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Introduction

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-

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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› 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: 0.45, 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.
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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.

	 Methods	

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.

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-
tervention parameters 
including temperature, 
duration, timing, and 
frequency specifications.

Quality Assessment
Methodological quality 
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-
tion procedures, quality 
assessment methods, and 
synthesis approaches. Two 
reviewers independently 
performed quality assess-
ments, with overall study 
quality categorized as low 
risk (≥80% criteria met), 
moderate risk (60-79% 
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.

	 Results	

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.

 

Figure 1  
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.
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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.

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 

Characteristics and key findings of included studies (PICO summary).

ARTICLE (YEAR) POPULATION INTERVENTION OUTCOMES
OUTCOME MEA-

SURES
SIGNIFICANCE/ 

FINDINGS
KEY STATISTICAL RESULTS

Elias GP,  
et al. 2013 

Elite professional 
footballers (n=17)

Cold water immer-
sion vs passive 

recovery

Recovery, 
performance 

Sprint times, 
CK, subjective 

recovery

CWI improved recovery 
markers compared to passive 

recovery

CK: -156 U/L (95% CI: -243 to −69, 
p=0.002); Sprint improvement: 2.3% 

(95% CI: 1.1-3.5%, p=0.002)

Pooley S,  
et al. 2020

Elite youth soccer 
players (n=20) 

CWI vs active 
reco,very

Match 
performance, 

recovery

Sprint performan-
ce, jump tests, 

RPE

CWI superior to active recove-
ry for performance restoration

CMJ height: +4.1% (95% CI: 2.2-6.0%, 
p<0.001); Sprint: mean difference 

-0.12 s (p=0.018)

Farkhari Babak S,  
et al. 2021

Amateur soccer 
players (n=20)

Cold water immer-
sion post-match

Recovery 
efficiency

CK, LDH, muscle 
soreness (VAS)

CWI significantly improved 
recovery efficiency after 

soccer matches

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

CI: -298 to -80, p=0.003)

Alexander J,  
et al. 2022

Elite academy 
footballers (n=24)

Cryo-compression 
vs control

Post-training 
performance

CMJ, sprint times, 
soreness

Cryo-compression enhanced 
recovery of neuromuscular 

function

CMJ performance: -5.2% immediate 
(95% CI: -8.1 to -2.3%, p=0.003); 24 h: 

0.8% (95% CI: -1.9 to 3.5%, p=0.56)

Russell M,  
et al. 2017

Professional 
academy soccer 
players (n=20)

Whole-body 
cryotherapy vs 

control

Physiological 
recovery 

CK, inflammatory 
markers, RPE

WBC reduced inflammatory 
response and improved 

subjective recovery

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

Lee,  
et al. 2021

Semi-professional 
footballers (n=16)

Compression gar-
ments vs control

DOMS, perfor-
mance 

recovery

VAS pain, CMJ, 
flexibility

Compression garments 
reduced DOMS and improved 

performance recovery

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

Nasser N,  
et al. 2023

Male soccer 
players (n=32)

Cold water immer-
sion vs placebo

Muscle sor-
eness, recovery

VAS soreness, 
CK levels, jump 

performance

CWI reduced muscle soreness 
and improved subjective 

recovery vs placebo

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

Gustafsson J,  
et al. 2025

Professional foot-
ballers (n=28)

Pneumatic 
compression vs 
passive recovery

Neuromuscular 
recovery

MVC, voluntary ac-
tivation, soreness

Pneumatic compression 
accelerated neuromuscular 

recovery

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

+2.1% (p=0.019)

Chase JE,  
et al. 2020

Football athletes 
(n=24) 

Intermittent pneu-
matic compression

Performance, 
inflammatory 

markers

Sprint, jump, CK, 
myoglobin

IPC reduced inflammatory 
markers and improved perfor-

mance metrics

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

0.2-3.4%, p=0.031)

Gonçalves LGC,  
et al. 2021

Trained soccer 
players (n=15)

CWI vs thermo-
neutral water 

immersion

Neuromuscular 
function

MVC, voluntary 
activation, CMJ

CWI superior for neuromus-
cular recovery compared to 

control

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

Hohenauer E, 
et al. 2015

Athletes (various 
sports)

