Effects of hand grip strength during cold water immersion.
Introduction
Three fundamental concepts describe human muscle function as muscular strength, muscular capacity, and muscular endurance. An individual is deemed strong if they can exert their maximum amount of muscular energy in a defined motion pattern at a specified velocity while facing any kind of obstacle (Hasan et al., 2016). 
Grip strength testing has been advocated and validated as a main method of gauging muscle function in a variety of contexts. A great degree of reliability may be obtained with this rather easy method of testing due to the simplicity of equipment needed to perform. (Beaudart et al., 2019). Due to their versatility and the fact that they may be used to execute complicated tasks that call for dexterity, manipulation, and tactile sensitivity, the hands are among the most frequently utilised body parts. Given this, the hands are constantly being used in multiple different environments depending on the situation, and when studying the hands, it is important to also look at the forearms as an indicator of strength as this muscle group is used every time the hands perform a motion. Forearm strength is a limiting factor in performance since many everyday physical tasks include repetitive forearm contractions (Balas et al., 2020). 
[bookmark: _Hlk125108643]Occupations involving frequent immersion in cold water, such as fishing, and scuba diving, are particularly susceptible to the negative effects of cold-water immersion on performance. Cumulative trauma problems of the forearm (Kurppa et al., 1991), wrist, and shoulder have been linked to cold exposure. (Pope et al., 1997). However, cold therapy has long been recommended for the management of pain, swelling, and early injury. Cryotherapy refers to the use of cold treatments such as ice massage, ice packs, cold whirlpool, contrast baths, and cold spray for the alleviation of symptoms associated with trauma, and injury at various stages of severity (Kurppa et al., 1991). 
[bookmark: _Hlk125108843]Forearm temperature and blood flow can be altered by changes in ambient temperature, especially when the forearm is submerged in water of varying temperatures (Barcroft & Edholm, 1943). Vasoconstriction, which lowers blood flow to the periphery, occurs when human body parts are subjected to severely cold temperatures in an effort to diminish convective heat exchange between both the core and the skin. When blood vessels close off, it's to keep warm air in. It keeps the body's centre warm and causes the peripheral tissues, especially the limbs, to cool down. When the hand enters cold water, the temperature of the skin on the hand drops, this is due to the fact that most of your body's heat is generated by your muscles and other metabolically active tissues, such as organs and the skeletal muscles, or by the involuntary contractions that occur when you shake. As a result, the greatest amount of heat produced is proportional to one's body and muscle mass (Burse, 1979). Large volumes of arterial blood will be brought into the cooled muscle during a period of vasodilation (Edwards, 1971) when the cold is removed. This arterial blood is significantly warmer than the decreased intramuscular temperature caused by the cold. (Kelso & Steinhaus, 1953). A study conducted by King (1970)   the temperature of the muscle rises, strength would increase naturally, and the increased flow of hot arterial blood could be responsible for this effect.
Assessments of grip strength may be performed quickly and with minimal expense or inconvenience thanks to the availability of portable testing devices.  These tests have demonstrated high validity and reliability when used appropriately, (Figueiredo IM, 2007).
The dynamometer is the most common testing device created for grip strength testing, and has the highest level of clinical acceptability. It and has been used to collect data in a variety of research investigations (Figueiredo IM, 2007). The purpose of this study was to analyse the effects of cold water immersion on muscular strength. More specifically to determine the maximal grip strength at room temperature and then every 5 minutes for a total of 30 minutes to see how the muscles respond to cooling.
Method
Subjects
A within subject design made up of 8 healthy participants studying sport and exercise science (6 males and 2 females) who were all right-handed completed the experiment. The participants all wore short sleeve t shirts or vest so their whole arm was exposed. 
Equipment & Materials
A bucket filled with cold water was filled and ice was added every 15 minutes to combat the body temperature warming up to water over time. A handgrip dynamometer was used to measure the participants strength levels.
· Bucket
· Ice
· Cold tap water
· Handgrip dynamometer 
· Tower
· Stopwatch
· Chair
Exercise Protocol & Data Collection
Participants worked in groups of two (one completing the experiment and one recording the results). A bucket of cold water was filled up to a level where the whole forearm of the participant could be submerged, then ice was added to lower the temperature of the water. The participant then proceeded to take a grip strength reading at room temperature, then submerge their hand and forearm into the ice cold water starting the timer and removing every 5 minutes to take grip strength readings after wiping their hands dry. The partner would then record the data every 5 minutes. This was done until the 30 minutes was complete, and more ice was added to the water at 15 minutes to combat the body temperature warming up the water. The data was submitted to an excel sheet when the 30 minutes was completed.
Results
The results show an overall increase in muscle strength over the first 10 minutes of cold-water immersion room temperature (M = 44.51), 10 Minutes (M = 44.53) then a significant decrease in overall muscular strength throughout the rest of the experiment 15 minutes (M = 41.55), 20 Minutes (M = 35.99), 25 minutes (M = 34.88), 30 minutes (M = 31.94). Male participants had much higher scores in strength than female participants and had higher average scored in the max difference between their highest and lowest scored recorded. Overall max difference score dropped by (M = 14.84) over the 30-minute test. 
 Figure 1 showed an overall decrease in hand grip strength over the length of time of cold-water immersion. 
Discussion
Room temperature, 5- & 10-Minute results 
At room temperature, the participants scored some of their highest scores on their grip strength tests. However, is important to note that for 5 of the participants, their hand grip scores actually increased slightly after the first 5 minutes of cold-water immersion. Then held around the same score after 10 minutes. A study conducted by Hermsdorfer et al. (2004) suggested that the increase in grip strength is a rapid response to the loss of tactile feeling and the consequent decrease in the capacity to detect an item slipping from grasp, and therefore serves to reduce the risk of dropping the object. This research suggests that regulating grip control relies on forward-feeding motor commands more than cutaneous sensory feedback (Wolpert and Flanagan 2001), so during the initial cooling period, grip strength can increase in order to keep hold of the object. (Wolpert and Flanagan 2001). These studies link well with the experiment conducted showing that strength for some participants actually increased during the first 10 minutes of immersion.
15 Minute Results 
 After 15 minutes of immersion, the data begins to show a significant drop off for 6 of the participants, with mean scored from 44.53 at 10 minutes to 41.55 at 15 minutes. Showing that their grip strength was beginning to deteriorate overall. However it is important to note that 2 of the participants actually scored higher in the testing at this stage of the experiment, with 1 of  them scoring their highest score of the entire experiment. These results could be linked to the effort given by the participants, after getting used to the test, the 4th attempt combined with Hermsdorfer et al. (2004) theory of increased grip strength due to the loss of tactile feelings. Could explain the increase in performance at this stage of the testing when the trend shows a decrease in performance.
20 Minute Results 
20 minutes into the experiment, the data shows grip strength dropping significantly, with all participants scoring their lowest scores to date from the experiment with mean scores dropping from 41.55 at 15 minutes to 35.99 at 20 minutes. Research found that most investigations of cold-water immersion have used submersion for around 20-30 minutes, yielding only a modest reduction in maximum grip strength (Barnes, W., et al 1985). It has been found that significant losses in grip strength, both voluntary and involuntary, as well as general and fine manual dexterity, occur when the hands are exposed to cold because of reductions in surface and deep tissue temperatures (Cheung et al. 2003; Heus et al. 1995). One possible explanation for this decline in manual dexterity is that the disruption of sensorimotor feedback loops brought on by cold-induced deficits in tactile sensation leads to inefficient or improper coordination of grip and load forces. Results found by Rabelo et.al. (2016) who employed the 10°C ice water immersion method at 3 different periods (5, 10, and 30 min) found that after 15 minutes of cooling, the strength dropped by roughly 20% in absolute values. This research is backed up by another study by Douris et al. (2003) studied the impact of 10°C cold water on isometric muscular strength efficiency throughout a range of 4 time intervals (5, 10, 15, and 20 min), finding that prolonged exposure to the cold water led to a 25% decrease in strength (Douris et al., 2003). Compared to readings taken before cooling, they found substantial changes. Research has shown very strong links that after only 15–20 minutes of chilling, muscular strength decreases by 20–25 percent (Rabelo et al., 2016; Douris et al., 2003). This research shows strong links with the data collected showing a large drop in overall grip strength throughout the participants.
25 Minute Results 
Overall mean scores for the participants found a drop from 35.99kg at 20 minutes to 34.88kg at 15 minutes with a difference of 1.11kg, overall trends of decreasing performance has been shown here, with scores decreasing across the board. It is important to note however that scores for 2 participants increased at this point, participant Michael increased scores from 40.5kg to 44.2kg which is an increase from scores recorded at 15 minutes. Scores from participant Kieran found an increase from 31.8kg to 35.7kg. This data indicates an abnormality in the research and may indicate that some of the results were obtained with less than maximum effort. To obtain more reliable findings, the test should be completed a further 2 times in order to more accurately gain data from participants across the board.

