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Abstract

Validation ofan Ice Skating Protocol to Predict Aerobic Power in Hockey Players

In assessing the physiological capacity of ice hockey players, researchers have

often reported the outcomes from different anaerobic skate tests, and the general physical

fitness of participants. However, with respect to measuring the aerobic power of ice

hockey players, few studies have reported a sport-specific protocol, and currently there is

a lack of cohort-specific information describing aerobic power based on evaluations

using an on-ice protocol.

The Faught Aerobic Skating Test (FAST) uses an on-ice continuous skating

protocol to induce a physical stress on a participant's aerobic energy system. The FAST

incorporates the principle of increasing workloads at measured time intervals during a

continuous skating exercise. Regression analysis was used to determine the estimate of

aerobic power within gender and age level. Data were collected on 532 hockey players,

(males=384, females=148) ranging in age between 9 and 25 years. Participants

completed a laboratory test to measure aerobic power using a modified Bruce protocol,

and the on-ice FAST.

Regression equations were developed for six male and female, age-specific

cohorts separately. The most consistent predictors were weight and final stage completed

on the FAST. These results support the application of the FAST to estimate aerobic

power among hockey players with R^ values ranging from 0.174 to 0.396 and SEE

ranging from 5.65 to 8.58 ml kg' min'' depending on the cohort. Thus we conclude that

FAST to be an accurate predictor of aerobic power in age and gender-specific hockey

playing cohorts.
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Chapter 1

Introduction

1.1 Preamble

tit

Sport specific hockey research was introduced in the mid-20 century, and only in

the past 35-40 years have there been attempts to create and validate assessment

techniques that hockey players can use to assess fitness while ice skating. The desire for

further advanced sport specific training techniques is increasing. As a result of this drastic

progression, there is a greater emphasis on research in the sport continuum with the focus

revolving around discovering new training and assessment techniques. Human

performance physiology research is leading the way for athletes to exceed performance

barriers set by past athletes.

Research leading to the development and progression has been limited by the

inability of researchers and game enthusiasts to accurately create a game or practice

simulated task in a laboratory setting. Variables such as equipment, playing surface and

environment and arena availability create barriers for players, coaches and trainers.

Creating a hockey specific training or testing environment in a laboratory has been

attempted before with skating treadmills, but the missing components of cold

temperatures and the true feel of ice have not been adequately matched, at least for

routine aerobic field tests.. These overlooked components, the inability to measure

aerobic power easily and sport specifically, and the cost of laboratory training and

assessment for hockey teams was the groundwork behind the design and the development

of the Faught Aerobic Skating Test (FAST).





The FAST is an on-ice continuous skating protocol designed to predict a player's

aerobic power (V02max) through field testing and the use of a hierarchical linear

regression equation.

Few researchers have previously addressed ice hockey and the aerobic component

of the sport. Aerobic metabolism often goes unrecognized in an anaerobic based task, and

therefore, ice hockey specific aerobic power has only been examined by the following

research groups, Ferguson et al. (1969), Lariviere et al. (1976), Leone et al.

(unpublished), and Nobes et al. (2(X)3). Leone and colleagues were the only group to

incorporate a field testing protocol designed to predict VOimax.

Upon review of these previous developments, the FAST was designed with the

purpose of developing an inexpensive, easily administered, valid and reliable field test of

aerobic power measured through on-ice skating. The FAST is intended to be used at all

levels of hockey competition where the opportunity to utilize laboratory equipment is not

available. Upon validation, the FAST could be used to measure and compare male and

female players of all ages and abilities.

1 .2 Objective

The main objective of this research was to develop a field method to accurately

predict an ice hockey player's maximum aerobic power through the Faught Aerobic

Skating Test.

1 .3 Hypothesis

The Faught Aerobic Skating Test will accurately predict an ice hockey player's

maximum aerobic power.





Chapter 2 -\ x- ' v

Review of Literature

In this review of the literature, aspects of ice hockey and the previous published research

surrounding the training of ice hockey players, the importance of the aerobic energy

system in ice hockey and the progression towards the development of the FAST will be

examined.

2.1 Purpose of Physiological Assessment

The recent developments in physiological assessment have led to significant

advancement in sport performance. According to MacDougall and Wenger (1991),

physiological assessment can be used to identify strengths and weaknesses, physiological

potential, injury, when a player is ready to return to compete following an injury, and a

player's response to a training stimulus. Physiological assessments can also be used as

motivational tools to increase training intensity and goal setting (MacDougall and

Wenger, 1991).

Cox et al. (1993) reported an overall mean increase in aerobic power (V02max) in

elite hockey players between the years 1980 and 1991 from 54.1 to 62.4 ml kg"' min"'.

This increase in cardiovascular fitness was suggested to be a direct result of players being

trained at higher levels of intensity. This increase may also be correlated with a consistent

increase in the intensity and pace of the game over the years which have placed new

physiological demands on players. An absence of physiological assessment would limit

the abilities of strength and conditioning coaches to train and prepare their athletes for
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competition and slow the development of sport to reach its full potential (Cox et al.

1993). Montgomery (2006) also reported a mean increase in aerobic power amongst

professional hockey players in a longitudinal comparison of physical fitness data ranging

from the years 1982 till 2003.

2.2 Physiological Analysis of Ice Hockey

Ice Hockey is a physically demanding game characterized by highly intense, short

bursts of energy and power. A hockey player must be physically prepared to produce and

sustain moderate to maximal energy output at any given time during their 15-45 second

shift for up to three 20-minute periods (Cox, 1995). Ice hockey is a unique game that

consists of multiple skills, talents and levels of physical fitness and conditioning. It has

become standard practice of hockey players and teams to incorporate off-ice conditioning

into their training programs. This has lead to the development of training protocols that

target aerobic and anaerobic based energy systems (Twist and Rhodes, 1993; Cox, 1995;

Montgomery, 1998).

2.3 Aerobic Energy during Ice Hockey

Ice hockey historically and traditionally has been characterized as a sport of high

anaerobic demand due to the nature and design of game play. Typically, games are

defined by numerous shifts of play throughout the game. These shifts are separated by

rest periods that often do not have a pre-determined length but traditionally range from

15-45 seconds on average. Each 15-45 second shift consists of sporadic maximal physical





exertions of effort and anticipation of the next burst of power. During the bouts of rest,

the aerobic energy system is of extreme importance as it accounts for 60-70% of the

body's energy requirements during moderate activity and rest (Twist and Rhodes, 1993;

Paterson, 1979). A recovery period also occurs during the phase of ice skating known as

the glide phase, where a player is neither accelerating, stopping or in the process of a

change of direction. These glide phases are in part responsible for the re-generation of

adenosine tri-phosphate (ATP) and creatine phosphokinase (CP), which maximizes the

aerobic contribution to recovery by lowering the process of anaerobic glycolysis (Green,

1987). Also, the aerobic energy system is involved through the re-oxidation of lactic acid

by utilizing the adjacent slow twitch oxidative muscle fibres even though they may not be

involved in the action of play (Twist and Rhodes, 1993; Paterson, 1979).

