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Abstract 
The aim of the research is to study the effect of cryotherapy method on blood gases 

(PCO2,PO2,HCO3 and PH) and its influence on the recovery of athletes after running 10 

Km. The researcher used the experimental method by using (pre-post- 60 mins post 

measurements) on an experimental group and a passive group because it suits the nature of 

the research . The sample was composed of 7 runners in each group with an average age of 

20.5 chosen by the intentional method. Each group had to run 10 km. The experimental group 

had their bodies covered with ice packs for 20 minutes while the second group had a passive 

rest for 60 minutes. The athletes approved that blood samples would be withdrawn in all 

measurements of the research before, immediately after and after 60 minutes. The results 

showed there are statistical difference for the cryotherapy group in all measured 

parameters(PCO2,PO2,HCO3 and PH) in favor of the first post measurement. It was evident 

from the results that when cryotherpy was applied, the measured parameters returned to the 

pre-measured values. This highlights the positive effect of cryotherapy on the recovery 

process of athletes. The researcher recommends further studies to be done on the influence of 

cryotherapy on anaerobic exercises as well as changing the 60 mins post measurement to 

shorter timings.
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Introduction     

Zagrobelny et al. 1999;  Jezierski 2006 

stated that the term "cryotherapy" was first 

used  in 1908 by A.W. Pusey to describe 

the treatment of skin lesions with very low 

temperatures. Currently, cryotherapy refers 

to various treatments aimed at lowering the 

body surface temperature without tissue 

destruction.                                         The 

first very low temperature cold rooms, a 

peculiar form of cryostimulation appeared 

in Japan in 1981,when Yamauchi 

successfully used a cryogenic chamber to 

treat rheumatism (Yamauchi 1989). 

Whole-body cryotherapy (WBC), as it is 

known today, consists of acute exposure to 

very cold air in special cryochambers. The 

air is maintained at temperatures ranging 

from -110 to -160°C, limiting exposure to 

3-4 minutes (Zagrobelny 2003). One of the 

most well-established physiological 

responses to cold exposure is triggered by 

the decrease in skin temperature, promptly 

stimulating cutaneous receptors and their 

sensory afferents to excite sympathetic 

adrenergic fibers, in turn causing the 

constriction of local arterioles and venules 

The resulting decrease in blood flow to the 

periphery or injured/inflamed tissues, 

reduces local metabolic processes, thereby 

attenuating the inflammatory response and 

the formation of oedema around the 

injured tissues (Paddon-Jones DJ ; Quigley 

BM 1997).It has been shown that 

cryotherapy reduces cell necrosis and 

neutrophil migration and slows cell 

metabolism and nerve conduction velocity, 
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which in turn reduce secondary tissue 

damage and pain sensation (Wilcock et.al 

1999).The body's response to low 

temperature depends on the temperature, 

method of application,exposure time, 

method and rate of heat loss, humidity of 

the cooled air, and the characteristics and 

age of the subjects.In the sporting realm, 

WBC (in this instance, more accurately 

defined as whole-body cryostimulation) 

has been used at temperatures ranging 

from -110 °C to -160 °C with the aim of 

limiting the spread of muscle lesions after 

training or competing ( Swenson ; sward 

;Klimek 1996).

        It has also been offered as a 

prophylactic treatment to reduce the risk of 

muscle lesions during intense training 

periods and to increase the antioxidant 

status after multiple exposures 

(Lubkowska et.al 2008). Despite the 

increasing popularity of WBC in sports, 

only few studies have assessed its 

efficiency in accelerating the recovery of 

the athlete  (Rymaszewska et.al 2008 ; 

Banfi et.al 2010 ; Hausswirth et.al 2011) 

.Very recently, post-exercise cold water 

immersion has been shown to aid recovery 

by altering blood flow (Vaile et.al 2011) 

and improving perceptions of 

recovery(Stanley J; Buchheit M; Peake JM 

2012) which may be reflected by changes 

in cardiac autonomic activity  (Buchheit M 

2009) .WBC may also exert important 

effects on post-exercise recovery at the 

cardiovascular level. As exercise causes an 

intensity-dependent parasympathetic 

withdrawal and sympathetic increase, a 

prompt recovery of parasympathetic 

activity is desirable after exercise. Changes 

in cardiac parasympathetic activity as 

assessed by heart rate variability (HRV) 

analysis have emerged in the literature as a 

global recovery index that reflects the 

acute response of the body to exercise; an 

elevated level of parasympathetic activity 

allowing rapid cardio deceleration and 

faster recovery (Stanley J; Buchheit M; 

Peake JM -2012, Al Haddad H -2010 , 

Stanley J ; Buchheit M; Peake JM -2013)  

       Wilcock et al. 2006 mentioned that 

athletes adopt a variety of strategies to 

help them recover between training 

sessions and competitive events to 

maintain performance. Water immersion is 

a popular method to improve recovery, as 

evidenced by its widespread use during the 

recent London Olympic Games.

