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Abstract
Aim: Ice-hockey is an intermittent team sport that requires a composite physique of the players
throughout the entire hockey season. The purpose of this study was to examine how a novel 20
minutes intermittent all-out cycling test (20MIAO), simulating a period of ice-hockey, correlates
with an on-ice Skating Multistage Aerobic Test (SMAT) and other off-ice test results, and how the
performance changes through the competitive season in an elite Norwegian ice-hockey league.
Method: 15 elite male ice-hockey players (19±1 yrs. age; 81±8 kg; 181±7 cm; 13±3 yrs
experience) from the local senior and junior (U20) elite teams were recruited and tested at pre-,
mid- and post-season. Subjects were initially tested pre-season by their respective teams on the
3000 m run, 40 m sprint and 1RM squat strength, before being tested pre-, mid- and post- season on
the 20MIAO test, the SMAT (60 s work/30 s rest), a continuous incremental

2max

test on cycle

ergometer and vertical jumps (squat jump (SQJ) and countermovement jump (CMJ)) as an indicator
of lower body strength. The 20MIAO test consisted of 10x35 s all-out Wingate tests interspersed by
100 s of passive rest. Information on matches and training during the entire competitive season was
collected.
Results: The 20MIAO test showed very high correlation with both

2 max

test (r=0.88), 3000 m

performance (min/kg, r=-0.86) and SQJ (r=0.75). When comparing to the estimated
on-ice SMAT, the 20MIAO (r=0.88),

2 max

2 max

of the

(r=0.92) and 3000 m performance (r=-0.88)

displayed a very good relationship at pre-test. 1RM squat (r=0.76) and CMJ mean power (r=0.77)
correlated very well with skating speed. Performance of the SMAT was the only test showing
significant seasonal changes when analysed by corrected repeated measures ANOVA. Post-hoc
analysis found skating speed to improve only in the first half of the season (p=0.00, d=2.43) . The
20MIAO was the only test showing a decrease in the second half of the season, but only in the
senior group (p=0.03, d=1.3). The decline in performance in the senior group was related to
indications of less time spent on training and more on matches compared to the juniors.
Conclusion: The 20MIAO was very strongly related with on-ice and off-ice tests of aerobic
capacity as well as vertical jumps, showing the mixed properties of the test. The 20MIAO test found
a decrease in performance in the last part of the competitive season that was not measured by other
tests. The use of an intermittent all-out test could be valuable to include as part of the teams test
batteries as it appears to display other factors than incremental or continuous on- or off-ice tests.
Special attention should be given to maintaining high-intensity intermittent exercise as well as
lower body strength throughout the season.
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1. Introduction
Ice-hockey is a technical, tactical and physically demanding contact sport that requires a composite
physique of the players. It is an intermittent team sport with the goal being the success of the team
throughout the entire tournament or season.
A game consists of three, 20 min periods separated by 15 min breaks. Each team are divided into
four playing lines that replace each other in shifts on the ice. This gives the players a short rest
allowing them to maintain a high activity level on the ice. Each player is assigned a playing position
and can roughly be classified as a goalkeeper, defender or forward. The goalkeepers having very
different work tasks than skating players (Burr, Jamnik, Baker, Macpherson, Gledhill, & McGuire,
2008). A shift can last 45-90 seconds of play and can be interrupted by 1-3 play stops reducing the
work time to 30-40 seconds (Cox, Miles, Verde, & Rhodes, 1995; Green & Houston, 1975). The
use of lines also opens up more tactical possibilities for the coach, using the different lines strengths
against the weaknesses of the opponent’s lines. Some players are also used more often during
‘powerpl y’, when one of the te

s is serving pen lty and therefore are outnumbered for a short

time period. The competition season is divided into the regular season where all teams compete
against each other to win points. The eight best teams after the regular season meet in the final
championship tournament called Playoffs. Playoffs consist of three rounds: Quarterfinals, semifinals and finals. Each round is played as best of seven matches and the winner proceeds to the next
round. The team therefore has to perform well enough during the regular season to be in the topeight and then be able to peak during the playoffs against the best teams in the league.
This description characterizes some of the reasons why ice-hockey is a popular spectator sport. It
also makes ice-hockey an interesting and complex sport to study from a physiological point of view.
The physical demands of the individual player during the game are affected by many different
factors. The duration and intensity of the sprints are not uniform and are influenced by factors such
as the opposing team, penalties, game stops, playing lines used and player position. As a result,
work demands vary a lot in relation to player position (Burr et al., 2008).
When on the ice, the intermittent nature of the game can affect the individual physical stress on the
players differently and this can vary greatly within the team. Game analysis of NHL (National
Hockey League) players found that each player gets between 3-25 min (average of 16 min) of time
on the ice during a game (Cox et al., 1995). It is well established that intermittent exercise allows
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players to perform longer at a higher intensity. However, how this relates to performance in icehockey is unclear.
An ice-hockey player also has to perform well during the entire season, which lasts 5-6 months
(Green et al., 2010). The ability to maintain a high level of performance during the entire season
depends on the training before and during the season, the number of games played and minutes on
the ice, as well as intensity during these games and how well the player recovers (Cox et al., 1995).
This c n lso be ffected by the co ch’s focus on the te

- rather than individual performance

during the games. The bilities or physic l condition of the pl yer c n ffect the co ch’s decisions
on who to put on the ice, which has a direct influence on playing time on the ice. A player who is
tired or injured will most likely be spared more during the competitions and training and might even
play fewer matches than a fitter or better recovering player, who in return has a higher total
workload.
It would therefore be useful for the coach both before and during the season to have a measure of
the individual fitness level that correlates closely with the on-ice performance. This has however
proven ch llenging. n endur nce sports li e cycling or running

e sure of

2max

is generally a

good predictor of performance (Bassett & Howley, 2000) and in maximum strength sports such as
powerlifting the 1RM-test provides the actual measure of interest. In team sports such as ice-hockey
a single predictive measure is not as straight forward. One reason for this is that there is no clear
individual “finish line” to cross. The measure of interest is the success of the team in terms of
winning the league and not whether an individual player is fit or able to score many goals.
Individual performance can be influenced by the team performance and the physical demands can
depend on the pl yer’s technical and tactical abilities or playing position.
The focus of this study is to evaluate different predictors to measure physical performance in icehockey players at different time points of the season.

1.1 Testing individual ice-hockey performance
Ice-hockey has been an object of investigation in more than four decades, with focus both on the
performance factors but also on various issues such as concussions, dental- and other injuries (Agel
& Harvey, 2010; Donaldson, Asbridge, & Cusimano, 2013; Emery, Kang, Schneider, &
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Meeuwisse, 2011; Lahti, Sane, & Ylipaavalniemi, 2002; Molsa, Kujala, Myllynen, Torstila, &
Airaksinen, 2003), protection equipment (Woods, Zabat, Daggy, Diehl, Engel, & Okragly, 2007),
bone density (Falk, Braid, Moore, Yao, Sullivan, & Klentrou, 2010; Nordstrom & Lorentzon,
1996), arena climate (Game & Bell, 2006; Rundell, 2004), and aggression (Cusimano, Nastis, &
Zuccaro, 2013) to mention some . Different approaches have been used to determine a valid
physiological measure for an ice-hockey player. One common method is to assess the correlation
between off-ice tests and an on-ice performance measure, such as skating performance, game
performance and draft selection order (Burr et al., 2008; Farlinger, Kruisselbrink, & Fowles, 2007;
Peyer, Pivarnik, Eisenmann, & Vorkapich, 2011).
Several studies have tried to find the best off-ice predictor for on-ice skating performance, often
measured by on-ice sprint (acceleration and/or speed) and agility (cornering S-test) (Bracko &
George, 2001; Farlinger et al., 2007). Skating performance could be a good measure in ice-hockey
as it can be an advantage for a player to be able to skate faster than the opponents. However, ice
may not be available during the off-season (summer) and the environment in skating rings could be
difficult to control. On the other hand would testing in a controlled test environment require skating
treadmills, which may not be available.
In a study on 36 male competitive ice-hockey players by Farlinger et al. (2007) a high correlation
was found between on-ice (35 meter) and off-ice (30 meter run) sprints (r=0.78) which is supported
by Bracko and George (2001) (44,7 meter on-ice sprint vs. 40 yard sprint run, r=0.72), Behm,
Wahl, Button, Power, and Anderson (2005) (maximal on-ice speed test vs. 40 yard dash, r=0.51)
and Krause et al. (2012) (34,5 meter forward skating test vs. 40 yard sprint, r=0.81). Interestingly
Farlinger et al. (2007) also found a high correlation between on-ice sprint and agility test (r=0.70)
showing the task specificity of skating.
Jump tests have been shown to be a predictor for skating performance. Mascaro, Seaver, and
Swanson (1992) studied prediction on skating speed by off-ice tests in nine elite hockey players and
found vertical jump power to be a better single predictor (r=0.85) than 40 yard dash, standing long
jump and isokinetic testing of quadriceps and hamstring when compared to 54,9 meter skating
sprint. Furthermore, Farlinger et al. (2007) found horizontal 3 hop jump to have a high correlation
(r=-0.78) with 35 meter on-ice sprint. This reflects the importance of the knee extensor, in particular
m. quadriceps femoris, during the propulsion phase of the skating stride (Montgomery, 1988).
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Others have used game performance parameters as assessment. Green, Pivarnik, Carrier, and
Womack (2006) used time played (Tmin) and net scoring chances (SCn) during a season as
performance measures. In a group of 29 collegiate hockey players they found lactate at the 4th stage
of an incremental treadmill test (lac 4) and percent body fat to correlate moderately with Tmin
(r=0.41 and 0.39), and

2 max

and Lac 4 correlating with SCn (r=0.41 and 0.33). Peyer et al.

