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Abstract

Contrast therapy’s effects have varied across studies, necessitating an examination of its effect size. Therefore, this study aimed
to validate the efficacy of contrast therapy on post-exercise recovery through a meta-analysis of exercise performance and
physiological variables. Searches were conducted in electronic databases with the keywords "contrast therapy,” "exercise
performance," and "recovery”. Then articles were screened according to PRISMA guidelines. Fifteen articles were included in
the meta-analysis. The results indicated significant differences in sprint (g=0.3811, p<.05), muscle soreness (g=0.7192, p<.01),
perceived fatigue (g=0.7384, p<.01), and blood CK (g=0.7043, p<.05), demonstrating the effectiveness of contrast therapy
compared to passive recovery. However, no significant differences were found in jump (g=0.0866, p=.7083), flexibility
(9=0.0585, p=.7531), thigh circumference (g=0.1636, p=.5654), and perception of recovery (g=0.3254, p=.0661), although there
was a slight trend favoring contrast therapy over passive recovery. Given this, contrast therapy could be beneficial for sports that
involve frequent sprints or repeated high-intensity exercise with short rest periods. Additionally, considering psychological
aspects like muscle soreness and perceived fatigue for optimal performance, we believe contrast therapy positively affects post-
exercise recovery compared to passive recovery. However, the quality of the studies was low, and there were not as many studies
that included contrast therapy for each dependent variable as expected. As more studies are conducted in the future, it is expected
that a more in-depth analysis can be conducted by improving the quality of the literature and reflecting various results.
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INTRODUCTION

Post-exercise recovery is regarded as an
important means of returning to body homeostasis
status (Mujika et al., 2018). Particularly for athletes
who compete continuously, recovery is essential
both physiologically and psychologically (Reilly &
Ekblom, 2005). Because fatigue and muscle damage
from playing and training in sports can affect
subsequent performance and quality of training
(Mujika et al., 2018). Post-exercise recovery is also
important for non-athletes, as they also participate in
and enjoy a variety of sports activities (K<im et al.,
2010). Inappropriate recovery might cause a vicious

cycle such as a decline in exercise performance, a
rise in injury risk, and an extension of recovery
periods (Belza, 1994; van et al., 2017). Appropriate
balance of exercise stress stimuli and their
adaptations are key factors in recovery and an
improvement of performance (\Vieeusen et al., 2006).

Participating in exercises is connected with
metabolic and mechanical stresses on body tissues
(Thorpe, 2021). Mechanical stresses by continuous
contraction of muscles, particularly eccentric
contraction, lead to a temporary reduction of muscle
function, an increase of intramuscular proteins in
the blood, a rise in muscle soreness and perceived
fatigue, and elevation in edema (Howatson &
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). During exercise and physical
activities could lead to various physiological
stresses such as muscle damage, inflammation, and
exhaustion of stored energy. Therefore, adaptation
to the body’s mechanical and physiological stress is
also highly relevant to recovery.

Recovery interventions such as massage,
compression garments, electrostimulation,
stretching, cryotherapy, thermotherapy, and
contrast therapy have been used or suggested to
enhance post-exercise recovery (

).
Among these methods, temperature-based
interventions such as cryotherapy, thermotherapy,
and contrast therapy have been studied for post-
exercise recovery studies (

). Recently lots of attention has
been paid to contrast therapy, which alternates
between two treatments to utilize the benefits of
cold and hot. Contrast therapy is a commonly used
recovery intervention due to its feasibility and
accessibility to athletes” ordinary training
environment ( ). Contrast
therapy has been proposed to important role in
injury management such as reducing injury site
edema by encouraging constriction and dilation of
peripheral blood vessels ( ). Other
physiological effects have been suggested as well,
such as a decline in muscle spasms, pain,
inflammation, and improvement of range of motion

(

). Since then, contrast therapy has
been widely used for post-exercise recovery, as it
has been suggested that contrast therapy eliminates
metabolic wastes, reduces post-exercise edema, and
increases blood flow to fatigued muscles (

). However, it has not yet
been established mechanism that contrast therapy
improves post-exercise recovery and there is a lack
of evidence-based consensus ( ).

Post-exercise recovery is significant for
maintaining  exercise  performance so the
application of reliable and effective interventions is
needed. The effectiveness of the proposed contrast
therapy has been reported with varying effects
throughout a number of studies, and therefore it is
necessary to evaluate the effect size. In fact, there
have been meta-analysis studies on this topic, and
this study is worthwhile because it differs from
previous ones in two ways. The first is the inclusion
of non-athletes, which is important because many
non-athletes participate in and enjoy various sports

activities, providing a more comprehensive
perspective on the effects of contrast therapy.
Secondly, we believe that updating the research on
this topic will provide more accurate results.

In the studies that used contrast therapy,
measurements of sprint, jump, and flexibility were
mainly used as exercise performance variables. In
addition, physiological variables were muscle
soreness, thigh circumference, perceived fatigue,
perception of recovery, and blood CK (Creatine
Kinase). Therefore, the purpose of this study was to
analyze the effects of contrast therapy in exercise
recovery and to validate the efficacy of this therapy.

