Chen et al. BMC Musculoskeletal Disorders (2024) 25:749 BMC Musculoskeletal
https://doi.org/10.1186/512891-024-07315-2 Disorders

Check for
updates

The effects of hydrotherapy and cryotherapy
on recovery from acute post-exercise induced
muscle damage—a network meta-analysis
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Abstract

Background This systematic review and network meta-analysis assessed via direct and indirect comparisons the
recovery effects of hydrotherapy and cold therapy at different temperatures on exercise induced muscle damage.

Methods Five databases were searched in English and Chinese. The included studies included exercise interventions
such as resistance training, high-intensity interval training, and ball games, which the authors were able to define as
activities that induce the appearance of EIMD. The included RCTs were analyzed using the Cochrane Risk of Bias tool.
Eligible studies were included and and two independent review authors extracted data. Frequentist network meta-
analytical approaches were calculated based on standardized mean difference (SMD) using random effects models.
The effectiveness of each intervention was ranked and the optimal intervention was determined using the surface
under the cumulative ranking curve (SUCRA) indicator.

Results 57 studies with 1220 healthy participants were included, and four interventions were examined: Cold
Water Immersion (CWI), Contrast Water Therapy (CWT), Thermoneutral or Hot Water Immersion (TWI/HWI), and
Cryotherapy(CRYO). According to network meta-analysis, Contrast Water Immersion (SUCRA: 79.9% )is most effective
in recovering the biochemical marker Creatine Kinase. Cryotherapy (SUCRA: 88.3%) works best to relieve Delayed
Onset Muscle Soreness. In the recovery of Jump Ability, cryotherapy (SUCRA: 83.7%) still ranks the highest.

Conclusion We found that CWT was the best for recovering biochemical markers CK, and CRYO was best for muscle
soreness and neuromuscular recovery. In clinical practice, we recommend the use of CWI and CRYO for reducing
EIMD.
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Introduction

Exercise-induced muscle damage (EIMD) is character-
ized by symptoms that appear immediately after acute
after the initial exercise bout. and results in pain, sore-
ness, inflammation, and reduced muscle function [1].
EIMD is associated with deterioration of muscle strength,
DOMS, edema, increased body temperature, and leak-
age of muscle protein into circulation [2]. Furthermore,
The increase in muscle function impairment and muscle
soreness associated with EIDM has a significant impact
on athletes. Moreover, Muscle aches and discomfort
caused by EIMD can be present increasing gradually after
12-72 h of exercise, peaking in 24-72 h, and then gradu-
ally weakening to subsiding in 5-7 days [3] However, the
appearance of this soreness can have a significant impact
on sports performance, which is not conducive to the
continuity of athletes’ sports and even affects the quality
of life [4, 5].

There are many studies and elaborations on the
mechanism of EIMD and recovery measures, but there
still needs to be a unified conclusion; with the continu-
ous advancement of research, some of the tools leading
to EIMD are also widely recognized. For example, neu-
rotransmitter regulation is the idea that serotonin lev-
els are significantly lower than other neurotransmitters
between 3 and 24 h after exercise exhaustion and that
recovery is slow. Low serotonin levels in the spinal cord
lead to decreased motor neuron excitability, which pro-
motes EIMD [6] In addition, some scholars believe that
the metabolism of skeletal muscle cells directly affects
the occurrence of EIMD [7]Therefore, based on these
theoretical mechanisms, there are various ways to pro-
mote recovery from EIMD, including hydrotherapy,
stretching, massage, active recovery, acupuncture, cryo-
therapy, nonsteroidal anti-inflammatory drugs (NSAIDs),
compression garments, and other methods [8—11]These
therapies help promote the recovery of muscle function,
reduce inflammation, and reduce symptoms of delayed
onset muscle soreness. Hydrotherapy and cryotherapy
are widely popular, and more and more athletes will
choose these two intervention methods after training
to help recover from fatigue. Hydrotherapy refers to the
immersion of all or part of the body in water by partici-
pants after exercise, which can be divided into different
intervention programs according to different water tem-
peratures. Cryotherapy refers to the treatment of EIDM
with cold as the main application. Although cryotherapy
and cold water immersion that belongs to hydrotherapy
are cold therapy, the temperature of cryotherapy is much
lower than that of CWTI and the duration of the interven-
tion is shorter. These two methods have also been shown
in previous studies to be beneficial in treating post-exer-
cise injuries and soreness [12].
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According to the different water temperatures, hydro-
therapy is divided into four types of water immersion
to restore exercise capacity, including CWI(Cold Water
Immersion Therapy)<20 °C, CWT( Contrast Water
Immersion )alternating CWI and HWI, HWI(Hot Water
Immersion)>36 °C, and TWI(Thermoneutral Water
Immersion)20 to 36 °C. Previous studies have suggested
that all four temperatures are effective in promoting
EIMD. CWI can reduce cell swelling, and tissue metab-
olism, and minimize pain, swelling, and risk of injury.
HWT can boost tissue metabolism, promote circulation,
and reduce pain [13]. CWT can reduce the core tem-
perature to a steady state or below steady state after exer-
cise which is the temperature at rest, thereby promoting
recovery [14—17].

CRYO(Cryotherapy) mainly includes WBC(whole-
body cryotherapy), PBC(partial-body cryotherapy), and
air pulse cryotherapy, which refers to a method of restor-
ing or treating sports injuries by physical means such as
ice or evaporative refrigerant in an environment of 0 °C
or below [18] The temperature of treatment is usually
Below —30 degrees. This method can rapidly lower the
temperature of the tissue and reduce the inflammatory
response caused by acute injury [19]. thereby accelerates
the recovery of muscle damage, and promotes the recov-
ery of sports performance [20].

Although hydrotherapy and cryotherapy are benefi-
cial for exercise fatigue recovery, there is currently con-
troversy about the most effective way to reduce exercise
fatigue. In previous studies, meta-analyses of delayed
onset muscle soreness with cold and heat measures were
conducted, but only comparative analyses of pain out-
comes were conducted [21] However, biochemical indi-
cators and neuromuscular performance indicators are
essential outcomes for measuring exercise fatigue, so the
purpose of this study is to summarize existing studies on
hydrotherapy and cryotherapy, rank their effects by dif-
ferent outcome measures, and conduct a comprehensive
analysis to find the best intervention plan and provide
a reference for athletes to select appropriate recovery
measures.

Materials and methods

This systematic review was registered with PROSPERO
(CRD42023396067), and the protocol was published
in a peer-reviewed journal. We followed the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses Network Meta-Analyses (PRISMA NMA) for our
study. This section refers to the methods section of pub-
lished Meta-Analysis articles [22, 23].

Search strategy
The researchers in this paper searched five electronic
databases (PubMed, EMBASE, Cochrane Central
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Register of Controlled Trials, Web of Science, and CNKI)
from 2002 to 2023. The search strategy was constructed
around the PICOS tool: (P) Population: Healthy people;
(I) Intervention: CWI; CWT; HWI/TWI, CRYO. (C)
Comparator: control group with passive recovery group
without any intervention; (O) Outcomes: CK (Creatine
kinase) DOMS (Delayed onset muscle aches) Jump abil-
ity (Countermovement jump or Squats jump). (S) Study
type: RCTs. The detailed search strategy is shown in
Table 1. (PubMed is used as an example)

Inclusion criteria

(1) the study design must have been an RCT. (2) Partici-
pants should be healthy men or women with no history
of recent illness or other diseases. (3) A regimen of using
one of CWI, CWT, HWI/TWI, CRYO immediately after
a single vigorous exercise session, which the authors
define as a bout of exercise that causes muscle damage
and was a study of the effects of a single intervention
treatment. (4) Outcome indicators including at least one
of the following: DOMS, CK, and Jump Ability. (5) Out-
come measures were selected within 48 h. (6) the studies
had to be written in English.