(2011) used a similar approach but compared pre-season test results on 24 collegiate hockey players
with the season +/- score, a score summing up the goals scored by or against the team while the
player is on the ice, as a measure of performance. They found moderate to high correlations
between repeated sprint runs (12x110m), leg press, chin-ups and bench press with the +/- score
(r=-0.57, 0.55, 0.46 and 0.5).
These approaches are interesting because they summarize the results from an entire season and in
that way they focus on more than just one game or specific ability. It is however difficult to
determine how valid the +/- score, Tmin or SCn are as individual measures as they all are
influenced by the te

’s perfor

nce.

Burr et al. (2008) used a different approach comparing eight years of test results (n=853) from the
NHL entry draft selection with the priority with which the players were chosen by the NHL teams.
This way they compared physical factors with a wider subjective view (in contrast to the objective
+/- score, Tmin and SCn) used by team scouts, who were also looking at skating abilities and game
performance. By using stepwise regression modelling they found the tests best predicting the
selection within four groups (all positions, skating players, forwards and defence). Anaerobic power
from a 30 s wingate test was found to be important for all positions and especially for defence
players. They also found that the physiological factors from their best prediction model only
accounted for less than 10% of the selection variation, drawing attention to the fact that
physiological potential is only a part of what comprises a skilful hockey player.
Burr et al. (2008) also applied a more descriptive approach by simply displaying the test results of
the player drafted to the NHL. This can serve as a direct statement of what is required to become a
NHL player. On the assumption that the selected players have adapted the most to meet the
demands of the sport, and that tests are standardized, the test results can be used as a measure of
these demands compared to other groups.
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Several skating tests, both continuous and intermittent, have been developed to estimate the on-ice
VO2max. Petrella, Montelpare, Nystrom, Plyley, and Faught (2007) developed the continuous,
incremental FAST (Faught Aerobic Skating Test) protocol. Leone, Léger, Larivière, and Comtois
(2007) developed the Skating Multistage Aerobic Test (SMAT) with 60 seconds skating, 30
seconds rest; Durocher, Leetun, and Carter (2008) a similar test using 80 seconds skating, 40
seconds rest; and Buchheit, Lefebvre, Laursen, and Ahmaidi (2011) the 30-15 intermittent ice-test,
using 30 seconds skating, 15 seconds work.
Kuisis (2008) compared an adapted 20 meter continuous multistage test and the FAST, with the
SMAT and concluded that on-ice skating tests overall were better than running test and that the
SMAT were probably more applicable to ice-hockey than continuous tests.
As described so far, the applied research focus has been on which test that best predicts overall icehockey performance. When looking at a single ability like skating speed this seems somewhat
successful. When using game performance measures during a season or player selection based on
team scouting, time is added as a component and the results are less clear. This is primarily because
there is no final individual measure and there are many contributing and interacting factors. It is
made even harder because of the composite physiological demands of the sport. The overall
consensus from the studies mentioned so far is that both aerobic and anaerobic power as well as
strength measures are important.

1.2 Energy systems
One of the interesting questions in both ice-hockey and other team sports is which energy systems
provide the energy for the sprints and how this change as the sprints are repeated. The review by
Girard, Mendez-Villanueva, and Bishop (2011) on repeated sprint ability summarizes the
proportional change of energy supplied by ready ATP (adenosine triphosphate) and ATP
resynthesizes from PCr (phosphocreatine), glycolysis and aerobic metabolism during ten 6 second
sprints interspersed by 30 second recovery. As seen in Figure 1, the aerobic share increases from
about 8% to 40% at the expense of glycolysis in particular. At the same time the total energy
provided is diminished. This summary is primarily based on the work by Gaitanos, Williams,
Boobis, and Brooks (1993), who analysed muscle biopsies from eight male subjects before and after
the 6 second sprints.
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1. sprint
8%

6%

10. sprint
2%

ATP
40%
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46%

Glycolysis

40%
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49%
9%

Figure 1: Changes in metabolism during the first and the 10th sprint of a 10x6s sprint exercise interspersed
with 30 s recovery periods. The size represents the change in total absolute energy (Girard et al., 2011).
ATP=adenosine triphosphate, PCr=Phosphocreatine

Gastin (2001) describes in a review on the interaction and relative contribution of the energy
systems how the aerobic share increases as the duration of the maximal exercise increases. During
one 30 s Wingate test the aerobic contribution is reported to be around 29% but if repeated after 4
min of passive recovery it increases to 44%. At the same time power output was decreased by 18%
and the anaerobic energy contribution was decreased by 41% (Gastin, 2001). Despite different
results reported in the literature, for example the wide range of results regarding the contribution of
aerobic metabolism during a 30 seconds Wingate test (13%-44%, Gastin (2001)), and without going
further into the underlying causes, it is clear that the interaction between the anaerobic and aerobic
energy systems is important during maximal intermittent exercise.
As previously mentioned, the work time during one shift in ice-hockey is approximately 30-40
seconds interrupted by 1-3 play stops (Cox et al., 1995; Green & Houston, 1975). Probable workscenarios within this range could be 3x10-12s work with 5-10s pause or 1x40s with no pause. Based
on the mentioned interaction of energy-systems, it is clear that ice-hockey stresses both the aerobic
and anaerobic energy systems.
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There also seems to exist some disagreement or confusion on how to define the nature of team sport
exercise. Repeated/intermittent is used together with sprint or all-out/high-intensity exercise in a
non-consistent manner. With the continuous shifting of lines and interruption by game stoppages,
ice-hockey falls between the categories of repeated sprint and intermittent all-out exercise as
defined by Girard et al. (2011) (Table 1). In the present study ice-hockey will be considered as the
latter: An intermittent all-out exercise.
Table 1: Categorization to describe the different types of repeated/intermittent exercise as defined by Girard
et al. (2011)

All-out exercise:

>10s work; where there is a considerable decrease in performance

Sprint:

<10s work; where peak intensity can largely be maintained until the end of the
exercise period

Intermittent-

<10s work, recovery>60s; Long enough to allow near complete recovery,

sprint:

nearly no performance decrement

Repeated-sprint:

<10s work; recovery<60s; marked performance decrement

1.3 Fatigue
Fatigue is a complex physiological phenomenon that can have several component causes during
repeated sprints. Girard et al. (2011) discusses the concept that fatigue can develop differently
during repeated exercise depending on the duration of work and recovery. It is therefore difficult to
define fatigue directly but it manifests as a reduction of the performance measured (whether being
maximal or mean power or speed during repeated sprints or endurance activity).
Because of the random intermittent nature of ice-hockey, there has been some focus on the ability to
recover between work bouts. t h s been theori ed th t high

2max

would increase this ability

and thereby give the player an advantage in high-intensity games (Burr et al., 2008; Cox et al.,
1995; Green et al., 2006; Tomlin & Wenger, 2001). Carey, Drake, Pliego, and Raymond (2007)
rgues th t the

2 max

only limits the recovery until a certain level, above which most high-level

players already are. This is somewhat supported by studies finding no change in the aerobic
capacity during a season of ice-hockey (Game & Bell, 2006; Green et al., 2010).
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Other theories on the complex fatigue during repeated sprints focus on the muscular changes such
as the limitations in the recovery of anaerobic energy supply (phosphocreatine and glycogen) and
the muscular excitability and contractility (resulting in loss of force) related to the Na +/K+- ATPase
of the cell and the Ca2+-ATPase of the sarcoplasmic reticulum. Also mentioned are the inhibitory
effects of reactive oxygen species (ROS), intramuscular acidosis, inhibiting the glycolysis, and
build-up of inorganic phosphate (Pi) (Billaut & Bishop, 2009; Buchheit, Bishop, & Girard, 2012;
Green et al., 2010). While the underlying causes of fatigue are beyond the scope of this short
review, the overall conclusion is that the measure of fatigue is of relevance and can have multiple
causes.
Despite this fact, it is possible to give a measure of fatigue. Both Girard et al. (2011) and in
particular Glaister, Howatson, Pattison, and McInnes (2008), who examined the validity and
reliability of different approaches to the measuring of fatigue, recommend the use of the percentage
decrement score. This is calculated as a ratio between the sum of all sprint performances (time,
power etc.) co p red to the “ide l” perfor

nce being the nu ber of sprints multiplied by best

sprint performance. The advantage of this approach is that the results of all sprints are included
compared to the calculation of a fatigue index, which only uses the percentage difference between
the best and the worst result. According to Glaister et al. (2008) it is not uncommon during multiple
sprints to see an upsurge in the performance in the final sprints.
Girard et al. (2011) also stresses the development of fatigue should always be seen in the context of
the absolute work. A decrease in maximal power might not be the same as decrease in mean power.
Several studies have attempted to measure fatigue in ice-hockey (Carey et al., 2007; Wilson,
Snydmiller, Game, Quinney, & Bell, 2010) The protocols used only last between one minute and
four minutes with a maximum of 5 sprints which corresponds to just a few shifts in ice-hockey and
therefore falls more in the category of repeated sprint than all-out exercise. As mentioned
previously both task dependency of ice-hockey as well as validity and reliability of the test (on-ice
versus laboratory testing) is important to take into consideration. This also applies when testing
fatigue development (Girard et al., 2011).
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1.4 Seasonal changes
As mentioned previously it is important in ice-hockey to perform well during the entire season in
order to make it to the playoffs. Another approach to the problem of defining physiological
demands for an ice-hockey player is to study the physiological changes during a season. Instead of
comparing physiological parameters to a performance measure this approach looks at variation over
time. It can be used to gain both deeper underst nding of pl yer’s physiologic l profile, by
assessing which factors change compared to expectations, as well as to identify, through a more
applied approach, which factors should have special focus during training at certain periods of the
season
A comprehensive study by Green et al. (2010) on ch nges in

2max

and muscle cellular changes

during an ice-hockey season found an increase in mitochondrial enzymes and the glycolytic
potential of the cell. They also found an increase in the capillary-cell contact related to cell crosssectional area, this seemed however to be due to a decrease in the cross-sectional area with a
potential cost of lost force. There w s no ch nge in

2max.