Post-exercise cryo-
therapy

Recovery cha-
racteristics

Literature syn-
thesis 

Cryotherapy effective for 
reducing DOMS and improving 

recovery

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

Hill J,  
et al. 2014 

Athletes (various
sports)

Compression
garments

Exercise-in-
duced

muscle damage

Literature syn-
thesis 

Compression garments reduce
DOMS and improve recovery

SMD: -0.41 (95% CI: -0.62  
to -0.19, p<0.001)

Costello JT,  
et al. 2015

Adults (various
sports)

Whole-body
cryotherapy

Muscle sor-
eness,

recovery

Literature syn-
thesis 

WBC reduces muscle soreness
but limited evidence for

performance

Limited evidence for performance; 
muscle soreness small effect  

(d=0.28, p=0.15)

Taring P,  
et al. 2024

Team sport
athletes

Cold-water
immersion

Recovery 
outcomes 

Literature syn-
thesis 

CWI consistently improves
recovery markers in team 

sports

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

Maia F,  
et al. 2024 

Athletes (various
sports)

Lower-limb
intermittent
pneumatic

Sports recovery 
Literature syn-

thesis 

IPC enhances recovery and
reduces muscle damage

markers

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

Table 1
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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-
ery research 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-exercise³⁰.

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 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 (≥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).

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-
ery research and suggest that previously reported benefits may 
have been overestimated (53).

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 



Originalia

79GERMAN JOURNAL OF SPORTS MEDICINE  77  3/2026

Kryotherapie und Kompressionstherapie in der Regeneration von Fußballspielern

(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 Football 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)

- �Gonçalves et al. (2021): Trained soccer players demonstrated 
MVC enhancement of +4.2% (95% CI: 2.1-6.3%, p=0.002)Com-

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.

	 Discussion	

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, 

Methodological quality assessment of included studies using the Joanna Briggs Institute (JBI) Critical Appraisal Tools.

RANDOMIZED CONTROLLED 
TRIALS (N=10)

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 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, et al. 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

Gonçalves, et al. 2021 Yes Yes Yes No No Yes Yes Yes Yes Yes Yes Yes Yes Low Risk

SYSTEMATIC REVIEWS/
META-ANALYSES (N=5)

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 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

Table 2
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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:

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 development²⁵. 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 staff regarding 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 

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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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.

Summary Box



Originalia

82 GERMAN JOURNAL OF SPORTS MEDICINE  77  3/2026

Cryotherapy and Compression Therapy in Football Players Recovery

References

(1)	 Algafly AA, George KP. The effect of cryotherapy on nerve 
conduction velocity, pain threshold and pain tolerance. Br J 
Sports Med. 2007; 41: 365-369. doi:10.1136/bjsm.2006.031237

(2)	 Alexander J, Keegan J, Reedy A, Rhodes D. Effects of contemporary 
cryo-compression on post-training performance in elite 
academy footballers. Biol Sport. 2022; 39: 11-17. doi:10.5114/
biolsport.2022.102866

(3)	 Ascensão A, Rebelo A, Oliveira E, et al. Biochemical impact of a 
soccer match – analysis of oxidative stress and muscle damage 
markers throughout recovery. Clin Biochem. 2008; 41: 841-851. 
doi:10.1016/j.clinbiochem.2008.04.008

(4)	 Banfi G, Melegati G, Barassi A, et al. Effects of whole-body 
cryotherapy on serum mediators of inflammation and serum 
muscle enzymes in athletes. J Therm Biol. 2009; 34: 55-59. 
doi:10.1016/j.jtherbio.2008.10.003

(5)	 Bangsbo J, Mohr M, Krustrup P. Physical and metabolic demands of 
training and match-play in the elite football player. J Sports Sci. 
2006; 24: 665-674. doi:10.1080/02640410500482529

(6)	 Bleakley C, McDonough S, Gardner E, et al. Cold-water immersion 
(cryotherapy) for preventing and treating muscle soreness after 
exercise. Cochrane Database Syst Rev. 2012: 2012: CD008262. 
doi:10.1002/14651858.CD008262.pub2

(7)	 Brukner P, Connell D. ‚Serious thigh muscle strains‘: beware the 
intramuscular tendon which plays an important role in difficult 
hamstring and quadriceps muscle strains. Br J Sports Med. 2016; 
50: 205-208. doi:10.1136/bjsports-2015-095136

(8)	 Carling C, Le Gall F, Dupont G. Are physical performance and injury 
risk in a professional soccer team in match-play affected by the 
pitch surface? J Sports Sci. 2010; 28: 1303-1310.

