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Objectives: The purpose of this study was to examine whether field-based and/or laboratory-

based assessments are valid tools for predicting key performance characteristics of skating in 

competitive-level female hockey players.

Design: Cross-sectional study.

Methods: Twenty-three female ice hockey players aged 15–25 years (body mass: 66.1±6.3 kg; 

height: 169.5±5.5 cm), with 10.6±3.2 years playing experience volunteered to participate in 

the study. The field-based assessments included 20 m sprint, squat jump, countermovement 

jump, 30-second repeated jump test, standing long jump, single-leg standing long jump, 20 m 

shuttle run test, isometric leg pull, one-repetition maximum bench press, and one-repetition 

maximum squats. The laboratory-based assessments included body composition (dual energy 

X-ray absorptiometry), maximal aerobic power, and isokinetic strength (Biodex). The on-ice 

tests included agility cornering s-turn, cone agility skate, transition agility skate, and modified 

repeat skate sprint. Data were analyzed using stepwise multivariate linear regression analysis. 

Linear regression analysis was used to establish the relationship between key performance 

characteristics of skating and the predictor variables.

Results: Regression models (adj R2) for the on-ice variables ranged from 0.244 to 0.663 for the 

field-based assessments and from 0.136 to 0.420 for the laboratory-based assessments. Single-

leg tests were the strongest predictors for key performance characteristics of skating. Single leg 

standing long jump alone explained 57.1%, 38.1%, and 29.1% of the variance in skating time 

during transition agility skate, agility cornering s-turn, and modified repeat skate sprint, respec-

tively. Isokinetic peak torque in the quadriceps at 90° explained 42.0% and 32.2% of the variance 

in skating time during agility cornering s-turn and modified repeat skate sprint, respectively.

Conclusion: Field-based assessments, particularly single-leg tests, are an adequate substitute to 

more expensive and time-consuming laboratory assessments if the purpose is to gain knowledge 

about key performance characteristics of skating.

Keywords: exercise physiology, test methodology, sport, physiological characteristics

Introduction
Ice hockey is a high-intensity intermittent contact sport with high physical demands 

of the neuromuscular and cardiovascular systems.1 Performance in ice hockey is 

determined through an interaction of several factors, which poses challenges to capture 

all aspects that could potentially impact the ability to compete at a high level.2 The 

assessment of physical and physiological attributes is considered a valuable compo-

nent for monitoring player development, talent identification, as well as prediction 

of specific performance variables, such as skating.3–5 So far, most research regarding 
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physiological factors associated with skating performance are 

based on males.6 Research on female hockey, and particu-

larly competitive-level female hockey, is somewhat limited.5 

However, because of different biological, sociocultural, and 

financial preconditions, knowledge of male hockey cannot 

outright be applied on female hockey.7 Thus, while skating is 

considered the most important skill in ice hockey,8 factors that 

might best explain key performance characteristics of skat-

ing in competitive-level female ice hockey remains largely 

unknown. Consequently, it is also currently unknown whether 

laboratory- or field-based tests are best suited for assessing 

key performance characteristics of skating in competitive-

level female ice hockey.4,9,10

Laboratory-based assessments are performed under well-

controlled environments, provide highly accurate outcomes, 

and might replicate the physiological demands of ice hockey; 

however, they require expensive equipment, expertise, 

are time-consuming, and lack movement specificity11 in 

comparison to field-based assessments.12 Some researchers 

have indicated that field-based testing is a valid predictor 

for successful performance in male ice hockey,10,13 while 

others considered field-based testing as proxies for specific 

components of hockey performance.14,15 This is a relatively 

unexplored area in female ice hockey; however, one recent 

study16 has indicated that field-based assessments can be used 

to predict speed and recovery ability in lower level (division 

III) female ice hockey. Currently, no study has compared the 

predictive value of physiological and physical outcomes from 

laboratory- and field-based protocols to key performance 

characteristics of skating.

Thus, the purpose of this study was to examine whether 

field-based and/or laboratory-based assessments are valid 

tools for predicting key performance characteristics of skat-

ing in competitive-level female hockey players. In accordance 

with the principle of specificity, exercise adaptions are 

 specific to the mode and intensity of training.17 As much of 

the time for a skater is spent on one leg,18 our hypothesis is 

that single-leg exercises are more sport-specific for a hockey 

player and will thus provide more useful information regard-

ing key performance characteristics of skating than two-leg 

exercises.

