Zotero reference management software (Ivey & Crum, 2018).
Titles and abstracts were then reviewed to identify studies that
potentially met the predefined inclusion criteria focusing on
cold water immersion and post-exercise recovery in athletes.
In the next stage, the full texts of the shortlisted studies were
independently assessed by two reviewers (S.P. and A.S.) to con-
firm eligibility. Any disagreements regarding study inclusion
were resolved through discussion or consultation with a third
reviewer (R.D.). Ultimately, twelve randomized controlled tri-
als evaluating the effects of CWI on recovery outcomes in ath-
letic populations were included in this systematic review.

Risk of Bias Assessment

The methodological quality and risk of bias of the
included studies were independently assessed by two

reviewers (R.D. and A.C.) using the Physiotherapy Evidence
Database (PEDro) scale, a valid and reliable tool (De
Morton, 2009; Maher et al., 2003; Yamato et al., 2017), widely
used in CWI research (Cain et al., 2025; Malta et al., 2021;
Nye et al., 2016). Although referred to as a «methodological
quality» scale, the PEDro scale primarily evaluates elements
associated with the potential for bias in clinical trials. The
overall risk of bias of studies was interpreted using the
following convention (Cashin & McAuley, 2020) < 3 points
was considered as “poor” quality (i.e., high risk of bias),
4-5 points was considered as “moderate” quality, while
6-7 points and 8-10 points was considered as “good” and
“excellent” quality, respectively. For practical purposes and
given the nature of the research field, we considered studies
with > 6 points to have low risk of bias. Two authors (R.D.
and A.C.) independently assessed risk of bias, and a third
author (R.S.) helped to resolve discrepancies.

Results

A comprehensive search strategy was developed and
tailored for each database to optimize both sensitivity and
specificity. A total of 525 references were identified through
the search. After the removal of 113 duplicate records, 412
unique articles remained. Titles and abstracts were screened,
resulting in the exclusion of 383 records due to irrelevance,
conference proceedings, or review articles. The remaining 24
full-text articles were assessed for eligibility.

Risk of Bias of the Included Studies

According to the PEDro checklist results (Table 3), the
median (i.e., non-parametric) score was 6.0 (low risk of bias
- good quality), with four studies (Guo et al., 2022; Janusiak
et al., 2025; Micheletti et al., 2019; Sdnchez-Urefa et al.,
2017) attaining 4-5points (some risk of bias — moderate
quality), and 12 studies attaining 6 points (low risk of bias
- good quality).

Table 3 Rating of studies according to the Physiotherapy Evidence Database (PEDro) scale

Study 1 2 3 4 5 6 7 8 9 10 11 Score
1 (Micheletti et al., 2019) v v X X X X X v v v v 5
2 (Leeder et al., 2019) X v X v X X X v v v v 6
3 (Chow etal., 2018) v v X 4 X X X v v v v 6
4 (Halson et al., 2014) X v X v X X X v v v v 6
5 (Parouty etal., 2010) v v X v X X X v v ' v 6
6  (Roonkiani et al., 2020) v v X v X X X v v v v 6
7  (Elias et al., 2013) v v X v X X X v v v v 6
8  (Ascensdo et al., 2011) ' v X 4 X X X v v v v 6
9  (Dunabeitia et al., 2022) v 4 X v X X X 4 v v v 6
10 (Leeder et al., 2015) v v X v X X X v v v v 6
11 (Barber et al., 2020) v v X v X X X v v v v 6
12 (Tavares et al., 2020) v v X v X X X v v v v 6
13 (Janusiak et al., 2025) ' v X 4 X X X v X v v 5
14 (Stearns et al., 2018) v v X 4 X X X v v v v 6
15 (Guo et al., 2022) X v X X X X X v X ' v 4
16 (Séanchez-Urena et al., 2017) v/ v X 4 X X X v X v v 5
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Participant Characteristics and Intervention Overview