       Poppendieck et al. 2013 stated that 

despite the widespread use of cold water 

for recovery, its effect on exercise 

performance is variable. Stanley et al. 

2013; Vaile et al. 2008 agreed that 

although cold water immersion may 

benefit subsequent sprint and endurance 

exercise performance, it can also impair 

subsequent sprint performance (Parouty et 

al. 2010) or not alter endurance 

performance (Stanley et al. 2012).      

      Banfi et al. 2010 stated that 

cryostimulation  is used in athletic 

recovery, acceleration of recovery to full 

physical ability, and removing the results 

of muscle fiber damage caused by intense 

exercise. It is promoted as a treatment 

method for muscle injuries, syndromes of 

overuse and to enhance recovery between 

training sessions 

     Costello (2011)performed studies to 

evaluate the immediate effect of 

cryostimulation on proprioception and 

tried to evaluate the effectiveness of this 

treatment in muscle soreness and function 

following eccentric exercise damage. 

Based on obtained results, the authors 

suggest that although cryostimulation does 

not increase the risk of proprioceptive 

related injury, it is ineffective in improving 

recovery if administered 24h after 

exercise. Pournot et al. 2011 compared the 

effect of two different recovery modalities: 

cryostimulation (3 min at -110°C) and 

passive recovery, on markers of exercise-

induced muscle damage and inflammation 

obtained after a simulated trail running 

race. The recovery session was applied 

immediately after, 24h, 48h and 72h after 

subjects performed a 48min running 

treadmill exercise.        The authors 

observed that a unique session of 
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cryostimulation performed immediately 

after exercise enhanced muscular recovery 

by restricting the inflammatory process. 

They suggested that soluble receptor 

antagonist IL-1ra increases after single 

whole-body cryostimulation and restricts 

the inflammatory response to exercise by a 

decrease in the magnitude if IL-1 and 

protein C-reactive. This physiotherapeutic 

treatment reduces the time of recovery, 

although depending on the time lag from 

the intense effort to cryostimulation. 

Further studies are required for a detailed 

understanding of mechanisms of response 

to cryogenic temperatures to find their 

most effective application in athletic 

training and recovery  

 Literature on changes in haematological 

indices induced by cryostimulation are 

often inconsistent and insufficient. Blatteis 

(1998) reported a decrease in leukocytes 

and erythrocytes in healthy subjects after a 

series of cryostimulations. Stanek et al. 

2006, reported that there was no 

significant increase in leukocytes , 

although a significantly increased 

percentage of monocytes in healthy 

individuals after a series of 10 two-minute 

long cryostimulations at -120ºC was 

observed. Lubkowska et al. 2009 stated an 

increase in the number of lymphocytes and 

monocytes, and to a lesser extent, 

neutrophils and eosinophiles. With regards 

to information on the effect of cryotherapy 

or cryostimulation on the red blood cell 

system, data is still very scarce. The only 

available paper is Banfi et al. 2008 which 

investigated the effects of 5 sessions of 

whole-body cryotherapy treatment on 

haematological values in athletes. The 

paper suggested that cryotherapy does not 

have detrimental effects on the mentioned 

parameters, but a small significant 

decrease in haemoglobin concentration, 

mean corpuscular haemoglobin and mean 

reticulocyte volume were observed  

     In terms of the participation of white 

and red blood cells in effort ability and 

tolerance, further studies are required on 

potential changes in haematological 

indices in response to varied number of 

cryostimulation in a series. Cold exposure 

is a risk factor for hypertension. Blood 

pressure is measured, before 

cryostimulation, but contraindications to 

the use of cryotherapy do not include 

unstable blood pressure or hypertension. 

