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ABSTRACT 
 
 
 

EFFECTS OF MAINTAINING HYDRATION FOR ON-ICE DECISION-
MAKING AND SKILL EXECUTION IN EXPERIENCED MALE HOCKEY 

PLAYERS. 
 
 
 
Gregory Sarkis Eskedjian      Advisor: 
University of Guelph, 2015      Professor Lawrence L. Spriet 
 
 
 

 This study investigated maintaining hydration with H2O, or a carbohydrate-

electrolyte solution (CES) compared to mild dehydration by 1.5 – 2.0 % body mass (NF), 

on game-simulated hockey skills involving a decision-making component. During a 90-

min scrimmage, rate of perceived exertion was significantly higher in NF during the 2nd 

period compared to CES and during the last half of the 3rd period compared to H2O. 

During testing, CES and H2O had a faster average time during the weave agility test, a 

smaller increase in time between trials for reactive start skating sprint, and higher target 

hit percentage during the reactive passing and randomized shooting tests compared to 

NF. CES and H2O scored significantly better than NF during 5 of 8 hockey fatigue 

questionnaire responses, and all 4 subsections of the Profile of Mood States 

questionnaire. The results indicate that proper hydration can decrease perception of 

fatigue and help increase on-ice skill execution. 
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CHAPTER 1: REVIEW OF LITERATURE 
 
  

 The aim of this review of literature is to describe the sport of ice hockey and how 

performance can be affected both physically and mentally. This review will attempt to 

explain how staying hydrated and consuming carbohydrates during a “stop-and-go” skill-

based sport such as ice hockey can help maximize performance from a physical and 

decision-making perspective. Literature related to the effects of dehydration and lack of 

fuel consumption on human physiology, cognitive function and ultimately performance 

will be highlighted, while focusing on the demands of ice hockey. 

The sport and physiological demands of ice hockey  

 Ice hockey is a high-intensity team sport in which two teams compete on a rink ~61 

m by 26 m, attempting to score goals by shooting a puck into the opposition’s net. During 

an ice hockey game, 3 forwards, 2 defensemen and a goalie from each team are on the ice 

at once, except for special situations, where one or more players received a penalty. 

Typically, a full team consists of 20 players, which includes 12 forwards, 6 defensemen 

and 2 goalies. During a game, players that are not on the ice sit on the bench in 

anticipation of their opportunity to play.  

 At elite levels, a game of ice hockey is a total of 60 min, divided into three, 20 min 

periods. Periods are separated by 15 min intermissions, which allow the players to rest 

and the ice to be resurfaced. During periods of play, a shift is ~60 s, but can range from 

30 to 90 s (Seliger et al. 1972; Green et al. 1976; Montgomery et al. 1988; Cox et al. 

1995; Akermark et al. 1996; Bracko et al. 1998). The analysis of a shift showed that the 

complete length of time was ~85.4 s, with 2.3 whistle stoppages and only 39.7 s of 
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continuous playing time (Green et al. 1976).  Following a shift, the players return to their 

respective bench, where a recovery period of 1 to 4 min takes place. Recovery time 

during a hockey game is mostly inactive, with players sitting on the bench or in the 

dressing room during intermissions. During a period, a single player has 5 to 7 shifts on 

average (Green et al. 1978; Bracko 1998). There is not much recent hockey game 

analysis literature, however, the game has evolved to incorporate more frequent, shorter 

shifts (~30 – 45s) to maintain high-intensity throughout. 

 Previously, it has been reported that while on the ice, players are mostly gliding on 

two feet (Bracko et al. 1998). However, repeated bursts of high-intensity exercise occur 

throughout a shift, accompanied with intermittent rest for whistles. These high-intensity 

bursts include skating, crossing over, puck handling, battling for the puck or position, and 

shooting (Bracko et al. 1998). When skating at full capacity, speeds over 8 m/s have been 

recorded, with average speeds of ~4 m/s reported over an entire game (Green et al. 1976). 

When looking at the skating demands per position, forwards typically have a higher 

average speed on the ice than defensemen (Akermark et al. 1996). 

 Time spent on the ice is largely determined by position. Defensemen usually play a 

larger portion of the game (~40%) than the forwards (~31%) (Cox et al. 1995). Also, 

because a standard team has 3 pairs of defensemen as opposed to 4 lines of forwards, 

defensemen average a greater number of shifts and also longer shifts than forwards 

(Akermark et al. 1996). These percentages reflect team averages, however, the best 6 

forwards and best 4 defensemen usually see more playing time than the lower caliber 

players on the team.  

 When analyzing distance covered on the ice, elite level players covered ~285 m 
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during a shift (Seliger et al. 1972). This equates to a total distance of 3.5 - 6.0 km over 

the course of a game (Seliger et al. 1972; Green et al. 1976; Akermark et al. 1996). Also, 

during a game of ice hockey, one of the two goalies on each team usually plays the entire 

60 min. Changes in goal during a game are typically the result of a poor performance or 

injury.  

 Ice hockey is a very physically demanding game. Players are heavily reliant on the 

musculature of their lower limbs for skating, while also involving the upper limbs and 

torso for puck handling and body contact. Due to the constant changes in speed and 

direction, ice hockey requires players to use a combination of anaerobic and aerobic 

energy pathways (Montgomery, 1988). Trained ice hockey players are able to produce 

both anaerobic muscular power and strength in high-intensity situations such as sprinting, 

shooting and body checking, along with aerobic muscular endurance to maintain 

performance over the course of the 60 min game. During an elite ice hockey game, ~0.48 

kcal/min/kg is expended, with two thirds of the energy being produced anaerobically 

(Seliger et al. 1972). Therefore, if an 80 kg forward played 20 min during a game, on-ice 

caloric expenditure would be ~770 kcal. However, when examining the muscle fibre 

composition of trained ice hockey players, slow-twitch fibres consisted of ~50 % of the 

lower limbs musculature, which is similar to the general population (Green et al. 1977; 

Akermark et al. 1996). Although slow-twitch fibres have the capacity to produce 

anaerobic energy, it was surprising to find that trained ice hockey players did not have 

more fast-twitch muscle, due to the high anaerobic demands of the sport (Zierath and 

Hawley, 2004). Also, due to the frequent high-intensity intermittent nature of ice hockey, 

there is a heavy reliance on carbohydrate (CHO) metabolism. Endogenous CHO from 
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muscle glycogen or exogenous CHO delivered to the muscles from liver stores provides 

the substrate for ATP production during ice hockey, both aerobically and anaerobically. 

Muscle glycogen levels were depleted by 38 - 88% over the course of an elite level ice 

hockey game (Montgomery, 1988). 

 Ice hockey also places a large strain on the cardiovascular system. Throughout a 

game, the average heart rate (HR) of a hockey player while playing is ~85% HRmax, 

with peak HR > 90% HRmax (Montgomery, 2000). In university-level players, average 

HR was 170 - 174 beats per minute (bpm) over the course of the game (Green et al. 

1976). Also, increased blood lactate levels, ~ 4 – 5 times higher than resting values, have 

been recorded throughout a game (Green et al. 1976). During 10, game simulating high 

intensity skating sprints, blood lactate levels were seen to increase over ten times resting 

values (Green et al. 1978).   

 To accommodate for the duration of a normal game, ice hockey players also need a 

large aerobic capacity. A large aerobic capacity is linked to increased lactate removal and 

phosphocreatine resynthesis, providing substrate for further energy production (Borsheim 

and Bahr, 2003). A mean VO2max of 59 ± 4 mL/kg/min was found during pre season 

testing in collegiate ice hockey players (Green et al. 2006). Also, based on the 

relationship between HR and VO2 determined on a treadmill, it was estimated that hockey 

players work at 70 - 80% of VO2max while on the ice (Green et al. 1976). A high VO2max 

has been linked to performance in ice hockey, with a positive correlation (r = 0.41) 

between VO2max and scoring chances seen in collegiate male hockey players (Green et al. 

2006).   

 The combination of high physical demand and the long duration of a hockey game 
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will inevitably lead to the onset of physical fatigue. Decreased average skating speed and 

increased blood lactate production towards the end of a game are the result of physical 

fatigue (Green et al. 1976; Akermark et al. 1996). The physiological demands such as 

increased muscle glycogen use, increased core temperature (Tc) and dehydration from 

sweating can all contribute to the onset of fatigue and ultimately decrease a player’s 

performance.  

 A hockey player’s performance can also be affected by the onset of mental 

fatigue. To compete at a high level in ice hockey, cognitive performance is equally as 

important as a player’s physical attributes. Not only are there a number of systems and 

tactics to understand and apply during an ice hockey game, but an elite player must also 

make many split second decisions while on the ice. A slow or poor decision can result in 

the loss of puck-possession or lead to a goal by the opposition. The accumulative effect 

of fatigue from prolonged exercise can result in lapses in mental focus and cognitive 

function, ultimately hindering performance.  

Sweat loss habits of ice hockey players 

  Although ice hockey is played in a relatively cool-environment (~10oC), players face 

significant thermal regulatory challenges during a game (Godek et al. 2006; Noonan et al. 

2007). Due to the intensity and duration of a game, along with the layers of equipment 

that hockey players wear for protection, proper heat transfer can be impaired in hockey 

players. This impaired ability to dissipate heat can lead to increased skin and core 

temperature (Tc) (Noonan et al. 2007). During a simulated hockey game on a cycle 

ergometer, players wearing full hockey equipment showed a significantly greater skin 

temperature than players without equipment (Noonan et al. 2007). Also, no differences 
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were seen when players wore cotton undergarments compared to synthetic “moisture-

wicking” ones (Noonan et al. 2012). This warm micro-environment coupled with the 

high-intensity of a hockey game can lead to significant sweat loss. Sweat loss for subjects 

wearing hockey equipment was more than twice the volume of the subject’s wearing no 

pads during the simulated game (Noonan et al. 2007). Expressed as a percentage of body 

mass (BM), subjects lost 2.57 ± 0.2% BM while wearing pads compared to 1.18 ± 0.1% 

without pads. 

 Hydration status is often assessed before a practice or game to determine whether 

or not an athlete is properly hydrated before competition. A technique used to assess 

hydration status is to measure urine specific gravity (USG), which is determined by 

measuring the density or particle concentration in a sample of a player’s urine with a 

urine refractometer. USG values < 1.020 are indicative of a properly hydrated athlete, 

with values > 1.020 indicating an athlete is hypohydrated (Casa et al. 2000). The term 

hypohydrated refers to below optimal fluid levels in the human body prior to exercise, 

whereas dehydration is the act of losing body fluid during exercise. When assessing the 

hydration status of hockey players prior to a practice or game by USG, ~50 % of players 

were considered hypohydrated (Palmer and Spriet, 2008; Palmer et al. 2010; Logan-

Sprenger et al. 2011; Ozolina et al. 2012). However, arriving in a hypohydrated state is 

often only a concern before practices, because elite level players arrive to the arena 

before a game with ample time to become properly hydrated (~1 – 2 hr). Logan-Sprenger 

and Spriet (2013) reported that 10 hypohydrated (USG: 1.022 ± 0.001) athletes were able 

to become sufficiently rehydrated (USG: 1.013 ± 0.003) within 45 min after ingesting 

600 mL of fluid (H2O or a carbohydrate-electrolyte solution (CES)). Although less 
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common, USG has also been used to measure the hydration status of hockey players after 

a practice or game. In professional Latvian ice hockey players after a 1.5 hr practice, 66% 

had a USG > 1.020, with 26% having a USG > 1.030 (Ozolina, 2012). However, because 

hockey players often do not need to urinate during or after competition, recording USG 

after a practice or game may not be an accurate measure of hydration status.  

 A more commonly used technique to measure hydration status throughout exercise 

is by calculating percent BM loss and sweat production of an athlete. Percent BM loss = 

(BM before competition - BM after competition) / BM before competition x 100. 