The characteristics of the participants and the cold-
water immersion (CWI) interventions from the included
studies are summarised in Table 3. A total of 12 studies
involving 301 competitive athletes (261 males and 40
females) were analysed. Participants were drawn from
a variety of sports disciplines, including football n = 3;
(Ascensao et al,, 2011; Elias et al., 2013; Roonkiani et al.,
2020), team sports combining rugby, football, and hockey
n = 2; (Leeder et al,, 2015, 2019), swimming n = 1; (Parouty
etal., 2010), cycling n = 1; (Halson et al., 2014), rugby n = 3;
(Barber et al., 2020; Chow et al.,, 2018), running n = I;
(Dunabeitia et al., 2022), triathlon n = 1; (Stearns et al,,
2018), and volleyball n = 1; (Tavares et al., 2020). Participant
ages ranged from approximately 18 to 41 years, with most
studies focusing on young adult athletes (18-22 years).
Endurance-based cohorts such as triathletes and runners
included older individuals (mean ages ~36-41 years).
Anthropometric characteristics were generally homogenous
within studies, with reported body mass spanning 62-86
kg and height between 168-188 cm. Female athletes were
underrepresented and were included in studies involving
rugby, swimming, and triathlon. All included participants
were reported as well-trained or elite-level athletes. Cold-
water immersion was the primary intervention across all
studies, with variations in protocol duration, frequency,
and water temperature. Control groups typically received
either passive rest or alternative recovery modalities such as
massage or contrast water therapy. The consistent application
of structured recovery interventions across diverse athletic
populations enhances the comparability and relevance of
findings for performance recovery research.

Interventions Characteristics

The CWI protocols employed across the 12 included
studies demonstrated considerable consistency in certain
parameters while also exhibiting methodological diversity
reflective of practical applications in sport recovery. Water
temperatures used for CWI ranged from as low as 5 °C to
approximately 15 °C, with the majority of studies utilizing
temperatures between 10 °Cand 14 °Cto induce the intended
physiological cooling effects. Immersion durations typically
spanned 10 to 15 minutes, although shorter exposure (e.g.,
I-minute immersion at 5 °C) and intermittent protocols
(e.g., two 5-minute immersions separated by rest) were also
reported. The depth of immersion was generally standardized
to include the lower limbs up to the level of the iliac crest or
hips, and athletes were commonly positioned in a seated
posture within temperature-controlled water baths. One
study directly compared seated versus standing CWI and
reported significantly different hydrostatic pressures at the
ankle, highlighting the influence of posture on immersion
efficacy. Timing of the intervention was also a critical
parameter, with all studies initiating CWT either immediately
or within 30 minutes following physical exertion, aligning
with recommendations for post-exercise recovery. Control
conditions varied across studies and included passive
rest at ambient room temperature (approximately 20-
28 °C), thermoneutral water immersion (25-35 °C), or no
treatment. Additionally, some studies included alternative

recovery modalities for comparison, such as contrast
water therapy — where participants alternated between hot
(38 °C) and cold (12 °C) immersion cycles—and therapeutic
massage involving standard friction and pressure techniques
applied by trained professionals. These variations reflect the
comparative interest in evaluating the relative benefits of
CWI versus other commonly used post-exercise recovery
strategies. Overall, while the core features of CWI - cold
temperature, post-exercise timing, and immersion of the
lower limbs — were consistently applied, the specific designs,
durations, and supplementary interventions differed across
studies. Such heterogeneity in protocols should be carefully
considered when interpreting pooled outcomes or assessing
the generalizability of findings within athletic populations.

Outcome Measures

The results of the included studies were categorized
based on the effects of CWI on various components of
physical performance and recovery in athletes. Outcome
measures were grouped according to specific fitness or
physiological parameters assessed across the studies,
such as muscle soreness, strength recovery, inflammatory
markers, and performance metrics. All included articles
were independently classified by the review authors based
on their primary outcome domains. Any discrepancies
in classification were resolved through discussion until
consensus was achieved. A summary of the studies along
with their predefined outcome measures is presented in
Table 4.

Effects of Cold-Water Immersion on Recovery Outcomes

Muscle soreness: Several studies have reported signifi-
cant reductions in delayed-onset muscle soreness (DOMS)
following cold-water immersion (CWI) compared to pas-
sive recovery or alternative modalities. For example, one
trial found that a 14-min immersion in \~14°C water imme-
diately after match-play significantly attenuated perceived
soreness at 48 h relative to contrast-water therapy or passive
rest (ES = 0.59). Similarly, a soccer study reported that a
single 10-min CWT at 10°C after a competitive match signifi-
cantly lowered soreness in the quadriceps and calf at 24 h, a
reduction interpreted by the authors as reflecting accelerated
neuromuscular recovery. In a simulated rugby match proto-
col, two 5-min immersions at 10°C (with a short intermis-
sion) likewise yielded markedly lower soreness scores at 24
and 48 h (large effect sizes) compared to a non-immersed
control, indicating a pronounced analgesic effect. By con-
trast, another investigation found no overall soreness differ-
ence between CWI and control, but observed that DOMS
at 48 h was significantly lower when immersion was per-
formed in a seated versus standing posture (p = .001, ES =
1.86), suggesting that hydrostatic pressure may influence
recovery. Collectively, these findings support the efficacy of
post-exercise CWI in attenuating DOMS, especially during
the 24-48 h window following high-intensity or competitive
exercise(Ascensio et al., 2011; Barber et al., 2020; Elias et al.,
2013; Leeder et al., 2015).

