
 

 

 
Abstract—This study recognized the effectiveness of cold-water 

immersion recovery post short-term exhaustive exercise. The purpose 
of this study was to understand if 16-20 °C of cold-water immersion 
would be beneficial in a tropical environment to achieve an optimal 
recovery in sprint swim performance in comparison to 10-15 °C of 
water immersion. Two 100 m-sprint swim performance times were 
measured along with blood lactate (BLa), heart rate (HR) and rate of 
perceived exertion (RPE) in a 25 m swimming pool with full body head 
out horizontal water immersions of 10-15 °C, 16-20 °C and 29-32 °C 
(pool temperature) for 10 minutes followed by 5 minutes of seated 
passive rest outside; in between the two swim performances. 10 well-
trained adult swimmers (5 male and 5 female) within the top twenty in 
the Sri Lankan nationals swimming championships in 100m Butterfly 
and Freestyle in the years 2020 & 2021 volunteered for this study. One-
way ANOVA analysis (p < 0.05) suggested performance time, BLa 
and HR had no significant differences between the three conditions 
after the second sprint, however RPE was significantly different with 
p = 0.034 between 10-15 °C and 16-20 °C immersion conditions. The 
study suggested that the recovery post the two cold-water immersion 
conditions were similar in terms of performance and physiological 
factors however the 16-20 °C temperature had a better “feel good” 
factor post sprint 2. Further study is recommended as there was 
participant bias with the swimmers not reaching optimal levels in 
sprint 1. Therefore, they might have been possibly fully recovered 
before sprint 2 invalidating the physiological effect of recovery. 
 

Keywords—Hydrotherapy, blood lactate, fatigue, recovery, sprint-
performance, sprint-swimming. 

I. INTRODUCTION 

WIMMING is a high intensity sport that is energetically 
supported by the phosphocreatine, glycolytic and the 

aerobic combustion of carbohydrate, fats and proteins [1]. 
Competitive swimmers might have to swim multiple high 
intensity swimming events with a short period (60 min – 24 
hours) of rest [2], [3]. Whilst there is very little data in 
swimmers itself, the duration and intensity of a 100 m swim is 
similar to a 400 m run. During such events the athlete sprint 
utilizes phosphocreatine in the first 5 to 10 seconds [4], then 
followed by a gradual increase of glycolysis until the event is 
primarily dependent of glycolysis [5]. Likewise, in a 100m 
swim the contribution of the glycolytic energy system is around 
60-70%. The high dependence on the glycolytic system can 
result in the elevation of plasma lactate levels and other 
metabolic and physiological changes which can affect 
performance [2], while changing the muscle and blood 
homeostasis [6]. Therefore, measuring the levels of BLa after a 
sprint swim and after recovery is a common practice to 
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understand the level of performance in competitive swimming 
[7] and recovery in maximal and submaximal exercise [8].  

Fatigue has been defined in many ways in sports science; for 
biochemists, fatigue is seen as the reduction of force out of the 
muscle, for psychologists it is the sensation of tiredness, and for 
physiologists it may be the failure of a particular physiological 
system [9]. Fatigue has also been viewed as either central 
fatigue, where the central nervous system (CNS) stops the 
muscle from exerting extraordinary effort to protect the muscle 
from injury, or peripheral fatigue, where the muscles 
homeostasis has been disturbed due to physical muscle damage 
and biochemical changes [10]. In swimming the level of BLa 
can be as high as 12.6 mmol/L-1 [11], [12] and the main problem 
with lactate increase and the subsequent accumulation is the 
prevention of muscle contraction [13]. The increase of BLa 
leads to the increase in hydrogen ions which as a result 
increases the level of Adenosine diphosphate (ADP) and 
impairs the function of the muscle by creating a sodium-
potassium-ATPase (Na-K-ATPase) imbalance [12]. Apart from 
this direct impact to performance, the increase in lactate and 
hydrogen ions inhibit the rate-limiting enzymes 
phosphofructokinase (PFK) and lactate dehydrogenase of 
glycolysis [12], thus affecting the subsequent high intensity 
exercise (sprint) bout. However, it is debatable whether lactate 
alone can be attributed to the onset of fatigue [14], but it is used 
widely as an indicator of fatigue.  