However, before initially weighing in, an athlete should have a completely empty 

bladder. Sweat production = (pre-exercise BM – post-exercise BM) + fluid intake – urine 

output (assuming 1 kg = 1 L) (Sawka et al. 2007; Baker et al. 2009). Therefore, by 

recording changes in BM and sweat produced during exercise, hydration 

recommendations can be made for each athlete.  

 Sweat losses have been recorded during actual hockey practices and games, 

yielding significant fluid losses. During a professional hockey practice, the mean sweat 

rate recorded was 2.1 ± 0.17 L/hr (Spriet et al. 2008). During a professional game, total 

sweat lost was very large, with ~3.7 L of sweat being lost per player (Godek et al. 2006). 

These significant losses in sweat volume during ice hockey indicate that the onset of mild 

dehydration of  ~1.5 – 2% BM can occur rapidly if players are not adequately replacing 

their fluid losses. 

 During an hour junior hockey practice, most players lost between 1 - 2 L of sweat, 

with sweat losses being fairly similar between forwards and defensemen (Palmer and 

Spriet, 2008). Players only lost, on average, 0.8% of their BM over the course of the 
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practice. However, 1/3 of the players lost between 1 to 2% BM, allowing themselves to 

become mildly dehydrated. When measuring hydration status during a hockey game, the 

greater intensity and duration usually results in larger sweat losses. During a junior 

hockey game, mean sweat loss was ~3.2 L, with defensemen having a slightly higher 

fluid loss than forwards because of their longer average playing time (40% for 

defensemen, 31% for forwards) (Logan-Sprenger et al. 2011). This resulted in an average 

BM loss of 1.3% over the course of the game, with 1/3 of players losing > 1.8% BM 

(Logan-Sprenger et al. 2011). These significant losses in BM over the course of a practice 

or game indicate that players are often becoming mildly dehydrated during hockey, 

which can ultimately have a negative effect on their performance.  

Fluid intake habits of ice hockey players 

 With repeated intermittent breaks during hockey, players have frequent 

opportunities to replenish their fluid losses. During a 1 hr junior hockey practice, players 

drank 1.0 ± 0.1 L of fluid, replacing only 58% of their sweat losses. When examining 

fluid replacement over the course of a junior hockey game, players only drank 2.4 ± 0.2 L 

of fluid, accounting for 66% of their sweat loss volume. For professional hockey players, 

poor fluid intake habits were reported before and during a 1 hr practice (Spriet et al. 

2008). Players only ingested ~230 mL of fluid before practice and ~1.0 L during practice, 

replenishing only ~47% of the fluid lost through sweat.   

 For both practices and games, the preferred fluid choice of hockey players appears 

to be H2O (Palmer and Spriet, 2008; Logan-Springer et al. 2011). For a 1 hr intense 

junior practice, players only drank H2O (0.6 ± 0.1 L), with CES only being consumed 

prior to the practice (0.4 ± 0.0 L) (Palmer and Spriet, 2008). During a junior hockey 
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game, similar trends were observed, with players only drinking H2O (0.3 ± 0.1 L per 

period) during the game, and a mixture of H2O (0.2 ± 0.01 L) and CES (0.2 ± 0.03 L) 

during the two intermissions (Logan-Sprenger et al. 2011).  

Dehydration during intermittent exercise: effect on physiology and performance 

 During exercise, heat produced via the contracting muscles will ultimately result in 

sweat production in order to release metabolic heat and maintain homeostasis (Sawka et 

al. 2007). This heat release through sweating at the skin occurs via increased blood flow 

to the skin, which carries heat from the core to the periphery. However, with reduced 

plasma volume from sweating and fluid loss during exercise, skin blood flow is also 

reduced to maintain central venous pressure and cardiac output (Sawka et al. 2001). 

There are a number of factors that can affect the amount of sweat produced during 

exercise, such as intensity, duration, environmental conditions, metabolic rate, fitness 

status, clothing or equipment worn and individual variability (Godek et al. 2006; Sawka 

et al. 2007; Palmer and Spriet, 2008). With increasing levels of dehydration during 

exercise, physiological changes such as increases in HR and Tc, decreases in stroke 

volume (SV) and plasma volume, along with changes in fuel utilization have all been 

reported (Montain and Coyle, 1992; Buono et al. 2000; Casa et al. 2010; Logan-Sprenger 

et al. 2012; Adams et al. 2014). Although these changes are seen at higher levels of 

dehydration (3 – 4%), some are observed by as little as an ~1% BM loss (Logan-Sprenger 

et al. 2011). These physiological changes place increased stress on the human body, 

which will ultimately lead to decreases in athletic performance (Below et al. 1995; Ebert 

et al. 2007; Judelson, 2007; Adams et al. 2014).  

 With the majority of metabolic energy produced during exercise being converted to 
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heat, regulation of Tc is crucial (Sawka et al. 2007). However, during continuous 

exercise, as levels of dehydration increase, increases in Tc occur (Sawka et al. 1985; 

Montain and Coyle, 1992; Below et al. 1995; Buono et al. 2000; Ebert et al. 2006; 

Noonan et al. 2007; Casa et al. 2010; Logan-Springer et al. 2012). It has been reported 

that during continuous exercise, for every 1% BM loss, Tc increased 0.10oC - 0.15oC 

(Greenleaf and Castle, 1971; Sawka et al. 1985). Similar increases in Tc have been 

observed during intermittent exercise when athletes become dehydrated. Tc was 

measured during a simulated hockey game on a cycle ergometer, where subjects either 

wore hockey equipment or no pads (Noonan et al. 2007). In the group wearing 

equipment, a dehydration level of 2.57% BM loss was reached, which produced a 

significantly larger Tc area under the curve than in the group wearing no pads, which 

only lost 1.18% BM (Noonan et al. 2007). This ultimately led to a decrease in muscular 

strength, with > 10% reduction in sprint power output late in the simulated game 

(Noonan et al. 2007). Tc increases with dehydration were also seen during a prolonged 

on-ice scrimmage in hockey players (Linseman et al. 2014). During a 70 min scrimmage, 

Tc peaked in the no fluid (NF) trials at 43.7 ± 2.6 min compared to 48.6 ± 3.6 min when 

hydrated. Also, subjects reached 1.94 ± 0.01% BM loss during the NF trials and had a 

0.34oC higher Tc than the CES trials by the 40 min mark. 

 The effect of dehydration on basketball skills and Tc in boys was also recorded 

during a simulated game (Dougherty et al. 2006). When the subjects lost 2 % BM (DEH), 

significantly higher Tc was reported vs. the euhydrated (EUH) protocol (DEH: 38.22 ± 

0.37oC, EUH: 37.54 ± 0.41oC) as well as the fourth quarter of the simulated game (DEH: 

38.64 ± 0.35oC, EUH: 38.14 ± 0.43oC). During physical performance drills, time during 
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multiple sprinting and lateral movement drills were significantly higher in the DEH trials 

in comparison to the EUH trials (Dougherty et al. 2006).  

 Also, as levels of dehydration and Tc increase during exercise, there is an increased 

strain on the cardiovascular (CV) system, notably HR. A decrease in blood volume is 

seen when dehydrated due to a decrease in total body water. This decreased blood 

volume initiates a cascade of CV changes, resulting in a decrease in SV, which in turn 

will lead to an increase in HR to maintain cardiac output (Q = SV x HR) and exercise 

intensity (Montain and Coyle, 1992; Cheuvront et al. 2003). Linear correlations were 

observed between increasing % BM loss (0 – 5%) and declines in SV (r = 0.99) and Q (r 

= 0.96), and increasing HR (r = 0.99) during prolonged cycling in trained male athletes 

(Montain and Coyle, 1992). In a review by Adams et al. (2014), 23 articles that met the 

proper inclusion criteria of HR measure, dehydration level and ambient temperature were 

analyzed to determine the relationship between dehydration levels and HR. It was found 

that for every 1% level of dehydration, HR increased ~3 bpm. Similar changes were 

observed during high-intensity exercise. When athletes were dehydrated (~2 % BM loss) 

and performed 1 hr of intense exercise (> 80% VO2max), significant increases in HR were 

observed 20 min into exercise (Below et al. 1995). Following the dehydration protocol, a 

time trial was completed, in which the hydrated (HYD) trial was significantly faster than 

the DEH trial (HYD: 10.22 ± 0.27 min, DEH: 10.93 ± 0.32 min) (Below et al. 1995).  

 HR has also been recorded while examining the effect of 2% dehydration in other 

intermittent sports such as soccer and basketball. The protocol frequently used to 

simulate the physical demands of a soccer match is the Loughborough Intermittent 

Shuttle Test (LIST). This test is a 90 min intermittent running test, consisting of six, 15 
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min bouts of exercise, separated by 3 min rest periods. During a LIST performed by 

semi-professional soccer players, HR was significantly higher during the NF trials (170 ± 

4 bpm) than during the fluid trials (164 ± 3 bpm) (McGregor et al. 1999). In basketball 

players, HR was also significantly higher when 2 – 4% BM loss was experienced 

following intermittent exercise lasting 2 – 3 hr (Dougherty et al. 2006).   

 When an athlete becomes dehydrated during exercise, elevated Tc can lead to a 

greater reliance on muscle glycogen for ATP production (Hargreaves et al. 1996; Logan-

Sprenger et al. 2011). During 2 hr cycling protocols, as subjects became increasingly 

dehydrated, significantly greater amounts of muscle glycogen was used compared to the 

fluid trials, where BM was maintained (Hargreaves et al. 1996; Logan-Sprenger et al. 

2011). There is unpublished work that examined glycogen use during a simulated hockey 

game on a cycle ergometer, which yielded no differences between NF and H2O trials. 

However, due to the reliance on muscle glycogen during ice hockey, a properly hydrated 

hockey player with a lower Tc may be able to spare muscle glycogen stores throughout a 

game, potentially delaying the onset of physical fatigue. 

Effect of dehydration on mental fatigue, perception and cognition 

 Along with the negative physiological peripheral effects associated with 

dehydration, impaired brain function can also result from mild dehydration. Exercise-

induced dehydration can have a detrimental effect on cognitive perception and 

functioning, which can lead to decreased mental and physical performance (Below et al. 

1995; Cian et al. 2000; 2001; Baker et al. 2007a; Noonan et al. 2007). There are an 

extensive variety of tests used to assess cognitive function, focusing on attention, 

learning, memory and reasoning (Liebermann, 2003). However mixed results are 
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reported in the literature due to variations in exercise intensity and duration, along with 

the varying cognitive tests used to assess mental performance (Gutin et al. 1966; 

Weingarten et al. 1973). 

 Exercise-induced dehydration commonly leads to increased perception of mental 

fatigue. The measurement the rate of perceived exertion (RPE) is also a well-adopted 

technique used to assess an athlete’s interpretation of how hard he or she is working 

during exercise. RPE can be measured using a variety of different scales, but the Borg 

scale is most commonly used, which ranges from a rating of 6 – no exertion, to 20 – 

exhausted (Borg and Noble, 1974). A link between mental fatigue and athletic 

performance has been observed in a number of studies (Below et al. 1995; Ebert et al. 

2007; Edwards et al. 2007; Noonan et al. 2007). The effects of dehydration on soccer 

performance was assessed in 11 active male soccer players after losing 2.4% BM during 

simulated match play (Edwards et al. 2007). Mean distance covered during the post-

match running test was reduced by 15% during the DEH trial and RPE during the DEH 

trial was significantly higher than when hydrated (DEH: 16.6 ± 1.3, HYD: 15.0 ± 1.1). 

 Similar to physical performance, decrements in cognitive performance are seen 

once 2% BM loss is achieved (Sharma et al. 1986; Gopinathan et al. 1988; Liebermann et 

al. 2007). Various levels of dehydration (0 – 4% BM loss) were used to assess mental 

performance in healthy males adults (Gopinathan et al. 1988). Significant impairments in 

word recognition, arithmetic efficiency, along with motor speed and attention were seen 

once subjects reached 2% BM loss. Work has also been done to assess whether heat-

induced dehydration or exercise-induced dehydration have different effects on mental 

performance (Cian et al. 2000; 2001). Decision making, psychomotor control and short-
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term memory were all significantly impaired in the DEH trials compared to EUH trials, 

however, there were no differences seen between heat alone or heat-exercise dehydration 

protocols. Also, when heat-stress or exercise ceased, the decreases in performance slowly 

disappeared (Cain et al. 2001).  

