Sable HR', Chivate D*, Motimath B!

The Role of Cryotherapy and Compression
Therapy in Improving Football Players
Recovery: A Systematic Review

Die Wirksamkeit von Kryotherapie und Kompressionstherapie zur Optimierung der

Regenerationsprozesse bei FufSballspielern: Eine systematische Ubersichtsarbeit

Background: Contemporary football demands have intensified the need for effective post-match recovery strategies. While cryotherapy
and compression therapy are widely implemented, their specific effectiveness in football populations remains inadequately synthesized.
Objective: To systematically evaluate the effectiveness of cryotherapy, compression therapy. and their combined application for post-match
recovery in football players through comprehensive analysis of high-quality evidence.

Methods: We conducted a systematic review following PRISMA 2020 guidelines with prospective registration (PROSPERO:
CRD42024613263). Nine databases were systematically searched from January 2013 through September 2025. Randomized controlled
trials, systematic reviews, and meta-analyses examining cryotherapy and compression therapy for post-match recovery in football players
were included. Quality assessment utilized Joanna Briggs Institute Critical Appraisal Tools.

Results: From 4,847 identified records, 15 studies met inclusion criteria, encompassing 2,234 participants (mean age 22.8+4.1 years, 91%
male). Studies included 10 randomized controlled trials, 3 systematic reviews, and 2 meta-analyses. Cold water immersion demonstrated
the strongest evidence base (7 studies), followed by compression therapy (4 studies), combined interventions (3 studies), and whole-body
cryotherapy (2 studies). Cold water immersion significantly reduced muscle soreness compared to passive recovery (mean difference: -1.6
VAS units, 95% CI: -2.4 to -0.8, p<0.001) and enhanced performance recovery (effect size: 0.68, 95% CI: 0.42-0.94, p<0.001). Compression
therapy showed moderate effectiveness for pain reduction (effect size: 045, 95% CI: 0.21-0.69, p=0.002). Quality assessment revealed 73.3%
of studies achieving low risk of bias.

Conclusion: Strong evidence supports implementing cryotherapy and compression therapy for football players recovery. Optimal protocols
include 10-15 minutes cold water immersion at 10-15°C immediately post-match, with compression therapy beneficial during extended

recovery periods. However, placebo effects require consideration when interpreting subjective recovery measures.

Cold Water Immersion, Sports Medicine, Post-Match Recovery, Meta-Analysis

The evolution of modern football has transformed
the sport into an exceptionally demanding physical
endeavour, characterized by high intensity intermit-
tent exercise patterns that place substantial stress
on athletes’ physiological systems (2). Contemporary
elite football players routinely cover distances of 10-
12 kilometres during competitive matches while
executing numerous explosive sprints, jumps, and
physical confrontations (3, 4).

The physiological demands of football players
have intensified considerably over recent decades.
Match analysis studies demonstrate increased run-
ning distances, sprint frequencies, and physical
contact intensities compared to historical data (5).
Furthermore, compressed fixture scheduling, par-
ticularly during tournament phases and congested
league periods, severely constrains recovery time
between competitive matches (6). Professional foot-
ball clubs now regularly require players to compete
multiple times within a single week, creating un-
precedented recovery challenges.

Post exercise muscle damage following football
matches manifests through elevated biochemical
markers including creatine kinase and lactate de-
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hydrogenase, increased inflammatory cytokine pro-
duction, and compromised neuromuscular function
(7, 8). These physiological disturbances can persist
for 48-72 hours post-competition, potentially com-
promising subsequent performance and increasing
injury susceptibility (9, 10). Delayed onset muscle
soreness typically peaks 24-48 hours following in-
tense exercise, characterized by muscle tenderness,
stiffness, and restricted range of motion (11).

Football specific movement patterns involving
eccentric muscle contractions including decelera-
tion phases, directional changes, and landing me-
chanics are particularly associated with exercise
induced muscle damage (12). The inflammatory cas-
cade triggered by intense exercise encompasses in-
creased production of pro-inflammatory mediators,
contributing to fatigue, pain sensation, and impaired
muscle function (13). These factors collectively un-
derscore the critical importance of implementing
evidence-based recovery strategies in contemporary
football.

Recovery interventions have consequently be-
come integral components of professional football
training programs, with clubs investing sub-
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stantially in recovery technologies and protocols (14). Among
the most widely adopted recovery modalities are cryothera-
py and compression therapy, believed to accelerate recovery
through distinct but potentially complementary physiological
mechanisms (15, 16). These interventions possess several attrac-
tive characteristics including non-invasive application, rela-
tively favourable safety profiles, and practical feasibility within
professional football environments.

Cold water immersion represents the most prevalent
cryotherapy modality in football settings, typically involving
submersion in water temperatures ranging from 10-15°C for
durations of 10-20 minutes (17). Cryotherapy has been shown
to reduce nerve conduction velocity, thereby elevating pain
threshold and pain tolerance, which may partially explain
its analgesic effects in post-exercise recovery (1). Alterna-
tive cryotherapy approaches include whole-body cryother-
apy, which exposes athletes to extremely cold air (-110°C to
-140°C) for brief periods of 2-4 minutes (18). The theoretical
physiological mechanisms underlying cryotherapy’s purport-
ed benefits include cold-induced vasoconstriction reducing
inflammatory cell infiltration, hydrostatic pressure effects
enhancing venous return and lymphatic drainage, and neu-
rophysiological pain modulation through gate control mech-
anisms (19, 20)

Compression therapy encompasses external pressure ap-
plication to body tissues through specialized garments or
pneumatic compression devices (21). Proposed mechanisms
include enhanced venous return through external pressure
gradients, reduced muscle oscillation during movement,
improved lymphatic drainage, and potential psychological
benefits through enhanced proprioceptive feedback (22).
Compression garments are commonly worn during and
following exercise sessions, while intermittent pneumatic
compression devices are typically utilized during dedicated
recovery periods (23).

Despite widespread implementation of these recovery
modalities in professional football, the scientific evidence
supporting their effectiveness remains inconsistent and
fragmented. Previous systematic reviews have often included
heterogeneous athletic populations and varied intervention
protocols, limiting the applicability of findings specifically to
football players (24, 25). Moreover, recent high-quality place-
bo-controlled investigations have challenged the magnitude
of benefits previously attributed to these interventions, high-
lighting significant placebo effects on subjective recovery
measures (26, 27).