Exclusion criteria

(1) Combination therapy was used in the study that could
confound the outcome of the intervention (e.g., CWI
combined with compression garments, CWT combined
with positive recovery, CON combined with nutritional
supplements) (2) The training program is long-term. (3)
More data was needed for analysis, or they were excluded
if the data were presented in formats such as papers or
conference abstracts.

Study selection

Two researchers screened and excluded relevant stud-
ies using the literature management software Zotero,
screening the titles of replicates, non-randomized
controlled trials, review papers, conference papers,

Table 1 Search strategy
Search level
Search #1

Search terms with Boolean operators

"Hydrotherapy"OR "Water immersion” OR “Cold water
immersion” OR “Hot water immersion"OR “contrast
water therapy"OR “contrast water immersion"OR
“thermoneutral water immersion” OR “Heat
Therapies” OR “Cold Therapies"OR “Cryotherapy"OR
“hydrotherapy” OR “thermal therapy”

Search #2 “Muscle Fatigue” OR" Exercise-induced Muscle
Damage " OR"EIMD"“exhaustion “OR “Exercise Per-
formance” OR “Delayed onset muscle soreness” OR
"Exercise fatigue” OR "DOMS" OR “training stress” OR
“muscle ache” OR “Exercise Performance”

Search #3

Search #4

“randomized controlled trial” OR “randomized”
#1 AND #2 AND #3
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protocols, and correspondence. The abstract was then
read by two researchers, identifying the studies to be
included and excluding them. Finally, the two researchers
read the remaining literature in its entirety and further
determined whether the literature was eligible for crite-
rion. In this process, the two researchers independently
filtered the literature and finally compared the remain-
ing literature. If there is the same opinion, it is eventually
included; If there is a difference of opinion, it is discussed
and resolved by a third researcher.

Data extraction

A Six-item, standardized, and pre-selected data extrac-
tion form was used to record data for inclusion in the
study under the following headings: (1) author, (2) year
of publication, (3) country, (4) Characteristics of a subject
(subject, age, and Profession) (5) intervention(6) Out-
come measures. (7) Time of measures.

Risk of bias in individual studies

Two researchers independently assessed the risk of bias
(ROB) using the Cochrane Handbook version 5.1.0 tool
for assessing ROB in RCTs. Considering the character-
istics of exercise intervention, it was impossible to blind
the participants in the included studies. Thus, we only
evaluated the other six categories of risk bias, which
included (1) randomized sequence generation, (2) treat-
ment allocation concealment, blinding of (3) partici-
pants and (4) personnel, (5) incomplete outcome data, (6)
selective reporting and (7) other sources of bias [16].

Data analysis

All studies discerned pre- and post-intervention follow-
up for each outcome and calculated the mean differ-
ence between post-exercise and pre-exercise (baseline)
change. Standardized mean difference (SMD) (differ-
ent metrics are used across studies) and 95% confidence
interval (95% CI) were used to assess the effects of vari-
ous interventions on CK, DOMS, and JUMP. Respec-
tively. If a study did not report an endpoint’s mean or SD,
it was calculated from the corresponding median, range,
or interquartile range.

Network meta-analyses for the primary outcomes were
conducted based on the frequentist framework [24, 25]
using Stata software (Version 17.0; Stata Corp, College
Station, TX, USA) [26]. A visualization tool was used for
the graphical representation of the network geometry.
The network plot consisted of nodes and edges repre-
senting the exercise modes and the number of allocated
participants in that intervention. In contrast, the num-
ber of studies assessing a comparison was related to the
size of the corresponding edge. For every outcome, the
role of the direct and indirect evidence in the network
summary was determined. Once all pairwise summary
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effects and variances were calculated, a weighted squares
approach was used to estimate the contribution plot [24,
27]. Inconsistency test was evaluated using the loop-spe-
cific method, node-splitting, and global inconsistency;
among them, the node-splitting and loop-specific pro-
cess was a local analysis (between two comparisons per
item), indirect and direct comparison Discrepancies. The
SD of the heterogeneity for each pairwise comparison
(Tau)was also provided. If both assumptions were satis-
fied, a consistency model was applied. Potential inter-
vention effects were ranked using the surface under the
cumulative ranking curve (SUCRA). Calculate the order
of effects for each arm. The higher the SUCRA value, the
better the rating of the Network Intervention (SUCRA).
A SUCRA value of 100% indicates that this type of exer-
cise intervention is most effective in the network, while a
value of 0 indicates the least effective. Web funnel charts
were used for different outcome measures to determine
whether articles were biased [28].

Results

Study and identification and selection

We searched electronic databases for a total of 1230 doc-
uments based on search terms, and another 31 papers
were hand-searched. After removing duplicate records,
the remaining 727 documents were read, and titles and
abstracts were obtained, again excluding 487 documents.
The remaining 240 were read in total, 175 were again
excluded as ineligible (Fig. 1 for details), and the remain-
ing 57 were included in this study. This is shown in Fig. 1.

Quality assessment of the included studies

Regarding the random sequence generation and treat-
ment allocation concealment, two studies were judged
to be at high risk because they did not state whether the
allocation was randomized. Regarding incomplete out-
come data, two studies were at high risk due to a large
proportion of subject attrition, resulting in an imbalance
in the number of missing people between groups. Treat-
ment allocation concealment, In terms of assessment
of blinding of participants and personnel. Only three of
these studies achieved simultaneous blinding of subjects
and measures. Still, as the intervention in these studies
was exercise, it was challenging to blind subjects and
measurers as both the patients and their relatives had to
sign an informed consent form before the experiment
was conducted. Specific details will be presented in Fig-
ure S1 and Figure S2.

Characteristics of the included studies

We included studies from 57 randomized controlled tri-
als with 1220 participants. Interventions in the control
group included CWT [19, 29-71](44studies), CWT [30,
31, 35, 41, 42, 49, 50, 53, 54, 72-75](13 studies), HWI
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[30] (1 study), TWI [19, 29, 42, 51, 62, 69](6 studies),
and CRYO [37, 39, 68, 70, 71, 76—83](14 studies), Due
to the small number of studies on HWI and TWTI, both
treatment options are heat therapy. Therefore, the two
interventions were combined for analysis. Fifty studies
reported DOMS as an outcome indicator; 36 said CK as
an outcome indicator, and 31 said Jump ability as an out-
come indicator. The characteristics of the included stud-
ies are shown in Table 2.

Network meta-analysis
The full NMA figure will be shown in Fig. 2.

CK

All P-values for indirect and direct comparisons between
all studies were tested for consistency and inconsistency,
and all p-values were more significant than 0.05, indi-
catng that the effect of consistency between studies was
acceptable. Details will be shown in Table S1.