 Cognitive function is an essential part of athletic performance, with most sports 

requiring quick execution of sport-specific skills. Although there is little research 

examining mental performance in athletes using standardized cognitive tests, mental 

performance assessed through sport-specific skill execution is more relevant and 

applicable. Skill performance has been assessed in semi-professional soccer players in an 

attempt to identify the effect of dehydration (McGregor et al. 1999). During a soccer ball-

dribbling test, the dehydrated trials (2.4% BM loss) showed a 5% decrease in 

performance in comparison to the hydrated trials (DEH: 136 ± 4.9 s, HYD: 129 ± 4.7 s). 

Similar skill execution impairments were reported in adolescent basketball players while 

dehydrated, where 3-point shooting percentage, sprinting times, lateral movement drills 

and individual key combinations performance were all significantly reduced while 

dehydrated vs. euhydrated (Dougherty et al. 2006). Although there are no direct studies 

examining cognitive function in ice hockey players to date, quicker mental fatigue and 

cognitive impairments seen in athletes while dehydrated places strong emphasis on 

proper hydration habits to ensure decrements in performance are avoided. 

Carbohydrate intake during exercise: effect on physiology and performance 

 The ingestion of carbohydrate (CHO) during exercise has been shown to have a 

number of physiological benefits, such as providing exogenous fuel and sparing muscle 

and liver glycogen use, helping prevent hypoglycemia and having a positive effect on the 
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central nervous system (CNS) (Burke et al. 2011). These benefits were originally 

documented during prolonged endurance exercise lasting > 90 min. During continuous 

prolonged exercise, the availability of exogenous CHO allows for additional CHO 

oxidation, producing an increased work capacity and delayed onset of fatigue 

(Hargreaves et al. 1984; Coyle et al. 1986; Maughan et al. 1989; Wright et al. 1991).  

 More recently, the effect of CHO ingestion during high-intensity or intermittent 

exercise has been studied. Davis et al. (1997) examined the effects of CHO feedings 

during high-intensity bouts of cycling in 16 physically active subjects. Subjects 

performed bouts at 120 – 130% VO2max for 1 min, followed by a 3 min rest period, and 

repeated the process until they were unable to stay within 10 rpm of the pre-determined 

power output. During the CHO trials, the average time to fatigue was 89.5 ± 19.0 min and 

84.9 ± 8.4 min for men and women, which was significantly shorter in the placebo 

(flavoured H2O) trials (Men: 58.1 ± 7.0 min; Women: 62.0 ± 9.4 min). A similar study 

examined the effect of CHO ingestion during intermittent exercise after a CHO-rich diet 

(Foskett et al. 2008). Six male subjects completed the LIST, followed by a run to fatigue. 

During the CHO trials, total run time was significantly greater (158.0 ± 28.4 min) than 

the placebo trials (131.0 ± 19.7 min), although muscle glycogen use showed no 

differences between groups. These findings suggest that CHO improves endurance 

capacity during intermittent running by increasing serum insulin concentrations and 

plasma glucose concentrations later in exercise to delay the onset of fatigue (Foskett et al. 

2008). 

 The effect of CHO ingestion during intermittent shuttle running has been 

extensively studied in adolescent team sport athletes (Phillips et al. 2010, 2012a, 2012b). 
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It was observed that in adolescent team-sport athletes ages 12-16, endurance capacity 

during the CHO trials was 21.1, 24.4 and 34% greater than when compared with the 

placebo trials (Phillips et al. 2010, 2012a, 2012b). Although sprint performance was 

unaffected, increased time to fatigue is valuable in team sport athletes such as hockey 

players, allowing them to maintain their performance in the later stages of a game. 

Effect of carbohydrate on mental fatigue, perception and cognition 

 Along with the peripheral physiological benefits of CHO during exercise, CHO 

ingestion plays an important role on the cognitive performance and the perception of 

fatigue. During shorter (~1 hr) time trials or high-intensity exercise, increases in 

performance have been observed with CHO ingestion, even though endogenous fuel 

availability was not limiting (Below et al. 1995; Carter et al. 2004a; Pottier et al. 2008; 

Chambers et al. 2009; Rollo et al. 2009). Due to these performance benefits, there has 

been a large amount of research focusing on the effect of CHO on the CNS. To ensure 

that CHO ingestion was not the cause of performance increases in these short-duration 

trials, a technique called mouth rinsing (MR) was used. MR is performed by swishing 

fluid around the oral cavity for ~5 - 10 s, then spitting out the solution so that none is 

ingested. This technique is used to gauge the effect of CHO on cognition and 

performance while eliminating the peripheral effects of ingesting CHO. During ~1 hr 

cycling or running time trials, MR with a CES solution in comparison to a placebo 

showed 1.9 – 3.7% improvements in finishing time (Carter et al. 2004a; Pottier et al. 

2008; Chambers et al. 2009; Rollo et al. 2009). A time trial study was also performed 

involving glucose infusion where 6 endurance-trained males performed time trials while 

receiving either a glucose infusion (1g/min) or a placebo saline infusion (Carter et al. 
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2004b). Although plasma glucose concentration increased compared to the placebo, no 

differences were observed in performance. These results established the idea that the 

positive benefits observed during MR studies must be related to the presence of CHO in 

the oral cavity. 

 Before the prevalence of MR, the proposed mechanism for CHO ingestion on brain 

function during exercise was through the synthesis of various neurotransmitters (Davis et 

al. 1992; Messier, 2004). Acetylcholine synthesis is dependent upon glucose availability, 

and it had therefore been hypothesized that CHO feedings may increase acetylcholine 

production and ultimately improve cognitive function (Messier, 2004). Also, CHO was 

found to inhibit serotonin synthesis when ingested during exercise (Davis et al. 1992). 

This inhibition is seen as a result of attenuating the increase of tryptophan uptake by the 

brain, which is associated with increased central fatigue. 

 However, after the performance increases reported with MR studies, imaging of 

brain activity was performed during exercise to determine the mechanism associated with 

CHO intake (Chambers et al. 2009). Eight males performed a ~1hr time trial, rinsing their 

mouths with a sweet CHO solution, a non-sweet CHO solution or an artificially 

sweetened placebo. During exercise, MRI data of brain activity was also measured. 

Seven of the eight subjects had faster time trials and higher mean power outputs during 

the CHO trials compared to the placebo trial. Also, the MRIs showed increased activity 

of brain motor control and reward centres during the MR trials for both sweet and non-

sweet CHO. Areas such as the anterior cingulate cortex and right caudate were activated, 

which are associated with the emotional and behavioural responses to rewarding food 

stimuli (Chambers et al. 2009). Also, taste receptors, T1R2 and T1R3, found primarily on 
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the tongue, transmit information to taste regions in the cortex via the thalamus, 

potentially acting as the CHO sensors in the oral cavity (Chambers et al. 2009). Although 

further testing needs to be done, this information has led to the conclusion that during 

shorter high-intensity exercise bouts where endogenous fuel is not limited, the central 

neural response to CHO ingestion through the mouth, whether sweet or not, plays a 

significant role on perception and ultimately performance.  

 The cognitive benefits associated with CHO ingestion during exercise appear to 

be most pronounced after the onset of fatigue. Batatinha et al. (2013) examined the effect 

of CHO intake on balance beam falls in fatigued gymnasts. These subjects either 

performed a balance beam protocol from rest or after a fatigue circuit while ingesting a 

CHO solution, water or placebo. During the CHO trials, a significant decrease in balance 

beam falls was seen during the fatigue protocol when compared to the water and placebo 

groups. Skill maintenance with CHO ingestion was also observed in racquet sport 

athletes (Bottoms et al. 2006, 2012). After an exhaustive exercise protocol, 9 male 

players were tested for badminton short and long serve accuracy in either a CES ingestion 

or placebo trial (Bottoms et al. 2012). Although no changes were observed in the short 

serve, long serve accuracy was significantly improved in the CES trials compared to the 

placebo. During the squash study, skill performance and reaction time (RT) tests were 

performed by 16 male squash players after a shuttle running protocol (Bottoms et al. 

2006). Improvements in visual RT, along with fewer balls outside the scoring zone 

during the skill portion of the testing were reported following the shuttle running in the 

CES trials as compared to a placebo. The maintenance of skill execution with CHO 
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ingestion throughout exercise would be valuable in ice hockey, especially for players on 

the ice late in games. 

Carbohydrate intake habits of ice hockey players 

 As previously discussed, due to the intensity and duration of ice hockey, CHO 

intake during a practice or game can be beneficial to a player both physically and 

mentally. However, the documented CHO intake habits of ice hockey players seem to be 

insufficient when compared to athletic guidelines (Burke et al. 2011; Jeukendrup et al. 

2004). It has been suggested that during high-intensity “stop and go” sports such as ice 

hockey, ingestion of 30 – 60 g of CHO per hour is ideal to optimize performance (Burke 

et al. 2011). However, these recommendations are not based on studies performed during 

“stop-and-go” sports or intermittent protocols, therefore making exact recommendations 

much harder to properly quantify.  

 There is not much documented research regarding CHO intake during ice hockey, 

however, the findings to date indicate that elite hockey players’ CHO intake habits during 

competitions are below recommended levels (Simard et al. 1988; Logan-Sprenger et al. 

2011; Palmer and Spriet, 2008; Palmer et al. 2010). During a 1 hr intense junior hockey 

practice, H2O was the only fluid drank by players (Palmer and Spriet, 2008). However, 

although CES appears to be less desirable among players during practice, CES is 

consumed at the same rate when H2O is not available (Palmer et al. 2010). The sweat rate 

and fluid intake of 14 male junior hockey players was calculated of the course of 2 

practices, with only H2O to drink ad libitum, and only CES available during a 3rd 

practice. No differences were observed for fluid intake or sweat rate between the H2O 

practices and CES practice, indicating players will hydrate in a similar fashion with CES 
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in the absence of H2O. 

  During a game, however, H2O appears to be the fluid of choice of junior hockey 

players (Logan-Sprenger et al. 2011). During the game, players only consumed H2O 

during periods of play (0.3 ± 0.1 L), with CHO only being ingested as CES during the 

intermissions (0.2 ± 0.03 L). Therefore, over the course of the game spanning 2 to 2.5 hr, 

players only ingested 0.8 ± 0.1 L of 6% CES solution, equivalent to 45 - 50 g of CHO. 

Although this CHO ingestion level is below the recommended 30 to 60 g/hr, if the central 

effect of CHO ingestion through the oral cavity is the desired result, frequent sipping as 

opposed to ingesting a larger quantity may be most important during ice hockey.  

 The effect of CHO ingestion during a hockey game was also examined in seven 

elite collegiate ice hockey players (Simard et al. 1988). Players either ingested 100 g of 

CHO before and during the ice hockey game, or a placebo. The time on the ice and 

distance covered throughout the game was greater in the CHO trials as compared to the 

placebo trials (Simard et al. 1988). Also, when corrected for distance skated, the CHO 

trials showed a greater sparing in muscle glycogen use as compared to the placebo trials. 

Therefore, adequate exogenous CHO intake before and during an ice hockey game 

allowed players to cover more distance and spare muscle glycogen fuel use. 

 There is only one study to date examining the link between CHO ingestion during 

an ice hockey scrimmage and its direct effect on performance (Linseman et al. 2014). 

