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The understanding of the physical performance characteristics of ice hockey players
helps to establish performance data, develop more specialized training programs on
and off the ice, improve performance and also identify weaknesses in conditioning.
Appropriate training and maintenance of fitness level might help to prevent injuries
and maintain performance during games. Additionally, the conditioning of a player
may influence the coaches decision on the playing time the player gets, especially dur-
ing double shifting or penalty killing situations.

Despite the increasing popularity of ice hockey, there are few reasearches examing elite
female ice hockey players. The purpose of this study was to create a profile of Finnish
women national team ice hockey players’ physical profile between the years 1995 to
2014. This work considers players’ anthropometrics (height, weight, fat % ), anaerobic
and aerobic threshold levels (power peak, maximum blood lactate concentration,
VO2max) and speed variable (static and countermovement vertical jump).

Finnish national team players are tested several time during each year. In this study it is
surveyed the test results from the beginning of the season, from June or August
annually from 1995 to 2013.

Peak power and VOamax averages have improved slightly during the last four years. An
average player is still the same height and weight as she was in 1995. Only fat percent-
age has increased from the year 1995. Particularly there would be room for improve-
ment in vertical jump results, which are found to predict skating speed. The overall
athleticism of the national team has not altered during the 19 years.
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1 Introduction

Ice hockey is a high intensity sport, where the game situations change quickly. The
sport requires good game sense and well developed skill but also strength, power and
high endurance level. Because of the nature of the sport, most of the player’s move-
ment is done on anaerobic level, but the importance of aerobic endurance is pro-
nounced during the recovery periods between the shifts. Ice hockey is a popular sport
but there are still comparatively few researches from the physiological demands of the

sport, especially on women side.

The sport of women’s ice hockey is not new; the earliest document of women’s hockey
competition was in the late 1800s. In Finland women have played ice hockey from
1970s and the success on international level has been good. Women ice hockey became
a Olympic sport in the year 1998 in Nagano. At the time Finnish women hockey was
leading country in Europe and they were pronze medal favorites after USA and
Canada. Nowadays Sweden, Switzerland, Russian and Japan are even challengers, and

the level of female ice hockey has improved quite a bit.

The purpose of this work is to create a profile of Finnish women national team ice
hockey players’ physical profile between the years 1995 to 2014. This work creates a
picture of today’s ice hockey game’s physical demands and surveys a top-level Finnish
women ice hockey player’s physical capacity. The work considers players’
anthropometrics (height, weight, fat % ), anaerobic and aerobic threshold levels (power
peak, maximum blood lactate concentration, VOoamay) and speed variable (static and
countermovement vertical jump). The test results from the year 1995 to 2013 are de-
scribed annually and collected in a table. Figures create pictures of trends of the varia-

bles, but the results can be found from the tables in attachments too.

There are only few studies made about female ice hockey players’ physiology. As a re-
sult it is difficult to evaluate women ice hockey players athleticism or compare to other

female athletes in other sports, but it is done that part of what the studies are found.



2 Brief history of women ice hockey

In the year 2010, there were 170 872 female ice hockey players in the world and is on
the rise in almost every part of the world. 36 countries applied to enter their national
team in the 2011 World Women’s Championship program. (International Ice Hockey

Federation.)

First records of women’s hockey games date back to 1889 in Ottawa and 1892 in Bar-
rie, Canada. The first organized ice hockey game between two women team took place
in Ottawa, Canada, on February 11, 1891. (Wallechinsky & Loucky 2009, 41.) Lady
Isobel Stanlay, the daugther of Lord Stanley of Preston, was one of the players of the
era and one of the first female to be photographed playing ice hockey (International
Ice Hockey Federation.) The first international tournament had teams from Canada
and the United States in Cleveland in 1916. Those two nations have dominated wom-

en’s ice hockey ever since. (Wallechinsky & Loucky 2009, 41.)

The first women’s world championchips was held in Ottawa in 1990. Since that
Canada and United States have battled in every final of every major tournament.
(Wallechinsky & Loucky 2009, 41.) The first period of women’s ice hockey history in
North America peaked in 1930s before it disappeared with World War II. In the post-
war era ice hockey was seen as men-only sport and it took a while before a new
generation of famale ice hockey players grow up again. (International Ice Hockey Fed-

eration.)

In Finland women ice hockey began almost in every big ice hockey center in 1970s.
Even though the clubs regarded women ice hockey as a good thing, they were not
ready invest in it. The shortage of icetime, coaches and equipment limited practicing at
the beginning. The situation got much better after Finnish Ice Hockey Association
obligated clubs to share more ice time for women teams in the late 1980s. The first
official national league for women took place in 1982 with ten women teams. At the
beginnning the biggest women ice hockey cities were Tampere, Oulu, Jyviskyld and the

region of Helsinki. (Kantola 2007, 265.)



There are about 4000 registered female ice hockey players in the season 2014 — 2015 in
Finland. There are three women leagues in Finland. The highest league SM-sarja has
eight teams, the second highest women Mestis league has 6 teams, and the third league
Suomi-sarja has 19 teams in the season 2014-2015. There are girls’ leagues for A-, B-,

C-, D-, E-, F- juniors and some amateur series. (Finnish Ice Hockey Association 2.)

The first European Women’s Championship was played in 1989 in Dusseldorf and
Ratingen, Germany, with Finland as its first winner. One year later World Women’s
Championships took place in Ottawa with Canada winning on home ice. (International
Ice Hockey Federation) The International Olympic Committee accepted women’s ice
hockey as an Olympic discipline. The first Olympic women’s ice hockey tournament
was played in Nagano 1998. Between the 1998 and the 2014 Winter Olympics, the US
and Canada continued to dominate women’s ice hockey. (Wallechinsky & Loucky

2009, 42.)

European women’s Championship Cup is played since 2004, the first World Women’s
U18 World Championships took place in 2008, and in 2010 was played the first
Women’s Challenge Cup of Asia (Wallechinsky & Loucky 2009, 42).

Professional leagues were founded in North America in the 1990s and 2000s; the
Western Women’s Hockey league (WWHL) and the Canadian Women’s Hockey

League (CWHL). CWHL is considered the major professional league today, while
many players form outside North America play in U.S. college system, NCAA

Women’s ice hockey league. (International Ice Hockey Federation)

Women ice hockey became a Olympic sport in the year 1998 in Nagano. At the time
Finnish women hockey was leading country in Europe and they were pronze medal
favorites after USA and Canada. That became true, when Finland won China in pronze
medal game 4-1. In the year 2002 in Salt Lake City Finland lost to Sweden in pronze
medal game. In Torino 2006 Finland met USA, which was unexpectedly lost to

Sweden. Finland took the fourth place. In Vancouver 2010 Finland won Sweden in



pronze medal game and got the third place. In Sochi in 2014 Finland lost 4-2 to

Sweden in quarter finals and took fifth place. (Finnish Olympic Committee)

The rules for women ice hockey players are the same as those for men. However, in
women’s game body checking is not allowed and all women are required to wear full-

tace masks. (Wallechinsky & Loucky 2009, 40.)



3 Charateristics of ice hockey

Ice hockey can be defined as a ball game played on ice surface, and which includes
unlimited amount of changing game situations. Game situations are influnced by
positions of players, opponent and the puck, their speed and moving direction, and the
position of the game. The players on ice try to get the hard rubber puck with the sticks
to the opponent’s net guarded by a goalie. A team has five players and a goalie on ice at
once and usually two to three lines in change. Beacause of the special surface, contact

nature of the sport and the hard puck, the players are demanded to wear protections.