Methods
This study had a cross-sectional design, and the protocol was 

reviewed and approved by the Regional Ethical Review Board 

at Umeå University, Department of Medical Research (Dnr: 

2012-22-31M). Experimental procedures and study risks 

were verbally described, and written informed consent was 

obtained from the participants (and parents when appropriate) 

prior to volunteering in the study. Prior to testing, participants 

completed a questionnaire regarding general health status, 

assuring they were not sick, injured, or using any medication 

that could affect their health or performance. The participants 

were instructed to refrain from food and caffeine within 

3 hours of testing. Twenty-three female ice hockey players 

volunteered for the study (Table 1). Athletes were recruited 

from a single team participating in the highest league (Riks-

serien) in Sweden. Participants had 10.6±3.2 years of playing 

experience, typically trained 9–10 hours, and competed in 

two games per week.

The participants were tested pre- (n=18) or postseason 

(n=5). Inter- and intraday testing order was standardized 

(Table 2). Physiological and performance assessments were 

Table 2 Testing schedule: inter- and intraday testing order

Field-based assessments On-ice tests Laboratory-based assessments

Day 1 Day 2 Day 3 Day 4

Anthropometrics 1RM squat Agility cornering s-turn DXA
20 m sprint 1RM bench press Cone agility skate Maximal aerobic power
Squat jump Isometric leg pull Transition agility skate Isokinetic strength
Countermovement jump MRSS
Bosco 30-second repeated jump test
Standing long jump
Single-leg standing long jump
20 m shuttle run

Notes: Days 1–2 were performed off-ice, day 3 on-ice, and day 4 in laboratory. Days 1–3 were performed during 3 consecutive days, followed by day 4 approximately 
1–2 weeks later. At least 5 minutes of recovery was provided between trials to minimize fatigue.
Abbreviations: DXA, dual X-ray absorptiometry; MRSS, modified repeat skate sprint; 1RM, one-repetition maximum.

Table 1 Participant characteristics (n=23)

Variable Mean ± SD Range

Age (years) 18.04±2.14 15.00–25.00

Body mass (kg) 66.11±6.27 56.90–79.70

Body height (cm) 169.45±5.50 158.70–179.50

DXA body fat (%) 25.57±4.73 17.00–34.50

DXA lean body mass (kg) 46.67±4.23 37.11–53.38

Abbreviations: DXA, dual X-ray absorptiometry; SD, standard deviation.

 
O

pe
n 

A
cc

es
s 

Jo
ur

na
l o

f S
po

rt
s 

M
ed

ic
in

e 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

90
.2

36
.1

56
.1

27
 o

n 
07

-S
ep

-2
01

6
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

www.dovepress.com
www.dovepress.com
www.dovepress.com


Open Access Journal of Sports Medicine 2016:7 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

83

Laboratory- and field-based testing

performed during 4 days through field-based, laboratory-

based, and on-ice tests (Table 3). Days 1–3 were performed 

during 3 consecutive days in the team’s own premises, 

followed by day 4 approximately 1–2 weeks later at Umea 

University’s sport-testing facility. The interval between 

laboratory and field tests was required because of traveling 

distance to our laboratory and in consideration to the team’s 

own activities. Prior to any physical testing, the participants 

performed a standardized warm-up of ~10 minutes, including 

exercises such as jogging, shuffling, sprinting, skating, and 

dynamic stretching exercises. Prior to each performance, test 

procedures were thoroughly introduced and demonstrated 

so the participants were familiar with the criteria for correct 

execution. Furthermore, the participants were allowed to 

some test trials before each of the actual tests.

Day 1 was performed in the gym. Body mass was mea-

sured to the nearest kilogram (kg) with a digital scale (Fitbit 

Aria, WS-30; Fitbit Inc., San Francisco, CA, USA). Height 

was measured to the nearest 0.5 cm with the participant 

standing against a flat wall and a rectangular object placed 

concurrently against both the subject’s head and the wall.19

Timing gates (ChronoJump Co., Barcelona, Spain; Version 

1.3.9.0) were used for the 20 m sprint. Participants began the 

test from a stationary sprint start with one foot in line with the 

laser. Participants were allowed a voluntary start and received 

two trials with at least 2 minutes of recovery in between trials. 