Experienced male hockey players (n = 16) participated in a 70 min scrimmage, ingesting 

either CES or no fluid (NF). Video recordings of the scrimmage were analyzed for 

various performance-related skills seen throughout a hockey game, such as turnovers, 

takeaways, completed passes, and shots attempted. During the final 20 min of the 
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scrimmage, significantly fewer turnovers occurred in the CES group compared to the NF 

group, along with significantly more passes completed (Linseman et al. 2014). Also, puck 

possession time was higher for the CES group than the NF group, although not 

statistically significant. These results indicate that CHO ingestion during a hockey game 

can enhance performance. Although, because only two conditions were used (CES and 

NF), exact distinction between whether the performance benefits observed were a result 

of fluid ingestion or CHO intake is not possible.  However, based on the literature, most 

would predict that staying hydrated was most important for physical execution, whereas 

CHO intake may be more valuable for skill and mental performance.  

Dehydration and carbohydrate intake during “stop-and-go” sports: effect on 

physiology, performance, mental fatigue and cognition 

 “Stop-and-go” or team sports such as ice hockey, basketball and soccer are 

comprised of repeated bouts of all-out or near all-out exertion combined with skill 

execution and rapid decision-making. Due to the unpredictability of “stop-and-go” sports, 

accurately measuring in-game performance is very difficult. Simulated game protocols 

and skill-execution drills have been developed for various sports in attempts to depict the 

stressors and demands faced throughout competition. Soccer has been the most 

predominantly studied “stop-and-go” sport, with much less performance research done in 

basketball and hockey.  

 Proper nutritional and hydration habits can have a profound effect on the physical 

and mental performance of team sport athletes. Previous research in “stop-and-go” sports 

has shown performance benefits such as enhanced work capacity, reduced fatigue and 

increased skill execution during competition with sufficient fluid and CHO intake 
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(McGregor et al. 1999; Ostojic et al. 2002; Winnick et al. 2005; Dougherty et al. 2006; 

Ali et al. 2007; Baker et al. 2007b; Edwards et al. 2007; Currell et al. 2009; Carvalho et 

al. 2011; Linseman et al. 2011; Russell et al. 2011). Due to the inadequate hydration 

habits and minimal CHO ingestion recorded for ice hockey during competition, 

performance may be hindered. However, due to the lack of research for on-ice hockey 

performance, soccer and basketball research can be examined to draw conclusions about 

the importance of fluid and CHO ingestion during team sports. 

 The combination of both CHO ingestion and fluid replacement during high-

intensity exercise has been found to help prevent decrements in performance (Below et 

al. 1995). A 1 hr high intensity (> 80% VO2max) cycling protocol was followed, 

consisting of 50 min of work followed by a ~10 min time trial. Four conditions were 

tested: no fluid (NF), fluid replacement (H2O), low-fluid CHO gel-packs (CHO) and 6% 

CHO solution (CES). Although improvements in the time trial were reported in both the 

H2O (10.51 ± 0.27 min) and CHO (10.55 ± 0.29 min) groups compared to NF (11.34 ± 

0.32 min), the greatest improvements in performance were observed when CHO and fluid 

were combined (CES: 9.93 ± 0.28 min). These results indicate that during high-intensity 

exercise, ideal nutritional habits involve intake of CHO and fluids to maximize both 

physical and mental performance. However, this study was continuous high-intensity 

exercise as opposed to the intermittent nature of “stop-and-go” sports, making a direct 

connection more difficult to substantiate.  

 Various exercise protocols have been implemented to simulate the physical 

demands of an intermittent sport. The LIST has been widely used for soccer players, 

while simulated basketball games often consist of four 15 min exercise intervals to 
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simulate quarters. Welsh et al. (2002) examined the effects of CHO on mental and 

physical performance in 10 active subjects after the onset of fatigue by using four, 15 min 

quarters, in which subjects ingested either CES or flavoured H2O as a placebo. During the 

shuttle run, time to fatigue was significantly longer during the CHO trials (3.58 ± 0.47 

min) compared to the placebo (2.61 ± 0.42 min), representing a 37% improvement. Sprint 

time was also enhanced by 14% during the final quarter of the exercise protocol. 

Improvements in motor skill speed and agility were seen in the CHO trial, along with 

reduced perception of fatigue in the second half of the exercise protocol when compared 

to the placebo.  

 Similar to hockey, soccer is a “stop-and-go” sport, with intermittent bursts of 

exercise and timely skill execution. A number of studies have been conducted to examine 

the effect of hydration and CHO ingestion on skill execution and decision-making 

(McGregor et al. 1999; Ostojic et al. 2002; Ali et al. 2007; Edwards et al. 2007; Currell et 

al. 2009; Russell et al. 2011). Ali et al. (2007) had 16 experienced male soccer players 

perform the LIST, ingesting either CES or flavoured H2O before and during the test, 

followed by a soccer-specific passing and shooting test. Performance increases were seen 

in the CES trials over the H2O trials in both the passing and shooting protocols, although 

only the shooting was statistically significant. More recently, a newer simulated soccer 

protocol was used to determine the effect of CHO intake on soccer-specific skill 

performance (Currell et al. 2009). Four soccer-specific skills (kicking, dribbling, agility 

and heading) were repeatedly tested over an exercise protocol consisting of ten, 6 min 

exercise blocks. Ninety min of total exercise was performed, with subjects either 

ingesting a CES or flavoured H2O. Compared to the placebo trials, a 2% increase was 
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seen for agility, 3.2% increase for dribbling, 3.5% increase for kicking accuracy, and a 

non-significant 1.2% increase for heading was recorded for the CES trials compared to 

the placebo.  

 Hydration and CHO supplementation has also been examined using direct measures 

of basketball skill execution (Dougherty et al. 2006; Baker et al. 2007b; Carvalho et al. 

2011). Dougherty et al. (2006) examined the differences between 2% dehydration, CES 

or flavoured H2O ingestion on 15 male adolescent basketball players. After the 

dehydration protocol, players performed basketball related skills such as shooting, 

jumping and sprinting over four, 12-minute quarters. Although improvements were seen 

over baseline in both hydration trials, combined shooting percentage was significantly 

higher in CES trials (60 ± 8%) as compared to the flavoured H2O trial (53 ± 11%). For 

sprinting drills, decreased total sprinting time was seen in the CES trials (76 ± 9 s) 

compared to the H2O (78 ± 9 s) and dehydration trials (83 ± 10 s). Also, diminished 

feelings of fatigue and lightheadedness were observed in the CES trials after the 

simulated game compared to the dehydration trials. Overall, although improvements were 

seen in both hydration trials, the greatest results were found with CES ingestion over 

solely H2O ingestion.  

 To date, only one study has examined the effects of fluid and CHO intake on skill 

execution in ice hockey players (Linseman et al. 2014). Skating, puck handling and 

shooting performance tests were done before and after a 70 min scrimmage in 16 

experienced players, ingesting either a CES or no fluid. No differences were seen during 

the shuttle skating for the pre-scrimmage testing, however, bout 2 of the post-scrimmage 

skating test was significantly faster in the CES trial (26.50 ± 0.35 s) compared to the NF 
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trial (27.16 ± 0.35 s) in the post-scrimmage shuttle test (Linseman et al. 2014). No 

differences were observed in the puck handling or shooting tests, however, fatigue 

perception was rated significantly lower in the CES trials than the NF trials. Although a 

few studies have not shown any difference in performance testing for “stop-and-go” 

sports, the majority of research concludes that staying properly hydrated and consuming 

CHO during team sports can aid in reducing or delaying the feelings of fatigue and 

ultimately allowing for better sport-specific skill execution and performance.  
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CHAPTER 2: AIMS OF THESIS 

 

Problem 

 When examining sport-specific performance, it is extremely difficult to accurately 

depict the true demands of competition, both physically and mentally. There are a 

number of studies testing the execution of sport-specific skills, however, accurately 

replicating the split-second decisions made by elite athletes during competition is very 

difficult. The tests used for research on cognitive performance related to hydration and 

fuel consumption are often generic. Although these tests may produce relevant 

information about an athlete’s mental performance, the connection to in-game sports 

performance is not always easy to make.   

 Hockey is a fast paced sport, with a multitude of decision-making situations 

throughout a game. From positioning and systems to puck handling and shooting, making 

the correct decisions, especially late in the game becomes vital to the outcome. At elite 

levels of hockey, mental errors or poor decisions can lead to turnovers, scoring chances 

and goals for the other team. In skill-related sports such as ice hockey, the sum of a 

team’s correct and incorrect decisions will ultimately determine whether a team wins or 

loses.  

 With the beneficial effects attributed to fluid and CHO ingestion during “stop-

and-go” sports, hydration and fuel consumption should be further examined to determine 

how each affects decision-making and skill execution in ice hockey players. Although a 

player may master hockey skills such as skating, passing, agility, puck handling and 

shooting, executing these skills properly when needed during a game is the most accurate 
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measure of performance. For example, having a hard shot is important, however, if the 

shooter cannot quickly find an opening and accurately shoot the puck, the desired result 

will not be achieved. Therefore, finding an accurate and reliable way to test these skills 

by incorporating them into common in-game decision-making situations will allow for 

more accurate hockey skill performance measurements. Also, testing the effects of fluid 

ingestion and CHO intake separately will hopefully allow for conclusions to be made for 

whether each nutritional intervention influences cognitive performance. If positive 

benefits can be achieved with proper fluid and CHO ingestion during reaction-based 

hockey tests, the results can be presented to elite level players in attempt to help them 

change their current hydration patterns and ultimately maximize their performance on the 

ice.    

Purpose 

The purpose of this investigation was to determine the effects of maintaining 

hydration with a CES or flavoured H2O vs. becoming mildly dehydrated by losing ~1.5 to 

2% BM loss from fluid restriction during a 90 min 4-on-4 hockey scrimmage on the 

following: 

- RPE during the scrimmage 

- Reactionary skill execution during a series of post-scrimmage on-ice performance 

tests 

- Mental fatigue and perception with questionnaires following the testing 

A power calculation revealed that the desired number of subjects for this study would 

be too large to achieve (~30 for most measured variables) for multiple comparisons of 

RPE and the performance testing, therefore, no comparisons between the NF, H2O and 
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CES results were made for these measures. Therefore, separate comparisons between NF 

and H2O between NF and CES were performed. However, a power calculation revealed 

that a sufficient “n” was found for multiple comparisons of the mental fatigue 

questionnaires, which allowed for a 1-way ANOVA to be used.  

 Hockey is a high-intensity intermittent sport requiring intense physical demands. 

However, ice hockey also requires a large cognitive input, with players needing to make 

split-second decisions while executing complex skills. Hydration and CHO consumption 

are the two most important nutritional concerns for a hockey player during competition. 

Dehydration of 1.5 to 2 % BM loss can be associated with decrements in performance 

and perception of fatigue. Also, CHO intake is shown to have a positive effect on 

cognitive function and can decrease the perception of fatigue. Staying properly hydrated 

and consuming CHO, especially late into a hockey game, can ultimately help maintain a 

player’s physical and mental performance. 

Recorded hydration habits in elite level hockey players show that ∼1/3 of players 

allow themselves to become 1.5 – 2 % dehydrated during competition. Also, players 

seem to intake no CHO during practices and only during the intermissions of games. 

These poor hydration and refueling habits during a game may cause a player to make 

incorrect decisions or poorly execute various hockey skills late in a period or game. 

Therefore, this study was designed simulate the demands faced by hockey players during 

both the scrimmage and on-ice testing, with all tests containing a reactionary component 

to evaluate the cognitive performance and execution of important hockey skills. 
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Hypotheses  

When mildy dehydrated (~1.5 – 2% BM loss) compared to maintaining BM during a 

hockey game with either H2O or CES, subjects will display: 

i) Greater perception of fatigue (RPE) later into a period or the scrimmage.  

ii) Decreased physical and mental skill performance during on-ice hockey skills 

testing.  

iii) Increased mental fatigue as indicated by the questionnaires following the 

scrimmage and testing. 
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CHAPTER 3: METHODS 

 

Subjects 

 Sixteen male hockey players volunteered to participate in the study. The subjects 

were considered experienced hockey players, with junior (n = 7), AAA/AA (n = 7) or < 

AA (n = 2) experience. No players had any current injuries or conditions that interfered 

with their participation in the study. The subjects’ mean (± SEM) age, body mass and 

height were 21.5 ± 1.1 years, 81.6 ± 3.0 kg, and 180.4 ± 1.8 cm. All players were 

informed about the experimental protocol, their participation requirements and associated 

risks, both orally and in writing, before written consent was obtained. The Research 

Ethics Board of the University of Guelph approved the study.  