Muscle damage markers: Several studies have evaluated
the effect of cold-water immersion (CWI) on markers of
muscle damage following simulated sports protocols. Across
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Table 4 Research Output
Study N Sport MS MD IM STR PERF SUBJ POW

(Leeder et al., 2019) 21  Team sports 0 + + 0 + 0 0
(Chow et al., 2018) 18 Rugby 0 0 0 - 0 0 0
(Halson et al., 2014) 21 Cycling 0 0 0 0 + - +
(Parouty et al., 2010) 10  Swimming 0 0 0 0 - 0 0
(Roonkiani et al., 2020) 20  Athletes 0 + 0 0 0 0 0
(Elias et al., 2013) 16  Soccer + 0 0 0 + + +
(Ascensdo et al., 2011) 21  Team sports + 0 0 0 0 + 0
(Dunabeitia et al., 2022) 20 Running 0 0 0 0 0 + 0
(Leeder et al., 2015) 21  Team sports + 0 0 0 0 + 0
(Barber et al., 2020) 16 Rugby + + 0 + 0 0 +
(Tavares et al., 2020) 13 Volleyball 0 0 0 0 0 0 0
(Stearns et al., 2018) 33 Triathlon 0 0 0 0 0 0 0

MS = Muscle Soreness, MD = Muscle Damage Markers, IM = Inflammatory Markers, STR = Strength, PERF = Performance,
SUBJ = Subjective Recovery or Fatigue, POW = Jump or Power Performance. ‘+” indicates a significant beneficial effect of CWI, ‘=
indicates a significant detrimental effect, ‘0" indicates no significant difference.

these investigations, creatine kinase (CK) consistently
emerged as a key biomarker of muscle membrane disruption.
In a simulated tournament scenario, CK levels significantly
increased following each bout of exercise, with progressive
accumulation across three sessions (p < .001). However,
participants in the CWI group demonstrated significantly
lower CK concentrations before (p = .004) and after (p =
.001) the final bout compared to controls, though this effect
did not persist at 24 hours post-exercise, suggesting transient
protective effects. Interleukin-6 (IL-6) levels were acutely
elevated post-exercise (p <.001) but were significantly lower
in the CWI group after the first (p =.003) and third bouts (p
=.038), indicating an acute anti-inflammatory effect, while
C-reactive protein (CRP) also increased over time (p < .05),
yet no between-group differences were observed at 24 hours,
suggesting minimal influence of CWI on prolonged systemic
inflammation (Leeder et al., 2019). Similarly, in a soccer-
specific study, significant group x time interactions were
found for CK (F(4,64) = 6.64, p = .0012, n* = 0.293) and
lactate dehydrogenase (LDH) (F(4,64) = 2.86, p = .0471,
n? = 0.152), with the CWI group exhibiting significantly
lower levels of CK at 24 (p = .031) and 48 hours (p = .045),
and reduced LDH at 24 hours (p = .015), confirming the
muscle-protective effects of CWTI in prolonged intermittent
exercise (Roonkiani et al., 2020). In another investigation
involving a simulated rugby protocol, repeated CWI (2 x 5
min at 10°C) led to large reductions in CK concentrations
at 24 hours (d = -2.63) and 48 hours (d = -2.20), compared
to the control group, indicating substantial attenuation
of muscle damage(Barber et al., 2020). Collectively, these
findings suggest that CWI is effective in blunting post-
exercise elevations in CK and IL-6, with more modest or
inconsistent effects on systemic inflammatory markers such
as CRP and LDH, particularly within the initial 48-hour
recovery window.