AND

The systematic review protocol has been
registered on the International Platform of
Registered Systematic Review and Meta-analysis
Protocols (INPLASY) with the registration code
INPLASY?202340047. This protocol describes the
objectives, methods, and analysis plan of the study
in detail according to the reporting categories for
systematic reviews and meta-analysis protocols.
Literature Search

The systematic review was conducted
according to the Preferred Reporting Items for
Systematic reviews and Meta-Analysis (PRISMA)
guidelines (Fig. 1). Searches were conducted in five
electronic databases: EBSCOhost ASC, MEDLINE,
Cochrane, Web of Science, and CINAHL. The search
encompassed terms related to or describing
keywords such as contrast therapy, exercise
performance, and recovery.
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Figure 1. Flowchart of search strategy
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Screening and Eligibility Criteria

The inclusion criteria for selecting studies were:
individuals engaging in physical exercise or sports,
not limited to professional athletes but including any
active individuals, free from injury or illness; studies
employing randomized controlled trials or
randomized crossover designs that compared contrast
therapy as a post-exercise recovery intervention to at
least one control or alternative treatment group. We
excluded studies involving individuals with physical
or mental injuries, assessments of exercise or physical
performance  without  integrated recovery
interventions, and studies where contrast therapy was
combined with other interventions that could
confound the outcomes, such as compression
garments or active recovery strategies.

After screening the articles, the following
eligibility criteria were used. Inclusion criteria
included that studies were published in English and
measured exercise or physical performance before
and after the intervention. Exclusion criteria
included conference abstracts that did not include
primary data, review articles, editorials, and case
reports with fewer than five cases.

Data Extraction

The pre- and post-intervention means and
standard deviations for the two groups presented in
the individual studies were extracted into an Excel
file. Publication details (author, year of publication,
study type, sample size), participant information
(age, gender, BMI), recovery intervention
information  (water temperature, number of
repetitions, immersed time, extent of immersed),
measured variables (performance and physiological
variables), timing of measured, and exercise-induced
physiological stressors (i.e., exercise protocol) were
extracted.

Literature Quality Assessment

Two assessment tools, the Modified Jadad

Scale and the Newcastle-Ottawa Scale, were used

Studw SMD SE(SMD)

to assess the quality of the studies that the three
researchers selected.
Data Synthesis and Analysis Methods

The pre- and post-intervention means and
standard deviations of both groups were extracted
into Microsoft Excel (2016) and analyzed with the
R(version 4.3.0) ( ). The effect
size was calculated by Hedges’ g value considering
the problem of overestimating Cohen’s d value
( ), and 95% confidence
intervals were calculated for each of the exercise
performance and physiological variables. The
random-effects model was selected after testing for
homogeneity among studies and considering the
characteristics of the studies. In addition,
homogeneity was tested for each dependent
variable and if there was heterogeneity, subgroup
analysis was conducted to identify the causality.

Publication bias was utilized as a funnel plot
and Egger’s regression test was used to quantify it.

Study Characteristics

The characteristics of the studies for the final
analysis are shown in Table 1. The characteristics of
the studies included author and year of publication,
type of study, number of subjects, age, BMI, exercise
protocol, temperature, total immersion time, extent
of immersion, variables extracted during data
analysis, and timing of measured variables.

Effect Size Analysis (Sprint)

Compared to the passive recovery group, the
recovery of post-exercise sprint ability in the
contrast therapy group showed a small to moderate
effect and a statistically significant difference
(9=0.3811, p=.0473, Fig. 2). There was a small to
moderate effect of heterogeneity (Q(3)=4.26,
p=.2349, 1°=29.5%).

Standardised Mean

Difference sSMD 95%-Cl

3. Growther 2017 00879 0.Z399 — 0.068 [-0.402; 0.538]
5. Elias 2012 06128 o.3a821 7‘5—'7 0.613 [-0.136; 1.362]
. Elias 20132 0.7842 0.Z2955 — . 0.784 [ 0.203; 1.3686]
15. Crowther 20119 0.1809 0.32677 R e 0,181 [-0.550; 0.882]
[
]
[
Common effect model {:}? 0.360 [ 0.061; 0.659]
Random effects model [== = 0.3841 [ 0.005; 0.758]
r T T 1
= -1 o 1 2

Het=rosgenaity-: ¥ = 20%, <7 = 0.0498, p =023

Control better

Experimental better

Figure 2. Forest plot for contrast therapy vs control in sprint
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Table 1. Study characteristics

- Immersed  Extent of Extract ~ Timing of

Study Study type N Age BMmI Exercise protocol Temperature time immersed  variable  measured

Short-term exercise protocol
(2 xX5x10 unilateral long .
Ahokas - 10min S
jumps, o o Xiphoid 1h, 24h,
etal., Parallel 9(M) 26(3.7) 24 2% 3> 60m running, 10°C & 38°C (alter_nate process MS 48h
2019 . 1min)
2X200m run at maximum
speed)
Resistance training protocol

Argus (3 x5 deadlift, 310 back 14min
etal., Parallel 13(M) 26(5) 25.2 squat, 3 X 10 bench press, 15°C & 38°C  (alternate  Full body MS, PF 0Oh, 2h, 4h
2017 310 BB Lunge, 3x 10 BB 1min)

bent over row)