Literature data on changes in key 

cardiovascular indicators in humans 

exposed to cryogenic temperatures are 

ambiguous.Westerlund et al. 2004 ; Fricke 

1989; Taghawinejad et al. 1989 reported a 

significant but short-term increase in 

systolic and diastolic blood pressure after 

WBC in both normotensive and mildly 

hypertensive individuals. Zalewski 2009 

reported that thermal stress (-110°C) did 

not cause changes in systolic or diastolic 

blood pressure but only a decrease in the 

heart rate. 

      The effect of WBC on the 

concentration of different hormones have 

been studied. Soccer players undertaking 

ten sessions of cryostimulation followed 

by 60 minutes of kinesitherapy, had a 

significant decrease in the concentration of 

testosterone and estradiol. Reports of 

changes in the level of cortisol (defined as 

the stress hormone) are divergent. 

Smolander et al. 2009 concluded that 

WBC treatments (-110°C), for 2 min, three 

times a week for 12 weeks, do not lead to 

disorders related to secretions of the 

growth hormone, prolactin, thyrotropin or 

thyroid hormones in healthy females. 

       Lubkowska et al. 2008 explained that 

one session of whole-body cryostimulation 

causes changes in the prooxidant-

antioxidant balance. The level of total 

oxidative status in plasma was statistically 

significantly decreased at 30 minutes after 

leaving the cryochamber and remained 

lower the following day, whereas the level 

of total antioxidative status decreased after 

cold exposure and increased the next day.  

      Woźniak et al. 2007 additionally, a 

36% increase was observed in the activity 

of superoxide dismutase (SOD), 
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glutathione peroxidase (GPx) and 

conjugated dienes (CD) in healthy 

individuals after a single stimulation. 

Moreover those authors concluded that 

prolonged, regular cryostimulation or 

winter swimming for 12 weeks did not 

appear to be harmful regarding 

antioxidative capacity. Further studies are 

needed for the confirmation of potential 

adaptational advantages occurring in 

antioxidative response to cryostimulation. 

      Cryotherapy is used in the early 

treatment of acute injuries (sprains, strains, 

fractures) but only a few papers discuss 

any possible influence of whole-body 

cryostimulation on inflammation 

mechanisms or immunology. Lubkowska 

et al 2010 reported an increase in the level 

of white blood cells in response to a series 

of 10 cryostimulations, and at the same 

time showed that a single 3 minute long 

whole-body cryostimulation (-130°C) 

leads to an increase in the level of 

interleukin 6, which is maintained for the 

next 10 stimulations. This was later 

confirmed which additionally showed the 

more advantageous effect of 20 sessions 

compared to 10 or 5 cryostimulations. This 

advantageous effect – an increased level of 

anti-inflammatory cytokines (IL-6, IL-10, 

IL-12) - was maintained during the whole 

series of cryostimulations, and receded no 

earlier than after two weeks after the 

completion of the cryostimulations, 

regardless of the number of treatments. 

Lubkowska et al. 2008 observed  the 

decreased level of pro-inflammatory IL-1 

during the series of 5 and 10 treatment, in 

an examination two weeks after the last 

stimulation ,the IL-1 decrease was 

maintained only after the series of 20 

cryostimulation treatments. 

     Ihsan et al. 2013 mentioned that to date, 

only one study has examined the effect of 

post-exercise cold water immersion on 

muscle oxygenation and blood flow. 

However, no research has examined the 

effects of cold water immersion on both 

central (i.e., cardiac output) and peripheral 

(i.e., muscle oxygenation) facilitators of 

O2 delivery to exercising muscle, or its 

effects on the anaerobic contribution 

during subsequent exercise. Understanding 

these effects is fundamental to optimize 

cold water immersion as a strategy to 

recover from exercise. The aim of this 

study is to investigate the effects of cold 

water immersion on blood gases O2, 

PCO2, HCO3 as well as the blood PH on 2 

groups. Cryotherapy was applied to the 

first group using ice packs while other 

group used passive therapy after running 

10 Km.The research hypothesis that there 

are positive effects following the use of 

cryotherapy. 

Method

Participants

The sample was composed of 14 athletes 

with an average age of 20.5 chosen by the 

intentional method. They were divided into 

2 groups, experimental group and passive 

group. Each group had 7 athletes and 

homogeneity was performed among them. 