In a recent study, post-season results from ice-hockey players were compared to a less trained
control group. Only glucose-based aerobic metabolism seemed to increase during a season of icehockey. The authors suggested that this finding might be due to inadequate matching of controls,
inhibitory effect from reactive oxygen species (ROS) caused by intense exercise and a reduction in
arterial oxygen saturation (SaO2) prevalent in athletes with high aerobic power (Green et al., 2012).
The findings of no ch nge in

2max

are supported by Game and Bell (2006) who studied the

pul on ry ch nges during se son of ice-hoc ey including the

2 max.

Durocher et al. (2008)

found an increase in skating performance, but also a reduction in O2 max during a season of
collegiate hockey. An older study by Green and Houston (1975), on the other hand found a trivial
but significant increase.
Seasonal studies from other sports show a similar pattern. A seasonal study on female field hockey
players (Astorino, Tam, Rietschel, Johnson, & Freedman, 2004) found an unchanged

2 max

and a

fall in both upper and lower body strengths. Hakkinen and Sinnemaki (1991) studied effects of the
competitive season on the physical fitness profile on elite bandy players and found a decrease in
oxygen uptake at anaerobic threshold, a minor f ll in
meter sprint time.

2 max

and leg strength and no change in 60
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A study on elite male Spanish handball players found an increase in fat free mass and handball
throwing velocity but no change in 15m sprint running, an intermittent endurance running test,
vertical jump tests or upper- and lower- body strength (Gorostiaga, Granados, Ibanez, GonzalezBadillo, & Izquierdo, 2006).
These examples of seasonal studies underline the tendency towards either no change or a decrease
in most physiological measures during a season. This detraining is also discussed in the review by
Cox et al. (1995) who attributes the cause to a lack of high-intensity training because playing icehockey does not provide enough stimuli to maintain the high physical level, a conclusion supported
by Durocher et al. (2008). Gorostiaga et al. (2006) also recommends more high-intensity training
during a season of handball. In contrast,Green et al. (2012) raises the problem that if the cause is
overtraining, more high-intensity training may be counterproductive.
To our knowledge, no studies have reported the use of in-season interventions in ice-hockey.
Ronnestad, Nymark, and Raastad (2011) studied the effect of in-season strength maintenance
training in professional soccer players. They found that just one strength maintenance session per
week is enough to maintain pre-season level of strength, 40m sprint and jump height performance
whereas one session every second week is not sufficient. This both supports the tendency of
detraining and contradicts the theory of overtraining.
A change in test results throughout a season can also be affected by the pre-season training. Both a
poor preparation, leading to inability to cope with the seasonal stress, and a preparation leading to
an early fitness peak, might cause a decline throughout the season.
Although there is a consensus that ice-hockey demands both a well-adapted aerobic and anaerobic
energy system, and that it is an intermittent team sport, no studies to date have, to our knowledge,
reported the use of intermittent all-out tests to measure changes through an entire season.
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2. Aims and objectives
As described in the previous sections, the key physiological factors of ice-hockey are hard to
determine because of the complexity both of the sport and the physiological processes involved.
The overall conclusion is that the contribution of both anaerobic and aerobic energy systems to the
intermittent work during shifts and recovery periods, requires players to develop a well-rounded
fitness (Burr et al., 2008) and that ice-hockey presents a complex and interesting field of research.

The objective of the present study is to test a novel 20 minute intermittent all-out cycle ergometer
test (20MIAO), designed to simulate one ice-hockey period and maximally stress both the anaerobic
and aerobic energy systems, against an on-ice skating multistage aerobic test (SMAT) and other
commonly used off-ice test methods and to examine the changes during a competitive season of icehockey in elite Norwegian ice-hockey players.

2.1 Research questions
1. How does the 20MIAO test and skating performance during a SMAT correlate with
2 max,

vertical jump ability, maximum leg strength, 40 minute sprint and 3000 meter run

in elite Norwegian ice-hockey players?
2. How does the 20MIAO performance change during a competitive season in elite Norwegian
ice-hockey players compared to skating performance, O2 max and vertical jump ability?
The objective is to apply the new 20MIAO cycling test to compare the results to other off-ice
and on-ice tests and to collect pre-, mid- and post-season test results from elite Norwegian icehockey players.

2.2 Hypothesis
1. Based on previous findings on changes in ratio of energy supply during repeated exercise,
the 20MIAO cycling test is expected to correlate well with both aerobic, anaerobic and
vertical jump tests (as strength indicator).
2. Based on previous indicative findings on intramuscular changes during an ice-hockey
season, we expect a decrease in all-out intermittent cycling performance as well as vertical
jumping ability.
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Based on previous findings on changes in skating ability during the ice-hockey season, we
expect an increase in skating performance, especially midseason.
Based on previous findings on changes in

2max

during the ice-hockey season, we expect

to find no change.
For hypothesis testing, the null-hypothesis for all tests in seasonal changes is that of no
change.

3. Methodology
3.1 Subjects
Fifteen active male ice-hockey players, aged 18-22 years, were recruited through the local senior
(national elite division) and junior (U20) elite teams (Table 2). Both junior and senior teams were
asked to participate in order to maintain an appropriate number of subjects and to examine possible
differences in seasonal changes. Players with known pre-season injuries were not included in the
study. Also goalkeepers were not included because of their very different working requirements
compared to skating players (Burr et al., 2008). All included subjects had participated in an icehockey specific training at least twice a week for the last six months before the pre-testing and were
going to be playing during the 2012-2013 ice-hockey season (13th September to March).
Appropriate subjects were asked by the coaches of their respective teams and informed on the aim
of the study before voluntarily choosing to participate.
Players unable to perform all post-season tests because of injury were excluded from the study on
seasonal changes. The mean characteristics on all included players as well as the players completing
the study are presented in Table 2.
Four of the completing players experienced injuries that influenced their training or match
participation for shorter periods during the season.
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Table 2: Subject characteristics at pre-testing on both included and completing subjects. Mean values with
standard deviations are presented
Included
All

Senior

Completed
Junior

All

Senior

Junior

-

All

15

9

6

13

8

5

-

Forwards

10

6

4

9

6

3

-

Backs

5

3

2

4

2

2

Age (years)

19.5±1.4

20.4±1.1

18.2±0.3

19.5±1.3

20.2±1.1

18.2±0.3

Weight (kg)

80.7±8.5

82.7±8.6

77.8±8.0

81.4±8.9

83.7±8.6

77.6±9.0

Height (cm)

181.5±7.0

183.2±4.7

178.8±9.3

181.5±7.2

184.1±4.1

177.4±9.6

13.3±3.1

14.4±2.6

11.5±3.0

13.5±3.2

14.5±2.8

11.8±3.3

N

Experience
(Years played)

3.2 Test plan
The testplan for the study is depicted in Figure 2.
All subjects were tested pre-season using n incre ent l

2max

test on a cycle ergometer (section

3.3), the 20MIAO cycle test (section 3.4), the on-ice SMAT (section 3.5), vertical jumps (section
3.6) as well as the teams own test battery (section 3.7) including 3000 meter running, 40 meter
sprint and 1RM squat strength. The 20MIAO test, the SMAT,

2max

test and vertical jumps were

also performed mid- and post-season. Familiarization tests for the 20MIAO test and the vertical
jumps were performed before pre-testing. The test order is seen in Table 3.

Figure 2: Test-plan for the present seasonal study on ice-hockey
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There was a minimum of 36 hours between each test, so testing was not performed on two
consecutive days, and the subjects were asked to refrain from strenuous training 24 hours before
each test. Because of a tight training and match plan for these high-level subjects, this was however
not always possible. They were also instructed to maintain their normal diet and to eat as similar as
possible before each test.
The intermittent ll-out test,

2max

test, and the vertical jump tests were all performed at the

laboratory at Lillehammer University College. The on-ice test was performed in the local iceskating ring, home arena for both the teams. The teams own test-battery was performed in their
normal training environment.

Table 3: Test order in the three test rounds

Pre-testing
Teams own test-battery was
performed in their own time
before testing at the testlaboratory.
- 3000m run
- 40m sprint run
- 1RM squat
Test day 1:
O2max test
- Familiarization test
vertical jumps +
intermittent all-out test
Test day 2:
- Vertical jump tests
- Intermittent all-out test
Test day 3:
- On-ice test

Mid-testing
Test day 1:
O2max test
Test day 2:
- Vertical jump tests
- Intermittent all-out test
Test day 3:
- On-ice test

Post testing
Test day 1:
O2max test
Test day 2:
- Vertical jump tests
- Intermittent all-out test
Test day 3:
- On-ice test
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3.3

2max

test

An all-out graded exercise test was performed on a Lode Excalibur Sport cycle ergometer with
pedal force measurement (Lode B.V., Groningen, Netherlands). Oxygen uptake was directly
measured using a Jaeger Oxycon Pro (Erich Jaeger GmbH + Co. KG, Friedberg, Germany) with a
mixing chamber.
A compact, ten minute self-paced warm up based on the Borg 6-20 grade scale (Borg, 1982) for
rating on perceived exertion (RPE) was used (Figure 3). The goal was to increase the body
temperature as well as stimulate both aerobic and anaerobic energy systems.
The

2 max

test was initiated directly after the warm-up and a short calibration of the equipment.

Starting workload for the incremental test was calculated in a standardized way by multiplying the
body mass (kg) by three and rounding down to the nearest 50W (see appendix 2 for table). Every
minute the load was increased by 25W until voluntary exhaustion.
Self-paced warm-up
-

5min increasing workload
Aim: RPE 12-13
30s hard workload
Aim: RPE 14-15
1min easy workload
30s hard workload
Aim: RPE 15-16
3min easy workload

Figure 3: The 10 min self-paced warm-up used before testing on the cycling ergometer

A test leader provided encouragement and guided the subject through the test.
every

seconds nd

for chieved

2 max

2max

2

w s e sured

was recorded as the highest one-minute O2 values measured. riteri

was a plateau in

2

or RER>1 and blood lactate>10mmol/L. The last two-

minute power average was calculated and recorded as Wmax and used as a measure of
performance. A 20µL capillary blood sample was taken immediately after the end of the test to
measure blood lactate using a Biosen C-line lactate analyser from EKF Diagnostics Holdings
(London, England). The subjects RPE, based on Borg 6-20 grade rating of RPE (Borg, 1982), was
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also recorded straight after the test as well as the one minute heart rate drop-off, defined as the heart
rate measured at test termination minus heart rate measured 60 seconds after test termination.