Crowth 14min Sprint,

CEC paallel  3a(M)  27(6) 247 o <1Sminsimulatedteam-game oo o ager  (aiternate  Shoulder  eXiDility  In 24h,
al., circuit 1min) , MS, 48h
2017 POR
Crowtn 14min - -
er et . o o Sprint, 5min,
Crossover 14(M) 26(6) 25 3 X Simulated rugby bout 15°C & 38°C  (alternate  Shoulder -
al., . MS, POR 75min
1min)
2019
14min

Dawso (alternate Jump

netal,  Crossover  17(M) 24'92)(2' 23.9 Football match 129C & 45°C ”’;')“g‘" Waist  flexibility oM 48h
2005 - , MS

2min(hot)
)

Elias et 14min 1h, 24h,
al. Crossover 14(M) 20.39(3. 23 Australian Footbe:ll training 120c &38°C  (alternate Xiphoid I\S/I‘?smlltF 48_h '
2012 ) protoco! 1min) process , (sprint:
24h, 48h)

. . 1h, 24h
Elias et 14min S . j !
al., Parallel 24(M) 19‘89(2‘ 23.3 Australian Football match 12°C &38°C  (alternate Xiphoid |\S/|esr"|1:>tﬁ 48.h .
2013 ) 1min) process , (sprint:
24h, 48h)

13min

French 6 <10 parallel back (alternate

24.1(3. squats(load: 100% body mass) ~ 8-10°C & 37-  1min(col 50cm 1h, 24h,
zto%lé Parallel 26(M) 2) 246 + Bsec eccentric back 40°C d) & depth CK 48h
squat(load : predicted 1RM) 3min(hot)

Higgin 190 10min Flexibilit 1h, 48h,
setal., Parallel 24(M) 19;8?;(0' 25.7 Simulated rugby union game 1281_20‘25‘ (alternate ASIS y, TC, 72h, 96h,
2013 1min) MS 144h

Simulated team sport exercise .

Ingram o . 15min - 0Oh, 24h,
etal., Parallel 11(M)  27.5(6) 239 (4. >20 min intermittent 10°C & 40°C  (alternate Umbilicu MS, CK 48h
2009 running, beep test shuttle runs 2min) s (MS:

until failure) 24h 4éh)

Juliff et 14min oOh 5h

al., Crossover 10(F) 20(1) 23.2  Netball specific circuit exercise ~ 15°C & 38°C  (alternate  Full body PF 2’4h '
2014 1min)
9min

Kinuga (alternate oh. 24h
sa and 14.3(0. o o 1min(col ~ Mesoster Jump, S

Kilding Crossover  28(NR) 7) 19.6 Soccer match 12°C & 38°C )& num POR (_|2U4IE§)
, 2009 2min(hot)

)
Daily training protocol Jump:
Nardi (warm-up, performance test, 0 o 8min . dayl, 2,
etal,  Parallel  18(M) 155(1) 201  30min football technical and 1g§+()655€ & (aiternate ;llif;ce Jum, 3
2011 tactical improvement schemes, +05%C 2min) P
4 X 4min small sided games) CK: 24h
Vaile et DOMS-inducing exercise 15min 12";”
26.2(5. protocol 8-10°C & 40-  (alternate :
2%'67 Crossover  13M&F) 8) 248 (510 eccentric bilateral leg 42°C 1min(col ASIS MS, CK 242’;;8?]’
press@1RM 140%) d) &

oi et al., Int J Disabil Sports Health Sci, 2024;7(3);686-700
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2min(hot) CK: 0Oh,
24h, 48h,
72h
DOMS-inducing exercise
. protocol . 0Oh, 24h
Vaile et b 14min , 24N,
(510 eccentric bilateral leg o o 48h, 72h
2%%8 Crossover 38(M) NR NR press@LRM 120% + 2 10 15°C & 38°C (ait;rir;a;te Fullbody  TC,CK (TC: 24h,
eccentric bilateral leg 48h, 72h)
press@1RM 100%)
Effect Size Analysis (Jump) passive recovery group (g=0.0866, p=.7083, Fig. 3).

There was no statistically significant There was no indication of heterogeneity
difference in the recovery of post-exercise jump  (Q(2))=0.11, p=.9893, 12=0.00%).
ability in the contrast therapy group compared to the

Standardised Mean

Study SMD SE(SMD) Difference SMD 95%-Cl1
4, Dawson 2005 0.1651 0.3678 I e — 0.169 [-0.552Z; 0.8390]
11. Kinugasa 2009 0.0000 0.3551 —_— 0.000 [-0.704, 0.704]
H
12. Nardi 2011 0.1043 0.5337 + 0.104 [-0.942Z; 1.150]
]
I
Common effect model 0.087 [-0.367; 0.540]
Random effects model 0.087 [-0.367; 0.540]
T T 1 T 1
e -1 o 1 2
- = =
Hetsrogensity: 1" =0%., =~ =0, p =0.85 Control better  Experimental better

Figure 3. Forest plot for contrast therapy vs control in jump

Effect Size Analysis (Flexibility)
There was no statistically significant compared to the passive recovery group (g=0.0585,

difference in the recovery of post-exercise p=.7531, Fig. 4). There was no indication of
flexibility ability in the contrast therapy group heterogeneity (Q(2))=0.01, p=.9963, 1>=0.00%).

