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Abstract Sepaktakraw athletes have an extremely
high-risk ratio of injury to the lower body, especially the
hamstring, when compared to sports like badminton and
tennis. This study aims at measuring and comparing the
recovery method of the hot-water immersion (HWI) and
the foam rolling (FR) in the recovery process of
Sepaktakraw athletes. Material and Methods: Overall, 18
Sepaktakraw players aged 18-20 years, who are members
of the Sepaktakraw Club of Universitas Negeri Jakarta
were involved in this study. 6 participants are randomly
assigned to the HWI group, 6 players are assigned to join
the FR group, and 6 players are assigned to join the passive
recovery group (PR). Three of groups completed
measurements pre- and post-recovery for blood lactate
concentration and the total quality recovery (TQR). Blood
lactate concentration was measured before, immediately,
and 15 minutes after recovery. Meanwhile, the total quality
recovery (TQR) is taken before the match starts and 15-min
after each recovery method was completed. Results:
ANOVA showed significant differences between the HWI
and PR groups, as well as the FR and PR groups (p = 0.001).
The post-TQR, ANOVA showed differences between the
HWI and PR groups, as well as the FR and PR groups (p =
0.001). Conclusion: This study showed HWI and FR can
reduce blood lactate levels better than the PR group at
15-m after each recovery process in Sepaktakraw athletes.
On the other hand, this study shows that the TQR is an
accurate predictor index in measuring the effectiveness and

quality of a recovery method for Sepaktakraw athletes.
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1. Introduction
Sepaktakraw began to be competed at the 10th Asian
Games in Beijing in 1990, and as a demonstration sport in
the 1998 Commonwealth Games in Kuala Lumpur [1].
Since then, Sepaktakraw has begun to expand to various
other Asian regions, like China, Japan and India, and it
has even been played almost worldwide. Although there is
only limited research on Sepaktakraw, several scientific
literatures have accurately identified the physiological
demands or risk of injury in the Sepaktakraw competition.
For instance, Jawis et al., [2] explained that Sepaktakraw
is a game of lower work intensity compared to badminton,
squash, tennis or basketball. While anaerobic processes
supply energy mainly during the explosive movement (e.g.
sunback spike, and the other is the roll spike). However,
Sepaktakraw players still require aerobic capacity for
guarantees continuous energetic support over the entire
match and enhance the re-synthesis of phosphocreatine
during recovery [2].
Furthermore, in research by Kubo et al., [3] it shows
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Sepaktakraw athletes have an extremely high-risk ratio of
injury to the lower body, especially the hamstring, when
compared to sports like badminton and tennis. It is
because in Sepaktakraw, acrobatic skills and flexibility are
required in each process of the movement (e.g. sunback
spike, and the other is the roll spike) [2,4]. Apart from
these factors, there are several other factors. One of those
factors is the exhausting schedule of a Sepaktakraw game
in a competition, in which the players have less time to get
quality recovery [3]. Those several factors make coaches
or other sports practitioners look for a way out to undergo
a good recovery for the Sepaktakraw athletes.
Currently, many recovery methods are used to assist
athletes in their recovery process [5-7]. For example, the
currently popular recovery method, hot-water immersion
(HWI), has been observed by several studies to provide
benefits to support athletes to reduce muscle soreness,
muscle damage, and also improve their performance [8,9].
Conversely, there is also some literacy discussing that
HWI possesses no beneficial effect as a recovery method
for athletes [10,11]. On this debate, several experts
revealed that different protocols in carrying out HWI
therapy (e.g. temperature, time immersion, and body parts
immersion) were some reasons that could lead to
differences in the results obtained [9].
Foam rolling (FR) is also an alternative method of
recovery which is currently repeatedly used by athletes
[12]. Apart from being easy and practical to use, FR is
believed to provide benefits for athletes in helping their
recovery process [13]. It is due to the existence of the
effect of myofascial release resulting from the use of FR
on the athlete's body, so that it can improve arterial
function, improve vascular endothelial function, reduce
muscle soreness, and decrease parasympathetic nervous
system activity [14]. Although some previous studies have
explained and disclosed the benefits of FR [15,16], some
previous studies also have shown there is no benefit in
using FR as a recovery method for athletes [17].
To the best author's knowledge, there is no research
comparing the recovery methods of HWI and FR to
support athletes in their recovery process. Peculiarly, there
are no studies measuring which recovery methods are
suitable for Sepaktakraw athletes. Therefore, this study
aims at measuring and comparing the recovery method of
the HWI and the FR in the recovery process of
Sepaktakraw athletes. In this study, we exclusively
addressed the effects of HWI and FR on perception of
recovery and blood lactate concentration after one-off
Sepaktakraw match in Sepaktakraw players. we
hypothesized that the recovery methods of HWI and FR
have the same benefit in reducing blood lactate compared
to passive recovery.