The results of the network meta-analysis showed
that, relative to the CON(control group), CWI [SMD=-
0.37, 95% CI=(-0.59,-0.15)], CWT [SMD=-0.45,95%
CI= (-0.80,-0.10) ], HWI/TWI [SMD=0.01,95% CI=
(-0.44,0.46)] and CRYO [SMD=-0.40,95% CI=(-0.86,0.05)]
were superior to the control group in reducing CK; The
probability ranking of the different recovery interven-
tions in terms of lowering CK scores was ranked first in
the SUCRA for CWT (SUCRA: 79.9% as shown in Fig. 3.
A comparison between the two different interventions
will be shown in Fig. 4.

DOMS

All P-values for indirect and direct comparisons between
all studies were tested for consistency and inconsistency,
and most P-values were greater than 0.05, indicating that
the effect of consistency between studies was acceptable.
Details will be shown in Table S2.

The results of the Network meta-analysis showed that
relative to the control group’s routine measures, CW1I
[SMD=-0.64 95% CI = (-0.94,-0.35)], CWT [SMD=-
0.52,95% CI =(-0.98,-0.05) ], CRYO [SMD=-0.81, 95%
CI = (-1.27,-0.35)] were superior to the CON in reduc-
ing DOMS indicators. However, HWI/TWI [SMD=0.13,
95% CI =(-0.55,0.80)] is less effective than CON in reduc-
ing DOMS. The probability ranking of the different
recovery interventions for reducing DOMS scores was
ranked first in the SUCRA for CRYO (SUCRA: 88.3%, as
shown in Fig. 3). A comparison between the two different
interventions will be shown in Fig. 4.

JUMP

All P-values for indirect and direct comparisons between
all studies were tested for consistency and inconsis-
tency, and all P-values were more significant than 0.05,
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Articies included into
anaysis(n=57)
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Fig. 1 PRISMA flow diagram detailing the inclusion of papers throughout the search strategy. N Number 57 studies that met the inclusion criteria were
included in this network meta-analysis (NMA). RCT randomized controlled trial
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Table 2 Characteristics of the included studies
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Characteristics of subject

Study Country Subject  Age Profession Interventions Outcome measures Time of measures
(N,sex) mean(sd)
Bouchiba et.al [29] Tunisia 12M 22.9(0.9) Athletes CWITWI CK JUMP 48 H
Horgan et al. [30] Australia 18 M 19.9(3.4) Athletes CWICWT DOMS CK 38H
HWI CON
Glasgow et al. [31] Newtownabbey 32M18F 18 Non-athletes CWICWT DOMS CK 48 H
CON
Getto et al. [32] us 13MI10F  — Athletes CWICON DOMS JUMP 24 H
Machado et al. [33] Brazil 40 M 206(2.2) Non-athletes CWI CON DOMS CK 48 H
Ascensaoa et al. [19] Portugal 20F 18.3(0.8) Non-athletes CWITWI DOMS CK JUMP 48 H
Leeder et al. [34] UK 16 M 213) Athletes CWICON DOMS CK JUMP 48 H
Higgins et al. [35] Australia 24 M 19.5(0.8) Athletes CWICWT DOMS JUMP 48 H
CON
Siqueira et al. [36] Brazil 29 M 20.2(1.42) Non-athletes CWICON DOMS CK JUMP 48 H
Hohenauer et al. [37] Switzerland 18F 225(2.7) Non-athletes CWICRYO DOMS JUMP 48 H
CON
Coelho et al. [38] Brazil 17- 21.7(3.28) Athletes CWICON DOMS CK JUMP 48 H
Wilson et al. [39] UK 31TM 37.7(8.9) Athletes CWICRYO DOMS CK 48 H
Hartmann et al. [40] Brasil 19F 25.2 (3.6) Athletes CWI CON DOMS CMJ JUMP 48 H
Elias et al. [41] Australia 24 M 19.9(2.8) Athletes CWICWT DOMS JUMP 48 H
CON
Pournot et al. [42] France 32M 21.5(4.6) Athletes CWICWT DOMS CK JUMP 24 H
TWI CON
Rupp et al. [43] us 13MOF 19.8(1.1) Athletes CWICON JUMP 48 H
Vaile et al. [72] Australia 4MOIF 26.2 (5.8) Athletes CWT CON DOMS CK 48 H
Vieira et al. [44] Brazil 28 M 20.2(2.12) Non-athletes CWICON DOMS CKJUMP 48 H
Takeda et al. [45] Japan 20M 20.3(0.6) Athletes CWI CON CKJUMP 24 H
Kositsky et al. [46] Finland 10M 18.9(0.87) Athletes CWI CON DOMS CK JUMP 48 H
Barber et al. [47] UK 16 M 20(1.2) Athletes CWICON DOMS CKJUMP 48 H
Pointon et al. [48] Australia 10M 19.9(1.1) Athletes CWI CON CK 24 H
Ingram et al. [49] Australia 1M 27.5(6.0) Non-athletes CWICWT DOMS CK 48 H
CON
Elias et al. [50] Australia 14 M 20.9(3.3) Athletes CWICWT DOMS CMJ 48 H
CON
Bouzid et al. [51] Tunisia 8- 19.63(0.74)  Athletes CWITWI DOMS CK JUMP 48 H
Moreira et al. [52] Brazil 10M 24(3) Athletes CWICON DOMS JUMP 24 H
Crowther et al. [53] Australia 29M 27(6) Non-athletes CWICWT DOMS JUMP 48 H
CON
Dawson et al. [73] Australia 17- 242029 Athletes CWT CON DOMS CK JUMP 48 H
Robey et al. [74] Australia 8M6F 20.65(2.96)  Athletes CWT CON DOMS CK 48H
French et al. [75] UK 16 M 24.12(3.2) Non-athletes CWT CON DOMS CK JUMP 48 H
Qu et al. [54] China 12M 21.00(0.95)  Athletes CWICWT DOMS CK JUMP 48 H
CON
Amir et al. [55] Malaysia 16 M 216(2.3) Non-athletes CWI CON DOMS CK 48 H
Goodall et al. [56] UK 18 M 24(5) Non-athletes CWICON DOMS CK 48 H
Howatson et al. [57] UK 16 M 23(3) Non-athletes CWI CON DOMS 48 H
Jakeman et al. [58] UK 18f 19.9(0.97)  Athletes CWICON DOMS CK 48 H
Braulio et al. [59] UK 26f 21.8(2.8) Non-athletes CWI CON JUMP 48 H
Anderson et al. [60] UK 9M 24(2) Athletes CWI CON DOMS CK 48 H
Bailey et al. [61] UK 20M 223(3.3) Non-athletes CWI CON DOMS CK 48 H
Dantas et al. [62] Brazil 20M 30.64(5.6) Non-athletes CWITWI DOMS CK 24 H
CON
Fonseca et al. [63] Brazil 8M 24.0(3.6) Athletes CWI CON DOMS CKJUMP 48 H
Lindsay et al. [64] us 15M 28.3(5.7) Athletes CWICON DOMS JUMP 24 H
Minett et al. [65] Australia 9M 21(2) Athletes CWI CON DOMS CK 24 H
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Table 2 (continued)