3.1 Game- and time-motion analysis

Ice hockey is an interval type of sport where shifts have periods of very high intensity
activity of sprint skating, changes in directions, battling for the puck along the boards,
and giving and receiving body contacts. All this has to be done on skates, on two thin
blades, and on a sliding surface. The game requires quick game reading and excellent
technical skills from a player to be able to pass or shoot in fast changing situations.
(Bomba & Chambers 1999, 37.) On the other hand goaltenders game is based on con-
centration, flexibility, and lightning quick reflexes. However the anaerobic demands of
the game causes fatigue that leads to a challenge to maintain the level of technical skills.

(Bomba 2006, 97.)

Ice hockey is played in three 20-minute periods, so the total duration of the game is 60
minutes. A game extends for 150 to 170 minutes with intermissions and stops of play.
An average player performs for 15 to 20 minutes. (Montgomery 2000, 815.)

There are 14 to 21 shifts per player during one game (Green et al. 1976, 160). Com-
pared with NHL statistics, ten most played defenders had approximately 29 shifts, and
ten most played forwards 25,5 per game during the season 2011-2012 (The National
Hockey League 2012). An average shift includes 39,7 s of uninterrupted play, which is
followed by a 27,1 s play stoppage, and that is repeated 2,3 times per shift. An average
total playing time is 87,6 s per shift and the recovery time between the shifts is 4,85
minutes. (Green et al. 1976, 160.) Goaltenders usually play all 60 minutes (Bomba
2000, 97.)



Compared with forwards, defenders have a longer playing time. In NHL ten most
played defenders had 26s playing time per game, and ten most played forwards 21,6s
during the last season 2011-2012 (The National Hockey League 2012). Similar results
are found in SM-liiga statistics from the season 2011-2012; ten most played defenders
played 24,5s and forwards 20s per game (SM-Liiga 2012). That is explained with larger
number of shifts per game, longer playing time per shift, and less recovery time be-
tween the shifts. A defender also skates with 61,1% lower average velocity than a for-

ward. (Montgomery 2000, 815-816.)

Finnish highest women league SM-sarja has 8 teams. The regular season begins in Sep-
tember and ends at the end of January. After that playoff games are played. The league
has 8 teams, and each team play 28 games during the regular season. See table 1 (Finn-

ish Ice Hockey Association 1 2014).

Table 1 Number of games, teams, and length of seasons in different men's and wom-

en's ice hockey leagues in the season 2014-2015

Length of regular Number Number | Refer-
League of played
season of teams ence
games

National Hockey League | October - April 82 30 NHL
Liiga (Finland) September - March 59 14 LIIGA
Svenska Hockeyligan September - March 55 12 SHL
(Sweden)
Canadian Women’s November — February 24 5 CWHL
Hockey League
National Collegiate Ath- | September — February 10 -22 40 NCAA
letic Association Women
SM Sarja (Finland wom- | September — February 28 8 FIHA 1
en)
Russian women league September — January 30 9 RWL
Sweden women league October — February 15 6 SWH




3.2 Movement of a ice hockey player during a game

Players from Czechoslovakian national team skated average 5160 m (range 4860 to
5620m) during a game (Seliger et al. 1972, 283-291). During 24 minutes of playing
time, university level players skated 5553 m with average velocity of 227 m/min. De-
fensemen (160m/min) skated only averaged 61.6% of the value of forwards. Centers
(276 m/min) skated slightly faster than wings (243 m/min). (Green et al. 1976, 160.)
Skating velocities between 50 and 400 m/min would be expected during a game
(Ferguson et al. 1969, 53-56). On the average, ice hockey players devoted more time
skating time to acceleration (49%) than deceleration (41%) with only 10% of the time
player search a place by coasting. So the movement of the player on ice is mostly con-
tinuous accelerating or deceleration. (Dillman et al. 1984, 190-193.)

Within a shift there are usually five to seven bursts of maximal skating ranging in
duration from 2.0 to 3.5 seconds. With the players, who were on ice from 15 to 21
minutes per game, the total burst time average were 4 to 6 minutes during a game.

(Garrett & Kirkendall 2000, 816.)

When evaluating ice hockey forwards’ skating technique, they spent highest precentage
of total on ice time in a two foot glide (39%), and cruise stride (16,2%). There was
medium intensity skating only 10% and low intensity skating about 8%. Struggling for
the puck or positioning, when body or stick contact was made, takes 10 % of time
spend on ice. A player crossover skates about 20% and makes crossover turns about
17% of the time. More turns to left was done with and without the puck. Interesting is
that there is very little backward skating (4.9%) and high intensity skating (4.6%). A
player changes his skating technique all the time according a game situation. The range

of time spent in one skating characteristic was 0,25-2s, when the average was 1,87s.

(Bracko et al. 1998, 253-261.)

Green et al. (1976, 159-163) studied players’ on-ice time. They found out that during a
game an average player skates on maximal speed for 156 s, fights for the puck 52 s,

skates 418 s and slides 748 s.



After a player receives the puck he usually works with it a very short time
aprroximately 1,2 seconds. Thirty-nine percent of the times a player carries the puck
approximately 0-4 meters at the time and passes the puck. 62 % of the times a player
passes the puck, 10 % shoots towards the net and 10 % receives a pass and shoots.

(Table 2) (Rekild et al. 1991, 40.)

When studing youth players, a player carried the puck 11-12 times during a game. 5-6
out of them included straight skating. A player passed a puck aproximately 18 times. 11
out of them was from forehand side and 4 from backhand side. 43 % of the passes

ended to the opponent team. (Luhtanen 1987, 63 — 72.)

Table 2 A player's skill segmentation after receiving the puck (Rekild et al. 1991, 41)

A player’s actions Team average | Player average | % from all doing
One timer pass 70 5 14
A pass from skating 189 13 39
A pass from still position 39 3 8
Move 35 2 7
Carry the puck 80 5 17
Battles for the puck 25 2 5
One timer shot 17 1 4
A shot from skating 21 1 4
A shot from still position 7 1 2
All together 483 33 100




4 Physiological profile of ice hockey player

Nowadays professional ice hockey and its schedule have increasingly greater physical
and psychological demands on the players. The understanding of the physical perfor-
mance characteristics of ice hockey players helps to establish performance data, devel-
op more specialized training programs on and off the ice, improve performance and
also identify weaknesses in conditioning. Appropriate training and maintenance of fit-
ness level might help to prevent injuries and maintain performance during games. Ad-
ditionally, the conditioning of a player may influence the coaches decision on the play-

ing time the player gets, especially during double shifting or penalty killing situations.

Other sports physiological variables can be related to individual’s performance and
certain components of a sport. Because of varied factors and conditions that can affect
a team wins or losses, it is hard to link physiological variables to team success. It is still
possible that individuals’ conditioning can be related to individuals’ success during a

hockey game.

4.1 Antropometrics

To meet the new demands, the ice hockey players have increased in stature and be-

come progressively faster, stronger, and more aerobically fit.

4.1.1 Length, weight and body fat percentage

Cox et al. (1995, 184-201) found out that approximately 40% of the male players
weighed less than 85kg and 71% were shorter than 180cm in height in 1980. By the
year 1991, 26% of the players weighted less than 85kg and 85% were taller than 180cm.
Also Quinney et al. (2008, 756-758) collected data from National Hockey League play-
ers between the years 1979 and 2005. They found out that the mean age of the NHL
players fluctuated with an overall mean age of 24,5 years, and body mass, height, and

BMI showed an increase over the 26 years period.