Standardised Mean

Study S5MD SE(SMD) Difference SMD 9h%-Cl
3. Crowther 2017 00422 0.23598 e 0042 [-0.42Z; 0.518]
I
4. Dawson 2005 0.0617 0.3753 L | 0.062 [-0.675; 0.793]
8. Higgins 20132 0.0934  0.4730 . 0.093 [-0.834; 1.021]
i
|
Common effect model 0058  [-0.306; 0.423]
Random effects model 0.058 [-0.3046; 0.423]
T T ] T 1
-2 -1 o 1 2
Heterogensity: I~ = 0%, = =0, p = 1.00 Control better  Experimental better

Figure 4. Forest plot for contrast therapy vs control in flexibility

Effect Size Analysis (Thigh Circumference)
There was no statistically significant p=.5654, Fig. 5). There was no indication of

difference in the recovery of post-exercise thigh  heterogeneity (Q(1))=0.03, p=.8671, 1>=0.00%).
circumference in the contrast therapy group
compared to the passive recovery group (g=0.1636,
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Standardised Mean
Study SMD SE(SMD) Difference smMD eIl

\
8. Higgins 2013 0.2272 0.4749 = 0.227 [-0.704; 1.158]
14, Vfaile 2008 0.1220 0.3557 —_— 0.128 [-0.568%; 0.825]

0.164 [-0.394; 0.F22]
0.164 [-0.394; 0.722]

Common effect model
Random effects model

Heterogensity: /¥ = 0%, = = 0. p = O.87 Control better Experimental better

Figure 5. Forest plot for contrast therapy vs control in thigh circumference

Effect Size Analysis (Blood CK)
Compared to the passive recovery group, the  significant difference (g=0.7043,p=.0205, Fig. 6).
recovery of post-exercise blood CK in the contrast There was small to moderate heterogeneity

therapy group showed a large effect and a statistically ~ (Q(3)=5.16, p=.1604, 1>=41.9%).

Standardised Mean

Study SMD SE(SMD) Difference SMD 95%-CI
7. French 2008 1.3471 0.5473 : == 1.347 [0.274; 2.420]
8. Ingram 2009 0.2765 02127 —— E 0276 [-0.532; 1.085]
13, Vaile 2007 0.2521 0.3791 —‘_'-_:':_ 0.252 [-0.491; 0.995]
14, Vailke 2008 1.3471 0.5473 :: L 1.347 [0.274; 2.420]
:
L5
Common effect model —_— 0.634 [ 0.190; 1.078]
Random effects model —_— e 0.704 [ 0.108; 1.300]
[ T T 1
== =1 ] 1 2
Heterogeneity: |- = 42% < = 01551, p = 0.18 Control better Experimental better

Figure 6. Forest plot for contrast therapy vs control in blood CK

Effect Size Analysis (Perceived Fatigue)
Compared to the passive recovery group, the  effect and a statistically significant difference

recovery of post-exercise perceived fatigue in the  (g=0.7384, p<.01, Fig. 7). There was no indication
contrast therapy group showed a moderate to large  of heterogeneity (Q(3)=2.84, p=.4170, 1°=0.00%).

Standardised Mean

Study SMD SE(SMD) Difference SnDy 9535 -Cl1
2. Argus 2018 0.7FFsn 035948 I e — 0.¥7ys [0.001; 1.545]
|
5. Elias 2012 1.2054 04018 —'—'— 1.208 [0.422; 1.9597]
5. Elias 2013 05475 0. 4883 ; 0.548 [-0.309; 1.505]
10, Julif 2014 02252 04303 ——'_|_ 0.225 [-0.81&; 1.0&8]
]
I
Common effect model -*-— 0.738 [0.322;1.154]
Random effects model ==Sii=== 0.738 [0.322; 1.154]
T T T 1
-2 -1 o 1 Z
Heterogensity: - = 0%, = =0, p = 0.42 Control better Experimental better

Figure 7. Forest plot for contrast therapy vs control in perceived fatigue

Effect Size Analysis (Perception of Recovery)

There was no statistically significant (g=0.3254, p=.0661, Fig. 8). There was no
difference in perception of recovery in the contrast  indication of heterogeneity (Q(2)=0.02, p=.9887,
therapy compared to the passive recovery group  12=0.00%).
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Study SMD SE{SMD)
3. Crowther 2017 0.3463  0.2427
11. Kinugasa 2009 0.3222  0.3515
15. Crowther 2019 02797  0.3707

Common effect model
Random effects model

Standardised Mean

Difference SMD 95%-Cl
T 0.345 [-0.129; 0.822]
——:— 0.322 [-0.336; 1.031]
—_—t 0.280 [-0.447; 1.008]
|

e 0.325 [-0.022; 0.672]
e 0.325 [-0.022; 0.672]

T 1

Heterogensity: I~ = 0%, — = 0. p = 0.99

Control better

0 1 2

Experimental better

Figure 8. Forest plot for contrast therapy vs control in perception of recovery

Effect Size Analysis (Muscle Soreness)

Compared to the passive recovery group, the
recovery of post-exercise muscle soreness in the
contrast therapy group showed a moderate to large

effect and a statistically significant difference
(9=0.7192, p<.01, Fig. 9). There was small to moderate
heterogeneity (Q(9)=13.87, p<.01, 1>=35.1%).

