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ABSTRACT

Kilpivaara, P. 2012lIce hockey goaltending: physiological loading araing analysis.
Master’s thesis in Science of Sport Coaching andeBs Testing. Department of Biology
and Physical activity, University of Jyvaskyla. gjg.

The ice hockey goaltenders have been acknowledgeduaial components of team success
in ice hockey. The goaltending position differsaghg from forwards and defensemen and is
therefore a very specialized position in ice hockéys of yet, there has not been any in
depth research directed to examine the goalterghnge performance. Therefore, this study
aimed to investigate the physiological loading tfyp;ng a game and also the action and
performance during the game.

The measurements were done in the autumn of 20ddgdihe pre-competitive season. 9
subjects participated in the study of which 4 pthye the elite league (SM-liiga), 2 in the

second league (Mestis) and 3 in the A-junior dbtgue (A-SM). The measurements were
done prior to-, during and after playing a gamecefhockey. The measurements included
physical performance tests (Agility test, CMJ, $iag long jump, Isometric leg press,

isometric trunk flexion and extension) that werenérior to and after the game. Blood
lactate was measured prior to, during and aftergimee and heart rate was monitored for
the entire game. All games were videotaped and/aedlwith three separate video analysis
methods. The actions that the goaltenders perfoueidg the game, the working periods
and their intensity and game performance were agdly

The physical performance tests showed that goadtsnphysical performance declined or
stayed the same from pre-to-post game and that iketlear inter-individual variation in
physical performance from pre to post game. Peidoce changes correlated with the
number of fast/explosive actions that were recofdeh the working duration and intensity
analysis. Statistically significant correlations revefound between the number of
fast/explosive working periods in the game anditygperformance (r = -0,708, p<0,05),
lower extremity power (r = -0,713, p<0,05) and soinall leg measures (r = -0,803, p<0,05).
Blood lactate showed only slight increases frontimgdevels. Heart rate for the entire game
was on average 149 bpm £ 6.3 and averages of 189 16 bpm and 154 bpm for each of
the periods (1-3 periods). The action analysis stbthat horizontal movement by utilizing
c-cuts (skating technique) accounted for most eftttal number of actions (36% / 140,2
+34,7) and vertical movement for 17% / 66,8 +13,6.

The working periods and intensity analysis showed the subjects performed mostly low
intensity working periods, whereas there were dillhigh number of short duration
fast/explosive actions that took place inside adsthlow intensity working periods. The
study indicates that physical performance is prandecline, but that declines are highly
individual. Blood lactate levels indicate that ewbough there are high intensive working
periods in the game, there were adequate recovenpds or amount of low intensity
working periods during the game, to allow suffitcieacovery. Heart rate data indicated a
need for good baseline endurance to endure gani@mpance and promote recovery from
high intensive working periods. The video analyaigl the results from these analyses
yielded important information about the nature &k tphysiological loading, game
performance, demands and trends of the positiorgchndre discussed in further detail in the
research.

Keywords: Ice hockey, goaltending, game analysigsigal performance, actions during the
game, working periods and intensity, game perfogaan
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1. INTRODUCTION

Playing as a goalie in ice hockey is demanding Ipdtysically and mentally. On the

elite level the goalies need to be agile, fastjasipe, have quick reaction skills, good
hand-eye coordination, flexibility and be quick decision making to be able to be
successful. (Bell et al. 2008) The technical andidal skills also have to be well

polished, to be able to play at the top level. didion, the goalie has to be able to
handle pressure and control his/her emotions duhieggame (Magnusson 2008). The
goalie is in the spotlight during the whole gamel die/she needs to stay focused in
every situation and every shot, because otherwtises ihighly possible that the

opposition scores and the goalie gets the blamereTis a fine line between being a
hero or a foe. Making a big save or making a mestaétentially dictates the result of

the game.

An ice hockey game (including ice warm-up) can tageto 3,5 hours, with the actual
game lasting approximately 2-2,5 hours. The goadieds to be able to perform at a
high level during the whole game; he/she does rbtlge chance to rest on the bench.
Even though the goalie is not always active and getest physically, mentally he/she
needs to be aware of what is going on all the titmdge able to be ready for the next
upcoming situation. Even though not many studieseh#een performed with goalies,
some of the research has indicated that most ofjtlaies physical stress during the
game is of low aerobic intensity, whereas theseildensity phases are interpreted by
medium or high intensity anaerobic phases (TwiRl#&des 1993; Vescovi et al. 2006).
The goalie often has to perform fast, explosive em@nts of short duration in different
game situations, whereas there are also phase \wbé&he has to maintain readiness
and move for longer periods of time (e.g. whenirgll penalties) (Twist & Rhodes
1993). This is why the goalie needs to have sefiiicaerobic endurance to endure the
whole game and to be able to recover as fast asibp@sfrom the high intensity
anaerobic actions (Néckel 2004a). The flow of tlaeng itself dictates the ratio of
different working intensities, since the goalie ba®.g. move, maintain ready position

and stop pucks according to what happens on the ice



2. GOALTENDING IN ICE HOCKEY

2.2. Physical performance demands

Ice hockey is a high intensity interval type of gpibat sets versatile demands for the
athlete in technical-, tactical-, physical- and taéualities. Ice hockey is played for 3
periods with each period lasting 20 minutes and assible overtime period.
Intermissions last for 15-18 minutes. Before thengahere is a 15-20 minute on ice
warm-up after which there is a 20 minute break teetbe game starts. The whole game

itself lasts for 2-2,5 hours.

Players shifts last on average 30-60 seconds. ®uhe shift the player skates on
average 250-300 meters and 5-7 kilometers durireg éhtire game. The player
completes on average 20-25 shifts, with 3-5 minoffesecovery after each shift. The
game itself and the skill performances demandeafasbort and high intensive nature.
The performances are repeated sprint type actvéia are mostly of anaerobic nature.
To succeed in ice hockey, a well developed- andatide fitness is needed. Speed,
anaerobic-, aerobic endurance and strength abiliiee highlighted in the sport

performances. (Westerlund & Summanen 2001)

The starting point is different for goalies, sirtbe goalie is on the for the duration of
the whole game. The goalies position is very spedif relation to the players and

demands well developed technical skills, physiitakss and psychological abilities. To

play on the elite level, the goalies need to pasgesd agility, -speed, -explosiveness, -
reaction skills, hand-eye coordination, - flexityiland to be quick in decision making.

(Bell et al. 2008)

The actions of the goalies during the game are aclerized by fast, explosive

movements of short duration, between which theesrast periods and/or periods of
lower intensity actions (Twist & Rhodes 1993). Tdmalies physical characteristics
often differ from players. Goalies often achieveaker results in endurance, strength
and power tests in relation to players. On the reopt goalies often achieve better
results in especially flexibility. (Vescovi et @006)



2.2.1. Endurance

In research performed with junior level goaliespraximately 75% of the game
performance has been observed to be of low interait% medium intensity and 4%
high intensity (Vescovi et al. 2006). In old timescreational hockey games average
heart rate within 9 subjects was 143 BPM, whiclapproximately 64% of max heart
rate (Montgomery 1988). It is highly possible thihese percentages are somewhat
different in elite level senior games. It shoulscabe remembered that the level of one’s
team and/or their level of play effects the demaselson the goalie. The amount of
time spent defending and/or attacking as a teamcttlr relates to the amount and

duration of scoring situations and shots that thedig faces.

On the base of the preceding, the goalie’s gami@npeance consists of both anaerobic
and aerobic actions and therefore the game perfarens divided in two dimensions.

In scoring situations or when the opposition hasghck in the goalies own defensive
zone, the goalie is often obligated to perform fastl explosive actions for which

energy is produced mainly through immediate ensmyces (ATP & PCr). The goalie

may have to maintain ready in the basic stancemaode for longer periods of time

and/or make several saves in a short period of fiome/hich energy is produced mainly

through glycolysis. In these situations a significamount of lactic acid is produced
and acidity is increased. Post game lactate measmts have indicated that blood
lactate values of goalies are usually not signifia higher than before the game.
(Twist & Rhodes 1993)

Aerobic energy production is most evident when glaene is not in the goalies end
and/or there is no immediate scoring threat. Tteig is still involved in the game at
all times and that is why the level of aerobic aadge needs to be sufficient to endure
the whole game and to be able to recover as fappssible from the high intensity
anaerobic actions (Nackel 2004a) On the basis efptlevious indications, one could
assume that the lower intensity periods duringghme and the intermissions makes
removal of lactate possible and thereby the gomlieable to recover from these

anaerobic actions quite well already during the gam



2.2.2. Strength

As mentioned already earlier, the game actionb®f@balie is characterized by fast and
explosive movements of short duration which areasspd by periods of rest and/or
lower intensity actions (Twist & Rhodes 1993). Thwsuld indicate that especially

power and explosive strength qualities are highdéidhin the game performances. In
goaltending, most vital is the amount of force proebl in a short period of time.

Explosive strength and power is highlighted esplgcia the upper body, because the
saving actions of the upper body (arms) are maosnofast and explosive. Still the

goalie needs some basic strength in the upper lasdwell for e.g. stick handling.

(Nackel 2004a)

The strength demands on the lower extremities #arlg more versatile.(Nackel
2004a) For example muscle endurance plays a keyinok.g. situations where the
goalie has to stay in the basic stance for longeiods of time (Twist & Rhodes 1993).
To be able to move fast and explosively (Twist &gbs 1993; Vescovi et al. 2006;
Bell et al. 2008), demands are set on explosivepamger qualities.

2.2.3. Speed

The game demands very fast reaction speed, agiliysport specific movement speed
of the goalie to be able to save and move quickijjenmaintaining readiness during the
entire situation. Research on NHL goalies indidhtt goalies should have good be
fast, explosive and agile and in addition haveicieifit endurance to be able to repeat
fast lateral-, vertical and up-and-down actionstfa entire 60 minute game. (Bell 2008
et al. 2008)

This indicates that the goalie needs to have géatirg)-, movement-, reaction speed
and agility. In goaltending the most highlightedrtpaof speed are reaction speed,
explosive speed and “speed skill’/agility (NackéD2a). An additional challenge is set
on the goalie due to the bulky equipment and thathy sport specific speed and agility

is vital.



2.2.4. Flexibility

Goalies usually possess greater flexibility guaditithan the players. This is to be
expected, since the goalie is expected to have dtdbility and it has been
emphasized in goalie training (Twist & Rhodes 1998scovi et al. 2006). The goalie
often has to react fast and move his/her body tiirdarge ranges of motion (Vescovi et
al. 2006). This means that for optimal performaribe,goalie needs to have sufficient
range of motion in different joints. The power, speand precision of the performance
are compromised if flexibility qualities are nofffscient. (Nackel 2004a)

Flexibility is highlighted in many situations, berse the goalie has to be able to reach
as high range of motion as possible in many saweele able to stop the puck and to

still maintain a well balanced position. (Vescowak 2006; Nackel 2004a)

2.2.5. Motor skills

Goalies need to have good movement skills, cootidimabalance and body control.
The goalie needs good movement skills and coordimafor example, to perform
different save techniques and to save the puchkdtition, it is vital that the goalie is
able to control and balance his/her body extrenvedyl to e.g. be able to maintain

readiness to stop the puck while scoring chandésrM@ach other.