Spiering and colleagues (2003) suggest that if unequal or focus is placed on either

the aerobic or anaerobic energy system, performance may be hindered. K the aerobic

energy system is over-emphasized there can be lower energy production and potentially

decreased high power output. An over-emphasized anaerobic energy system will lead to

high muscle lactate concentrations, and increased glycogen depletion, which will

decrease the performance of anaerobic based activity (Spiering 2003).

The importance of the aerobic energy system in an anaerobic driven sport like

hockey can often be overlooked. Minkoff (1982) observed a linear relationship between

the decrease in winning percentage and a decline in mean V02max over the course of a

National Hockey League (NHL) season. The aerobic energy system has been previously

identified as the base that the anaerobic power system needs to build from. This base

allows the athlete to successfully participate in more intense anaerobic training and
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development. As a result of this knowledge, the suggestion can be made that the

necessary first stage of physiological development from a training perspective is the

development of an athlete's aerobic power (Twist and Rhodes, 1993). Therefore, with a

need to develop the aerobic system of a hockey player to improve overall performance, it

is necessary to develop a sport-specific assessment protocol to accurately measure the

abilities of the cardio-respiratory system throughout a training program.

Paterson (1979) has suggested that hockey and its intermittent exercise

characteristics induce maximal cardio-respiratory efforts. Paterson (1979) monitored the

heart rate of players during game performance and approximated game %V02max from

ice HR using %HRmax / %V02max regression lines achieved through laboratory treadmill

testing. Results showed on-ice heart rate to peak at 90% of HRmax and thus on-ice

oxygen uptake approached 90% of V02max during game play. These results allowed

Paterson (1979) to conclude that compared to continuous exercise, intermittent exercise,

such as ice hockey, produced a higher cardiac output, a larger arterio-venous oxygen

difference in the active muscles and a lower muscle blood flow

Leger et al. (1979) examined hockey players who randomly underwent

assessment through four V02max multi-stage protocols. The four protocols included a

treadmill-running test, a 20m shuttle skating test with equipment, a 20m shuttle skating

test without equipment, and, a 140m oval skating test. Hockey players showed no

significant discrepancies in VO^max between any of the four tests, results consistent with

the data of Lariviere (1972) and Simard (1975). Despite the lack of significance, Leger et

al. (1979) suggested that a performance test or sport specific test of functional skating

capacity is more appropriate to test the physical capabilities of hockey players. Using a
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sport-specific performance test is a more practical test modality due to the player's higher

efficiency when skating and specificity to the sport. This is supported by Spiering (2003),

Daub (1983), and Amett (1996) where the importance of training specificity and transfer

to game play were examined.

2.4 Training Specificity

The importance of hockey training and testing specificity has been well

documented in past research studies (Spiering 2003, Daub 1983, Amett 1996). Spiering

et al. (2003) examined the effectiveness of practice to match the cardio-respiratory

demands observed during game play in elite women's hockey using heart rate telemetry

and laboratory V02max gas analysis. Spiering and colleagues found a significantly lower

working heart rate during practice when compared to game play. Game play produced a

working heart rate greater than 90% for a significantly longer period of time than

practice. The researchers further suggested that detraining may occur over the course of

the season, and therefore, utilization of supplemental training and competition simulation

should be incorporated into practice sessions (Spiering, 2003).

Daub et al. (1983) found that physiological adaptations are specific to training and

testing modalities when they examined the effects of ice hockey training and a combined

ice hockey-low intensity cycling training program on maximal and sub-maximal ice

skating and cycling. There was no significant pre/post training effect on maximal skating,

maximal cycling, and sub-maximal cycling from ice hockey training. However, there was

a significant decrease in the respiratory exchange ratio (RER), blood lactate, and the ratio

of maximal ventilation and oxygen uptake during sub-maximal ice skating. As a result of
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the ice-hockey/cycling combined training program, there was a similar effect on sub-

maximal skating as seen with the ice hockey training program. When cycling was the test

modality, there was a significant decrease in heart rate for both maximal and sub-

maximal efforts. These findings support those of Spiering and colleagues (2003) who

that a supplemental competition simulation-training stimulus such as high intensity

cycling is required to improve physiological function.. Bracko (2001) suggested that on-

ice testing is essential in ice hockey and is often overlooked by sport scientists. Sport

scientists are often interested in producing the objective results and neglect the skills

required to perform the sport. Because skating is a complex skill and many teams

consider skating ability as a significant factor in team selection, more testing should take

place on-ice (Bracko, 2001). With regard to these results, it is inaccurate to assume that

theses data from these training studies are solely a production of the actual training

specific stimulus and not a result of the frequency, intensity and duration of the training.

Research by Carrol and colleagues (1993) involved the comparison of the

metabolic cost of ice-skating to in-line skating. Utilizing the design of Ferguson et al.

(1969), Carroll reported that there was a higher metabolic cost (heart rate and VO2) for

in-line skating at all skating velocities. This was hypothesized to be the result of both the

heavier weight of in-line skates and the greater frictional resistance encountered during

in-line skating. Carroll et al. (1993), concluded that in-line skating is a similar task but

not identical to ice-skating and the greater metabolic cost of inline skating could be

utilized as a form of sport specific training to increase aerobic metabolism as well as leg

strength.
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2.5 Physiology of Skating 'ssc •

Skating efficiency is an important consideration to take into account when

examining the physiology of skating. A game defined shift in ice hockey consists of

various levels of skating intensity whereby the more efficient skater will expend less

energy. The less efficient skater will expend more energy, and therefore will exhibit

different physiological responses than the more efficient skater. However, the energy

demand can not be accurately predicted through skating efficiency alone as there are

many other factors that affect the requirements to perform optimally. These variables

include actions such as acceleration changes, stops and starts, and upper body activity,

such as battling for pucks with opposing players (Twist and Rhodes, 1993) (Montgomery,

2000). Paterson (1979) found on-ice heart rate to peak at 90% of heart rate max and on-

ice oxygen uptake to approach 90% of V02max.