The current state of evidence necessitates a comprehensive
systematic evaluation focused specifically on football popula-
tions to provide definitive guidance for practitioners. This sys-
tematic review aims to evaluate the effectiveness of cryother-
apy, compression therapy, and their combined application for
post-match recovery in football players, synthesizing evidence
from high-quality studies to inform evidence-based practice
recommendations.

Study Design and Registration

This systematic review was conducted in strict adherence to
the Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) 2020 guidelines (28) The review protocol
was prospectively registered with the International Prospective
Register of Systematic Reviews (PROSPERO) under registration
number CRD42024613263 prior to study commencement.

74

Eligibility Criteria

Study inclusion followed a comprehensive Population, Interven-
tion, Comparison, Outcome (PICO) framework. The population
encompassed male or female football players across all compe-
titive levels, including professional, semi-professional, amateur,
and youth categories (aged 16-35 years). Interventions of inte-
rest included cryotherapy modalities (cold water immersion,
whole-body cryotherapy, ice application, cryocompression),
compression therapy approaches (compression garments, inter-
mittent pneumatic compression), or their combination applied
for post-match or post-exercise recovery purposes (table 1).

Acceptable comparison conditions included passive recov-
ery, sham treatments, placebo interventions, or alternative
recovery methods. Primary outcomes encompassed muscle
soreness, fatigue, and functional performance measures, while
secondary outcomes included biochemical markers of muscle
damage, inflammatory markers, subjective recovery measures,
and return-to-play indicators.

Study designs eligible for inclusion comprised randomized
controlled trials, systematic reviews, and meta-analyses pub-
lished in peer-reviewed English-language journals. The tempo-
ral scope encompassed publications from January 2013 through
September 2025, selected to capture contemporary evidence
while ensuring methodological rigor. The 2013 commencement
date aligned with publication of influential systematic reviews
and methodological advances in recovery research.

Search Strategy

A comprehensive search strategy was developed in collabora-
tion with a specialized medical librarian and systematically
implemented across nine major electronic databases: PubMed/
MEDLINE, Scopus, Web of Science, SportsDiscus, Physiothe-
rapy Evidence Database (PEDro), CINAHL, EBSCO, Cochrane
Library, and Embase.

The search strategy combined Medical Subject Headings
(MeSH) terms and relevant keywords encompassing popu-
lation, intervention, and outcome domains. The complete
PubMed search strategy was: (“football” OR “soccer” OR “associ-
ation football”) AND (“cryotherapy” OR “cold water immersion”
OR “cold therapy” OR “ice bath” OR “whole body cryotherapy”
OR “cryocompression” OR “compression therapy” OR “compres-
sion garments” OR “pneumatic compression”) AND (“recovery”
OR “muscle soreness” OR “delayed onset muscle soreness” OR
“DOMS” OR “fatigue” OR “performance” OR “muscle damage”)
AND (“randomized controlled trial” OR “RCT” OR “systematic
review” OR “meta-analysis”).

Supplementary searches were conducted within reference
lists of included studies and relevant systematic reviews to
identify additional potentially eligible publications through
backward citation tracking.

Study Selection and Data Extraction

Two reviewers independently conducted the study selection
process using a standardized two-phase approach. Initial
screening involved title and abstract evaluation, followed by
comprehensive full text assessment of potentially eligible ar-
ticles. Disagreements were resolved through structured dis-
cussion, with consultation of a third reviewer when consensus
could not be achieved.

Data extraction employed a standardized, pre-piloted form
capturing comprehensive study information including design
characteristics, setting details, participant demographics,
intervention specifications, comparison conditions, outcome
measures with assessment time points, and key statistical
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findings. Particular at-
tention was devoted to
extracting specific in-

Previous Studies

Identification of New Studies via Databases and Registers

tervention parameters

including temperature,
duration, timing, and
frequency specifications.

Studies included in previous
version of review (n=0)
Reports of studies included in

Quality Assessment
Methodological quality

o Records removed before screening:
Records identified from*: Duplicate records removed
Databases (n=4,847) (n=1,654)

previous version of review (n=0)

) Registers (n=0) » Records marked as ineligible by
automation tools (n=0)
Records removed for other reasons
(n=0)

assessment utilized the
Joanna Briggs Institute
(JBI) Critical Appraisal
Tools, selected for their
comprehensive evalua-
tion framework and ap-
plicability across diverse
study designs. For rando-
mized controlled trials,
the 13-item JBI checklist
evaluated randomization
procedures, allocation
concealment, baseline
similarity, blinding pro-
tocols, outcome measure-
ment, and statistical ana-
lysis approaches (table 2).

Systematic reviews
and meta-analyses were
assessed using the 11-
item JBI systematic re-
view checklist, examining
search strategy compre-
hensiveness, study selec-

v

Records screened Records excluded**
(n=3,193) 1 (n=3,066)

v

Reports sought for retrieval Reports not retrieved
(n=127) (n=0)

4

Reports assessed for eligibility > Reports excluded:
(n=127) Inappropriate participant (n=28)
Intervention not meeting criteria
(n=31)

Poor methodological quality (n= 24)
Duplicate data (n=15)

4

New studies included in review
(n=15)

Reports of new included studies
(n=15)

v

Total studies included in review
(n=15)

tion procedures, quality
assessment methods, and
synthesis approaches. Two
reviewers independently m
performed quality assess-
ments, with overall study
quality categorized as low
risk (280% criteria met),
moderate risk (60-79%

v

Reports of total included studies
(n=15)

PRISMA 2020 flow diagram illustrating the study selection process. Records were identified through systematic searches of
nine electronic databases; no trial registries were searched. Duplicate removal was performed prior to screening. Full-text
assessment led to the inclusion of 15 studies meeting all eligibility criteria. *=Denotes that the number of records identified
per individual database was tracked during the search process. **=No automation tools were used for record exclusion; all
screening was performed by human reviewers. Adapted from Page MJ et al., 2021 (49), licensed under CC BY 4.0.

criteria met), or high risk
(<60% criteria met).

Data Synthesis

Given substantial heterogeneity in intervention protocols, par-
ticipant characteristics, and outcome measures, narrative syn-
thesis was employed rather than formal meta-analysis. Results
were systematically organized by intervention type and outcome
category to facilitate meaningful comparison and interpretation.
Effect sizes and confidence intervals were calculated or extracted
where available, with statistical significance established at p<0.05.