Characteristics of subject

Study Country Subject  Age Profession Interventions Outcome measures Time of measures
(N,sex) mean(sd)
Tabben et al. [66] France 12M 26.5(5.0) Athletes CWICON CKJUMP 24 h
Wiewelhove etal. [67]  Germany 23 M 30.5(10.9)  Athletes CWI CON DOMS CK JUMP 24 h
Hohenauer et al. [68] Switzerland 19M 259(4.4) Non-athletes CWI CRYO DOMS JUMP 48 H
Doungkulsa etal. [76]  Thailand 32M 21.31(1.03) Non-athletes CRYO CON DOMS 48 H
Guilhem et al. [18] France 24 M 2455(1.39)  Non-athletes CRYO CON DOMS 48 H
Costello et al. [77] Ireland 12F24M  208(1.2) Non-athletes CRYO CON DOMS 48 H
Fonda et al. [78] Slovenia 1TM 26.9(3.8) Non-athletes CRYO CON CKJUMP 48 H
Hausswirth et al. [79] Spain 9- 31.8(6.5) Athletes CRYO CON DOMS CK 48 H
Lima et al. [80] Brazil 19F 21.6(2.0) Non-athletes CRYO CON DOMS 48 H
Ferreira et al. [81] Brazil 26 M 20.2(2.5) habitually active  CRYO CON DOMS 48 H
Hohenauer et al. [69] Switzerland 17F5M 226(2) Non-athletes CWITWI DOMS JUMP 48 H
Oakley et al. [82] Michigan 17MI15F  24(4.0) Non-athletes CRYO CON DOMS CK 48 H
Petrofsky et al. [83] Korea 40- 25.3(3.0) Non-athletes CRYO CON DOMS 48 H
Rose et al. [70] Australia 13M - Non-athletes CWI CRYO DOMS 48 H
CON
Hagetal. [71] UK 33M 37.0(13.3)  Non-athletes CWI CRYO DOMS CK 24H
CON

UK United Kingdom US United States M Male F Female — Unknown CW/ cold water immersion CWT contrast water therapy HW/ /TWI hot water immersion and
thermoneutral water immersion CRYO Cryotherapy CON Control CK creatine kinase DOMS Delayed onset muscle aches JUMP jump ability H hours

A) CK

B) DOMS

C) JUMP
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A} CK

CWI[5°C-15C]
0.09 (-0.28,0.45)
-0.38 (-0.81,0.06)
0.04 (-0.44,0.52)
-0.37 (-0.59,-0.15)

CWTH>38°C/C<15°C]
-0.46 (-0.97,0.05)
-0.05 (-0.62,0.52)
-0.45 (-0.80,-0.10)

B) DOMS
CWIS'C-15C]

-0.13 (-0.61,0.35) CWT[H>38C/C<15C]
0.77 (-1.42,-0.12) -0.64 (-1.39,0.11)
0.17 (-0.33,0.67)  0.29 (-0.34,0.93)

-0.64 (-0.94,-0.35) -0.52 (-0.98,-0.05)

C) JUMP
CWIBC-157C]
0.29 (-0.14,0.78)  CWT[H>88°C/C<15%]
0.60 (0.19,1.00)  0.30 (-0.23,0.83)
-0.08 (-0.64,0.48)  -0.37 (-1.06,0.31)
0.37 (0.13,0.61)  0.08 (-0.35,0.50)
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HWI/TWI[28°C-397C]
0.41 (-0.21,1.04)
0.01 (-0.44,0.46)

CRYQ[<-307C]
-0.81 (-1.27,-0.35) CON

HWI/TWI[28°C-39°C]
0.94 {0.14,1.73)
0.13 (-0.55,0.80)

CRYQ[<-30C]
-0.81 (-1.27,-0.35) CON

HWI/TWI[28°C-397C]
-0.68 (-1.35,0.00)
-0,23 (-0.66,0.21)

CRYQ[<-30C]

0.45(-0.11,1.00) CON

Fig. 4 Comparative effectiveness results for Creatine Kinase (A), Delayed Onset Muscle Soreness (B), and Jump Ability (C). Each cell shows an SMD with a
959%Cl. 95%CI 95% confidence interval; SMD standardized mean difference; CWI[ 5°-15°] cold water immersion CWT[H >38%/C < 15°] contrast water therapy
HWI/TWI[28°-39°] hot water immersion and thermoneutral water immersion CRYO[<-30°] Cryotherapy CON Control

indicating that the effect of consistency between studies
was acceptable. Details will be shown in Table S3.

The results of the Network meta-analysis showed
that CWI [SMD=0.37,95% CI = (0.13,0.61)], CWT
[SMD=0.08,95% CI = (-0.35,0.50)], and CRYO
[SMD=0.45,95% CI = (-0.11,1.00)] were superior to the
CON in the recovery of jumping ability. However, the
recovery effect of HWI/TWI on jumping ability could
have been better than that of the control group. The
probability ranking of the different recovery interven-
tions in jump ability was ranked first by CRYO in the
SUCRA (SUCRA: 83.7%, as shown in Fig. 3). A com-
parison between the two different interventions will be
shown in Fig. 4.

Publication bias test

We constructed separate funnel plots for all outcomes to
test for possible publication bias. Visual inspection of the
funnel chart revealed no significant publication bias. The
details are shown in Fig. 5.

Discussion

This study focused on the effects of different temperature
hydrotherapy and cryotherapy interventions on fatigue
recovery. A total of 57 studies, included a total of 1220
participants, including four different interventions and
one control group. Among them, In our study, the tem-
perature range included in CWI was 5°-15°, with CWT
at H>38°/C<15°, TWI/HWI28°-39°, and CRYO below

—30°. Through this study, we found that CWT is the best
recovery intervention for recovering biochemical mark-
ers of CK. But CRYO is the best recovery intervention for
delayed onset muscle aches. In terms of JUMP, CRYO is
also the best recovery intervention.

We reviewed studies that assessed muscle damage and
inflammation and found that exercise-induced muscle
damage and inflammation were associated with changes
in blood biochemistry, subjective perceptions, and mus-
cle performance. Of these three areas, metrics such as
CK. DOMS and JUMP are most commonly used to
evaluate EIMD, so these three indicators are meaningful.
Although other measures can also be useful for assessing
muscle damage and inflammation, the scarcity of data is
insufficient to support a network meta-analysis.

EIMD can cause alterations in hematogenous biomark-
ers, including CK, AST, myoglobin, CRP, IL-6, LDH and
other indicators. with CK being one of the most com-
mon, It is also the only indicator with sufficient data to
support meta-analysis, this biomarker is associated with
intracellular energy production, muscle contraction, and
ATP regeneration; an increase in its levels combined
with slower recovery can indicate the presence of fatigue
[84]. CWT after exercise may help to reduce inflamma-
tion and edema, as CWI constricts blood vessels and
lymphatic vessels. At the same time, hot water immer-
sion expands them, aiding the drainage of exudate from
the extracellular fluid. Therefore, CW'T can be beneficial.
So, CWT can encourage blood flow by narrowing and



Chen et al. BMC Musculoskeletal Disorders (2024) 25:749

Page 9 of 12

o : L =
M | A AN
£1% ks /) ki
’ ¥ "1 o ‘\
" ; \ g 7
W /! . i ee'e y u"‘{. . g i %
; / \ i L AT i ; 1
ke ; \ % | . LY oo = ; *
4 / LT b . %7 s Yoo . \
E J P . g ‘,. L . X g ¥ . o [o0e -
&
2 e X '..e}“. ) = 0{.:’ % H /’ * d - a.\ .
-1 . R Rt % s Y. H e i’l. .
5 / e, \ z / \ 5 Do L MRy = .
= L N I % i g - S *\
. \ ’ \ 4 . .
i’ L] kY - ! * L
. / \ | / \ - q
‘ \ le / === :
2 1 0 1 2 4 2 [ 2 B e 5 .,...is,,m !
1 p 1 u ilic poal vl
Effoct sizn contred af compartson-specific pocled ofact (i, 4.} Effact 3i d al specific pocled eloct (y,, w,.) i e erte)