Standardised Mean

Study SMD SE(SMD) Difference SMD 95%-Cl
I
1. Ahokas 2019 0.4761  0.4622 — 0.476 [-0.430; 1.382]
2. Argus 2016 0.6543  0.3906 4+ 0.654 [-0.111; 1.420]
3. Crowther 2017 0.4004  0.2435 . 0.400 [-0.077: 0.878]
& Dawson 2005 0.5821  0.3838 _—.-'— 0.582 [-0.170; 1.334]
5. Elias 2012 21285  0.4701 i ———%— 2129 [1.207;3.050]
6. Elias 2013 0.9606  0.5082 : ; 0.961 [-0.035; 1.957]
8. Higgins 2013 0.9705  0.5066 Lz 0.970 [-0.022; 1.963]
9. Ingram 2009 0.9625  0.4351 — = 0.963 [0.110; 1.815]
13. Vaile 2007 0.5791  0.3890 ——.-'.— 0.579 [-0.183; 1.341]
15. Crowther 2019 0.2032  0.3682 ——'—i-— 0.203 [-0.519; 0.925]
i
Common effect model * 0.674 [0.433; 0.914]
Random effects model = 0.719 [ 0.416; 1.022]
I [ [ 1
= -1 0 1 2

Heterogensity: 1° = 18%, < = 0.0788, p = 0.13

Control better

Experimental better

Figure 9. Forest plot for contrast therapy vs control in muscle soreness

Subgroup Analysis of Muscle Soreness

The homogeneity test for each dependent
variable revealed some amount of heterogeneity in
the sprint (Q(3)=4.26, p=.2349, 1>=29.5%), muscle
soreness (Q(9)=13.87, p<.01, 1°=35.1%), and blood
creatine kinase (Q(3)=5.16, p=.1604, 1°=41.9%).
Although there was no significant heterogeneity,
subgroup analysis was performed considering that
new hypotheses could be generated for future
research (Shin, 2015). However, two variables
(sprint and blood CK) were excluded from the

Choi et al., Int J Disabil Sports Health Sci, 2024;7(3);686-700

subgroup analysis. This is because the number of
studies was insufficient, which can reduce
statistical power (Shin, 2015).

A subgroup analysis was conducted by
dividing into two categories: study type (Crossover
vs Parallel), age (11~20 vs 21~30), the temperature
of cold treatment in contrast therapy (1~10°C vs
11~15°C), and the temperature of hot treatment in
contrast therapy (38~40°Cvs 41~45°C).

.Page 692 / 700.
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Subgroup Analysis by Study Type than parallel studies (g=0.628), but there was no
Subgroup analysis by study type showed that  group difference between study types (Q(1)=0.23,
crossover studies (g=0.838) were more effective  p=.6305, Table 2, Fig. 10).

Table 2. Subgroup analysis by study type on muscle soreness

Effect size 95% CI Heterogeneity
Subgroup
g LL UL Q df p 12
Crossover 4 0.8376 0.0413 1.6340 11.19 3 0.01 73.2
Parallel 6 0.6283 0.3228 0.9338 2.46 5 0.78 0
Total between 0.23 1 0.6305
Standardised Mean
Study SMD SE(SMD) Difference SMD 95%-C1 Weight

Type = Crossover

4. Dawson 2005 0.5821 0.3838 ——|:— 0.582 [-0.170;1.334] 10.7%
5. Elias 2012 21285 0.4701 — 2125 [1.207; 3.050] 8.0%
13. Vaile 2007 0.5791 0.3350 ——':— 0.57% [-0.183; 1.341] 10.5%
15. Crowther 20119 02032 0.3582 —'—'— 0.203 [-0.51%; 0.825] 11.3%

Random effects model | i 0.838 [0.041; 1.634] 40.5%
Hetzrogeneity: - = T3%, < = 0.4882, p = 0.01 i

Type = Parallel :
1. Ahokas 2019 0.4781 0.4522 ——'—'— 0.475 [-0.430; 1.382] 8.2%

2. Argus 20118 0.5543 0.3508 -—':— 0.554 [-0.111;1.420] 10.4%
3. Crowther 2017 0.4004 0.2435 —0—-— 0.400 [-0.077;0.873] 17.8%
5. Elias 2013 0.9505 0.5082 —'—'— 0.951 [-0.035; 1.957] 7%
&. Higgins 2013 0.59705 0.5066 —'—'— 0.570 [-0.022; 1.983] 7.2%
5. Ingram 2009 0.9525 0.4351 —'—'— 0.953 [0.110; 1.815] 5.0%
Random effects model * 0.628 [0.323;0.934] 59.5%

Heterogensity: I = 0%, = =0, p =0.78

Random effects model R 0.719 [0.416: 1.022] 100.0%

Heterogensity: I = 35%, < = 007868, p = 0.12
Test for subgroup differences: -,(f =10.23, df =1 {p = 0.63)

Control better  Treatment better
Figure 10. Subgroup analysis by study type on muscle soreness
Subgroup Analysis by Age
Subgroup analysis by age showed that 20 and  over(g=0.689), but there was no group difference
under(g=0.966) were more effective than 20 and by age (Q(1)=0.47, p=.4916, Table 3, Fig. 11).

