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ABSTRACT: The aim of this study was to determine the relationships between vertical jumps (VJ) and various
on-ice skating performances of junior ice hockey players (n = 19). The three modes of VJ or off-ice measures
were countermovement jump with arm swing (CMJ), squat jump (SJ) and depth drop jump (DDJ). The on-ice
skating performance was measured by the skating multistage aerobic test (SMAT), forward and backward
acceleration test, top speed test, and repeated sprint ability (RSA) test. The relationships between the variables
were quantified using Pearson’s product-moment correlation. DDJ showed a significant positive correlation with
forward average skating speed (FASS) (r = 0.62) and strong correlations with backward average skating speed
(BASS) (r = 0.81), and maximum skating speed (MSS) (r = 0.71). SJ was found to be strongly correlated with
BASS (r = 0.82) and MSS (r = 0.76), whereas the only on-ice performance that significantly correlated
with CMJ was BASS (r = 0.68). All three modes of VJ were inversely and non-significantly correlated with
performance decrement index and fatigue index, as determined by the RSA test. SMAT was not significantly
correlated with either VJ or RSA. Correlations between all three modes of V) tests were significant. Therefore,
this study concludes that: (1) DDJ can be used as a predictor of all the ice skating speed tests, whereas SJ can
predict BASS and MSS. CMJ, on the other hand, can predict the performance of only BASS. (2) RSA performance
cannot be predicted from CMJ, SJ, or DDJ tests, and (3) neither any of the VJ nor RSA can predict skating
endurance of junior ice hockey players.
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Intermittent high intensity bouts of skating, rapid changes in direction
and velocity, individual skills, tactics, and motivation are some im-
portant requirements of playing ice hockey. On-ice performance is
a primary requirement for an ice hockey player and thus relevant
on-ice assessment is an important component of the training pro-
gramme for them. However, many of the suggested sports-specific
tests of ice hockey are off-ice, and are performed in well-equipped
laboratories or any suitable facility. Agility in on-ice performance is
also related to off-ice conditioning. Commonly performed off-ice tests
for ice hockey players are the Wingate test, various jump tests, re-
peated sprint ability (RSA) tests, and sprint tests or time trial
run [1-6]. The validity of some of the off-ice tests has been questioned
for quantifying aerobic or anaerobic power related to ice hockey [7, 8].
Off-ice tests mostly focus on both anaerobic endurance and aerobic
capacities of the players, although the earlier one is predominant.
Studies confirmed a significant relationship between running speed
and on-ice sprinting ability in young male ice hockey players [2, 9].
Jump tests are widely used to assess fitness of ice hockey players,

and some of the jump tests are correlated with the performance of
on-ice measurement [3, 4]. The jump test is used for measuring leg
power and has repeatedly been shown to be related to skating abil-
ities and ability to perform a wide range of simple and complex ac-
tivities including throwing, sprinting, and change of direc-
tion [2, 4, 10]. Vertical jump is a part of the NHL combined test and
very often is used not only as one of the gold standards, but as a sim-
ple off-ice test that can distinguish ice hockey potential [11, 12].
Vertical jumping is often considered as a basic movement skill, in-
volves multi-joint movement and requires a higher level of motor co-
ordination [2, 4]. The commonly used VJ test protocol varies wide-
ly. Countermovement jump with arm swing (CMJ), squat jump (SJ)
and depth drop jump (DDJ) are the three major variations of VJ that
were used in this study. Skating speed is one of the most desirable
elements in ice hockey routinely assessed. Due to biomechanical
similarities in movement patterns, strength and conditioning special-
ists recommend jumps and back squat exercise to improve ice skat-
ing performance [13].
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Several previous studies focused on prediction of on-ice perfor-
mance from off-ice tests [1, 2, 4, 8, 9, 13]. However, research fo-
cused on the relationship between various VJ tests and a wide range
of on-ice performance, especially in junior ice hockey players, is
scanty. Therefore, the primary purpose of this investigation was to
determine whether any significant correlations exist between the (1)
VJ tests and on-ice field tests, and (2) RSA and skating endurance
(or SMAT) in junior Polish ice hockey players. It is hypothesized that
DDJ is the single best off-ice VJ test in this study that predicts on-
ice performance such as FASS, BASS, and MSS. Repeated sprint
ability and SMAT, on the other hand, are not related to any of the VJ
test performances.