.l.lnE ®AWC ®AwD ®*AwmE ®BwC ®BwD
|*BwE ®CwsD

|*8wE ecwD

®AvB ®AwC ®AwD ®AwE *BwC ®BwD

[sawe eamc sawD sAwE sBuc eBwD|
®BviE ®CwsD

Fig. 5 Funnel plot on publication bias for Creatine Kinase (A), Delayed Onset Muscle Soreness (B), and Jump Ability (C). A Control B cold water immersion
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dilating vessels, decreasing the inflammatory reaction in
the area of injury, and advancing the elimination rate of
CK [85] In addition, changes in water temperature have
been found to cause rapid changes in muscle perfusion
(the “pumping effect”) that promote lactic acid and waste
removal, thereby promoting recovery [86] Our study
indicates that CWT has a statistically significant benefi-
cial effect on the recovery of CK due to exercise fatigue
compared to other interventions. There was a statistically
significant difference compared to the control group.

In addition to changes in biochemical indicators,
EIMD can also produce DOMS, This phenomenon usu-
ally appears and intensifies within 24-72 h after High-
intensity training [3]. DOMS are often measured using
the Visual Analogue Scale (VAS), a simple and effective
tool to assess pain levels and can accurately measure sen-
sitive changes in the patient’s pain experience [87, 88] In
our study, we found that except for HWI/TWI, all other
therapies were significantly more effective than controls
in reducing DOMS. Among them, CRYO is the most
effective intervention, consistent with previous stud-
ies [21, 89] CRYO is typically exposed to frigid, dry air
(<-100 °C) or Frigid air (-30 °C) and is applied topically
to the skin and subcutaneous tissue by convection; due
to the extremely low temperature, the CRYO is generally
around in 2—5 min. It stimulates skin receptors and Sym-
pathetic adrenergic fibers by reducing the temperature of
muscles, skin, and core. It promotes local vasoconstric-
tion, reduces local tissue metabolism and inflammation,

reduces receptor sensitivity and nerve conduction veloc-
ity, and can effectively reduce muscle soreness after
exercise.

With the production of EIMD, in addition to the
change of biochemical indicators and the appearance of
muscle soreness, it will also lead to a decline in neuro-
muscular performance, and jumping ability is an impor-
tant indicator to evaluate neuromuscular performance, of
which CMJ(countermovement jump) and SJ (Squat jump)
are typical indicators for evaluating jumping ability. Stud-
ies have found that impaired neuromuscular function
and neuromuscular efficiency after muscle fibre dam-
age directly lead to a decline in CM]J scores [45] In our
research, we found that most subjects had a decrease in
jumping ability regardless of the intervention; in contrast,
CRYO was the most effective in alleviating the decline in
JUMP, and CWTIand CWT were also effective in reducing
the decline in jumping ability compared to the CON. We
suspect this may be related to the physiological effects
of temperature, where intervention at cold or extremely
cold temperatures can cause local vasoconstriction,
reduce fluid diffusion and vascular permeability, reduce
edema formation, and thus reduce the acute inflamma-
tory response to muscle injury. However, regardless of
the effect of the intervention, the neuromuscular func-
tion had more difficulty reaching baseline levels within
48 h of exercise, which may indicate that these interven-
tion strategies are limited in improving neuromuscular
recovery before the next training session or competition.
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Strengths and limitations

First, our study mainly included 57 studies with 1220
participants and had 4 interventions compared with con-
trol groups; the effects of 4 interventions were analyzed
using three critical indicators to assess the recovery effect
of exercise-induced muscle damage. They were Provid-
ing updated and more comprehensive evidence-based
recommendations.

Secondly, our studies had some limitations, and
although we tried to avoid study heterogeneity when
including primary studies, for example, factors between
studies, such as age, region, etc., could not be avoided.
In addition, the study found that only six studies used a
purely female cohort, eight used a mixed fellow, and the
other studies used a purely male mate so that this review
may reflect more on the effects of the four interventions
on muscle damage in men.

Finally, readers should interpret the results of our
study cautiously due to uncontrolled heterogeneity. In
addition, future studies of women should be expanded
to use female-only cohorts for muscle damage recovery
and to identify appropriate recovery regimens for female
athletes.

Conclusions

This review and meta-analysis identified 57 studies inves-
tigating the effects of CWI, CWT, HWI/TWI, and CRYO
on physiological, sensory, and neuromuscular recovery.
We found that CWT was the best for recovering bio-
chemical markers CK, and CRYO was best for muscle
soreness and neuromuscular recovery. In clinical prac-
tice, we recommend the use of CWIand CRYO for reduc-
ing EIMD. (S1) However, It is still necessary to develop
a recovery plan according to the individualization of the
athlete, which is currently more recommended. Future
research needs to be closer to the optimal temperature
and best intervention practices, depending on the partic-
ipants. more high-quality literature is needed to substan-
tiate this conclusion.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512891-024-07315-2.

[ Supplementary Material 1 ]

Acknowledgements

We would like to thank all the experts who provided guidance and advice
in writing their essays. And to express high respect to all the authors of the
articles cited in this article.

Author contributions

Conceptualization: RC; formal analysis and investigation: RC and XP; writing—
original draft preparation: RC; writing—review and editing: RC and XP;
supervision: CC and XM. All authors reviewed the manuscript.

Page 10 of 12

Funding
No funding.

Data availability

All data and material reported in this review and meta-analysis were from
peer-reviewed publications. The datasets supporting the conclusions of this
article are included within the article and its additional files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 4 September 2023 / Accepted: 27 February 2024
Published online: 18 Seplember 2024

References

1. Owens DJ, Twist C, Cobley JN, Howatson G, Close GL. Exercise-induced
muscle damage: what is it, what causes it and what are the nutritional solu-
tions? Eur J Sport Sci. 2019;19(1):71-85.

2. Fatouros IG, Jamurtas AZ. Insights into the molecular etiology of exercise-
induced inflammation: opportunities for optimizing performance. J Inflamm
Res. 2016;9:175-86.

3. Armstrong RB. Mechanisms of exercise-induced delayed onset muscular
soreness: a brief review. Med Sci Sports Exerc. 1984;16(6):529-38.

4. Lightfoot JT, Char D, McDermott J, Goya C. Immediate postexercise massage
does not attenuate delayed onset muscle soreness. J Strength Conditioning
Res. 1997;11(2):119-24.

5. Cheung K, Hume P, Maxwell L. Delayed onset muscle soreness: treatment
strategies and performance factors. Sports Med. 2003;33(2):145-64.

6. XuCX, Liu HT, Wang J. Changes of 5-hydroxytryptamine and tryptophan
hydroxylase expression in the ventral horn of spinal cord. Neurosci Bull.
2008;24(1):29-33.

7. RashmiR, DeSelm C, Helms C, Bowcock A, Rogers BE, Rader JL, Rader J,
Grigsby PW, Schwarz JK. AKT inhibitors promote cell death in cervical cancer
through disruption of mTOR signaling and glucose uptake. PLoS ONE.
2014;9(4):292948.