The best score was recorded to the nearest 0.01 s.

The countermovement and squat jump tests as well as the 

30-second repeated jump tests were performed as described 

by Bosco20 using a Chronojump (ChronoJump Co.; Version 

1.3.9.0). For the countermovement and squat jump tests, each 

subject received three trials with at least 60 seconds of rest 

in-between jumps. The best of three trials was recorded to the 

nearest 0.1 cm. For the 30-second repeated jump tests, the 

height of every jump was recorded to the nearest 0.1 cm. Drop-

off percent was calculated and recorded to the nearest 0.1%.

Table 3 Test data (n=23)

Description Mean ± SD Range

Field-based assessments
 Isometric leg pull (kg) 111.25±14.28 89.50–139.70
 Isometric leg pull (kg/kg body mass) 1.65±0.26 1.20–2.10
 Squat – 1RM (kg) 89.79±14.17 60.00–115.00
 Squat – 1RM (kg/kg body mass) 1.37±0.19 1.01–1.70
 Bench press – 1RM (kg) 47.03±6.70 35.00–60.00
 Bench press – 1RM (kg/kg body mass) 0.72±0.09 0.50–0.89
 Beep test (km) 1.70±2.67 1.04–2.14
 Bosco test fatigue (%) 0.74±0.10 0.58–1.01
 Standing long jump (m) 2.03±0.16 1.71–2.39
 Standing long jump right (m) 1.71±0.15 1.33–1.98
 Squat jump (cm) 26.04±3.82 19.30–33.60
 Countermovement jump (cm) 28.02±5.13 16.72–37.80
 Sprint 20 m (s) 3.50±0.18 3.21–3.98
Laboratory-based assessments
 Biodex quadriceps 90°/s peak torque (N·m) 142.12±21.03 96.80–176.90

 Biodex quadriceps 90°/s peak torque/bw (%) 217.02±33.62 151.80–268.00

 Biodex quadriceps 90°/s time to peak (MSEK) 416.09±104.48 190.00–590.00

 Biodex quadriceps 90°/s total work (J) 802.55±124.95 625.60–1,108.80

 Biodex quadriceps 210°/s peak torque (N·m) 106.25±17.08 84.60–148.20

 Biodex quadriceps 210°/s peak torque/bw (%) 162.54±28.98 121.80–241.80

 Biodex quadriceps 210°/s time to peak (MSEK) 219.13±91.70 110.00–480.00

 Biodex quadriceps 210°/s total work (J) 1,022.39±148.88 778.40–1,384.50

 Ergo meter cycle test (mL/kg/min) 47.24±6.16 37.90–59.20

 Ergo meter cycle test (L/min) 3.11±0.42 2.30–4.00
On-ice performance variables
 MRSS total time (s) 62.28±3.81 55.81–72.09

 Transition agility average (s) 11.93±0.89 10.73–14.10

 Cone agility average (s) 9.47±0.47 8.53–10.55

 S-cornering average (s) 9.6±0.28 8.88–10.23

Note: All Biodex measurements represent right-side values.
Abbreviations: min, minutes; MRSS, modified repeat skate sprint; s, seconds; 1RM, one-repetition maximum; SD, standard deviation.
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The standing long jump was performed with toes behind 

the start line; participants performed a countermovement 

and jumped as far forward as possible. Participants were 

provided with at least 60 seconds of rest between attempts. 

Distance was measured to the back edge of the nearest heel, 

and the best of three trials was recorded to the nearest 1 cm. 

Single-leg standing long jumps were performed following 

the same procedures. Participants took off from a single 

leg but were instructed to land on both feet to reduce the 

risk of injury.

The 20 m shuttle run (Beep test) was performed according 

to the procedure of Léger and Lambert.21 Briefly, participants 

ran back-and-forth on a 20 m course being paced by audible 

beeps, which become progressively faster. When participants 

failed to reach two consecutive end lines on time, the test 

was terminated and the total completed distance (m) was 

recorded as the result.