Table 3. Subgroup analysis by age on muscle soreness

Effect size 95% ClI Heterogeneity
Subgroup
n g LL uL Q df p 12
<20 2 0.9655 0.2624 1.6687 0 1 0.99 0
>20 8 0.6889 0.3325 1.0454 13.12 7 0.07 46.7
Total between 0.47 1 0.4916
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Standardised Mean

Study SMD SE(SMD) Difference SMD 95%-C1 Weight
Age = 11-20 age
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8. Higgins 2013 0.5705 0.5066 I S — 05970 [-0.022Z; 1.963] T.2%
Random effects model == T 0966 [0.262;1.669] 14.3%
Heterogeneity: E=o%w S=0, p =055
Age = 21-30 age
1. Ahokas 2015 04751 04522 S e e — 0475 [-0.430; 1.382] B8.2%
2. Argus 2018 0.6543 0.3906 T 0.654 [-0.111; 1.420] 10.4%
3. Crowther 2017 04004 0.2435 '—'—'— 0.400 [-0.077; 0.878] 17.6%
4. Dawson 2005 0.5821 03838 O I e e— 0.582 [-0170; 1.334] 10.7%
5. Elias 2012 21285 0.4701 —— 21259 [1.207; 3.050] B.0%
9. Ingram 2009 0.9525 0.4351 —_— 0553 [0.110; 1.815] 5.0%
13. Vaile 2007 0.5791 0.3850 I e E— 0.579 [-0.183; 1.341] 10.5%
15. Crowther 2019 02032 03682 I P — 0203 [-0.51%; 0.525] 11.3%
Random effects model e 0.689 [0.332;1.045] 85.7%
Heterogensity: I~ = 47%, © = 0.1158, p = 0.07
Random effects model === 0.719 [0.416; 1.022] 100.0%
T T T 1
-2 -1 0 1 2

Heterogensity: I° = 38%, « = 0.0765, p = 0,13

. Control better
Test for subgroup differences: 3, = 0.47, df = 1 {p = 0.45)

Experimental better

Figure 11. Subgroup analysis by age on muscle soreness

Subgroup Analysis by Temperature of Cold
Treatment during Contrast Therapy

Subgroup analysis by temperature of cold
treatment during contrast therapy that 11~15°C
(9=0.773) was more effective than 8~10°C

(9=0.672), but there was no group difference by
temperature (Q(1)=0.09, p=.7611, Table 4, Fig. 12).

Table 4. Subgroup analysis by temperature of cold treatment during contrast therapy

Effect size 95% ClI Heterogeneity
Subgroup
g LL UL Q df p 12
1~10°C 3 0.6722 0.1907 1.1537 0.68 2 0.71 0
11~15°C 7 0.7735 0.3326 1.2143 13.19 6 0.04 54.5
Total between 0.09 1 0.7611

Subgroup Analysis by Temperature of Hot Treatment during Contrast Therapy

Subgroup analysis by temperature of hot treatment during contrast therapy showed that 38~40°C
(9=0.782) was more effective than 41~45°C (g=0.581), but there was no group difference by temperature
(Q(2)=0.35, p=.5544, Table 5, Fig. 13).

Table 5. Subgroup analysis by temperature of hot treatment during contrast therapy

Effect size 95% ClI Heterogeneity
Subgroup
n g LL uL Q df p 12
38~40°C 8 0.7819 0.3836 1.1803 13.73 7 0.06 49.0
41~45°C 2 0.5806 0.0451 1.1161 0 1 1.00 0
Total between 0.35 1 0.5544

Choi et al., Int J Disabil Sports Health Sci, 2024;7(3);686-700
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Standardised Mean
Study SMD SE|SMD) Difference SMD 95%-Cl Weight

Cold =1-10 cold

1. Ahokas 2019 0.4781  0.4622 — - 0.476 [-0.430; 1.382] 8.2%
9. Ingram 2008 0.9625  0.4351 S 0.882 [0.110;1.815] 9.0%
13. Vaile 2007 0.57%1  0.38%0 = 0.579 [-0.183; 1.341] 10.5%
Random effects model = 0.672 [0.191;1.154] 27.7%

Heterogeneity: I° = 0%, <= =0, p = 0.71

Cold =11-15 cold

2. Argus 2016 0.6543 0.3906 _+ 0.654 [-0.111;1.420] 10.4%
3. Crowther 2017 0.4004 0.2435 "_.—’_ 0.400 [-0.07T,0.878] 17.6%
4, Dawson 2005 0.5821  0.3838 — 0.582 [-0.170; 1.334] 10.7%
5. Elias 2012 21285  0.4704 i ——EB> 2129 [1.207;3.050] B.0%
6. Elias 2013 0.9606 0.5082 —".— 0.961 [-0.035; 1.957] 7.1%
2. Higgins 2013 0.9705 0.5066 —'_.— 0.970 [-0.022Z; 1.963] 7.2%
15. Crowther 2018 0.2032  0.3682 —— 0.203 [-0.519;0.925 11.3%
Random effects model =i 0773 [0.333:1.214] 723%
Heterogeneity: |° = 55%, = = 01517, p = 0.04 ;
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Figure 12. Subgroup analysis by temperature of cold treatment during contrast therapy