General motor talent is to some extent hereditad/ @ goalie with good motor talent
learns new movements faster and has a larger motemedel “bank” in his/her use
The reach the elite level, the goalie has to hastomtalent and skills to be able to
quickly interiorize and perform different sport sgie actions. (Nackel 2004a).
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2.3. Psychological demands

The playing position of the goalie is mentally afeghe most demanding, if not the
most demanding in ice hockey. The goalie has talibeto concentrate for the duration
of the entire game and still be able to focus leisattention to each single situation at a
time. The goalie is in a very centered position mirenking of the outcome of the
game, his/her performance can determine the wiossrof the team. Under this
pressure, the goalie has to be able to managedksyve situation and preferably even

feel more at home when the pressure increases.niddagn 2008)

Elite level goalies are most often controlled arehtally balanced, even if he/she has
let in a goal or made a great save. Players oégsesif the goalie is calm and confident,
or if he/she get aroused easily or acts nervousasy shots. An elite goalie often
"glows” of confidence by stopping pucks, of courset also by controlling his/her
emotions in every situation. (Miller 2001) Mentaéparation is vital and the goalie
needs to practice to cope with the game situatidmen the goalie learns to control
his/her emotions and thoughts, he/she is bettertalitontrol anxiety and pressure

situations. (Magnusson 2008)
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2.4.Technical skills

Game stance

The game stance is one of the first things thabatgnder should learn to be able to
have good game- and save readiness. All movemedtscetions that the goalie does
should start form and end in the game stance. ©abegcan make e.g. saves or skating
motions, but should always aim to recover to then@atance. A good stance is one
from which the goalie can move well in any dirent&End where the goalie can stay for
longer periods of time. (SJL 2002; 2008)

The stance is very individual and it is dependenth® goalies style of play. Generally
one could say that there are three different gataecss; narrow stance (a stand-up
goalies stance), wide stance (often used by blyttsetyle goalies, FIGURE 1) and a
hybrid stance ( a intermediate version betweem#reow and wide stance). Nowadays
most goalies prefer to use the wide or hybrid stabecause they make dropping down
on the ice into the butterfly position faster andke skating (moving) more efficient
when the angle of the skate blade is more optimgainst the ice. (Daccord 2008)
Playing with a wide basic stance may make latelament somewhat more difficult
and that is why the goalie should have good skatkilts and edge control. (Magnusson
2008)

The basic elements of the game stance are:

- Feet slightly over shoulder width apart and leneent

- Back straight and upper body slightly tiltedviard

- The blade of the stick on the ice and coverivgyfive
hole

- Gloves in front of the body, out from the bodjpout at
the same lateral level and directed towards thuk p

- Weight evenly distributed on both skates

- Upper body relaxed
- Eyes on the puck FIGURE 1. Wide stance (Ropponen 2002)
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Skating and movement techniques

The goalies skating can be divided into so calledmal skating, which is the same as
with players, and so called technical skating, Wwhgcgoalie specific skating. The basic
conditions for good technical skating is good basiating skills and the right basic
stance, good balance, -agility, -speed, -coordinatatnd - game sense. In game
situations it is important that the goalie alwaysves according to- and stays square to
the puck, maintain a solid basic stance, maintaadiness to make a save, moves with
correct timing and strives to always stop into gjaene stance before the save (making
the save while stationary). The goalie shouldssttdo never needing to hurry to make
the save, rather always being able to move and lséme the shot. (SJL 2002;2008)
Skating skills are the foundation to goaltendingl @angoalie that moves well is also
often a goalie who succeeds. This is somethingsiz a challenge for both technical
skills and physical abilities. (SJL 2008, Magnus2608)

According to the Finnish Ice Hockey Association L(S3002;2008), the skating

techniques can be divided as follows:

TABLE 1. Ice hockey goaltender movement techniqivsdified SJL 2002; 2008)

Horizontal movement

- C-cuts

- T-push

L ateral movement

- Shuffle

- T-push

- Sculling

- Crossover start

Stopping techniques

- Two foot plow stop

- One foot stop

M ovement techniques while down on theice

- Half-butterfly movement

- Paddle down movement

- Moving in the butterfly position

Recovery techniques
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Positioning

The primary aim in goaltending is to be positiohetiveen the centre of the net and the
puck at the moment of the shot. The goalie aimsdeer or by using some save
technique, prevent the opponent from scoring irfeteht goal scoring situations.
Through optimal positioning the goalie aims to aoae much of the net as possible.
This means that the goalie must master both latemald vertical positioning.
Positioning can be thought of as a part of the s&eeause through optimal and
optimally timed positioning the goalie gives hinerkelf a better chance of making the
save and prevent the opposition form scoring. Thmgry target is that the goalie
should always strive to be able to move and geitipned optimally before the initial
scoring chance or shot and this way be able tosfotaximally on making the save. The
foundation for optimal positioning is good game sen-skating technique and —
physical abilities. (SJL 2002; Ekholm & Nykvist 189

In most situations, the goalie should aim to batmesed horizontally on the top of the
goalie’s crease. When the goalie is positionedopnaf the crease, he/she covers most
of the net effectively and is able to save shotenfrfurther away through reacting.
Horizontal positioning becomes even more importémén the play is close to the net,
because there is very little time to react and ihiwhy the goalie often has to rely on
stopping the puck through maximally covering withme save technique (most often
the butterfly technique). (Mikkola 1987)

Still it should be kept in mind that the goalie sltbnot position him-/herself wrong
horizontally or laterally. If the goalie plays taeep in the net he/she doesn’t cover as
well and this opens up more space for the opposibascore. By playing too far out of
the net, the goalie puts him-/herself in danggslaying him-/herself out of the situation
in case of a pass or a fake. If the goalie posstibim-/herself wrong laterally, this

means that some part of the net is more open @imgr (Mikkola 1987)
Savetechniques

The goalie should have a wide collection of sacbrie@ues, which he/she modifies and
uses in different situations. Game analysis havealed that in modern goaltending,
the goalie saves most shots by dropping down oicéhmto the butterfly position. This

is why the butterfly save has become the most sagd technique in the modern day.
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By utilizing the butterfly save, the goalie gainsog coverage and a good readiness to
make the save. (Nackel 2004b) The butterfly saweryg effective to save shots on the
ice and low shots. In the butterfly save, the godliops down on both knees, the pads
and stick covers the five hole and by bringing éines and gloves out, one is able to
cover the armpits. The butterfly position shouldst&ble, upright and the hip should
stay high. (SJL 2008)

One should be able to use the butterfly save inrititg place and right time, but it
should be remembered that it is not the only péssidve technique (Korn 2005). The
different save techniques can be divided accortintpe height of the shot (FIGURE
2). The shots can be divided into shots on thelave shots and high shots. The shots of
different height can be caught with the glove, $ractd into the body or directed away
from the net by using the stick or other equipméddL 2002; 2008)

Korkea Korkea Korkea
Laukaus Laukaus Laukaus
kohti

Matala Matala Matala
Laukaus Laykaus, Laukaus
Iohti

Jadlaukaus Jadlaukaus Jazlaukaus
kohti

FIGURE 2. Save techniques divided according to bkaht (SJL 2002).

Even though the height of the shot to some extetdrthines the selection of the save
technique, the goalie often uses the same technasave shots of different heights
(e.g. butterfly save). Save techniques are alsenoftivided into stand-up saves and
saves while down on the ice. Stand-up saves areadiesaized by the fact that both
skates stay on the ice whereas saves on the iadtanebutterfly saves where both pads
are on the ice. The principle behind all the ddfarsave techniques is that the goalie
should be able to select the most proper save igpotaccording to the game situation.
(SJL 2008; Magnusson 2008)
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Stickhandling

The goalies ability to handle and play the puck lsome more and more important in
modern ice hockey. The goalie needs to be ablemdribute both to prevent scoring
and by playing the puck to promote the play of Hes/own team. The goalie has to
master the different stick handling techniquesaliee he/she needs to able to take part
in the game both close to the net and outside tiadieg crease. The goalie has to be
able to e.g. pass the puck, intercept passes)gidag pucks and clear the puck out from
the own defensive zone. (Daccord 2008; SJL 200ick $iandling techniques can be
divided into passing and clearing with a two hamgh @r with one hand grip, poke

checks, stopping shoot-ins and intercepting pa¢Sds 2007)

2.5.Tactical skills

Game sense

In the Finnish Ice Hockey Associations educatioriemal (2008) game sense is divided
into understanding the game, reading the game acdidn making. In goaltending
game sense is the ability to make right decisionih wespect to preventing the
opposition from scoring and the transition gamedifidnally, it is an understanding of
the right models of action, right movements andoastand their execution in the right
time and place in different game situations. Thaligohas to understand and read the
game correctly, to be able to function and makeist@ts according to the game
situation.(SJL 2008)

Understanding the game in a wider perspective leta@ to understanding the basic
principles of the offensive- and defensive gamed&sstanding the game specifically
form the goaltending perspective is an understandirthe aims of goaltending and the
principles of cooperation with the players of one@wn team. The goalie has to
understand the meaning of optimally timed and etegtpositioning and movement in
different game situations. The goalie has to undedsthe effects of the players and
pucks movement, -direction and speed on the gardebanable to understand and
observe these. (SJL 2008)
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Reading the game requires the ability to interpret read the scoring game. It requires
the observation of the puck, opposition and owiygrig and their location, direction of
movement and speed in relation to the ice surfades@uation. The key in reading the
game is the ability to anticipate and react to fiimthcoming scoring situation in the
right way. The goalie has to be able to pay atentd the oppositions puck carrier and
the most dangerous non puck carriers. (SJL 2008)

The goalie has to be able to choose a relevant g&itien accordance to the scoring
situation based on his/her understanding and rgaafithe game. The goalie cannot
anticipate the save action, although he/she caedbas so called advance information

estimate where the shot is going to be directedl. gH08)
Horizontal/Depth positioning

The horizontal positioning of the goalie was alsediscussed in the earlier part, here
there will take a more closer look at depth positig. Many different sources favor the

top of the goalie areas crease to be a good gjapmint in most cases for depth

positioning (Daccord 2008; Nackel 2004a; SJL 2008hen the goalie plays on top of

the crease he/she covers the net sufficiently susdill able to react to shots and cannot
be played out of most situations e.g. followingatetal pass. In addition, when the

goalie is positioned on the top of the crease, saveements are shorter in relation to
playing deep in the net which improves save qualitgt puck control. (Nackel 2004a)

On the contrary if the goalie is positioned far othee top of the crease, moving to e.g.
rebounds becomes much more difficult and the gamsly plays him-/herself out of

the situation (Nackel 2004b). The depth positionoighe goalie in game situations is
constricted by e.g. open players at the back pasgens and traffic in front of the net
and coming late into a situation when the primapglgs to get centered to the puck.
(SJL 2002)

Net coverage

Background: reacting. The basis for positioning in different game sitaas is to some
extent based on physiology, namely reacting. Readtias two phases: reaction time
and reaction movement (response time). Reactioa ignintrinsic reaction and there is
no movement involved. Not until the reaction tinss Ipassed, reaction movement (save

movement) can start. The goalies reaction timegarae situation is approximately 0,2
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seconds and not until this time the goalie canqgperfa reaction movement(save
movement). There is also a slight delay involvedh@ save movement, depending on
the movement and the limb that performs the movénteraddition, e.g. the weight of

the gear affects the speed of the movement. (M&kkOB7)

The fastest save movement is the movement of tbheeghand approximately 0,2
seconds. Saving a low shot with the pad can ldss€;onds. Based on the previous, the
goalies time to make a save can be calculated mpabng the reaction time and save
movement time together, which means the time frioenabservation to the actual save.
The time it takes to make a save in adults varwéeen 0,25-0,6 seconds depending on
the situation and individual. (Mikkola 1987)

When relating this to a game situation, if a playekes the slap shot at 115 km/h from
10 meters away, the goalie has 0,31 seconds timake the save. The time the goalie
has to make the save is based on the distance teetrand the speed at which the puck
is shot. The goalie usually makes the save wheshbethas more time than what is
needed to make the save. Whereas if the timetibajdalie has to make the save is less
than what is needed, the puck will go in if it doedit some body part of the goalie.
The goalie can decrease the time needed to ma&eeaifshe/she is able to anticipate
the direction of the shot according to a visual jus¢ before the shot. An anticipation of

even a split of a second may result in a saveadsté a goal. (Mikkola 1987)

Net coverage and blocking. In close situations the goalie doesn’t have timprtperly
react to shots and most often strives to stop tek oy blocking, positioning and
moving. Timing is very important when performingbdocking save. In blocking
situations the goalie can often through advancerimétion of the situation, make the
selection of performing a blocking save. It is Vitat the save is not performed to
early, because then the puck carrier can chandgeehidecision and for example move
laterally with the puck. The closer the puck ighie net, the more the goalie is able to
cover of the net. On the contrary, the further advagn the net the puck, the less is the

advantage of coverage. (Mikkola 1987)

Depth positioning is the most vital thing in regdodnet coverage and its meaning is
increased the closer to the net the shot comes.bUtterfly save is a effective save
technique to cover especially low- and shots orideeThe goalie covers quantitatively
more of the net in the butterfly position than lre tbasic stance. (Mikkola 1987) Even
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though the goalie is essentially striving to coblerdk the shot, he/she should strive to
keep his/her arms and gloves actively in front e body and directed towards the
puck. This way he/she is able react to situatishets, rebounds and to optimally cover
high shots to which he/she doesn’t have time tatrd®accord 2008; Nackel 2004b;
Ropponen 2002)

Save selection

The goalie should select the type of save useddbasehe area and place where the
shot comes from. The defensive zone can be dividedfour different sectors when
looking from the scoring perspective and from tloalges perspective, which type of
save is reasonable to use from different sectoigh Véspect to the selection of the
save, it is important notify how much of the neeaan cover with different saves, how
much time one has to make the save (reaction) dad type of save is most reasonable
for being ready for continuum of the game. The deifee zone can be divided into
shots from distance, shots from narrow angles,ssfrotn the scoring area and close
situations. (Nackel 2004a)

Shots from distance. Shots from distance mean shots from that distaree twvhere the
goalie has time to react to the shot. It is mayliffecult to define the exact line where
this distance is since it is affected by the sikz¢he rink, quickness and speed of the
shot and the goalie’s individual reaction abilibyt in general it can be thought of as
been at the level of the top of the face-off cirated above (FIGURE 3). Shots form
distance should be stopped by reacting and thesavée performed either by using a
stand-up save or a save on the ice. It is essé¢nsiithe goalie doesn’t anticipate the
shot and that the he/she is patient to read whershot is directed. (Nackel 2004a)

FIGURE 3. Shots from distance
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Shots from narrow angles. Shots from narrow angles mean shots that are shot the
outside of the face-off dots in the defensive ZzH&URE 4). As a general rule in these
shots is that the goalie saves these shots by wamgl-up saves. The narrower the
angle, the more beneficial it becomes to play itheagon by standing up, because the
net gets narrower (viewed from the puck’s perspettihe further the puck is taken to
the side whereas the height stays the same. Thi&evet is well covered with the
butterfly save, but the armpits are often left opsgardless of the sector form which the
shot comes and how far out from the net the gqabgs. By playing in a stand-up
position the goalie can cover almost the entire hhes$ still vital to remember that the
basic stance should be narrowed by bringing the pagkther so that the five hole can
be covered. (Nackel 2004a)