Day 2 was performed in the gym. The one-repetition 

maximum (1RM) back squat and 1RM bench press were 

performed following the procedures described by Fleck 

and Kreamer.22 For a successful squat attempt, participants 

must lower until their hamstrings/thighs were parallel to 

the floor. For a successful bench press attempt, participants 

must lower the bar until it touches the chest, while retaining 

the feet, buttocks, and shoulders in contact with the surface. 

Participants were instructed to reach 1RM within four to 

five attempts to avoid fatigue; 2–4 minutes of rest between 

the sets were mandatory. The maximal approved load was 

registered as their result.

Isokinetic leg pull was performed using a strength dyna-

mometer (Vetek AB, Vaddo, Sweden; VZ101BH 500 kg). The 

participants were instructed to stand upright on the base of 

the dynamometer with the feet shoulder width apart, arms 

hanging straight down to hold the center of the bar with both 

hands, palms facing the body. The chain was adjusted so 

that the bar was set just below the kneecaps. In this position, 

back slightly bent, forward at the hips, head held upright, the 

participants were instructed to pull as hard as possible and 

try to straighten their legs without bending their back. No 

jerky movements were allowed. Participants received two 

trials with 2–3 minutes rest in between, and the maximum 

force was recorded to the nearest 0.1 kg.

Day 3 was performed on-ice. Participants were tested 

wearing full equipment, including their stick.

The agility cornering s-turn test was modified from the 

protocol of Gilenstam et al7 by reducing the distance between 

goal lines to 17.7 m. Participants began behind the goal, 

completed an s-shaped pattern around the face-off circles, 

and finished by the nearest blue line (Figure 1A).

Participants started at the blue line for the cone agility test, 

skated as quickly as possible around three pylons situated on 

the center red line (two cones) and blue line (one cone), and 

finished back over the blue line (Figure 1B).15

The transition agility test followed the protocol of the 

National Skills Standards and Testing Program published 

by Hockey Canada.23 The participants started on the line at 

the bottom of circle, skated forward to far right-side pylon, 

pivoted, and skated backward to lower side pylon. The par-

ticipants then pivoted and skated forward to left-side pylon, 

pivoted, and skated backward to lower left pylon. The par-

ticipants then pivot and skate forward over the far goal line 

at the far end of the circle (Figure 1C).

17.7 m 8.8 m

Goal
Start

Start

22.5 m

53 m 35.4 m

9.12 m

9.12 m
7.32 m

7.32 m

Start
Goal

Goal

9.12 m

A B

D

C

Figure 1 Description of on-ice tests.
Notes: A: Agility cornering s-turn, B: cone agility, C: transition agility, D: modified repeat skate sprint.
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The modified repeat skate sprint (MRSS) test was modi-

fied from the one described by Bracko and George3 by having 

the athletes skate four repetitions of 88.4 m on a 30-second 

clock. Participants skated from one end line to the other 

(53 m) and then returned to the initial blue line (35.4 m). After 

each repetition, the athletes had the remainder of 30 seconds 

for recovery before the next repetition was initiated (Figure 

1D). Participants received two trials on each test (except 

for the MRSS). The direction was reversed for the second 

trial. Dual hand-timed stopwatches were used to record the 

time. The average between the two trials was recorded to the 

nearest 0.01 second.

Day 4 was performed in the laboratory. Body composi-

tion was assessed via Lunar iDXA (GE Medical Systems 

Lunar, WI, USA; Encore Version 14.10.022). DXA is con-

sidered a reliable method for clinical assessment of body 

composition.24

Maximal aerobic fitness was assessed via direct gas 

analysis using a ramp protocol, which was applied using 

an electronically braked cycle ergometer (Monark 839E) to 

volitional fatigue. The initial intensity was 40 W with 40 W 

increments every 3 minutes up to the attainment of a blood 

lactate concentration of 4 mmol/L, at which point intensity 

was increased 20 W every 30 seconds to volitional fatigue. 

The participants were asked to pedal at 70–80 rpm for the 

duration of the test. Expired respiratory gases were measured 

continuously using a Jaeger Oxycon Pro system Version 5.3 

(Viasys Healthcare, Conshohocken, PA, USA). Values for 

O
2
 were averaged over 20 seconds with the highest value 

recorded as O
2
 peak. An indwelling catheter was used to 

sample venous blood following each stage and analyzed for 

blood lactate concentration (YSI 2300 STAT PLUS; Yellow 

Springs International, Yellow Springs, OH, USA).