Inflammatory Markers: Amongthetwelvestudiesincluded
in this review, only one study Leeder and his colleagues
evaluated the effect of CWI on inflammatory markers. This
study assessed interleukin-6 (IL-6) and C-reactive protein

(CRP) as indicators of systemic inflammation following
repeated sprint exercise. While both IL-6 and CRP levels
increased post-exercise, reflecting a typical inflammatory
response to high-intensity physical exertion, the application
of CWI did not significantly attenuate these elevations
compared to the control condition. These findings suggest
that, within the context of repeated sprint activity, CWI may
have a limited influence on modulating acute inflammatory
responses. Therefore, evidence for the anti-inflammatory
effects of CWI remains inconclusive and warrants further
investigation in future research (Leeder et al., 2019).
Performance outcomes: Performance outcomesacross the
included studies were assessed through various metrics such
as sprint speed, countermovement jump (CM]J), maximal
voluntary contraction (MVC), repeated time-trial efforts,
and agility-based tasks. The findings revealed mixed effects
of CWI on performance, with variations depending on the
type of activity, measurement timing, and athletic context.
Leeder et al. reported a significant group x time interaction
in sprint speed at 24 hours following repeated intermittent
running (LIST protocol), with the CWI group maintaining
sprint performance while the control group exhibited a
decline (p = .034; ES = 0.83 £ 0.59). In contrast, CM]J and
MVC demonstrated only trivial, non-significant reductions
in both groups, suggesting that CWI did not substantially
influence neuromuscular recovery in terms of power or
strength capacity (Leeder et al., 2019). In a longitudinal
training context, researcher found that CWI during a
simulated cycling Grand Tour enhanced performance in
short, high-intensity efforts. The CWI group showed likely
beneficial improvements in 1-second peak power (+4.4% +
4.2%) and repeat maximal 4-minute cycling bouts (+3.0%
+ 3.8%), without hindering adaptation to longer-duration
efforts such as the 10-minute time trial. These findings
support the role of CWI in preserving or enhancing
repeated power output under heavy training loads (Halson
et al., 2014). Conversely, a group of authors observed a
performance decrement in well-trained swimmers following
CWI. Athletes recorded significantly slower 100-meter sprint
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times after CWI (65.6 £ 3.4 s) compared to passive recovery
(64.2 £3.5 s; p < .05), despite perceiving better recovery.
This suggests that CWI may impair short-term explosive
performance, potentially due to residual cooling effects
affecting neuromuscular contractility (Parouty et al., 2010).
A team of researchers investigated performance in elite
footballer’s post-match and found no statistically significant
benefits of CWI on sprint (10 m and 20 m), agility (505
test), or CM]J. However, CM]J height was better maintained
in the CWI group relative to the control group, implying
a possible neuromuscular preservation effect, although
between-group differences were not significant (Elias et al.,
2013). Overall, the evidence indicates that CWI may offer
selective benefits for performance recovery, particularly for
short-duration, high-intensity efforts. However, its effects on
explosive or agility-based performance are less consistent,
and in some cases, may even be detrimental if applied prior
to competition. These variations likely reflect differences in
protocol, sport specificity, and physiological demands.

Strength recovery: Two randomized controlled trials
investigated the effects of cold-water immersion (CWI)
on strength recovery following exercise-induced muscle
damage, with contrasting outcomes influenced by differences
in protocol. Chow et al. examined the acute effects of a single
brief immersion at 5°C and found a significant reduction in
isokinetic peak torque of the knee extensors (-8.15%, p =
.018) and countermovement jump (CM]J) height (-3.23%,
p = .030) post-intervention, indicating impaired muscular
strength and explosive power(Chow et al., 2018). In contrast,
researchers employed a repeated immersion protocol (2 x 5
min at 10°C) and reported enhanced recovery of maximal
voluntary isometric contraction (MVIC), with strength
returning to baseline by 48 hours post-exercise (100.4% in
the CWI group vs. 85.8% in control) (Barber et al., 2020).
These findings suggest that while very cold, short-duration
CWTI may negatively affect immediate strength performance,
repeated immersion at moderate temperatures is more
effective in promoting strength recovery during the post-
exercise period.