In narrow angle shots the goalie can play a ligeper in the net positioning wise,
because the goalie can cover the net by less gesilioning. When the puck is taken
to a zero angle, the goalie should move next tptst and make sure to cover the holes
next to the post. (Mikkola 1987) Another save teghe that can be utilized in narrow
angle shots is the one pad up save or post loael Jde post load may be used in
narrow angle shots that come closer to the netkom#é$ and when the puck carrier

drives the net for below the goal-line. (Magnus2608)

FIGURE 4. Shots from narrow angles (Nackel 2004a)

Shots from the scoring area. Shots that come from the scoring area(FIGURE 5hatn
be saved purely by reaction. The butterfly savérigpie is often most effective,
because covering the net optimally becomes vitéhése situations. The goalie should
aim to be positioned on the top of the crease vgeeforming the butterfly save, so that
he/she is able to cover the ice level as effegtiasl possible while the arms and glove
and blocker covers the top corners. (Nackel 2004 dxst situations it is still vital to

keep in mind that the goalie should first move &b centered to the puck and after that
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start to narrow down the angles by moving out. §€& Hannon 2002, 144). The

goalie must be able to make save movements witthdrisarms and gloves in the

butterfly position to be able to maintain good puwdntrol and neglect unnecessary
rebounds (Néckel 2004a). In some situations whHegeshot comes from close distance
and there is minimal reaction time, it may be bettetake a more blocking type of

butterfly position and bring the arms and gloveghtly into the body. (Magnusson

2008)

FIGURE 5. Scoring area (Nackel 2004a)

Plays close to the net. Plays close to the net (FIGURE 6) often emerge wa@hayer
drives to the net, passes the puck to the net envahrebound or loose puck is created.
These situations are approximately 1m away frongtiadies crease or closer and that is
why the goalie should preferably utilize the butjetechnique or by using the paddle
down technique. Maximal coverage is vital in plalese to the net. The paddle down
technique is somewhat wider than the butterfly mémpie, which may be an advantage if

the situation changes slightly laterally. (Nacke02a).

In the butterfly save one may reach the same cgeeog bringing the arms in front of
the body and by closing the armpits (Nackel 2004de butterfly save’s strength
compared to the paddle down, is that it enables tonenove more effectively in
different directions and thereby brings about Wwetta@diness for e.g. rebounds. In close
plays, it is vital that the goalie can maximallyveo the net and remain readiness to
make a save.

I . .

. e

FIGURE 6. Plays close to the net (Nackel 2004a)
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Cooperation between the goalie and the players

The cooperation between the goalie and the playetse team has to be on a good
level for the team to succeed (SJL 2006). The gade’s the game and the creation of
different situations very well from the net. Theafje should be vocal to guide and help
his/her own teams play. When the goalie helps thgeps, making decisions becomes
easier and knowledge of the situation assists thgepgs decision making. (Daccord
2008)

There are several situations in the game where tisea need for the cooperation and
communication between the goalie and the playeos. éxample different scoring
situations, screens, dump-ins and rims and guidahdbe defensive game requires
cooperation and communication. The cooperation, ncomcation and actions in
different game situations should be agreed up@uirance, practiced and functional so

that it actually serves the game of the team. R06)

For example in 2 vs. 1 situations the most comngneexd mode of action is that the
defenseman plays between the two opponents andssta position him-/herself so that
he/she can cut down the shooting- and passing amglehen preventing the pass and
leaving the puck carrier for the goalie. Anothea®ple is dump-ins and rims, where
communication between the goalie and the playampsrtant so that the goalie knows
what to do with the puck after e.g. stopping itindithe net. (SJL 2006)
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3. ACUTE METABOLIC AND NEUROMUSCULAR
RESPONSES TO REPEATED HIGH INTENSITY
EXERCISE WITH REGARD TO TEAM SPORTS

The actions of the goalies during the game are aclerized by fast, explosive
movements of short duration, between which theeerast periods and/or periods of
lower intensity actions (Twist & Rhodes 1993). Hbgbk performance measures in
goaltenders from games have not been widely studiet there is limited available
information from actual research performed withlgsa Some reports exists that give
direction to the physical loading of the game perfance.

In research performed with junior level goaliespraximately 75% of the game
performance is of low intensity, 21% medium int&nsind 4% high intensity (Vescovi
et al. 2006), but it is highly possible that theszcentages are somewhat different in
elite level senior games. Since the goalie’s astionthe game depend to mostly on the
flow of the game, the actions may vary from vergrslsingle actions to longer phases
of actions involving several high intensity efforfBhe recovery time between these

actions also vary according to the flow of the game

The goalies actions in the game are both anaeawstii@erobic actions and therefore the
game performance is divided in two dimensions. &ample, in scoring situations or

when the opposition has the puck in the goalies defensive zone, the goalie is often
obligated to perform fast and explosive actionsvitrich energy is produced mainly

through immediate energy sources (ATP & PCr). Enéngt is derived from the stores

of ATP and PCr are considered the alactic compornedtit has been estimated to
contribute between 20-30% of the anaerobic enerdygh intensive exercise lasting 2-

3min (Bangsbo et al. 1990; Saltin 1990; Medbg €1 288).

The goalie may have to maintain ready in the bsisince and move for longer periods
of time and/or make several saves in a short paidithe for which energy is produced
mainly through glycolysis. In these situations gngicant amount of lactic acid is

produced and acidity is increased. Post game &ot@asurements have indicated that
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blood lactate values of goalies are usually natigantly higher than before the game
(Twist & Rhodes 1993). Aerobic energy productiommest evident when the game is

not in the goalies end and/or there is no immedieteing threat.

Many team sports require one to perform severalimaxor near maximal efforts of
different duration during the game. Therefore it imsportant to understand the
underlying mechanisms that relate to the metataffeects and fatigue of repeated high
intensity exercise. When thinking of the goaltegdposition, due to the flow of the
game dictating the number and duration of diffegtutations, there is great variability

in the duration and intensity of actions and afsthe recovery time between actions.

Fatigue can be described as a temporary decreaperiarmance capacity of the
muscles and can be usually seen as a failure totamaior develop expected force or
power output. Muscular fatigue may be caused byh bogntral and peripheral
mechanisms ranging from the motor centers in tlaego the contractile apparatus in
single muscle fibers. The central nervous systsmaacause to fatigue has been
questioned, but it may play a role in some instanbost evidence point to changes in
the periphery as the major limiting factor to foq@eduction in fatiguing conditions.
(Enoka 2002; Gardiner 2001)

3.1. Metabolic factors

3.1.1. Energy system contribution

Selinger et al (1972) reported an 69% contribubbanaerobic metabolism and a 31%
contribution of aerobic metabolism during a simedashift. Afterwards Green et al.
(1976) estimated the on ice energy requiremente t60-80% of VO2max in university
players. Since many studies have not been perfomtbdce hockey players in relation
to energy system contribution, studies that resertti@ actions of the game may give

indications for performance indications.

An study in which they investigated the change umsate metabolism during two 30s
cycle sprints separated by 4 min of recovery, regba 41% decrease in anaerobic

energy production in the second sprint. Nonethelissdecline in the total amount of
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work was only 18%. The difference in anaerobic gngaroduction and total work was
to some extent explained by an 15% increase inexygptake during the second sprint.
(Bogdanis et al. 1996) Other studies that havézatlthe 30s repeated sprint protocol
have also reported great decreases in the ratéyodlgsis in the following sprints,
whereas the decrease in power output was not agicagt as in the rate of glycolysis.
(McCartney et al. 1986; Trump et al. 1996) SimrEsponses have been seen during 6s
repeated sprints, which more closely resemblesdpeated high intensity actions of

many team sports. (Gaitanos et al. 1993; Spenedr 2004)

In a study performed by Gaitanos et al. (1993) tehaprints of 6s were repeated ten
times, followed by recovery periods 30s. The ratesiuscle glycogen breakdown, PCr
hydrolysis and lactate accumulation all declinedafjy as the number of the sprints
performed increases. Therefore it is not surpristhgt the decrease in energy
production was followed by a decrease in power wugnd a decrease in the total
amount of work done in consecutive high intensipergs. Interestingly there was no
change in muscle lactate during the last sprinhalieugh power output was only 73%
of what it was at the first sprint. They suggedtest because anaerobic glycogenolysis
for ATP production was reduced, power output waspsued by energy derived from
PCr degredation and increased aerobic metaboligtording to this evidence, aerobic
contribution may be of importance to repeated $prwhereas it does not play a major

role in a single sprint.

TABLE 2. Muscle metabolites before and after thistfand tenth 6s sprint on cycle ergometer

with 30s recovery between sprin{slodified, Gaitanos et al. 1993)

Metabolite First 6-s sprint Tenth 6-s sprint
Pre-exercise| Post-exercis¢  Pre-exerqise Post-exeris

Glycogen 79,00 68,00 55,00 50,00
ATP 6,00 5,20 4,10 4,10
ADP 0,75 0,87 0,67 0,87
PCr 19,10 8,20 9,40 3,10
Glucose 0,40 0,60 2,00 2,10
Lactate 0,20 7,20 29,10 28,10

The energy system contribution during repeatedastseems to be greatly affected by

the duration of the sprints or actions. Balsoml.etl®92) investigated the physiological
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responses to repeated sprints of different duratidm, 20m and 40m, with 30s of
passive recovery between sprints. They reported thggen consumption was
increased after the 30 and 40m sprints comparethéol5m sprints. In addition,
markedly lower blood lactate values were obseradid\fing the 15m sprints than the
30 and 40m sprints. The 15m sprints could be paddrwithout significant decrease in
performance, whereas the 40m sprint times stant@tctease after the third sprint.

Balsom et al. (1992) also investigated the efféectoovery duration in repeated sprint
exercise in a study where 15 times 40m maximahspmvere performed with passive
recovery durations of either 30, 60 or 120s. Asbhéoexpected, sprint performance
significantly decreased in both the 30 and 60swegoprotocols whereas no significant
decreases in performance, as compared to the @bevery protocols, were observed
in the 120s recovery protocol. Higher post-exer@gggen consumption and blood
lactate concentrations were observed after thaesh@covery protocols. This indicates
that the duration- and number of repeated actiam$ @ecovery duration clearly

influences the energy system contribution duringeeged sprint or other high intensity
sprint type actions.

3.1.2. ATP depletion and resynthesis

Muscle ATP stores do not deplete more than to matkynapproximately 45% of pre-
exercise levels during repeated sprint or spripetgxercise (McCartney et al. 1986;
Hargreaves et al. 1998; Bangsbo et al. 1990; Setitad. 1983). Still, the amount of the
change in muscle ATP concentration may vary sigaiftly and have been seen in
studies where similar exercise protocols have hesedl. In two different studies using
6s sprints with 24-30s recovery between sprintslimes in muscle ATP have varied
between 4-24% of pre-exercise levels (Balsom efl@®5; Dawson et al 1997). The
significant difference in the amount in muscle Addhcentration is likely to result from
the intensity of exercise, because the other sttitiged maximal exercise and the other
high intensity exercise.

In addition, in the study performed by Dawson kt(8997) they found that ATP
concentration was greatly lower than pre-exercisé after 3min of recovery. A

possible reason for this phenomenon has been dedgés result from low ATP
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concentrations and intramuscular acidity that cauasdecline in the resynthesis rate of
PCr following intensive exercise (Spriet et al. P8 this assumption is correct, it
would imply an important factor for repeated spramd high intensity action sports,
where recovery between actions is often limitedhé&ligh ATP resynthesis may be
related to low ATP concentrations and intramuscaladity, the initial fast phase of
PCr resynthesis is also strongly suggested to lageteto oxygen availability (Haseler
et al. 1999; Harris et al 1976).

3.1.3. PCr reduction and resynthesisrate

Changes in phosphocreatine (PCr) have not beerlystledied in ice hockey during a

game, but Green et al. (1976) estimated that duaing0s stoppage in play, PCr
concentration can be restored to a 60-65% levelcandbe utilized in the reminder of

the shift. In other studies, a strong relationshgs been found between 30 sprint
performance during repeated sprint exercise andr&gmnthesis (Bogdanis et al. 1996;
Trump et al. 1996). Accordingly, Bogdanis et al9g@) proposed that the ability to

produce high power outputs is directly relatedhi tesynthesis of PCr.

In Gaitanos et al. (1993) study where 6s sprintsewserformed with 30s recovery

periods, they found that there was a significarel@ent in power output by the fifth

sprint and a total reduction of one third by th& k@nth sprint. PCr contributed for 50%
of the total anaerobic ATP production in the fgptint and PCr contribution increased
to approximately 80% in the tenth sprint, althouilgbhould be noted that the absolute
contribution of PCr to total ATP production greatlgcreased from the first to the tenth
sprint. The decline in PCr concentration to 57%pud-exercise values after the first
sprint and the progressive decline to 16% afterddbesprint clearly demonstrates that

the short recovery periods of 30s is not sufficientesynthesize PCr.