In a typical shift, a player will exert himself or herself to produce five to seven

bursts of maximal skating, with each burst will last between 2 and 3.5 seconds which

amount to between four and six minutes of maximal effort skating per game (Green,

1987).

2.6 Physiological Analysis of Ice Hockey by Position

On any hockey team, it will be highly unlikely that multiple players will be

physiologically identical when compared on various physiological assessment

techniques. Player position however is a very broad, simplistic way of physiologically

grouping and profiling players. This grouping and profiling is important for coaches,
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players, and strength and conditioning coaches in assessing and training a player's level

of physical fitness.

Position comparisons have revealed physiological differences between forwards,

defensemen and goaltenders. The goaltender position is typically distinguished by quick,

explosive movements followed by bouts of inactive rest or sub-maximal activity.

Forwards and defensemen on the other hand, are involved in sustained periods of high

energy expenditure throughout the course of an entire shift. However, forwards are often

involved in more intense bouts of performance than defensemen (Twist and Rhodes

1993). Montgomery (2000) reported that defensemen skate at approximately a lower

average velocity (62%) than forwards. The less intense skating of the defensemen

position allows the aerobic system to recover more efficiently, and thus, allows

defensemen to play approximately 15% more of the game than forwards (Paterson,

1979). This coincides with forwards typically having higher aerobic capacities than both

defensemen and goaltenders. Research by Rhodes et al. (1988) examined the aerobic

power of professional hockey players and compared them by position. They reported

average V02max values of 57.4, 54.8 and 49.1 ml/kg/min for forwards, defensemen and

goaltenders, respectively (Rhodes et al, 1988). It should be noted that this research is over

15 years old and the game of hockey and its participants have likely progressed beyond

these data and their description of the current professional hockey playing population.

2.7 Muscle Fibre Type Distribution of Hockey Players

As previously noted, hockey is a sport that is characterized by both aerobic and

anaerobic energy expenditure. An athlete that competes in an endurance-based sport
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tends to have muscles predominantly composed of slow twitch muscle fibres (Type I).

An athlete that focuses on sprinting-based competitions is more likely to possess fast

twitch muscle fibres (Type II). The muscle fibre composition of a hockey player tends to

exhibit little consistency (Montgomery, 20(X)).
'

Research by Green et al. (1979) demonstrated that ice hockey players to possess

between 21% to 71% slow twitch Type I muscle fibres in the vastus lateralis. Green et al.

(1979) also showed an increase in Type Ila (fast twitch glycolytic) fibres of 22% and

Type lib (fast twitch glycolytic fibres) of 28% and no change in slow twitch (Type I)

muscle fibre area with hockey specific training programs.

The lack of consistent findings with regard to muscle fibre types of hockey

players further emphasizes the need for a greater focus on the aerobic energy system and

the development of aerobic power in ice hockey players.

2.8 Aerobic Based Testing Protocols

An extensive search of previous published literature failed to identify any on-ice

skating tests purposed to predict V02max. Despite the lack of published literature, it is

imperative to fully examine the known protocols to gain a true understanding of the

value, and to develop the purpose of the FAST protocol.

The first known on-ice skating test design was developed by Ferguson, Marcotte

and Montpetit (1969). Ferguson et al. developed the protocol with the intention of

reliably measuring VOamax. The investigation was performed at the University of

Montreal on 17 male varsity aged hockey players. Testing was conducted at the end of

the player's competitive season. Players were required to skate a 140 m oval course for 3
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consecutive minutes per stage. Workload (velocity) was increased at each stage to allow

a 300 ml min"' increase in the V02max requirement and a one-second decrease in lap

time per stage (table below). In between each stage, players were allowed a 5-minute

resting period. These increments were paced by a recorded audio cue and administered

until players reached volitional fatigue or could not maintain the required velocity for that

stage. Volitional fatigue was determined by the player's inability to skate at the required

velocity for the entire 3-minute stage. V02max was assessed using an open circuit

portable gas analysis system. Ferguson et al. determined their protocol to be reliable

(r=0.94) in a test-retest design.

Table 1 . Ferguson et al (1969) testing protocol

Stage





was outlined every 20ft with a marker. Distance and length were recorded from the skate

test. Within a few days of the skating test, a Physical Work Capacity 170 (PWCno)

laboratory assessment was performed on each of the 68 selected players to determine

their aerobic power. Analyses showed a positive correlation between the distances skated

and the PWCno in the younger boys (r=.53, p<.05). These data indicate low validity

which in turn compromises its use to validate another test. However, in the older age

groups, the distances skated were more strongly correlated with the strength

measurements, such as leg and back strength, determined by a Rank Medical Equipment

Dynamometer, overall body strength, determined by arm pull-ups and dips, grip strength,

measured by a Stocking dynamometer, and skin fold thickness, measured by the

Harpenden skin fold caliper and a 3 site protocol recommended by the International

Biological Programme, (p<.01) than the P.W.C 170.

Nobes et al. (2003) examined skating economy and V02max using a skating

treadmill and an on-ice skating protocol. Fifteen male varsity hockey players were

recruited to participate in the testing during their competitive season. Each player

performed one on-ice and one treadmill testing session. Players were required to

participate in 3 treadmill familiarization periods prior to the actual testing session. Sub-

maximal skating was performed at 18, 20, and 22 km/h both on-ice and on the skating

treadmill in order to assess skating economy. V02max assessment was conducted at a

speed of 24 km/h both on-ice and on the treadmill. Treadmill V02max was measured

using a metabolic cart, while on-ice measurements were conducted by a K4b^ breath-by-

breath-portable gas exchange system. On-ice testing consisted of a 140 m skate on an

oval track with 10 pylons and 4 markers outlining the track. Speed was synchronized by
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the 4 markers placed every 35m, and an audio tape. V02max testing began at 24 km h"'

with speed increases of Ikm/h every minute until volitional fatigue was achieved. Nobes

et al. determined that the 140 m oval course with the skating protocol beginning at 24

km/h and increasing 1 km/h every minute is a valid design to induce a true V02max

value. This was demonstrated through insignificant mean differences between VOamax

values on the skating treadmill and on-ice.