Subjective recovery/fatigue: Cold-water immersion
(CWI) appears to be an effective strategy for improving
subjective recovery and reducing fatigue in athletes
following intense training or competition. Multiple studies
have reported that CWI significantly enhances perceived
recovery and reduces fatigue-related symptoms. Athletes
who underwent CWTI interventions (typically 10 minutes at
10°C) consistently reported better recovery perceptions at
24-48 hours post-exercise compared to control groups, as
evidenced in studies involving footballers (Ascensio et al.,
2011; Elias et al., 2013), endurance runners (Dufabeitia et
al., 2022), and team sport athletes (Leeder et al., 2015). These
benefits were reflected through higher perceived recovery
scores, lower ratings of fatigue, and reduced delayed onset
muscle soreness (DOMS) using tools such as Likert scales,
visual analogue scales, and RPE. However, findings by
Halson et al. suggest that while CWI may offer short-term
perceptual benefits during periods of intensified training,
it might have detrimental effects on recovery perception
during taper phases (Halson et al., 2014). Overall, the
evidence supports CWT as a beneficial recovery modality for
improving subjective outcomes in the short term, particularly
during high training loads or competitive periods.

Power Performance: Cold-water immersion (CWI) has
shown mixed effects on power performance outcomes,
with evidence suggesting that its efficacy may depend on
the training context and recovery timeline. Several studies
report positive effects of CWI on restoring lower-limb
power, particularly as measured by countermovement
jump (CM]J) height and maximal voluntary isometric
contraction (MVIC). In elite footballers and rugby athletes,
CWI was effective in attenuating post-exercise declines in
CM] performance and promoting faster recovery of muscle
strength within 24-48 hours (Barber et al., 2020; Elias et al.,
2013). Barber et al. further demonstrated that repeated CWI
sessions significantly restored both CMJ and MVIC values to
baseline levels, with large effect sizes supporting its utility in
high-impact team sports. Conversely, Halson et al. found no
significant benefit of CWI in preserving CM] performance
during prolonged intensified training or taper phases
in competitive cyclists, indicating that CWI may be less
effective in mitigating chronic training-induced power loss
(Halson et al., 2014). Overall, CWI appears to be beneficial
for short-term recovery of explosive power following acute
bouts of strenuous activity, especially in collision-based or
intermittent sports.

Summary of inconsistencies: Across domains, findings
were not uniform. Variability likely reflects differing
protocols and exercise types. Notably, one study using very
cold water (5°C) found some negative outcomes (Chow et
al.), whereas studies with milder temperatures (~10-12°C)
more often saw benefits. The frequency and timing of
immersion (single post-event vs repeated daily exposures)
and the nature of the exercise (contact sports vs endurance
events) also varied widely among trials. These factors may
explain why some studies observed no effect or even slight
impairments with CWI, despite a general pattern of reduced
soreness, lower damage markers, and faster subjective
recovery. Overall, while most evidence favors a beneficial role
of CWTI for soreness, muscle damage, and some performance
and strength outcomes, the magnitude of benefit appears
context-dependent.

Discussion

Summary of Key Findings: This systematic review
examined the effects of CWI on post-exercise recovery
in athletes, synthesizing evidence from 12 randomized
controlled trials involving 301 participants from various
sporting disciplines. The analysis revealed that CWI
consistently reduces delayed-onset muscle soreness (DOMS)
within the first 24-48 hours following intense exercise.
Reductions in muscle damage biomarkers, particularly CK
and lactate dehydrogenase (LDH), were also frequently
reported, suggesting CWT’s protective effects on muscle
integrity. Improvements in subjective recovery metrics such
as perceived fatigue and recovery ratings were observed
across multiple trials. However, the effects of CWI on
neuromuscular performance outcomes, including sprinting,
jumping, and maximal voluntary contraction, were
heterogeneous and context-dependent. Limited evidence
was available on systemic inflammatory markers, restricting
conclusions in this domain.

Comparison with Existing Literature: The findings of the
present review align with existing literature that highlights
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the short-term benefits of CWT in attenuating post-exercise
soreness and muscle damage. Meta-analyses by (Dupuy et
al., 2018; Machado et al., 2016; Wang et al., 2025) support
the analgesic and biochemical benefits of CWI, particularly
when immersion is conducted shortly after exercise using
water temperatures between 10-15 °C for 10-15 minutes.
Similarly, recent systematic reviews have indicated moderate-
to-large effect sizes for CWI in reducing DOMS and CK
concentrations (Hohenauer et al., 2015; Poppendieck et al.,
2013). However, the literature presents divergent findings
on performance outcomes. While some trials have reported
improved or preserved sprint performance and explosive
power following CWT (Elias et al., 2013; Leeder et al., 2019),
others have documented either no change or performance
decrements, especially with very cold immersion (<6°C)
or when applied before competition (Halson et al., 2014;
Parouty et al., 2010). These inconsistencies are also reflected
in prior reviews (Croft et al., 2012; White et al., 2014),
emphasizing the importance of protocol specificity, sport
context, and timing relative to the performance task.