Defensemen used to be physically bigger than forwards (Rhodes et al. 1986, 36). The
differences between defenders and forwards have leveled up, but still defensemen have
generally greater body mass and height compared with other positions, and goaltenders
smaller body mass and height in comparison to the other positions. Quinney et al.
(2008, 759) Montgomery (1988), Cox et al. (1995, 184-201), Vescovi et al. (20006, 84-94)
have reported similar results. It is difficult to discern if self-selection to positions ex-
plains these findings. It is also very likely that the differences reflect the training em-
phasis imposed by the coaches, trainers and players themselves specifically designed to

meet the metabolic requirements of the positions. (Cox et al. 1995, 184-201.)

Geithner et al. (2000, 503-504) researched physical differences among positions in elite
women hockey players with overall mean age of 21,4 years. They found out that for-
wards and defensemen did not differ significantly in body mass or height. However,
the forwards tended to be lighter and leaner than goalies, on average. The significant
differences between male forwards and defensemen weight and height might be ex-
plained by the inclusion of body checks and a more physical game overall when com-

pared to women’s ice hockey.
Between 20 and 24 years male athlete mean body mass is 70 kg and mean height 174,
cm with mean body fat 15 %, and female athlete’s mean body mass is 56,7 kg, mean

height 164 cm, and mean body fat 27%. (Table 3) (Mero et al. 2012, 53.)

Table 3 Female ice hockey players’ average anthropometrics from different researches

A player Age Height | Weight | Fat Reference
status (years) | (cm) (kg) %o

Elite 27 175,2 66,8 Bracko, M.R. 2001
Non elite 23 164,2 66,6 Bracko, M.R. 2001
Elite 24,7 169,7 70,4 15,8 | Randsell & Murray. 2011
Goaltenders 21 166,7 67,1 28,4 | Geithner et al. 2006
Defenders 22 169,1 68,5 26,9 | Geithner et al. 2006
Forwards 21 1677 65,3 25,0 | Geithner et al. 2006
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When studied 10 -11, 12-13, and 14- 15 years old male and female ice hockey players,
no significant differences were found in height or weight of the players. The males

were consistently lower in fat percentage. (Table 4) (Bracko & Fellingham 2001.)

Table 4 Boy and girl ice hockey players' anthropometrics (Bracko & Fellingham 2001)

Age (years) Gender Height (cm) | Weight (kg) Fat %
10-11 Female 143,4 36,4 19,0
10-11 Male 140,9 35,7 7,6
12-13 Female 158,6 47,0 17,4
12 -13 Male 159,2 48,3 0,8
14 -15 Female 1649 58,8 19,9
14-15 Male 166,7 56,9 13,8

4.2 Endurance

Time motion analysis and the work rest ratio indicate that ice hockey is powered
through aerobic and anaerobic pathways. Also the nature of shifts played with high
heart rates reflects not only high oxygen consumption, but also high-energy require-
ments, which indicates that oxidative metabolism is not fully capable of satisfying a
playet’s energy demands during a game or a practice. Seliger et al. (1972, 283-291) and
Green et al. (1976, 159-163) concluded that 69 % of the energy demand is provided by

anaerobic energy systems and 31 % through aerobic energy systems.

The Adenosine Triphosphate Phosphocreatine (ATP-PC) and the glycolytic energy
systems’ ATP production peaks after 10 — 45 seconds. That is enough to provide ener-
gy for the shift lasting maximally 45 seconds. When the ATP production continues on
the glycolytic pathway, lactate and hydrogen ion concentration increase causing fatigue
and decreased performance on the ice. (Baechle & Earle 2000, 140-143.) Green et al.
(2000, 43-36) found a positive correlation between players’ blood lactate concentration
and played ice time during games. This can be explained with a fact that coaches play

those athletes, who are able to perform longer with higher intensity and more frequent-

ly.

11



Aerobic energy system provides oxidative recovery between the shifts. A playet’s abil-
ity to utilize oxygen is measured by the rate of oxygen consumption (VOzmax). The
greater the volume is, the more trained the aerobic energy system is. Well-trained aero-
bic energy system decreases a player’s recovery time between the shifts and reduces
fatigue during games. This ensures that the player is able to work longer with higher
strength levels and maintain his skill levels. Green et al. (2006, 43-46) found also a pos-
itive correlation between VOzmax and net scoring chances. Aerobic capacity has a direct

relationship to playing time and scoring chances.

Aerobic and anaerobic thresholds are the best measurements to describe players’ sub-
maximal performance. Anaerobic capacity and aerobic fitness are commonly tested
using Wingate cycle ergometer or a peak power cycle ergometer until exhaustion. Test
repeatability is good and measurements can be done reliable. Cycling tests are criticized
because of the little movement of the arms. Arms do high intensity work while ice

hockey player is skating. (Green et al. 2006, 43-46.)

4.2.1 Aerobic threshold

Aerobic threshold or lactate threshold describe a playet’s ability to produce energy
through oxidation of energy resources such as carbohydrates, fats and proteins. Aero-
bic threshold is measured by blood lactate concentration or through aerobic capacity.
When stress of a player is increased, at acrobic threshold blood lactate concentration
decreases over rest values (0,5 — 1,5 mmol/l). Aerobic capacity is a maximum rate at
which a player can produce energy through oxidative energy system and it is usually
expressed as a volume of oxygen consumed per kilogram of bodyweight per minute

(ml/kg/min). (Baechle & Earle 2000, 288 — 289.)

4.2.2 Anaerobic threshold

Anaerobic threshold or the maximal lactate steady state is defined as an exercise rate,
where maximal lactate production is equal to maximal lactate clearance within the
body. When the exercise intensity oversteps anaerobic threshold level, blood lactate

concentration increases until exhaustion. When the blood lactate concentration rises

12



close to a player’s maximum level, his ability to produce force and intensity decreases.
High anaerobic threshold helps a player to move further the moment, when the lactate
starts to build up in the muscles and hinder his performance. (Baechle & Earle 2000,

497))

Gabrys et al. (2012, 37-406) studied Polish male ice hockey national team (n=24). The
subjects performed an incremental exercise test on the peak power ergometer. They
found an average blood lactate value of 4.02 mmol/1 and average VOomax value of 56,9
ml/kg/min at the anaerobic threshold. VOamax was approximately 81,7 % from the
player’s maximum result. Relative peak power at the anaerobic threshold was 3,41

W/kg on the average. That was 73,9 % on the average from the peak power.

Vescovi et al (2006, 84-94) studied NHL combines players in 2001, 2002, and 2003.
Forwards’ were able to cycle peak power result of 1008,4 W, defenders’ 1028,6 W and
goaltenders’ 929,2 W. When compared relatively, there was no significant difference;

forwards 11,6 W/kg, defenders 11,3 W /kg, goaltenders 10,9 W /kg.

Quinney et al. (2008, 753-760) studied NHL team’s physiological profile for 26 years
from 1989 to 1993. The subjects performed a 30 s Wingate anaerobic power test. Play-
ers performed 4 repeats of 5 s maximal effort sprints with 10 s of active recovery in a
60 s period. Relative anaerobic peak power exhibited an increase over the years. In the
carly years the average power outputs were 10 - 12 W/kg and in the later years the
mean values exceeded 13 W/kg. This is explained with leaner and stronger players, and

with the implementation of more sport specific training programs.

4.3 VO2max and heart rate

An athletes’ playing time is influenced by positional and physiological differences. De-
fensemen play close to 50% and forwards play 35% of a game, when work to rest ratio
is from 1:3.3 to 1:8. (Twist & Rhodes 1993, 44-46.) Peak on-ice heart rates exceed 90%
of maximum and the average heart rates are above 85% of maximum (Montgomery
1988, 107) (Twist & Rhodes 1993, 44-46). During the recovery time on the bench, the

heart rate rapidly declines but rarely decreases to below 125 beats/min, which is still

13



60% of maximum. (Picture 1) There are no differences in the playing heart rate average
between defenders and forwards. (Green et al. 1978, 289-293.) The heart rates of goal-
tenders have also been monitored and an average heart rate was 143 beats/min (64%
of maximum) during adult recreational games (Montgomery 1979, 39-42). Green et al.
(2012, 37-46) found heatt rate 189 beats/min at VOoama for elite ice hockey players
during a game. The high heart rate indicates the high-energy requirements and that
oxidative metabolism is not fully capable to satisfy an athlete’s energy demands during

a shift. (MacLean, 1-3.)