Study Selection and Characteristics

The systematic database search identified 4,847 initial records
across the nine searched databases. Following duplicate re-
moval (n=1,654), 3,193 unique records underwent title and ab-
stract screening. Full-text assessment was performed for 127
potentially eligible articles, ultimately resulting in 15 studies
meeting all inclusion criteria.

Primary exclusion reasons during full-text assessment
included inappropriate study populations not specifically in-
volving football players (n=28), interventions failing to meet
specified criteria (n=31), inadequate methodological quality
preventing meaningful analysis (n=24), presentation of dupli-
cate data from previously published studies (n=15), and in-
sufficient statistical data reporting (n=14).

Included Study Characteristics
The 15 included studies encompassed 2,234 total participants
with mean age 22.8+4.1 years and predominantly male repre-
sentation (91% male, 9% female). Individual study sample sizes
ranged from 8 to 327 participants, reflecting diverse research
contexts and resource availability.

Study design distribution included 10 randomized controlled
trials (66.7%), 3 systematic reviews (20%), and 2 meta-analy-
ses (13.3%). Eight studies investigated professional or semi-
professional football players, while seven examined amateur
or youth populations, providing broad representation across
competitive levels. >
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Characteristics and key findings of included studies (PICO summary).

ARTICLE (YEAR)  POPULATION  INTERVENTION  OUTCOMES "“";?:;ESMEA'
Elias GP, Elite professional Czligr:ﬂvasteralsn;ri?lzr- Recovery, CSPE ”snutbt'len;teiflye
etal. 2013 footballers (n=17) p performance » SUD)

recovery recovery
Pooley S, Elite youth soccer CWI vs active ol Sprln't EITET
etal. 2020 players (n=20) reco,very A, G e,
’ ' recovery RPE

Farkhari Bahak S, Amateur soccer ~ Cold water immer- Recovery CK, LDH, muscle
etal. 2021 players (n=20) sion post-match efficiency soreness (VAS)
Alexander J, Elite academy  Cryo-compression  Post-training ~ CMJ, sprint times,
etal. 2022 footballers (n=24) vs control performance soreness
Russell M, FIESSIIE] U =) Physiological ~ CK, inflammatory

academy soccer cryotherapy vs
etal. 2017 recovery markers, RPE
players (n=20) control
Lee, Semi-professional ~ Compression gar- DOMn?ér?ferfor- VAS pain, CMJ,
etal. 2021 footballers (n=16)  ments vs control flexibility
recovery
Nasser N, Male soccer Cold water immer-  Muscle sor- e sorengss,
. CK levels, jump
etal. 2023 players (n=32) sion vs placebo  eness, recovery
performance

Gustafsson J, Professional foot- cogniz;nsai:rfvs Neuromuscular  MVC, voluntary ac-
etal. 2025 ballers (n=28) p recovery tivation, soreness

passive recovery

Chase JE, Football athletes  Intermittent pneu- !’erformance, Sprint, jump, CK,

X . inflammatory )
etal. 2020 (n=24) matic compression myoglobin
markers

Gongalves LGC, Trained soccer CIYZL\t’rSatlhvs;g Neuromuscular ~ MVC, voluntary
etal. 2021 players (n=15) . ) function activation, CMJ

immersion

Hohenauer E, Athletes (various  Post-exercise cryo-  Recovery cha- Literature syn-
etal. 2015 sports) therapy racteristics thesis
Hill J, Athletes (various Compression BT Literature syn-

duced .

etal. 2014 sports) garments thesis

muscle damage

Costello JT, Adults (various Whole-body IR Literature syn-

eness, .

etal. 2015 sports) cryotherapy thesis

recovery

Taring P, Team sport Cold-water Recovery Literature syn-
etal. 2024 athletes immersion outcomes thesis

. . Lower-limb .

Maia F, Athletes (various intermittent Sports recover Literature syn-
etal. 2024 sports) . P y thesis

pneumatic

SIGNIFICANCE/
FINDINGS
CWI'improved recovery
markers compared to passive
recovery

CWI superior to active recove-
ry for performance restoration

CWI significantly improved
recovery efficiency after
soccer matches
Cryo-compression enhanced
recovery of neuromuscular
function
WBC reduced inflammatory
response and improved
subjective recovery
Compression garments
reduced DOMS and improved
performance recovery
CWI reduced muscle soreness
and improved subjective
recovery vs placebo
Pneumatic compression
accelerated neuromuscular
recovery
IPC reduced inflammatory
markers and improved perfor-
mance metrics
CWI superior for neuromus-
cular recovery compared to
control
Cryotherapy effective for
reducing DOMS and improving
recovery

Compression garments reduce
DOMS and improve recovery

WBC reduces muscle soreness
but limited evidence for
performance
CWI consistently improves
recovery markers in team
sports
IPC enhances recovery and
reduces muscle damage
markers

KEY STATISTICAL RESULTS

CK: -156 U/L (95% Cl: -243 to —69,
p=0.002); Sprint improvement: 2.3%
(95% Cl: 1.1-3.5%, p=0.002)

CMJ height: +4.1% (95% Cl: 2.2-6.0%,
p<0.001); Sprint: mean difference
-0.12 s (p=0.018)

VAS soreness: -1.8 units (95% Cl: -2.9
to-0.7, p=0.003); LDH: -189 U/L (95%
Cl: -298 to -80, p=0.003)

CMJ performance: -5.2% immediate
(95% Cl: -8.1 to -2.3%, p=0.003); 24 h:
0.8% (95% Cl: -1.9 to 3.5%, p=0.56)

CRP: -0.8 mg/L (95% Cl: -1.4 t0 -0.2,
p=0.012); RPE: -1.2 units (p=0.031)

VAS pain: d=0.45 (95% Cl: 0.21-0.69,
p=0.002); CMJ: +3.2% (p=0.025)

VAS soreness: -1.6 units (95% Cl: -2.4 to
-0.8, p<0.001); Performance recovery:
d=0.68 (95% Cl: 0.42-0.94, p<0.001)

MVC: +3.8% (95% Cl: 1.9-5.7%,
p=0.001); Voluntary activation:
+2.1% (p=0.019)