MATERIALS AND METHOD'S 1
Subjects

Twenty-five outfield junior ice hockey players from the club UKS
Zagtebie Sosnowiec of southern Poland participated in this study. Six
players were excluded from the study after they failed to complete
testing sessions. Of the final participants, 10 were defenders and
9 were forwards. Age, height, weight, and body mass index (BMI)
of the players were 18.7 £2.2 years, 179.2+11.6 cm,
77.8+10.2 kg and 24.3 = 1.9, respectively. The team was par-
ticipating in the youth hockey league (MHL) and Central Junior League
(CLJ) of Poland. The participants were in the middle of their com-
petitive period, participating in 5-6 training sessions per week that
comprised technical, tactical, fithess and strength training. The ex-
perimental protocol and potential risks involved in the study were
described to all the participants and they were allowed to withdraw
from any stage of the study without providing any reason. Participants,
or their parents (in the case of < 18-year-old participants), gave
voluntary written informed consent to participate in the study. The
study was approved by the Ethics Committee of the Jerzy Kukuczka
Academy of Physical Education in Katowice (No. 8/2018).

Study design
This study was conducted over 4 days and on all the occasions the
players were tested under similar experimental conditions and at the
same time of day (6 to 9 p.m.). None of the volunteers ate food in
the last 3 hours before testing, but water was allowed to drink. Par-
ticipants were instructed to maintain normal dietary and fluid intake
and to abstain from training and any other heavy physical activity for
24 hours before testing. Intake of coffee or any caffeine-containing
beverages in the last 12 hours before the experiment was not allowed.
The whole study was conducted in two major stages — (1) off-ice
VJ tests and (2) on-ice tests. The off-ice VJ tests conducted were
CMJ, SJ, and DDJ. All off-ice VJ tests were conducted in the Labo-
ratory of Analysis in Sports of the Jerzy Kukuczka Academy of Phys-
ical Education in Katowice (Poland). The four on-ice tests were —
(i) skating multistage aerobic Test (SMAT or beep test), (ii) forward
and backward acceleration test, (iii) top speed test, and (iv) repeat-
ed sprint ability (RSA) test. All the on-ice tests were conducted on
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the ice rink of Stadion Zimowy in Sosnowiec, Poland. All the on-ice
and jump tests were explained and supervised by the same strength
and conditioning specialist of the team. All the on-ice performances
were tested wearing full ice hockey equipment with an ice hockey
stick in their preferred hand.

Vertical jump (V) tests

The subjects performed a warm-up, as instructed by the coach, just
before performing the actual jump tests. All the jump tests were
performed on the OptoJump (Microgate, Bolzano, Italy), an optical
data acquisition system. The OptoJump is able to measure all air- and
ground-related times with precision to 1/1000 of a second [141]. All
subjects completed 3 trials for each jump test and the highest jump
was recorded. Between two trials, a 1-min rest period was allowed.
All the VJ tests were performed without any familiarization session.
In order to control for the testing order effect, the order in which the
players performed jump tests was randomized [15, 16].

Countermovement jump with arm swing (CM])

The subject stood comfortably, bent his knees, hips and ankles, with
his hands at his sides. Thereafter he was instructed to swing his
arms forward when he jumped vertically. The countermovement
started when the legs were bent down to 90°. A pre-jump or step
was not allowed. Bending the knees before landing or kicking the
legs forward by flexing at the hip was not allowed and the jump was
repeated [17, 18].