HEART RATE GRAPH

5 10 15 20 25 30 35 40 45 50 55 Time

Picture 1 A heart rate graph from a female ice hockey player

The more efficient athletes are in utilizing oxygen, the greater the volume of oxygen
they are able to consume over a shorter period of time. VOzmax Is expressed in
ml/kg/min. Heart rate and oxygen uptake has a linear relationship until about 80% of

VOomax at the lactate threshold, then the drop back occurs. (Twist & Rhodes 1993, 44.)

There are only few studies, where VOamax is measured while skating on ice, because the
contact nature of the sport and the risk that equipment used for measurements might
break. More studies can be found from treadmill or cycle ergometer test. Daub et al.
(1983, 290-294) reported University male ice hockey team VOomayx average value 52.1
ml/kg/min measured while skating. They also reported no change in skating VO2max
over a season of ice hockey training. Also Seliger et al. (1972, 283-291) studied Czecho-
slovakian national ice hockey team during model game. One shift lasted averaging 1.17

minutes and followed 21 minutes of recovery. They found out that during the shift
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oxygen consumption averaged 32 ml/kg/min or 66% of VOomax. Sixty-nine percent-
age of the oxygen consumption was in the recovery period. They characterized ice
hockey as an activity requiring mostly submaximal metabolic rate with great participa-
tion of anaerobic metabolism, but with high requirements of aerobic metabolism too.
The average total game caloric expenditure was 820 kcal of which 69% would be an-
aerobic and 31% aerobic expenditure. This would indicate that 70% of the total caloric
cost of the game would be expended during the 20% of player’s presence on the ice.

(Jetté 1980, 278-287.)

There is a trend for VOomax to decrease, when body weight increases. This explains
why forwards have significantly higher scores than the defensemen and goalies. (Mont-
gomery & Dallaire 19806, 137-139.) Quinney et al. (2008, 753-760) studied NHL players
from 26 years. There was a significant difference between the positions for relative
VO2max, with the forwards having the highest score and the goalies the lowest. They
also showed relative VOomay increase between the years of 1989 and 1993, although the
overall trend showed no increase during the 26-year period. This is likely due to the

increase in body mass during the same period of time.

In the study of women ice hockey players from University of Alberta, no significant
differences between the positions were found. This might be explained with similar
anthropometrics of the players. Forwards and defensemen did not differ from weight.
When tested with Leger running test, average VOomax for women ice hockey players
was 45 ml/kg/min. (Geithner et al. 2006, 501-505.) Carey et al. tested female college
ice hockey players on treadmill. They found average VOomax results of 50 ml/kg/min.
Vescovi et al. (2000, 84-94) studied players’ results from NHL combines from the
years 2001, 2002 and 2003. The players performed Wingate cycle ergometer test. The
average VOomay for forwards was 57,8 ml/kg/min, defenders 56,1 ml/kg/min, and for

the goaltenders 55,6 ml/kg/min. No positional differences were obsetrved.

4.4 Lactate

During an ice hockey game, there is a large energy contribution from anaerobic glycol-

ysis. Fingerpick and venous samples have been used to measure blood lactate and to
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assess the anaerobic energy contribution from glycolysis, which indicates the intensity
of the play. Montgomery 1988, 109-110.) Lactate accumulation depends on the ath-
lete’s fitness level, state of training, active muscle mass, muscle-fiber composition, nu-
tritional status, blood flow and fatigue (Garrett & Kirkendall 2000, 817). Green et al.
(1976, 159-163) measured average blood lactate values from varsity ice hockey players
during a game and found the highest values during the first (8.7 mmol/l) and second
petiod (7.3 mmol/]) then declined during the third period (4.9 mmol/l). Forwards and
defensemen had very similar values despite different skating velocities. The goal-
tendet’s result (mean 0.93 mmol/l) showed very little changes in blood lactate over the
three periods. In subsequence study, Green et al. (1978, 289-293) found lower lactate
values average 5.5 mmol/l for forwards and 2.9 mmol/] for the defensemen. The low-

er values were attributed to shorter shift duration.

4.5 Glycogen

Muscle glycogen depletion is associated with a decrease in physical performance. Mus-
cle-biopsy technique is used to assess the demands that are placed on the muscles’ fuel
store. Tissue samples have been taken from vastus lateralis, which has indicated a rapid
rate of glycogen depletion during intense intermittent skating. (Cox et al. 1995, 196-
197.)

During an ice hockey game and skating task, glycogen is used from type 1, 2a and 2b
fibers. The pre-game glycogen concentration (mmol/kg wet tissue) values were very
similar; 89.3 + 13.6 to forwards and 85.0 £ 3.74 to defenders. (Green et al. 1978, 298-
293.) The greatest depletion is in type 1 fibers for both forwards and defenders. Com-
pared with pregame levels glycogen depletion represented a reduction of 60%. Type 2a
and 2b appeared to be much less depleted with a reduction of 15%. Only difference
between forwards and defenders appeared in the type 2a fibers where defenders

seemed to have a less glycogen left (9% versus 26%). (Green et al. 1978, 298-293.)

Green H.J. (1978, 183-187) studied a group of college ice hockey players. They per-
formed either ten 1-minute work intervals at 120% of VOomax with a recovery period

of 5 min following each exercise or a continuous skate of 60 min performed at 55% of
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VO2max. During continuous skating, there was 29% reduction in muscle glycogen with
the greatest depletion from the type 1 fibers. Intermitted skating reduced 70% deple-
tion of muscle glycogen with a preferential loss from the type 2 fibers, particularly the
type 2b fibers. Since a large amount of glycogen is left in the muscles, it does not ap-

pear that glycogen depletion is the main cause of fatigue.

Blood glucose concentration was measured before and after each period for each posi-
tion of varsity ice hockey team by Green et al. (1976, 159-163). They found out large
increases (+63.6%) in blood glucose concentration level for both defenders and for-
wards at the end of the first period with a decline over the two next periods. The goal-
tender’s elevation in glucose concentration was +58% at the end of the second and
third period. Blood glucose response is related to the character of the work and the
observed increase suggests that the work done on-ice is of sufficient intensity to stimu-
late glucose output. The decline observed in the third period might be caused by in-
creases in plasma insulin concentration, which facilitate diffusion of glucose across

membranes. (Green et al. 1976. 159-162.)

Thou, Simard et al (1988, 144-147) examined the effects of carbohydrate (CHO) intake
in blood before and during ice hockey game. The players with CHO- feeding skated
10.2% more at a slightly (4%) faster speed. They also observed a 10.3 % reduction in
glycogen utilization. The research demonstrated potential of nutrition for maintaining

blood glucose level and a reduction in muscle glycogen utilization.

4.6 Explosive strength

Speed is ability of applying explosive force to a skating movement or technique to
achieve high velocity. In ice hockey the ability to change directions, break and acceler-
ate again are usually more important than simply achieving or maintaining high veloci-
ty. This agility requires rapid force development and to high power output. Speed en-
durance is required to maintain skating speed over duration of 6 seconds or to achieve

the maximum speed during repetitive sprints. (Baechle & Earle 2000, 472.)
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It seems that acceleration (6,1 m) does not differ significantly among female and male
young ice hockey players. Researchers found all the groups had similar acceleration,
when studying differences between 10-15 years old female and male ice hockey players.
(Bracko & Fellingham 2001, 26-34.) Also elite and non-elite female players and non-
age-matched high school players were similar in their ability to accelerate (Bracko, M.R.