Leone, Leger and Comtois (unpublished work) designed an on-ice-skating

protocol to predict V02max in professional hockey players. Thirty-seven professionally

ranked players were recruited to participate in a test-retest design where players were

required to skate a distance of 45m paced by an audio cue. The test design involves

intermittent skating at an initial velocity of 3.5 m s"' with speed increments of 0.2 m s"'

every 1.5 minute. This 1.5 minute includes 1 minute of continuous skating followed by

30 seconds of rest. The 30-second rest period was designed to allow for players to

recover from muscular fatigue. The course was outlined by pylons and a marker was

placed exactly at the midpoint of the course, which coincided with a sound signal that

eluded to the midway point of the allotted time to reach the destination line allowing

players to pace themselves. Subjects were given a 3m cushion; if the subject was within

the 3m distance to the fall line, then they were allowed to continue on to the next stage. If

they were unable to skate the required distance in the allotted time and not reach the 3m

cushion, the test was terminated for that subject. Oxygen consumption was measured by a

portable gas analyzer (Cosmed K4b'). Leone et al. determined the multi-stage shuttle

skate test to be a valid (r=0.969 abd SEE=2.06 O2 ml kg' min') and a reliable measure of
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V02max through Pearson product moment correlations and paired sample t-tests

(p<0.05).

2.9 Conclusion

With the developments and advancements of sports science, scientists are

discovering the importance of training, developing and assessing all aspects of an

athlete's body in order to maximize performance. Previous research, as seen above, has

already thoroughly examined this and now the opportunity exists for future research to

develop new training and assessment protocols to maintain the progression of sport and

continue to raise the level of competition.
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Chapter 3

Methods

3.1 Subjects

The subject pool was comprised of 384 male and 148 female hockey players aged

9-25 years, and of competition levels ranging from Atom 'A' to Junior 'A'. The

predominant sampling strategy used non-probability consecutive sampling where team

coaches and general managers were contacted across Southern Ontario. In some cases,

team officials made contact with a member of the research staff expressing interest as a

willing participant in the study. Prior to each subject's participation; they were provided

with and were asked to complete the approved written information and consent form

(Appendices 1 and 2) and PAR-Q. The consent form and PAR-Q was signed by both the

subject and/or parent/legal guardian if the subject was not at the age of majority.

3.2 Assessments

Subjects were required to participate in a two phase assessment. Phase I of the

assessments was performed on a local standard ice hockey surface and phase 11 occurred

in the Raymond Neilson Reid Applied Physiology Laboratory at Brock University St.

Catharines Ontario, Canada. There was no predetermined order of testing phases. The

only specification was that the phases were performed within 3 days of each other. There

is approximately a 50% split between subjects performing the skate first, and subjects

performing the lab assessment first.
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3.3 On-ice Assessment

The on-ice component of the assessment was comprised of the FAST. Four

research assistants were present at ice level during performance of the FAST. Subjects

were given detailed instructions of what was expected of them throughout the testing

period. Subjects were provided the opportunity to ask any questions that may have arose

prior to the initiation of the test protocol. Throughout the trial, a researcher stood at each

end of the ice to monitor test protocol and to offer feedback and instruction to the

subjects as needed. TTie researchers responsible for feedback identified the stage at which

failed to meet the time requirement.

The trial was designed to allow continuous skating. Subjects were required to

skate a 160 foot distance from one end of the ice to the other within the allotted time

(Appendix 4). The allotted time per length (160 feet) began at 15 seconds and decreased

by 0.5 seconds after every third length (Appendix 3). A subject's trial was completed

when they were unable to reach the destination line before the allotted time on 2

consecutive occasions. A violation was also noted when a subject left the starting area

earlier than the designated time.

When performing the FAST, each subject was instructed to wear skates, gloves,

helmets, and carry a stick. Subjects were allowed a light skating warm up of 10 minutes

followed by a static stretching period. Subjects were instructed to follow the directions

presented via an audio compact disc which led them through the remainder of the testing

protocol.

Subjects were fitted with a Minder Leben 5 Heart Rate Monitor, and were

monitored by a wrist watch receiver through out the trial. Once the subjects completed
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the trial, their ending stage was recorded along with their heart rate by a research assistant

located on the player bench at ice level. The subject's final recorded stage of the FAST

(F-stage) if they failed out of the trial was determined by the last announced stage from

the audio cue. If the player left the trial mid-stage, his/her ending stage was recorded as

the last announced stage.

3.4 Laboratory Assessment

The laboratory component of the assessment consisted of an aerobic

powerA^02max treadmill test using open circuit spirometry gas analysis and a Modified

Bruce hicremental Treadmill Protocol (Appendix 5). Once in the laboratory, subjects

were familiarized with the treadmill (Star Trac-Master 2500 Treadmill) and the Modified

Bruce Treadmill Protocol. All subjects were fitted with a Minder Leben 5 Heart Rate

Monitor and oxygen consumption was assessed by an AEI Technologies S-3A/1, Moxus

Modular VO2 gas analyzer and metabolic cart. . . . .

Subjects were provided with a comprehensive instruction period immediately

followed by a question period. Time was allotted in order to ensure that subjects were

comfortable and confident with the testing procedure that followed a 5 minute static

stretching period was granted before the subject stepped on the treadmill. Once the

Modified Bruce Protocol began and gas exchange was being measured, subjects were

only allowed to communicate through hand signals. Subjects were encouraged to run

until they reached volitional exhaustion. Once a subject self-terminated the test,

maximum aerobic power was recorded (V02max). V02max was determined by a review

of the computed output data. Researchers were then required to observe, a rise, plateau,
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and then decline in VOamax values before recording the value in ml kg"' min'. Subjects

were then given a 5 minute cool down and observation period before being excused from

this phase of testing.

3.5 Blood Lactate Monitoring

Twelve varsity male and nine varsity female hockey players voluntarily

participated in FAST testing followed by blood lactate measurements. Players were given

pre-test instruction on the purpose of the testing. When performing the FAST, each

subject was instructed as to wear skates, gloves, helmet, elbow pads, and carry a stick.

Subjects were allowed a light skating warm up of 5-10 minutes followed by a static

stretching period. Subjects were then instructed to follow the directions given via a audio

compact disc which led them through the remainder of the testing protocol.

Six players were randomly selected to participate in the first group. Subjects were

fitted with a Minder Leben 5 Heart Rate Monitor and monitored by a wrist watch receiver

through out the trial. Once the subjects completed the trial their ending stage was

recorded along with their heart rate by a research assistant located on one of the player's

benches at ice level. The subject's final recorded stage (F-stage) if he/she failed out of the

trial was determined by the last announced stage from the audio cue. If the player left the

trial mid-stage, his/her ending stage was recorded as the last announced stage.