Mechanistic Explanations: The observed effects of
CWTI can be explained by several interrelated physiological
mechanisms. Cold exposure leads to peripheral
vasoconstriction, which reduces local blood flow, limiting
edema formation and the infiltration of inflammatory cells
(Peake etal., 2016; Wilcock et al., 2006). Hydrostatic pressure
exerted during immersion enhances venous return and
lymphaticdrainage, contributingto the clearance of metabolic
byproducts (Xiao et al., 2023). Additionally, reduced tissue
temperature slows metabolic activity, decreases nerve
conduction velocity, and dampens nociceptor sensitivity—
thereby producing analgesic effects and improving perceived
recovery (Algafly & George, 2007; White et al., 2014). On
the molecular level, CWI may modulate the expression of
heat shock proteins, pro-inflammatory cytokines (e.g., IL-6),
and oxidative stress markers, although these effects appear
to be transient and vary across individuals and exercise
types (Howatson & Van Someren, 2008). Conversely, the
application of CWI at excessively low temperatures or for
prolonged durations may impair muscle contractility by
decreasing excitation-contraction coupling efficiency and
enzymatic function, potentially explaining the short-term
performance decrements observed in some trials (Pointon
& Duffield, 2012; Vaile et al., 2008).

Clinical and Practical Implications: These findings carry
significant implications for coaches, athletes, and sports
medicine professionals. CWI appears to be a valuable
recovery tool for mitigating muscle soreness, minimizing
muscle damage, and improving perceptual recoveryfollowing
high-intensity or collision-based sports. It is particularly
useful during congested competition schedules, where
rapid recovery is essential. However, CWI should be applied
with caution prior to performance tasks requiring maximal
neuromuscular output due to potential residual cooling
effects. Protocols should be tailored to individual needs,
considering sport type, recovery window, and immersion
parameters. Integrating CWI with other modalities—such
as sleep hygiene, nutrition, and compression—may optimize
recovery outcomes (Edholm et al., 2024b; Kellmann et al,,
2018).

Strengths and Limitations: This review presents several
methodological strengths. A comprehensive search strategy,

use of standardized data extraction (Cochrane protocol),
and rigorous quality assessment using the PEDro scale (with
most studies scoring >6) enhance the internal validity of
the findings. The focus on randomized controlled trials
strengthens causal inference. However, limitations should be
noted. Considerableheterogeneityin CWIprotocols—suchas
immersion temperature, duration, and timing—complicates
cross-study comparisons. Most participants were young,
male, well-trained athletes, limiting generalizability to other
populations such as females, adolescents, or recreational
athletes. Furthermore, small sample sizes, lack of blinding,
and limited long-term follow-up in most trials restrict
the external validity and clinical applicability of findings.
Publication bias could not be ruled out due to the absence of
formal funnel plot analysis.

Recommendations for Future Research: Future studies
should aim to standardize CWI protocols by systematically
varying immersion parameters to determine optimal
dosing strategies for different sports and recovery timelines.
Research involving female athletes, older populations, and
underrepresented sports (e.g., endurance disciplines) is
warranted to enhance generalizability. Further exploration
of the molecular and systemic effects of CWI—particularly
its influence on cytokine profiles, oxidative stress markers,
and long-term adaptations—would clarify the underlying
mechanisms. High-powered, multi-centre trials with
adequate follow-up are needed to evaluate the chronic effects
of CWI on performance, recovery kinetics, injury risk, and
training adaptation.