Standardised Mean

Study SMD SE{SMD) Difference SMD 95%-Cl Weight
Hot = 38-40 hot
1. Ahokas 2019 0.4761 0.4522 — T 0.475 [-0.430;1.382] 82%
2. Argus 2016 06543  0.3308 — 0654 [-0.111; 1.420] 10.4%
3. Crowther 2017 0.4004  0.2435 = 0.400 [-0.077; 0.878] 17.6%
5. Elias 2012 21285  0.4701 —FF— 2129 [1.207;3.050] &.0%
&. Elias 2013 0.9506  0.5082 — 0.981 [-0.035; 1.857] 7.1%
8. Higgins 2013 0.9705  0.5085 —— 0.870 [-0.022;1.983] 7.2%
8. Ingram 2009 0.9525  0.4351 — e 0.983 [0.110; 1.815]  9.0%
15. Crowther 2015 0.2032  0.3582 — 0.203 [-0.519; 0.925] 11.3%
Random effects model g 0.782 [0.384; 1.180] 78.8%
Heterogeneity: I~ = 48%, =~ = 01585, p = 0.08
Hot = 41-45 hot
4. Dawson 2005 0.5821 0.3838 - 0.582 [-0.170; 1.324] 10.7%
13. Vaile 2007 0.5791 0.3290 e B a— 0.579 [-0.183; 1.341] 10.5%
Random effects model == 0.581 [0.045; 1.116] 21.2%
Heterogeneity: - = 0%, = =0, p = 1.00
Random effects model === 0.719 [ 0.416; 1.022] 100.0%
I T T 1

Heterogeneity: I° = 35%, © = 0.0786, p = 0.13

= Control better  Treatment better
Test for subgroup differences: 3, = 0.35, df = 1 {p = 0.55)

Figure 13. Subgroup analysis by temperature of hot treatment during contrast therapy
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Publication Bias
Based on the funnel plot (Fig. 14) and Egger's regression test of all literature analyzed in this study,
there was no publication bias (f=0.1549, p=.2348).

=
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Figure 14. Funnel plot for publication bias

Literature Quality Assessment

Fifteen articles were included in the meta-analysis, two were randomized controlled trials and 13
were non-randomized controlled trials. The two randomized controlled trials were rated as low and high
quality using the Modified Jadad Scale (Table 6). Thirteen non-randomized controlled studies were rated
as low quality using the Newcastle-Ottawa Scale, with 11 scoring 3 and 2 scoring 2 (Table 7).

Table 6. Quality assessment results of randomized controlled trial studies via Modified Jadad Scale

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8  Scores
Argusetal., 2018  Yes Not described No Not described  No No No Yes 2

Crowther et al., 2017 Yes Not described Yes(single-blind) Not described Yes Yes No Yes 45

Table 7. Quality assessment results of non-randomized controlled trial studies via Newcastle-Ottawa Scale

Study Selection Comparability Outcome Total

1 2 3 4 5 6 7 8 Scores
Ahokas et al., 2019 * * * 3
Crampton et al., 2011 * * * 3
Crowther et al., 2019 * * * 3
Dawson et al., 2005 * * * 3
Elias et al., 2012 * * * 3
Elias et al., 2013 * * * 3
French et al., 2008 * * 2
Higgins et al., 2013 * * * 3
Ingram et al., 2009 * * * 3
Juliff et al., 2014 * * * 3
Kinugasa and Kilding, 2009 * * * 3
Nardi et al., 2011 * * * 3
Sayers et al., 2011 * * * 3
Vaile et al., 2007 * * 2
Vaile et al., 2008 * * * 3
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Accelerating the time course of the natural
recovery process through post-exercise recovery
intervention is important to prepare for the next
training or competition ( ). Among the
various recovery interventions, contrast therapy,
which has recently been applied as a method of
post-exercise recovery, has been reported with
varying effects between studies, thus it was
necessary to examine the extent of the effect size.
Therefore, in this study, we conducted a meta-
analysis of the exercise performance and
physiological variables to verify the efficacy for the
effect of contrast therapy on post-exercise recovery.

The results showed that four of eight variables
(blood CK, sprint, muscle soreness, and perceived
fatigue) were statistically significant differences,
which indicated the effectiveness of contrast
therapy compared to passive recovery. The
remaining four variables (jump, flexibility, thigh
circumference, and perception of recovery) showed
a slight trend in favor of the contrast therapy
compared to the passive recovery, but no
statistically significant differences.

First, Contrast therapy was observed to be
effective in the post-exercise recovery of blood CK
compared to passive recovery. Creatine kinase is
known to be produced in response to muscle tissue
damage from high-intensity exercise (

), and peak levels of CK have been

documented to increase on average even up to 96
hours after physiological stress ( ).
It has been suggested that interventions that lower
levels of creatine kinase after exercise could reduce
overall damage to skeletal muscle and promote
rapid recovery ( ).
( ) suggested that the tendency for creatine
kinase concentrations to decrease after contrast
therapy was due to changes in perfusion to the
muscle through vasoconstriction and vasodilation,
which decreased the immune response leading to
diminished myocyte damage. The results of our
study also suggest that contrast therapy was
effective in the post-exercise recovery of creatine
kinase for the same reason.