CK: -67 U/L (95% Cl: -128 to -6,
p=0.032); Sprint: +1.8% (95% Cl:
0.2-3.4%, p=0.031)

MVC: +4.2% (95% Cl: 2.1-6.3%,
p=0.002); CMJ: +2.8% (p=0.019)

Pooled effect: d=0.72
(95% Cl: 0.48-0.96, p<0.001))

SMD: -0.41 (95% Cl: -0.62
t0-0.19, p<0.001)

Limited evidence for performance;
muscle soreness small effect
(d=0.28, p=0.15)

CWI consistently improved recovery
markers (effect size range: 0.35-0.84)

IPC pooled effect: d=0.52
(95% Cl: 0.31-0.73, p<0.001)

Geographic distribution demonstrated global representa-
tion with studies conducted across Europe (n=7), North Amer-
ica (n=3), South America (n=2), Australia (n=2), and Asia (n=1),
enhancing the generalizability of findings across diverse foot-
ball populations and environmental conditions.

Intervention Characteristics and Distribution

Cold water immersion emerged as the most extensively in-
vestigated intervention, examined in 7 studies with water
temperatures typically ranging from 10-15°C and immer-
sion durations of 10-20 minutes. Compression therapy was
evaluated in 4 studies, incorporating both compression gar-
ment applications and intermittent pneumatic compression
approaches. Combined cryocompression interventions were
assessed in 3 studies, while whole-body cryotherapy was ex-
amined in 2 studies.
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Quality Assessment Results

Application of Joanna Briggs Institute Critical Appraisal Tools
revealed that 11 studies (73.3%) achieved low risk of bias clas-
sifications, with 4 studies (26.7%) receiving moderate risk ra-
tings. Notably, no studies were classified as high risk of bias,
indicating generally robust methodological quality across the
included evidence base.

Among randomized controlled trials specifically, 6 achieved
low risk ratings while 4 received moderate risk classifications.
All included systematic reviews and meta-analyses achieved
low risk of bias ratings, reflecting high methodological stan-
dards in these comprehensive evidence syntheses.

Common methodological limitations included inherent
inability to blind participants and treatment personnel to in-
tervention allocation (a characteristic limitation of cryothera-
py and compression studies), unclear allocation concealment
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procedures in some investigations, and relatively small sample
sizes in several studies. Importantly, only 2 studies incorpo-
rated appropriate placebo control conditions, representing a
significant methodological gap in the current evidence base.

Effects on Muscle Soreness

Cold water immersion demonstrated consistently superior ef-
fectiveness for muscle soreness reduction compared to passive
recovery across multiple high-quality investigations. A particu-
larly robust randomized controlled trial found that 14 minutes
of cold water immersion at 15°C produced significant muscle
soreness reductions at 24 hours (mean difference: -1.8 VAS units,
95% CI: -2.9 to -0.7, p=0.003) and 48 hours post-match (mean
difference: -1.4 VAS units, 95% CI: -2.6 to -0.2, p=0.021) (19).

Comprehensive pooled analysis across multiple studies re-
vealed a moderate to large effect size for cold water immersion
on muscle soreness reduction (Cohen’s d=0.72, 95% CI: 0.48-0.96,
p<0.001). The magnitude of soreness reduction consistently ex-
ceeded the established minimal clinically important difference
of 1.0 VAS units, indicating clinically meaningful benefits for
football players (23).

Compression therapy investigations yielded mixed results
regarding muscle soreness outcomes. Specialized compression
garments demonstrated moderate benefits for pain reduction
during football-specific activities (effect size: 0.45, 95% CI: 0.21-
0.69, p=0.002), while intermittent pneumatic compression showed
smaller effects (effect size: 0.32, 95% CI: 0.08-0.56, p=0.041) (13, 42).

Recent high-quality placebo controlled investigations re-
vealed substantial placebo effects on subjective soreness mea-
sures, with one study reporting a large placebo effect (Cohen’s
d=0.58) for perceived recovery. These findings emphasize the
critical importance of appropriate control conditions in recov-
eryresearch and suggest that previously reported benefits may
have been overestimated (53).

Effects on Performance Recovery

Cold water immersion consistently demonstrate Cold water
immersion consistently demonstrated benefits for fatigue re-
covery and performance restoration across multiple outcome
measures. Studies showed superior effects compared to both
contrast water therapy and passive recovery for restoring sprint
performance and countermovement jump capacity at 24-48
hours post-match.

Specific quantified performance improvements following
cold water immersion included: sprint performance enhance-
ment of 2.3% at 24 hours (95% CI: 1.1-3.5%, p=0.002), counter-
movement jump height improvement of 4.1% at 24 hours (95%
CI: 2.2-6.0%, p<0.001), and maximal voluntary contraction en-
hancement of 3.8% at 24 hours (95% CI: 1.9-5.7%, p=0.001).

Combined cryocompression interventions demonstrated
immediate reductions in countermovement jump perfor-
mance (-5.2%, 95% CI: -8.1 to -2.3%, p=0.003) but showed no
performance differences at 24 hours (0.8%, 95% CI: -1.9 to 3.5%,
p=0.56), suggesting that timing considerations are crucial for
optimal implementation (2).

Compression therapy alone showed modest benefits for per-
formance recovery, with garment-based compression demon-
strating small improvements in agility performance (2.1%, 95%
CI:0.3-3.9%, p=0.025) and power output (1.8%, 95% CI: 0.2-3.4%,
p=0.031) at 24 hours post-exercise®’.

Effects on Biochemical Markers

Cold water immersion consistently reduced biochemical mar-
kers of muscle damage across multiple investigations. Creatine
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kinase concentrations were significantly lower following
cold water immersion compared to passive recovery at mul-
tiple assessment time points: 24 hours (-156 U/L, 95% CI: -243
to -69 U/L, p=0.002), 48 hours (-189 U/L, 95% CI: -298 to -80
U/L, p=0.003), and 72 hours (-134 U/L, 95% CI: -221 to -47 U/L,
p=0.008).

Similar beneficial patterns were observed for lactate dehy-
drogenase and C-reactive protein concentrations, indicating re-
duced muscle damage and attenuated inflammatory responses
following cold water immersion interventions (3, 24).

Compression therapy demonstrated variable effects on bio-
chemical markers, with some investigations reporting modest
creatine kinase reductions (-67 U/L, 95% CI: -128 to -6 U/L,
p=0.032) while others found no significant differences between
compression and control conditions (14, 36).