Conclusion

This systematic review provides moderate-to-strong
evidence supporting the short-term efficacy of cold-water
immersion (CWI) as a post-exercise recovery strategy.
CWTI was consistently effective in attenuating delayed-
onset muscle soreness and reducing biochemical markers
of muscle damage, particularly creatine kinase, within 24
to 48 hours post-exercise. Improvements in subjective
recovery ratings further reinforce its practical utility in
high-performance and competitive sport settings. However,
the effects on neuromuscular performance outcomes such
as sprint speed, countermovement jump, and maximal
strength were variable and context-dependent. Similarly,
evidence on inflammatory markers remains limited and
inconclusive. The therapeutic benefit of CWI appears
to be influenced by protocol characteristics, including
water temperature, immersion duration, and timing of
application. Therefore, individualized application based
on sport demands, athlete characteristics, and recovery
objectives is recommended. Given the heterogeneity in study
designs and underrepresentation of female and recreational
athletes, further high-quality randomized controlled trials
with standardized protocols are warranted. Long-term
studies investigating the chronic effects of CWI on training
adaptation, performance, and injury prevention are also
necessary to optimize its role in sports recovery frameworks.

Key Points

o Cold-water immersion (CWI) consistently reduces
delayed-onset muscle soreness (DOMS) and muscle
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damage markers (e.g., creatine kinase, LDH) within
24-48 hours post-exercise.

o Subjective recovery (fatigue, perceived recovery)
is frequently improved with CWI, supporting its
practical use in competitive and high-load athletic
contexts.

o Effects on neuromuscular performance (sprint,
jump, strength) are variable, showing benefits in
some settings but neutral or even negative outcomes
in others.

« Evidence on inflammatory markers remains limited
and inconclusive, highlighting the need for further
research.

o Protocol standardization (temperature, duration,
timing) is crucial, as heterogeneous methods
contribute to inconsistent findings.
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IcTopis nuTanHA. 3aHypeHHA y X0/0AHY Boxy (3XB) € moumpeHoo cTparerieio BiffHOBIEHHS cepef] CIOPTCMEHIB, IPOTe J10-
Kasy ii epeKTUBHOCTI 3a/IUIIAIOTLCA CYNepewINBIMU Yepe3 po361XKHOCTI B IIPOTOKO/IAX T4 METO/IAX OL[{HKM Pe3y/IbTaTiB.

Merta pocmipkeHHs. Lleit cucTeMaTVyHMI OI/IA] MaB HA MeTi OLIiHUTY BIUIMB MeTOfuKy 3XB Ha BiTHOB/IEHHA CIIOPTCMEHIB
ic/IA TPeHyBaHb, 30CePeIMBIINCD Ha (i310I0TIYHUX, TPOJYKTUBHUX Ta IHEPLEITUBHUX OKa3HNKaX.

Marepianu Ta MeTOAM. 3TifHO 3 peKOMEeH/AlliAMI IepeBAKHIX €IeMEHTIB 3BITHOCTI /I CMCTeMAaTUYHNX OIVIANIB i MeTa-
anaisiB (PRISMA) Ta MDKHapOZHOTO IIPOCIEKTUBHOTO peecTpy crucTeMarndnux ormagis (PROSPERO) (CRD420251068097),
IPOBEIEHO TIOIIYK y YOTUPbOX €IeKTPOHHUX HayKoMeTpumuHMX 6azax manmx (PubMed, Web of Science, Scopus ta ProQuest)
I[OZI0 PAH/IOMI30BaHMX KOHTPO/IboBaHMX focaimkens (PK]), ony6rikoBanux y mepiog 3 2000 mo 2024 pik. [lo anasisy BKIode-
HO JIOCTiI>KeHHA, AKi orpumany nokasHuk PEDro >6. Kputepiam BkarodeHHs Bignosifano 12 PK]I. CuHTes faHUX 3[iliCHEHO Y
¢dopmi omncy, MAKpilIeHOro MigpaxyHKOM roociB Ta rpadikamu 360py iHdopMallii, OCKiNbKY reTeporeHHICTh HepelKomKaa
IIPOBEJIEHHIO MeTaaHali3y.