The criteria for choosing the participants 

were the players had the personal will and 

motive to participate in the research and 

the complete knowledge of the steps of the 

research. Also they approved that blood 

samples will be withdrawn in all 

measurements of the research before, 

immediately after and after 60 minutes. 

Finally the physical and medical state of 

the players were confirmed and not to get 

injured during the research procedures 

The following table No. 1  highlights the anthropometric parameters of the research 

sample.
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Table 1 

Differences Between Experimental and Control Group in pre-test for Physical Variables 

in Group 

Variable Group Mean
Mean 

Rank

Sum of 

Ranks

Mann-

Whitne

y U

sig 

Training years
experimental 5.000 7.500 52.500

24.500 1.000
control 5.000 7.500 52.500

Weight
experimental 66.429 6.500 45.500

17.500 0.361
control 67.143 8.500 59.500

Height
experimental 174.857 6.857 48.000

20.000 0.557
control 175.143 8.143 57.000

Age
experimental 20.429 7.500 52.500

24.500 1.000
control 20.429 7.500 52.500

pO2
experimental 79.486 7.000 49.000

21.000 0.653
control 79.543 8.000 56.000

pCO2
experimental 45.629 7.071 49.500

21.500 0.701
control 46.943 7.929 55.500

HCO3
experimental 25.143 6.643 46.500

18.500 0.442
control 26.286 8.357 58.500

pH
experimental 7.394 7.714 54.000

23.000 0.847
control 7.394 7.286 51.000

Table 1. Indicates there are no significant differences between experimental and control 

groups at the pre-test stage in the variables. 

Measures 
The researcher used the following 

measures: 

 a-Track used to conduct the

research for both groups.

 b-Stop watches for timing the

performance and resting time.

 c-Centrifuging device to separate

blood components.

 d-Test tubes for collecting the

blood samples and preserving them

without coagulating by adding

heparin so completing the

separation process.

 e-Ice packs and cooling tank.

Procedures 

Cryotherapy  recovery group 

The research for the experimental group 

was conducted on Monday 15th September 

2015 at 8 o’clock at the track of Shams 

Sporting Club. 

Warm up exercises were performed 

including light jogging and stretching 

exercises for 25 minutes so getting the 

muscles, joints and ligaments ready for the 

physical activity. 

The group did the pre-measurement of the 

blood gases through a blood sample 

withdrawn. 

The group performed an aerobic activity 

running 10 Km. 

The group did the post-measurement of the 

blood gases through a blood sample 

withdrawn. 

Cryotherapy was applied to the group. Ice 

packs were applied on the whole body of 

each athlete in a lying position for 20 

minutes. 

The group did the 60 minutes post-

measurement of the blood gases through a 

blood sample withdrawn. 

Passive recovery group 

The research for the passive group was 

conducted on Monday 15th September 
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2015 at 8 o’clock at the track of Shams 

Sporting Club. 

Warm up exercises were performed 

including light jogging and stretching 

exercises for 25 minutes so getting the 

muscles, joints and ligaments ready for the 

physical activity. 

The group did the pre-measurement of the 

blood gases through a blood sample 

withdrawn. 

The group performed an aerobic activity 

running 10 Km. 

The group did the post-measurement of the 

blood gases through a blood sample 

withdrawn. 

The group had a passive rest of 60 

minutes. 

The group did the 60 minutes post-

measurement of the blood gases through a 

blood sample withdrawn

Results

The following table 2 compares the differences between the physical variables of 

the experimental group.

Table 2 

Differences between pre-test and post-test1 and post-test2 for Physical Variables in 

