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Introduction 
[bookmark: _Int_bDLh2Xvl][bookmark: _Int_E11saNWp][bookmark: _Int_M5tYKpDv][bookmark: _Int_IGx7L7E0][bookmark: _Int_mNUJ27ep][bookmark: _Int_EdYBkjkA][bookmark: _Int_ZRYLCS6u][bookmark: _Int_jyuan5hi][bookmark: _Int_fZ47NnCb][bookmark: _Int_QdRT0IZP][bookmark: _Int_5Crfz9eS][bookmark: _Int_aoGRvR3q][bookmark: _Int_ogmm9Ffa]“Cold water immersion (CWI), otherwise known as ice-baths, plunges pools and cold-water therapy is a recovery process involving the immersion of the body into cold water (≤15˚C/59˚F) immediately after exercise in an attempt to enhance the recovery process (2). Despite being shown to only have a small impact on recovery, CWI has proven to be an effective method for enhancing recovery” (Owen Walker, 2016). Cold Water Immersion (CWI) can be considered as and involves people submerging themselves or a body part into cold water, a person does not need to be completely submerged in water for it to be considered as cold-water immersion, a person can just put their legs or arms in cold water, and it would still be considered as cold-water immersion as long as the water is less than 15 degrees Celsius. Cold water immersion is sometimes used to manage any muscle soreness an athlete may face after exercise, and it is known to be used to help speed up an athlete's recovery time. Cold Water Immersion has been shown to help the human body in a verity of different areas, these areas include strength, fatigue, muscle soreness, inflammation, and aerobic exercise performance. After exercising or playing an intense game where an athlete has pushed their body to its limits, their muscles may feel inflamed and painful, the body can benefit from cold water immersion in two ways, one way is by reducing muscle temperature and the other way is increasing hydrostatic pressure. After putting so much strain on the body an athlete can experience fluid build-up and muscle swelling so submerging the body into cold water makes hydrostatic pressure that forces the metabolic waste made by inflammation, goes back into the bloodstream to remove it more quickly, but if left standing in the muscles then that extra waste can delay an athletes recovery by a day or two. However, reducing the muscle temperature is also a key to recovery as previously stated, when an athlete is working on strengthening their muscles, they would have to breakdown the muscle in a way to make it stronger, if they push their bodies hard enough. Occasionally an athlete can overdo it and cause their body to continue to breakdown the muscles even after they have stopped exercising. Using cold water immersion decreases the temperature of an athlete's muscles, which slows the breakdown process and gives the body a chance to more effectively remove the extra waste produced when exercising although in latest years, some people had been questioning the advantages of ice-cold showers every now and then making an indirect evaluation to cold water immersion and its fitness advantages. However, in relation to measuring the outcomes of a cold shower, there does not appear to be an extensive quantity of information backing up the research. Compared to cold water immersion, there is not always the identical advantage of trying to heal exercise-triggered strain to the body. “A person may experience an increased level of alertness by stimulating a ‘flight or fight’ response in their body through a pain stimulus or a stimulus that your body doesn’t see routinely,” Dr. Biehl said. “So, there may be a slight response in the short term. More funding and research is necessary to definitively assess the effects of ‘ice cold showers’ to determine if there is any sort of long-term benefit” (Scott J. Biehl, 2022). In the beginning stages of cold-water immersion, the cardiopulmonary system can experience a type of shock that is caused by the change in temperature, because of this it should be avoided by athletes with a known history of cardiac arrythmia issues or any issues of autonomic dysfunction. The cold water can affect the bodies nerves system and response rate as well as potentially put an athlete into a state of paralysis if they suffer from any of the underlining conditions mentioned before. The objective of this study was to compare hand grip strength before and after the effects of cold-water immersion from the data of doing the hand grip test every five minutes after the participants arms have been submerged in cold water, the test was performed with Hand Grip Dynamometer, (Takei Hand Grip Dynamometer, Habdirect, Southam, UK) which can be found following this link https://www.habdirect.co.uk/product/takei-hand-grip-dynamometer/.