Recovery has been defined as the return of muscle to its pre-
existing state after an exercise bout [15]. Reference [10] divided 
recovery into immediate recovery, short-term recovery and 
training recovery. Immediate is the rapid recovery you get in a 
stroke cycle in swimming between the left and right arm or 
between the left leg and right leg during walking. Short-term 
recovery is the recovery time between two interval sprints and 
training recovery is the recovery between two successive 
workouts or competitions. Recovery through completely 
restoring homeostasis (i.e. bring back BLa to the pre-exercise 
level) can be achieved with long-term passive rest 
(approximately 72 hours) [16]. However, during competition, 
the natural recovery process of 72 hours [15] is not possible. 
Therefore, in sports such as cycling, swimming and running 
other recovery modalities such as active recovery, passive and 
hydrotherapy are commonly used. Active-recovery can double 
the rate of lactate removal in comparison to passive recovery 
[12]. In the study conducted on female college students by Felix 
et al. [2], there were three recovery modalities, two being active 
(swimming and rowing) and one passive rest was compared. It 
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was observed that after 15 minutes of recovery, lactate was 
lower in active recovery and the rate of reduction was faster in 
comparison to passive recovery. 

Hydrotherapy is similar to actively recovery excluding the 
energy expenditure component [17]. The added advantage is 
that the body temperature which is high during exercise can be 
lowered with cold water or thermo-neutral temperatures [14]. 
The pressure exerted due to immersion causes displacement of 
bodily fluids from the periphery to the central cavity, this 
displacement increases cardiac output and transportation of 
substrates [14]. Reference [18], in the study of active recovery, 
passive recovery and water immersion, suggests that CWI 
lowers core temperature. Reference [19] conducted a study on 
well-trained 5 km runners, where a graded exercise test was 
performed to obtain the baseline measurements of VO2max, HR 
and rate or perceived exertion (RPE). The results suggested that 
the measurements obtained from the CWI recovery were 
similar to baseline, while passive rest measurements were 
slower. Reference [17] compared three immersion temperatures 
on sprint swimming. CWI temperature was 16-23 °C; hot water 
immersion (HWT) and contrast water immersion (CWT) 
temperatures were 40 °C and 40/23 °C respectively. The 
participants were fully immersed and only their head was out of 
the water and periodic measurements of HR, BLa and skin 
temperature were taken. The results suggested that the highest 
HR reduction was after CWI; both CWI and CWT had a 
significant skin temperature reduction, CWT had the best BLa 
removal ability and CWI and CWT were associated with a 
better performance. In reviewing 214 articles on water 
immersion, [20] states that CWI can enhance recovery and the 
temperature can vary from 10-15 °C while the immersion 
duration can range from 5-15 minutes. The immersion too can 
vary from immersing multiple times, i.e. 5 minutes x 3 with a 
minute break or immersing for 10 minutes without a break. 

Water immersion protocols vary based on duration, 
temperature and immersion depth; as all these variables play a 
key role in training recovery [21], [10]. There is a substantial 
difference between the temperature used in CWI in the 
literature and this temperature is as low as 10 °C and as high as 
23 °C. In some studies, thermo-neutral temperature has been 
between 23-25 °C, whereas in tropical countries the ambient 
temperature ranges between 35-38 °C. The temperature used in 
water immersion recovery has been uncertain, more so there is 
a limited study conducted in tropical countries where the 
ambient temperature is approximately 8-10 °C higher. The 
current study would be to test the performance difference 
between two CWI temperatures along with a control (TWI) to 
understand which temperature might be more suited for sprint 
swimmers in a tropical environment. The hypothesis is that 
water temperature between 16-20 °C will provide a reduced 
time in the sprint post recovery in comparison to the 
temperatures of 10-15 °C and 29-32 °C, further the HR and BLa 
will be lower in the 16-20 °C before the sprint, in comparison 
to the other two water immersion temperatures. 

II. LITERATURE REVIEW 

The study was on performances and physiological changes 

after cold-water immersion recovery between two freestyle 
sprint swims. The resources were all online-based journals from 
databases such as PubMed, Google Scholar, ERIC-Institute of 
Education and Sciences, JSTOR, Academia.edu, Journal of 
sports science and medicine. The strategy was to perform 
multiple searches on the mentioned data bases using key words 
such as, fatigue, recovery, hydrotherapy, cold-water immersion, 
sprint swimming recovery, sprint exercise recovery, lactate 
recovery, HR recovery, anaerobic energy systems and 
glycolytic energy systems to identify the literature online. 85 
peer reviewed original articles and systematic review articles 
were identified during the key word search; the abstracts of 
these journal articles were read followed by the selection of 40 
articles based on the hypothesis. Further the bibliography, key 
words of the selected research articles and the systematic 
review articles were examined for authors and cold-water 
immersion sprint performance studies. The literature was then 
assessed on following; 
 The methodology of the journal articles. 
 Objectivity of the research. 
 If the arguments are supported by evidence. 
 The institute location and affiliation of the study. 