Squat jump (§])

The subject was instructed to stand with his hands on his hips and
to bend at the knees, hips, and ankles. After he became motionless,
the tester instructed him to jump. The player jumped as high as
possible keeping his hands on his hips and his legs straight [19].

Depth drop jump (DD])

The subject stood on a jump box of 45 cm height, behind the Opto-
Jump. He was then instructed to step off towards the OptoJump
optical measurement system in one motion and performed a maximal
effort double-leg vertical jump, using an arm swing upon landing.
The subject was instructed to quickly reverse the downward move-
ment of the body to an upward movement in order to minimize the
contact time with the ground upon landing, and maximize take-off
velocity [20].

Skating Multistage Aerobic Test (SMAT)

This on-ice test for the prediction of VO,,, was designed by Leone
et al. [21]. The test was conducted on a 45 m course defined with
markers at both extremities of the indoor ice hockey rink (Figure 1).
The participant skated, holding the hockey stick with the preferred
single hand, from one end to the other with a predefined speed, and
then the speed was gradually increased until the participant was
unable to maintain the speed anymore (about 3 m before a marker
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after the sound signal). The pace was dictated by audible signals
emitted by a calibrated audio player. The initial skating speed was
set at 3.5 m-s’!, which was increased stepwise by 0.2 m-s.
A 30 s rest period was allowed before beginning the next stage. The
sound signals provided guidance to synchronize skating velocity with
markers located at the midpoint (22.5 m) and both extremities of
the 45 m course. At the start of each stage the participant player
rested upright with the front skate parallel to the starting line. VO, 4«
was estimated from a table based on the formula [21]:
VOsmax = 22.368 X (maximal velocity) — 58.618

Forward and backward acceleration (0-5-10-30 m) test

The subjects were required to start from the goal line and skate forward
with maximal effort for 30 m distance on a straight line (Figure 2).
All subjects performed this test twice, with a break of 10 min, and
the fastest performance was recorded. During the break between two
trials, players followed self-selected low intensity active recovery [131.

After a break of 15 min rest, backward skating was performed from
the same starting line. The protocol of forward and backward skating
was similar. Both the forward and backward skating started after the
player remained at standstill close to the starting line. The forward
and backward skating time and velocity were measured using a pho-
tocell automatic laser timing system (Microgate, Racetime 2, Bolzano,
Italy). The starting and finishing sensors were placed 30 m apart on
the ice. Sprint time was measured to the nearest 0.01 s. Photocells
were setat 0, 5, 10, and 30 m distance. Average speed while skating
forward was designated as forward average skating speed (FASS),
and similarly, the average speed attained while skating backward was
called backward average skating speed (BASS).

Top speed test (50 fi flying top speed test)

Players were instructed to take their standing position on the goal
line. The trial was started by skating toward the opposite goal line
and around the net in an anticlockwise fashion toward the sprint
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FIG. 1. Diagram of Skating Multistage Aerobic Test (SMAT)
layout [21].

FIG. 2. Setup for the forward and backward acceleration (0-5-
10-30 m) test.
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FIG. 3. Setup for the top speed test.

FIG. 4. Schematic of the 6 x (54 +35)-m repeated sprint ability (RSA)
test.
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line. An automatic laser timing system (Microgate, Racetime 2, Bol-
zano, ltaly) measured the maximum speed while skating. The start-
ing and finishing sensors were set on the opposing blue lines 50 ft
apart (Figure 3). Time to calculate top speed was measured to the
nearest 0.01 s. One trial was performed crossing over to the right
and the other crossing over to the left. Rest time between sprints
was 6 minutes, during which the player performed stretching and
very light activities only [13].