2. Materials and Methods
All things considered, 18 Sepaktakraw players aged
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18-20 years, who are members of the Sepaktakraw Club
of Universitas Negeri Jakarta were involved in this study.
They were selected to be the subjects in this study,
through the screening using several inclusion and
exclusion criteria. The inclusion criteria are: involving in
systematic Sepaktakraw practice at least 15 hours per
week, having been in this sport for a minimum of the last
5 years, having a history of participation in national
tournaments and never carrying out the recovery methods
of HWI and FR before. Concurrently, the exclusion
criteria are: having a history of cardiovascular disease,
having a history of musculoskeletal injury 3 months prior
to the study began, and having an allergy to hot water.
Alcohol and caffeine were unaccepted for about 24 hours
prior to the experiments.
2.1. Study Design
The study used a parallel, 3-group, purposive sampling,
pretest-posttest design to determine the effect of HWI, FR
dan passive recovery (PR) in Sepaktakraw players. 6
players are assigned to join the HWI group, to be given
HWI therapy after the Sepaktakraw match is over; 6
players are assigned to join the FR group, to be given FR
therapy after the Sepaktakraw match is over; and 6 players
are assigned to join the PR group, as a control group in
this study. The players distribution to join the group is
done randomly. Blood lactate concentration was measured
before, immediately, and 15 minutes after recovery.
Meanwhile, the total quality recovery (TQR) is taken
before the match starts and 15-min after each recovery
method was completed. For this study, substitutions of
players were unallowed during the match. All regulations
in Sepaktakraw matches follow the rules imposed by the
International
Sepaktakraw
Federation
(ISTAF)
(http://Sepaktakraw.org/wp-content/uploads/2018/03/Law
-of-the-Game-2016-Quad-as-per-Oct-2016-V1.0.pdf). The
research design is displayed in Figure 1.
2.2. Procedure
After getting an explanation of the working flow of this
study in the familiarization session, all participants are
required to take a series of anthropometry tests, conducted
a week before the experimental session begins. In the
anthropometric measurement session, this study used the
Omron HBF-375 Karada Scan Body Composition Scale to
assess body weight and body fat percentage of all
participants. A stadiometer with 0.1-cm readability (Seca
214 Portable Stadiometer, Cardinal Health, Ohio, USA)
was applied to measure body height. Body mass index
was calculated as the ratio of body mass (kilograms) and
body height (meters) squared.
After the anthropometric measurement session was
completed, all participants entered the experimental
session according to the group that had been previously
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joined randomly. Measurements of blood lactate
concentration and TQR were carried out before the start of
the match. This study requires all participants to do a
6-min warm-up (static and dynamic movement). 3
matches are run according to the rules and regulations
imposed by ISTAF. Specifically, we encouraged coaches
to encourage players to promote their abilities to the
maximum in the matches played. All matches are
conducted professionally, and based on the coach's
established strategy. To make the match atmosphere real
for this study, a reward was provided to each team
winning the match played. Polar RS400 sports watch
(Finland) was used to monitored of heart rate (HR) during
matches.
After the match has been played, all participants
immediately enter into each recovery interventions based
on the group that has been previously determined. Blood
lactate measurements were carried out immediately after
the match ended, and 15-m after the recovery process was
complete. Meanwhile, the TQR was carried out together at
15-m after the end of the recovery process. After the end
of the last test, the participants were allowed to drink
water ad libitum to prevent dehydration. The
environmental conditions were kept constant ambient
temperature (25-27 ° C) and relative humidity (65-75%)
during matches and recovery interventions.
2.3. Recovery Interventions
In the recovery process for the HWI group, all
participants immersed themselves in a barrel (diameter
250 cm x height 76 cm). During the immersion process,
they immersed their lower limbs for 10 minutes in water
with a temperature of 37ºC. During the immersion process,
participants stood (passive immersion). To make the
temperature regular, this study re-enters hot water if there
is a drop in the water's temperature (the water
temperatures were measured with a Testo AG T 106
thermometer). Additionally, during HWI interventions, all
participants are required to wear minimal clothes.
The Grid Foam Rooler Kettler (14 x 33 cm) was used
for performing FR exercises. The applications protocol of
FR was based on previous protocols. The FR consisted of
five exercises, for quadriceps, hamstrings, adductors,
gluteal, and gastrocnemius. One minute for all exercises
with 15s of the rest was given to all participants. All
participants start by placing a foam roller at the most
distal portion of the muscle and to place as much of their
body mass as tolerable on the foam roller at all times.
With a rhythm of 50 beats per minute, all participants
were instructed to roll their body mass across the foam
roller. For the PR group, the players were instructed to sit
on a bench for 10 minutes. The players were instructed to
not engage in any other form of recovery procedure (i.e.,
massage, walking, etc.).