Dawson et al. (1997) completed a similar type obt@rol with five 6s sprints
interpreted with 24s of recovery between sprinteeylfound a reduction in PCr to 45%
of pre-exercise values and that PCr stores werlemsped to 84% of pre-exercise
values after 3min of recovery. This data indicdtes replenishment of PCr stores may
be compromised in team sports where recovery tieterden sprints may be limited.

Creatine supplementation has been shown to havesdive effect on PCr store
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replenishment in recovery between repeated highngity actions (Bogdanis et al.
1995; 1996).

The time required for the PCr stores to be rephladss dependent on the level of the
degradation of the stores, which is to be expedtetto that the resynhesis must begin
from a lower level (Dawson et al. 1997). It is gibte that PCr stores can be almost
completely depleted (Hultman et al. 1990; Bogdamial. 1995; Vollestad & Sejersted
1988). On the other hand, after significant PCplel®on, the initial rate of PCr
resynthesis increases (Smith et al. 1998; Yquell.e2002). There is a fast and slow
component in the resynthesis rate of PCr followinignsive exercise (Harris et al.
1976; Nevill et al. 1997). The half time of the P@synthesis is suggested to range
between approximately between 20-60s (Harris etl@¥6; Bogdanis et al. 1995).
Creatine supplementation has been shown to incridesaate of PCr resynthesis,
possibly due to a decrease in accumulation of smigphosphate and a more neutral
muscle pH, which yields a higher mean power outhutng maximal repeated sprint

exercise (Yquel et al. 2002).

Spencer et al. (2004) investigated the type ofweigoduring a field hockey game and
concluded that approximately 95% of the recoverg wfaactive nature with most being
of jogging intensity. Spencer et al. (2003) conddch protocol involving six 4s sprints
with either 21s of passive or active recovery a%3@f VO2max. They reported a
greater decline in power and also lower peak powéne final sprint. They suggested
that active recovery may hinder PCr resynthesisndurepeated sprint exercise when

possible recovery time between sprints is limited.

3.1.4. Glycolysisand glycogenolysis

Repeated type of sprint or high intensity exeraisay result in significantly high
muscle lactate concentrations and depends muclheoexercise duration, number of
actions, recovery duration and intensity of thereise. Protocols utilizing 30s cycle
sprints have reported significant increases in teukctate, although these may not
reflect team sport performance (McCartney et al8619Bogdanis et al. 1996;
Hargreaves et al. 1998). Green et al. (1976) reporhighest blood lactate

concentrations in the first and second period &d 7,3 mmol/l) whereas lowest values
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were observed in the third period (4,9 mmol/l). amvalues were observed for
defensemen and forwards, whereas goaltenders hgdsorall elevations in blood
lactate from pre-game values. The quite low valoieserved in ice hockey are most
likely due to stoppages in play during the shitauses provide time for PCr resynthesis
up to 60-65%, which can be then utilized during thext phase of the shift.
(Montgomery 1988)

Glycolysis is associated with accumulation of hypno ions that have been related as a
cause of muscular fatigue (Sahlin 1992). Even thawepeated actions result in higher
lactate concentrations than with single actiongcalysis is declined in the following
actions. In Gaitanos et al. (1993) study, with temes 6s cycle sprints with 30s of
recovery, the estimated rate of glycogenolysiscalysis and glycogen degradation
were significantly greater in the first than in tlast sprint. They reported a significant
declines in glycogenolysis and in glycolysis in tlast sprint (11 fold and 8 fold
respectively) although glycogen degradation wasiced by approximately 37%. They
found that average power output in the last spuias 73% of that of the first sprint,
indicating that ATP production was mostly deriveahi PCr and oxidative metabolism.

Significant reductions in muscle glycogen conteavéhbeen reported during repeated
sprint protocols (Bogdanis et al. 1996; Gaitanosletl993; McCartney et al. 1986).
Akermark et al. (1996) report that in a typical gaaf ice hockey, the muscle glycogen
level can drop to a low level, which may decline grerformance capacity at the end of
the game. Green et al. (1978) reported that depgnai the muscle fiber type of the
player, both defensemen and forwards exhibited proximately 60% decrease in
muscle glycogen content compared to pre game valuesg the game. The most
pronounced decrease could be found in the Typesthadibers, whereas in the Type I
fibers glycogen utilization was significantly lesSlycogen content of Type Il fibers
tend to be quite high, which would indicate thagcgigen depletion would not be a

cause of fatigue in ice hockey (Montgomery 1988).

Attention should be paid to nutrition, because niyia week many games and practices
are performed. In a study where a group of plaj@iswed a high carbohydrate diet
they achieved greater glycogen content than thé&raogroup. By application of high
carbohydrate diets, they have been able to showifis@nt increases in skating
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distance, number of shifts during a game and duraif a single shift. (Akermark et al.
1996; Simard et al. 1998)

3.2. Neuromuscular factors

A common response during repeated high intensitipre is the inability to maintain
similar mechanical performance in the followingiaws$ if recovery time is less that
optimal (Balsom et al. 1992; Dupont et al. 2005)e Tforce-fatigability relationship
indicates that the greater the force exerted byuscta or motor unit during a task, the
more the muscle will fatigue (Enoka & Stuart 198inter & Enoka 2001). This same
relationship applies also to repeated high intgrestercise. This means that individuals
with high initial power output levels usually exjgrce the greatest decrements in
power. (Hoylmard et al. 1987; Hamilton et al. 198ishop et al. 2003; Wadley & Le
Rossignol 1998; Bishop et al. 2004).

The factors that underlie the differences in fdiitiy are somewhat unknown. Some
evidence support the fact that greater absoluteeforare linked with greater
contribution of anaerobic metabolism, which theruldaresult in greater accumulation
of metabolites and/or earlier decrement of immedenergy stores. (Hirvonen et al.
1987; Gaitanos et al.1993; Bishop & Edge 2006).

Neuromuscular factors may also have a contributmrthe muscle fatigue during
repeated high intensity exercise. There are sewaiféérent suggestions to how
neuromuscular factors may affect, but a generas@asus has not been reached yet. To
be able to maintain a desired power output duriraximal sprints or actions, the
nervous system would need to recruit all motor poibls at the highest possible firing
rate (James et al. 1995; Krustrup et al. 2004). &studies have utilized surface EMG
measurements have supported this view by showstgaaly level of neural activation
during repeated sprint-exercise although mechamediormance has been shown to

progressively decrease. (Hautier et al. 2000; &ilé& al. 2005).

In other studies with MRI measurements, clear deerdgs in muscle activation in
response to maximal intermittent cycling sprintsl anreduction in the central nervous

system drive to the active muscles (Mendez-Villaauet al. 2007; Racinais et al.



30

2007). Changes and non-optimal motor unit actiaigy therefore potentially relate to
the development of muscular fatigue during maxirepkated actions (Kawakami et al.
2000; Taylor et al. 2000; Racinais et al. 2007).

High- and low frequency fatigue and spinal level factors

In regard to the mechanics involved within the nisiself, they have been classified
into high- and low-frequency fatigue (Jones 19%6yh-frequency fatigue results from
fluctuation in the action potential propagation ottee sarcolemma or t-tubules. Low-
frequency fatigue relates to Excitation-Contractiowupling failures. (Perrey et al.
2010).

More evidence has been put forward in the receatrsyein addition to peripheral

alternations, which indicate that reduced neurgivaiion of the muscles is likely to

compromise motor performance during high intengitgrmittent exercise (Racinais et
al. 2007; Girard et al. 2008). Racinais et al. (§Q@sed a interpolated-twitch technique
before and after a repeated sprint cycling testichvtshowed that the inability to

maintain the power output from repetition to anotli®e associated to significant

decrements in neural drive to the working musci@s. the contrary, there are also
studies which do not agree with these findingsléBil & Basset 2007; Hautier et al.
2000).

At the spinal level, H-reflex recordings may be duse detect changes in net synaptic
excitatory input and excitability of the motoneunpool (Perrey et al. 2010). By using
this method, they have observed decrements inxrglasitivity as a result of repeated
intensive stretch-shortening cycle (Avela et alO@&0and prolonged intermittent

exercises (Racinais et al. 2007; Girard et al. 2008e exact mechanisms that are
responsible for reduction in the H-reflex are ndtyf discovered. Yet there is evidence
to suggest that accumulation of muscle metabolitigs fatigue may play a role in H-

reflex modulation. (Perrey et al. 2010) This sugjgesis supported by findings that

indicate a correlation between hydrogen ion (H€uatulation and the change in group
[l and IV muscle afferents discharge rate, whighurn to far extent determine the H-

reflex amplitude (Sinoway et al. 1993). When coesitj the association between the
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ability for repeated high intensity actions and raes in muscle buffer capacity and
blood pH, it could be reasonable to argue thatakgaehigh intensity exercise could

significantly impact the spinal loop propertiesiieg et al. 2010).
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4. PURPOSE OF THE STUDY

4.1. Objectives

The primary objective of this study was to provige in depth analysis of the ice
hockey goaltending game performance and the demaihtise position. Ice hockey
goaltending has not widely been studied and the fanthis study was therefore to
provide information on the goaltending performarfeee- and post-game physiological
measurements will provide a picture of the physmaiformance of the subjects and
also provide information of the physiological loagliof the game performance. In
addition the blood lactate measurements and hat@rtmonitoring will give information
of the physiological demands of the position. Theng action- and working period and
intensity analysis will provide information on tlaetual events during the games and
thereby provide facts of what the game performacmesists of. The performance
analysis will provide information of shots on g@ald scoring situations in the game
and how the goaltenders act in those situatiomsdweent scoring. The main aim was to
provide a factual base and description for ice kgafjoaltending performance, which

then may be utilized for evaluation of performanad utilized for purposes in practice.

4.2. Hypothesis

Physical performance. The hypothesis for the physical performance messents are
that all performance areas will show a decline fyun@game to post-game. Due to that
each game may differ in the amount of action that goaltender faces, there will be
inter-individual variation in the level of performee from pre to post game. Lactate
values is to be expected to remain quite low. Heatet is to be expected to show
averages that stay within moderate intensity.

Action analysis. It is to be expected that most actions will rel&d moving-/skating

technigues, because goaltenders move quite muchtbeegh they do not skate in a
similar fashion as skaters. In addition, it is odxpected that there will be a quite high
number of vertical movements, because goaltenderst mften strive to use save

techniques that require them to drop down on tlee idhe most often used save
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technique will highly likely be the butterfly savechnique, because that is the most
used save technique in modern goaltending.

Working periods and intensity analysis. The hypothesis is that goaltending performance
is not just purely continuous, but rather a mixtofehigh and low intensity working

periods interpreted by recovery periods or permfdsw intensity action.

Game performance analysis. Most of the shots will likely come from areasritleé8 (rink
area between the face off dots and blue line indéfensive zone) and that most shots
will be directed at the lower part of the goal. Thest frequent scoring situation will
likely be “regular shot”. The subjects will likelye positioned inside the goaltender’'s
crease area on most of the shots and that theyikely be in the game stance prior to

most of the shots.
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5. METHODS

5.1. Subjects

A total of 9 subjects took part in the study of @hi8 took part in all of the
measurements and analysis (TABLE 3). One subjettndit perform the physical

performance tests due to injury.

TABLE 3. Subject characteristics.

Subjects
N=9 1 2 3 4 5 6 7 8 9 |Mean|SD
Age 180| 240 220 19,0 230 230 180 190 21,0,8202,3

Height 180,0 177,0{ 175,0| 185,0| 188,0| 175,0| 179,0| 184,0| 184,0| 180,8| 4,7
Weight 75,0/ 89,00 780 7780 810 780 780 740 80,00 | 43

Four of the subjects played in the Finnish eliteglee (SM-liiga), three played in the
second highest senior league (Mestis) and two playethe highest junior league in
Finland (A-SM-liiga). The anthropometric data wdstasned from the latest team test

from the teams in which the subjects played.

5.2. Measurements

The measurements consisted of tests and analysisvdre done prior to, during and
after a competitive game. Each of the subjects wested for their physical

performance prior to and after they played a gafeart rate was monitored for the
duration of the entire game. Blood samples foral&ctanalysis were taken prior to,
between periods and straight after the game. Vag#og was done for the entire game
and the video was analyzed from several differemtspectives. The testing and
videotaping was carried out during the pre-competiseason between August and

September of 2011.
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5.2.1. Physical perfor mance tests

The physical performance tests were performed etgdme location, in appropriate
indoor conditions. Performance tests includedgifity & speed test for testing agility
and speed performandeower tests included the countermovement jump- and standing
broad jump testMaximal strength tests included MVC:s in isometric leg press, trunk
flexion and trunk extension. Each subject had Heaerliarized to the testing protocol
prior to the actual testing and the warm-up alsduished sub-maximal performances in
the tests. The subjects performed a 15min warmrap (o the testing. The subjects had
two maximal trials on each of the tests. There tas minutes of recovery between
each of the test performances.