Repeated sprint ability (RSA) test [6 x (54 + 35) m]

This test involved sprinting an 89 m skating course — goal line to
goal line (54 m) and back to the blue line (35 m) — as quickly as
possible, and then returning to the starting line slowly. This was
repeated 6 times, with 30 s recovery including the slow skating time
required to return to the starting line. Figure 4 illustrates the course
of skating of RSA. Subjects performed 5 minutes of individualized
warm up before testing. All times were recorded by a set of photocells
(Microgate Racetime 2, Bolzano, Italy). Fatigue index (Fl) was cal-
culated as follows [22]:

FI = (mean sprint time — fastest sprint time) /
fastest time) x 100 (%)

Statistical analyses

The descriptive statistics for all dependent variables were expressed
by their means and standard deviations (mean = SD). The reliability
of all VJ tests were assessed using intraclass correlation analysis
(ICC,,1) with 95% confidence intervals (= 95 ClI). The coefficients
obtained for CMJ, SJ, and DJ were 0.948 (0.794-0.981), 0.922
(0.809-0.967) and 0.913 (0.725-0.967), respectively. One-way
analyses of variance were used to identify the statistical significance
of the differences between vertical jumps. Tukey’s post-hoc tests were
employed to determine the level of significance when a significant
F-ratio was found. Homogeneity of variance was examined by conduct-
ing Levene's test. The Pearson product-moment correlation coefficient
was used to examine the relationship between off-ice and on-ice
performance variables. The magnitude of the correlations was deter-
mined using the following criteria: trivial: O to 0.10, small: 0.11 to
0.3, moderate: 0.31 t0 0.50, large: 0.51 t0 0.70, very large: 0.71 to
0.90, and almost perfect: 0.91 to 1.00 [23]. Stepwise multiple re-
gression was used to estimate on-ice performance variables by VJ
(CMJ, SJ, DJ). All statistical analyses were conducted using Statistica
13.3 (TIBCO Software Inc., Palo Alto, CA, USA) and all graphics were
plotted with the Sigma Plot version 12.0 and R software (R version
4.0.3, The R Foundation for Statistical Computing, Vienna, Austria).
A level of p < 0.05 was selected for statistical significance.

RES U LT S 15000
Physical and physiological characteristics of the subjects, and the
speeds they attained during on-ice speed tests (forward and backward
acceleration test and top speed test), are presented in Table 1. VO,
was estimated from SMAT as described. Both forward and backward
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TABLE 1. Physical and physiological characteristics of the subjects
and skating speeds during on-ice speed tests.

Variables Mean = SD
Physical characteristics

Age (y) 18.7+2.2
Height (cm) 179.2+11.6
Weight (kg) 77.8+10.2
BMI (kg'm~2) 246+1.9
VO,max (Ml-kg™!:min~1) 69.5+4.7
Forward skating speed at distance zones

0-5 m (km-h™1) 18.91+1.10
5-10 m (km-h™1) 19.96+0.91
10-30 m (km-h™?) 30.84+1.13
0-30 m (km-h™1) 25.72+0.92

Backward skating speed at distance zones

0-5 m (km-h™1) 15.98+1.52
5-10 m (km-h71) 17.26+1.42
10-30 m (km-h~1) 25.79+1.43
0-30 m (km-h™1) 21.83+1.30

Maximum skating speed attained at 50-ft top skating speed test

Maximum speed (km-h™1) 35.10+1.67
Duration at maximal speed (s) 1.54 +£0.07
*k
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FIG. 5. Jump test performance of the subjects.
Note: *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
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FIG. 6. Duration of sprint bouts in repeated sprint ability test
[6 x (54+35)-m] on ice.
Note: *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

skating speeds were highest in the 10 to 30 m distance range and
lowest in the O to 5 m range. Forward average skating speed was
17% to 21% faster than BASS at different photocell distance markings.

Performance of all the jump tests, expressed in centimetres, is
presented graphically in Figure 5. Countermovement jump score was
the highest, followed by SJ and DDJ.