3.4 20 minute intermittent all-out test (20MIAO)
To examine the maximal performance during a period of ice-hockey, a 20 minute intermittent allout test (20MIAO test) for the cycle ergometer was developed to simulate an ice-hockey period of
maximal intensity. The cycle was chosen because of the greater measurement accuracy of a
laboratory test compared to an on-ice test and the higher involvement of m. quadriceps femoris
compared to running (Bijker, de Groot, & Hollander, 2002; Cox et al., 1995). While an on-ice test
would have been more task-specific, the goal of this test was to isolate the physiological factors
involved with intermittent all-out exercise and not the pl yer’s efficiency on the ice.
The 20MIAO test protocol consists of 10x35s maximal work, performed as 35s Wingate tests,
representing a shift on the ice, with 100s passive recovery (Figure 4). Despite that several studies
have reported a positive effect of active recovery on repeated sprint ability (Ben Abderrahman et
al., 2013; Spierer, Goldsmith, Baran, Hryniewicz, & Katz, 2004; Thevenet, Tardieu-Berger,
Berthoin, & Prioux, 2007; Watson & Hanley, 1986), an active recovery method was not used, as
this does not seem to be common in ice-hockey (discussion with an elite-series ice-hockey coach).
The subjects were therefore not allowed to cycle in the breaks, but were allowed to shake their legs
while remaining seated on the bike. A ten second period of easy workload at 100W and 60RPM
(revolutions per minute) was allowed prior to each 35 seconds maximal work period to simulate
going on to the ice as well as prepare the subjects for the next working period.

17

a)

b)
Figure 4: Screenshot of a completed 20 minute intermittent all-out simulated ice-hockey test. Figure 4a
shows the protocol with the purple blocks representing the pauses between the 35 seconds work periods.
Figure 4b shows an example of a completed test, Power (green peaks) and heart-rate (lower red line)

The subjects were instructed to aim for the best possible overall performance and the goal of the test
was therefore not to perform maximally in the first 35 seconds period, but to get as high an average
power as possible during all of the ten 35 seconds periods. The Wingate mode on the Lode
Excalibur cycle ergometer applies the load during each 35 seconds test and the power is therefore
depending on the pedalling frequency. The subjects were therefore instructed to maintain a high
pedalling frequency and to keep pedalling through the entire 35 seconds. A test leader provided
encouragement and guided the subject through the test. The Borg 6-20 rating of RPE as well as the
one minute HR drop-off was recorded straight after each sprint. A 20µL capillary blood sample for
blood lactate analysis was taken after every second sprint (five in total).
As the subjects were instructed to aim for the best overall performance, using the percentage
decrement score as a measure of fatigue, as suggested by Girard et al. (2011) would not have been
entirely accurate. Instead the average mean power, absolute (W) and relative to bodyweight (W/kg)
of all ten 35 seconds work periods as well as the mean power (W) of the last work period was used
as an estimate of the power and resilience.
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The test-retest reliability of the 20MIAO was examined on unpublished data from a reproducibility
study on intermittent all-out ability performed at Lillehammer University College. The subjects in
this study consisted of 12 high-level female handball players (20.5±2.5 years, 72.7±8.86 kg,
170±7.95cm) from the Norwegian 2. and 3. handball division. They performed a total of six
20MIAO tests with two different modes of active recovery in a crossover study. The first two tests
were used for familiarization. The results of the second and third test (same mode of recovery) are
seen in Figure 5. The Pe rson’s r was 0.93, the intraclass correlation (ICC) was 0.94 and the
coefficient of variation (CV) was 3.0%. All measures show a high reliability of the tests.

Test 2 (W)

20MIAO test
Mean power test-retest correlation
450
425
400
375
350
325
300
275
275

325

375
Test 1 (W)

425

Figure 5: A figure presenting the results of the first and second 20MIAO test in a group of female handball
player. A trend line and the line of identity is seen.

3.5 Skating Multistage Aerobic Test
Because of the complex nature of the sport including skating ability of the individual player and
evidence th t l ct te threshold,

2max

and HRmax are higher on-ice compared to off-ice

(Durocher, Guisfredi, Leetun, & Carter, 2010), an on-ice maximal graded test was included in the
testing. The Skating Multistage Aerobic Test (SMAT) as developed and described by Leone et al.
(2007) was used to determine the on-ice aerobic fitness and the maximal skating speed. Leone et al.
(2007) found the test to be highly reproducible (r=0.92).
The protocol involves skating back and forth in shuttles on a 45 meter course with a mid-line in 60
seconds work levels separated by 30 seconds rest periods. The shuttle pace is set by following a
sound signal dictating the passing of an end- or mid-line. The pacing signal starts at a 3.5 m/s pace
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and increases by increments of 0.2 m/s at every stage. An accepted turn requires at least one foot
over the marking line at the time of the sound signal (see Figure 6), and to stay in the designated
lane (approximately two meters wide) to avoid rounding the turns. The completed number of 60
second levels and shuttles is used to estimate the VO2max.
The SMAT is one of several on-ice maximal graded exercise tests developed to estimate the
2 max

on ice (30-15 (Buchheit et al., 2011), FAST (Petrella et al., 2007)). The SMAT was chosen

because of the work periods on the ice best resembled the work periods on each stage on the
20MIAO test and because the actual skating primarily is in the first half of the 45 meter course, as
the speed is kept high when gliding, The one-minute work period are therefore composed of several
shorter work periods.

Figure 6: Pictures of three hockey players performing the SMAT. Left picture shows a stop-and-go turn with
one foot over the end line. The right picture shows a passing of the mid line used for pacing.

As described in the paper by Leone et al. (2007), the test was carried out in full hockey clothing and
helmet with the stick in the preferred hand. This was not expected to greatly affect the cost of
skating. Although the protective equipment might lower the power output by increasing the body
temperature and dehydration when worn throughout a complete game of hockey (Noonan, Mack, &
Stachenfeld, 2007) the SMAT lasts less than 30 minutes so this effect is also expected to be
minimal.
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3.6 Vertical Jumps
The use of vertical jumps (VJ) was chosen as a time-inexpensive indicator of muscle strength and
because it is a commonly used test (Farlinger et al., 2007; Mascaro et al., 1992). Both a squat jump
(SQJ) and counter-movement jump (CMJ) was performed. Burr, Jamnik, Dogra, and Gledhill
(2007) recommended the use of Vertec equipment, because of its jump-and-reach style, this was
however unavailable. Instead an AMTI BP6001200 force plate (AMTI, Massachusetts, USA) with
BioJump 2.4 software was used.
Both SQJ and CMJ was performed with both hands on the hips and measured as the average of
three accepted jumps. During SQJ the subject was asked to slowly bend to a starting position of
approximately 90 degrees as checked visually by the test leader. After a few seconds of pause to
ensure a static position and the activation of the software, the jump was initiated by the test leader
using the co

nds “Re dy-Set-Ju p” (“Kl r-Ferdig-Hop”). The force plate software measured

any dynamic pre-loading in the knee or hip and the test leader watched for any unwanted bending in
the knees or hip during jump and landing to ensure properly performed jumps.
The CMJ was carried out in a similar manner, but with the subject in an upright starting position.
When given the jump command, without losing contact with the force plate, the subject flexed their
knees and hips as quickly as possible to approximately 90 degrees before jumping immediately,
thus activating all motor units and elastic properties of the muscles. The degree of flexion was not
controlled but was left to the discretion of each subject.
Because of the effect of body mass on jump height, the average jump power was used as measure of
performance.

3.7 Team test-battery
3000 meter run, 40 meter sprint and 1 RM squat strength were all part of a test battery normally
used by the teams pre-season. Although the test conditions were not standardized, the test results
were included in this study to examine the correlation between these common tests with the
20MIAO test and the SMAT test.
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The members of the senior team were tested at the Norwegian Olympiatoppen as a part of a
testbattery (c lled “ ron

n”), lso including benchpress, sit-ups, box jumps and chins. The junior

team testing was carried out by the team coaches in their respective gyms and on a local running
track.

3.8 Training and matches
As the goal of the study was to measure changes throughout the season, the number of matches
played and training done were taken into account. Information on the team training was gathered
through training plans and individual training diaries. This was supplemented by individual game
statistics, such as games played, from the Norwegian ice-hockey association.
Because of a lack of available heart-rate monitors, self-assessment score was used to estimate the
intensity of each exercise session and the daily perception of tiredness in the body. This information
was not intended to directly explain any physiological changes during the season but to assist in the
general understanding of the changes and to evaluate the intended effects of the training.
Information on pre-test training was not available. Based on discussion with the coaches, this period
usually includes a high degree of individual training and the goal is usually to maintain strength and
endurance. The main training methods used were cycling, running and strength training.