The exercise performance variables in this
study were sprint, jump, and flexibility, which are
commonly measured in the literature. Sprint and
jump performance are closely related to the function
of skeletal muscles and their ability to generate
force quickly (

). Flexibility is related to athletic
performance because of patterns specific to certain
sports and positions within those sports (

), and long-term static stretching has
been shown to positively influence strength, power,
and hypertrophy ( ). Among
the performance variables, only sprint, excluding
jump and flexibility, showed an effect of the
contrast therapy compared to the passive recovery.
This difference is considered to be due to the
different characteristics of the exercise stresses
imposed on the body during sprint, jump, and
flexibility measures. In this study, sprint was used
as a measure of total sprint time for the 6x20m
repeated sprint ability test in the literature. Repeated
sprint ability refers to the ability to maintain and
recover from maximal effort during a series of
repeated sprints ( ), and the
most commonly used test is six repetitions of a 20-
meter distance with a 30-second rest between
repetitions. These repetitions of sprint exercise are
characterized by muscle soreness, increased blood
CK, and decreased performance in response to
exercise-induced muscle damage (

). On the other hand, the measure of jump
ability consisted of no more than three maximal
jumps, and the highest value was used for data
analysis. A single maximal jump takes less than a
second and does not completely deplete
phosphagen reserves ( ). In
addition, flexibility was measured by a sit-to-stand
forward bend test. Given this, we believe that
measuring repetitive sprint ability may have
imposed more stress on the body, such as muscle
microdamage, than measuring jump and flexibility.

Meanwhile, muscle soreness showed that
contrast therapy was effective compared to passive
recovery. However, the perception of recovery was
trended in favor of contrast therapy, but no
statistically significant difference was found.

( ) found that contrast therapy
improved perceptions of recovery and perceived
perceptual recovery, such as muscle soreness, and
proposed two reasons for this. One is that the
pumping effect of contrast therapy, caused by
vasodilation and vasoconstriction of the capillaries,
may have contributed to the perceived recovery by
expelling metabolites out of the muscle and
transporting new proteins and enzymes into the
muscle. The other suggested that the perception of
the presumed positive effect and a recognition of the
widespread use of contrast therapy in many
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communities could be a partial placebo effect.
Eventually, we believe that the differences between
our results and ( ) may reflect
differences in individual experiences, environmental
conditions, and other factors that influence
perceptions of recovery.

Perceived fatigue showed that contrast

therapy was effective compared to passive
recovery. Perceived fatigue is distinct from
physiological fatigue, which focuses on the ability
of muscles to generate and maintain force, and
refers to the subjective feeling of fatigue by the
individuals ( ). Increased
perception of fatigue due to the training and
competition traits of sports reduces performance
( ). To
achieve optimal exercise performance, recovery
strategies need to consider these psychological
aspects ( ).
( ) found that contrast therapy reduced fatigue
perception and delayed muscle soreness, which
effectively addressed key aspects of physiological
and psychological fatigue, which is consistent with
the results of this study.

The recovery of thigh circumference showed
a slight trend toward the effectiveness of contrast
therapy, but no statistically significant difference.
Thigh circumference is often used as an indirect
measure of intramuscular and subcutaneous edema
after exercise. ( ) suggested that
hydrostatic pressure increases the pressure gradient
between the interstitial and intravascular
compartments of the immersed body, which may
lead to increased reabsorption of interstitial fluid
and decreased edema. On the other hand, consistent
with the present findings, ( )
suggested that contrast therapy reflected a small
effect related to the movement of osmotic fluids.

Consequently, subjective measure variables
(muscle soreness, perceived fatigue), except for
perception of recovery, showed the effectiveness of
contrast therapy compared to passive recovery.
Also, sprint, which can cause additional micro-
damage to muscles after exercise, and blood CK,
which is a marker of muscle damage, were found to
be effective with contrast therapy. It is believed that
contrast therapy could be beneficial for sports that
involve frequent sprints or repeated high-intensity
exercise with short rest periods. In addition, when
considering psychological aspects such as muscle
soreness and perceived fatigue for optimal
performance, we believe that contrast therapy has a

positive effect on post-exercise recovery compared
to passive recovery.

For practical applications, our findings
suggest that contrast therapy could be effectively
integrated into recovery protocols for athletes in
high-intensity sports. Regular sessions post-training
could accelerate recovery and reduce muscle
soreness. Coaches and sports health professionals
might use these insights to enhance training
schedules and develop injury prevention strategies
that incorporate contrast therapy to support athlete
performance and recovery. This approach not only
helps in quick recovery but also prepares athletes
better for subsequent training sessions and
competitions.

As a limitation, our study faced several
practical challenges. First, the number of studies
that conducted contrast therapy on each dependent
variable was lower than expected, which limited our
ability to draw comprehensive conclusions.
Additionally, the overall quality of the analyzed
studies was not as high as desired, affecting the
robustness of our findings. These issues were
primarily due to variations in methodology and the
lack of standardized protocols across studies, which
made it challenging to compare results directly. To
address these challenges in future research, it is
essential to standardize the conditions under which
contrast therapy is applied, such as temperature, the
time ratio between cold and hot treatment, rest time
between treatments, and immersion level. By
establishing clearer guidelines for these variables,
future studies can produce more reliable and
comparable results. Moreover, increasing the
number of studies focusing on specific dependent
variables will enhance the robustness of the meta-
analytic conclusions. Therefore, we recommend
that future studies aim to improve the quality of the
literature by conducting more rigorous trials with
standardized protocols. Reflecting on various
results from enhanced methodological approaches,
it is expected that more in-depth analysis and a
better understanding of the effects and mechanisms
of contrast therapy can be achieved.
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