Experimental Group 

Variable Differences between Mean Ranks
Mean 

Rank
Sum of Ranks z Sig 

pO2

pre-test and

post-test1

79.486 Negative 1.00 1.00
2.201 0.028*

89.671 Positive 4.50 27.00

pre-test and

post-test2

79.486 Negative 1.50 3.00
0.847 0.630

87.243 Positive 5.00 25.00

post-test1 and

post-test2 

89.671 Negative 5.38 21.50
2.384 0.203

87.243 Positive 2.17 6.50

pCO2

pre-test and

post-test1

45.629 Negative 1.00 1.00
2.201 0.028*

51.129 Positive 4.50 27.00

pre-test and

post-test2

45.629 Negative 4.75 19.00
0.847 0.397

44.114 Positive 3.00 9.00

post-test1 and

post-test2 

51.129 Negative 4.00 28.00
2.384 *0.017

44.114 Positive 0.00 0.00

HCO3

pre-test and

post-test1

25.143 Negative 0.00 0.00
2.201 *0.018

32.786 Positive 4.00 28.00

pre-test and

post-test2

25.143 Negative 4.00 24.00
0.847 0.090

24.043 Positive 4.00 4.00

post-test1 and

post-test2 

32.786 Negative 4.00 28.00
2.384 *0.018

24.043 Positive 0.00 0.00

pH

pre-test and

post-test1

7.394 Negative 4.00 28.00
2.201 *0.018

7.326 Positive 0.00 0.00

pre-test and

post-test2

7.394 Negative 4.20 21.00
0.847 0.236

7.378 Positive 3.50 7.00

post-test1 and

post-test2 

7.326 Negative 0.00 0.00
2.384 *0.018

7.378 Positive 4.00 28.00

Tow-Related–Samples Tests - Wilcoxon Signed Ranks Test 
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Table 2 indicates that there is a significant difference between (pre-test, post-test) of 

physical variables in experimental group for the benefit of post-test. 

The following table 3 compares the differences between the physical variables of the 

control group. 

Table 3 

Differences Between pre-test and post-test1 and post-test2 for Physical Variables in 

Control Group 

Variable Differences between Mean Ranks 
Mean 

Rank 
Sum of Ranks Z Sig 

pO2

pre-test and

post-test1 

79.543 Negative 1.00 1.00
1.859 0.028* 

87.929 Positive 4.50 27.00

pre-test and

post-test2 

79.543 Negative 1.00 1.00
2.023 0.028* 

85.914 Positive 4.50 27.00

post-test1 and

post-test2 

87.929 Negative 5.50 22.00
0.943 0.176

85.914 Positive 2.00 6.00

pCO2

pre-test and

post-test1 

46.943 Negative 3.00 3.00
1.859 0.063

52.029 Positive 4.17 25.00

pre-test and

post-test2 

46.943 Negative 0.00 0.00
2.023 0.043* 

50.800 Positive 3.00 15.00

post-test1 and

post-test2 

52.029 Negative 3.75 15.00
0.943 0.345

50.800 Positive 3.00 6.00

HCO3

pre-test and

post-test1 

26.286 Negative 0.00 0.00
1.859 0.018* 

32.300 Positive 4.00 28.00

pre-test and

post-test2 

26.286 Negative 1.00 1.00
2.023 0.028* 

32.071 Positive 4.50 27.00

post-test1 and

post-test2 

32.300 Negative 3.75 15.00
0.943 0.866

32.071 Positive 4.33 13.00

pH

pre-test and

post-test1 

7.394 Negative 4.50 27.00
1.859 0.028* 

7.327 Positive 1.00 1.00

pre-test and

post-test2 

7.394 Negative 4.00 28.00
2.023 0.018* 

7.343 Positive 0.00 0.00

post-test1 and

post-test2 

7.327 Negative 3.17 9.50
0.943 0.446

7.343 Positive 4.63 18.50

  Tow-Related–Samples Tests - Wilcoxon Signed Ranks TestTable 3 indicates that there is 

a significant difference between (pre-test, post-test) of physical variables (pO2   3 HCO3    3 pH) 

in experimental group for the benefit of post-test. 
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Discussion 

        It is evident from table 2 that there are 

statistical significances for all  the research 

measurements (PH,HCO3,PCO2,PO2) of 

the experimental group for the post test 1 

group meanwhile it is clear that there is no 

statistical significance for any of the tested 

variables between the pre and post 2 

measurements. The decrease in post test 2 

measurments after 60 minutes back to the 

pre test values  is due to the effect of 

cryotherapy .This shows the effectiveness 

of cryotherapy on causing positive effects. 