Upon test completion the subjects were ushered into the nearest dressing room

where blood lactate collection and analysis elapsed. From the time each player completed

the FAST, they were monitored for time. Each player was allowed a one minute time

period between test completion and blood sampling. Once the player entered the room,
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they were seated. Blood samples were taken via a finger prick protocol where sampled

fingers were cleaned with alcohol swabs and dried with a cotton ball before sampling. A

finger prick sample was collected using a portable blood lactate analysis device, a

portable Lactate Pro analyzer. The Lactate Pro LT-1710 is the only Lactate Analyzer

rated by FDA-CLIA as a WAIVED test system and has been clinically validated for

medical use. According to research conducted at the Harvard Children's Hospital in

Boston, the portable lactate meter is a highly accurate tool for monitoring lactate

concentrations. (Journal of Inherited Metabolic Disease, Author and Date Unavailable)

3.6 Statistical Analyses

Data were organized in a Microsoft Excel Spreadsheet (2003) under the following

variables: Player, Team, Association, Level, Age, Gender, Years of Experience, Position,

Height (cm). Weight (kg), V02max, V02max Peak Heart Rate, Final Completed FAST

Stage (F-stage), and Fast Final Heart Rate (F-maxhr).

Data were then entered into Microsoft Word Pad in a text format, which met

compatibility standards with the statistical analysis system (SAS). SAS was utilized to

perform all statistical analyses. Descriptive statistics and frequencies were run for the

entire sample on all variables in order to determine the distribution of the sample and to

assess missing data. The data were organized according to the Hockey Canada age group

divisions {Atom (1); Peewee, Bantam (2); Midget, Juvenile (3) and Varsity (4)} and

separated by gender. General linear model regression analysis was then used to evaluate

the dependent variable VOamax, and the independent variables height (cm), weight (kg),

years of experience, F-stage, and F-maxhr enabled the researcher to determine the
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predictability of VOimax from the selected variables of interest. An analysis of variance

(ANOVA) was also conducted to determine significant differences between the mean

values of the male and female groups on the aforementioned variables.
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Chapter 4

Results

4. 1 Physical Characteristics f '

'"

Physiological data were collected on 532 hockey players from different regions of

Southern Ontario. This sample included 384 males (mean±SD=17.1 ± 4.55 years, range

9 to 25) and 148 females (18.63 ± 2.46 years, range 10 to 23) of levels ranging from

Atom 'A' to Jr 'A'. Eight observations were recorded on each subject. Subjects ranged in

skating experience from 1-21 years. Average F-stage for the sample was 41.9 lengths

with the lowest recorded score being 10 lengths and the highest recorded score being 54

lengths. The individual with an F-stage of 10 lengths reported 4 years of skating

experience and achieved a V02max of 37 ml/kg/min. The player achieving an F-stage of

54 lengths was a 21 year old male varsity hockey player with a VO^max of 62 ml/kg/min.

Table 1 displays the physiological data acquired for male and female subjects,

respectively. A one way ANOVA was conducted between males and females on each

dependent variable. Significant differences were found between males and females on all

variables (p<0.01), except years of skating experience and F-maxhr (p>0.05). Males on

average achieved a significantly higher V02max of 55.4 ml/kg/min, compared to the

female cohort average of 42.3 ml/kg/min (p<0.05). F-stage for the male sample ranged

from 10 to 54 lengths, while female subjects recorded a smaller range of 18 to 47 lengths.

Maximum heart rate values for V02max and FAST assessments ranged from 189.6 bpm

to 194.5 bpm. V02maxhr ranged from 142 to 221 bpm for males and 162 to 210 bpm for

females.
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Table 1 Subject Characteristics





more skating experience than males 15 to 18 years and females aged 10 to 18 years. The

Tukey post hoc analysis revealed that all groups were significantly different from each

other on the dependent variable weight, except for groups 3 and 6 and groups 5 and 6.

This can be interpreted as males aged 15 to 18 years do not significantly weigh more or

less than females aged 19 years and older. Also, females aged 10 to 18 years did not

weight significantly more (or less) than females aged 19 years or older.

Relative V02max differed significantly between all groups, except the following:

males aged 11 to 14 years and males aged 15 to 18 years, and females aged 10 to 18 years

and females aged 19 years and older (p<0.05). Males aged 15 to 18 years had a

significantly higher mean VOimax (59.0 ml/kg/min) than females aged 19 years and

older (42.1 ml/kg/min) (p<0.05). F-stage was significantly different between all groups,

with the exception of males aged 11 to 14 years and females aged 10 to 18 years and the

females aged 19 years and older. This indicates that similar F-stage values were achieved

between these three groups and females aged 10 years and older have similar skating

abilities to males aged 11 to 14 years. Males aged 15 to 18 years and males aged 19 years

and older had a significantly higher F-stage (44.8 and 47.1 lengths respectively) than

females of the same age range (39.7 lengths) (p<0.05).

F-maxhr was significantly higher for males aged 1 1 to 14 years (204.3 bpm) than

males aged 19 years and older (190.1 bpm) (p<0.05). All other groups achieved similar

average F-maxhr values. Maximum heart rate following the running treadmill test was

significantly different between the following groups: Males aged 11 to 14 years (199.7

bpm) had a significantly higher average than males aged 19 years and older (189.7 bpm),

females aged 10 to 18 years (191.5 bpm) and females aged 19 years and older (191.3
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bpm) (p<0.05). Maximum heart rate following the running treadmill test was also

significantly higher for males aged 15 to 18 years (195.5 bpm) than males aged 19 years

and older (189.7 bpm) (p<0.05). '7.;:'...

Table 2 Physical characteristics broken down by age and gender stratified groups.
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In Table 3, the variance accounted for by the independent variables weight and F-

stage, and their contribution to the prediction of the dependent variable V02max, is

depicted. In groups one and two, weight was not a significant predictor of relative

V02niax when examined as an independent predictor of aerobic power (p>0.05). F-stage

in all groups was a significant predictor of relative VOimax (p<0.05) explaining at least

2.0% (group 3) and a maximum of 19.1% (group 2) of the variance in V02max. This was

consistent across all six age and gender groups (p<:0.05). A pattern that was seen in the

dependent variables is that as age increased, weight became a stronger significant

predictor of relative V02max and F-stage became less of a predictor as determined by the

adjusted R^ value.

From the coefficients associated with the independent variables, weight was an

inverse predictor of aerobic power in all age and gender-specific groupings and F-stage

was a positive predictor. The sign of the independent variables is notably important as it

aids in the validation of the FAST; as a player skates longer (F-stage increases), aerobic

power increases. An inverse relationship can be interpreted with the independent variable

of weight, whereby a player that weighs more will have a lower maximum aerobic power.