30 Minute Results 
The data from participants continued the ongoing trend of diminishing maximum grip strength with time, with all data showing a decline in total scores and the lowest of the whole experiment. According to research by Clark et al. (4), interfering with neuromuscular transmission by cooling forearm musculature for 30 minutes reduces isometric grip strength and endurance this is because of the deterioration in the hand’s capabilities, such as tactile sensitivity, hand dexterity, and gross motor function all suffer when exposed to cold temperatures for long periods of time. 
Max difference
After the experiment, (M = 14.84) was recorded for the max difference between start to finish which is between 15-20% drop in maximal strength of the average participants. When referring back to Rabelo et al., (2016) and Douris et al. (2003) research stating that drops between 20-25% were recorded during the experiment. There is strong evidence that the longer the hand is exposed to cold temperatures, the more muscle strength deteriorates over time. 

Experiment Improvements
In order to improve this experiment in order to gain more date for research, adding in a thermometer to the water to check the temperature would be recommended in order to have an accurate reading of what the water temperature is for each participant. 
As there were s4 individuals being tested at the same time, discrepancies could be found with water temperature and arm cooling. Testing skin temperature at rest and every 5 minutes to track muscle cooling would also be recommended to help link data of hand grip results to arm temperature. This would allow a better understanding on why the results of the test happened. 
Also repeating the test multiple times would also greatly increase the accuracy of the results, in order gain a better average over of the mean scores of the group and increasing the number of participants into the experiment will allow for a larger range of data to be collected.

Conclusion
After reviewing the data and studies, we can say that prolonged exposure to cold water, both in the hand and the forearm, reduces muscular strength. However during the first 5-10 minutes of immersion, overall grip strength can increase due to the loss of tactile sensation of the hand, causing the hand naturally increase grip strength so the object being held does not fall. After this period, the overall average trend of muscle strength deteriorates significantly as surface and deep muscle tissue starts to lose core temperature. Males scored a higher overall strength score in the grip test, however had a larger difference in overall room temperature and cold water results.
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Hand Grip Strength Results
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