2001, 42-47; Bracko et al. 1996, 55).

Bracko (2001, 42-47) found that elite players were significantly faster skaters over 15,17
meters than non-elite players. They had also better on-ice anaerobic capacity and
scored better on all aspects of the Reed repeat sprint skate test. Bracko (2001, 42-47)
hypothesized the better results by the older age of elite players. They might have been
physically more mature and been involved in specialized training longer than non-elite
players. Bracko & Fellingham (2001, 26-34) found that the 10-15 years old male ice
hockey players were 0,76 — 1,06 s faster than the females on the on ice speed (44,80 m)
test. The length of the test requires higher level of skating skill in order to have faster
time and the superior speed of male players may also be due to their longer playing
experience. Length and weight of the player affects to the skating speed, but also skat-

ing stride frequency and stride length. (Behm et al. 2005, 326-331.)

40 yard dash time, which is a sprint over 40 yards (36,58 m), was found to predict skat-
ing speed in women’s ice hockey players. The assumption is that a hockey player, who
is able to run fast, will also skate fast and maintain high speed on ice. However, if the
player has a poor skating skill, the complex nature of skating can limit players from

performing even though she is a fast runner. (Bracko & George 2001, 116-122.)

Vertical jump has been found to be a very consistent predictor for both acceleration
and speed in men’s hockey players (Diakoumis & Bracko 1998, 272). The assumption
is that a player, who is able to generate powerful muscle contraction, will be able to
accelerate quickly. Bracko & George (2001, 116-122) found a strong correlation be-

tween vertical jump and on-ice anaerobic capacity in female ice hockey players.
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When Bracko & Fellingham (2001, 26-34) studied 10-15 years old female and male ice
hockey players, they found that male players jumped higher. The players performed
countermovement jump and make a mark with their chalked fingers on a wall. At the
age of 12 — 13 years, male players jumped 6,93 cm higher than female players at the

samec age.

Elite female ice hockey players jumped 50,3 cm on the average, when performing a
countermovement jump, with a swing of arms to hit the highest possible vane
(Ransdell & Murray 2011, 2358 - 2363). Vescovi et al. (20006, 84-92) used the same

method to test elite NHL players. There are more results collected in the table 5.

Table 5 Vertical countermovement jump results for male and female ice hockey players

10 — 11 years old male 33,5 cm Bracko & Fellingham (2001)
10 — 11 years old female 29,7 cm Bracko & Fellingham (2001)
12 - 13 years old male 37,9 cm Bracko & Fellingham (2001)
12- 13 years old female 31,0 cm Bracko & Fellingham (2001)
14 — 15 years old male 44,4 cm Bracko & Fellingham (2001)
14 — 15 years old female 38,1 cm Bracko & Fellingham (2001)
Elite female 50,3 cm Ransdell & Murray (2011)
Competitive college female all 43,1 cm Geithner et al. (20006)

Competitive college female Defenders 40,9 cm Geithner et al. (20006)

Competitive college female Forwards 44,0 cm Geithner et al. (20006)
Competitive college female Goaltenders | 44,0 cm Geithner et al. (20006)
Elite NHL combines Defenders 63,0 cm Vescovi et al. (2000)
Elite NHL combines Forwards 62,7 cm Vescovi et al. (2000)
Elite NHL combines Goaltenders 61,0 cm Vescovi et al. (2000)
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5 Methods

5.1 Research design

The purpose of the research is to describe the physical profile of Finnish women na-
tional team annually from the year 1995 to 2013. This research searched anthropomet-
rics, endurance and speed variables of the players. Physical profiles have been studied

also by the positions.

Research problem:
1. What kind of physical profiles Finnish women national teams have had between

the years 1995 and 2013?

5.2 The subjects

The subjects are Finnish women national team players, who were chosen to the team
by the Finnish Ice Hockey Federation annually in the years 1995 to 2014. The subjects
are tested several times a year. The test results used in this research are from the begin-
ning of June or August. The roster of the national team will vary during the summer
and autumn, so the team, which is tested in June and August, is not always the final
team playing at World Championships in spring. In the table 6 is shown the exact test

dates and the number of players in a team, by the positions, and by the Olympic years.

Table 6 Test dates and the number of tested players each year and Olympic year

Test date
Team Goaltenders Defenders Forwards

26.5.1995 32 4 10 18
14.4.1996 30 5 8 17
23.5.1997 30 3 12 15

‘ 1998 Olympiad 92 12 30 50 ‘
15.6.1998 23 3 8 12
14.6.1999 26 4 7 15
8.6.2000 33 4 11 18
8.6.2001 41 6 14 21

‘ 2002 Olympiad 123 17 40 66 ‘
7.6.2002 24 3 6 15
3.6.2003 21 2 8 11
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3.6.2004 20 4 4 12
6.6.2005 21 3 6 12

[ 2006 Olympiad 86 12 24 50 |
11.6.2006 19 3 7 9
8.6.2007 21 5 7 9
5.6.2008 19 2 6 11
5.6.2009 25 6 8 11

[ 2010 Olympiad 84 16 28 40 |
82010 33 5 10 18
482011 24 3 8 13
2.82012 19 4 7 8
10.8.2013 33 4 10 19

[ 2014 Olympiad 109 16 35 58 |

5.3 Methods

All the tests have been run at Vierumiki sport center in Finland. The test are per-
formed either at the beginning of June or August annually from 1995 to 2013. (Table
0) The tests vary each year. The tests, which are discussed in this research, are intro-

duced below based on protocols used at the sport center.

5.3.1 Anthropometrics

The tests always start with the anthropometrics measurements, which includes length,
weight and body fat percentage measurements. Length of the players is measured using

a tape measure. Weight of the players is measured using a bodyweight scale.

Body fat percentage is determined using a skinfold estimation method. A pinch of skin
fold is measured by calibers at several standardized points on the body to determine
the subcutaneous fat layer thickness. The points used in the tests are biceps, triceps,
subscapularis, suprailiaca. The measurements are converted to a body fat percentage by

Durning and Womerslays equations (Keskinen et al. 2007, 276).

5.3.2 Bicycle peak power ergometer until exhaustion

Bicycle peak power ergometer test is performed at the testing laboratory in Vierumaki
test center. By the protocol the resistance is added progressively: each resistance is held

for 2 minutes and each resistance raise is 25W. For female ice hockey player the start-
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up resistance is the same as their body weight. Heart rate is measured during the test.
The subject defines pedaling frequency, but it has to stay over 60 RPM during the
whole test. The test will end, when the subject is not able to raise the frequency over

60RPM anymore.
Peak Power is determined from the last resistance before the test end and time (table
7) Relative power is counted from peak power by dividing it with the body weight of

the subject.

Table 7 PP ergometer addition watts at the last unfinished resistance

Cessation time durin -
the last resistance (s)g Addition watts (W)
15" 3
30" 6
45" 9
100" 13
1715" 16
130" 19
1745" 22
2°00" 25

VO2max is estimated using a formula
VOZmaX (ml*kgil*minil) = ((P*lZ) + (msubject * 3)5)) / msubjeco

where P = Peak power (W) and mgubjecr = weight of the subject (kg).

Anaerobic and aerobic work percentages from peak power results are counted with a
formula

ANT-% = AERT-% = (P (W) / Ppeak (W) ) = 100,
where ANT-% = anaerobic work, AERT-% = aerobic work, P = anaerobic or aerobic

work result, Ppeak = peak power result.