8. Halson SL, Jeukendrup AE. Does Overtraining Exist? Sports Med.
2004;34(14):967-81.

9. Reilly T, Ekblom B. The use of recovery methods post-exercise. J Sports Sci.
2005;23(6):619-27.

10.  Wiewelhove T, Szwajca S, Busch M, Doweling A, Volk NR, Schneider C, Meyer
T, Kellmann M, Pfeiffer M, Ferrauti A. Recovery during and after a simulated
multi-day tennis tournament: combining active recovery, stretching, cold-
water immersion, and massage interventions. Eur J Sport Sci 2021:1-17.

11. Zhang YH, Liu J, Li XF, Jia CS. [Advances of studies on acupuncture and moxi-
bustion for exercise-induced fatigue]. Zhongguo Zhen Jiu. 2010;30(3):261-4.

12.  Costello JT, Baker PRA, Minett GM, Bieuzen F, Stewart IB, Bleakley C. Whole-
body cryotherapy (extreme cold air exposure) for preventing and treating
muscle soreness after exercise in adults. Cochrane Database Syst Rev
2015(9):CD010789.

13. Petrofsky JS, Khowailed IA, Lee H, Berk L, Bains GS, Akerkar S, Shah J, Al-
Dabbak F, Laymon MS. Cold Vs. Heat after Exercise-Is there a clear winner for
muscle soreness. J Strength Cond Res. 2015;29(11):3245-52.

14.  Versey N, Halson S, Dawson B. Effect of contrast water therapy duration on
recovery of cycling performance: a dose-response study. Eur J Appl Physiol.
2011;111(1):37-46.

15.  Peiffer JJ, Abbiss CR, Watson G, Nosaka K, Laursen PB. Effect of a 5-min cold-
water immersion recovery on exercise performance in the heat. Br J Sports
Med. 2010;44(6):461-5.

16. Peiffer JJ, Abbiss CR, Watson G, Nosaka K, Laursen PB. Effect of cold-water
immersion duration on body temperature and muscle function. J Sports Sci.
2009;27(10):987-93.


https://doi.org/10.1186/s12891-024-07315-2
https://doi.org/10.1186/s12891-024-07315-2

Chen et al. BMC Musculoskeletal Disorders

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

(2024) 25:749

Halson SL, Quod MJ, Martin DT, Gardner AS, Ebert TR, Laursen PB. Physiologi-
cal responses to cold water immersion following cycling in the heat. Int J
Sports Physiol Perform. 2008;3(3):331-46.

Guilhem G, Hug F, Couturier A, Regnault S, Bournat L, Filliard JR, Dorel S.
Effects of air-pulsed cryotherapy on neuromuscular recovery subsequent to
exercise-induced muscle damage. Am J Sports Med. 2013;41(8):1942-51.
Ascensao A, Leite M, Rebelo AN, Magalhdes S, Magalhdes J. Effects of cold
water immersion on the recovery of physical performance and muscle dam-
age following a one-off soccer match. J Sports Sci. 2011,29(3):217-25.
Costello JT, Baker PR, Minett GM, Bieuzen F, Stewart IB, Bleakley C. Whole-
body cryotherapy (extreme cold air exposure) for preventing and treating
muscle soreness after exercise in adults. Cochrane Database Syst Rev 2015,
2015(9):Cd010789.

WangY, Lu H, Li S, Zhang Y, Yan F, Huang Y, Chen X, Yang A, Han L, Ma Y. Effect
of cold and heat therapies on pain relief in patients with delayed onset
muscle soreness: a network meta-analysis. J Rehabil Med. 2022;54:jrm00258.
Batrakoulis A, Jamurtas AZ, Metsios GS, Perivoliotis K, Liguori G, Feito Y, Riebe
D, Thompson WR, Angelopoulos TJ, Krustrup P. Comparative efficacy of 5
exercise types on cardiometabolic health in overweight and obese adults: a
systematic review and network meta-analysis of 81 randomized controlled
trials. Circulation: Cardiovasc Qual Outcomes. 2022;15(6):e008243.

Hao Z, Zhang X, Chen P Effects of ten different exercise interventions on
motor function in Parkinson’s disease patients—A network meta-analysis of
randomized controlled trials. Brain Sci. 2022;12(6):698.

Salanti G. Indirect and mixed-treatment comparison, network, or multiple-
treatments meta-analysis: many names, many benefits, many concerns

for the next generation evidence synthesis tool. Res Synthesis Methods.
2012,3(2):80-97.

Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C,
loannidis JP, Straus S, Thorlund K, Jansen JP. The PRISMA extension statement
for reporting of systematic reviews incorporating network meta-analyses

of health care interventions: checklist and explanations. Ann Intern Med.
2015;162(11):777-84.

Shim S, Yoon BH, Shin IS, Bae JM. Network meta-analysis: application and
practice using Stata. Epidemiol Health. 2017;39:¢2017047.

Bucher HC, Guyatt GH, Griffith LE, Walter SD. The results of direct and indirect
treatment comparisons in meta-analysis of randomized controlled trials. J
Clin Epidemiol. 1997,50(6):683-91.

Salanti G, Ades AE, loannidis JPA. Graphical methods and numerical sum-
maries for presenting results from multiple-treatment meta-analysis: an
overview and tutorial. J Clin Epidemiol. 2011,64(2):163-71.

Bouchiba M, Bragazzi NL, Zarzissi S, Turki M, Zghal F, Grati MA, Daab W, Ayadi
F, Rebai H, Amor HIH et al. Cold Water Immersion improves the recovery of
both central and peripheral fatigue following simulated Soccer Match-Play.
Front Physiol 2022, 13.

Horgan BGG, West NPP, Tee N, Drinkwater EJJ, Halson SLL, Vider J, Fonda

CJJ, Haff GG, Chapman DWW. Acute Inflammatory, Anthropometric, and
Perceptual (muscle soreness) effects of Postresistance Exercise Water Immer-
sion in Junior International and Subelite Male Volleyball athletes. J Strength
Conditioning Res. 2022,36(12):3473-84.

Glasgow PD, Ferris R, Bleakley CM. Cold water immersion in the manage-
ment of delayed-onset muscle soreness: is dose important? A randomised
controlled trial. Phys Ther Sport. 2014;15(4):228-33.

Getto CN, Golden G. Comparison of active recovery in Water and Cold-Water
Immersion after Exhaustive Exercise. Athletic Train Sports Health care: J
Practicing Clinician. 2013;5(4):169-76.

Machado AF, Aimeida AC, Micheletti JK, Vanderlei FM, Tribst MF, Netto Junior
J, Pastre CM. Dosages of cold-water immersion post exercise on functional
and clinical responses: a randomized controlled trial. Scand J Med Sci Sports.
2017,27(11):1356-63.

Leeder JD, van Someren KA, Bell PG, Spence JR, Jewell AP, Gaze D, Howatson
G. Effects of seated and standing cold water immersion on recovery from
repeated sprinting. J Sports Sci. 2015;33(15):1544-52.

Higgins TR, Climstein M, Cameron M. Evaluation of hydrotherapy, using pas-
sive tests and power tests, for recovery across a cyclic week of competitive
rugby union. J Strength Conditioning Res. 2013;27(4):954-65.

Siqueira AF, Vieira A, Bottaro M, Ferreira-Junior JB, Nobrega OT, de Souza VC,
Marqueti RC, Babault N, Durigan JLQ. Multiple cold-water immersions attenu-
ate muscle damage but not alter systemic inflammation and muscle function
recovery: a parallel randomized controlled trial. Sci Rep. 2018,8(1):1-12.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T

52.