Study design 

 The study performed was a randomized, crossover study. Subjects reported to the 

University of Guelph arena (mean temperature, ~3oC; mean relative humidity, ~44%) on 

the same day each week for 11 weeks. Week 1 and 2 were used to familiarize the subjects 

with the pre-scrimmage measurements, scrimmage protocol, and the performance tests. 

During week 1, the subjects were given a labeled bottle filled with the fluid of their 

choice (H2O or CES) and instructed to drink ad libitum and only from their bottle during 

the scrimmage. Their sweat rates were calculated, and for week 2, each subject was 

instructed to drink fluid equaling 80% of their sweat loss volume from the previous week. 

Matching 80% of each subject’s sweat loss vs. full replacement was chosen based on 

previous research indicating reduced gastrointestinal irritation, while seeing no decreases 

in performance (Mitchell and Voss, 1991; Noakes et al. 1991; Montain and Coyle, 1992; 
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Below et al. 1995). Weeks 3 through 8 were used to carry out the experimental trials. 

Weeks 9 through 11 were used to collect data that had been missed or skewed, due to 

attendance, illness or equipment malfunctions.  

 The study consisted of three trials: consumption of no fluid (NF), flavoured water 

(H2O), or a carbohydrate-electrolyte solution (CES). Each subject was asked which CES 

flavour they would prefer to drink throughout the study (fruit punch, lemon-lime or 

orange). During the CES trials, they were given a specific amount of commercially 

available sports drink (Gatorade: 5.8% CHO, 20 mmol/L sodium, 11 mmol/L chloride, 3 

mmol/L potassium, trace calcium). During the H2O trials, they were given water with 

“energy-free” flavouring to mimic their chosen CES flavour (Crystal Light: 5 kcal, 1g 

CHO, no sodium). Subjects were told they would only receive either NF or CES, blinding 

them during the H2O trial. During the fluid trials, subjects were instructed to only drink 

from their labeled bottles and to finish all the fluid in their bottles by the end of the 

scrimmage to limit body mass (BM) loss. During the NF trials, the subjects were not 

allowed to drink any fluids from their arrival to the arena until after their post-testing 

weigh in and questionnaires were completed. The study design was single blind, 

however, the lead researcher had no direct involvement with data collection during the 

scrimmage or testing.  

 Each week, all 16 players and 2 goalies participated in a 90 min 4-on-4 scrimmage. 

A list of replacement players were used on occasion if a subject was unable to attend, 

which only occurred on 3 weeks, with 1 subject missing each week. Four or five players 

from each team were tested per week, with an even number of fluid (H2O or CES) and NF 

subjects per team. Following the scrimmage, the non-tested subjects would immediately 
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remove their equipment and have their post-trial BM taken. The test subjects walked 

across a short hallway from the scrimmage rink to the testing rink, where the on-ice 

performance testing took place. The test subjects completed 6 on-ice performance tests, 

followed by post-trial measurements and questionnaires.  

 Players were instructed to be as consistent as possible with their exercise level and 

sleeping habits during the intervening week and the day before, along with their breakfast 

the morning of testing. Players completed a brief weekly nutritional questionnaire to 

ensure their food and fluid intake the morning of testing was consistent. Each week, 

players were instructed to drink at least 500 mL of fluid in the hour prior to arriving at the 

arena in order to begin exercise in a hydrated state. Also, players were instructed to 

refrain from caffeine intake the morning of testing, along with alcohol intake and 

vigorous exercise for 24 hrs prior to testing. 

Experimental protocol 

 Pre Scrimmage Measurements: All 16 subjects arrived at the arena between 7:30 - 

7:45 am (Figure 1). The subjects provided a urine sample in a labeled cup and emptied 

the remainder of their bladder in the toilet. They changed into a dry shirt and shorts that 

would not be worn during the scrimmage, and were weighed on a weigh scale accurate to 

± 0.1 kg (Zenith, LG Electronics Canada, Mississauga, ON). Both tested and non-tested 

players were given bottle(s) with a pre-determined amount of fluid (either H2O or CES) 

to drink throughout the scrimmage, unless undergoing the NF trial.  
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               On-ice warm                                  On-ice performance 
                  up begins                               testing begins 
                  (10 min)                                  (30 min)  Post-trial BM, 
                      questionnaires  
All players    End of    End of  
   arrive             1st period  2nd period 
 
 
 
 
7:30-7:45      8:00    8:10      8:40  8:45         9:15  9:25          9:55     10:00                10:35-10:55          Time 
 
         
           
           Start of             Start of            
         2nd period          3rd period   Non-tested players 
 Pre-trial                  post BM, leave 
BM, USG          RPE recorded at end 
             of every 2nd shift 
   Start of 4-on-4              End of 4-on-4 
      scrimmage                           scrimmage          
         
             
       
Figure 1: Weekly testing protocol. 

 

 Scrimmage: The 16 players stepped onto the ice at 8:00 am and participated in a 10 

min warm up before beginning the scrimmage at 8:10 am. The players were spilt into two 

teams of 8 players and a goalie. The 90 min scrimmage consisted of 3 periods of 30 min 

in length, with a 5 min break between the first and second, and a 10 min break between 

the second and third to allow for the ice to be resurfaced. The players played a 4-on-4 

format, so that each team consisted of two lines. The players were instructed to change as 

a line, with shifts ranging from ~45 – 90 s. A referee was also present on the ice during 

the scrimmage, but played a minimal role, calling the occasional off side or penalty and 
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dropping the puck for face-offs after goals. Games were played “first to 3 goals”. Once a 

team scored three goals, the goalies would switch nets and a new game would begin. To 

ensure maximal effort, an incentive of 10 dollars was given to each player on the team 

that won the most games to 3 during the 90 min scrimmage. For players being tested, 

RPE measurements were taken after every second shift from the Borg Scale (6-20) (Borg 

and Noble, 1974). Upon completion of the scrimmage, the non-tested players removed 

their equipment, toweled off, put on their dry shorts and shirt and were weighed. The 

players that were being tested immediately walked ~20 m to the testing rink and began 

the on-ice performance tests. 

 On-Ice Performance Tests: The 6 tests performed were: reaction start skating 

sprint, weave agility with puck, reaction with puck, passing reaction, rapid fire shooting 

and randomized shooting. These tests were designed to simulate various hockey skills 

needed during an actual game, including: shooting, passing, skating, agility and puck 

control. Also, each test included a reactive or decision-making component, in an attempt 

to simulate both the physical and cognitive execution of hockey-specific skills. 

  The equipment used during testing was a Sport Testing “Combine” kit (Sport 

Testing Inc., Toronto, ON) and a Top Shot Hockey Net (Top Shot Hockey Inc., Guelph, 

ON). The Top Shot Hockey Net was used for the 2 shooting drills, with the other 4 drills 

using the Sport Testing equipment. The Top Shot Hockey Net is an official-sized 

electronic net, consisting of 9 plexi-glass panels on the face of the net (Figure 2). The 

panels serve as targets, with lights appearing behind them, indicating which target to 

shoot at. The Sport Testing equipment is a performance testing system, consisting of 

gates, ID scanners and ID bracelets (Figure 3). The Sport Testing gates contain a laser, 



	  35	  

which when broken, signals for a drill to begin or conclude (Figure 4). The gate also has 

arrows and lights on the sides, allowing for reaction-based tests to be performed, with 

right or left arrows lighting up to indicate direction. Subjects were assigned a Sport 

Testing ID bracelet for the study, which contained their player information (name, team, 

number) (Figure 5). The Sport Testing ID scanner identifies which subject is about to 

begin a specific test (Figure 6). To begin a test, a subject would place his ID bracelet 

against the ID scanner for that test, activating it. Upon completion of a test, a subject’s 

results would be automatically uploaded to a central database. The Sport Testing 

equipment is accurate to the 0.001s. 

 During testing, 3 drills were performed at a time. After the completion of the first 3 

drills, that testing equipment was removed from the ice and the next 3 drills were 

immediately set up, taking ~3 – 5 min. The first 3 drills were the reactive start skating 

sprint, the weave agility with puck, and the reaction with puck, while the second 3 drills 

were the reactive passing, the rapid fire, and randomized shooting drills. As the players 

arrived from the scrimmage rink, they were each given their assigned Sport Testing ID 

bracelet and always performed the drills in the same order. 

 Eight to 10 players were tested each week. For the first 3 drills, 2 - 4 players were 

stationed at each drill. Once each subject had completed two trials of each drill, the 

subjects were split into two groups (by jersey colour), for the passing test and shooting 

tests. The subjects at the reactive passing completed two trials each from the left and right 

corner, while the players at the shooting station performed one trial of each shooting drill. 

Once completed, the groups switched and the subsequent test was completed. The on-ice 

testing took ~30 - 40 min each week.  
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Figure 2: Top Shot Hockey Net 

 

Figure 3: Sport Testing “Combine” kit (gate, ID scanner and ID bracelet). 
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Figure 4: Sport Testing gate. 

 

  

Figure 5: Sport Testing ID bracelet. 

 

Figure 6: Sport Testing ID scanner. 

 

 

Figure 7: Sport Testing equipment set up. 
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Figure 8: Test subject skating through Sport Testing gate during on-ice performance 

testing.  

 

 Reactive start skating sprint: Four Sport Testing gates were used for this test, with 

3 gates set up in a straight line (Figure 7). Gate 1 was 65 cm from the start line, gate 2 

was 3.9 m from gate 1, and gate 3 was 25.15 m from gate 2, making the total distance of 

the test 29.70 m. Gate 4 was used as a trigger to start the drill. The player was instructed 

to scan in using his ID bracelet and position himself behind the ice “hashmark” at a 

complete stop. Upon scanning in, all of the Sport Testing gates displayed a green light. 

To begin the drill, a test volunteer broke the beam on the trigger gate causing the green 

light to turn red. Once the green light changed to red, the test subject skated forward as 

fast as possible, until the beam on the last gate was broken. The sprint time was 

automatically recorded into the Sport Testing database and the next subject scanned his 

ID bracelet to begin the test. Each subject performed the test twice before rotating to the 

next drill. 
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 Weave agility with puck: A Sport Testing gate was set up, followed by 4 flags in a 

straight line (Figure 8). Each flag was 2.9 m apart, with the first flag the same distance 

from the starting gate. The subject scanned his ID bracelet to activate the test. The test 

time started once the player broke the gate beam. The subject skated next to the flags 

with a puck until they reached the furthest flag, turned 180 degrees, and weaved through 

the flags, returning towards the first flag, then back towards the last flag, while handling a 

puck. Once the subject weaved through each flag down and back, they skated on the 

other side of the flags back through the gate to stop the time. The player would then wait 

until other subjects at that station had gone until repeating the test. For the second trial, 

the subjects began the test from the other side of the flags. 
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 Reaction with puck: Four Sport Testing gates were set up 15 m apart the length of 

the ice, with 2.35 m between each corresponding gate and reflector (Figure 9). Half way 

between each set of Sport Testing gates, there were 2 flags, 4.20 m apart. To begin the 

test, a player scanned his ID bracelet, prompting the first gate to display a green light. 

Once the subject broke the first beam, the timing began. Upon breaking the beam, the 

next gate would display a green or red light and a corresponding left or right arrow. The 

left arrow was always the green light, with the right arrow always red. One of the two 

arrows would randomly appear, indicating which flag (left or right) the subject needed to 

skate around while controlling a puck. After skating around the designated flag, the 

subject returned to the middle and skated through the next gate. Upon breaking that 

beam, the same sequence would repeat, with the next gate displaying the green or red 

arrow. This process occurred three times; with the time stopping once the subject skated 
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through the fourth and final gate. Players were initially advised to skate through gates at a 

slower speed and under control to properly react to the direction arrow. Once processing 

the direction arrow information, players skated around the corresponding flag at full 

speed. 