Finally, the selected journals were used to formulate the 
method and the objectives of the present study. 

III. METHODS 

A. Subjects 

Ten participants were recruited for this research project. 
They were within the top 20 at the Sri Lankan national 
swimming championships for the 50 m and 100 m freestyle and 
butterfly events within the past 3 years (2019-2021). The 
Medical Ethics Committee of the University of Glasgow 
approved the study. All swimmers were informed of the 
purposes and method of the study and a written informed 
consent was obtained from the swimmers before participation.  

B. Design 

Three tests were performed and all athletes were tested at 
each of the three different water immersion temperatures. The 
testing temperatures were randomly selected in the first test, 
then randomly selected between the remaining two 
temperatures and finally with the untested temperature. The 
recovery modalities were passive water immersion at three 
different temperatures. The control temperature was 29-32 °C, 
and the two cold-water immersions were 10-15 °C and 16-20 
°C. The test procedure started with an initial measurement of 
HR and BLa. This was followed by a warm up and a sprint 
maximal effort of 100 m freestyle swim. Immediately after the 
first sprint (S1) measurements of the sprint time, BLa, HR and 
the RPE were measured, followed by a water immersion for 10 
minutes at either 10-15 °C, 16-20 °C or 29-32 °C. At the end of 
the 10 minutes HR and Bla were recorded. The swimmers then 
rested passively for 5 minutes outside the water and at the end 
of the hour HR and Bla was recorded. A 5-minute warm up was 
performed and followed by a 100 m maximal effort freestyle 
sprint (S2). Immediately after the sprint HR, BLa, and RPE 
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were recorded again as presented by Table I. Each recovery 
temperature was tested on 3 different days with a minimum of 
48 hours between each day.  

C. Measurements 

BLa was measured with an ear prick capillary blood sample 
(5 μL) and analysed using a Lactate pro-2 analyser. The 
samples were gathered at rest, post S1, water immersion 
recovery, passive rest and S2. HR was measured using a water-
resistant Garmin forerunner 735. Measurements were taken at 
rest, post S1, water immersion recovery, passive rest and S2. 
The two 100 m sprints (S1 and S2) were separated by 15 
minutes of recovery and a very minimal warm up. Time was 
measured using a Casio recorder. RPE was recorded using a 
Borg scale of 6-20 where 6 was rated as the exertion level is 
very light and 20 being the exertion level is extremely high. 
This was recorded immediately after the two sprint swims (S1 

& S2).  

D. Statistical Analysis 

All experimental and calculated values are presented as mean 
+/- standard deviation. One-way ANOVA was performed on all 
measurements (Bla, RPE, HR & S2) to understand if there is a 
statistical significance in performance and if there is a 
difference between the means of the three immersion 
temperatures. Levene’s Homogeneity test and Welch’s 
ANOVA were performed to understand the meaningful 
significance. The threshold for significance was set at p ≤ 0.05. 
All data were analysed using SPSS 20.0.0. 

IV. RESULTS 

There were 10 participants (n = 10) with a mean age of 19.17 
± 1.80 years, weight of 63.83 ± 12.16 kg and height of 1.69 ± 
0.884 meters.  

 
TABLE I 

MEANS AND SD OF SPRINT TIME AND RPE FROM POST SPRINT 1 (S1) TO POST SPRINT 2 (S2) 

N = 12 Factor 10-15 C 16-20 C 29-31 C 

Sprint Time 
± SD 

RPE ± SD 
RPE ± SD 
RPE ± SD 
RPE ± SD 

S1 
S2 

Post S1 
Post 10 min 
Post 5 min 

S2 

1:00.0 ± 0:04.5 
0:59.9 ± 0;04.7 
15.33 ± 1.303 
8.42 ± 1.165 
8.75 ± 2.261 
15.92 ± 1.24*

1:00.2 ± 0:04.6 
0:59.9 ± 0:04.7 

14.92 ± 1 
8.58 ± 1.95 
7.08 ± 0.99 
14 ± 1.95*

0:59.9 ± 0:04.6 
1:00.0 ± 0:04.8 

15.08 ± 0.90 
9 ± 1.758 

8.33 ± 2.425 
15.42 ± 1.56 

* Significant difference between the 3 immersion conditions, SD ± = Standard Deviation, S1 = Sprint 1, S2 = Sprint 2 
 