53.

54.

55.

56.

57.

58.

Page 11 of 12

Hohenauer E, Costello JT, Deliens T, Clarys P, Stoop R, Clijsen R. Partial-body
cryotherapy (- 135°C) and cold-water immersion (10°C) after muscle damage
in females. Scand J Med Sci Sports. 2020;30(3):485-95.

Coelho TM, Nunes RFH, Nakamura FY, Duffield R, Serpa MC, Silva JFD, Carmi-
natt LJ, Cidral-Filho FJ, Goldim MP, Mathias K, et al. Post-match Recovery in
Soccer with Far-Infrared Emitting Ceramic Material or Cold-Water Immersion.
J Sports Sci Med. 2021;20(4):732-42.

Wilson LJ, Cockburn E, Paice K, Sinclair S, Faki T, Hills FA, Gondek MB, Wood

A, Dimitriou L. Recovery following a marathon: a comparison of cold water
immersion, whole body cryotherapy and a placebo control. Eur J Appl
Physiol. 2018;118(1):153-63.

Nunes R RFH, Duffield, Nakamura FY, Bezerra ES, Sakugawa RL, Loturco |,
Bobinski F, Martins DF, Guglielmo LGA. Recovery following Rugby Union
matches: effects of cold water immersion on markers of fatigue and damage.
Physiologie Appliquee Nutr et Metab [Applied Physiol Nutr Metabolism].
2019;44(5):546-56.

Elias GP, Wyckelsma VL, Varley MC, McKenna MJ, Aughey RJ. Effectiveness of
Water Immersion on Postmatch Recovery in Elite Professional footballers. Int J
Sports Physiol Perform. 2013;8(3):243-53.

Pournot H, Bieuzen F, Duffield R, Lepretre PM, Cozzolino C, Hausswirth C.
Short term effects of various water immersions on recovery from exhaustive
intermittent exercise. Eur J Appl Physiol. 2011;111(7):1287-95.

Rupp KA, Selkow NM, Parente WR, Ingersoll CD, Weltman AL, Saliba SA. The
effect of cold water immersion on 48-hour performance testing in collegiate
soccer players. J Strength Conditioning Res. 2012;26(8):2043-50.

Vieira A, Siqueira AF, Ferreira-Junior JB, do Carmo J, Durigan JL, Blazevich

A, Bottaro M. The Effect of Water temperature during Cold-Water Immer-
sion on Recovery from Exercise-Induced muscle damage. Int J Sports Med.
2016;37(12):937-43.

Takeda M, Sato T, Hasegawa T, Shintaku H, Kato H, Yamaguchi Y, Radak Z. The
effects of cold water immersion after rugby training on muscle power and
biochemical markers. J Sports Sci Med. 2014;13(3):616-23.

Kositsky A, Avela J. The effects of Cold Water Immersion on the recovery of
Drop Jump performance and mechanics: a pilot study in Under-20 Soccer
players. Front Sports Act Living. 2020;2:17.

Hill JA, Barber S.The efficacy of repeated Cold Water Immersion on Recovery
following a simulated Rugby Union Protocol: 3818 Board# 257 June 4, 9: 30
AM-11:00 AM. Med Sci Sports Exerc. 2016;48(5S5):1070.

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(7):2483-94.

Ingram J, Dawson B, Goodman C, Wallman K, Beilby J. Effect of water immer-
sion methods on post-exercise recovery from simulated team sport exercise.
J Sci Med Sport. 2009;12(3):417-21.

Elias GP, Varley MC, Wyckelsma VL, McKenna MJ, Minahan CL, Aughey RJ.
Effects of water immersion on posttraining recovery in Australian footballers.
Int J Sports Physiol Perform. 2012;7(4):357-66.

Bouzid MA, Ghattassi K, Daab W, Zarzissi S, Bouchiba M, Masmoudi L,
Chtourou H. Faster physical performance recovery with cold water immer-
sion is not related to lower muscle damage level in professional soccer
players. J Therm Biol. 2018;78:184-91.

Moreira A, Costa EC, Coutts AJ, Nakamura FY, da Silva DA, Aoki MS. COLD
WATER IMMERSION DID NOT ACCELERATE RECOVERY AFTER A FUTSAL
MATCH. Revista Brasileira De Med Do Esporte. 2015;21(1):40-3.

Crowther F, Sealey R, Crowe M, Edwards A, Halson S. Influence of recovery
strategies upon performance and perceptions following fatiguing exercise: a
randomized controlled trial. BMC Sports Sci Med Rehabilitation 2017, 9(1).
Qu G, Wu Z Xu M, Qin F, Dong Y, Wang Z, Zhao J. Cryotherapy models and
timing-sequence recovery of exercise-induced muscle damage in middle-
and long-distance runners. J Athl Train. 2020;55(4):329-35.

Amir N, Hashim H, Saha S. The effect of single bout of 15 minutes of
15-degree celsius cold water immersion on delayed-onset muscle soreness
indicators. In: 3rd International Conference on Movement, Health and Exercise:
Engineering Olympic Success: From Theory to Practice 3: 2017: Springer; 2017:
45-51.

Goodall S, Howatson G. The effects of multiple cold water immersions on
indices of muscle damage. J Sports Sci Med. 2008;7(2):235-41.

Howatson G, Goodall S, van Someren KA. The influence of cold water immer-
sions on adaptation following a single bout of damaging exercise. Eur J Appl
Physiol. 2009;105(4):615-21.

Jakeman JR, Macrae R, Eston R. A single 10-min bout of cold-water immer-
sion therapy after strenuous plyometric exercise has no beneficial effect on



Chen et al. BMC Musculoskeletal Disorders

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

(2024) 25:749

recovery from the symptoms of exercise-induced muscle damage. Ergonom-
ics. 2009;52(4):456-60.

Sénchez-Urefa B, Rojas-Valverde D, Gutiérrez-Vargas R. Effectiveness of two
Cold Water immersion protocols on neuromuscular function recovery: a
Tensiomyography Study. Front Physiol. 2018;9:766.

Anderson D, Nunn J, Tyler CJ. Effect of Cold (14° C) vs. ice (5° C) Water Immer-
sion on Recovery from intermittent running Exercise. J Strength Conditioning
Res. 2018,32(3):764-71.

Bailey DM, Erith SJ, Griffin PJ, Dowson A, Brewer DS, Gant N, Williams C.
Influence of cold-water immersion on indices of muscle damage following
prolonged intermittent shuttle running. J Sports Sci. 2007;25(11):1163-70.
Dantas G, Barros A, Silva B, Belém L, Ferreira V, Fonseca A, Castro P, Santos T,
Lemos T, Hérickson W. Cold-Water Immersion does not accelerate perfor-
mance recovery after 10-km Street Run: Randomized Controlled Clinical Trial.
Res Q Exerc Sport. 2020;91(2):228-38.

Fonseca LB, Brito CJ, Silva RJ, Silva-Grigoletto ME, da Silva WMJ, Franchini E.
Use of Cold-Water immersion to reduce muscle damage and delayed-onset
muscle soreness and preserve muscle power in Jiu-Jitsu athletes. J Athl Train.
2016;51(7):540-9.