Participants then recovered for 4 hours before isokinetic 

strength was assessed through a calibrated isokinetic dyna-

mometer for the knee flexors and extensors (Biodex Sys-

tem 4; Biodex Co., New York, NY, USA) as illustrated by 

 Gilenstam et al7 each leg assessed in random order. Following 

some test-specific warm-up repetitions in the dynamometer, 

participants were given a 2-minute recovery period before 

performing the test. Participants performed five maximal 

concentric (utilizing quadriceps and hamstrings) contrac-

tions in the knee joint, at the angular velocity of 90°/s, and 

ten maximal contractions at 210°/s, separated by a 2-minute 

recovery period. Peak torque/kg body mass and total work 

were recorded at both speeds.

Data were analyzed by using SPSS 22.0 (IBM  Corporation, 

Armonk, NY, USA).

Data were analyzed for patterns of missing values, which 

showed that much information would likely be lost if simple 

list-wise deletion was used. Little’s25 missing completely at 

random test failed to reject the null hypothesis, which indi-

cated that missing values were completely random. Missing 

values confirmed as random allowed data transformation 

through maximum likelihood estimation. The method uses 

all available data to identify the parameter values with 

the highest probability of producing the sample data and 

replace missing values.26 Data were tested for normality 

through Shapiro–Wilks test, P>0.05, which indicated nor-

mality. Pearson’s product–moment correlation was used 

to assess relationships between right and left leg values in 

all single-leg exercises. The analysis showed right and left 

leg values to be significantly correlated (r=0.586–0.950, 

P<0.05); therefore, in order to limit the number of variables 

in the analysis, all left leg values were excluded. Stepwise 

multiple linear regression analyses were performed until 

the strongest laboratory- and field-based model could be 

identified for each of the four on-ice variables. All models 

were adjusted for degrees of freedom. Adjusted R2 was 

used because it is a somewhat more conservative measure 

than the R2 value.

Results
The adjusted coefficient of determination (adj R2) of the 

regression models ranged from 0.244 to 0.663 for the field-

based assessments and from 0.136 to 0.420 for the laboratory-

based assessments. The strongest regression models from 

the combination of field- and laboratory-based variables, 

respectively, are reported later.

Transition agility
Laboratory-based prediction model (adj R2 =0.264, P=0.007) 

= (−0.004 × Biodex hamstrings 210°/s total work) − 14.705. 

Field-based prediction model (adj R2 =0.244, P=0.010) = 

(−4.594 × single-leg standing long jump) − 19.798.

Cone agility
Laboratory-based prediction model (adj R2 =0.136, P=0.047) 

= (−0.009 × Biodex quadriceps 90°/s peak) − 10.804. Field-

based prediction model (adj R2 =0.244, P=0.010) = (−2.558 

× Bosco test fatigue) − 11.36.

Agility cornering s-turn
Laboratory-based prediction model (adj R2 =0.446, P<0.001) 

= (−0.009 × Biodex quadriceps 90°/s peak) − 10.877. 

Field-based prediction model (adj R2 =0.244, P=0.010) 
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= (−1.168 × single-leg standing long jump) + (−0.02 × 

body mass) + (−0.338 × Beep test) + (−0.919 × Bosco test 

fatigue) − 14.142.

Modified repeated skate sprint
Laboratory-based prediction model (adj R2 =0.322, P=0.003) 

= (−0.21 × Biodex hamstrings 90°/s right peak) − 78.115. 

Field-based prediction model (adj R2 =0.540, P<0.001) = 

(−12.353 × single-leg standing long jump) + (−0.305 × body 

height) + (−0.174 × bench press 1RM) − 143.317.

Predictor variables for all on-ice variables are presented 

in Tables 4 and 5. Single tests often produced stronger 

predictions than a combination of tests, whereas single-leg 

tests were the strongest predictors for skating performance. 

Single-leg standing long jump explained 57.1%, 38.1%, and 

29.1% of the variance in skating time during transition agil-

ity skate, agility cornering s-turn, and MRSS, respectively. 