Cryotherapy was reported effective in 

returning subjects to participation.Two 

potential mechanisms may be better pain 

control or reduced secondary tissue injury  

        The analgesic effect of cryotherapy is 

one of the primary reasons clinicians use it 

in the management of acute 

musculoskeletal injuries. Slowing of nerve 

conduction velocity is the likely 

mechanism for the analgesic response to 

cold. Ice reduces nerve conduction 

velocity and slows the stretch reflex. The 

greatest effect of reduced nerve conduction 

velocity is shown in superficial nerves(16 

Stanley et.al 2013) and the effect of cold 

on nerve conduction velocity may last up 

to 30 minutes after application. When pain 

is effectively managed, the patient may be 

able to begin and progress rehabilitation 

sooner to address range-of-motion and 

strength deficits as well as progress to full 

weight bearing and functional activities 

more rapidly                        Retarding 

secondary injury is an important theoretic 

benefit of cryotherapy. Secondary tissue 

death has been attributed to secondary 

enzymatic injury and secondary hypoxic 

injury . Larsen et.al 2010 proposed that 

secondary hypoxic injury is a significant 

problem after injury. Cryotherapy reduces 

tissue temperature, slowing the rate of 

chemical reactions and, therefore, the 

demand for adenosine triphosphate (ATP) 

decreased the cellular ATP demand which 

decreases the demand for oxygen, which 

leads to longer tissue survival during 

hypoxia (Hopkins et.al 2009) By 

decreasing the amount of damaged and 

necrotic tissue, the healing process can be 

shortened  

        It is evident from table 2 that there are 

statistical significances for PH, HCO3 and 

PCO2 of the experimental group between 

the post test 1 and post test 2.There is a 

decrease in the post test 2 measurements 

due the effect of cryotherapy. On the other 

hand the PO2 values decreased from 89.67 

to 87.24 which is not statistically 

significant. 

       Hughson 1990 and Endo et al. 2003 

stated that cardiac parasympathetic 

reactivation was enhanced following cold 

water immersion compared with passive 

recovery .The autonomic nervous system 

can influence O2 transport by modulating 

cardiovascular activity. Endo et al. 2003 

reported that increased cardiac 

parasympathetic activity at exercise onset 

can reduce vagal withdrawal during the 

on-transient, slowing HR kinetics during 

high-intensity exercise. In turn, these 

responses may reduce peak HR and 

possibly cardiac output during sprint 

exercise which is also confirmed by 

Parouty et al. 2010. 

       DeLorey et al. 2007suggested that 

cold water immersion reduced muscle O2 

utilization, possibly through two 

mechanisms. First, muscle O2 utilization 

may have decreased to match the reduced 

O2 delivery due to reduced muscle blood 

flow. Second, if cold water immersion 

reduced muscle temperature, then muscle 

O2 unloading may have decreased. Ferretti 

et al. 1995 stated that this happened in 

response to a temperature-dependent 

leftward shift in the O2-dissociation curve 

and also Koga et al. 2013; Shiojiri et al. 

1997 stated that this happened due to 

slowing of muscle intracellular VO2 on 

kinetics . Dorado et al. 2004 mentioned 

that an O2 deficit is incurred at the onset 

 Sep 2 016

http://www.isjpes.com/


Web : www.isjpes.com         E-mail : info@isjpes.com

The International Scientific Journal of Physical Education and Sport Sciences (ISJPES) 

125 

of constant load exercise due to slower 

readjustment of O2 consumption with 

respect to mechanical power.  

         It is evident from table 2 that there is 

no statistical significance for the 

experimental group PH measurements 

between the pre test and post test 2. The 

blood PH data showed no significant 

difference between the CWI and control 

recovery conditions. Therefore further 

recovery studies should further examine 

PH changes within the muscle and blood. 

Suggested mechanisms include reduction 

of  oedema. If muscle damage has 

occurred, possible increase in intracellular 

(Vaile J, 2008) and decrease in nerve 

transmission speed resulting in decreased 

pain perception (Stanley J, Peake JM, 

Buchheit M 2013). It is observed from 

table 2 that the measurements of the post 

test 2 showed positive results after 

cryotherapy for the experimental group. 

These results match with the previous 

studies done. It is likely that exposure to 

cold water caused peripheral 

vasoconstriction and a decrease in blood 

flow to the prime mover muscles. This 

decrease in muscle blood flow and 

temperature has been suggested to cause 

an inflammatory effect to aid muscle 

recovery (Yanagisawa et.al 2003). 

However, when the athlete must compete 

again within a short time of using CWI, 

this decrease in muscle blood flow and 

temperature could be detrimental to 

performance, even when another warm up 

is performed. Decreased muscle 

temperature and decreased core and 

muscle temperature have been shown to 

significantly decrease muscle strength and 

power and exercise heart rate (Howard 

et.al 1994).This indicates that athletes need 

to allow sufficient time for muscle 

rewarming if CWI is employed between 

events

. 
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