  

 

 

 Passing reaction: Subjects began in one corner of the simulated defensive zone. A 

sport testing gate was set up on the goal line adjacent to the far side of the net, with a 

second gate set up on the neutral zone face-off dot just outside the near blue line (Figure 

10). On the near blue line in front of the second gate were two targets, 5.90 m apart. 

These targets were made of wood, 30 cm in length and 5 cm in height, to mimic the 

standard size of a hockey stick blade. The left target was coloured green, with the right 

one coloured red, to match the corresponding arrows of the Sport Testing gate. To begin 
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the drill, a player scanned his ID bracelet to activate the test. The subject then skated 

around the back of the net with a puck and broke the beam on the goal line. Once this 

beam was broken, the gate just outside the blue line would display either the green or red 

arrow, indicating which of the two targets to pass too. The subject then had to complete a 

pass to the designated target before reaching a fault line at the near face off dot 6.10 m 

away. After making the pass, the subject skated through the beam of the second gate to 

stop the time. Time and passing accuracy was recorded after each trial. Each subject 

performed two trials from each corner. If the subject crossed the fault line before 

completing the pass, a miss was automatically recorded.  

  

 

 

 Rapid fire shooting: Subjects stood stationary behind the “ringette” line, 10.5 m 

from the goal, with a stack of pucks. A 3 s countdown was displayed on the Top Shot 



	  43	  

Hockey Net to begin the test. After the countdown, 1 of the 9 panels on the front of the 

net lit up, for the subject to shoot at. The panel remained lit until a puck was shot at the 

net, hitting the correct panel or not. Once the puck hit the net, the light changed randomly 

to another of the 9 panels. This process continued until either the subject hit the net with 

10 shots or 30 s elapsed. Total shots taken and targets hit were recorded, along with the 

total time elapsed. Any shots that missed the net completely were also recorded.  

 Randomized shooting: Subjects stood stationary behind the “ringette” line with a 

stack of pucks. For this test, subjects attempted to hit as many lit panels as possible in 30 

s. Once the test began, one panel lit up at random and only stayed lit for 2 s. If a puck did 

not make contact with the panel within 2 s, the light would randomly change to another 

panel. If the panel was hit while lit, it would flash red, then randomly switch. The total 

number of shots taken, and targets hit were recorded, along with any shots that missed the 

net completely.  

 Post Scrimmage Measurements: Upon completion of all on-ice performance tests, 

the test subjects removed their equipment and changed into the same shorts and shirt 

worn during the initial weigh-in. Subjects were weighed on the same scale as before the 

scrimmage and their BM was recorded. Subjects were then given a questionnaire 

package, consisting of a modified Profile of Mood States (POMS) questionnaire, a 

Hockey Fatigue Questionnaire (HFQ) and a pre-nutrition questionnaire. The POMS 

questionnaire was a consolidated version of the original, consisting of 36 adjectives 

(McNair et al. 1992). Subjects rated how they had felt during the third period and on-ice 

testing for each adjective on a scale from 1 (not at all) to 5 (extremely). Specific words 

were grouped into four subsections: fatigue, confusion, vigor, and mental focus. The 



	  44	  

HFQ consisted of 8 questions related to the physical and mental fatigue of the subjects 

throughout the scrimmage and testing (ie. Did you feel mentally sharp on the ice?) 

(Linseman et al. 2014). Subjects answered each question by circling a number between 1 

(very little) and 10 (extremely). The pre-nutrition questionnaire asked each subject to list 

what they ate before arriving to the arena that day, at what time they ate, and also what 

fluids they drank and in what amount. 

Measurements 

 USG was analyzed using a portable refractometer (Atago U.S.A. Inc, Bellevue, 

WA). Subjects with a USG < 1.020 were classified as “euhydrated”, and “hypohydrated 

with a USG > 1.020 (Sawka et al. 2007). Any urine output after the initial weigh-in was 

collected in a measuring cup and the volume was used when calculating that sweat rate. 

For week 1 and 2, within 2 hr after testing, the sweat patches were centrifuged and sweat 

sodium concentration was analyzed using a Sweat Chek conductivity analyzer 

(ELITechGroup North America, Princeton, NJ). All times collected during the Sport 

Testing drills were uploaded from the testing program (Sports Hub) to their online 

database (Athlete Manager).  

Calculations 

 Sweat production = (pre-exercise BM – post-exercise BM) + fluid intake – urine 

output (assuming 1 kg = 1 L). Percent BM loss = (BM before competition - BM before 

competition) / BM before competiton x 100. However, before initially weighing in, an 

athlete should have a completely empty bladder. (Sawka et al. 2007). Respiratory water 

loss, substrate mass loss, and the generation of water from oxidation have been suggested 

to exert little influence on the sweat rate calculated from changes in BM (Baker et al. 
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2009). Sodium loss was calculated as the forehead patch concentration multiplied by the 

molecular weight of sodium and the volume of sweat lost. For this calculation, forehead 

sweat sodium values were adjusted to estimate whole-body sodium as sweat [sodium] x 

0.61 - 2.98 (Baker et al. 2009). Total sodium intake was calculated by multiplying the 

CES sodium content by the molecular weight of sodium and the total volume of CES 

consumed.  

Data analyses 

 Four of the 16 subjects were excluded from the data analyses. Two of the subjects 

lacked consistent participation to acquire a complete data set, while 1 subject did not 

sufficiently dehydrate himself during the NF trial, and another did not maintain his BM 

during the fluid trials. Also, technical difficulties during the on-ice testing resulted in an 

incomplete data set for some of the trials. On two occasions, the panel covers on the Top 

Shot Hockey Net were broken by a shot, which rendered the net unusable for the 

remainder of that testing day. Also, in week 6, an error occurred during uploading of the 

Sport Testing data, resulting in a complete loss of the testing data.  

Statistics 

 A power calculation revealed that only the HFQ and POMS questionnaires had a 

sufficient “n” to perform multiple comparisons. Therefore, separate comparisons between 

NF and H2O, and NF and CES were performed. RPE, reactive start skating sprint, weave 

agility with puck, reaction with puck, rapid fire shooting and randomized shooting were 

analyzed using a paired, one-tailed t-test (p < 0.05). Player sweat rate, USG, BM loss, 

HFQ and POMS data were all analyzed separately using a 1-way ANOVA with repeated 

measures [condition; NF, H2O, CES]. For all 1-way repeated measures ANOVAs, when a 
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significant F ratio was present, an uncorrected Fisher’s LSD test was used for post hoc 

significance between specific groups. No statistics were used for the reactive passing 

data. 
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CHAPTER 4: RESULTS 
  
 

Morning nutrition 

 A weekly nutritional questionnaire was only collected during test weeks following 

the post-testing weigh in. Subjects were very consistent with their morning nutritional 

intake, across all conditions. Eight subjects ingested a bowl of cereal or oatmeal before 

arriving to the arena, with three subjects ingested a granola bar and 1 subject eating eggs 

and fruit. Subjects were also instructed to drink 500 mL of fluid before arriving to the 

arena. Reported fluid intake ranged from 500 mL to 700 mL, with 10 subjects ingesting 

H2O and 2 ingesting milk. 

Sweat testing data 

The sweat testing data was only collected during testing weeks and included all 

activity following the pre-testing weigh-in until the completion of the post-testing weigh-

in, ~3 hr (Table 1). The experimental design of the study was achieved, with subjects in 

the NF trial losing 1.86 ± 0.15% BM, and 0.26 ± 0.07% during the fluid trials. Also, pre-

testing BM was consistent across all 3 conditions (Table 1). Pre-testing hydration 

measures (USG) showed that 50% of subjects (n = 6) were either slightly below or above 

the hypohydrated guideline of 1.020 (1.019 – 1.023), with 2 subjects well hydrated and 4 

hypohydrated (Table 2). Although there was some variability between subjects with 

respect to initial hydration status, subjects had very consistent USG readings from week 

to week. Overall, subjects were slightly dehydrated when starting the scrimmage in all 

conditions, partially because they did not have access to their designated bottles until the 

start of the scrimmage. 
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Sweat losses varied from 0.73 to 2.30 L between subjects, although there were no 

significant differences between conditions. Also, individual sodium losses varied from 

780 to 2920 mg, with no significant differences observed between conditions. CHO 

intake and Na+ intake during CES trials were 77.2 ± 6.2 g and 591 ± 47 mg, respectively. 
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Rate of perceived exertion 

 During the scrimmage, a t-test revealed a significant difference between NF and 

H2O in the 3rd period (Figure 11, Table 3). During the 2nd half of the 3rd period, RPE was 

significantly lower for H2O compared to NF. Also, a t-test between NF and CES for the 

mean RPE during the 2nd period showed a significantly lower RPE for CES (Table 4). 

Also, the difference between the 1st and 2nd half of the 2nd period revealed that a 

significant increase was observed in NF compared to H2O. 
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Figure 13: RPE for each period during 90 min 4-on-4 scrimmage. Values are ± SEM, n = 
12. CES: carbohydrate-electrolyte solution; NF: no fluid.  
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On-ice performance tests 

 Reactive start skating sprint: A t-test between trial 2 of NF and H2O revealed that 

NF was significantly slower (Figure 12, Table 5, n = 8). Also, comparisons of the 

increase in the performance time of trial 2 vs. trial 1 for NF and CES showed a 

significantly smaller increase for CES (Figure 12, Table 6, n = 8).   
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Figure 14: Reactive start skating sprint. Values are ± SEM, n=6. CES: carbohydrate-
electrolyte solution. 
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 Weave agility with puck: Unexpectedly, trial 2 for NF was faster than trial 2 for 

H2O, with a t-test almost reporting significance when comparing the difference between 

trials for each condition (Figure 13, Table 7). When comparing CES to NF, t-tests for 

trial 1 and the mean of both trials approached significance (Figure 13, Table 8).   

  

 

Figure 15: Weave agility with puck. Values are ± SEM, n=12. CES: carbohydrate-
electrolyte solution. 
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 Reaction with puck: A t-test between NF and H2O unexpectedly revealed a 

significantly greater decrease in time between trials in NF with n = 9 (Figure 14, Table 

9). However, the trial 1 time was slower (although not significant) in the NF trial and the 

mean of the 2 trials revealed no difference from H2O. No significant differences were 

observed between the NF and CES measures with n = 9 (Figure 14, Table 10). 

 

 

Figure 16: Reaction with puck test per trial. Values are ± SEM, n=7. CES: carbohydrate-
electrolyte solution. 
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 Reactive passing: More targets on the net were hit in the H2O and CES groups 

compared to NF, with n = 6 (Table 11). Also, no time difference was observed between 

conditions, indicating that players completed the passes and skating at a similar speed in 

all conditions. Only 1 player crossed the fault line during NF and missed the target, with 

none crossing in H2O, and 2 crossing in CES, one hitting and one missing the target. 
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 Rapid fire shooting: T-tests comparing NF vs. H2O and NF vs. CES revealed there 

were no significant differences between conditions for shots taken, targets hit, shots that 

missed the net completely, shooting percentage or time (Table 12).  

 

 

 

 Randomized shooting: T-tests to compare NF vs. H2O revealed no statistical 

significance in targets hit, shots taken or shooting percentage with n = 8 (Figure 15, Table 

13). However, there were heavy trends for improved shooting in the H2O trial. 

Comparisons between NF and CES showed a significantly greater number of targets hit 
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for CES and a heavy trend for shooting percentage with n = 5 (Figure 15, Table 14).  

 

 

 
Figure 17: Randomized shooting test. Values are ± SEM, n=4. CES: carbohydrate-
electrolyte solution. 
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Mental fatigue questionnaires: HFQ and POMS 

 HFQ: Both fluid conditions yielded significantly lower fatigue results compared to 

NF for the lightheaded, winded, overheated, whole body fatigue and mental sharpness 

questions (Table 15). For the question about cramping, only CES was significantly lower 

than NF. For the questions related to perception, players felt they were making the correct 

decisions and no statistical differences were seen between conditions during the 

scrimmage. However, for the perception of correct decision making during the on-ice 

testing, CES scored significantly higher than NF. No significant differences were 

observed between H2O and CES for any HFQ questions. 