Figure 6 shows the time required by the volunteers to complete
each of the 6 skating sprints of the RSA test. The sprint time was
shortest (13.19 + 0.51 s) in the first bout, gradually increased there-
after, and was longest in the last (6™) bout (15.8 +1.97 s). The dif-
ference of the duration (and, thus speed) between any two consec-
utive bouts was non-significant. Statistical significance between sprint
bouts and corresponding p-values are also presented in Figure 6.

Correlations between all the off-ice and on-ice performance of the
subjects are presented in Figure 7. Countermovement jump shows
a moderate correlation (r = 0.68, p < 0.05) with BASS but has no
statistically significant correlation with any other ice skating fitness

DDJ

FASS

BASS

MSS

Fl

SMAT

FIG. 7. Correlations between various performance variables in ice
hockey players.

variables. Squat jump shows a strong correlation with both BASS
(r=0.82,p <0.01) and MSS (r = 0.76, p < 0.01). Depth drop
jump, on the other hand, shows moderate to strong correlations with
all the skating speeds — FASS (r = 0.62, p < 0.05), BASS (r = 0.81,
p < 0.01),and MSS (r = 0.71, p < 0.01). Performance decrement
index (PDI) and fatigue index (Fl), as calculated from RSA perfor-
mance, are 11.07 +4.06 and 10.84 + 3.47, respectively. Neither
PDI nor Fl shows a significant relationship with any of the off- or on-
ice variables.

Correlations between all the VJ performances are significant; es-
pecially the correlation between CMJ and SJ is very strong (r = 0.92,
p < 0.001). No valid relationship (r = 0.39) between FASS and

TABLE 2. Regression equations to predict on-ice performance from vertical jump tests.

Equations R R? SEE p-value
FASS 5 (km/h) = -0.291 CMJ (cm) + 0.513 SJ (cm) + 13.883 0.686 0.471 1.233 0.057
FASS 30 (km/h) = 0.128 DJ (cm) + 21.599 0.619 0.384 0.769 0.032
MSS (km/h) = 0.246 SJ (cm) + 25.965 0.760 0.577 1.106 0.004
BASS 10-30 (km/h) = 0.177 DJ (cm) + 0.047 CMJ (cm) + 17.600 0.889 0.790 0.640 0.009
BASS 30 (km/h) = 0.129 SJ (cm) + 16.527 0.825 0.680 0.474 0.006

Note: FASS, forward average skating speed; BASS, backward average skating speed; MSS, maximum skating speed; R, multiple
correlation coefficient; R?, multiple R-Squared; SEE, standard error of estimate.
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BASS was found. SMAT (or predicted VO,,,) was not found to be
significantly correlated with any of the jump tests or with RSA, FASS,
BASS, or MSS.

Based on the values obtained during VJ and on-ice tests, regres-
sion equations establishing the relationship between VJ and select-
ed on-ice tests were determined by multiple regression analysis. Ta-
ble 2 presents only those regression models for which the stochastic
equation parameters are statistically significant. Regression analysis
shows that CMJ and SJ are the best predictors for FASS over the first
5 m. Depth drop jump, on the other hand, predicts FASS over the
distance of 30 m best. In the case of MSS, regression analysis re-
veals that SJ is an important predictor. Both DDJ and CMJ are the
two valid indicators of BASS at the distance range of 10-30 m,
whereas SJ can successfully predict backward skating performance
(i.e., BASS) of the players over the distance of 30 m.

DISCUS'S 1O /N 155
The aim of this study was to quantify the association mainly between
VJ and ice skating performance in junior ice hockey players. The key
finding of this study is that the VJ performance is a good indicator
of ice skating speed of junior ice hockey players although each of
the three VJ studied has a different magnitude of correlation with
skating performance. The DDJ is significantly correlated with all
skating speeds — forward, backward, and maximum. Squat jump
performance can predict BASS and MSS, whereas CMJ is only sig-
nificantly correlated with BASS. Another important finding is that the
RSA cannot be predicted either from any of the VJ tests or from
aerobic fitness alone.