The performance variable sprint 2 had no significant 
difference between any of the immersion conditions with p = 
0.996 analysed through one-way ANOVA. The same was 
observed across RPE during the first 3 measurement times 
except post sprint 2 (Table I). One-way ANOVA was run to 
compare the means of RPE post sprint 2. The mean of 
Sprint_2_RPE was statistically significant with F = 3.995, p = 
0.034 (Welch ANOVA). Post Hoc Tests (Games_Howell) for 
multiple comparisons recorded the difference was only between 
the immersion condition 10-15 °C and 16-20 °C, as there was 
no significance between the two cold-immersions and 29-32 °C. 

 

 

Fig. 1 The mean HR changes during the experimental conditions 
 
Figs. 1 and 2 record the variation of HR and BLa from the 

resting state to post sprint 2. None of the recorded data during 

the different times of the study were significant between the 
three immersion conditions. 

 

 

Fig. 2 The mean BLa changes during the experimental conditions 

V. DISCUSSION 

The present study examined the effect of different 
temperatures of water immersion for recovery in sprint 
swimming in a tropical environment. The swimmers concluded 
two maximal sprints replicating training/competition 
conditions. The hypotheses were that immersion temperature of 
16-20 °C would result in a better time sprint 2-post recovery, 
and the HR and BLa measured after 5 minutes passive rest 
would be lower in the 16-20 °C condition in comparison to the 
other two conditions. 
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The findings suggested that sprint 2 performance was not 
significantly different between the immersion conditions. In 
[17], it was suggested that cold-water immersion and CWT both 
had significantly improved performance time and significantly 
different RPE results, which read “fairly light” (11 in the Borg 
scale) in comparison to the other immersion condition. This was 
not apparent in the current study when the two cold-water 
conditions were compared against the 29-32 °C condition. 
However, in the cycling studies conducted by [22] where 1 km 
time trials were performed in immersion of 14 °C cold-water 
for 20 minutes, the immersion condition had a decrease in 
power and no difference between pre and post conditions in 
terms of maximal isokinetic concentric torque. Further the 
extreme cold-water temperatures such as 5-15 °C can have 
detrimental effects on repeated sprint performances. It has been 
suggested that following 15 minutes of immersion, HR 
increases to maintain core and skin temperature and the 
inhibitory effect on nerve conduction and subsequent force 
production [17], [18], [14]. 

The findings of BLa and HR results at all time points were 
not significantly different between the three immersion 
conditions. This was different to the study conducted by [17] 
where they found significant differences between BLa removal 
(9th minutes post sprint) and HR reduction 6 minutes post sprint 
performance in comparison with HWT (40 °C). 

The findings further suggested that the RPE post sprint 2 
showed a difference between the means of the three conditions 
and the significant difference was recorded between 10-15 °C 
and 16-20 °C, with 16-20 °C recording a difference of -1.95 of 
the scale post sprint 2, suggesting that after the immersion of 
16-20 °C of cold-water the swimmers felt marginally better 
recovered than the other cold immersion condition. It has been 
stated that cold-water immersion had a 2% reduction in RPE, 
when participants were immersed in 14 °C of cold water after 
sprint 2 [23]. It is possible that the increased parasympathetic 
activity post cold-water immersion and its reciprocal reduced 
sympathetic over-activity contribute to greater feelings of 
wellbeing as measured through the total quality of recovery 
questionnaire by [17], the result suggested that cold-water and 
CWT had a better score in comparison to HWT. However, it is 
unclear as to why 10-15 °C would record a higher mean RPE 
(0.5) in comparison to 29-32 °C as found in the current study 
based on [17] & [23]. 