(9)	 Carling C, Dupont G. Are declines in physical performance 
associated with a reduction in skill-related performance during 
professional soccer match-play? J Sports Sci. 2011; 29: 63-71.  
doi:10.1080/02640414.2010.521945

(10)	 Castellani JW, Young AJ, Ducharme MB, et al. American College of 
Sports Medicine position stand: prevention of cold injuries 
during exercise. Med Sci Sports Exerc. 2006; 38: 2012-2029. 
doi:10.1249/01.mss.0000241641.75101.64

(11)	 Chesterton LS, Foster NE, Ross L. Skin temperature response 
to cryotherapy. Arch Phys Med Rehabil. 2002; 83: 543-549. 
doi:10.1053/apmr.2002.30926

(12)	 Cheung K, Hume P, Maxwell L. Delayed onset muscle soreness: 
treatment strategies and performance factors. Sports Med. 2003; 
33: 145-164. doi:10.2165/00007256-200333020-00005

(13)	 Chase JE, Peeler JD, Barr MJ, Gardiner PF, Cornish SM. The impact 
of a single bout of intermittent pneumatic compression on 
performance, inflammatory markers, and myoglobin in football 
athletes. J Trainol. 2020; 9: 33-38. doi:10.17338/trainology.9.1_33

(14)	 Cochrane DJ. Effectiveness of using wearable graduated 
compression garments for athletes as a recovery tool. J Strength 
Cond Res. 2017; 31: 2322-2331.

(15)	 Costello JT, Baker PR, Minett GM, et al. Whole-body cryotherapy 
(extreme cold air exposure) for preventing and treating muscle 
soreness after exercise in adults. Cochrane Database Syst Rev. 
2015; 2015: CD010789. doi:10.1002/14651858.CD010789.pub2

(16)	 Dupont G, Nedelec M, McCall A, et al. Effect of 2 soccer matches in a 
week on physical performance and injury rate. Am J Sports Med. 
2010; 38: 1752-1758. doi:10.1177/0363546510361236

(17)	 Duffield R, Marino FE. Effects of pre-cooling procedures on 
intermittent-sprint exercise performance in warm conditions. 
Eur J Appl Physiol. 2007; 100: 727-735. doi:10.1007/s00421-007-
0468-x

(18)	 Ekstrand J, Hagglund M, Walden M. Injury incidence and injury 
patterns in professional football: the UEFA injury study. Br J 
Sports Med. 2011; 45: 553-558. doi:10.1136/bjsm.2009.060582

(19)	 Elias GP, Varley MC, Wyckelsma VL, et al. Effectiveness of water 
immersion on postmatch recovery in elite professional 
footballers. Int J Sports Physiol Perform. 2013; 8: 243-253. 
doi:10.1123/ijspp.8.3.243

(20)	Ernst E, Fialka V. Ice freezes pain? A review of the clinical 
effectiveness of analgesic cold therapy. J Pain Symptom Manage. 
1994; 9: 56-59. doi:10.1016/0885-3924(94)90150-3

(21)	Eston R, Peters D. Effects of cold water immersion on the 
symptoms of exercise-induced muscle damage. J Sports Sci. 1999; 
17: 231-238. doi:10.1080/026404199366136

(22)	Farkhari Babak S, Gholamian S, Seifollah P, et al. Experience of cold-
water immersion on recovery efficiency after soccer match. 
Tunis Med. 2021; 99: 164-170.