The major purpose of this study was to determine the specific
vertical jump test(s) which is/are most appropriate to predict on-ice
performance of junior ice hockey players. Strong explosive power in
the legs is one of the prerequisites for success in ice hockey play-
ers [19, 24, 25]. This is required to skate fast in all possible direc-
tions, quick acceleration and deceleration, change of direction, block-
ing opponent players, and hitting the puck with the hockey stick.
Unlike many other team sports, jumping is not a very common ac-
tivity in the sport of ice hockey. However, various jump tests are com-
monly used to measure strength and explosive power of leg muscles.
Vertical jump tests are probably the most widely used jump tests to
evaluate the effectiveness and progression of training, and selection
of talents [10].

A strong correlation (r = 0.92) between CMJ and SJ, as observed
in this study, is highly expected because many of the primary mus-
cles involved in both the jumps are common. However, their differ-
ences cannot be ignored either. Knee extensor muscles have been
indicated as the primary muscles involved in SJ [26, 271, whereas
ankle planter flexors, in addition to knee extensors, are considered
as the primary muscles for CMJ [27, 28]. The lateral gastrocnemius
muscle has been shown to be one of the strongest predictors of all
the VJ - CMJ, SJ, and DDJ [29]. Depth drop jump performance can
be influenced by the jump heights (e.g., 20, 40, 60 cm) [30].
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In this study it was found that VJ, especially DDJ, was correlated
with all the skating speed performances, but not with RSA. Vertical
jump provides a reliable measure of strength and explosive power of
lower limb muscles, especially muscles associated with ankle, knee,
and hip joints [31, 32]. A number of anthropometric, biomechanical,
and physiological factors regulate VJ performance [33, 34]. Joint an-
gle, velocity of muscle contraction, centre of mass height, air resis-
tance, acceleration, and momentum are some of the biomechanical
factors regulating VJ. Powerful contraction of muscles such as exten-
sors, gluteus maximus, quadriceps, hamstrings, gastrocnemius, and
soleus push the body against gravity by ground reaction during
VJ [35, 36]. Good muscle flexibility, especially in males, can positive-
ly influence VJ by accommodating the imposed stress more easily and
efficiently [33]. The leading physiological determinants of VJ mea-
surement are muscle fibre composition, phosphagen storage, and con-
centration of some specific enzymes in the muscles [35, 36].

The SJ and DDJ, in the present study, were moderately to strong-
ly correlated with forward and backward average skating speed and
maximal skating speed. Although these jumps are biomechanically
different from ice skating, they involve many of the same leg mus-
cles and share a similar underlying basis of power generation [2].
A number of other studies [3, 4] have shown a strong correlation be-
tween squat jump and skating speed. However, the results of Behm
et al. [37] did not find any significant relationship between squat
jump and skating speed, probably because of use of only two-thirds
of the rink for the speed test, which was not enough to build up max-
imum speed. In their study, Behm et al. [37] did not find any rela-
tionship between drop-jump (a form of DDJ) and skating speed, be-
cause the period of contact with the ground was too short. Skating
during playing ice hockey involves longer contact times, and unlike
the drop jump, greater emphasis on impulse. Depth drop jump in
this study was strongly correlated with FASS, BASS, and MSP. Lon-
ger contact time upon landing may be one of the reasons for such
significant correlations.

All the vertical jumps in this study show a poor relationship with
RSA time (nonsignificant in all cases). Vertical jumps in the laborato-
ry are largely dependent on the explosive power and strong leg mus-
cles, whereas Fl, an RSA indicator, is strongly dependent on both an-
aerobic and oxidative systems of the ice hockey players. However,
significant correlations between VJ and RSA performance have been
found by some researchers [38, 39]. Countermovement jump was
found to be significantly correlated with RSA by Buchheit et al. [40].
Similarly, a positive correlation between squat jump and 10-m shut-
tle run sprint performance was found by Wislgff et al. [39]. SMAT per-
formance is mainly determined by the capabilities of the aerobic me-
tabolism and not much influenced by the explosive power of the leg
muscles or efficiency of anaerobic metabolism. This may explain why
the SMAT results are not correlated with VJ or RSA test results.