Agility & speed test. The agility and speed test was created to replitta¢ type of
movement patterns that goaltenders perform onAicamilar type of test has been used
on ice by the Finnish Ice Hockey Association. Penfance time was recorded by using
a contact mat. The subjects were standing on theamd started by own initiative.
When the subject’s feet left the mat, the deviegtst! to record time and time recoding
stopped when the subject stepped on the mat dinikk. The test consisted of running
through a cross-like figure, which included runnifayward, backward and lateral
shuffle where no crossover steps allowed. The stjgtarted facing forward on the
contact mat and had to face the same way for thieeetest by changing between
running forward, shuffling laterally or running bacards. The subject had to touch
over a line that was marked in the ground at ehamge of direction point of the test
(FIGURE 7).

3 Fesd up 4 Bwd back

25 huffle S s huffle
- + >

& Finis h
1s5tan Enwerd
Fusrd

h
Contact mat
lstartdfins hl

FIGURE 7. Agility test.
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Countermovement jump. The countermovement jump test was chosen as aunecals

lower extremity power (Komi & Bosco 1978). CMJ wasrformed on a contact mat
with subjects standing about shoulder width agdands were held on the waist for the
entire performance and the subjects were instructégnd down to a approximately 90
degree knee angle, not stopping at the bottomefrtbvement and to jump up as fast
and explosively as possible. The body had to beamed straight and landing was to be
performed on the balls of the feet with no kneedbétlight time was recorded for each

of the jumps.

Standing broad jump. The standing broad jump was chosen as a measulewer
extremity power (Horita et al 1991). The SBJ wad@ened from a standstill position
where subjects had their feet behind a line that marked on the ground. The distance
of the jumps were measured from the starting lmé¢he landing point of the trailing

foots heel.

Isometric leg press. Isometric leg press was chosen as a test for |leaxénemity
maximal strength (Hakkinen et al. 1985). The tea$ werformed on a leg press device
(build at Jyvaskyla University) with a 107 degrae& angle. The subjects were told to
follow the instructions and commands of the teatet to press as hard as they can until
the tester tells them to stop. The tester useddh@nands “are you ready?”, “push” and
“stop”. The subjects were strongly verbally encgesh prior to and for the entire
duration of the test. The top value in Newton facle trial was recorded from the
tracking monitor that was attached to the leg pe=ace and the result was then

transformed into kilograms in the analysis.

I sometric trunk flexion and extension. The isometric trunk flexion and extension tests
were chosen as measures of maximal strength focdhe muscles (Keskinen et al

2007). The maximal strength isometric body flexand -extension were performed on
a device (build at Jyvaskyla University) were sutgewere in a standing position and
pushing against an immovable board. The upper beasiadjusted at chest level just
under the collar bone level of the subjects. THgesus were attached to the device by
strapping a belt tight around their waist. The ibextest was performed facing the

upper board and the extension test with the baeknagthe board. The subjects were
asked to push against the board as hard as thegnchto act on the commands: “are
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you ready?”, “push” and “stop”. The top value inképr each trial was recorded from
the tracking monitor that was attached to the dax@xtension device.

5.2.2. Blood lactate measurements and heart rate recoding

The lactate measurements were done by collectmodlbdamples from the fingertips of
the subjects. Four different blood samples wereertalResting blood lactate was
measured 2,5h prior to the game, prior to the plysiitness tests. Blood lactate
samples were collected at the first and secondnmssions straight after the period and
also straight after the game. The blood sampleg @&ealyzed with a analyzing device

(EKF Diagnostic, Biosen C-line, Germany).

Heart rate was monitored for the entire duratiorthef game by utilizing a heart rate
monitor (Polar RS80®olar Electro OY, Kempele, Finland). Average heat# for the
entire game and for each period was analyzed byingj a heart rate analysis software
(Polar Protrainer 5, Polar Electro OY, Kempele & ).

5.2.3. Videotaping

Videotaping was done for the entire duration ofghene and actions-, working periods

and intensity, and performance during the gameamatyzed.

Action analysis. An analysis was performed to record the game r&tibat the subjects
perform during the game. The action analysis fraortkwvas designed by the author.
The action analysis consisted of different skifiattthe goalie executes during the game
and they were also divided into being either lovemsity or fast/ explosive in nature
(TABLE 4). All together there was 16 different agieies that were included in the
analysis, consisting of skating and movement teghes, vertical movement and other
technical skills that goaltenders naturally perfamgame situations. Each action was
recorded and the total numbers of the actions wewuated for each period individually

and for the entire game.
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TABLE 4. Action analysis categories.

Goalie 1-3 period
movements/actions Fast Slow
lateral movement
shuffle
t-push

ice
horizontal movement
c-cuts
t-push
ice
Vertical movement
full butterfly
half butterfly
Butterfly-/Half BF slide
Stand-up save
Other save technique(VH)
Sprawl
Poke check
Playing the puck
|Skating out of net

Working periods and working intensity analysis. A second analysis was performed to
record the working period durations and workingeindities. The analysis tool was
designed so that it could widely take into accatetmultiple different working period
durations and the intensity of the working periotise working period durations were
divided into different time windows according tceettength of the action (0,5-3sec, 3-
8sec, 8-15sec, 15-30sec and over 30sec). Time wasured by using the timer of the
video software (VLC media player, VideoLAN). Theeansity of the working periods
were categorized into slow/low intensity, fast/@gie and fast/explosive inside a low
intensity working period. The condition for the iacss to be accounted for was that the
subjects had to be moving or staying in the goditen basic stance and follow the
play. The intensity of the action was recorded ajlyuaccording to movement and

game speed.
TABLE 5. Action time and intensity analysis cateiger

Goalie action time & intensity
1-3 period Slow/low intensity Fast/explosive (only) Fast/exp inside low intensity
0,5-3sek
3-8sek
8-15sek
15-30sek >
30sek>
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Game performance analysis. Game performance analysis was done to evaluate and
analyze the actual goaltending performance andatti®ns that relate to the game
performance. The analysis tool was designed byditigor. In the performance analysis,
all the shots on goal that were taken by the opgostam were accounted for and
analyzed. Each shot on net was analyzed througtfieBesht categories (TABLE 6). The
area from which the shot left, where the shot wiascted and the type of scoring
situation were analyzed. The positioning and rezgrof the subjects and the used save
technique and used equipment to make the saveamatgzed. Finally, the outcome of
the shot on net was analyzed as to if the subyeete able to make a controlled (puck
smothered or directed into areas 4 or 5), or umotat save (rebound into areas 1-3) or

if the shot resulted in a goal.

In addition, ascoring analysis was also performed, but it was not included inrtren
part of the study. This analysis was done by ufiimgsame categories and the results
may be found in the appendix part(APPENDIX 2-3)isTanalysis shows how goals

were made and the goaltenders action in thosetisitiga

TABLE 6. Game performance analysis categories.

1Shot area 2 Shot direction 3 Type of shot 4 Positioning
Area 1 High left Regular shot Top of crease
Area 2 High right Lateral movement Inside crease
Area 3 Low left Breakaway Post
Area 4 Low right Vertical pass Out of position
Area 5 5 hole/stomach Lateral pass
Empty net Break in to goal
Break-in (corner)
Rebound
Screen shot
Deflection
Other
5 Readiness 6 Technique 7 Equipment 8 Result
GS stand-up Butterfly Body Controlled save
GSice Half butterfly Glove Uncontrolled save
Not GS Stand-up Stand-up Blocker Goal
Not GSice BF-/half BF slide Stick

In mov stand-up
In mov ice
Outplayed

(GS= Game stance)

Post load/VH
Other

Pad



40

5.3. Data analysis

Physical performance, blood lactate & heart rate. Physical performance results and
individual changes were analyzed from pre-to p@stwg. Blood lactate was analyzed
pre, during and post game. Heart rate was analfaethe entire game and for each
period. Physical performance changes from pre & game were also correlated with
the results from the working period and intensityalgsis results. The percentile
changes in the physical performance tests from tprpost-game were correlated with

the number of fast/explosive periods that took @ldering the games.

Action analysis. The action analysis was based on visual observati the actions as
they happened during the game and each repetifidheoaction was recorded. The
actions were also classified into being either éastlow based on visual observation of
the action being performed. Additionally, an ansywas performed that separated
skating and movement skills and other actions. titgjdo the analysis of the different
actions, there is some clarification that is neagsto some of the categories, to be able
to fully understand the criteria in the analysia. the movement techniques, the
horizontal movement with c-cuts was accounted foenvthe goaltender moved all the
way to the top of the goaltenders crease leveltid®@rmovement criteria was that the
goaltender had to drop down on the ice and get bachky either dropping both knees
or a single knee on the ice. Sprawling or fallirgyvd otherwise on the ice and getting

up was also counted.

Working period and intensity analysis. The working periods of the goalies were timed
and the criteria for counting the working periodswhat the goaltender had to clearly be
in and remain the game stance and follow the flhis basically means that every time
the goalie had to be active to maintain readinesstop a puck or was actually

performing game skills in scoring situations. Theensity analysis was based on visual
observation in relation to movement speed and pdiagrwas needed to play a game

situation.
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Game performance analysis. Each shot that was directed towards the net walyzed
and the shot was analyzed in relation to the shascoring situation itself and in
relation to the goaltender action in each of thelsets or situations. The shots were
analyzed based on the area where the shot was, thieedirection of the shot on goal
and what type of situation the shot came from (FBREWB-9). Additionally, each shot
on goal was classified as one of the ten diffesenting situation types.

High High
left right

]

Low left Shole/ stomach Low right

FIGURE 8-9. Shooting areas and shooting direction

The goaltender action in the situations were amayarior to the shot and then at the
moment of the shot. Goaltender positioning and irem3$ was analyzed prior to the
shot. Positioning criteria was either at the topghe goaltenders crease area, inside the
crease, at the post or out of position. Readings=ria was either in the game stance
standing up or -on the ice (butterfly- or post Igas$ition), not in game stance standing
up or —on the ice (not in full readiness to stapdhot), in movement standing up or —on
the ice (e.g. due to lateral movement to a pasd)@arplayed (situation where the
goaltender ,for example, ends up laying on the laaxckhas no possibility to get in line
with the puck).

The save technique that the goaltender used andghi@ment or body part that the
goaltender used to stop the puck were recordedolitome of the shots on goal was
then finally defined as controlled save, unconéwlisave or goal. Controlled save
criteria was that the goaltender had to smotheptiuk or be able to direct it to areas 4
or 5. Uncontrolled save criteria was if there wasl@und following the initial shot that

ended up in area 1-3.
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Statistical analysis

The data from the tests and analysis was analyzéédoemputer software (Microsoft
Office Excel 2007). For all acquired data, indivadliand group means and standard
deviations were analyzed. One of the subjects digparform the physical performance
tests due to injury and was thereby not includedthe analysis of the physical
performance test data. Mean-, percentile and stdmndizviation values were analyzed

from all data. Pearson’s correlation was used doretation analysis.
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6. RESULTS

6.1. Physical performance

TABLE 7. Physical performance mean and standardatdex from pre to post game and

percentile change in performance (N=8).

Physical perfomance

Pre SD Post SD  Change%
Agility test (sec) 7,70 0,48 17,77 0,52 -1%
CMJ (cm 449 7,8 449 91 0%

Standing long jump (cr =~ 254,13 20,63 256,88 20,34 1%
Isometric leg press (k 540,4 1191 5231 1129 -3 %
Trunk flexion (kg 87,8 144 86,3 14,6 -2%
Trunk extension (kg 1141 16,08 109,8 17,10 -4 %

The mean values for the entire subject group irpthsical performance tests from pre
to post game and percentile change in performaraerecorded (TABLE 7). Results
showed decline in performance in most of the peréorce tests. Leg and core strength
declined most from pre to post game. The counteem@ant jump stayed at the same
level as pre-game and standing long jump has elgintlg increased. There was large
inter-individual variation in the performance chaadrom pre to post game (FIGURES
10 & 11).

Agility test CMI test Standing Long jump
- individual changes - individual changes - individual changes
10% 10% % 10% 9%

5%

5% 5%

0% - 0% - 0% -

-5%

-5%

-5%

-10% -10% -10%

FIGURE 10. Individual percentile changes in the gital performance measures from pre- to

post-game (N=8).
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Isometricleg press Trunk flexion Trunk extension
-individual changes -individual changes - individual changes
20% 20% 20%
15% 15% Wh W% 15%

10%
5%
0% -

10% 10%
5% - 5%
0% - 0% -

59 5% 5% -

-10% -10% -10%

-15% 15% 135 -15%

-20% g% | -20% 20% g

FIGURE 11. Individual percentile changes in the g performance measures from pre- to
post-game results (N=8)

6.2. Blood lactate and heart rate

Blood lactate measurements showed only a slighease from resting levels. Mean
values of all 9 subjects for blood lactate (mmafilyest was 1,74 +0,40, aftet' period
2,70 +0,95, after”? period 2,43 +0,95 and aftef’®eriod 2,21 +1,16.

Average heart rate for the entire game was 14%eats per minute. The average heart
rate for the entire game was analyzed from theriméngy of the I' period to the end of
the 3% period (including intermissions). Average heates for each period were
accounted for (FIGURE 12). One of the heart ratendings failed due to connection
problems and therefore only 8 subjects were indudehe analysis.