3.9 General thoughts on validity and reliability
Most of the testing (20MIAO tests,

2 max

tests and VJ test) was performed at the physiological

test laboratory at Lillehammer University College on the Lode cycle ergometer. This heightens the
reliability of the test results, but at the cost of the ecological validity, being the resemblance to real
life situations, in this case an ice-hockey match. The inclusion of the on-ice test is a way to control
for this by comparing to a more task-specific test. As only the players from the local teams were
asked and were not randomly selected, this may affect the external validity of the study. However,
all asked players chose to participate and all participated in elite-level Norwegian leagues. The
results of the study should therefore be transmittable within this setting. Whether Norwegian
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hockey players perform significantly different compared to players from other countries is
unknown.
The seasonal approach does not have a high internal validity because of the uncontrollable factors
of a season of ice-hockey. The available information on training and games played can be used to
estimate the activity level of the subjects.
Because of the novelty of the 20MIAO test and the sensitivity of the vertical jumps to correct
execution, the subjects were required to undergo familiarization tests. One familiarization test might
not be enough to achieve full familiarization to cycling (Martin, Diedrich, & Coyle, 2000), but the
strenuous character of the 20MIAO test as well as time available was taken into consideration. The
test-retest reliability was high in the previously mentioned reproducibility study on female handball
players (see section 3.4). Although the subjects in reality had two to three habituation tests, the line
of identity (Figure 5) still shows the results of the second test to be slightly higher. This could be a
result of familiarization, training effect or other unknown factors. Based on these considerations, the
reliability in the current study might therefore be lower.
Both the Lode Cycle ergometer and the Biosen lactate analyser are at the high end of the market
with high reliability (Davison et al., 2000; Earnest, Wharton, Church, & Lucia, 2005). The Jaeger
Oxycon Pro havs been validated against the Douglas bag and proven to be an accurate method to
measure oxygen uptake (Foss & Hallen, 2005)
The same test-leader was used at both pre-, mid- and post-testing and encouragement was given
based on a set of guidelines. Whether or not to give encouragement and guidance during testing is
often debated. In this study the choice to give encouragement was based on the studies by Moffatt,
Chitwood, and Biggerstaff (1994) and Chitwood, Moffatt, Burke, Luchino, and Jordan (1997), who
reports, that encouragement has an effect on some personality types (type B) and not on others (type
A) as well as being influenced by the level of physical fitness. The argument against encouragement
is that it introduces a possible error. In tests demanding maximal effort by the subjects, it could on
the other hand be argued that without encouragement this may not be achieved for all subject and
that any signs of positive change at retesting could simply be caused by the subject achieving a
higher percentage of maximal effort.
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3.10 Statistics
All statistical calculation was performed using Microsoft Excel (Microsoft Corporation, Redmond,
Washington USA) and GraphPad Prism 6 (GraphPad Software, Inc. , La Jolla, California, USA).
Descriptive data on the subjects (age, weight, years played, team level) and pre- and post- test
results (20MIAO test overall mean power,

2max

and

, esti

ted

2max

and Vmax on

ice and vertical jump height) are presented with mean values and standard deviation.
Pe rson’s correl tion coefficient (r) with 90% confidence interval were used to estimate relationship
between pre-test results and the correlation coefficients categorized as suggested by Hopkins (2013)
Table 4: The categorization of magnitude on correlation coefficients as suggested by Hopkins (2013)
Correlation
Coefficient
0.0-0.1
0.1-0.3
0.3-0.5
0.5-0.7
0.7-0.9
0.9-1

Descriptor
trivial, very small, insubstantial, tiny, practically zero
small, low, minor
moderate, medium
large, high, major, good
very large, very high, very good, huge
nearly, practically, or almost: perfect, distinct, infinite

Comparison of pre-, mid- and post-test differences were calculated using repeated measures oneway ANOVA with a Greenhouse-Geisser correction for violation of sphericity (the assumption that
variances are equal). Differences were examined post-hoc using Student’s t-tests. As repeating t-test
increases the risk of type I error, finding a difference when there is none, Bonferroni correction was
applied. P-values less than 0.033 are classified as a tendency and p<0.017 are classified as
significant. Effect size were estimated using Cohens d and categorized by magnitude for highly
trained subjects as suggested in the research note by Rhea (2004) (Trivial: <0.25; Small:0.250.50;Moderate:0.50-0.1.0; Large:>1.0).

3.11 Ethical considerations
Although only adult subjects (18+ years) were included, the selection and invitation of the subjects
to participate by the coaches could provide a feeling of pressure. The purpose of the study, the
voluntary participation and the right to leave the study at any time was therefore thoroughly
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explained to the participants, both verbally and in writing, before they were required to sign a paper
of informed consent.
The maximum and all-out test, especially the 20MIAO test, can be quite strenuous for the subjects
and give some discomfort. Therefore only highly trained subjects that were accustomed to strenuous
physical efforts were included in the study. The test-leader was experienced and could provide first
aid in case of an emergency.
The subjects received a copy of their own test results after each round of testing. This could
potentially affect the results of the study, however this is unlikely and gives the subjects immediate
feedback on their participation and avoids any discrimination caused by subject dropout.
The data was anonymized and only summarized results have been presented. Data will be deleted
no later than three years after the end of the study. The researcher had no relations to any of the
subjects and had no conflicts of interest. The study was registered to the Data Protection Official for
Research, Norwegian Social Sciences Data Services (NSD) (Norsk samfunnsvitenskapelig
datatjeneste AS, 2012) and commits to the principles of the Helsinki declaration (The World
Medical Association, 2008) through the approval by the local ethical committee at Lillehammer
University College (Høgskolen i Lillehammer, 2012).
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4. Results
4.1 Relationships between tests
Relationship with 20MIAO performance
The average power for the 35s work periods of the 20MIAO test shows very high correlation with
the O2max test (Table 5) in terms of absolute O2 and Wmax. When mean power is adjusted for
body mass, the relationship is slightly lower. The correlation was also high to very high between the
mean power and 3000m run performance, when expressed as min/kg as well as mean power during
the vertical jump tests.
Table 5: Pe rson’s correlation coefficient (r) with 90% confidence intervals and p-values between the 20
min repeated all-out test and other off-ice tests. The magnitude of the correlation (as described by Hopkins
(2013) is marked as: High * and very high **. Non-relevant comparisons are marked ‘-‘.

O2max test
(cycling)

Absolute O2max
(ml O2/min)
Relative O2max
(ml O2/min/kg)
Wmax (W)

3000m tests
(running)

Time (min)
Time/weight (min/kg)

40m sprint run
Squat strength
Vertical jump
mean power

Time (s)
1RM (kg)
SQJ (W)
CMJ (W)

Mean power
(W)
0.88**
(0.72-0.95, p=0.00)
-0.05
(-0.48-0.41, p=0.86)
0.87**
(0.68-0.95, p=0.00)
-0.18
(-0.57-0.29, p=0.52)
-0,86**
(-0.94;-0.67, p=0.00)
-0.01
(-0.52-0.36, p=0.97)
0.49
(0.05-0.76, p=0.06)
0.75 **
(0.46-0.90, p=0.00)
0.66 *
(0.28-0.84, p=0.01)

Mean power /body mass
(W/kg)
0.58*
(0.18-0.81, p=0.02)
0.52*
(0.11;0.79, p=0.05)
-0.16
(-0.56-0.31, p=0.57)
-
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Relationship with on-ice performance
When comparing off-ice tests to the estimated absolute

2max

of the on-ice SMAT (Table 6), the

20MIAO mean power and the absolute O2 max as well as Wmax correlates nearly perfectly.
The 20MIAO correlates marginally better with the results based on speed of the last completed
SMAT level than when based on the speed of the last shuttle. The opposite is observed with the
O2max test.
The estimation of rel tive

2max

(ml/min/kg) is based on the skating speed from the SMAT. The

relationships between the off-ice tests and SMAT speed, whether on last completed level or shuttle,
are therefore analogous to the estimated rel tive
relative

2max

2 max

relates better to the measured relative

based on this speed. This estimation of
2max,

when based on speed on last

shuttle.
Speed (and relative

2max)

shows a generally weaker relationship with 20MIAO,

3000m run compared to the estimated bsolute

2 max.

2 max

and

3000 meter run performance correlates

better with both speed and estimated absolute VO2max when body mass is taken into account.
SQJ, CMJ and the 1RM squat are all correlated to SMAT speed with the latter two showing slightly
stronger correlations, especially on last completed level speed.
There is no relationship between the 40 meter sprint run and the on-ice skating speed.
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Table 6: Correlation coefficient (r) with 90% confidence intervals between the SMAT and off-ice tests. The
magnitude of the correlation is marked as: High *, very high ** and Nearly perfect ***
Pearsons r

20 min
sprint test

O2max
test
(cycling)

Speed on last
completed level
(m/s)

Mean power (W)
Mean power/Body
mass (W/kg)
Absolute O2max
(ml O2/min)
Relative O2max
(ml O2/min/kg)
Wmax (W)

3000m tests
(running)

Time (min)
Time/body mass
(min/kg)

40m sprint
Squat
strength
Vertical
jump
average
power

Time (s)
1RM (kg)
SQJ (W)
CMJ (W)

0.69*
(0.36;0.87, p=0.00)
0.30
(-0.17;0.65, p=0.28)
0.66*
(0.31;0.85, p=0.01)
0.19
(-0.28;0.58, p=0,50)
0.62*
(0.25;0.83, p=0.01)
-0.29
(-0.65;0.17, p=0.29)
-0.69*
(-0.87;-0.36, p=0.00)
-0.22
(-0.6;0.25, p=0.43)
0.76**
(0.48;0.9, p=0.00)
0.56*
(0.16;0.80, p=0.03)
0.77**
(0.52;0.91, p=0.00)

Estimated absolute
O2max from speed
on last completed
level (ml O2/min)
0.92***
(0.79;0.97, p=0.00)
0.87**
(0.69;0.95, p=0.00)
0.9**
(0.75;0.96, p=0.00)
-0.30
(-0.66;0.16, p=0.28)
-0.88**
(-0.95;-0.72, p=0.00)
-

Speed on last
completed shuttle
(m/s)

0.44
(0;0.74, p=0.10)
0.19
(-0.27;0.58, p=0.50)
0.65*
(0.3;0.85, p=0.01)
0.56*
(0.16;0.81, p=0.03)
0.53
(0.11;0.78, p=0.04)
0.07
(-0.38;0.5, p=0.80)
-0.28
(-0.64;0.18, p=0.31)
-0.05
(-0.48;0.4, p=0.86)
0.52*
(0.1;0.78, p=0.05)
0.38
(-0.07;0.70, p=0.16)
0.54*
(0.16;0.80, p=0.03)

Estimated absolute
O2max from
speed on last
shuttle
(ml O2/min)
0.88**
(0.72;0.95, p=0.00)
0.92***
(0.79;0.97, p=0.00)
0.92***
(0.81;0.97, p=0.00)
-0.21
(-0.6;0.25, p=0.45)
-0.82**
(-0.93;-0.6, p=0.00)
-
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4.2 Seasonal variation
Analysis of variance
Of the tests analysed for seasonal change, the maximal speed and estimated

2max

of the SMAT

are the only factors showing significant change (P=0.00) in the combined group (seniors and
juniors; Figure 7). The results of the 20MIAO, Wmax and squat jump also seem to have some
variation, although this is not significant. A complete table of the results of the repeated measures
ANOVA can be found in Table 10 in Appendix 3.