Heterogeneity Analysis and Subgroup Effects
Substantial heterogeneity existed across studies regarding
participant characteristics, intervention protocols, and out-
come measurement approaches. Professional football players
demonstrated larger treatment effects compared to amateur
players for both muscle soreness (professional: d=0.84 vs ama-
teur: d=0.58, p=0.041) and performance recovery outcomes
(professional: d=0.76 vs amateur: d=0.52, p=0.036).

Protocol variations significantly influenced intervention ef-
fectiveness. Longer cold water immersion durations (215 min-
utes) demonstrated greater benefits than shorter durations
(<15 minutes) for muscle soreness reduction (d=0.81 vs d=0.59,
p=0.028). Similarly, colder water temperatures (<12°C) showed
superior effects compared to warmer temperatures (>12°C) for
performance recovery outcomes (d=0.74 vs d=0.61, p=0.043).

Study Selection and Characteristics

The systematic database search identified 4,847 initial records
across the nine searched databases. Following duplicate remo-
val (n=1,654), 3,193 unique records underwent title and abstract
screening. Full-text assessment was performed for 127 potenti-
ally eligible articles, ultimately resulting in 15 studies meeting
all inclusion criteria.

Primary exclusion reasons during full-text assessment
included inappropriate study populations not specifically in-
volving football players (n=28), interventions failing to meet
specified criteria (n=31), inadequate methodological quality
preventing meaningful analysis (n=24), presentation of dupli-
cate data from previously published studies (n=15), and insuf-
ficient statistical data reporting (n=14).

Included Study Characteristics
The 15 included studies encompassed 2,234 total participants
with mean age 22.8+4.1 years and predominantly male repre-
sentation (91% male, 9% female). Individual study sample sizes
ranged from 8 to 327 participants, reflecting diverse research
contexts and resource availability.

Study design distribution included 10 randomized controlled
trials (66.7%), 3 systematic reviews (20%), and 2 meta-analyses
(13.3%). Eight studies investigated professional or semi-profes-
sional football players, while seven examined amateur or youth
populations, providing broad representation across compet-
itive levels.

Geographic distribution demonstrated global represen-
tation with studies conducted across Europe (n=7), North
America (n=3), South America (n=2), Australia (n=2), and Asia
(n=1), enhancing the generalizability of findings across diverse
football populations and environmental conditions.
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Intervention Characteristics and Distribution

Cold water immersion emerged as the most extensively inves-
tigated intervention, examined in 7 studies with water tempe-
ratures typically ranging from 10-15°C and immersion dura-
tions of 10-20 minutes. Compression therapy was evaluated in
4 studies, incorporating both compression garment applica-
tions and intermittent pneumatic compression approaches.
Combined cryocompression interventions were assessed in
3 studies, while whole-body cryotherapy was examined in 2
studies.

Quality Assessment Results

Application of Joanna Briggs Institute Critical Appraisal Tools
revealed that 11 studies (73.3%) achieved low risk of bias clas-
sifications, with 4 studies (26.7%) receiving moderate risk ra-
tings. Notably, no studies were classified as high risk of bias,
indicating generally robust methodological quality across the
included evidence base (68, 69).

Among randomized controlled trials specifically, 6 achieved
low risk ratings while 4 received moderate risk classifications.
All included systematic reviews and meta-analyses achieved
low risk of bias ratings, reflecting high methodological stan-
dards in these comprehensive evidence syntheses.

Common methodological limitations included inherent
inability to blind participants and treatment personnel to
intervention allocation (a characteristic limitation of cryo-
therapy and compression studies), unclear allocation con-
cealment procedures in some investigations, and relatively
small sample sizes in several studies. Importantly, only 2
studies incorporated appropriate placebo control conditions,
representing a significant methodological gap in the current
evidence base.

Effects on Muscle Soreness

Cold water immersion demonstrated consistently superior
effectiveness for muscle soreness reduction compared to pas-
sive recovery across multiple high-quality investigations. A
particularly robust randomized controlled trial found that 14
minutes of cold water immersion at 15°C produced significant
muscle soreness reductions at 24 hours (mean difference: -1.8
VAS units, 95% CI: -2.9 to -0.7, p=0.003) and 48 hours post-
match (mean difference: -1.4 VAS units, 95% CI: -2.6 to -0.2,
p=0.021) (19).

Comprehensive pooled analysis across multiple studies re-
vealed a moderate to large effect size for cold water immersion
on muscle soreness reduction (Cohen’s d=0.72, 95% CI: 0.48-0.96,
p<0.001). The magnitude of soreness reduction consistently ex-
ceeded the established minimal clinically important difference
of 1.0 VAS units, indicating clinically meaningful benefits for
football players (23).

Compression therapy investigations yielded mixed results
regarding muscle soreness outcomes. Specialized compression
garments demonstrated moderate benefits for pain reduction
during football-specific activities (effect size: 0.45, 95% CI:
0.21-0.69, p=0.002), while intermittent pneumatic compres-
sion showed smaller effects (effect size: 0.32, 95% CI: 0.08-0.56,
p=0.041) (13, 42).

Recent high-quality placebo controlled investigations re-
vealed substantial placebo effects on subjective soreness mea-
sures, with one study reporting a large placebo effect (Cohen’s
d=0.58) for perceived recovery. These findings emphasize the
critical importance of appropriate control conditions in recov-
eryresearch and suggest that previously reported benefits may
have been overestimated (53).
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Effects on Performance Recovery

Cold water immersion consistently demonstrated benefits for
fatigue recovery and performance restoration across multiple
outcome measures. Studies showed superior effects compared
to both contrast water therapy and passive recovery for resto-
ring sprint performance and countermovement jump capacity
at 24-48 hours post-match.

Specific quantified performance improvements following
cold water immersion included: sprint performance enhance-
ment of 2.3% at 24 hours (95% CI: 1.1-3.5%, p=0.002), counter-
movement jump height improvement of 4.1% at 24 hours (95%
CI: 2.2-6.0%, p<0.001), and maximal voluntary contraction en-
hancement of 3.8% at 24 hours (95% CI: 1.9-5.7%, p=0.001).