170

165

100

155

150

145

140 —

m 1 period m 2 perioc 3 periad mGame

FIGURE 12. Average heart rates for each periodevedage of the whole game (N=8).
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6.3. Video analysis

6.3.1. Action analysis

The action analysis clearly showed the amount &ferdint actions that take place
during the game. Horizontal c-cuts accounted fo¥3f®r the total of all actions.

Vertical movement accounted for 17%, lateral sleufir 14% and full butterfly for

11%. The other actions ranged between 0-4% ofdta of all actions (FIGURE 13).

The absolute values for each category can be fautide appendix part (APPENDIX
4).

Goalie action totals - % of all actions

LATERAL MOVEMENT

shuffle 14 %

t-push  — 40

ice 2%
HORIZONTAL MOVEMENT

c-cuts 36%

t-push 3%
ice 0%

Vertical movement

Full butterfly

Half butterfly
Butterfly-/Half BF slide
Stand-up save

Other save technique(VH)
Sprawl

Poke check

Playing the puck

Skating out of net

179
11%

0% 5% 10% 15% 20% 25% 0% 35% 40%

FIGURE 13. Percentile division of the total numbéall actions during the game.

When skating and movement skills were accountedséparately, slow horizontal c-
cuts accounted for 58% of the total amount of mamnskills during the game. Fast
lateral shuffle accounted for 13% and slow latstalffle for 11%. The reminder of the

fast and slow movement skills ranged from 0-4% (BRE 14).
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% of fast & slow movement skills of the total number of movement
skills

LATERAL MOVEMENT

shuffle
t-push
ice
W Fast
M {
ORIZONTAL MOVEMEMNT mSlow

c-cuts
t-push

ce

0% 10% 20%  30% 40% 50% 60%  70%

FIGURE 14. Mean percentile values of fast and stoavement techniques of the total number

of movement skills.

When skating and movement skills were excludedtHertotal number of other actions
fast vertical movement accounted for 35%. Droppduyvn fast into the butterfly
position accounted for 26% and fast butterfly- alf bbutterfly slide for 10%. (FIGURE
15).

% fast & slow other actions of total number of other actions

|
a
Vertical movement 35%

—

0%

Full butterfly
Half butterfly
Butterfly-/Half BF slide 10%

Stand-up save

W Fast

Other save technique(VH) M Slow
Sprawl
Poke check

Playing the puck

Skating out of net

0% 5% 10% 15% 20  25% 30% 35% 40 %

FIGURE 15. Mean percentile values of fast and sdotions other than movement skills of the

total number of other actions.
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6.3.2. Working periodsand intensity

Low intensity working periods were more widely distited in all of the analysis
categories (FIGURE 16). Notable was the high amofifést/explosive actions of 0,5-
3sec that take place inside the low intensity wagkperiods. Low intensity working
periods take place over the whole working perioglciipm, whereas the fast/explosive
actions mainly take place inside the low intengigriods and last for 0,5-3sec or at
most for 3-8sec. Of fast/explosive working periaaside low intensity periods, the 0,5-
3sec periods accounted for 34%. Low intensity mkxiof 3-8sec accounted for 27%.

The absolute values for the analysis can be fonrtkda appendix part (APPENDIX 5).

Working periods & intensity - % of total

40 %

15 % 34%
(1]
30% 79
25%
20%
15%

15%

0,
0% 2% 7%
c o 4%

(‘I O, P
1% 1% 0% 0% I 0% 0% 0% 0%

0% | - |

0,5-3sek 3-8sek 8-15sek 15-30sek > 30sek >

M Low intensity M Fast/explosive M Fast/explosive inside low intensity

Figure 16. Percentile values of different workiregipds and intensities.
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6.3.3. Game performance analysis

The absolute values for the game performance asdtysall the categories, which are
referred to in the below sections, can be fourtthénappendix part (APPENDIX 1). The
results from the scoring analysis can also be fonrde Appendix part (APPENDIX 2-
3).

Shooting area. Most of the shots on goal in the games were téaken area 2 (33%)
and then shots from area 1 (18%), area 3 (18%peeai4 (23%) were quite evenly
divided (APPENDIX 1 & FIGURE 17).

Shot direction. Most of the shots were directed towards the 5 hoktomach area
(34%). Low shots to the right (21%) and left (18¥%igh shots to the right (15%) and
left (10%) (APPENDIX 1 & FIGURE 17).

Shots on goal per area Shot direction

40%
359
30%
25%
20% 18%

15% -
10% | 8%
5% |
0% -

Areal Area 2 Area 3 Area 4 Area 5 9

33%

FIGURE 17. Percentile mean values for shots on geaarea and the direction of the shots.

Shot/scoring situation type. The majority of the situations were regular si{d&%0),
whereas the division for the rest of the shot origg situations was quite evenly
distributed (APPENDIX 1 & FIGURE 18).



Type of shot

FIGURE 18. Shot/scoring situation type mean pereeunalues.
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Goalie positioning. Goalie positioning at the moment when the shot taken was for

most part inside the goaltenders crease area (328sitioning was at the top of the
crease on 28% of shots (APPENDIX 1 & FIGURE 19).

Goalie readiness. On most of the shots that were taken towards ¢h¢€ab%) the goalie

was in the game stance standing up on the skate$5% of the shots, the goalies were

in game stance on the ice (butterfly or post loasitpn). The remaining categories
were quite venly distributed. (APPENDIX 1 & FIGURR).

60%
50%
40%
30%
20%
10%

0%

Goalie positioning

24

28%

1

-

Top of
crease

Inside crease Post

Out of
position

70%

60% -
50% -
40%
30%
20%
10% -
0% -

Goalie readiness

FIGURE 19. Mean percentile values for goalie poritig and —readiness.

Save technique. On most of the shots, the goalies used the biyttexchnique on 66%

of shots and butterfly- or half butterfly slide bedques on 13% (APPENDIX 1 &

FIGURE 20).
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Equipment/ body part. The goalies utilized the stick to make most ofgshees (28%)

whereas pad saves accounted for 23% of the to@aleGaves (17%), body saves

(16%) and blocker saves (9%) accounted for therréeri It should be noted that the

percentile values do not reach a full of 100%, siri&o of the shots ended up as goals

(APP

ENDIX 1 & FIGURE 20).

70%

Save technique
66%

60% -
50% -
a40% -
0% -
20% -
10% -
0% -

139

8%

6%

T T

H =

Butterfly Half Stand-up BF-/half  Post
butterfly BF slide load/VH

Other

30%
25%
20%
15%
10%

5%

0%

Equipment/ body part

28%

Body Glove  Blocker  Stick

23
6%  17%
J I ]
T T T I T T

Pa

ﬁﬂ
d

FIGURE 20. Mean percentile values for used savenigoe and equipment used to stop the

puck.

Outcome of shots. The goaltenders were able to execute controlleedssan most of the

shots (64%). Uncontrolled saves accounted for 2B#eototal and 7% of the shots
ended up as goal (APPENDIX 1 & FIGURE 21).

70%
60 %
50 %
40 %
30%
20%
10%

0%

Outcome of shots on net

64%

i 29%
: . =

Controlled save

Uncontrolledsave

Goal

FIGURE 21. Mean percentile values for outcome efghots on net.
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6.4. Relationship between number of fast/explosive working periods
and physical performance changes

The percentile changes in performance from preoti-game were correlated with the
number of fast/explosive working periods that tgd#ce during the game. Significant
correlations were found between the number of daptbsive working periods and
agility test (r = - 0,708, p < 0,05), power of logver extremities (r =- 0,713, p < 0,05)
and leg measures (r = - 0,803, p < 0,05) (FIGURE23. The power of the lower
extremities was counted as the sum of CMJ and stg@moing jump divided by two. The
leg measures consisted of the sum of CMJ, starldimgyjump and isometric leg press

and the result was divided by three.
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FIGURE 22. Relationship between fast/explosive wuaylperiods and percentile change from

pre to post game in power of lower extremities (GM3LJ).
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FIGURE 23. Relationship between number of fastfesipke working periods and percentile

change from pre to post game in sum of all leg nness(CMJ, SLJ, ILP).
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/. DISCUSSION

The present research indicated that physical pedoce in prone to a decline following
a game and that the changes in performance vawebatindividuals. The heart rate
data indicates that goaltenders work on averaga medium to high aerobic intensity,
interspaced with high intensity working periods gretiods of lower intensity. Blood

lactate levels did not increase much during the egamdicating that recovery periods
and performance intensity allows sufficient recgvEom some of the high intensity

actions. The video analysis suggested that goatsrekecute variable working periods
and at variable intensities, during which most @i related to skating and moving,
vertical movement and dropping into the butteribgiion.

This study yielded results from many different ared the ice hockey goaltending
performance that may help to create further undedsihg of the ice hockey goaltending
performance. This study may be seen as a starbing o research in this field and

thereby the study will hopefully give a boost tatlfier future research in this area.

7.1. Physical performance, lactate & heart rate

The variation in anthropometric characteristicshe subjects were quite small and all
were young adults. The physical performance meadoefore the game showed that
there were differences between individuals in tiféerdnt performance areas. The
differences in physical abilities are something thtaould be notified when looking at
the results from pre- to post-game, because it naag an effect on the level of fatigue
and the level of performance from pre to post gahime. results from pre-to post game
showed that the goaltenders physical performancénee, as viewed through group
mean values. This was to be expected to happenpdditgng a full game of ice hockey.
A decline in performance during and following a gaor match has been shown in
many other sports as well ( Hornery et al. 2007hMet al. 2004; Hoffman et al 2002;
Cormack, Newton & McGuiran 2008). The greatestides were in leg strength and
core strength. Yet, it was still quite surprisirttatt the declines in the some of the

performance areas were not as dramatic as to wiuéd be expected. There was great
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individual variation between the level of performarfrom pre-to post game between
the subjects and this may be seen as one impddetar. Some of the subjects were
able to improve their results after the game, wéergome had greater declines in all

performance areas.

The variation between individuals can most likedydxplained by the differences in the
game that each subject played in. Due to the flothe play, some of the subjects had
to perform more actions and were faced by more gastien and shots than others. It is
also likely that the initial level of physical perfnance of each subject affected the
level of fatigue that they experienced. Some subjbad better and higher scores in the
different performance tests than others. Therefioreould be realistic to assume that
those who have high level of physical performanaela withstand fatigue better. On
the other hand, the individuals with better powed atrength levels could also be likely
to experience greater decline, as compared to areegralues, because they also likely
have higher strength and power output in each @f ferformances during the game.
The force-fatigability relationship indicates thide greater the force exerted by a
muscle or motor unit during a task, the more thesctauwill fatigue (Enoka & Stuart
1992; Hunter & Enoka 2001). This means that indigid with high initial power
output levels usually experience the greatest deenés in performance. (Hoylmard et
al. 1987; Hamilton et al. 1991; Bishop et al. 200Badley and Le Rossignol 1998;
Bishop et al. 2004). In addition, also style ofypkand technical skill execution is
probably a factor that may differentiate individuaind the level to which they fatigue.
In general modern goaltenders play with a quiteilamstyle, but differences may be
seen in the execution of different techniques. @oders with smooth technique may
make their performances more energy conservingregseothers with more rough

technique may expend more energy and thereby exmerimore fatigue.

The correlations observed between the changesyisigath performance and number of
fast/explosive working periods indicated significarelationships especially in the
power and strength of the lower extremities. Thididgates that the more fast/explosive
working periods and actions that the goaltendeds¢e perform during the game, the
more likely it is that it will cause decline in p@mance, especially strength and power
of the lower extremities. This is something thabudd be notified and it brings about

the notion that goaltenders should include suffiterength and power training in their
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training regime, to reach optimal level of physiparformance for the duration of the
entire game. Goaltenders also need to be able tiorpe powerful actions while
somewhat fatigued and thereby it could be suggdbidhey should perform training
that aims to hinder a decline of strength and poguelities during a game and also
train for strength and power while fatigued. Adalially, in addition to strength and
power training, the endurance level needs to ba suificient level to promote recovery
from high intensity actions (Hamilton et al 1991gnilin & Wegner 2002; Tiikkaja
2002)

Blood lactate measurements showed only slight asae in blood lactate from pre-
game. Obviously one of the major limitations weet thlood lactate measurements were
done after each full period of play. It would beemesting and more informing to be
able to perform measurements also during the periddis type of approach, could
have provided more accurate information of thensity of performance and recovery
during the actual playing performance. Yet, theultssindicate that even though
goaltenders perform also high intensive actionslander working periods during the
game, the flow of the game and stoppages in plyvahhem to recover quite well

during the game.

The heart rate data showed that the goaltenders sroaverage at a heart rate of 149
BPM during the game. This finding is somewhat meliwith previous investigations
where average heart rate was 143 BPM (MontgomeB8)19The results from each
period indicate that even though there are respegods during times of play, the
goaltenders still need to work on average on a mabeléo high aerobic intensity and,
thereby, have a good level of endurance to perfatra high level. In addition, this
stresses the point that the goaltenders need te bafficient level of endurance to
endure the game and to be able to recover fronbarable to perform the high intensity

fast/explosive actions.