2.4. Physiological Analyses
Blood lactate measurement used was a Lactate Pro
analyzer (Arkray, Shiga, Japan), by taking 100-μl samples
of fingertip capillary blood from each participant. As for
perception of recovery, the TQR method was used
according to Kenttä and Hassmén to evaluate the player's
general perception of recovery [18]. It is where
participants being given a TQR index from a scale of 6 to
20. A scale of 6-7 means lack recovery; 8-9 scale means
very poor recovery; a scale of 10-11 means poor recovery;
12-13 means reasonable recovery; 14-15 means good
recovery; 16-17 means very good recovery; 18-20 means
excellent recovery. In the session of TQR scale
measurement, participants have been given an explanation
before starting it, and a familiarization session has been
carried out for 1 month before the start of this
experimental session.

Figure 1.
interventions

Schematic of matches design based on recovery

Legend: Each group consisted of 3 players; HWI - hot
water immersion; FR - foam rolling exercises; PR-passive
recovery; M1 - blood lactate and TQR measurements
before matches, M2 - blood lactate measurements in
immediately after match, and 15-min after recovery
interventions, and TQR measurements in 15-min after
15-min after recovery interventions.

3. Statistical Analysis
The values are presented as mean ± SD. Normal
distribution of the sample was checked by using the
Shapiro-Wilk test. One-way analysis of variance
(ANOVA) with LSD corrected post-hoc analyses was
used to calculate the differences between HWI, FR and
SJR groups in each physiological parameter. Significant
level is accepted if at the level of p <0.05. Statistical
analysis was performed with the use of the SPSS V.21.0
software.

4. Results
Table 1 shows the average anthropometric results of all
the participants. Meanwhile, the Table. 2 shows the results
of differences of blood lactate concentration and TQR for
each group.
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Table 1. Anthropometric characteristics of the three groups of
Sepaktakraw players
Variable

Groups
HWI group
(x̄ ± SD)

FR group
(x̄ ± SD)

SJR group
(x̄ ± SD)

18.67±0.82

18.83±0.75

18.33±0.82
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and PR group, and the PR group.
4.2. TQR