Methods 
[bookmark: _Int_UC6wFv2A][bookmark: _Int_rhJgj8gS][bookmark: _Int_HMeVObn4][bookmark: _Int_yxlGEBJz][bookmark: _Int_gdsiiGmL]The cold-water immersion handgrip strength test was performed with Hand Grip Dynamometer, (Takei Hand Grip Dynamometer, Habdirect, Southam, UK) which can be found following this link https://www.habdirect.co.uk/product/takei-hand-grip-dynamometer/. “Grip strength, also known as hand strength, is an anthropometric measurement that indicates muscle health in the hands and forearms. The measurement is often included in longitudinal studies because it's an indicator of the overall well-being of an adult subject. Grip strength is usually measured using a hand-held dynamometer. The patient squeezes the dynamometer with all of their strength, typically three times with each hand. An average score is then calculated using the measurements from both hands” (Sharon Basaraba, 2021). This test was performed across nine participants all with different athletic abilities and different ages between 20-40 and a hight range of 162cm-190cm, the assessment was conducted in controlled conditions in University Wales Trinity Saint Davids Carmarthen campus test laboratory, hight and body mass were recorded prior to the test being completed as well as participants completed a warm up on the watt bike Atom (Watt bike, Nottingham, Uk) which can be found following this link https://wattbike.com/ to get them warmed up and the blood flowing throughout thier body, after the warm up, participants firstly paired up into partners because one person was being tested and the other person was testing and recording data, there was a tub of water which the participant who was being tested had to submerge their arm from their elbow to their hand into a tub of cold water, prior to this a subject would perform a strength test on the handgrip dynamometer and their partner would record the result on the data sheet, after this the participant who had just done the strength test would proceed to submerge their arm from their elbow to their hand into a cold tub of water, holding it there for thirty minutes, and then after every five minutes had passed, data would be collected at the fifth minuet, tenth minuet, fifthteenth minuet, twentieth minuet, twenty-fifth minuet and lastly the thirtieth minuet, participants would pull their arm out of the tub of cold water to perform the strength test with the handgrip dynamometer and whatever result the participant got is what would be recorded before the participant put their arm back into the tub of cold water, after roughly ten minutes of cold water immersion, participants should be able to see the effect of cold water immersion in the data as well as feel the effects of cold water immersion, if not then ice would be added to the tub of cold water to make the water even colder so participants can see and feel the effects even more of cold water immersion. After this, participant would continue collecting data until the thirty minutes was up, lastly once all the participants had collected their data, they would put all the data they collected into an excel sheet for comparison and to see how exactly cold-water immersion effects handgrip strength, once the data was put in the participants waited roughly ten minutes to warm their arms up and get blood flowing through once again.
	Gender
	Excellent
	Good
	Average
	Fair
	Poor

	Male
	>56
	51-56
	45-50
	39-44
	<39

	Female
	>36
	31-36
	25-30
	19-24
	<19



(Grip strength test, normative data, BrainMac, 2002)
[bookmark: _Int_VfGmxeOu][bookmark: _Int_Iezz3PnM]This is a graph that shows the normative data for grip strength test between male and females and this graph shows that male participants who got a result of 56 or more before cold water immersion can be concluded to having excellent hand grip strength as well as females who got a result of 36 or more before cold water immersion can be concluded to having excellent hand grip strength as well.
Results 
[image: ]
This is the statistics of the mean given after all participants data was found by adding all the numbers in the data set and then dividing the numbers by the set, overtime as it shows in the graph we can see that overtime the participants strength worsened and participants grip strength got weaker we can see and conclude that there was a max difference of 14.84 from the start of the test to when the test ended. Figure 1 in the graph represents the start of the test, figure 2 in the graph represents the 5th minute of the test, figure 3 represents the 10th minute of the test, figure 4 represents the 15th minute of the test, figure 5 represents the 20th minute of the test, figure 6 represents the 25th minute of the test and figure 7 represents the 30th and final minute of the test.
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(The figure 1 in this graph represents the start of the test and figure 2 represents the 5th minute of the test.)