Seasonal and group differences
When examined graphically, there does appear to be differences in the timing of the change over
the season (Figure 7). For the SMAT there is a trend towards a greater increase, for SQJ a trend
towards a decrease occurring between pre- and mid-test, for Wmax a trend towards an increase
throughout the season and for the 20MIAO test there is a possible decrease occurring between midand post-test.
Also a possible group difference is depicted. The senior group appears to have a trend towards a
decrease in 20MIAO performance and an increased VO2max in the last part of the season whereas
the junior group appears to maintain their performance in these measurements.
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0
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W
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0
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0
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▲
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0
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♦
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▲
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0
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Figure 7: Graphical presentation of the pre-, mid- and post-test results. Dark-grey lines (♦) represent the
senior group whereas the light-grey lines (■) represent the juniors. The combined results (▲) with one
standard deviation are represented by the black line (similar colouring is used in following graphs unless
mentioned). Significant changes compared to pre-test are depicted by one symbol and tendencies by two.
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The post-hoc analysis of the possible changes over the season, are seen in Table 7. A complete table
of the underlying test-results is listed in Table 11 in appendix 3.
Table 7: Post-hoc analysis on pre-mid, mid-post and pre-post changes. Bonferroni corrected significance
levels: p< 0.016 is considered significant and marked by * and p<0.033 is considered a tendency and marked
by **. Large effect size ( ohen’s d) is marked by bold.
Pre-mid
Mid-post
Pre-post
N=11
20MIAO test
p=0.45, d=0.18
p=0.13, d=-0.51
p=0.20, d=-0.38
 Average mean power (W)
p=0.98, d=0.01
p=0.21, d=-0.91
p=0.03, d=-1.30 **
o Senior
p=0.18, d=0.60
p=0.28, d=-0.19
p=0.63, d=0.31
o Junior


Mean power/body mass (W/kg)
o Senior
o Junior
max
test
2
 Wmax
o Senior
o Junior
S.M.A.T.
 VO2max (ml O2/min)
o Senior
o Junior


Velocity last shuttle (m/s)
o Senior
o Junior
Vertical jumps
- SQJ
o Senior
o Junior

p=0.28, d=0.40
p=0.45, d=0.68
p=0.38, d=0.25
N=10
p=0.03, d=0.10 **
p=0.02, d=0.45 **
p=0.24, d=0.20
N=9
p=0.01, d=0.92 *
p=0.02, d=0.88 **
p=0.24, d= 0.74

p=0.14, d=-0.57
p=0.16, d=-0.95
p=0.72, d=-0.07

p=0.38, d=-0.27
p=0.11, d=-0.91
p=0.63, d=0.20

p=0.69, d=0.10
p=0.84, d=0.12
p=0.62, d=-0.17

p=0.26, d=0.21
p=0.05, d=0.61
p=0.91, d=0.03

p=0.25, d=0.17
p=0.61, d=0.05
p=0.39, d=0.56

p=0.00, d=1.12 *
p=0.03, d= 0.95**
p=0.01, d=1.18 *

p=0.00, d=2.43 *
p=0.01, d=2.14 *
p=0.23, d=2.53
N=11
p=0.05, d=-0.41
p=0.03, d=-0.93**
p=0.95, d=-0.01

p=0.17, d=-0.02
p=0.39, d=0.00
p=0.42, d=0.06

p=0.00, d=2.40 *
p=0.01, d=2.14 *
p=0.03, d=2.68 **

p=0.05, d=0.71
p=0.09, d=0.59
p=0.20, d=0.76

p=0.43, d=0.24
p=0.29, d=-0.26
p=0.22, d=0.77

The post-hoc analysis outlines the same results as the mentioned trends of Figure 7.
SMAT
The SMAT shows a significant and large improvement in skating speed from pre- to mid-testing for
the groups combined. There was no changes occurring between mid- and post-testing.
2max

The

test

2 max

test on cycle ergometer displayed only a small tendency towards improvement of

Wmax from pre- to mid-test, with changes occurring primarily in the senior group. No changes
were found on absolute or relative

2 max.
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Vertical jumps
SQJ average power development does not change significantly during the season. From pre- to midtest, there is tendency towards a moderate decline in the senior group with no sign of change in the
junior group.
CMJ average power was also examined, but no significant change in performance was found.
20MIAO performance
No significant changes in performance were found for the combined group. The senior group had a
large tendency towards a decline on the 20MIAO performance at post-testing. The juniors on the
other hand had a small but insignificant improvement in performance. Blood lactate during the
20MIAO averaged 14 mmol/L and did not change significantly throughout the season.
When compared at post-test, the seasonal change of the 20MIAO test mean power had only trivial
correlation with changes in SMAT speed (r=-0.04), absolute

2 max

(r=0.02) and Wmax (-0.12)

from the incremental cycle ergometer test (not presented in table). This indicates a different
development throughout the season.
A further clarification of the possible difference between seniors and juniors is presented in Figure
8, showing the development of mean power of the individual work periods of the 20MIAO test. The
junior players have a similar development in all three test rounds. The senior players on the other
hand generally appear to perform worse during post-testing, especially in work periods five to nine.
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Mean power of 20MIAO test individual all-out work periods
Seniors - Pre

690

Senior - mid

W

640

Seniors - post

590

Juniors - pre

540

Juniors - mid
Juniors - Post

490
440
1.

2.

3.

4.
5.
6.
7.
Number of work period

8.

9.

10.

Figure 8: Development of the mean power of each 35s work period during the 20MIAO test at pre- (square),
mid- (diamond) and post-testing (circle) for both the senior (dark-grey) and junior (light-grey) group

4.3 Training and matches
When examining the physical stress from training and matches throughout the season, differences
and uncertainties from the registration methods, makes a statistical approach inapplicable. Although
no clear conclusions can be drawn from this, Figure 9 is a graphical presentation of number of
matches played and Figure 10 shows the time spent on training and time spent playing matches, as
estimated by multiplying number of matches with the average of 16 minutes playing time per match
as reported by Cox et al. (1995). As registered by the Norwegian hockey association, the senior
team players on average played more matches during the season than the junior team players. The
number of matches played was highest in November and January. Some of the players from the
senior team occasionally assisted the junior team and therefore had more matches.

Number of matches
played on average

15

10

All
Senior

5

Junior

0
sep

oct

nov

dec

jan

feb

mar

Figure 9: Average number of matches played based on game-statistics from the Norwegian hockey
association.
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Compared to training, the time spent playing in matches appears low (Figure 10). The majority of
training was performed on ice. Focus for the on-ice training during the season was, based on
registrations from players and discussions with coaches, primarily technical and tactical and not
physical (e.g. interval, sprint or circuit training).

Training time

40,0

Hours per month

30,0
On-ice

20,0

Strength
Other Off-ice

10,0

Matches

0,0
Sep

okt

nov

Dec

Jan

Feb

Figure 10: Overall training time throughout the season as based on training plans and diaries. Time played
in matches was estimated by number of matches played and an average of 16 minutes per match.

Table 8 shows the average training time in each team. When taking the differences in registration
(individual training diaries and team training plans), and the uncertainties this lead to, into account,
there are indications that the junior players spend more hours training than the seniors.

Table 8: Training time in each team during the competitive period. *Based on training plans, ** Based on
team recommendation on individual training, *** Based on player diaries.
Training time (hours per month)
On-ice
Strength
Off-ice

Senior
25.82*
5.33**
2.0*

Junior***
33.41
18.31
3.78
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5. Discussion
The main findings of the present study is especially the seasonal development of the novel 20MIAO
test compared to other tests and the very high relationship between the 20MIAO test with both onand off-ice tests at pre-testing. A decreased performance is measured in the senior group in the
second half of the season, which is not indicated by other test results. Also the possible relationship
between decrease in performance and training is of interest.

5.1 Relationship between performance tests
The results showed a strong relationship between the 20MIAO test and the O2max and 3000m run
performance. This finding is consistent with the initial hypothesis and not surprising considering the
length of these tests and the expected high proportion of energy from aerobic metabolism needed.
Influence of body mass
The conclusion is however unclear as body mass appears to affect the results differently depending
on the testing mode. It seems logical that larger well-trained subjects in general h ve higher
bsolute

2 max

and ability to produce power during ergometer cycling and vertical jumps than

lighter subjects. Lighter subjects may on the other hand have an advantage on 3000m run because
of less body mass. The same can be argued when comparing the off-ice test results to the on-ice
SMAT. Body mass may be of less importance when skating than running or cycling. This is
supported by the higher correlation of the 3000m run with the SMAT when adjusting for mass.
Montgomery (1988) described how added mass increases frictional resistance and negatively affects
skating repeated sprint performance. Potteiger, Smith, Maier, and Foster (2010) finding the same,
leaner subjects having a better performance in an on-ice repeated sprint test. These studies did not
mention whether mass influences differently compared to running or cycling.
Measures

2max

The estimated absolute O2 max from the SMAT was nearly perfectly linked to the measured
O2max from the incremental test on the cycle ergometer. This relationship could be expected as
the SMAT is developed to estimate this feature and is similar in the incremental design, despite the
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difference in exercise mode and the intermittency of the SMAT. In a small study (n=6) by Dreger
and Quinney (1999), no evidence of difference in neither rel tive nor bsolute

2 max

was found

in discontinuous testing (2min/2min) on skating treadmill and cycle ergometer. It could therefore
appear that testing mode does not affect the

2 max

results when comparing skating and cycling.