Reference [6] conducted a study on 100m swim time, 
different passive and active recovery modalities suggested that 
the swimmers possibly held back maximum speed in S1 as they 
knew they had to perform an optimal effort swim 15 minutes 
later, this finding of the current study suggests that that only 
20% of the performances recorded the sprint 1 being faster than 
sprint 2. Reference [21], in the review article on cold-water 
immersion for athletic recovery, stated that the demands 
imposed by the exercise results in different effects on recovery 
associated with fatigue. As per the findings reported in Table I, 
the sprint time between sprint 1 (S1) and sprint 2 (S2) was not 
significantly different and this was apparent across the three 
different days of testing for the majority of the sprint efforts, 
therefore the assumption would be the onset of fatigue to the 

level required would have not been achieved post S1, allowing 
the swimmers to recover fully before the S2 making the 
differences of the recovery modalities invalid. Comparing the 
level of BLa to similar studies that conducted 100m sprints, 
which followed by recovery modalities, suggested that the 
mean BLa recorded was between 8.5-10 mmol/L [17], [6]. This 
was different to the findings of this study, which recorded a 
lower BLa range of 6-8 mmol/L further suggesting the 
swimmers presumably did not exert sufficient effort in the 
initial sprint. 

VI. STUDY LIMITATIONS 

A notable limitation of this study was participant bias, as 
suggested by [6], the swimmers held back on the first sprint on 
all three days despite the repeated instructions for swimming 
with maximal effort on both the sprints, thereby reducing the 
ability of the recovery conditions to take effect on the body to 
provide a meaningful result. All test were conducted outdoors 
therefore the pool temperature variance during the trial of the 
29-32 °C condition in comparison to the other two was 
uncontrolled. If the change was over 4 °C it would have had an 
impact on the result of the study. 

VII. CONCLUSION 

There have been very minimal studies comparing two cold-
water immersion conditions between two short maximal effort 
sprints. Furthermore, only limited studies of cold-water 
immersion have been conducted in a tropical environment. The 
findings of the study suggest that there is no significant 
difference in performance in the immersion conditions. 
However, there is a “feel-good” factor after the 16-20 °C 
immersion although it is minimal. This raises the question as to 
why the participants did not feel the same after the 10-15 °C 
condition. The same has been suggested in the discussion. The 
fact that 10-15 °C had a higher HR 5 minutes post immersion 
can possibly be the reason as to why RPE was higher in the said 
condition (pre cooling factor). Finally, the fact that the 
swimmers possibly did not exert sufficient effort in the initial 
sprint may have skewed the results. Therefore, further study 
might be required to understand if there is a benefit in 
immersing in a higher temperature (> 15 °C) of cold-water in a 
tropical environment than in cooler environments for faster 
recovery. 

REFERENCES  
[1] D.B. Pyne, and R.L. Sharp, “Physical and energy requirements of 

competitive swimming events,” International journal of sport 
nutritionand exercise metabolism, vol.24(4), pp.351-359, Aug. 2014. 

[2] S.D. Felix, T.M. Manos, A.T. Jarvis, B.E. Jensen and S.A. Headley, 
“Swimming performance following different recovery protocols in female 
collegiate swimmers,” Journal of Swimming Research, vol.12, pp.1-6, 
Sep. 1997. 

[3] S.L. Halson, “Does the time frame between exercise influence the 
effectiveness of hydrotherapy for recovery?,” International journal of 
sports physiology and performance, vol6(2), pp.147-59, June. 2011. 

[4] M.J. Hopwood, K. Graham and K.B. Rooney, “Creatine supplementation 
and swim performance: a brief review,” Journal of Sports Science & 
Medicine, vol 5(1), pp. 10, March. 2006. 

[5] J. Hirvonen, A. Nummela, H. Rusko, S. Rehunen and M, Härkönen. 

World Academy of Science, Engineering and Technology
International Journal of Sport and Health Sciences

 Vol:17, No:8, 2023 

187International Scholarly and Scientific Research & Innovation 17(8) 2023 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 S
po

rt
 a

nd
 H

ea
lth

 S
ci

en
ce

s 
V

ol
:1

7,
 N

o:
8,

 2
02

3 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

13
23

0.
pd

f



 

 

“Fatigue and changes of ATP, creatine phosphate, and lactate during the 
400-m sprint,” Canadian Journal of Sport Science, vol 17(1), pp.141-144 
June. 1992. 

[6] A.G. Toubekis, A. Tsolaki, I. Smilios, H.T. Douda, T. Kourtesis and S.P. 
Tokmakidis, “Swimming performance after passive and active recovery 
of various durations,” International Journal of Sports Physiology and 
Performance, vol 3(3), pp. 375-386, Sep. 2008.  

[7] P. Pelayo, I. Mujika, M. Sidney and J.C. Chatard, “Blood lactate recovery 
measurements, training, and performance during a 23-week period of 
competitive swimming,” European journal of applied physiology and 
occupational physiology, vol 74(1), pp. 107-113, Aug. 1996. 