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(The figure 1 in this graph represents the 5th minute of the test and figure 2 represents the 10th minute of the test.)
[image: ]
(The figure 1 in this graph represents the 10th minute of the test and figure 2 represents the 15th minute of the test.)
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(The figure 1 in this graph represents the 15th minute of the test and figure 2 represents the 20th minute of the test.)
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(The figure 1 in this graph represents the 20th minute of the test and figure 2 represents the 25th minute of the test.)
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(The figure 1 in this graph represents the 25th minute of the test and figure 2 represents the 30th minute of the test.)
[image: ]
Figure 1 in the graph represents the start of the test, figure 2 in the graph represents the 5th minute of the test, figure 3 represents the 10th minute of the test, figure 4 represents the 15th minute of the test, figure 5 represents the 20th minute of the test, figure 6 represents the 25th minute of the test and figure 7 represents the 30th and final minute of the test. The graph shows that there was a max difference of 16 from the start of the test to the end of the test, and as the graph shows overtime participant 9’s grip strength worsened, and we saw a gradually decline in grip strength which means that over time participant 9’s arm got so cold that the blood in their body thinned, making the strength in their hand weaker which then give them less strength when performing the grip strength test after every 5 minutes of their arm being immersed in cold water. 
Discussion 
[bookmark: _Int_NvUcEJ4N][bookmark: _Int_gWIctcFC][bookmark: _Int_WDzoaZMx][bookmark: _Int_f6KSZB6l][bookmark: _Int_BuhOw0iH][bookmark: _Int_PHngsXEJ][bookmark: _Int_dPiVvaLo][bookmark: _Int_uz5hJGx1][bookmark: _Int_6wYuUgbt][bookmark: _Int_Xpfo55QR][bookmark: _Int_NxVHFB7h]After researching cold water immersion and what finding out what cold water immersion is and what it does, I agree that cold water immersion can and does have an effect on hand grip strength, after reviweing my own results as participant 9 in the data section it is clear to see that from the start of the test compared to the end of the test, it was clear that cold water immersion did have an effect on the strength I was able to use when performing the hand grip strength test after every 5 minuets of my arm being immersed in cold water, the data does show that roughly 15 minutes into the test, I started to regain the strength in my hand even after my arm was immersed in cold water but I believe this to be because my arm was getting use and adjusted to the temperature of the water, so ice was added to the water to see if that would impact the effects of cold water immersion more and as shown via the data it is clear that there was a significant different from the start of the test to the end. A study shows that “After exerting so much strain, a person experiences muscle swelling and fluid build-up. This is when hydrostatic pressure comes into play with inflamed muscles and tissue. Submerging the body in cold water creates hydrostatic pressure that pushes the metabolic waste created by inflammation back into the bloodstream to get rid of it more quickly. If left sitting in the muscles, that extra waste could delay a person’s recovery by a day or two” (Scott J. Biehl, How Cold-Water Immersion Therapy Works, 2022). The strengths and weaknesses of this test are, it is easy to on your own as it only requires a hand grip dynamometer, tub of cold water for the entire body or specific body part for immersion, ice, timer, and it can be set up and done anywhere, it is very cost effective  a weakness of this test could be how motivated a participant may be doing the test as if they do not put in full effort they may not get results that best represents them which may lead them to just wasting time, It was unexpected to find out that the entire body does not have to be submerged in cold water for it to be considered as cold water immersion as well as I found it particularly interesting that cold water immersion can be considered in any depth of water that is under 15 degrees Celsius. In conclusion I conclude that cold water immersion does have an effect on hand grip strength as the purpose of this study was to find out what cold water immersion is and how does it affect hand grip strength, as shown in the data submerging a body part in cold water for 30 minutes will see the effect of having less strength, I believe further studies may need to be carried out to build on my findings and to see what the effects would be for a longer period of time but I conclude that there may be risk of frostbite or other health concerns may arise if a participant were to do it for a longer period of time, I also believe further studies may be required to see what the effects are on two body parts being tested simultaneously such as comparing the strength of the left hand to the right after cold water immersion.
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