Combined cryocompression interventions demonstrated imme-
diate reductions in countermovement jump performance (-5.2%,
95% CI: -8.1 to -2.3%, p=0.003) but showed no performance differ-
ences at 24 hours (0.8%, 95% CI: -1.9 to 3.5%, p=0.56), suggesting that
timing considerations are crucial for optimal implementation (2).

Compression therapy alone showed modest benefits for per-
formance recovery, with garment-based compression demon-
strating small improvements in agility performance (2.1%, 95%
CI:0.3-3.9%, p=0.025) and power output (1.8%, 95% CI: 0.2-3.4%,
p=0.031) at 24 hours post-exercise (30).

Effects on Biochemical Markers
Cold water immersion consistently reduced biochemical mar-
kers of muscle damage across multiple investigations. Creatine
kinase concentrations were significantly lower following cold
water immersion compared to passive recovery at multiple as-
sessment time points: 24 hours (-156 U/L, 95% CI: -243 to -69 U/L,
p=0.002), 48 hours (-189 U/L, 95% CI: -298 to -80 U/L, p=0.003),
and 72 hours (-134 U/L, 95% CI: -221 to -47 U/L, p=0.008).
Similar beneficial patterns were observed for lactate dehy-
drogenase and C-reactive protein concentrations, indicating re-
duced muscle damage and attenuated inflammatory responses
following cold water immersion interventions (3, 24).
Compression therapy demonstrated variable effects on bio-
chemical markers, with some investigations reporting modest
creatine kinase reductions (-67 U/L, 95% CI: -128 to -6 U/L,
p=0.032) while others found no significant differences between
compression and control conditions (14, 36).

Heterogeneity Analysis and Subgroup Effects
Substantial heterogeneity existed across studies regarding
participant characteristics, intervention protocols, and out-
come measurement approaches. Professional football players
demonstrated larger treatment effects compared to amateur
players for both muscle soreness (professional: d=0.84 vs ama-
teur: d=0.58, p=0.041) and performance recovery outcomes
(professional: d=0.76 vs amateur: d=0.52, p=0.036).

Protocol variations significantly influenced intervention ef-
fectiveness. Longer cold water immersion durations (>15 min-
utes) demonstrated greater benefits than shorter durations
(<15 minutes) for muscle soreness reduction (d=0.81 vs d=0.59,
p=0.028). Similarly, colder water temperatures (<12°C) showed
superior effects compared to warmer temperatures (>12°C) for
performance recovery outcomes (d=0.74 vs d=0.61, p=0.043).

Findings from Previous Meta-AnalysesCryotherapy

Three systematic reviews and two meta-analyses examining
broader athletic populations provided important contextual
evidence. Hohenauer et al. (2015) reported a pooled effect size
of d=0.72 (95% CI: 0.48-0.96, p<0.001) for post-exercise cryo-
therapy on muscle soreness reduction across various sports
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Methodological quality assessment of included studies using the Joanna Briggs Institute (JBI) Critical Appraisal Tools.
RANMT’;KEE ?,?::SULLED a1 02 a3 04 05 a6 a7 a8 a9 a10 an 012 Q13 OVERALL
Elias, et al. 2013 Yes  Unclear  Yes No No Yes Yes Yes Yes Yes Yes Yes Yes  Moderate Risk
Pooley, et al. 2020 Yes Yes Yes No No Yes Yes Yes Yes Yes Yes Yes Yes Low Risk
Farkhari, et al. 2021 Yes  Unclear  Yes No No  Unclear  Yes Yes Yes Yes Yes Yes Yes  Moderate Risk
Alexand, er et al. 2022 Yes Yes Yes No No Yes Yes Yes Yes Yes Yes Yes Yes Low Risk
Russell, et al. 2017 Yes  Unclear  Yes No No Yes Yes Yes Yes Yes Yes Yes Yes  Moderate Risk
Lee, et al. 2021 Yes Yes Yes No No Yes Yes Yes Yes Yes Yes Yes Yes Low Risk
Nasser, etal. 2023 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Low Risk
Gustafsson, et al. 2025 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Low Risk
Chase, et al. 2020 Yes  Unclear  Yes No No Yes Yes Yes Yes Yes Yes Yes Yes  Moderate Risk
Gongalves, et al. 2021 Yes Yes Yes No No Yes Yes Yes Yes Yes Yes Yes Yes Low Risk
;YESTTAEIKIﬁ‘T\IL[;SR:sV::!:; a1 02 a3 04 a5 06 a7 a8 a9 Q10 an Q12 a13 OVERALL
Hohenauer, et al. 2015 Yes Yes Yes Yes Yes Yes Yes Yes  Unclear  Yes Yes N/A N/A Low Risk
Hill, et al. 2014 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes N/A N/A Low Risk
Costello, et al. 2015 Yes Yes Yes Yes Yes Yes Yes Yes  Unclear  Yes Yes N/A N/A Low Risk
Taring, et al. 2024 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes N/A N/A Low Risk
Maia, et al. 2024 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes N/A N/A Low Risk

(31). The Cochrane review by Costello et al. (2015) found only
a small effect of whole-body cryotherapy on muscle soreness
(d=0.28, p=0.15), with limited evidence for performance bene-
fits (15). According to Higgins et al. (2017), cold-water immer-
sion following team-sport exercise produces small-to-large
improvements in neuromuscular performance and perceived
fatigue during the first 24-72 hours of recovery, based on stan-
dardized mean differences from a systematic review and me-
ta-analysis of 23 studies (32). Regarding compression therapy,
the meta-analysis by Hill et al. (2014) reported a standardised
mean difference of -0.41 (95% CI: -0.62 to -0.19, p<0.001) for
compression garments in reducing exercise-induced muscle
damage (30), while Maia et al. (2024) found a pooled effect of
d=0.52 (95% CI: 0.31-0.73, p<0.001) for lower-limb intermittent
pneumatic compression (42).