An interesting finding was that during periods whlea goaltenders were not that active
and just stood at their goal; their heart ratesevatill somewhat elevated. This brings
about the interesting point of why this happened ahich factors overall may have
affected heart rate during the game? Obviously do@inysically active is the major
reason for elevations in heart rate, but additignal reason may be psychological

factors that affect to raise the heart rate. Aaorder elevated heart rate during periods
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of recovery could also be due to a low initial leseendurance in some of the subjects,
so that they were just pushed to work very harcelation to some others with higher
endurance levels and therefore recovery from wagrkieriods was not as efficient. An
alternative reason may be the heat, because aljasidyearing the bulky goaltending
gear usually causes clear raise in body temperangesweating. Logan-Sprenger et al.
(2011) reported in their study that the two goalmnin the study sweated on average
2L +0,7 during a game. This indicates that goalsesdweat much during a game. It is
known that if fluid intake does not match the leweélsweat loss it may lead to fluid
deficiency, which has been proven e.g. to raise temperature and heart rate. Already
small fluid deficiency has been shown affect perfance negatively. (Logan-Sprenger
et al. 2011, McArdle et al. 2001) This factor alseeds to be considered when
interpreting the results of physical performanche mount of fluid loss during the
game could have been measured in this study byweighting the subjects prior to and
after the game.

The heart rate measurements proved to be challgngectause of the high amount of
disturbances in the recording signal. Therefore, data should be approached with
some caution, but still it is of high enough qualid provide information of physical

loading of the game performance. An interestinghpaiould be to be able to know
more precisely how much of the elevated heart itdue to psychological factors,
because all of the data cannot be explained onphlygical performances.

In general, the physical performance of goaltenderBkely to decline during and
following playing a game of ice hockey. The levédecline is much dependent on the
flow of the play, amount of action performed, theture of the working periods and
initial level of fitness. Blood lactate levels shdlat goaltenders have sufficient time
inside the game to recover from previous perforrearand that the level of intensity in
the game performance is on average at a level wdregegy can be produced mainly
through aerobic metabolism. Heart rate recordingscate that heart rates average at a
moderate to high aerobic intensity. Yet, it shoble notified that these are only
averages and that there are also periods of higmsity anaerobic action and lower
intensity aerobic action. A limitation of the praesestudy was that there was no
knowledge of the endurance performance level oh eadividual. This factor would

probably add important information that would aissis understanding changes in
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performance from pre-to post-game and to be ablenterpret more precisely the
working zones of each individual according to tlear rate.

7.2. Action analysis

The action analysis notified all actions that tgalace during actual playing time.
Actions that took place during stoppages in playensot accounted for. The results
from the action analysis show that most of the tgoalers action during the game is
related to skating and movement techniques, edpemaving horizontally with slow
c-cuts (36% / 140,2 + 34,7). The goaltenders mfiehautilize these c-cuts to move out
from or back towards the net. Most of this movemeakes place when the goaltender
gets ready for the oppositions attack, follows pi@y and during different scoring
situations. Shuffle technique (55,7 + 14,8) wa®auite frequently utilizes (14% of all
actions) and that is to be expected because gdalteroften utilize this technique to
move laterally and simultaneously maintain goodimsess to play. The division of fast
and slow type of skating and movement showed ttetrajority of techniques utilized
during the game, were of slow type. Whereas it khatill be noted that especially
during different scoring situations, the goaltersdeery often need to be able to move

very fast and explosively.

The results from the other actions showed that ¥estical movement accounted for
much of the action (66,8 £ 13,6), which was 17%albfactions and 42% when skating
and movement techniques are excluded. The mostaasedtechnique was the butterfly
technique (42,3 + 6,1) that accounted 11% of tatsilons and 26% when skating and
movement techniques are excluded . The general tkas that except for some of the
slow type skating movement, the other actions thatgoaltender performs is most
often of fast/explosive nature and they are usupbyformed in scoring situations

and/or when the puck is in the defensive zone. ©8odérs often prepare for situations
by skating and moving to position themselves prigpeao that they then are ready to
perform the techniques necessary to be able toeptethe opposition from scoring,

which often need to be performed very fast.

The action analysis showed great inter-individuaiation especially in the slow c-cuts

(x 34,7). Most often goaltenders use this technitpuenove in or out of the net to
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prepare for an attack or follow the play. Obvioustycan be said that the flow of the
game made this difference, but another factor & fome goaltenders may strive to
follow the play more actively and thereby strivehtave higher readiness for upcoming
situations. In general, according to the analysisiay be said that goaltenders need to
be able to skate- and move much and well to foltbes play. They also need to be
sound technically and physically, to be able tocexe many of the actions and
techniques correctly multiple times during the gamelditionally, the results show that
there is a high number of dropping down into thdtdsfly position and vertical
movement. This stresses that goaltenders need we &afficient strength, muscle
endurance, control and flexibility in the leg-, eoland hip musculature to be able to

withstand the loading of these muscles and to prtewguries.

7.3. Working periods and intensity

The analysis accounted for the periods that toakeptluring actual playing time, so not
when play was stopped. The results from the arsaBtsowed that most of the working
periods are of low intensive nature. Yet, thereaihigh number of fast/explosive
working periods of short duration (between 0,5-3dblat the goaltenders performed
during the game. The analysis clearly showed thatfast/explosive actions take for
most part place inside the low intensive workinggus or that they happen at the end

of a low intensity-working period.

It is to be noted that by the term “low intensity’”does not generally mean that the
goaltenders working intensity is very low. The heate analysis already showed that
on average goaltenders work at a moderate to teghbe intensity. The term is meant
to differentiate between high intensity or fastéespre working periods, where the

goaltender has to work with very high intensity goaver output.

The analysis clearly showed that the goaltendeiopeance is not similar to what the
skaters execute. Skaters most often work with mtgnsity for approximately 40-60sec
and then change and rest on the bench on averdgein3{Green et al. 1976;

Montgomery 1988; Westerlund & Summanen 2001). @adkers also occasionally
have to perform similar type of high intensity wioidg periods, but for the most part the

working periods are shorter or at least they varg thuch greater extend and so do the
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recovery periods. The flow of the game greatly aheiees the working periods, their
intensity and recovery duration. There is a mixtirghorter and low intensity periods,
interpreted by some fast/explosive actions, andestoimger over 30sec periods. E.g.,
when the opposition is playing on the power plag, goaltender often has to work hard
to maintain continuous readiness and move withpthg. In addition, the goaltenders
overall game readiness and how actively they follbe game, affects the working
periods. As mentioned earlier, the working periagse accounted for if the goaltender
was in the game stance or performing game skills.réimark was made when the

goaltender was standing still in a “resting” postat the goal.

A limiting factor to this analysis was that thednsity of the working periods was
determined visually through video. As mentionediegre.g. it would have been very
interesting to know more precisely, what the acintnsity was, instead of visually
observing and determining the intensity. Thereftine, categories were only separated
into two, because differentiating between e.g. mmedand low intensity would have
been impossible just by visually observing. Thertesde recording that was done could
have been synced with what happened during the .gélnn& option was notified in the
planning, but it proved to be somewhat problemuaifith the available equipment, so
therefore it was not done. Another factor is thatt@ven heart rate alone can accurately
enough take in account the intensity of single sloorration fast/explosive actions.
Another factor that was not accounted for in thiglg was the length of the recovery

periods during the game.

7.4. Performance analysis

The performance analysis was a sport specific arglthat looked more into the

technical and tactical aspects of goaltending arwhtwype of shots and scoring

situations goaltenders face during the game. Théy/sis reveals trends of what type of
shots and scoring situations take place in the gaand how the goaltenders act in those
situations. The analysis took into account somehef key areas of the goaltenders
actions prior to and during situations when scdshgoting situations take place. There
are many technical and tactical factors, which siressed in coaching of goaltenders

and the analysis brings about some factors thdtd@nd should be especially notified.
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Additionally, the scoring analysis results (APPEXDR & 3) gives important
additional information about how goals are made hod goaltenders act in those
situations. Some of the results from the scoringlymis are also discussed in the

following sections to support the findings from ierformance analysis.

The areas from where the shots on goal came frdraremquite evenly distributed, but
it showed that shots from area 2 where most fretgquatditionally the scoring analysis

also showed that most goals were scored from ar&aig is something that should be
notified, because shots from this area are oftéicult for goaltenders. On shots from

this distance to the goal, goaltenders have vemitdd reaction time and do not reach
the same advantage in net coverage, as in shdtcan@e from closer to the goal

(Mikkola 1987). Most of the shots were directedre lower portion and most frequent
was the stomach/5 hole area of the goal (34%).ddem goaltending puck control is

very important, because the aim normally is to bke & prevent scoring chances that
are caused by unnecessary rebounds and looserptlek primary scoring area (Nackel
2004; Magnusson 2008; SJL 2008). Shots that aeetdd toward the lower part of the
goal are often challenging for goaltenders to adnénd thereby may result in a

uncontrolled save and a rebound in the primaryisgoarea. Therefore, it could be

suggested that controlling pucks that are shdteddwer portion of the goal, should be
emphasized and practiced. Additionally, high shotthe catcher glove side accounted
for many of the goals, which is something that $thdae notified. Goaltenders often

drop down on the ice to perform a save and thezafowould be important to keep the

arms ready to react for stopping high shots (Ropp&002; Nackel 2004; SJL 2008).

The goaltenders were positioned inside the creasa an over half of the shots.
Although the goaltenders were still able to maksase on most of these shots, no
matter of the positioning, it should be notifiedathevery time the goaltender is
positioned on the top of the crease area, then dheyable to cover more of the goal.
Therefore, it could be important to stress the irtgpae of positioning prior to the shot
and scoring situation to be able to give oneselbptimal chance to stop the puck.
(Mikkola 1987; Nackel 2004; Magnusson 2008; SJL800n most of the shots, the
goaltenders readiness was that they were in the géamce in a standing position. This
usually provides the goaltender a good grounddp 8te puck and prevent a goal from
being scored. The more important are the situatidmsn the goaltender does not either
have optimal readiness in a standing position, leitexdown on the ice level. In these
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types of situations, the goaltender is often vidbk, because he/she is not in optimal
readiness to make a save. Therefore, a key fastogdaltenders should be that they
would have as good readiness as possible in eagtign. This stresses the abilities to
skate-, move and control one’s body. Additionaliging able to read and anticipate the
game situations well is crucial. (SJL 2008) Therisgpanalysis also showed that on
many of the goals, the goaltenders were out oftiposand the goals were scored in an
empty net. This indicates that the goaltendersinead and positioning was not
optimal. Usually this is caused by a rebound orsphasit puts the goaltender out of
position and they do not have time and/or readitesget re-positioned properly to
prevent the goal from being scored.

The most frequent type of shot or scoring situati@s the regular shots (43%). These
types of shots are most often the easiest onegd@atenders to stop, but the distance
from where the shot comes from should be notifiesl.mentioned previously, if the
shot comes from the primary scoring area (areay iI-B always a challenge for the
goaltender. Although in most of these situatiohgheé goaltender just anticipates the
play properly, he/she has time to get properly tpmsd and maintain proper readiness
and thereby also stop the puck. The more importtprding to the scoring analysis,
are the less frequent but much more dangerous ngcaituations. For example,
rebounds, lateral- and vertical passes and scrbets sare often challenging for
goaltenders. These types of situations often amgdlehe goaltenders positioning and
readiness. Often when these situations emergegdbhitender does not have time to
move optimally and be in optimum positioning anddi@ess. This stresses the fact that
goaltenders need to be very fast in their skatmjraovement and anticipate plays very
well, to be able to prevent goals from being scofattlitionally, on screened shots, the
goaltenders need to be able to find visual corttathe puck and strive for maximum

net coverage to promote one’s possibilities fopgiing the puck.

The most frequently used save technique was bhé&abutterfly technique (66%). This
is a trend in modern goaltending and is therefarsurprise. The next frequent was the
butterfly slide technique. A key notion from theosng analysis was that in addition to
the butterfly technique, the goaltenders had wtilizzo called other techniques in
situations when goals were scored. The relatehaopteviously mentioned fact of
positioning and readiness, as the goaltender ¢fésnto turn to more desperate type of
methods to try to stop the puck, when they areobpbsition in relation to the puck and
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the goal. The most frequently used butterfly teghaipromotes the goaltenders ability
to stop low shots, because then the lower portfdhedgoal is most often covered. Yet,
it should also be notified that one third of thealgowere scored high on the catcher
glove side. Therefore, if the goaltender utilizes butterfly technique, he/she must be
able to have the arms and hands in readiness ¢b teedigh shots (Ropponen 2002;
Néackel 2004; SJL 2008)..