The investigated on-ice and off-ice skills are only a few of many
determinants of the complex performance of a hockey player. One-
time testing and reliability of the results are other limitations of the
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study. This study also did not focus on the playing position-specific
experimental response of the players. This was due to time-limited
organizational options of the research file. Although a number of
studies, including EMG, revealed involvement of principal leg mus-
cles in VJ, much of the information is still incomplete [27]. More
specific laboratory and field studies are required that can reveal the
role of leg muscles responsible for the remarkable correlation be-
tween off-ice and on-ice tests. Besides leg muscles, VJ requires co-
ordinated activities of several other muscles in the trunk and arms.
Future research should seek to reveal the role of these muscles in
playing ice hockey, and appropriate laboratory and field tests that
can predict on-ice performance of the players should be designed.

Practical applications

The DDJ test, using a 45-cm high jump box, is the most reliable
predictor of all three types of ice skating speeds — FASS, BASS, and
MSS. Squat jump and CMJ tests can also predict some of the ice

skating speeds. We recommend that CMJ, SJ, and DDJ tests can be
used appropriately as off-ice tests on junior ice hockey players to
predict their on-ice performance. The RSA test is commonly used to
estimate anaerobic endurance of ice hockey players, but none of the
VJ tests nor an endurance test like SMAT can be used to predict
fatigue in ice hockey players. Backward average skating speed is
about 18% slower than FASS, and this can help guide coaches to
plan defence and attack phases of ice hockey matches. According
to the findings of this study, the correlations between the test results
may guide training plan design and follow-up in junior ice hockey
players.

Conflicts of Interest
The authors declare no conflict of interest.

3y ______________________________________________________________________|

1. Nightingale SC, Miller S, Turner A. The 9. Hermiston RT, Gratto J, Teno T. Three
usefulness and reliability of fitness testing hockey skills tests as predictors of hockey
protocols for ice hockey players: playing ability. Can J Appl Sport Sci.

A literature review. J Strength Cond Res. 1979;4(1):95-7.
2013;27(6):1742-8. 10. Burr JF, Jamnik RK, Baker J,

2. Bracko MR, George JD. Prediction of Ice Macpherson A, Gledhill N, McGuire EJ.
Skating Performance with Off-Ice Testing in Relationship of physical fitness test
Women'’s Ice Hockey Players. J Strength results and hockey playing potential in
Cond Res. 2001;15(1):116-22. elite-level ice hockey players. J Strength

3. Bracko MR, Fellingham GW. Prediction of Cond Res. 2008;22(5):1535-43.
ice skating performance with off-ice testing  11. Liebermann DG, Katz L. On the
in youth hockey players. Med Sci Sports assessment of lower-limb muscular
Exerc. 1997;29(Supplement):172. power capability. Isokinet Exerc Sci.

4. Mascaro T, Seaver BL, Swanson L. 2003;11(2):87-94.

Prediction of skating speed with off-ice 12. Duthie GM. A framework for the physical
testing in professional hockey players. development of elite rugby union players.
J Orthop Sports Phys Ther. Int J Sports Physiol Perform.
1992;15(2):92-8. 2006;1(1):2-13.

5. Stastny P, Tufano JJ, Kregl J, Petr M, 13. Runner AR, Lehnhard RA, Butterfield SA,
Blazek D, Steffl M, Roczniok R, Fiala M, Tu S, O’Neill T. Predictors of Speed Using
Golas A, Zmijewski P. The role of visual Off-lce Measures of College Hockey
feedback on power output during Players. J Strength Cond Res.
intermittent wingate testing in ice hockey 2016;30(6):1626-32.
players. Sports. 2018;6(2). 14. Glatthorn JF, Gouge S, Nussbaumer S,

6. Stanula A, Roczniok R, Maszczyk A, Stauffacher S, Impellizzeri FM,
Pietraszewski P, Zajac A. The role of Maffiuletti NA. Validity and reliability of
aerobic capacity in high-intensity Optojump photoelectric cells for estimating
intermittent efforts in ice-hockey. Biol vertical jump height. J Strength Cond Res.
Sport. 2014;31(3):193-5. 2011;25(2):556-60.