Isokinetic peak torque of the quadriceps at 90°/s explained 

42.0% and 32.2% of the variance in skating time during 

agility cornering s-turn and MRSS, respectively. Isokinetic 

total work of the hamstrings at 210°/s explained 26.4%, and 

peak torque of the hamstrings at 90°/s explained 13.6% in 

skating time during transition agility skate and cone agility 

skate, respectively.

Discussion
The findings from this study indicate that field-based assess-

ments, and particularly single-leg exercises, provide a valid 

method for coaches to gain knowledge about key performance 

characteristics for female competitive ice hockey players. Our 

results showed stronger predictive power for field-based 

assessments compared to laboratory-based assessments, 

even if both methods produced valid predictive models for 

the included skating tests. Further, our results showed that 

single-leg tests produced strong predictive models for long 

crossover cornering ability, skating transitions (forward-to-

backward pivoting), and skating endurance.

Compared to laboratory-based assessments, the field-

based assessments produced stronger predictions for all four 

skating tests. However, the laboratory-based assessments also 

proved acceptable indicators of the outcome for the same 

set of skating tests. This indicates that both field-based and 

laboratory-based assessments can be considered valid tools 

for coaches when they want to gain knowledge about a female 

player’s skating abilities. These findings are in agreement 

with previous studies on male hockey players,14,15,27 which 

have shown correlations between skating performance and 

field-based assessments. Farlinger et al14 reported that on-ice 

cornering and sprint ability were strongly correlated to three 

hop jump (r=−0.53, r=−0.78) and broad jump (r=−0.59, 

r=−0.74). This finding is consistent with our results, where 

single-leg standing long jump was the strongest predictor for 

agility cornering s-turn, MRSS, and transition agility. Fur-

thermore, the predictive models for agility cornering s-turn 

and MRSS include negative coefficient for body mass and 

body height, which likely reflect the importance of relative 

strength and power in the lower body to skating performance 

in ice hockey. This conclusion is supported by the findings 

from Gilenstam et al,7 who argued that body composition was 

related to skating speed and acceleration in female ice hockey 

players. They found positive correlations between skating 

time, acceleration and speed, and body weight (r=0.639, 

P=0.034 and r=0.831, P=0.002, respectively). They also 

found a negative correlation between skating time, speed, 

and lean body mass (r=0.773, P=0.005).

Furthermore, Farlinger et al14 reported significant correla-

tions between maximum number of push-ups to both on-ice 

sprints (r=−0.60) and on-ice cornering ability (r=−0.38). 

However, as far as we know, the impact of maximal force 

production in the upper body to skating performance has 

Table 4 Field-based predictor variables for all on-ice performance 
regression models (n=23)

On-ice Predictor variable(s) b t P

Transition agility Single-leg standing long  
jump

−0.769 −5.506 <0.001

Cone agility Bosco 30-second repeated  
jump test

−0.528 −2.847 0.010

Agility cornering  
s-turn

Single-leg standing long  
jump

−0.615 −4.765 <0.001

Body mass −0.433 −3.358 0.003
Beep test −0.317 −2.489 0.023
Bosco test −0.314 −2.489 0.024

MRSS Single-leg standing long  
jump

−0.485 −3.307 <0.001

Body height −0.441 −3.017 0.004
Bench press −0.305 −2.106 0.049

Note: Alpha level was set at 0.05 to determine statistical significance.
Abbreviation: MRSS, modified repeat skate sprint.

Table 5 Laboratory-based predictor variables for the on-ice 
performance regression models (n=23)

On-ice Predictor variable(s) b t P

Transition agility Biodex Hamstrings  
210°/s total work

−0.545 −2.981 0.007

Cone agility Biodex quadriceps 90°/s peak −0.418 −2.109 0.049
Agility cornering  
s-turn

Biodex quadriceps  
90°/s peak torque −0.668 −4.115 <0.001

MRSS Biodex hamstrings 90°/s peak −0.594 −3.386 0.003

Note: Alpha level was set at 0.05 to determine statistical significance.
Abbreviations: MRSS, modified repeat skate sprint; s, seconds.
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Laboratory- and field-based testing

not previously been investigated. Thus, it is interesting that 

1RM bench press contributed to the predictive model for 

MRSS. Previous studies on running28–30 have indicated that 

the arm swing serves as an important mechanism in maxi-

mum velocity sprints, both in order to enhance propulsive 

forces but also to counterbalance the rotary momentum of 

the legs. Hence, it is logical that greater strength in the upper 

body could contribute to an increased speed in linear forward 

skating as well.