1 'J.~f UK
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Table 3 Significant predictors of V02max and their coefficients

Variable





Table 4 Regression Equations to predict aerobic power by age group and gender





females. These data indicate the energy requirements of the FAST as players were

reaching high levels of physiological fatigue. Players reached high levels of lactate

accumulation (> 8 mmol/L) and heart rates upwards of 95% of their estimated age-

specific maximum values. Males had a significantly higher V02max than females of

similar age, with males performing with a mean value of 61.0 ml/kg -1/min -1 and

females achieving a mean value of 49.5 ml/kg/min (p<0.01).

rable 5 Mean and SD Values for Blood Lactate Sample Populations
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Table 6 Percentile rankings for F-stage
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Chapter 5

Discussion

5.1 Introduction
'

'

"*
'

When examining the specificity principle of training and performance

enhancement in sport, it has been suggested that creating a positive transfer environment

in which the slcills and attributes are being developed are practiced and utilized in an

environment where there is minimal variation between the practice and performance

(Twist and Rhodes, 1993). In the case where ice hockey aerobic power is the attribute,

Leger and colleagues (1979) agree that the cardiovascular demands are best facilitated

through skating. It is essential in a unique sport such as ice hockey where skating can not

be assessed in a laboratory environment that we develop a skating specific assessment

tool such as the FAST.

Cycle ergometry and treadmill running offer two variations of metabolically

demanding activities, but do not allow the participant to perform with the same

mechanics of skating. Although, it is not a viable option, the skating treadmill has

become an option in mimicking ice skating in the laboratory setting within the past

decade. Despite these manufacturing developments, there are some aspects of ice skating

that cannot be replicated on a skating treadmill. Leone et al (unpublished) have suggested

that the wind resistance experienced during ice skating, and the variations in

biomechanics when compared to treadmill skating on an incline, are two appreciable

differences. An obvious difference is evident when you account for the temperature of a

skating rink compared to a laboratory environment. On average, a hockey arena is kept at
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approximately 14 to 18 °C while an exercise physiology laboratory is maintained at a

room temperature of ~ 25 °C

(http://www.thegarden.com/inandaroundgarden FAQ Category 11 .html ). It has been

reported by Toner et al (1986) that significant decreases in core body temperature can

decrease aerobic power and maximal oxygen consumption, thus increasing the energy

demand of exercise and consequently causing a decrease in performance. However, ;-,,3^

Cappaert (2002) disagrees, suggesting that performance would be impeded in an ice

arena. He feels that a constant arena temjjerature and a rise in body temperature through

exercise-induced metabolic heat production will counteract the cooler ice arena

temperature. Therefore, no effect on aerobic performance in the cooler arenas would be

expected.

5.2 FAST Validation

In a pilot study, Faught and colleagues (2003) evaluated the precision of the

FAST in a test-retest study of 59 hockey players of varying calibre of play. Intra-class

correlation determined the FAST to be reliable (r=.76, p<0.(X)l) in the 47 male and 12

female varsity hockey players over the age of 19 years. Similarly, Petrella et al. (2005)

also examined the reliability of the FAST using a test-retest design and intra-class

correlation coefficient analysis in 15 male and one female bantam hockey players aged

12.9±.25 years. Petrella et al. (2005) also found the FAST to be reliable in the younger

aged cohort (R"=O.XX). In Faught and colleagues (2003) pilot study of 173 subjects, the

best predictors of VOimax to be i) years of experience, ii) weight, iii) gender and iv)

FAST velocity (R-=0.601, Mean Error" = 5.486). Faught et al. (2003) concluded that
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despite these promising results, additional research was necessary on a larger cohort of

subjects differing on age, gender and level of skating ability to further validate the FAST.

As ancillary research to Faught and colleagues (2003), the present study evolved

from the suggestions of the previous research and expanded the framework to strengthen

the study design by creating age and gender-specific equations through an increase in the

sample size and subject cohort. The results demonstrating that the FAST is a more

accurate and generalizable field test for determining aerobic power in hockey players.

Following an extensive review of peer-reviewed literature, it appears that this

study is the only known research that has attempted to design an age and gender-specific

hockey field test that predicts aerobic power through multiple regression modelling. The

majority of previous ice skating research has focused on examining the cardiovascular

and aerobic demands (Ferguson et al. 1969; Nobes et al. 2003; Green 1979; Paterson

1979; Lariviere et al 1976). Nevertheless, the FAST was designed based on this hockey

skating literature as well as the 20m shuttle run designed by Leger (1980).

The final attempted length of the FAST (F-stage), in conjunction with body

weight measured in kilograms, are considered significant predictors in explaining the

variance of maximum aerobic power in age and gender-specific groupings of hockey

players. As a result, six significant regression equations have been developed to predict

maximum aerobic power. These equations were tested post hoc by substituting gender

and age specific mean values for weight and F-stage into their respective equations and

calculating the predicted values for V02max. These predictive values consistently fell

within 2 ml/kg/min of the gold standard average maximum aerobic capacities' in the age

and gender-specific groupings. The ability to accurately determine maximum aerobic
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power using F-stage and body weight in age and gender-specific regression equations is

encouraging as the FAST is also a practical and versatile field test. Further, the FAST

offers the option of multiple simultaneous testing. The FAST can be used to comfortably

test up to eight players simultaneously. This limits the time required to complete testing

of a full roster hockey team, which can be completely evaluated within a typical one hour

practice session.

Previous literature put forth by Leone et al. (unpublished) produced an equation

predicting VO^max from skating velocity (V02max=16.151 x skating velocity - 29.375).

This equation was developed and validated in professional male hockey players. Despite

the similarities between the FAST and Leone ice skating field tests, the FAST also allows

the opportunity to evaluate aerobic power in younger age levels and skating abilities of

minor hockey league male and female players.