Maximal oxygen uptake can be counted using a formula

VO2max (1 * min™) = VOomax (mlkg*min™) *m / 1000.

subject
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Blood sample to measure peak blood lactate concentration is taken from a fingertip
one minute after the bicycle test end. Recovery phase before blood sample is passive

on the saddle. After the sample is taken, the subject can start active recovery.

5.3.3 Vertical jump

Muscle lab and Newtest devices “jump mats” measure subjects jumping height. They
count time the subject is in the air and convert it to centimeters. A subject steps on a
mat and stands both feet shoulder width apart. The subject has to jump straight up as
high as she can without tucking her legs and land with both feet on the mat. Static
jump is started from a stationary position, knees bended to 90 degrees, and the hands
placed on the hip. Countermovement jump is started from a high standing position,
quickly moved down to natural squat position, and immediately jumped. The devices

convert the flying time to centimeters.

5.4 Statistical methods

All the tested national team players’ test results are collected to a Microsoft Excel file.

Annual reviews are done using average. Averages are counted also for annually for all

the positions. Annual minimum and maximum values, and median are reported. Aver
ages, minimum and maximum values, and medians are also counted for each Olympi-

ad. Graphs are made with Microsoft Excel.
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6 Results

The test results from the year 1995 to 2013 are described in this chapter annually. Fig-
ures create pictures of trends of the variables. All the values are averages. The results
are collected in the table 8. Each year is presented separately (attachments 1 - 18), and

the attachment 19 presents the results by the Olympiads.
From 19 to 41 players were tested each year; about 8 defenders, 14 forwards and 4

goaltenders a year. The average age of the players has varied between 20,6 (2005) and
23,8 (2001) years, but there is not a clear trend. Median age is 22,1 years.
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Table 8 Test results from the year 1995 to 2013

Maximal endurance Thresholds
Anaerobic power Anaerobic Aerobic
Number of Age Length Weight Fat % | Peak Power Rel. Power VO 2 Max. Lactate Work Work Static Counterm.

tested years  cm kg % w w/kg ml/kg mmol/l W Work-% A\ Work-% [ cm cm
Average Defenders 10 232 167,10 G55 206 | 2304 352 458 128 1725 745 1255 542 | 33,0
| Average Forwards 18 213 1682 66,7 208 | 2311 348 452 11,1 1655 714 1251 539 |314
Average Goaltenders 4 231 1658 704 241 | 2250 3,26 42,7 95 1625 722 1175 522 | 30,5
Average 1995 32 22,1 1675 66,8 21,1 230,1 3,46 45,1 11,5 167,4 72,5 124,3 53,8 | 31,8
Average Defenders 8 228 1698 648 20,8 2558 3,76 48,6 9,9 1990 77,7 152,6 59,4 | 36,7
Average Forwards 17 218 1669 66,5 212 | 2496 3,77 48,7 11,0 1852 741 1339 534 | 353
Average Goaltenders 5 22,6 1672 669 21,8 235,6 3,57 46,3 10,9 162,6 69,1 119,0 50,7 | 38,3
Average 199 30 22,2 167,56 66,1 21,2 | 2481 3,73 48,2 10,3 83,6 73,0 1346 54,0 | 36,2
Average Defenders 12 255 1673 650 20,7 236,3 3,64 47,2 11,2 1773 74,9 1275 53,5 | 34,8
Average Forwards 15 23,0 1665 67,5 21,6 239,6 3,61 46,8 11,4 170,6 71,1 1274 52,8 | 323
Average Goaltenders 3 187 1677 628 206 | 2407 3,87 50,0 10,8 1633 67,8 1200 499 | 343
Average 1997 30 23,6 1669 66,0 21,2 | 2383 3,65 47,3 1,2 1727 72,3 126,71 528 | 33,5
Average Defenders 3 2L1 1644 628 205 | 2290 3,08 7.6 1,0 715 740 1280 552 | 33,0
Average Forwards 12 225 1678 67,6 21,1 246,0 3,65 473 12,1 1792 7211 131,1 51,9 | 355
Average Goaltenders 3 200 1650 61,5 199 | 2290 372 481 138 1527 666 1150 496 | 37,3
Average 1998 23 21,8 166,2 65,1 20,7 238,2 3,67 47,5 12,0 173,0 72,1 127,9 52,8 | 34,9
verage Defenders 235 1677 655 218 | 2370 3.64 1 3.6 675 704 1200 500 | 341
Average Forwards 15 21,3 1675 66,0 22,8 246,2 3,76 48,6 14,5 168,3 68,1 123,1 49,5 33,3
Average Goaltenders 223 1644 636 209 | 2508 395 50,9 146 1590 634 1083 429 | 355
Average 1999 26 22,0 167,1 655 22,2 244,4 3,75 48,5 14,3 166,5 68,0 120,1 48,9 | 33,9
Average Defenders 11 20,6 1655 655 23,1 233,6 3,58 46,6 11,1 156,5 66,9 1134 483 [ 31,9 29,9
Average Forwards 18 21,6 1657 644 232 | 2314 3,57 46,4 11,8 1664 720 121,01 524 |318 294
Average Goaltenders 4 20,9 1628 658 238 2320 3,55 46,3 11,4 1585 68,3 1213 52,0 | 338 32,7
Average 2000 33 21,2 1653 64,9 23,2 232,3 3,58 46,4 11,5 162,0 69,8 118,5 51,0 32,1 29,9
Average Defenders 14 254 1684 66,5 244 2420 3,68 47,6 11,4 1587 65,7 113,0 46,5 | 33,4 31,2
Average Forwards 21 233 1669 655 248 2393 3,66 47,4 11,1 167,9 70,1 1244 52,0 | 334 31,0
Average Goaltenders 6 21,7 1673 68,1 253 2332 3,46 45,0 11,1 152,0 654 114,5 48,9 | 30,7 28,9
Average 2001 a 23,8 167,65 66,2 24,7 | 2393 3,60 47,1 1,2 62,4 67,9 19,1 49,7 | 33,0 30,8
Average Defenders 22,0 1689 70,2 249 255,6 3,74 48,4 8,8 1742 68,1 1254 49,0 [ 321 34,0
Average Forwards 15 23,1 1669 648 243 2340 3,58 46,5 9,5 160,4 68,7 112,7 48,1 31,5 33,7
Average Goaltenders 3 24,0 166,8 65,3 23,0 2333 3,58 46,5 9,2 166,3 72,3 1250 54,5 30,8 31,9
Average 2002 24 229 167,4 66,2 24,3 239,0 3,62 46,9 9,3 164,5 69,1 117,5 49,2 | 315 33,5
Average Defenders 8 21,1 1688 70,0 22,9 2486 3,52 45,8 10,6 170,6 68,4 1243 49,5 31,6 34,4
Average Forwards 1 236 1653 668 239 | 2345 3,52 45,7 10,7 1585 67,4 1047 441 | 329 346
Average Goaltenders 2 226 1692 631 212 | 2050 328 428 92 1580 77,3 1240 606 | 27,6 293
Average 2003 21 22,6 167,0 67,7 23,2 236,5 3,49 45,4 10,5 162,7 68,8 113,5 47,7 | 31,9 34,0
Average Defenders 7 20,5 1683 68,4 248 | 2470 364 471 T12 1500 60,8 1048 423 | 308 340
Average Forwards 12 230 1646 66,5 244 | 2555 3,86 49,8 10,9 1781 69,9 1275 500 | 31,8 344
Average Goaltenders 4 194 1690 647 254 | 2147 323 423 102 1523 702 960 443 | 277 30,0
Average 2004 20 21,9 166,2 66,5 24,7 246,3 3,70 48,0 10,8 167,6 67,9 117,2 47,3 | 30,8 33,5
Average Defenders 3 20,7 169,7 68,1 237 | 2530 3,74 483 2,7 1604 620 1066 413 | 34,7 37,2
Average Forwards 12 216 167,0 648 239 | 2488 384 496 12,0 1778 71,5 1200 482 |325 350
[Average Goaltenders 3 16,3 1628 60,0 229 2240 3,76 48,6 10,0 1397 62,5 88,3 39,9 | 30,4 33,2
Average 2005 21 20,6 167,4 65,0 23,7 246,1 3,80 49,2 11,9 167,8 68,0 112,0 45,2 | 32,9 35,4
Average Defenders 7 22,7 1671 63,7 248 248,6 3,91 50,5 11,6 156,0 62,7 96,0 38,5 | 31,7 323
Average Forwards 9 27 1657 654 254 | 2430 3,72 48,1 10,4 1629 667 1033 424 | 316 324
Average Goaltendets 3 19,5 1641 592 255 2133 3,59 46,6 10,0 1250 59,0 77,3 37,1 32,4 32,6
Average 2006 19 22,2 166,0 63,8 252 240,4 3,77 48,8 10,8 154,4 64,0 96,5 40,1 31,8 32,4
Average Defenders 6 22,1 1660 640 251 2310 3,61 46,8 11,2 1425 0614 95,5 40,9 | 32,3 33,2
Average Forwards 9 23,7 1651 658 253 2356 3,59 46,6 11,8 156,8 66,3 113,6 478 | 332 33,9
Average Goaltenders 5 20,6 1664 64,0 27,4 2214 3,47 45,2 10,2 135,8 61,5 85,0 38,3 30,1 30,8
Average 2007 20 22,6 1654 64,8 25,7 232,4 3,60 46,7 11,3 148,6 63,7 103,2 44,1 32,3 33,1
Average Defenders 3 20,8 1650 63,8 23,7 | 2438 3,84 19.6 10,0 542 63,2 07.0 396 | 330 34.1
Average Forwards 11 204 1665 668 257 | 2318 3,48 453 11,7 1650 71,2 1098 472 | 292 307
Average Goaltenders 2 21,5 1643 554 240 196,0 3,54 46,0 10,7 1355 69,2 99,0 50,5 30,2 31,4
Average 2008 19 20,9 166,1 64,7 24,9 231,8 3,60 46,7 11,4 158,5 68,5 104,6 45,2 | 30,4 31,7
Average Defenders 8 215 1707 66,3 245 2520 3,82 49,3 14,0 178,6 70,8 1179 46,5 32,6 33,7
Average Forwards 11 21,2 1685 672 256 2359 3,52 45,7 13,0 166,1 70,1 116,5 49,1 29,8 31,0
Average Goaltenders 6 20,8 1670 625 258 2032 3,25 42,5 10,9 1358 67,1 81,2 40,4 | 28,0 28,4
Average 2000 25 21,2 1680 65,7 253 | 2331 3,55 46,1 2,8 1627 69,6 1081 46,1 | 30,2 312
Average Defenders 10 21,6 170,5 684 252 30,6 33,0
Average Forwards 18 222 1669 635 242 31,3 332
Avearge Goaltenders 5 22,7 169,7 62,8 24.8 28,4 30,6
Average 2010 33 22,1 1684 64,8 24,6 30,6 32,7
Avcrage Defenders 3 28 1671 65,7 23,7 | 2418 3,68 17, 20 1655 684 1101 456 | 320 327
Average Forwards 13 228 1676 648 241 | 2382 3,68 47,7 11,6 1624 67,9 1126 47,0 | 314 317
Average Goaltenders 3 232 1733 623 238 | 2445 3,88 50,1 17 1680 689 1170 480 | 274 271
Average 2011 24 22,8 1681 64,8 239 240,0 3,70 47,9 12,0 164,0 68,2 112,1 46,6 31,1 31,4
Average Defenders 7 20 1668 671 250 | 2596 3,01 50,4 14 849 7.0 1277 290 |37 319
| Average Forwards 8 209 1665 657 249 | 2488 3,81 493 12,4 1704 682 1160 465 | 324 329
Average Goaltenders 4 223 1709 623 245 | 2258 362 470 108 1705 755 1215 537 | 297 314
Average 2012 19 21,7 167,6 65,5 25,1 247,9 3,81 49,2 11,7 175,7 70,7 121,5 48,9 | 315 32,1
Average Defenders 10 246 107,1  654 244 | 2016 7,00 51,5 20 1791 685 1273 4, 34,3
Average Forwards 19 234 1683 67,9 255 | 2541 3,75 485 1,9 1808 71,1 1258 495 33,5
Average Goaltenders 4 205 1697 641 251 | 2460 384 496 124 1698 69,1 1183 482 33,7
Average 2013 33 23,4 168,1 66,7 25,1 255,2 3,83 49,5 12,0 178,9 70,1 125,3 49,1 33,7
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6.1 Anthopometrics