 POMS: NF scored significantly higher in the fatigue and confusion subsections 

compared to H2O and CES (Table 16). Also, for the vigor and mental focus subsections, 

H2O and CES scored significantly higher than NF. No significant differences were 

observed between H2O and CES for any POMS subsections. 
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CHAPTER 5: DISCUSSION 
  

 In “stop-and-go” sports such as soccer, basketball and hockey, previous research 

has shown that dehydration of 1.5 – 2.0% BM loss can result in decreases in performance 

(Dougherty et al. 2006; Baker et al. 2007; Ali et al. 2009; Carvalho et al. 2011; Linseman 

et al. 2014). Performance decrements can be a result of both physical and mental fatigue. 

Due to the technical skill execution required for these team sports, proper focus and 

mental acuity are important to ensure these skills are performed quickly and accurately. 

CHO ingestion has also been shown to play an important role for brain function, with 

intake through the oral cavity increasing activity in the motor and reward centers of the 

brain (Chambers et al. 2009). CHO intake during exercise has shown beneficial effects on 

mental fatigue and skill execution in “stop-and-go” sports such as soccer, basketball and 

hockey (Ostojic et al. 2002; Dougherty et al. 2006; Edwards et al. 2007; Currell et al. 

2009; Carvalho et al. 2011; Russell et al. 2011; Linseman et al. 2014).  

 Research in ice hockey has reported that during competition, ~1/3 of players 

reach mild dehydration levels of > 1.8% BM loss, which can negatively impact 

performance (Palmer and Spriet, 2008; Logan-Sprenger et al. 2011). Also, in earlier 

reports, players appear to only drink H2O during the periods of play, with minimal CES 

consumption reported (before the game or during intermissions) (Palmer and Spriet, 

2008; Spriet et al. 2008; Logan-Sprenger et al. 2011). The lack of CHO consumption or 

frequency of intake may ultimately hinder a player’s performance. However, more recent 

information from Canada’s World Junior players suggests that players are now 

consuming a CHO drink more frequently during practices and games (Spriet, personal 

communications). According to research in “stop-and-go” sports, the combination of 
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proper hydration and repeated CHO intake would appear to be the best formula to 

optimize performance, especially in elite level athletes.  

 There are few studies that have examined the effects of CHO consumption in ice 

hockey players, focusing on muscle glycogen use and skating performance (Simard et al. 

1988; Akermark et al. 1996; Linseman et al. 2014). Of the three studies, only one 

examined the effects of hydration and fuel consumption on thermoregulation and on-ice 

skill performance in ice hockey players (Linseman et al. 2014). However, the 

performance tests in that study were repetitive and involved more physical skill execution 

than decision-making and skill execution combinations, which more accurately depicts 

in-game demands.  

Therefore, the purpose of this study was to examine the effects of mild 

dehydration by 1.5 – 2.0 % body mass and ingestion of either H2O or CES on perception 

of fatigue during a 90 min 4-on-4 scrimmage and on-ice physical and mental skill 

performance following the scrimmage. The present study is the first to investigate the 

effects of hydration and CHO consumption on game-like skill execution involving a 

reactionary component in experienced male hockey players. It was found that during the 

scrimmage, RPE in NF was higher during the 2nd and 3rd period compared to the fluid 

trials, with significant differences observed vs. H2O during the second half of the 3rd 

period and vs. CES for the entire 2nd period. During the on-ice performance tests, CES 

and H2O compared to NF had a faster average time during the weave agility with puck, a 

smaller increase in reactive start skating sprint time with repeated sprints, and higher 

target hit percentage during the reactive passing and randomized shooting. Also, during 

the post-testing mental fatigue questionnaires, CES and H2O scored significantly better 
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than NF during 5 of 8 HFQ responses, with only CES significantly better than NF for 

cramping and perception of correct decision making during on-ice performance tests. NF 

also scored significantly higher than CES and H2O for the POMS fatigue and confusion 

subsections, and significantly lower for vigor and mental focus. 

Pre-trial measures 

 The experimental conditions of this study were achieved, with an average of 

1.86% BM loss observed during NF, while BM was maintained (< 0.26% BM loss) 

during the fluid trials. Pre-USG was also consistent across all conditions; however, each 

condition was classified as mildly hypohydrated upon arrival (USG of 1.020 – 1.021). 

The subjects reported they had followed the protocol of ingesting 500 mL of fluid before 

arriving to the arena, although it was not enough, as their hydration status was at or 

slightly above 1.020. In previous work, the effect of fluid ingestion in 10 hypohydrated 

athletes was examined periodically following 600 mL of fluid ingestion (Logan-Sprenger 

and Spriet, 2013). It was reported that the subjects became sufficiently rehydrated with 

45 min of ingestion of either H2O or CES. However, the athletes used in this study were 6 

women and 4 men, with a mean BM of 71.9 ± 4.6 kg and pre-USG of 1.022 ± 0.001. The 

hockey players used in the present study had a BM of 81.5 ± 1.7 kg, which indicates the 

recommended 500 mL was not enough fluid to allow the subjects to become euhydrated. 

Also, although ~33% of the subjects arrived to the arena clearly hypohydrated, this 

hydration status is indicative of normal habits in hockey players. Before practices and 

games, it has been reported that ~50% of players arrive in a hypohydrated state, with as 

high as 86% reported in amateur hockey players before practice (Logan-Sprenger et al. 

2011, Ozolina et al. 2014; Palmer and Spriet, 2008; Palmer et al. 2010). Therefore, 



	  63	  

although the goal of the study was to have the subjects report to the arena hydrated, an 

accurate representation of pre-competition hydration habits was ultimately used.  

 For fluid ingestion during the H2O and CES trials, replacement of 80% of sweat 

loss was used as the replenishment volume for the subjects. Montain and Coyle (1992) 

found that 81% sweat loss replenishment was the optimal amount to defend against 

hyperthermia and CV drift during 2 hr of moderate-intensity exercise in a warm 

environment. Also, > 80% replacement has been associated with gastrointestinal distress 

(Noakes et al. 1991). Most subjects did an adequate job at ingesting their assigned 

volume of fluid, however, some individuals complained of the sweetness during the CES 

trials and that the amount they had to drink was too large over the course of the 

scrimmage. The lack of compliance to ingest the designated amount of fluid resulted in 5 

subjects losing > 0.5% BM loss during the fluid trials, although none exceeded 1.0% BM 

loss. These larger BM losses in the fluid trials may have resulted in less accurate 

distinctions for performance vs. the NF trials. 

Perception of fatigue during scrimmage 

 It was hypothesized that NF would have a higher RPE during the latter parts of 

the scrimmage (2nd and 3rd periods) than the fluid trials, with little to no differences 

observed between H2O and CES. The results for RPE indicated that, although not 

significant, NF had a higher RPE during the 2nd and 3rd periods than both H2O and CES. 

Upon closer examination, when NF was compared to H2O for the 3rd period, H2O had a 

significantly lower RPE than NF. A significantly lower RPE was also recorded during the 

2nd period for CES when compared to NF. These results show that subjects perceived 

they were more fatigued during NF as the scrimmage progressed than the fluid trials, 
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which is consistent with results from other “stop-and-go” sport studies (McGregor et al. 

1999; Welsh et al. 2002; Dougherty et al. 2006; Carvalho et al. 2011). For example, RPE 

was measured in 9 semi-professional soccer players during the LIST while DEH or HYD. 

No differences in RPE were observed during the first 4 blocks of the LIST (60 min); 

however, a significantly higher RPE was reported during the final 2 blocks in DEH 

(McGregor et al. 1999).  

 Although RPE was recorded during the scrimmage, no direct measures of skating 

speed, distance covered or effort were recorded, as collecting these data are not easy. 

Linseman et al. (2014) measured time on ice, distance covered, skating speed and time 

spent at high effort during a 70-min scrimmage in 14 ice hockey players in NF and CES 

trials. It was reported that during the 30 – 50 min block of the scrimmage, CES had a 

significantly higher skating speed and time at high effort than NF. Although RPE was not 

recorded during that study, significantly higher levels of fatigue were reported during a 

post-scrimmage questionnaire in NF than CES. If measures of skating speed and time at 

high effort were taken during the present study, assumptions could be made that similar 

results would have been observed based a similar study design of both studies. Therefore, 

not only was RPE lower for the fluid trials in the present study compared to NF, subjects 

were possibly also skating faster and working harder.  

On-ice performance tests 

 It was hypothesized that during the reactionary on-ice performance tests, the H2O 

and CES trials would perform better than NF. Although not every test supported this 

hypothesis, several significant findings were observed. First of all, during the reactive 

start skating sprint, which deals with reaction speed and sprint speed, a significantly 
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faster sprint time was observed during trial 2 of H2O compared to trial 2 of NF. Also, 

when examining the time increase between trials 1 and 2 for each condition, CES was 

significantly smaller than NF, with H2O almost significantly smaller than NF as well (p < 

0.06). The inability to maintain sprint time in NF could be an indication of physical or 

mental fatigue, which could be crucial during a game. Being able to repeatedly perform at 

a high level is important in elite athletics, especially late into competition. The 

maintenance of fast sprint times in the fluid conditions as opposed to NF could be the 

difference between being first to a loose puck late in a game or successfully back 

checking to stop a scoring chance. Performing a larger number of repeated sprints may 

possibly allow for more significant differences to be observed between NF and fluid 

conditions.  

 The weave agility with puck test simulated the combination of skating, agility and 

puck handling skills. Although no significant difference was observed between 

conditions or trials, both CES trials were consistently faster than NF, with CES trial 1 and 

the combined mean, respectively, approaching significance compared to NF (p = 0.07, p 

= 0.08). Linseman et al. (2014) reported similar results during pre and post scrimmage 

on-ice performance testing. During a slalom test, where players weaved around cones 

while controlling a puck, pre and post CES times were faster than NF, although not 

significant. For the present study, slower NF trials could have resulted from potential 

skating errors or mishandling of the puck, forcing the player to take more time to 

complete the test. During a hockey game, the combination of skating and puck handling 

is very common, and being able to handle the puck under control at high speeds requires 
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large cognitive input. Ultimately, a larger number of subjects and trials may provide 

enough power for statistical differences to be observed between conditions. 

 The reactive passing test required players to quickly identify which direction to 

pass the puck and accurately complete the pass before reaching a fault line. In elite levels 

of hockey, players need to receive a pass, process the situation on the ice and make a pass 

all within a short time frame. During this test, more passes were completed in the fluid 

trials compared to NF, with H2O having twice as many passes completed. More total 

passes were completed when players rounded the net from the backhand side, possibly 

because pulling the puck from the backhand to forehand before passing is a comfortable 

motion and sets the puck in a better position before passing. No differences were 

observed in time or fault line infractions for this test indicating that subjects are seeing 

and processing the visual information evenly across conditions, but executing the skill of 

passing more consistently in the fluid trials. Passes completed was recorded in hockey 

players during the final 20 min of the scrimmage in the Linseman et al. study (2014), 

with only 51 ± 8% of passes completed in NF compared to 78 ± 5% for CES. A missed 

pass during a game can result in the loss of possession or a costly turn over.  

 Although the reactive passing test was the first on-ice passing test to incorporate a 

decision-making component, accurate representation of in-game passing situations is 

difficult to replicate. In this test, players needed to process a single stimulus and complete 

a pass to the appropriate target. During an actual game, a player faces multiple stimuli 

and has to execute a pass rapidly and accurately in several directions. The present test 

involved only two standard options making the desired pass more predictable. Also, 

although time was consistent across all conditions, the time measured the player’s 
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movement from start to finish, and not the puck’s movement. This allowed for players to 

potentially place more emphasis on passing accuracy as opposed to speed. In elite levels 

of hockey, passes need to be both hard and accurate to be effective. Being able to stop the 

time for the test once the pass is completed may force the subjects to deliver more game-

like passes, potentially altering the results. 