Mean V02max values among hockey playing cohorts have been reported in

several previous studies (Leger et al 1979, Twist and Rhodes 1993, Twist and Rhodes

1993, and Montgomery 2000). Montgomery (2000) reported relative VOamax treadmill

values in male elite hockey players ranging from 49.1 to 65.8 ml/kg/min, cycle ergometer

aerobic power results ranging from 43.5 to 62.4 ml/kg/min, and a range of 52.1 to 62.1

ml/kg/min for on-ice skating assessment. Our male group 4 subjects (aged >19 years)

demonstrated an average treadmill running relative maximum aerobic power of 54.0

ml/kg/min, which is comparable to the range reported in elite male hockey players by

Montgomery. However, we also reported relative VO^max values as low as 31

ml/kg/min. This can be attributed to younger age and lower skill level subjects, which

Montgomery (2000) did not assess.
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5.3 FAST and Indicators of Fatigue

Physiological indicators of fatigue are important to assess in order to determine

whether or not the participants have reached exhaustion as a result of the incrementally

designed exercise test. We examined a selected subset of the population to participate in

blood lactate analysis and maximum heart rate monitoring upon completion of the FAST

as proxy measures for fatigue levels. Previous research involving blood lactate has shown

that during graded exercise tests on various populations, fatigue was associated with a
en <
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'

blood lactate concentration of > 8.0 mmol/L (Edge et al., 2006; Kilding and Jones 2005).

Further, maximum heart rate typically estimated using the calculation of 220 - age in

years is a standardized guideline in determining exertion and fatigue in exercise

participants. Upon completion of the FAST, we found our male and female subjects'

mean blood lactate concentrations ranged from 12.1 and 10.5 mmol/L, respectively. The

blood lactate accumulation in our subjects far exceeded the fatigue standard proposed by

Edge and colleagues (2006) or Kilding and Jones (2005). The FAST lengths were

designed to increase in speed as the test progressed, starting at a velocity of 1 1.7 km/h.

Also, test duration according to the average F-stage values demonstrated by each age and

gender-specific grouping exceeded the expected anaerobic time frame during exercise.

Our study showed that the FAST is completed on average between seven and nine

minutes for all age and gender-specific groupings. Furthermore, our maximum heart rate

responses following the completion of the FAST showed that the participants approached

a state of physiological exhaustion, with heart rates exceeding 190 and 200 bpm in the

varsity and 10 year old subjects, respectively.
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Edge et al. (2006) compared female team sport athletes with endurance trained

female athletes and untrained females. Team sport athletes have better repeat sprint

ability as well as a more efficient lactate buffering capacity. Team sport athletes also

elicited on average a higher blood lactate concentration following the graded cycling task

(10.0 mmol/L), which is comparable to the average 10.5 mmol/L and 12.2 nmiol/L

observed here among our comparable aged females. The FAST demonstrated the

potential for female hockey players to reach maximum levels of fatigue as indicated by

the high blood lactate concentrations observed. Similarly, hockey-specific research

involving blood lactate has been conducted in the past by Green (1976) during actual

game play in male amateur European hockey players. Green (1976) reported accumulated

blood lactate values ranging from 2.9 to 11 mmol/L. This large range was in part

attributed to the stoppages in play that provided appreciable time to re-synthesize 60-65%

of the phosphocreatine (PC) for energy production. The higher blood lactate levels (11

mmol/L) reported by Green (1976) is analogous to the average blood lactate values for

the male and female varsity hockey players tested in our study. This parallel is important

to note for the comparison between the male hockey players in Green's research and our

current results. Green's research is justification for the need for an aerobic based

assessment protocol for the sport of hockey. The lactate values reported by Green also

allow us to make an inference regarding the transferability of the FAST to game play.

The similarity between the blood lactate results between this research and Green's

suggest that the aerobic demands of the FAST could represent a replication of the energy

requirements of game play, and that the FAST elicits a similar fatigue response.

;<• ck;4
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5.4 Practicality and Versatility of the FAST

The FAST offers an inexpensive, accurate and efficient way to measure a hockey

player's aerobic power. The protocol requires minimal administrator skill to conduct. The

tester requires a compact disk (CD) player for the FAST CD, tape measure, six pylons,

black marker, and a 160-foot ice surface. Test instructions are not difficult to comprehend

and are provided on the CD for easy administration. The FAST protocol includes a 3

second countdown at the end of each length to aid the participating players in anticipating

the end time for each length. The countdown ensures that the test participants have

appreciable warning before the sound of the beep indicating the end of that length.

Participating players are not required to have previous experience participating in the

FAST. Participating skaters are only required to wear skates, a helmet, gloves, and carry

a stick. In order to create a test that is useful for all players, goaltenders are asked to wear

player's skates, and not goaltenders skates. Also, it is recommended that prior to FAST

assessment, players have their skates sharpened.

Players are able to use the black marker lines and pylons on the ice as strategic

markers to ensure they keep pace with the pre-recorded CD. Upon test completion,

multiple players' maximal aerobic power can be equated. The FAST can be used at

various skill and competition levels for either gender between the ages of nine and 25

years in order to accurately predict a player's maximal aerobic power.

5.5 Future Research

Future research involving the FAST should engage more extensive analysis of the

younger female hockey playing age groups. Similar to our male subjects, more data on
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females would allow us to specifically stratify the age groups similar to competitive age

groups. Furthermore, a comparative analysis of relative V02max through various

measurement techniques on a similarly aged cohort should be considered. This would

involve FAST testing with a portable VO2 analyzer, and a skating treadmill. To further

understand the energy requirements of the FAST, lactate responses could be measured

throughout the progression of the test to compare its requirements to the physiological

demand of various laboratory graded exercise tests.

5.6 Conclusion

The FAST is a valid assessment tool for predicting maximum aerobic power in

male and female hockey players between the ages of 9 and 25 years. The FAST is a tool

that will aid and development of the sport of hockey world-wide through its versatility,

practicality and simplistic conductibility. The FAST can be utilized for all age groups and

ability levels to accurately evaluate and estimate a hockey player's aerobic power. With

the publication of the FAST as a valid protocol in the prediction of aerobic power, the

hockey community will further understand and appreciate the need for more hockey-

specific research to develop the game.
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APPENDIX 1

Brock University

Faculty ofApplied Health Sciences

Principal Investigators: Nicholas J. Petrella, MSc Candidate, AHSC
Dr. Brent Faught, AHSC

Title: Evaluating the Complete Hockey Player

Dear Hockey Player:

The above principal investigator is conducting a study to evaluate the complete hockey

player. To date, research is limited with respect to the biophysical, psychosocial and

medical (injury) indicators of amateur ice hockey players in Canada. This study will

require a 1-hour on-ice testing session. The on-ice session will require the players to

skate counter clockwise around a 160-foot long ice hockey surface, crossing a pylon prior

to a sound signal that is emitted from a pre-recorded compact disk played over the public

announcement speaker system. Players can either stop or coast behind the goal line in

between sound signals. The starting speed is 15 seconds/length and decreases by 0.5

seconds/length every one and a half laps. Upon completion of the test players will have

their finger pricked which will be analyzed for blood lactate concentration.