Most of the saves, about half of them, were madé e stick or pads. Glove and
body saves accounted for 17% and 16% respectiwdigreas blocker saves only for
9%. Due to the high amount of low shots, the abild control these low shots to
prevent further situations in the primary scorimgaais vital. Additionally, saves made
with the body also need to be focused on, sinageifcontrolled, the loose pucks or
rebounds often end up in the primary scoring area.puck control on shots or scoring
situations in this research showed that goaltengers able to perform controlled saves
(puck smothered or directed to areas 4 or 5) intraibgations (64%). Obviously, the
aim for goaltenders on all shots, if possible hiattthey would be able to smother the
puck or direct the puck to a more non-dangeroua. 8rkis should be the starting point
for every shot, but in many situations, it is aliiospossible (Nackel 2004; Magnusson
2008; SJL 2008). The research also indicated thid, fas 29% of saves were
uncontrolled and thereby the rebound or loose mndled up in areas 1,2 or 3. The aim
for each goaltender should be to be able to deerdeesnumber of uncontrolled saves,
because it also usually means less goals scoremhsag@dditionally, when the
goaltender is able to control the puck well, he/stost often makes the game and each
play easier for oneself as he/she does not neddrty into situations and is thereby
able to maintain proper positioning and readin&b® total number of goals scored in

total in 9 games was 23, which account for 7% bélabts that were directed on goal.
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7.5. Conclusions

The results from the study indicate that goaltesg#rysical performance is prone to
decline due to playing a game. According to thetheede data, the game performance
requires good baseline endurance level to be abentlure the game and to recover
from the high intensity working periods. The ganegfprmance also sets requirements
on the power and strength qualities of the lowdresmities and the core. The results
showed that the more fast/explosive performancesgthaltender performs, the more
likely it is that they will also experience greafatigue in these abilities. Therefore, it
should be clear that the goaltender should haveoag endurance performance level
and be strong and powerful enough to be able ttopermultiple actions in the game

and perform on a high level throughout the game.

The video analysis is in support of the previousigntioned notion of the physical

performance, because goaltenders are active irgdhee most of the time and they
perform multiple different actions and working &$ that require a strong technical,
tactical and physical base. The action analysisvelldhat goaltenders move actively in
their net area and that they perform most of the@as necessary to stop the puck by
dropping down on the ice, mostly into the buttegbsition. This was supported by the
working period and intensity and game performanayais. Therefore, as mentioned
previously, the goaltenders need to be able touwtgabese actions with good technical
form and have physical abilities that support theanperform well in the game

performance as opposed to being a factor that hib&fa back. The goaltenders need to
be in good physical condition, technically soundl dactically smart to be able to

perform at a high level of performance. The perfange analysis showed facts from the
scoring situations that assists in further undeditey the mechanics of shots and
scoring situations and thereby which factors areciat for goaltenders to be able to

prevent scoring.

Future research suggestions. The present study may be seen as a starting fmint
research on ice hockey goaltenders and there imgay things to investigated. All of
the areas researched in this study should and ¢mufdrther investigated. Here, some
topics will be presented that could bring furtherportant information. Relating to

physical performance, it would be interesting tmwnhow much the initial level of
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endurance performance affects the level of fatithet the goaltender experiences
during the game and how this affects performande Working periods during the
game is something that could also be further stugieethat e.g. the heart rate date could
be synced with what actually takes place on theAdelitionally it would be interesting
to know more of how much playing a game elicitggia® in some of the key supporting
muscle groups e.g. groins, deep core muscles arsdlesuof the hip and gluteal area.
These muscles are of high importance in maintaisufjcient support and stability for
performing many of the techniques in the game. Tbisld bring key information for

training and for injury prevention.
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APPENDIXES

APPENDIX 1. Game performance analysis results.

Subject (N=9) 1|12|3|(4|5]|]6|7)]|8]| 9| Mean| SD % of
Number of shots on goal 28 (393238264041 |44]|23| 346 | 7,5 | section
< Area 1 1 5 4 110 7 4 91121 3 6,1 3,6 18 %
& |Area2 10|14 |12 |14| 6 |16 )14 10| 8 11,6 | 3,3 33%
:‘ Area 3 5 7 3 3 4 (11|10 8 6 6,3 2,9 18 %
2 Area 4 9 110] 9 7 8 7 5110 5 7,8 1,9 23 %
@ Area 5 3 3 4 4 1 2 3 4 1 2,8 1,2 8%
2 | High left 2 5 6 4 2 5 4 4 0 3,6 1,9 10 %
8 High right 3 4 4 7 1]11] 6 8 3 5,2 3,1 15%
E Low left 6 5 6 6 4 8 8 7 5 6,1 1,4 18 %
O | Low right 6 110 7 10| 9 1 9 8 5 7,2 2,9 21%
'é 5 hole/stomach 11 (14| 8 |11 |10| 15|13 | 15| 10 11,9 2,5 34%
v | Empty net 0 1 1 0 0 0 1 2 0 0,6 0,7 2%

Regular shot 141161615110 |21 |15|17 |11 15,0 3,2 43 %
Lateral movement 0]0 1 1 0 3 3 2 2 1,3 1,2 4%
Breakaway 1 0 2 0 1 0 0 0 0 0,4 0,7 1%
- Vertical pass 2 7 2 5 0] 4 3 2 1 2,9 2,1 8%
& | Lateral pass 214|153 |4(0]4]4]1 3,0 1,7 9%
| Break in to goal 1lalal2]3lalalal2] 28 [13] 8%
% Break-in (corner) 210 1142 11413 1 2,0 1,4 6%
Rebound 1 1 1 3 1 0 3 4 1 1,7 1,3 5%
Screen shot 3 3 1 1 1 3 2 4 1 2,1 1,2 6%
Deflection 1 2 0 2 2 2 1 1 1 1,3 0,7 4%
Other 1 2 2 2 2 2 2 3 2 2,0 0,5 6 %
g Top of crease 3113113 9 5115|141 4 | 11 9,7 4,6 28 %
g Inside crease 2312111222113 120)19]30] 7 18,6 6,9 54 %
E Post 2 3 6 6 6 5 6 8 5 5,2 1,8 15%
© | Out of position of2]l1]1f2]l0]2|2]0 1,1 |09 3%
GS stand-up 20291162014 ]|30|29|25]|18| 22,3 | 6,1 65 %
n GSice 4 1 4 5 7 3 6 |13 4 5,2 3,4 15%
§ Not GS stand-up 2|1|o]3]o)1]1|[1]o0 1,0 | 1,0 3%
S | NotGSice o|j1|l1]4|1]0]J]0|O0]O 0,8 1,3 2%
E In mov stand-up 1 6 5 2 2 5 2 1 0 2,7 2,1 8%
In mov ice 1 1 5 4 2 1 2 3 1 2,2 1,5 6%
Outplayed 0 0 1 0 0 0 1 1 0 0,3 0,5 1%
Butterfly 20127121 )121]116|30)129|25]|16 | 228 5,2 66 %
g Half butterfly 1 1 2 0 0 1 1 0 1 0,8 0,7 2%
g Stand-up 2 2 0 1 1 5 0 3 1 1,7 1,6 5%
5 BF-/half BF slide 4 6 5 9 2 2 5 4 2 4,3 2,3 13 %
& | Post load/VH 1 1 2 3 2 2 4 8 3 2,9 2,1 8%
Other 0 2 2 4 5 0 2 4 0 2,1 1,9 6%
E Body 3 6 |110| 4 4 7 7 5 4 5,6 2,2 16 %
S | Glove 5153|6387 ]10]5 5,8 2,3 17 %
2 | Blocker 2|31 ]|5]|1]|4f|5]|4[2] 30 |16] 9%
g Stick 10|14 9| 8|8 |11 8 |12] 7 9,7 2,3 28 %
w | Pad 4|1 8| 5]10|10] 6 |13|10] 5 7,9 3,1 23 %
= | Controlled save 2213019241526 22|24 |16 22,0 | 4,8 64 %
2 | Uncontrolled save 3169|911 f10]18]|17|7 ]| 100 | 49| 29%
2 | Goal s 3|a|s|olal1|3]o[ 26 |18] 7%
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APPENDIX 2. Scoring analysis results.

N=9 (all goals included) Total % of section
< Area 1 5 22 %
& Area 2 13 57 %
< [Area3 3 13 %
% Area 4 2 9%
@ Area 5 0 0%
g High left 2 9%
e High right 8 35%
S [ Low left 4 17 %
[=) Low right 2 9%
'g;': 5 hole 2 9%
] Empty net 5 22 %

Regular shot 3 13%
Lateral movement 1 4%
Breakaway 2 9%
w Vertical pass 4 17 %
& | Lateral pass 4 17 %
.': Break in to goal 1 4%
g’ Break-in (corner) 0 0%
Rebound 4 17 %
Screen shot 3 13%
Deflection 0 0%
Other 1 4%
9 | Top of crease 6 26 %
F Inside crease 9 39 %
E | Post 2 9%
© | Out of position 6 26%
GS stand-up 9 39%
" GSice 3 13 %
E Not GS stand-up 1 4%
=) Not GSice 1 4%
E In mov stand-up 3 13%
In mov ice 3 13%
Outplayed 3 13%
Butterfly 14 61 %
S | Half butterfly 0 0%
g Stand-up 0 0%
T BF-/half BF slide 3 13%
= Post load/VH 2 9%
Other 4 17 %
E Body na na
= Glove na na
= | Blocker na na
g Stick na na
w Pad na na
= Controlled save na na
7 Uncontrolled save na na
w
3 GOALS 23
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APPENDIX 3. Figures of scoring analysis results.

Goals scored - area Goals scored - direction
60% 5T 0% o0
50% 35%
30%
40% 25%
. 20%
3% 22% 15%
20% - % 10%
9% 0
10% - . o
0% T T T Highleft High Llowleft Lowright Shole Empty
Areal Area2 Area3 Aread Area5 right net
Goals scored - shot type Goals scored - positioning
20% 17%17% 17% S0
13% 39%
40%
4% 0% 26% 269%
0% 0% L 0% -
T T T T 9%
g > 5 :
& 6‘3& G‘@\ Q#; Q"’.;j é D@ & 0@@ 10%
& PO F F S o
F ¢ & & @ e 9 & & 0% - | |
& & T F ¥ _
g %@ & Topof  Insidecrease Post Qut of
N crease position
Goals scored - readiness Goals scored - used
L a— technique
40%
30%
20%
10%
0%
& 5 o o
& &6{" N ,\{\0'A A Butterfly Half Stand-up BF-/half Post  Other
¥ © hutterfly BF slide load/VH




APPENDIX 4. Action analysis values.

76

GOALIE ACTIONS Mean & SD (fast/slow) | Mean, SD & % of total actions
Fast | D | Slow | SD |TOT (f+s)|SD (f + s)| % of total

LATERAL MOVEMENT

shuffle 28,7 |10,9| 26,0 | 6,9 54,7 14,8 14 %

t-push 7,3 4,2 6,4 51 13,8 8,5 4 %

ice 84 | 27| 02 |04 8,7 3,0 2%

HORIZONTAL
MOVEMENT

c-cuts 78 | 72| 132,4 348 140,2 34,7 36 %

t-push 76 | 47| 3,8 |24 11,3 4,2 3%

ice 0,7 0,9 0,0 0,0 0,7 0,9 0%

Vertical movement 55,8 |11,6| 11,0 | 4,0 66,8 13,6 17 %
Full butterfly 422 | 62| 0,1 |03 42,3 6,1 11 %
Half butterfly 2,2 1,7 0,0 0,0 2,2 1,7 1%
Butterfly-/Half BF slide 16,2 | 6,9 0,1 0,3 16,3 6,9 4 %
Stand-up save 2,0 2,1 0,1 0,3 2,1 2,0 1%
Other save technique(VH) 76 |49 0,3 |07 7,9 4,7 2%
Sprawl 2,9 1,7 0,0 0,0 2,9 1,7 1%
Poke check 1,4 1,3 0,0 0,0 1,4 1,3 0%
Playing the puck 6,7 | 48 94 |31 16,1 4,2 4%
Skating out of net 1,6 11| 0,2 |04 1,8 1,0 0%
OVERALL 199,0 | 35,6 190,2 | 46,0/ 389,2 68,5 100 %




APPENDIX 5. Working periods and intensity analysidues.

1

Working periods and intensity

N=9 1 2 3 4 5 6 7 8 9| Mean | SD
Slow/low intensity
0,5-3sek 24 25 19 23| 26 17 12 1% 9 189 | 6,1
3-8sek 57 84| 52| 45| 72 52 41 53 60 57,3 | 13,4
8-15sek 14 23| 35 39 32| 47 24 4% 34 32,6 | 10,7
15-30sek > 6 8 10 19 20 26 19 15 15 153 | 6,4
30sek > 0 1 2 4 1 7 9 10 3| 41 3,7
Fast/explosive (only)
0,5-3sek 5 5 8 1 1 2 2 1 11 29 2,5
3-8sek 5 4 4 0 3 0 0 1 1| 20 2,0
8-15sek - - - - - - - - - - -
15-30sek > - - - - - - - - - - -
30sek > - - - - - - - - - - -
Fast/exp inside low
intensity
0,5-3sek 53 79 60 93| 75 83 58 92 6p 73,1 | 14,8
3-8sek 4 10 4 10 8 10 10 14 9 8.8 3,2
8-15sek - - - - - - - - - - -
15-30sek > - - - - - - - - - - -
30sek > - - - - - - - - - - -
Total 168 | 239| 194 234 238 244 145 246 197150 31,3