 Of the two shooting tests used, the randomized shooting was most representative 

of a real hockey game, with a target only lighting up for 2 s before changing. Often 

during a real game, an opening to score may not even last 2 s, with elite goalies changing 

position quickly to eliminate scoring opportunities. While comparing all 3 conditions, no 

significant difference was observed in targets hit, shots taken or shooting percentage. 

However, when comparing NF to CES, significantly more targets were hit during CES, 

along with a greater shooting percentage, although not significant (p = 0.07). These 

results indicate that if properly hydrated with CES during a game, more goals might be 

scored than if dehydrated, especially in the latter stages of the game. Linseman et al. 

(2014) performed an on-ice shooting test, with 4 targets located in each corner of the net. 

There was no significant difference observed between NF and CES, which have been a 

result of the test design. During the 4-corner shooting test, subjects were instructed to 

simply shoot at each corner in a rotary fashion and there was no time constraint, whereas 

the shooting test in the present study randomly displayed a target for only 2 s before 

changing position. The inclusion of a reactionary component places more emphasis on 

cognitive processing and execution than the 4-corner test, which may have been hindered 

during the NF trial. However, data from only 5 players were obtained for this test due to 
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broken equipment and testing malfunctions. Therefore, although the results look 

promising, claims are difficult to make. 

Post-testing questionnaires 

 It was hypothesized that increased perception of fatigue would be reported 

following the scrimmage and testing in NF compared to both H2O and CES ingestion 

conditions, along with a decrease in mental alertness and acuity. For the HFQ, questions 

pertaining to perception of fatigue such as “lightheaded”, “winded” and “overheated” 

were all scored significantly higher for NF as compared to both H2O and CES. These 

results were expected due to the length of the scrimmage and dehydration level reached. 

Similar results were observed following a 70 min scrimmage and on-ice testing in 16 

male hockey players (Linseman et al. 2014). During a fatigue questionnaire, CES scored 

lower than NF in every category, with “overheated”, “arm fatigue”, and “overall fatigue” 

significantly different.  

 Mental fatigue plays an important role in skill-based “stop-and-go” sports such as 

hockey. Once fatigue sets in towards the end of a game, mental lapses become more 

common and can often influence the outcome of the game. Staying properly hydrated can 

help a player avoid or delay the onset of mental fatigue, and ultimately perform better. 

 The HFQ also contained 3 questions related to mental focus and perception of 

success, both during the scrimmage and on-ice testing. Players stated they felt 

significantly more “mentally sharp” during the fluid trials compared to NF. Also, subjects 

reported they felt like they were making significantly more correct decisions during the 

on-ice testing in CES than NF. These benefits can possibly be attributed to the central 

effect of CHO ingestion, with stimulation of reward centers in the brain such as the 
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orbitofrontal cortex and striatum, which mediate the emotional and behavioural response 

to rewarding food stimuli. (Chambers et al. 2009).  

 Similar trends to the HFQ were observed during the POMS questionnaire, with 

significantly greater levels of confusion and fatigue reported in NF compared to H2O and 

CES, along with significantly lower scores for vigor and mental focus.  

No differences were observed between the H2O and CES trials, even with subjects 

being blinded to H2O ingestion. However, the central effects of CHO ingestion have been 

shown to play a significant role on mental fatigue. A POMS was used to examine the 

effects CHO ingestion and a placebo (flavoured H2O) on physical and mental fatigue in 

10 team sport athletes (Welsh et al. 2002). A significantly lower level of fatigue was 

reported in the CHO than the H2O, even though CHO ran 37% longer to fatigue and had a 

faster 20 m sprint time in the latter stages of testing. Therefore, the combination of proper 

hydration and CHO ingestion is ideal to combat the onset of mental fatigue, especially 

late into competition.  

Scrimmage characteristics 

 Although the scrimmage was designed to simulate a real hockey game, there were 

a number of differences between the two. Also, there were no measures of speed, 

distance or effort taken during the game, making exact comparisons more difficult. 

Firstly, the length of the scrimmage was much longer than a standard game, with the 

scrimmage lasting 90 min and a real game being 60 min. A prolonged scrimmage was 

chosen for this study to allow for the subjects in NF to reach a BM loss of > 1.5%. If the 

scrimmage was only 60 min, adequate sweat loss may have not been achieved, with 1 

subject’s results being excluded because he was not able to reach 1.5% during the 90 min 
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protocol. Also, with a mean sweat loss of 3.2 ± 0.2 L recorded in 24 male junior hockey 

players during a game, the intensity of the scrimmage may be a factor as to why 

sufficient sweat losses would not be reached in a 60 min scrimmage (Logan-Sprenger et 

al. 2011). In junior level players, every shift (or most) would be at higher intensity. 

Another factor that contributed to ensuring BM loss > 1.5% was having 8 players 

per team. Having a smaller number of players per team allowed for a 4-on-4 scrimmage 

as opposed to the traditional 5-on-5 format. This format forced for players to rest to a 1:1 

ratio. With only two lines of 4 players for this scrimmage, as opposed to 3 – 4 lines of 

forwards and 6 defensemen on a standard team, players ultimately spend less time resting 

and more time on the ice, producing more overall work. Similar shorter rest periods were 

used by Linseman et al. (2014) during a 70 min 5-on-5 scrimmage. Time-motion analysis 

and HR were recorded during the scrimmage, which revealed similar results for HR and 

time at high effort during the study as reported during professional games (Bracko et al. 

1998). Another benefit of playing 4-on-4 is that with 2 less players on the ice, the players 

must do more skating to cover the empty areas on the ice. Increasing the skating distance 

over the course of the scrimmage will ultimately increase total sweat loss. There were 

also shorter breaks between periods, not allowing the CV system of players to return to 

baseline, ultimately resulting in more sweat production.  

Conclusions 

 Mild dehydration of 1.5 – 2.0% BM loss during a prolonged 4-on-4 scrimmage in 

experienced hockey players resulted in an increased perception of fatigue during the latter 

stages of the 2nd and 3rd period compared to maintaining BM with H2O or CES ingestion. 

Also, during reactionary on-ice hockey performance testing, less consistency was 
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observed when dehydrated during the skating and puck handling tests compared to the 

fluid trials, along with lower passing and shooting accuracy. Increased mental fatigue 

after the end of the scrimmage and testing was also reported while dehydrated compared 

to the fluid trials. Further research is needed to confirm and support these findings.  

Recommendations 

 In elite level “stop-and-go” athletes, proper hydration habits are crucial to 

performance. To avoid decrements in performance, especially late into competition, an 

athlete should ensure that they are ingesting enough fluid to lose < 1% BM, along with 

ensuring they are properly before competition. However, staying properly hydrated may 

be difficult for some players. Playing time, sweat rate, layers of equipment and 

gastrointestinal irritation may influence a player’s ability to ingest the necessary volume 

of fluid. Therefore, there are a number of different strategies to consider in order to 

effectively reduce sweat loss and properly replenish those losses.  

It is very important players take advantage of the opportunities available to drink, 

especially if players log more ice time. With fewer opportunities to rehydrate, making 

sure they are ingesting fluids after every shift, and larger amounts during the 

intermissions will help prevent excessing BM loss. Since these players will most likely be 

relied upon late in a game and during overtime, avoiding decrements in performance 

related to dehydration is very important.  

Also, if a player has a high sweat rate, strategies to reduce elevated Tc should be 

considered. During a simulated hockey game on a cycle ergometer performed by 8 men, 

players wearing no pads had significantly lower Tc and lost less than half the amount of 

sweat than while wearing pads (Noonan et al. 2007). Wearing fewer layers underneath 
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the equipment may allow for more heat dissipation and reduce sweating throughout a 

game. Also, removing as many layers of equipment as possible between intermissions 

will help reduce Tc and ultimately sweat loss.  

During “stop-and-go” sports where decision-making and skill execution are 

extremely important, CHO should also be ingested, as it may be beneficial for perception 

and performance. With no studies identifying the exact amounts of CHO used during 

“stop-and-go” sports, only general recommendations are found to date. However, with 

the positive effects reported of CHO ingestion on brain activity, quantity may not be as 

important as frequency of contact with oral receptors. Therefore, a “stop-and-go” athlete 

should ensure they are frequently ingesting small amounts of CHO throughout 

competition not only for the physical benefits, but also to enhance CNS activity, 

especially late into games when fatigue is more prevalent.  

 Although not thoroughly discussed during this study, excessive sweat loss can 

also lead to excessive sodium loss. Excessive sodium losses along with sweat losses 

during exercise can lead to cramping, which can negatively impact an athlete’s ability to 

perform. While there were no instances of cramping in this study, ingesting some sodium 

in a CES can help reduce the occurrence of cramping, while also enhancing fluid 

retention and the desire to drink.  

Limitations 

 There were a number of factors that affected the outcome of this study. First of 

all, there were only 16 participants, with data from only 12 subjects being used. Having a 

greater number of subjects would have allowed for a more conventional scrimmage. 

Also, a power calculation revealed that the required number of subjects to make multiple 
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comparisons was much higher than possible for this study (~25 – 30). To achieve the 

necessary sample size for multiple comparisons between conditions, a similar study 

would need to be performed on 2 separate days per week, with different groups of 

subjects. Having twice as many subjects may potentially provide enough power to show 

significance for the on-ice performance tests. Also, if comparisons between the fluid 

trials was desired with an n = 16 as used in this study, multiple trials in each condition 

would potentially allow for differences to be observed. 

 Secondly, although some subjects had played an elite level of hockey, there were 

a few subjects that were not as experienced or skilled. Having more elite level subjects 

would have enhanced the study design. More elite players would have produced a more 

intense scrimmage, producing higher sweat rates. Also, the on-ice testing results may 

have been clearer, eliminating results attributed to poor execution due to a lower skill 

level. An ideal group of subjects for this study would be an elite level hockey team, 

whether junior or professional. Not only would the skill and fitness level of these players 

be very high, but also competition between teammates would serve as additional 

motivation during the scrimmage. 

 Consistency outside of testing may have been a limiting factor during this study. 

Although players were instructed to follow the same eating and sleeping protocol the day 

before and morning of testing, other factors may have affected the results. Activity level, 

sleep status, eating habits, alcohol use and immune function are all potential issues that 

could influence a university student’s performance each week. A more regimented 

schedule in the days leading up to testing may eliminate some external factors and 

provide more consistency. Having subjects fill out a 3-day dietary recall leading up to 
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testing or giving subjects pre-determined meals the day or two before are strategies to 

potentially reduce external variables.  

 A number of equipment malfunctions also occurred during the study, resulting in 

the delaying of testing or loss of data. These malfunctions became less common by the 

halfway point of the study, with minimal issues by the last few weeks. Becoming more 

familiar with the testing equipment prior to the beginning of the study would have 

reduced the number of malfunctions and allowed for smoother data collection.  

 The results collected for this study were also only related to perception and 

performance. However, no physiological measures were taken throughout the study. 

Taking various blood and muscle measurements would potentially provide a clearer idea 

of the physiological demands of experienced hockey players. Blood glucose and lactate 

measurements could be useful to examine the effects of dehydration as well as CHO 

consumption throughout the scrimmage. Also, taking muscle biopsies to examine muscle 

glycogen use throughout the scrimmage, along with muscle fibre typing may lead to 

correlations related to performance. Measurements including time on ice, distance 

covered, HR and Tc have been recorded during a 70 min scrimmage in experienced male 

hockey players (Linseman et al. 2014). Although these measures provided valuable 

information about the players, the video analysis software used for the time-motion 

measures may not have been the most accurate. With recent advances in GPS tracking 

equipment, more precise analysis of movement type, distance and speed could potentially 

provide valuable information related to performance during the scrimmage. Moving 

forward, hopefully this study provides the foundation for future research to accurately 

depict and analyze game-simulated skill execution in elite hockey players. 
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