Lindsay A, Carr S, Cross S, Petersen C, Lewis JG, Gieseg SP. The physiological
response to cold-water immersion following a mixed martial arts training
session. Physiologie appliquee, nutrition et metabolisme [Applied physiology,
nutrition, and metabolism] 2017, 42(5):529-536.

Minett GM, Duffield R, Billaut F, Cannon J, Portus MR, Marino FE. Cold-

water immersion decreases cerebral oxygenation but improves recovery
after intermittent-sprint exercise in the heat. Scand J Med Sci Sports.
2014;24(4):656-66.

Tabben M, hsan M, Ghoul N, Coquart J, Chaouachi A, Chaabene H, Tourny

C, Chamari K. Cold Water Immersion enhanced athletes'Wellness and 10-m
short Sprint Performance 24-h after a simulated mixed Martial arts Combat.
Front Physiol 2018, 9.

Wiewelhove T, Schneider C, Doweling A, Hanakam F, Rasche C, Meyer T,
Kellmann M, Pfeiffer M, Ferrauti A. Effects of different recovery strategies fol-
lowing a half-marathon on fatigue markers in recreational runners. PLoS ONE.
2018;13(11):0207313.

Hohenauer E, Costello JT, Stoop R, Kiing UM, Clarys P, Deliens T, Clijsen

R. Cold-water or partial-body cryotherapy? Comparison of physiological
responses and recovery following muscle damage. Scand J Med Sci Sports.
2018,28(3):1252-62.

Hohenauer E, Clarys P, Baeyens J-P, Clijsen R. The effect of local cryotherapy
on subjective and objective recovery characteristics following an exhaustive
jump protocol. Open Access J Sports Med 2016:89-97.

Rose CL, Caillaud C, Edwards KM, Siegler J, Graham K. DOES WHOLE BODY
CRYOTHERAPY IMPROVE MUSCLE RECOVERY AFTER DAMAGING ECCENTRIC
EXERCISE? J Australian Strength Conditioning. 2014,22(5):48-51.

Haq A, Ribbans WJ, Hohenauer E, Baross AW. The comparative effect of
different timings of whole body cryotherapy treatment with Cold Water
Immersion for Post-exercise Recovery. Front Sports Act Living. 2022;4:940516.
Vaile JM, Gill ND, Blazevich AJ. The effect of contrast water therapy on
symptoms of delayed onset muscle soreness. J Strength Conditioning Res.
2007;21(3):697-702.

Dawson B, Gow S, Modra S, Bishop D, Stewart G. Effects of immediate post-
game recovery procedures on muscle soreness, power and flexiblity levels
over the next 48 hours. J Sci Med Sport. 2005,8(2):210-21.

Robey E, Dawson B, Goodman C, Beilby J. Effect of Postexercise Recovery
procedures following strenuous stair-climb running. Res Sports Med.
2009;17(4):245-59.

French DN, Thompson KG, Garland SW, Barnes CA, Portas MD, Hood PE, Wil-
kes G.The effects of contrast bathing and compression therapy on muscular
performance. Med Sci Sports Exerc. 2008;40(7):1297-306.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Page 12 of 12

Doungkulsa A, Paungmali A, Joseph L, Khamwong P. Effectiveness of air
pulsed cryotherapy on delayed onset muscle soreness of elbow flexors fol-
lowing eccentric exercise. Pol Annals Med. 2018;25(1):103-11.

Costello JT, Algar LA, Donnelly AE. Effects of whole-body cryotherapy

(=110 °C) on proprioception and indices of muscle damage. Scand J Med
Sci Sports. 2012;22(2):190-8.

Fonda B, Sarabon N. Effects of whole-body cryotherapy on recovery after
hamstring damaging exercise: a crossover study. Scand J Med Sci Sports.
2013;23(5):e270-8.

Hausswirth C, Louis J, Bieuzen F, Pournot H, Fournier J, Filliard J-R, Brisswalter
J. Effects of whole-body cryotherapy vs. far-infrared vs. passive modalities on
recovery from exercise-induced muscle damage in highly-trained runners.
PLoS ONE. 2011;6(12):e27749.

Lima C, Medeiros DM, Prado L, Borges M, Nogueira N, Radaelli R, Pinto R. Local
cryotherapy is ineffective in accelerating recovery from exercise-induced
muscle damage on biceps brachii. Sport Sci Health. 2017;13:287-93.
Ferreira-Junior J, Bottaro M, Vieira A, Siqueira A, Vieira C, Durigan J, Cadore

E, Coelho L, Simdes H, Bemben M. One session of partial-body cryotherapy
(=110° C) improves muscle damage recovery. Scand J Med Sci Sports.
2015;25(5):524-30.

Oakley ET, Pardeiro RB, Powell JW, Millar AL. The effects of multiple daily
applications of ice to the hamstrings on biochemical measures, signs, and
symptoms associated with exercise-induced muscle damage. J Strength
Conditioning Res. 2013;27(10):2743-51.

Petrofsky J, Berk L, Bains G, Khowailed IA, Lee H, Laymon M. The efficacy of
sustained heat treatment on delayed-onset muscle soreness. Clin J Sport
Med. 2017;27(4):329-37.

Greenham G, Buckley JD, Garrett J, Eston R, Norton K. Biomarkers of physi-
ological responses to periods of Intensified, non-resistance-based Exercise
Training in Well-trained male athletes: a systematic review and Meta-analysis.
Sports Med. 2018;48(11):2517-48.

Higgins TR, Heazlewood [T, Climstein M. A random control trial of contrast
baths and ice baths for recovery during competition in U/20 rugby union. J
Strength Cond Res. 2011,25(4):1046-51.

Myrer JW, Measom G, Durrant E, Fellingham GW. Cold- and hot-pack contrast
therapy: subcutaneous and intramuscular temperature change. J Athl Train.
1997,32(3):238-41.

Klimek L, Bergmann KC, Biedermann T, Bousquet J, Hellings P, Jung K, Merk
H, Olze H, Schlenter W, Stock P, et al. Visual analogue scales (VAS): measuring
instruments for the documentation of symptoms and therapy monitoring in
cases of allergic rhinitis in everyday health care: position paper of the German
society of Allergology (AeDA) and the German Society of Allergy and Clinical
Immunology (DGAKI), ENT Section, in collaboration with the working group
on clinical immunology, Allergology and Environmental Medicine of the Ger-
man Society of Otorhinolaryngology, Head and Neck surgery (DGHNOKHC).
Allergo J Int. 2017;26(1):16-24.

Waldman S. The measurement of pain: objectifying the subjective. Pain
management Elsevier, Amsterdam; 2007.

Wilson LJ, Dimitriou L, Hills FA, Gondek MB, Cockburn E. Whole body cryo-
therapy, cold water immersion, or a placebo following resistance exercise: a
case of mind over matter? Eur J Appl Physiol. 2019;119:135-47.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The effects of hydrotherapy and cryotherapy on recovery from acute post-exercise induced muscle damage—a network meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Search strategy
	﻿Inclusion criteria
	﻿Exclusion criteria
	﻿Study selection
	﻿Data extraction
	﻿Risk of bias in individual studies
	﻿Data analysis

	﻿Results
	﻿Study and identification and selection
	﻿Quality assessment of the included studies
	﻿Characteristics of the included studies
	﻿Network meta-analysis
	﻿CK
	﻿DOMS
	﻿JUMP


	﻿Publication bias test
	﻿Discussion
	﻿Strengths and limitations
	﻿Conclusions
	﻿References