[8] K.D. Beckett and K. Steigbigel, “Effects of warm down techniques on the 
removal of lactate acid following maximal human performance,” J Swim 
Res, vol 9, pp.32-35, 1993. 

[9] C.R. Abbiss and P.B. Laursen, “Models to explain fatigue during 
prolonged endurance cycling,’ Sports medicine, vol 35(10), pp. 865-898, 
Oct. 2005. 

[10] P.A Bishop, E. Jones and A.K. Woods, “Recovery from training: a brief 
review: brief review,” The Journal of Strength & Conditioning Research, 
vol 22(3), pp. 1015-1024, May. 2008. 

[11] E. Lätt, J. Jürimäe, J. Mäestu, P. Purge, R. Rämson, K. Haljaste, K.L. 
Keskinen, F.A. Rodriguez and T. Jürimäe, “Physiological, biomechanical 
and anthropometrical predictors of sprint swimming performance in 
adolescent swimmers,” Journal of sports science & medicine, Vol 9(3), 
pp.398, Sep. 2010. 

[12] F.B. Neric, W.C Beam, L.E Brown and L.D Wiersma, “Comparison of 
swim recovery and muscle stimulation on lactate removal after sprint 
swimming,” The Journal of Strength & Conditioning Research, vol 23(9), 
pp. 2560-2567, Dec. 2009. 

[13] K. Sahlin, “Muscle fatigue and lactic acid accumulation,”. Acta 
physiologica Scandinavica. Supplementum, vol 556, pp.83-91, Jan. 1986. 

[14] I.M. Wilcock, J.B. Cronin and W.A Hing, “Physiological response to 
water immersion,” Sports medicine, vol 36(9), pp. 747-65, Sep. 2006. 

[15] D.L. Tomlin and H.A Wenger, “The relationship between aerobic fitness 
and recovery from high intensity intermittent exercise,” Sports Medicine, 
Vol 31(1), pp.1-11, Jan. 2001. 

[16] M. Jemni, W.A Sands, Friemel and P. Delamarche, “Effect of active and 
passive recovery on blood lactate and performance during simulated 
competition in high level gymnasts,” Canadian journal of applied 
physiology, vol. 28(2), pp. 240-256, April. 2003. 

[17] Z. Rezaee, F. Esfarjani, and S.M. Marandi, “Which temperature during 
the water immersion recovery is best after a sprint swimming,”WorldAppl 
Sci J, vol 16(10), pp.1403-1408. 2012. 

[18] I. Wilcock, “The effect of water immersion, active recovery and passive 
recovery on repeated bouts of explosive exercise and blood plasma 
fraction,” Doctoral. dissertation, Auckland University of Technology, 
New Zealand, 2005. 

[19] A. Bosak, P. Bishop, J. Green and G. Hawver, “Impact of cold water 
immersion on 5km racing performance,” The Sport Journal, Vol 12(2), 
March. 2009.  

[20] N.G. Versey, S.L. Halson and B.T. Dawson, “Water immersion recovery 
for athletes: effect on exercise performance and practical 
recommendations,” Sports medicine, vol 43(11), pp.1101-1130, 
June.2013. 

[21] J.M. Stephens, S. Halson, J. Miller, G.J. Slater and C.D. Askew, “Cold- 
water immersion for athletic recovery: one size does not fit all,” 
International Journal of Sports Physiology and Performance, vol 12(1), 
pp.2-9, Jan. 2017. 

[22] J.J. Peiffer, C.R. Abbiss, G. Watson, K. Nosaka and P.B. Laursen, “Effect 
of cold water immersion on repeated 1-km cycling performance in the 
heat,”Journal of science and medicine in sport, vol. 13(1), pp.112-116, 
Jan. 2010.  

[23] J. Parouty, H. Al Haddad, M. Quod, P.M. Leprêtre, S. Ahmaidi and M. 
Buchheit, “Effect of cold water immersion on 100-m sprint performance 
in well- trained swimmers,” European journal of applied physiology, 
vol.109(3), pp.483-490, June. 2010.  

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

World Academy of Science, Engineering and Technology
International Journal of Sport and Health Sciences

 Vol:17, No:8, 2023 

188International Scholarly and Scientific Research & Innovation 17(8) 2023 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 S
po

rt
 a

nd
 H

ea
lth

 S
ci

en
ce

s 
V

ol
:1

7,
 N

o:
8,

 2
02

3 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

13
23

0.
pd

f