(23)	Farrar JT, Young JP Jr, LaMoreaux L, Werth JL, Poole RM. Clinical 
importance of changes in chronic pain intensity measured on 
an 11-point numerical pain rating scale. Pain. 2001; 94: 149-158. 
doi:10.1016/S0304-3959(01)00349-9

(24)	Fatouros IG, Chatzinikolaou A, Douroudos II, et al. Time-course of 
changes in oxidative stress and antioxidant status responses 
following a soccer game. J Strength Cond Res. 2010; 24: 3278-
3286. doi:10.1519/JSC.0b013e3181b60444

(25)	Fyfe JJ, Broatch JR, Trewin AJ, et al. Cold water immersion 
attenuates anabolic signaling and skeletal muscle fiber 
hypertrophy, but not strength gain, following whole-body 
resistance training. J Appl Physiol. 2019; 127: 1403-1418. 
doi:10.1152/japplphysiol.00127.2019

(26)	Galmonte A,Buoite Stella A, Dragonetti AM, et al. The acute effects 
of cold water immersion and percussive massage therapy on 
neuromuscular properties and muscle soreness after exercise 
in young male soccer players. Sports (Basel). 2024; 12: 167. 
doi:10.3390/sports12060167

(27)	Gonçalves LGC, Pinto RS, Lopes AL, et al. Effects of combined 
transcranial direct current stimulation and pneumatic 
compression on the recovery of cardiovascular parameters after 
repeated sprint exercise. Eur J Appl Physiol. 2024; 124: 485-496.

(28)	Hausswirth C, Louis J, Aubry A, et al. Evidence of disturbed sleep 
and increased illness in overreached endurance athletes. 
Med Sci Sports Exerc. 2014; 46: 1036-1045. doi:10.1249/
MSS.0000000000000177

(29)	Hawkins RD, Hulse MA, Wilkinson C, Hodson A, Gibson M. The 
association football medical research programme: an audit of 
injuries in professional football. Br J Sports Med. 2001; 35: 43-47. 
doi:10.1136/bjsm.35.1.43

(30)	Hill J, Howatson G, van Someren K, Leeder J, Pedlar C. Compression 
garments and recovery from exercise-induced muscle damage: a 
meta-analysis. Br J Sports Med. 2014; 48: 1340-1346. doi:10.1136/
bjsports-2013-092456

(31)	 Hohenauer E, Taeymans J, Baeyens JP, Clarys P, Clijsen R. The effect 
of post-exercise cryotherapy on recovery characteristics: a 
systematic review and meta-analysis. PLoS One. 2015; 10: 
e0139028. doi:10.1371/journal.pone.0139028

(32)	Higgins TR, Greene DA, Baker MK. Effects of cold water immersion 
and contrast water therapy for recovery from team sport: a 
systematic review and meta-analysis. J Strength Cond Res. 2017; 
31: 1443-1460. doi:10.1519/JSC.0000000000001559

(33)	Ispirlidis I, Fatouros IG, Jamurtas AZ, et al. Time-course of changes 
in inflammatory and performance responses following a 
soccer game. Clin J Sport Med. 2008; 18: 423-431. doi:10.1097/
JSM.0b013e3181818e0b

(34)	Kellmann M, Bertollo M, Bosquet L, et al. Recovery and performance 
in sport: consensus statement. Int J Sports Physiol Perform. 2018; 
13: 240-245. doi:10.1123/ijspp.2017-0759

(35)	Kemmler W, von Stengel S, Kockritz C, et al. Effect of compression 
stockings on running performance in men runners. J Strength 
Cond Res. 2009; 23: 101-105. doi:10.1519/JSC.0b013e31818eaef3

(36)	Kraemer WJ, Bush JA, Wickham RB, et al. Influence of compression 
therapy on symptoms following soft tissue injury from maximal 
eccentric exercise. J Orthop Sports Phys Ther. 2001; 31: 282-290. 
doi:10.2519/jospt.2001.31.6.282

(37)	Krustrup P, Mohr M, Steensberg A, et al. Muscle and blood 
metabolites during a soccer game: implications for sprint 
performance. Med Sci Sports Exerc. 2006; 38: 1165-1174. 
doi:10.1249/01.mss.0000222845.89262.cd

(38)	Leeder J, Gissane C, van Someren K, Gregson W, Howatson G. Cold 
water immersion and recovery from strenuous exercise: a 
meta-analysis. Br J Sports Med. 2012; 46: 233-240. doi:10.1136/
bjsports-2011-090061 