It is however interesting that the relationship in the present study seems to disappear when
comparing the

2

related to weight. Koepp and Janot (2008), in a study comparing running and

treadmill skating protocols, also found rel tive but not bsolute O2max from a discontinuous
(2min /2min) treadmill skating protocol to be significantly different from continuous running
protocol (on treadmill). This is not surprising if considering a possibility of lesser impact of body
mass when skating. Although the estimated and measured values were closely correlated, the
estimated values from the SMAT were significantly lower than the measured

2 max.

This

supports the finding of Koepp and Janot (2008) but is inconsistent with that of Durocher et al.
(2010), finding higher

2

values when skating.

Use of the SMAT
The SMAT has shown high test-retest reliability (r=0,92)(Leone et al., 2007), but also has a
tendency to divide the results into levels because of the incremental design and that each level lasts
one minute. It is therefore not meant to differentiate between subjects completing only a few
shuttles on the last levels with subjects completing almost the entire level. A way of getting around
this problem could be to calculate the total distance skated or the last minute average regardless of
pause. This may explain some of the difference between performances on last completed level
versus last shuttle. The estimation formula based on the SMAT performance was established on
results from a younger group (14.7±1.5 yrs) than in the present study. Both skating abilities and
aerobic capacities are very likely to change with age and experience.
20MIAO test
The 20MIAO test mean power showed very strong relationship with the esti
2 max

from the SMAT, but not as strongly with last shuttle speed ( nd esti

2 max).

The relationship was equally strong as the results of

2 max

ted bsolute
ted rel tive

test. This close relationship

is somewhat unexpected because of the intermittent incremental design of the SMAT and the
intermittent all-out design of the 20MIAO test as well as the difference in exercise mode. The
percentage of aerobic and anaerobic energy supply may though be similar in both tests in spite of
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the likely difference in total amount of energy produced (Glaister, 2005). As performance during
the incremental SMAT and maximal cycle ergometer test, with their gradual increase of load, would
rely primarily on aerobic metabolism in the early test stages and anaerobic properties manly in the
final stages of the test, the opposite should apply to the 20MIAO test with its all-out design. The
20MIAO test was closer linked to the SMAT when the estimation was based on speed on the last
completed level, whereas measured

2 max

was closer linked to the estimation based on last

shuttle speed. Although the relationships were only slightly different, it may be a sign of the
proportion of aerobic energy metabolism and usage of anaerobic energy stores.
2max

The relationship between the

2max

test, 20MIAO and SMAT was nevertheless strong. This

possibly indicates that an incremental VO2max test to exhaustion on ergometer cycle may provide
valid information on both on-ice aerobic abilities as well as intermittent-all exercise.
Durocher et al. (2008) however compared skating speed at lactate threshold with relative O2 max,
directly analysed on expired air during an on-ice multistage test using a portable metabolic analyser.
signific nt f ll in

e sured

2max

from pre- to post- testing was found with a simultaneous

increase in skating speed. The mentioned results from Durocher et al. (2008), raises the question if
the correlation between off-ice testing and on-ice skating is only present at the beginning of the
season. In combination with the results of the present study it can also be questioned whether only
the use of bsolute

e sured

2 from

an off-ice test should be used when comparing to results

from the SMAT.
Vertical jump ability
The 20MIAO test also correlated very well with the vertical jumps and especially SQJ (as indicators
for lower body strength). The correlation with the more direct measure of lower body strength,
1RM squat, was however only moderate. As fewer subjects completed this test, the confidence
interval was very wide, making the results unreliable.
SMAT completed level skating speed also showed a high to very high correlation with the vertical
jumps (r=0.56-0.77) and especially CMJ. Farlinger et al. (2007) found a similar result (r=-0.71)
when comparing vertical jumps to a 35m on-ice sprint. As the same study, in consistency with
others (Behm et al., 2005; Bracko & George, 2001; Krause et al., 2012), also found a close
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relationship between on-ice and off-ice sprints, it is therefore surprising that the relationship
between the SMAT and the 40m sprint is small. This could be a result of the decreasing importance
of the alactic energy systems in respect to the total energy produced as the all-out periods are
repeated (Girard et al., 2011).

5.2 Seasonal variations
Skating ability
When analysing the seasonal variation of the test results, only the SMAT skating performance
improved significantly during the season. The post-hoc test showed the change to occur primarily in
the first part of the season. This results corresponds to the findings of Durocher et al. (2008), who,
as previously mentioned, found an improvement in skating velocity from pre- to mid-season, but a
fall in relative

O2max (directly measured, not estimated). The present study found a large

improvement in the estimated O2max, based on the skating speed, but not when directly measured
on the maximal test on ergometer cycle. This significant increase in skating performance is likely
to originate from improvements in skating ability rather than alterations in the energy metabolisms.
Aerobic measures
Although O2max values in this study was in the high end at pre-testing, when compared to several
other studies ranging from 45- 61ml O2/min/kg (Burr et al., 2008; Durocher et al., 2008; Game &
Bell, 2006; Green et al., 2010; Green & Houston, 1975; Green et al., 2006; Peyer et al., 2011;
Vescovi, Murray, Fiala, & VanHeest, 2006), the lack of changes supports the argument that the
stimulation of the aerobic system during a season could be improved.
Glaister (2005) mentions the possible better predictive effect of lactate threshold, a method used
with some success by Durocher et al. (2010), who in contrast to the present study found the
2 max

being higher on-ice than off-ice, also found an increase in oxygen consumption as a

percentage of

2 max

at lactate threshold. To include this measure could therefore be an area of

improvement for future studies.
Intermittent all-out ability
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The use of the 20MIAO test is new and though it was designed to maximally stress both the aerobic
and anaerobic energy systems and the test-retest reliability has been established as high (Figure 5),
the actual ratio provided by the different energy systems, has not been specifically examined for this
test. The overall performance could also be affected by the development of fatigue, with its
underlying causes. It can be argued that these causes may have different effect depending on the
training mode and that the 20MIAO test on the cycle ergometer is not specific enough compared to
ice-hockey. Another argument could be that the overall performance, as presented by the mean
power, is not sensitive enough to measure these changes. The use of a percentage decrement score,
as suggested by Glaister et al. (2008), would be more appropriate. This would however require the
subjects to perform maximal effort in each 35s Wingate test and not focus on the overall
performance. Because of the all-out nature of the total 20MIAO test, this would result in an even
greater stress on the test subjects, which would be ethically questionable. A possible solution could
be to reduce the number of 35s Wingate tests. A test as the one used by Noonan et al. (2007), who
divided e ch ‘shift’ into shorter sprints, may also be an option.
Despite these arguments, the 20MIAO was the only test showing a tendency towards changes in the
last part of the season. This change was only found in the senior group, but with a large effect size
supporting the findings. As examining the magnitude of seasonal change in performance of the
20MIAO test with that of SMAT and

2 max

– relationship was weak with both. Another

interesting finding is the ability in the senior group to maintain the Wmax during

2max

and to

some extent also the power during the first work periods of the 20MIAO. This can be interpreted as
an unchanged ability of the subjects to work at maximal or near-maximal intensities for a short
period of time and thus as an indicator that 20MIAO test measures other properties than that of the
incremental maximal tests. What remains uncertain is whether these properties of the intermittent
all-out ability are changes in anaerobic metabolism, resistance against fatigue, or maybe
psychological factors such as lack of motivation at the end of the season.
Effect of training and intensity
In the seasonal study by Green et al. (2010), a moderate increase in oxidative metabolism was
found. The authors, expecting greater improvements in both the cytosolic and mitochondrial
enzyme activity, concluded that either a lack of training stimulus or an inhibitory effect associated
with heavy training to be the cause. As increasing exercise intensity may enhance oxidative enzyme
activity (Laursen & Jenkins, 2002), by increasing the amount of AMP (adenosine monophosphate)
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through high ATP turnover and activating PGC1α (Peroxisome proliferator-activated receptor-γ
coactivator-1α) through AMP activated protein kinases. PGC1α has been found to be central in
signal pathways leading to increased mitochondrial biogenesis as well as oxidative enzymes (Hood,
Irrcher, Ljubicic, & Joseph, 2006; Laursen, 2010; Schiaffino, Sandri, & Murgia, 2007). Previously
mentioned possible factors contributing to fatigue, such as ROS and intracellular acidosis, may on
the other hand inhibit several enzymes leading to decreased performance (Billaut & Bishop, 2009;
Girard et al., 2011; Green et al., 2010). Another finding by Green et al. (2010) was a fall in muscle
fibre cross-sectional area (CSA), which was the basis of hypothesising a decrease in the vertical
jump strength indicator. A decrease in SQJ was found in the senior group, but not in the junior
group.
A closer follow up on the possible difference between the senior and junior players and registration
of training and match performance would have provided useful information on the physical stress
during a season. Taking the imprecision of the available information into account, some of the
findings were still potentially interesting, especially when considering the possible greater decline
in performance of the senior subjects.
One of the surprising findings was that the junior team appeared to train more both on- and off-ice
compared to the senior team despite the higher league level. This difference was confirmed by the
junior team coaches. The senior players on the other hand, probably played more matches than the
juniors. Estimated time spent on matches is however low when compared to training (Figure 10).
Endurance and strength training was often planned as individual training, especially for the senior
players. As the junior team participated in school planned training, group training was more easily
accessible, possibly also increasing the intensity of the performed training.
These findings support the argument that matches and game-related training alone does not provide
enough stimuli to maintain the physical performance through a season, as mentioned by others
(Durocher et al., 2008; Gorostiaga et al., 2006).
Potential for improvement
The few significant results in the present study may also originate from other factors. First of all the
number of completing subjects was low, increasing the uncertainty of the results. The mentioned
control of training and also of dietary habits during the season and before testing, would improve
the study design. Another issue that could have been relevant to examine, is the difference between
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backs and forwards which, as mentioned in the introduction, is well established in the literature.
Because of the overrepresentation of forwards (Table 2) in the study combined with the differences
between the two teams, this was chosen not to be analysed.
The also mentioned possible problem with specificity and sensitivity of the tests used compared to
which physiological properties actually is needed during a season of ice-hockey brings the question
back to the one raised in the introduction: How to measure ice-hockey performance? Behm et al.
(2005) and Tarter et al. (2009) both suggest the use of a combined score from a test battery, which
seems as a credible approach to answer the question. The results of the present study speak in
favour of including an intermittent all-out test in the test battery.
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6. Conclusions
The first purpose of the present study was to investigate the correlation of a novel 20MIAO cycle
test with commonly used off-ice tests (