The second central finding was the strong predictive 

nature of single-leg tests as indicators for the included on-ice 

skating tests. We found that this result applied to both field-

based assessments, using a single-leg standing long jump 

test, and laboratory-based assessments measuring isokinetic 

strength in both the quadriceps and the hamstrings. This find-

ing seems logical since quadriceps (and gluteus maximus) are 

considered the major contributing muscles in skating, which 

is the same as those in single-leg standing long jump and the 

isokinetic quadriceps test.2 The hamstrings are not previously 

believed to contribute directly to the power production in 

skating but are known to be important stabilizers for the 

knee in the sliding phase of a stride.2 Thus, the hamstrings 

support the quadriceps during force generation, which might 

explain why isokinetic strength in the hamstrings was a 

strong predictor of skating performance. This conclusion is in 

accordance with Bracko,18 who reported that a skater who is 

powerful, in relation to body weight, primarily in quadriceps 

and hamstrings are able to skate faster and maintain a higher 

work output during her time on the ice.

Furthermore, it seems reasonable that single-leg exer-

cises produced the strongest predictive models for skating 

performance, since a predominant amount of time (~80%) 

spent during forward skating is carried out in single-support 

phase.2 In addition, Fortier et al31 reported that a player has 

to withstand greater forces on the supporting leg, even when 

both skates are in contact with the ice, for example, the outer 

leg is generally subjected to greater forces during a turn 

compared to the inner leg. This underlines the importance 

for an ice hockey player to develop and resist force in single-

leg support phase. Thus, together with previous research, 

our findings indicate that the strength and power a player 

can produce in single-leg support may be a limiting factor 

in how well a female player can carry out technical skating 

elements in high speed.

Limitations
There are several limitations to this study that should be 

considered. First, data collection occurred before the season 

for some participants and following the season for others. 

It is plausible that performance tests could be impacted by 

when these tests were performed; however, a comparison 

between these individuals revealed no significant differences 

in any of the dependent variables. Thus, we are confident in 

the outcomes of the regression models. Second, no agility 

exercises were included in the study, which can be considered 

a limitation. However, the concept of agility includes physi-

cal change of direction speed (CODS) as well as perceptual 

cognitive ability to react to a stimulus.32 Thus, is seemed rea-

sonable to only include tests that measure CODS and physical 

components of CODS, since the purpose of the study was to 

investigate skating performance and not game performance. 

A third limitation could be the use of handheld stop watches 

instead of electronic timing devices. We consider the effect 

of this limitation to be minimized by the use of average value 

from multiple timers.

Conclusion
Our findings suggest that off-ice tests, and particularly single-

leg tests, prove a valid method for coaches to gain knowledge 

about performance characteristics for skating in competitive 

female hockey players. Single-leg standing long jump was 

found to produce the strongest predictive models for long 

crossover cornering ability, skating transitions (forward-to-

backward pivoting), and skating endurance. Our findings also 

showed that field-based assessments could be an adequate 

substitute to laboratory-based assessments if the purpose is 

to gain knowledge about key performance characteristics 

for skating. Future research would need to investigate if this 

knowledge is applicable to other standards (eg, developmen-

tal and elite) of female hockey players.

Practical application
As a coach, time and resources are often limited. Therefore, 

practice has to be appropriate to the purpose and evaluated in 

relation to actual performance. This study demonstrates that 

laboratory-based and field-based assessments can be used to 

gain knowledge about key performance characteristics for 

skating, which is considered a vital aspect of ice hockey.12 

However, field-based assessments give a greater value for the 

user, being less expensive and more accessible for teams with 

limited resources. Thus, we recommend including single-leg 

standing long jump in an overall evaluation of a hockey player 

since it was the strongest predictor. Notably, the results of 

this study apply only to testing. Whether it is beneficial to 

use single-legged exercises to improve skating performance 

remains to be investigated.
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