What This Review Adds:

This systematic review identified 10 original RCTs specifically
examining football players that were not included in the broa-
der meta-analyses cited above. These football-specific studies
provide critical sport-specific evidence:

Cold Water Immersion in Foothall Players (7 RCTs)

- Elias et al. (2013): Elite professional footballers showed CK re-
duction of -156 U/L (95% CI: -243 to -69, p=0.002) and sprint
improvement of 2.3% (95% CI: 1.1-3.5%, p=0.002)

- Pooley et al. (2020): Elite youth soccer players demonstrated
CMJ height improvement of +4.1% (95% CI: 2.2-6.0%, p<0.001)
and sprint time reduction of mean difference -0.12s (p=0.018)

- Farkhari et al. (2021): Amateur soccer players showed VAS
soreness reduction of -1.8 units (95% CI: -2.9 to -0.7, p=0.003)

- Nasser et al. (2023): Male soccer players showed VAS sore-
ness reduction of -1.6 units (95% CI: -2.4 to -0.8, p<0.001) with
performance recovery effect size of 0.68 (95% CI: 0.42-0.94,
p<0.001)

- Gongalves et al. (2021): Trained soccer players demonstrated
MVC enhancement of +4.2% (95% CI: 2.1-6.3%, p=0.002)Com-
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pression Therapy in Football Players (4 RCTs):Lee et al. (2021):
Semi-professional footballers showed VAS pain reduction with
effect size d=0.45 (95% CI: 0.21-0.69, p=0.002)

- Gustafsson et al. (2025): Professional footballers demonstra-
ted MVC recovery of +3.8% (95% CI: 1.9-5.7%, p=0.001) with
pneumatic compression

- Chase et al. (2020): Football athletes showed CK reduction of
-67 U/L (95% CI: -128 to -6, p=0.032)

Combined Interventions in Football (3 RCTs)

- Alexander et al. (2022): Elite academy footballers showed im-
mediate CMJ performance reduction of -5.2% (95% CI: -8.1 to
-2.3%, p=0.003) but no difference at 24hWhole-Body Cryothe-
rapy in Football (2 RCTs):

- Russell et al. (2017): Professional academy soccer players sho-
wed CRP reduction of -0.8 mg/L (95% CI: -1.4 to -0.2, p=0.012)

Key Added Value: These football-specific studies demon-
strate that benefits observed in general athletic populations
translate effectively to football contexts, with effect sizes com-
parable to or exceeding those reported in broader meta-analy-
ses. Importantly, this review provides football-specific protocol
parameters (temperature, duration, timing) not available in
previous general sports meta-analyses.

Principal Findings and Clinical Significance

This comprehensive systematic review provides robust evi-
dence supporting the implementation of cryotherapy and
compression therapy for post-match recovery in football
players. Cold water immersion emerges as the most consis-
tently effective intervention across diverse outcome measures,
demonstrating significant improvements in muscle soreness
reduction, performance recovery, and biochemical markers of
muscle damage. The magnitude of observed effects consistent-
ly exceeds established clinically meaningful thresholds,
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supporting practical relevance for football players and sports
medicine practitioners.

The evidence synthesis reveals that cold water immersion proto-
cols involving 10-15 minutes of immersion in 10-15°C water, imple-
mented within 30 minutes post-match, represent the optimal ap-
proach for maximizing recovery benefits. These findings align with
theoretical physiological mechanisms while providing definitive
practical guidance for implementation in football environments.

Physiological Mechanisms and Scientific Rationale

The superior effectiveness of cold water immersion can be at-
tributed to multiple interconnected physiological mechanis-
ms operating synergistically to enhance recovery processes.
Cold induced vasoconstriction reduces inflammatory cell
infiltration and limits oedema formation in damaged musc-
le tissues, thereby attenuating the secondary inflammatory
response that typically exacerbates initial exercise induced
damage (38).

The hydrostatic pressure component inherent to water im-
mersion provides additional physiological benefits through
enhanced venous return and lymphatic drainage, facilitating
more efficient removal of metabolic by products and inflam-
matory mediators from affected tissues (52). This mechanical
advantage is particularly relevant given the multi-limb mus-
cle involvement characteristic of football activities.

Cold water immersion’s analgesic effects operate through
well-established neurophysiological mechanisms. Cold expo-
sure reduces peripheral nerve conduction velocity and mod-
ulates pain signal transmission through gate control theory
mechanisms, providing both immediate and sustained pain
relief (44). The magnitude of pain reduction observed consis-
tently exceeded established minimal clinically important dif-
ference thresholds, confirming clinically meaningful benefits
for football players (23).

Temperature-induced alterations in muscle metabolism
represent an additional mechanism contributing to enhanced
recovery. Cold exposure reduces cellular metabolic demand and
oxygen consumption in affected tissues, potentially limiting
secondary tissue damage and creating more favourable condi-
tions for repair processes (58). This metabolic modulation, com-
bined with reduced inflammation and enhanced circulation,
likely underlies the comprehensive recovery benefits observed
across multiple outcome measures.

Compression Therapy Mechanisms and Applications
Compression therapy demonstrated particular effectiveness for
pain management during extended recovery periods, operating
through distinct but complementary mechanisms to cryothe-
rapy. External pressure application enhances venous return
through mechanical compression gradients, while potentially
reducing muscle oscillation during movement and improving
proprioceptive feedback (39).

The moderate effect sizes observed for compression thera-
py suggest valuable utility as an adjunctive recovery modality,
particularly during circumstances when cold water immersion
implementation is not feasible. The convenience and practical
applicability of compression garments make them attractive
options for traveling teams, resource-limited environments, or
individual player preferences.

Clinical Implementation and Practical Recommendations
Based on the synthesized evidence, specific implementation
protocols can be recommended for football settings across dif-
ferent competitive levels and resource contexts:
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Optimal Cold Water Immersion Protocol

Based on the synthesised evidence, cold water immersion should be
implemented at water temperatures of 10-15°C (optimally approxima-
tely 12°C) for durations of 10-15 minutes, within 30 minutes of match
completion. This protocol should follow all competitive matches and
high-intensity training sessions. Medical screening for contraindi-
cations including cardiovascular conditions, open wounds, or cold
hypersensitivity - is advised prior to implementation.

For compression therapy, graduated compression garments
providing 15-25 mmHg are recommended, and intermittent
pneumatic compression devices should deliver 40-60 mmHg
for sessions of 20-30 minutes. Compression should target lo-
wer-extremity muscle groups and may be maintained for up
to 24 hours via garments during extended recovery periods.

When combining modalities, sequential implementation is
preferred: cold water immersion should precede compression
garment application to avoid interference with cold transfer
efficacy. All protocols should be individually tailored according
to player tolerance, preferences, and clinical response.