Originalia

83GERMAN JOURNAL OF SPORTS MEDICINE  77  3/2026

Kryotherapie und Kompressionstherapie in der Regeneration von Fußballspielern

(39)	MacRae BA, Cotter JD, Laing RM. Compression garments and 
exercise: garment considerations, physiology and performance. 
Sports Med. 2011; 41: 815-843. doi:10.2165/11591420-000000000-
00000

(40)	Machado AF, Ferreira PH, Micheletti JK, et al. Can water temperature 
and immersion time influence the effect of cold water immersion 
on muscle soreness? A systematic review and meta-analysis. 
Sports Med. 2016; 46: 503-514. doi:10.1007/s40279-015-0431-7

(41)	 Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M. Reliability 
of the PEDro scale for rating quality of randomized controlled 
trials. Phys Ther. 2003; 83: 713-721. doi:10.1093/ptj/83.8.713

(42)	Maia F, Nakamura FY, Sarmento H, Marcelino R, Ribeiro J. Effects of 
lower-limb intermittent pneumatic compression on sports 
recovery: A systematic review and meta-analysis. Biol Sport. 
2024; 41: 263-275. doi:10.5114/biolsport.2024.133665

(43)	McCall A, Carling C, Nedelec M, et al. Risk factors, testing and 
preventative strategies for non-contact injuries in professional 
football: current perceptions and practices of 44 teams from 
various premier leagues. Br J Sports Med. 2014; 48: 1352-1357. 
doi:10.1136/bjsports-2014-093439

(44)	Melzack R, Wall PD. Pain mechanisms: a new theory. Science. 1965; 
150: 971-979. doi:10.1126/science.150.3699.971

(45)	Nédélec M, McCall A, Carling C, et al. Recovery in soccer: part I - 
post-match fatigue and time course of recovery. Sports Med. 
2012; 42: 997-1015. doi:10.2165/11635270-000000000-00000

(46)	Nédélec M, McCall A, Carling C, Legall F, Berthoin S, Dupont G. Recovery 
in soccer: part II – recovery strategies. Sports Med. 2013; 43: 9-22. 
doi:10.1007/s40279-012-0002-0

(47)	Oksa J, Rintamaki H, Rissanen S. Muscle performance and 
electromyogram activity of the lower leg muscles with different 
levels of cold exposure. Eur J Appl Physiol Occup Physiol. 1997; 
75: 484-490. doi:10.1007/s004210050193

(48)	Otten R, Stam S, Langhout R, Weir A, Tak I. The effect of compression 
shorts on pain and performance in male football players with 
groin pain - A double blinded randomized controlled trial. Phys 
Ther Sport. 2019; 38: 87-95. doi:10.1016/j.ptsp.2019.04.013

(49)	Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic 
reviews. PLoS Med. 2021; 18: e1003583. doi:10.1371/journal.
pmed.1003583

(50)	Partsch H, Flour M, Smith PC; International Compression Club. 
Indications for compression therapy in venous and lymphatic 
disease consensus based on experimental data and scientific 
evidence. Under the auspices of the IUP. Int Angiol. 2008: 27: 
193-219.

(51)	Pedersen BK, Hoffman-Goetz L. Exercise and the immune system: 
regulation, integration, and adaptation. Physiol Rev. 2000; 80: 
1055-1081. doi:10.1152/physrev.2000.80.3.1055

(52)	Pointon M, Duffield R, Cannon J, Marino FE. Cold water immersion 
recovery following intermittent-sprint exercise in the heat. Eur J 
Appl Physiol. 2012; 112: 2483-2494. doi:10.1007/s00421-011-2218-3

(53)	Pooley S, Spendiff O, Allen M, Moir HJ. Comparative efficacy of active 
recovery and cold water immersion as post-match recovery 
interventions in elite youth soccer. J Sports Sci. 2020; 38: 1423-
1431. doi:10.1080/02640414.2019.1660448

(54)	Poppendieck W, Faude O, Wegmann M, Meyer T. Cooling and 
performance recovery of trained athletes: a meta-analytical 
review. Int J Sports Physiol Perform. 2013; 8: 227-242. doi:10.1123/
ijspp.8.3.227

(55)	Roberts LA, Raastad T, Markworth JF, et al. Post-exercise cold water 
immersion attenuates acute anabolic signalling and long-term 
adaptations in muscle to strength training. J Physiol. 2015; 593: 
4285-4301. doi:10.1113/JP270570