A On the pre-TQR measurement, there were no
significant differences between the three groups. It shows
that before performing this experimental session, all
Weight (kg)
63.53±4.05
64.42±2.82
56.80±3.48
subjects came with a good recovery condition (p = 0.599).
Height (cm)
168.25±3.06 167.95±3.07 158.43±2.46
However, ANOVA indicated a significant difference in
2
BMI (kg/m )
22.42±0.68
22.84±0.75
22.62±1.03
post-TQR. Exclusively, ANOVA showed differences
between the HWI and PR groups, as well as the FR and
4.1. Blood Lactate Concentration and HR Average
PR groups (p = 0.001). When regarded in more detail, the
TQR index owned by the HWI group was higher than the
The results obtained in this study indicate there was no FR and PR group. It shows that the effect of HWI leads to
significant difference in the measurement of pre-lactate better recovery quality when compared to the other two
concentration in the three groups (p = 0.095). Furthermore, groups.
ANOVA showed there was no significant difference in
post-lactate outcomes between the three groups (p =
0.368). This result shows the entire group put in the same
effort in performing and running the match. It can also be
noted in the HR results of each group, showing there was
no significant difference between the three groups (p =
0.875). However, the difference between the three groups
was merely seen in the blood lactate measurements 15
minutes after the recovery process for each group was
complete. In more detail, ANOVA showed significant
differences between the HWI and PR groups, as well as
the FR and PR groups (p = 0.001). It shows there was a
significant difference in the reduction of blood lactate,
Figure 2. The average of HR in each group
between the group using the recovery methods of HWI
Age (years)

Table 2. Differences in physiological analyzes (blood lactate concentration and TQR) in each group
p-value

Group

Variables

HWI
(x̄ ± SD)

FR
(x̄ ± SD)

PR
(x̄ ± SD)

Pre-test lactate concentration (mmol/l)

1.13±0.27

1.12±0.37

1.13±0.34

Post-test lactate concentration (mmol/l)

7.35±0.54

6.92±0.55

7.22±0.49

0.368

Post 15-min lactate concentration (mmol/l)

2.93±0.29

3.02±0.22

4.42±0.28

0.001*

0.995

Pre-test TQR

16.17±0.75

15.67±0.82

15.83±0.98

0.599

Post-test TQR

15.67±0.82

14.67±1.37

10.33±1.51

0.001*

Abbreviations:
HWI – Hot water immersion group; FR – Foam rolling exercise group; PR – Passive recovery group.
The values are presented as mean ± SD; * values significantly different between the three groups (p < 0.05).
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5. Discussion
This study aims at measuring and comparing the
recovery methods of HWI and FR for Sepaktakraw
athletes. Furthermore, our hypothesis stating the recovery
methods of HWI and FR have the same benefit in
reducing blood lactate compared to passive recovery.
Respect to our hypothesis, this study succeeded in
revealing both the recovery methods of HWI and FR have
benefits in reducing blood lactate concentration, and they
provide good perception of recovery, when compared to
the PR group. To the best author's knowledge, this is the
first study examining the effect of the recovery method on
Sepaktakraw athlete, exactly comparing between HWI
and FR on Sepaktakraw athletes.
In this study, it was discovered that a significant
decrease in blood lactate occurred in the HWI group
compared to the FR and PR groups. Unfortunately, not
many previous studies have focused on discussing the
effects of HWI on reducing blood lactate. Typically,
previous research has always focused on the effects of
HWI on the improvement of performance after recovery,
the decrease of muscle soreness, and the decrease of
creatine kinase (CK) activity in a group of athletes [8,9].
Although we are difficult to find supporting data for the
research findings, especially to the best author knowledge,
there are no studies measuring the effect of HWI as a
recovery method in Sepaktakraw athletes, however the
previous literacy conducted by Cochrane et al. [19] may
explain the phenomenon behind this result. In their study,
Cochrane et al., [19] explained that the vasodilatation
effect produced by HWI can increase tissue temperature,
metabolite production, muscle elasticity, and stimulate
blood flow and reduce muscle spasm. Because of this
literacy, we argue that an increase in tissue temperature,
metabolite production, and stimulation of blood flow in
participants after doing HWI can be used as a temporary
argument behind the phenomenon of decreasing blood
lactate in HWI. Further research is needed involving
better physiological measurement methods and parameters
to explain this phenomenon.
Although the decrease in blood lactate was more
significant in the HWI group compared to the other two
groups, the decrease in blood lactate also occurred when
comparing the results between the FR group and the PR
group. This result is in line with several previous studies
finding that the FR method can reduce blood lactate levels
[20,21,22]. For example, research was conducted by
Akinci et al. [20] in which they performed a comparison
between FR, active recovery (AR), and neuromuscular
electrical stimulation (NMES). In their study, it was
explained that the three recovery methods have the ability
to reduce blood lactate levels after completing a single
bout of circuit-based high-intensity training (CBHIT) at
85% of the heart rate reserve (HRR). In more detail, the
study revealed that the effect of myofascial release caused