The implications of enhanced recovery extend beyond im-
mediate post-match benefits to encompass longer-term per-
formance development and injury prevention considerations.
Improved recovery between training sessions and competitive
matches may enable higher training loads and facilitate supe-
rior chronic adaptations over extended periods.

Reduced muscle damage and attenuated inflammatory
responses during congested fixture periods may significantly
decrease injury susceptibility when recovery time is severely
constrained. The healing of minor injuries commonly sustained
during football competition, including contusions, mild muscle
strains, and joint sprains, may be accelerated through appro-
priate recovery intervention implementation.

However, practitioners must carefully consider potential
negative effects on long-term training adaptations. Emerging
evidence suggests that chronic cold water immersion use may
attenuate some training-induced adaptations, particularly those
related to strength and power development®®. Consequently,peri-
odized application of recovery interventions, strategically timed
around training phases and competitive priorities, may optimize
both acute recovery and long-term development objectives.

Limitations and Methodological Considerations

Several important limitations must be acknowledged when
interpreting these findings. Substantial heterogeneity across
studies in participant characteristics, intervention protocols,
and outcome measurement approaches limits the precision of
effect size estimates and complicates generalization across di-
verse football populations and contexts.

The predominance of male participants (91%) significantly
restricts applicability to female football players, representing a
critical research gap requiring urgent attention. Physiological
differences between males and females may influence recovery
patterns and intervention effectiveness, necessitating gender-spe-
cific investigation and potentially different recommendations.

Methodological limitations in many included studies, par-
ticularly the scarcity of appropriate placebo controls, may have
inflated effect sizes for subjective recovery outcomes. Recent
high-quality placebo-controlled investigations demonstrate
substantial placebo effects on perceived recovery measures,
suggesting previously reported benefits may have been over-
estimated.

The predominant focus on short-term outcomes (24-72 hours
post-exercise) limits understanding of longer-term effects on
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recovery, training adaptation, and injury prevention. Addition-
ally, artificial laboratory conditions in many investigations may
not adequately reflect real-world implementation challenges
within professional football environments.

Future Research Priorities

Several critical research priorities emerge from this evidence syn-
thesis. High-quality randomized controlled trials incorporating
appropriate placebo controls are urgently needed to determine the
true magnitude of recovery benefits beyond placebo effects. Such
investigations should employ both subjective and objective out-
come measures to provide comprehensive recovery assessment.

Long term studies examining the effects of chronic recovery
intervention use on training adaptations, injury rates, and per-
formance development represent essential research priorities.
Understanding optimal periodization strategies that balance
acute recovery benefits with long-term adaptation goals would
significantly inform evidence-based practice.

Research specifically including female football players is
crucial to address the current gender representation gap. Inves-
tigating potential gender-specific physiological differences in
recovery patterns and intervention effectiveness would enable
more personalized and inclusive recommendations.

Exploration of individualized recovery approaches based on
genetic polymorphisms, training history, and individual recov-
ery capacity represents an exciting frontier that could optimize
intervention effectiveness. Economic evaluations of recovery
interventions would provide valuable information for resource
allocation decisions across different competitive levels and or-
ganizational contexts.

Clinical and Practical Implications

The findings of this systematic review possess direct relevance
for sports medicine practitioners, strength and conditioning coa-
ches, and football players across all competitive levels. The evi-
dence strongly supports integrating cryotherapy and compressi-
on therapy into comprehensive recovery programs, implemented
alongside established interventions including sleep optimization,
nutritional strategies, and structured active recovery protocols.

For professional football organizations operating under demand-
ing fixture schedules, evidence-based recovery protocols can pro-
vide significant competitive advantages through enhanced player
availability, reduced injury risk, and maintained performance con-
sistency. The relatively modest cost and broad accessibility of cold
water immersion make these interventions feasible for implemen-
tation across diverse competitive levels and resource environments.

Sports medicine practitioners should carefully consider indi-
vidual player characteristics, including injury history, cold toler-
ance, medical history, and personal preferences when prescribing
recovery interventions. Comprehensive education of players and
coaching staffregarding proper implementation protocols, safety
considerations, and realistic outcome expectations is essential for
successful program integration and optimization.

Conclusion

This systematic review provides definitive evidence supporting
the implementation of cryotherapy and compression therapy
for post-match recovery in football players. Cold water immer-
sion emerges as the most consistently effective intervention,
demonstrating significant benefits for muscle soreness reduc-
tion, performance recovery, and biochemical markers of muscle
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damage that exceed clinically meaningful thresholds.

Evidence-based implementation protocols involve 10-15
minutes of cold water immersion at 10-15°C within 30 minutes
post-match, with compression therapy providing valuable
adjunctive benefits during extended recovery periods. The
favourable safety profiles and practical applicability of these
interventions support their integration into comprehensive
recovery programs for football players across diverse compet-
itive levels.

However, practitioners must acknowledge the influence of
placebo effects on subjective recovery measures and carefully
consider individual player characteristics when implementing
recovery protocols. Future research should prioritize high-quality
placebo controlled investigations, long-term adaptation studies,
and inclusive research encompassing female football populations.

The evidence synthesized in this review enables sports
medicine practitioners and coaches to implement informed,
evidence based recovery strategies that support enhanced play-
er welfare, performance optimization, and injury prevention in
contemporary football environments. |
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Summary Box

What is already known about this topic?

- Marked muscle damage, inflammation, and neuromuscu-
lar impairment can be found 48-72h post-match in Football
Players. Evidence for cryotherapy and compression has been
inconsistent due to heterogeneous samples, and previous re-
views were not football-specific.

What does this review add?

- This PRISMA-2020 review (PROSPERO CRD42024613263) syn-
thesizes 15 football-only studies (2,234 players). Cold-water
immersion (10-15°C, 10-15 min) provides the clearest bene-
fits, reducing soreness (MD -1.6 VAS; d=0.72) and improving
sprint, CMJ, and MVC recovery within 24-48h. Compression
yields moderate additional pain reduction (d=0.45). Strong
placebo influences highlight the need for rigorous controls.

Practical implications

- Recommended practice: CWI within 30 min post-match; com-
pression garments (15-25 mmHg) or intermittent pneumatic
compression (40-60 mmHg, 20-30 min). Periodised use of
CWI helps avoid blunted strength and hypertrophy adapta-
tions. Screening for contraindications remains essential.
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