(56)	Russell M, Birch J, Love T, et al. The effects of a single whole-body 
cryotherapy exposure on physiological, performance, and 
perceptual responses of professional academy soccer players 
after repeated sprint exercise. J Strength Cond Res. 2017; 31: 415-
421. doi:10.1519/JSC.0000000000001505

(57)	Saw AE, Main LC, Gastin PB. Monitoring the athlete training 
response: subjective self-reported measures trump commonly 
used objective measures: a systematic review. Br J Sports Med. 
2016; 50: 281-291. doi:10.1136/bjsports-2015-094758

(58)	Schaser KD, Disch AC, Stover JF, et al. Prolonged superficial 
local cryotherapy attenuates microcirculatory impairment, 
regional inflammation, and muscle necrosis after closed 
soft tissue injury in rats. Am J Sports Med. 2007; 35: 93-102. 
doi:10.1177/0363546506294569

(59)	Silva JR, Rumpf MC, Hertzog M, et al. Acute and residual soccer 
match-related fatigue: a systematic review and meta-analysis. 
Sports Med. 2018; 48: 539-583. doi:10.1007/s40279-017-0798-8

(60)	Stephens JM, Halson S, Miller J, Slater GJ, Askew CD. Cold water 
immersion for athletic recovery: one size does not fit all. Int J 
Sports Physiol Perform. 2017; 12: 2-9. doi:10.1123/ijspp.2016-0095

(61)	 Sterne JAC, Savovic J, Page MJ, et al. RoB 2: a revised tool for 
assessing risk of bias in randomised trials. BMJ. 2019; 366: l4898. 
doi:10.1136/bmj.l4898

(62)	Swenson C, Sward L, Karlsson J. Cryotherapy in sports 
medicine. Scand J Med Sci Sports. 1996; 6: 193-200. 
doi:10.1111/j.1600-0838.1996.tb00090.x

(63)	Takarada Y. Evaluation of muscle damage after a rugby match 
with special reference to tackle plays. Br J Sports Med. 2003; 37: 
416-419. doi:10.1136/bjsm.37.5.416

(64)	Tavares F, Smith TB, Driller M. Fatigue and recovery in rugby: a 
review. Sports Med. 2017; 47: 1515-1530. doi:10.1007/s40279-017-
0679-1

(65)	Winke M, Williamson S. Comparison of a pneumatic compression 
device to a compression garment during recovery from DOMS. 
Int J Exerc Sci. 2018; 11: 375-383. doi:10.70252/YXDX1767

(66)	Wilcock IM, Cronin JB, Hing WA. Physiological response to water 
immersion: a method for sport recovery? Sports Med. 2006; 36: 
747-765. doi:10.2165/00007256-200636090-00003

(67)	Ziemann E, Olek RA, Kujach S, et al. Five-day whole-body 
cryostimulation, blood inflammatory markers, and performance 
in high-ranking professional tennis players. J Athl Train. 2012; 
47: 664-672. doi:10.4085/1062-6050-47.6.13

(68)	Taring P, Singh KR, Mili A, Minu T, Singh YS, Kamcham R, et al. 
Cryotherapy and active recovery on post-match physiological 
variables on football player: A systematic review. Cuest Fisioter. 
2024;53(3):3297–3307.

(69)	Gustafsson J, Montiel-Rojas D, Romare MGA, Johansson E, Folkesson M, 
Pernigoni M, et al. Cold- and hot-water immersion are not more 
effective than placebo for the recovery of physical performance 
and training adaptations in national level soccer players. Eur J 
Appl Physiol. 2025;125(11):3179–3194. doi:10.1007/s00421-025-
05835-w

(70)	Lee YH, Yoon JH, Song KJ, Oh JK. Effects of cool-down exercise and 
cold-water immersion therapy on basic fitness and sport-specific 
skills among Korean college soccer players. Iran J Public Health. 
2021;50(11):2211–2218. doi:10.18502/ijph.v50i11.7575

(71)	Nasser N, Zorgati H, Chtourou H, Guimard A. Cold water immersion 
after a soccer match: does the placebo effect occur? Front 
Physiol. 2023;14:1062398. doi:10.3389/fphys.2023.1062398