PesynbraTi. 3acTOCyBaHHA METOAMKM 3aHYPEHHS Y XO/IOAHY BOAY CIIPUAJIO MOCiIOBHOMY 3MEHIIEHHIO CUHAPOMY Bifi-
cTpoueHoro M’s13080ro 600 (CBMB) Ta 6ioMapKepiB OIIKOMKeHHsT M sI3iB (HaIpUK/Iaf], KpeaTMHKiHA3Y, TaKTaTHeTipOoreHasn)
npoTsiroM 24-48 rofyH mic/Ist TPEeHYBaHHA. Y KiTBKOX [JOCIPKEHHSIX TaKOXK IOBIZOM/ISUIOCS TIPO MOJIMIIEHHsI Cy6’ EKTUBHOTO
Bi[HOBJIEHH:. BIIMB Ha HEPBOBO-M 5130BY IPOAYKTUBHICTb (HAIIPUKIIAJ], CIPUHT, CTPUOOK i3 KOHTPPYXOM) OYB HEOHO3HAYHIIM
i, SIK BUSIBIIIOCS, 3a/1eXKaB Bijj KOHTEKCTY. JJ0Ka30Bi jaHi oo MapkepiB sananeHHs (Hanpuknag, IL-6, CRP) 6ym/1 0OMeXeHuMI
i HemepekoH/MMBUMU. BapiabenbHicTh TeMIepaTypu BOAM, TPUBAIOCTI 3aHYPEHH:A Ta YaCOBUX PAMOK CIIpUs/Ia HEOZHOPIZHOCTI
Pe3ynbTaTiB y PisHMUX JOCTIKEHHAX.

BucnoBku. Pesynbraty gocmifikeHHA CBiyaTh PO HAABHICTb MOMipHNUX Ta I€PEKOH/IMBUX JOKa3iB JOLIIbHOCTI KOPOTKO-
CTPOKOBOTO 3aCTOCYBaHHsI MeTOAMKN 3XB 3 MeTOI0 3MeHIIeHHsI M sI30BOTO GOJII0 Ta MOLIKO/PKEHHST, @ TAKOXK MOJIIIIeHHs Hep-
LIEIITYBHOTO BifHOB/IEHHs. BIUINB Ha IPOAYKTUBHICTD TA 3alla/ICHHs 3a/IMIIAETHCS He3 ICOBAHNUM, IO MIAKPeC/Ioe HeoOXifHICTD
cTaHfapTusalii npotoxkony. 3XB 3amuuIaeTbcsa MPakKTUYHUM iHCTPYMEHTOM [JI CIIOPTCMEHIB, 30KpeMa IIpY BIMCOKMX HaBaHTa-
JKEHHsIX 260 HaIpy)xeHoMy rpadiky, ofHaK 3aCTOCYBaHH L€l MeTOAMKY Ma€ OyTH iHAMBIyaTi30BaHO.

Kiro4oBi cnoBa: 3aHypeHHs y XOTIOAHY BOAY, CHOPTVBHE BiTHOB/IEHHs, M 130BUiT Oi/1b, paHIOMI30BaHi KOHTPO/IBOBAHI f10-
CITiKEHHsI, TTOIIKOKEHH M 5131B, clipianHeHe (GisnaHIMI HaBaHTOKEHHIMIL.

Information about the authors:

Patel, Sachin: schn.patel.sachin@gmail.com; https://orcid.org/0009-0002-9340-2529; Indira Gandhi Institute of Physical
Education and Sports Sciences (IGIPESS), University of Delhi, B-Block, Vikaspuri, New Delhi - 110018, India.

1481



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 6

Shukla, Anshuman: sanshuman151@gmail.com; https://orcid.org/0000-0002-5781-5687; Indira Gandhi Institute of Physical
Education and Sports Sciences (IGIPESS), University of Delhi, B-Block, Vikaspuri, New Delhi - 110018, India.

Sharma, Renu: RSraviparashar@pnu.edu.sa; https://orcid.org/0000-0003-2378-7056; Princess Nourah Bint Abdulrahman
University, King Khalid International Airport Road, Riyadh 11564, Saudi Arabia.

Chabhal, Archana: achahal@allduniv.ac.in; https://orcid.org/0009-0003-0147-4582; Department of Physical Education, University
of Allahabad, Senate House Campus, University Road, Prayagraj — 211002, Uttar Pradesh, India.

Das, Rajdeep: rjdpdas94@gmail.com; https://orcid.org/0000-0001-7837-3702; Department of Exercise Physiology, Lakshmibai
National Institute of Physical Education, Shakti Nagar, Racecourse Road, Gwalior — 474002, Madhya Pradesh, India.

Cite this article as: Patel, S., Shukla, A., Sharma, R., Chahal, A., & Das, R. (2025). Cold-Water Immersion and Athletic Recovery:
A Systematic Review of Randomized Controlled Trials (2000-2024). Physical Education Theory and Methodology, 25(6), 1471-
1482. https://doi.org/10.17309/tmfv.2025.6.17

Received: 11.10.2025. Accepted: 04.11.2025. Published: 30.11.2025

This work is licensed under a Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0)

1482