The testing procedures are completely safe and are administered by trained university

personnel. All the information we receive will only be seen by the researchers involved

and will be entered into a computer. All the information we collect will be kept absolutely

confidential when being reported. We will only present the results of "hockey players"

and at no time will the names of an individual player or hockey association be reported.

When the study is complete, a summary report will be provided to the coaching staff.

Your participation is voluntary and you may withdraw from the study at any time without

any penalty. The principal investigator has emphasized to the coaching staff that any

player not willing to participate, should not feel or experience any negative repercussions

with respect to future participation. Therefore, no obligation is required for you to answer

any or all questions or to participate in any aspect of this project.

All personal data will be kept strictly confidential and all information will be coded so

that your name is not associated with your answers. Only the researchers named above
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will have access to the data. Furthermore, it is the researchers' intent to publish the results

of their findings in a peer reviewed scientific journal. Again, no personal information

regarding you will be identified within the publication.

This Study has been reviewed and approved by the Brock University Research Ethics

Board, (File #: 02- 055) Research Services, Brock University, Room C315 - 905-688-

5550 (Ext. 4315).

I sincerely appreciate your co-operation. If you would like to receive more information

about the study, review the questionnaires or familiarize yourself with either on-ice or

off-ice testing protocols, please contact Dr. Brent E. Faught at 905-688-5550, (Ext. 3586).

Thanks for your help!

Nicholas Petrella

Brent E. Faught, Ph.D.

K

Child's Name: Team Name:

I give permission to participate in the Brock University study conducted by Dr. Bicnt E. Faught.

1 do NOT give permission to participate in the Brock University study conducted by Dr. Brent E. Faught.

Name of player: Date:

Signature of player: Date:

PLEASE RETURN THIS FORM TO THE RESEACH ASSISTANTS ASAP.'
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APPENDIX 2

Brock University

Faculty ofApplied Health Sciences

DoMtavn

BROCK LNIVCRSITT

Campus Map

U«trMt*wmto

Coin parking is provided along University Road West and free parking is provided

in "T" Lot, which is a 5-minute walk to the Canadian Tire Human Performance

Laboratory.

Your assessment will begin in the Robert S. K. Welsh Hall (Room 144 - Canadian

Tire Human Performance Laboratory).Please record your appointment on this

sheet once you have confirmed your assessment.

Date: Time:
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APPENDIX 3

FAST Speed and Length Table

Length
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APPENDIX 4

Brock University

Faculty ofApplied Health Sciences

Name: _Age: yrs D.O.B.

.

(PRINT) YY/MM/DD

Player position: Years of hockey experience:

Hockey level: Gender: M F Shoot: L R

CLINICAL ASSESSMENT

Height: (m) Weight: (kg)

CHnical VO^max: ml • kg' • min"'

Maximum HR (bpm)_

ON-ICE ASSESSMENT

FAST Length:

FAST Heart Rate: bpm
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APPENDIX 5

Output of statistical processing data;

V02max = 0.55141(F-stage) - 0.05186(wt) + 9.82207
.

Category; Males Aged 11-14 years

V02max determined from Laboratory Bruce Protocol = 55.8 ml/kg -1/min -1

VOimax predicted from regression analysis using average scores for weight and final "-^ ">•"'

stage = 57.28 ml/kg -l/min -1

V02max = 0.52555(F-stage) - 0.3574I(wt) + 1.32543

Category; Males Aged 15-18 years

Average V02max determined from Laboratory Bruce Protocol = 59.0 ml/kg -1/min -1

V02max predicted from regression analysis using average scores for weight and final

stage = 58.81 ml/kg -1/min -1

VOimax = 0.41241(F-stage) - 0.24639(wt) + 6.29535

Category; Males Aged >19 years

Average VO^max determined from Laboratory Bruce Protocol = 54 ml/kg -1/min -1

V02max predicted from regression analysis using average scores for weight and final

stage = 54.21 ml/kg -1/min -1

VOimax = 0.46030(F-stage) - 0.31016(wt) + 5.64934

Category; Females Aged >19 years

Average V02max determined from Laboratory Bruce Protocol = 42.1 ml/kg -1/min -1

V02max predicted from regression analysis using average scores for weight and final

stage = 42.43 ml/kg -1/min -1
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APPENDIX 6

Missing Data:

Data was collected on 532 subjects as previously reported. Due to missing data, analysis

was conducted on 327 subjects. Of the 148 female subjects, 18 were not included in the

analysis due to missing F-stage values or V02max values (table 10 below). Data was

collected on 384 males. Seventy-nine males were not included in the analysis due to

missing F-stage values or V02max values (table 4 below).

Table 5 Missing VOimax and F-stage Data
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Regression Group 1
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APPENDIX 8

Regression Group 2

Descriptive Statistics
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APPENDIX 9

Regression Group 3

Descriptive Statistics
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APPENDIX 10

Regression Group 4
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APPENDIX 11

Regression Group 5





ANOVA(c)
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Regression Group 6
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APPENDIX 13
. i



'i-S

#f.: >;. i

fSS
i
Sfcf



FastHR

6

Total

1

2

3

4

5

6

Total

86

452

10

105

54

141

39

86

435

39.71

41.88

204.30

192.96

192.59

190.11

190.69

191.34

191.73

4.081

6.802

14.855

18.589

10.817

10.156

17.481

12.932

14.126

.440

.320

4.698

1.814

1.472

.855

2.799

1.394

.677

38.83

41.25

193.67

189.36

189.64

188.42

185.03

188.56

190.40

40.58





APPENDIX 14

ANOVA by Gender
Descriptives
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APPENDIX 15

ANOVA on Blood Lactate Data





ANOVA





APPENDIX 16

Test Retest Correlations

Descriptive Statistics





APPENDIX 17

Frequencies on Males Data

Statistics
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Missing

Total

207

208

210

211

212

215

216

218

219

221

Total

System

7

4

3

7

3

3

1

1

1

1

292

92

384

1.8

1.0

.8

1.8

.8

.8

.3

.3

.3

.3

76.0

24.0

100.0

2.4

1.4

1.0

2.4

1.0

1.0

.3

.3

.3

.3

100.0

91.8

93.2
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APPENDIX 18

Frequencies on Female Data

Statistics







\

-



1.57





56.70



\t.'A



72.30



9 St



V02max



i

u^

[
!



42.30





Missing System

Total

27

148

18.2

100.0

V02maxHR



r

St

;.<?«»



19





194



t

i

2>
(
it

! $,e