by FR can reduce edema, muscle soreness, and induce
metabolic effects, so that it allows for a decrease in blood
lactate in their subjects. Although there are differences in
subject characteristics between their study and the current
study, this study believe that the effect of myofascial
release produced after performing FR exercises was also
involved in the Sepaktakraw athletes in this study.
Apart from reporting a decrease in blood lactate levels
in the HWI and SJR groups, the current study also
demonstrated the validation of the TQR results in line
with the decrease in blood lactate in each group. For
example, the HWI group experiencing the lowest
reduction of blood lactate (2.93 ± 0.29), followed by the
FR group (3.02 ± 0.22) and the PR group (4.42 ± 0.28),
presented the identical TQR results, in which HWI had
better index (15.67 ± 0.82), followed by the FR group
(14.67 ± 1.37) and the PR group (10.33 ± 1.51) considered
very poor recovery. Needless to say, this study result is in
line with the results of previous studies, explaining that
TQR is an accurate predictor scale in determining the
quality of recovery in athletes of team sports [23].
Although this study proved a positive effect produced
by HWI and FR on reducing blood lactate levels, this
study also found that many previous studies had shown
that these two recovery methods did not produce a
satisfactory effect as recovery methods for athletes
[10,11,17]. Since this study is difficult to find literacy
related to the negative effects of HWI on blood lactate,
several previous studies have revealed that HWI does not
carry out a significant role as a recovery method for
athletes in several measurement parameters, such as
performance measures, and muscle soreness [10,11]. As
one example, Vaile et al. [10] explained that performing
HWI for 14 minutes at a temperature of 38 ºC for 5 days
does not have an effect on the increase of performance on
cycling athletes after they have participated in strenuous
training.
Similar to the HWI method, several previous studies
also revealed there was no significant effect when using
FR as a post exercises recovery method [17,24]. D'amico
et al. [24] confirmed that the use of FR as a recovery
method for 16 trained males after performing the 800-m
treadmill run time did not indicate a decrease in blood
lactate levels. On the other hand, many previous studies
assumed FR was the same as massage therapy [24,25]. It
was possible because of the similar nature of FR to
massage therapy, which is "can reducing myofascial
trigger points." Unfortunately, even though FR and
massage therapy are considered to have similarities, Bielik
et al. [26] explained that massage therapy was no better
than passive recovery in reducing blood lactate levels at
post exercises. This explanation proves that FR and
massage may not have a positive effect on reducing blood
lactate concentration.
With the existence of the similarities and differences
regarding the results obtained in this study, when
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compared with the previous studies findings, this study
agree with previous literacy that explained several aspects,
like differences in physiological characteristics, numerous
types of training levels (junior, senior, amateur or
professional), psychological factors, environmental factors,
as well as various types of methods or protocols both on
HWI (differences in water temperature and immersion
duration) and FR (various types of FR material, duration
exercises), are some of the factors that can cause
differences of results when running or measuring the
effectiveness of both recovery methods [9,27,28]. We
realized this study has several limitations. Firstly, this
study did not measure the effectiveness of HWI and FR on
performance improvement. Secondly, this study realized
that a lack of physiological measurement variables like
CK activity, C-reactive protein (CRP), lactate
dehydrogenase (LDH), and other physiological
measurement parameters was needed to answer an
unanswered phenomenon in this study. In addition, future
studies are also expected to pay attention to several
parameters that can change the final result in the
measurement session, like the circadian rhythm,
psychological factors and environmental factors. It must
be considered to get good results and minimize the effects
of bias.

6. Conclusions
This study showed HWI and FR can reduce blood
lactate levels better than the PR group at 15-m after each
recovery process in Sepaktakraw athletes. On the other
hand, this study shows that the TQR is an accurate
predictor index in measuring the effectiveness and quality
of a recovery method for Sepaktakraw athletes. Therefore,
we recommend that Sepaktakraw coaches and athletes use
the HWI and FR methods as a method of recovery to
accelerate post-exercise recovery in athletes, especially
for Sepaktakraw players.
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