The players were the shortest (165,3 cm) in the year 2000 and the tallest (168,9 cm) in
the year 2009. There is not a clear trend between the year 1995 and 2013. The median

length is 167,2 cm. There are not differences between the playing positions. (Figure 1)
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Figure 1 Teams’ average height between the year 1995 and 2013

The players were lightest (63,8 kg) in the year 2006 and the heaviest (67,7kg) in the year
2003. There is not a clear trend between the year 1995 and 2013. The median weight is
65,5 kg. Goaltenders seem to be about two kilograms lighter than field players by the

median, but there are not clear trend between the positions. (Figure 2)
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Figure 2 Teams' average weight between the years 1995 and 2013

The average fat percentage value has been the lowest 20,7 % in the year 1998 and the
highest 25,7 % in the year 2007. The trend has been growing. Fat percentage is 4 %
higher in 2013 (25,1 %) than in 1995 (21,1 %). The median value is 24,1 %. There is

not a difference between the playing positions. (Figure 3)
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Figure 3 Teams' average fat percentage between the year 1995 and 2013
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6.2 Endurance

The lowest VOomax average was in 1995 (45,1 ml/kg/min) and the highest in 2013
(49,5 ml/kg/min). There is 9 % difference between the years, but there is not clear
trend. (Figure 5) The median is 47,3 ml/kg/min. There is not a difference between the

playing positions.
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Figure 4 Teams' VO2max averages between the years 1995 and 2013

An average player was able to produce the less force 230 W in 1995 and the most 255
W in 2013. The median is 239 W. Relatively the lowest value was 3,46 W/Kg in 1995
and the highest 3,83 W/Kg in 2013. The median is 3,65 W/Kg (Figure 4). The average
in the year 2013 are 10% higher than in 1995. Field players were able to produce slight-
ly higher peak power results, but when compared relatively there is no difference be-

tween the positions.
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Figure 5 Teams' average relative peak power results between the years 1995 and 2013

Anaerobic threshold power results were lowest 149 W in 2007 and highest 184 W in
the year 1996. The median is 165 W. Aerobic threshold power results were lowest 97
W in 2006 and the highest 135 W also in 1996. The median is 118 W. There are not
clear trends. Field players were able to produce slightly higher values than goaltenders
by the median, but when compared by the percentage of the peak power values, there

are not differences between the playing positions.