2max

cycle ergometer test, vertical jump ability, maximal

leg strength, 40 m sprint and 3000 m run) and an on-ice test (SMAT). The second purpose was to
examine the performance changes of the 20MIAO test, SMAT,

2max

cycle ergometer test, and

vertical jump ability during the competitive in elite Norwegian ice-hockey players.
As hypothesized, the 20MIAO cycle ergometer test displayed strong relationship with both off-ice
and on-ice tests of aerobic capacity such as the SMAT, incremental cycle ergometer

2 max

test

and 3000m run test and also with the indicators of lower body strength, 1RM squat, SQJ and CMJ.
No relationship was found with the alactic anaerobic 40m sprint run test. The overall contribution of
alactic anaerobic energy may be to small compared to the total, primarily aerobic, energy produced
during the test.
The estimated absolute
directly measured absolute

2max

based on the SMAT was at pre-test nearly perfectly linked with the

2max

from the cycle ergometer test. This relationship was weakened

as skating ability developed through the season. In general the off-ice tests relationship with the onice SMAT appeared to be influenced by body mass and the estimated absolute

2

(ml O2/min)

measures was found to be a better predictor than when relative (ml O2/min/kg).
Throughout the season, only the SMAT performance improved significantly as analysed by
repeated measures ANOVA. Post-hoc tests found improvement in skating speed, as hypothesized,
was found to occur in the first half of the season, with the possible improvement being on skating
ability rather than on changes in the energy metabolism. Also as hypothesized, no change in directly
measured

2 max

was found. Vertical jump performance, as measured by SQJ average power,

changed during the first half of the season with a tendency towards decline in the senior group. The
junior group did however not show signs of change.
Although only indicative results were possible, the 20MIAO displayed a different development than
other tests as a decline in performance was seen in the last half of the season, however only in the
group of senior players. This development may be related to time spent on training.
The use of an intermittent all-out test could be valuable to include as part of the teams test batteries
as it appears to display other factors than incremental or continuous tests.
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Appendix 1 – Litterature search
Aim and questions: The aims and questions are divided into two primary and one secondary areas
of interest. The primary areas of interest are “seasonal variation in ice hockey” and “how to test icehockey performance”. The secondary area of interest is the general area of “repeated/intermittent
sprints”.

Where was the search performed?
The search for relevant papers was primarily performed in the Pubmed database, mainly by using
MeSH-keywords (Medical Subjects Heading), with Google Scholar search engine as supplement.
Full-text versions of papers and books were acquired through the libraries at Gymnastik- och Idrotts
Högskolan and Høgskolen I Lillehammer (BibSys).

Keywords used in search
The search was performed in two steps, first a preliminary search was done within the three areas of
interest with the following keywords used:
-

Hockey seasonal variation: (“Hoc ey” ND “Se son”) N T “ ounds nd injuries”

-

Testing of ice-hoc ey perfor

-

nce: “Hoc ey” ND “Perfor

nce”

nter ittent/repe ted sprints: “ nter ittent” R “Repe ted” ND “sprints” (also combined
with keyword “hoc ey”)

The second step was to choose relevant papers and identify the most common MeSH-keywords for
these articles. This was done for the two primary areas of interest and resulted in searches based on
the following PICO-table (Patient, Intervention, Comparison, Outcome).

PICO
Patient /Who

What/Intervention

Humans
Hockey

Seasons
Time factors

Adult
Male

AND

Alternative/Comparison

Results/Outcome
Physiology
Familiarization
Energy Metabolism
Muscle, Skeletal
Physical endurance
Physical fitness
Oxygen consumption

OR
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PICO
Patient /Who
Humans
Hockey
Adult
Male
AND

What/Intervention
Exercise test

Alternative/Comparison

Results/Outcome
Task performance and analysis
Predictive value of tests

Searches resulting in relevant results
Pubmed:
-

-

-

("Adult"[Mesh]) AND "Humans"[Mesh] AND "Male"[Mesh] AND "Hockey"[Mesh]) AND
("Seasons"[Mesh] OR "Time factors"[Mesh])
AND
("Muscle Skeletal"[Mesh] OR "Adaptation, Physiological"[Mesh] OR "Energy
Metabolism"[Mesh] OR "Physical Endurance"[Mesh] OR "Physical Fitness"[Mesh] OR
"Oxygen Consumption"[Mesh])
("Adult"[Mesh] AND "Humans"[Mesh] AND "Male"[Mesh] AND "Hockey"[Mesh]) AND
("Exercise test"[Mesh])
AND
("Task performance and analysis"[Mesh] OR "Predictive value of tests"[Mesh])
(Intermittent OR Repeated) AND (sprint OR sprints)

Comments
The searches related to the hockey specific questions were somewhat difficult to narrow down to
relevant papers. Therefore a wider search approach was used and all the found papers assessed
The opposite problem was the case when searching for papers related to intermittent and repeated
sprints and the contribution of energy systems, the abundance of papers on these subjects required a
narrower search. A greater focus was put on review articles to acquire an overall understanding of the
topics.
The Pubmed database was found adequate to the purpose of this project. Similar searches was
performed using Google Scholar, but this only worked to supplement the findings in Pubmed with few
extra results.
When apparently relevant papers was referenced in papers, it was found in the bibliography and
looked up in Pubmed. Suggested related articles in Pubmed was also used frequently to assure a
thorough search.

OR
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Appendix 2 – Incremental

protocol

Table 9: The wor lo d protocol for the incre ent l
body mass
Body mass

Start Load

Minutes

(kg)

(W)

1

2

70

200

225

75

200

80

test b sed on st rting lo d depending on

3

4

5

6

7

250 275

300

325

350

225

250 275

300

325

200

225

250 275

300

85

250

275

300 325

90

250

275

95

250

100

300

8

9

10

375 400

425

450

350

375 400

425

450

325

350

375 400

425

450

350

375

400

425 450

475

500

300 325

350

375

400

425 450

475

500

275

300 325

350

375

400

425 450

475

500

325

350 375

400

425

450

475 500

525

550
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Appendix 3 – Complete result tables of seasonal variation analysis

As the results of the SMAT were similar when based on speed of the last shuttle and the last
completed level, only results based on the last shuttle are presented.
Table 10: Seasonal variation analysed by repeated measures one-way ANOVA with Greenhouse-Geisser
correction. Significant results are marked by *.

20MIAO
2max

SMAT
Vertical jumps

Mean power (W)
Mean power/body mass (W/kg)
Absolute (ml O2/min)
Relative (ml O2/min/kg)
Wmax
Est. VO2max, shuttle speed (ml O2/min)
Last shuttle speed (m/s)
SQJ (w)
CMJ (w)

Variance analysis
(repeated one-way ANOVA)
F(1.7,17)=2.0, P=0.17
F(1.7,17)=1.8, P=0.20
F(1.3,9.4)=0.9, P=0.40
F(1.4,9.7)=0,7, P=0,46
F(1.3,9.2)=1.0, P=0.37
F(1.5,9.2)=18, P=0.00*
F(1.0,6.0)=23, P=0.00*
F(1.3,11)=2.7, P=0.12
F(1.9,17)=0.6, P=0.55
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Table 11: Test results at pre-, mid- and post-testing, presented as mean±SD. Significant changes compared
to pre-testing is depicted by * and tendencies by **.
Pre
20MIAO test
 Average mean power (W)
o Senior
o Junior


Mean power/body mass (W/kg)
o Senior
o Junior



Blood lactate (mmol/L)
o Senior
o Junior
2max test
 ml O2/min
o Senior
o Junior

Post

N=11
555±37
581±25
525±25

562±41
581±36
540±37

541±43
549±40**
533±49

7.0±0.4
7.1±0.3
6.8±0.4

7.1±0.4
7.3±0.5
6.9±0.3

6.9±0.2
6.9±0.2
6.9±0.2

14.5±1.7
14.7±2.1
14.4±1.1
N=10
4828±440
4988±477
4668±378

14.1±1.3
14.6±1.0
13.6±1.5

13.3±1.5
13.5±1.7
13.0±1.4

4716±413
4910±492
4600±364

4904±462
5106±340
4702±512



ml O2/min/kg
o Senior
o Junior

60.7±4.3
60.9±5.0
60.4±4.1

59.9±3.5
62.5±3.4
58.4±2.8

62.1±3.6
64.2±2.3
59.9±3.6



Wmax
o Senior
o Junior

353±25
367±16
339±27
N=9
4454±473
4562±523
4368±471

355±28**
374±22**
345±27

358±35
376±23
340±37

4892±522*
5024±632**
4716±371

4983±573*
5058±636**
4923±588*

5.12±0.12
5.10±0.16
5.14±0.09
N=11
690±148
764±113
602±145

5.41±0.20*
5.45±0.19*
5.37±0.23

5.41±0.18*
5.45±0.19*
5.38±0.18**

630±134
658±127
601±149

725±164
734±156
715±190

955±207
1063±195
827±148

906±161
962±165
850±153

961±217
1001±214
913±234

S.M.A.T.

o
o

Senior
Junior



Velocity last shuttle (m/s)
o Senior
o Junior
Vertical jumps
 SQJ (w)
o Senior
o Junior


Mid

CMJ (w)
o Senior
o Junior