Peak blood lactate concentration was measured from a fingertip after passive one-
minute recovery from the finish of the PP-ergometer test. The lowest peak blood lac-
tate concentration average 9,3 mmol/l was in the year 2002 and the highest 14,3
mmol/1 in 1999. The median is 11,4 mmol/1. The trend shows that the average has
stayed close to 11,5 mmol/1. (Figure 6) There is not a difference between the playing

positions.
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Figure 6 Teams' peak blood lactate concentration averages between the years 1995 and

2013

6.3 Explosive strength

An average player jumped the highest 33,0 cm static vertical jump in the year 2001 and
the lowest 30,2 cm in 2009. The median is 31,8 cm. There is not a clear trend. There is

not a difference between the playing positions.

Countermovement vertical jumps are higher. Countermovement jump is only tested
from the year 2000. The lowest average was 29,9 cm in the year 2000 and the highest
35,4 cm in 2005. The median is 32,4 cm. There is not a trend between the years. (Fig-

ure 7) There is no difference between the playing positions.
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Figure 7 Teams' average countermovement vertical jump results between the years

1995 and 2013
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7 Discussion

The purpose of the work was to create a physical profile from annual off ice tests for
women national team in Finland between the years 1995 to 2014. All the results are
presented annually in attachments 1 — 18, and by the Olympiads in the attachment 19.
There was not any significant difference between the playing positions found. Previous
studies of women ice hockey players found the same results (Geithner et al. 2006, 500-

505; Ransdell & Murray 2011, 2358-2363).

The average age of the team has stayed about 22 years. An average player has been
about 167 cm tall and weighed about 66 kg through all the years. Average fat percent
has risen from 21,1% in the year 1998 to 25,3 % in the 2009. In 2014 the average
dropped slightly down to 25,1 %. Ransdell & Murray (2011, 2358-2363) studied 23 elite
USA female ice hockey players. The players were approximately three years older than
Finnish national team players. The average height was 169,7 cm, the average weight
70,4 kg, body fat percentage 15,8 %. Geithner et al (2006, 500-505) studied 112 com-
petitive Canadian female ice hockey players, who were 21,4 years old on average. Their

average height was 167,9 cm, body mass 66,4 kg and fat percentage 20,9%.

There tented to be no differences between the positions in anthropometrics. This dif-
fers from the studies done for male ice hockey players. That might be because the
game is not as physical as the male sport due the fact women players are not allowed to
body check. Body fat percentage of USA female players was respectively lower than
Finnish national team players. This might be caused by the possibility to participate
more advanced periodization techniques and nutritional practices in athletes’ everyday
life. Higher fat percentage predicts lower anaerobic power results and lower relative
VOomax values. (Webster et al. 1998, 25-40). During skating a player’s extra weight re-
sulting from fat is not that big drawback while moving horizontally but powerful starts
and stops made during a game require more energy from a heavier player and they are

usually slower.
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The peak power average results improved 25 W from 230 W in the year 1998 to 255 W
in 2014. Also average relative result has risen from 3,46 W/kg to 3,83 W /kg. Relative

results could have raised more, if the fat percentage stayed stable.

The average VOomax was 45,1 ml/kg/min in the year 1998 and 49,5 ml/kg/min in
2014. Canadian women ice hockey players” average VOomax was 44,6 ml/kg/min, but
they were tested using Lager running test. (Geithner et al. 2006, 500-505) A player hav-
ing lower relative VOamax will get tired faster and recovers slower between the shifts,
periods, and games. Slower recovery between the games affects a player’s tournament

durability.

Peak blood lactate concentration average has changed from 9,3 mmol/1 (2002) to 12,8
mmol/1 (2009), but there is not a clear tendency of improvement. In the year 2014, the
average was 12,0 mmol/l. Canadian women ice hockey players’ average result was 13,4
mmol/1, but that was measured after skating tests instead of cycling (Geithner et al.

2006, 500-505).

Anaerobic threshold power averages varied from 149 W (2007) to 184 W (1996) and
were from 64 % to 73 % from the peak power average. In the year 2014, the average
anaerobic threshold power was 179 W and 70 % on the average of the peak power.
Aerobic threshold power averages have varied between 97 W (2006) and 135 W (1996)
and were from 40% to 54 % from the peak power average. In the year 2014, the aver-
age aerobic threshold power was 125 W and 49 % of the peak power. It seems that
anaerobic and aerobic threshold levels has improved during the years. Many advances
have been made in strength and conditioning planning to create more sport specific

training sessions also on clubs level during the years.

An average player jumped 31,8 cm on static vertical jump in 1998 and 31,5 cm in the
year 2012. Countermovement jump was measured first time in the year 2000, when the
average was 29,9 cm. In the year 2014, it was 33,7 cm. USA elite female ice hockey
players jumped at countermovement vertical jump 50,3 cm, which is 16,6 cm higher

than Finnish players, but they are allowed to swing arms during the jump (Ransdell &
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Murray 2011, 2358-2363). Canadian female ice hockey players’ average countermove-
ment result was 43,1 cm. They are measured by using reaching technique, which allow
arm movement and might bring some extra height to jumps (Geithner et al. 2006, 500-
505). The difference between lowest and highest result was clear in both static (24,3 cm
— 43,3 cm) and countermovement (23,0 cm — 45,8 cm) jump tests. When vertical jump
is found to predict skating speed, the 16,6 cm difference to USA players seems to be
pretty clear in ability to accelerate and keep the tempo. Also a high fat percentage af-
fects negatively a playet’s ability produce power strength. When compared to USA and
Canadian female ice hockey players’ ability to produce power strength, that would be

one clear development area for Finnish women national team players.

The state of conditioning of the players is not necessarily directly related to the success
of the team at World Championships. There have been players tested, who have not
been playing at World Championships in the spring. Also some of the players, who
have played at World Championships, might not have taken part in the testing camp.
Even though, it would also be interesting to compare test results to the team success at
World Championships. Some of the players might have been very familiar with all the
tests and some of them might have performed them the first time. The older the player
is, the longer she has usually taken part in sport specialized training programs. That
might affect the average values, especially the goaltenders’ average, because there have

only been 2-4 goaltenders tested each year.

There are very few studies about women ice hockey players’ conditioning, which
makes the comparison towards other countries difficult. It is also difficult to find stud-
ies about athletes in other sports. That part of what the studies are found the condi-
tioning of the players could still be better. Peak power and VOamax averages have im-
proved slightly during the last four years. An average player is still the same height and
weight as she was in 1995. Only fat percentage has increased from the year 1995. Par-
ticularly there would be room for improvement in vertical jump results, which are
found to predict skating speed. The overall athleticism of the national team has not

altered during the 19 years.
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9 Attachments

Attachment 1. Women national team test results and averages in the year 1995.
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Attachment 2. Women national team test results and averages in the year 1996.
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Attachment 3. Women national team test results and averages in the year 1997.
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Attachment 4. Women national team test results and averages in the year 1998.
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Attachment 5. Women national team test results and averages in the year 1999.
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Attachment 6. Women national team test results and averages in the year 2000.
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Attachment 7. Women national team test results and averages in the year 2001.
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Attachment 8. Women national team test results and averages in the year 2002.
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Attachment 9. Women national team test results and averages in the year 2003.
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Attachment 10. Women national team test results and averages in the year 2005.
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Attachment 11. Women national team test results and averages in the year 20006.
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Attachment 12. Women national team test results and averages in the year 2007.
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Attachment 13. Women national team test results and averages in the year 2008.
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Attachment 14. Women national team test results and averages in the year 2009.
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Attachment 15. Women national team test results and averages in the year 2010.
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Attachment 16. Women national team test results and averages in the year 2011.
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Attachment 17. Women national team test results and averages in the year 2012.
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Attachment 18. Women national team test results and averages in the year 2013.
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Attachment 19. Women national team averages, medians, minimum and

lues by the Olympiads.
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