7. Roczniok R, Stanula A, Gabry$ T, 15. Read MM, Cisar C. The influence of
Szmatlan-Gabrys$ U, Gotas A, Stastny P, varied rest interval lengths on depth jump
Physical fitness and performance of performance. J Strength Cond Res.
polish ice-hockey players competing at 2001;15(3):279-83.
different sports levels. J Hum Kinet. 16. Rodacki ALF, Fowler NE, Bennett SJ.
2016;50(2):201-8. Vertical jump coordination: Fatigue

8. Bouchard C, Taylor A, Simoneau J. effects. Med Sci Sports Exerc.

Testing anerobic power and capacity: 2002;34(1):105-16.
Physiological testing of the high- 17. Petrigna L, Karsten B, Marcolin G,

performance athlete. Third.
MacDougall J, Wenger H, Green H,
editors. Champaign: Human
Kinetics;1991. 175-221 p.

Paoli A, D’Antona G, Palma A, Bianco A.
A Review of Countermovement and Squat
Jump Testing Methods in the Context of
Public Health Examination in

18.

19.

20.

21.

22.

23.

24.

25.

26.

Adolescence: Reliability and Feasibility of
Current Testing Procedures. Front Physiol.
2019;10(1384).

Bosco C, Luhtanen P, Komi P V. A simple
method for measurement of mechanical
power in jumping. Eur J Appl Physiol
Occup Physiol. 1983;50(2):273-82.
Burr JF, Jamnik VK, Dogra S, Gledhill N.
Evaluation of jump protocols to assess leg
power and predict hockey playing
potential. J Strength Cond Res.
2007;21(4):1139-45.

Vaczi M, Tollar J, Meszler B, Juhasz |,
Karsai |. Short-term high intensity
plyometric training program improves
strength, power and agility in male soccer
players. J Hum Kinet.
2013;36(1):17-26.

Leone M, Léger LA, Lariviere G, Comtois
AS. An on-ice aerobic maximal multistage
shuttle skate test for elite adolescent
hockey players. Int J Sports Med.
2007;28(10):823-8.

Glaister M, Howatson G, Jpattison OR,
Mcinnes G. The Reliability and validity of
fatigue measures during multiple-sprint
work: Andd issue revisited. J Strength
Cond Res. 2008;22(5):1597-601.
Hopkins WG. A scale of magnitudes for
effect statistics. Sportscience.
2002;5:1-7.

Janot JM, Beltz NM, Dalleck LD. Multiple
off-ice performance variables predict
onice skating performance in male and
female division Ill ice hockey players.

J Sport Sci Med. 2015;14(3):522-9.
Pal’'ov R, Pivovarnitek P, Jancokova L.
Relationship between on-ice skating
performance and off-ice running
performance tests of young hockey
players. Sport Sci. 2016;9(1):37-41.
Bradley PS, Olsen PD, Portas MD. The

a BioLogy oF SporT, VoL. 40 Nol, 2023 23 1



27

28.

29.

30.

232 .

effect of static, ballistic, and
proprioceptive neuromuscular facilitation
stretching on vertical jump performance.
J Strength Cond Res.
2007;21(1):223-6.

. Charoenpanich N, Boonsinsukh R,

Sirisup S, Saengsirisuwan V. Principal
component analysis identifies major
muscles recruited during elite vertical

jump. ScienceAsia. 2013;39(3):257-64.

Shinkle J, Nesser TW, Demchak TJ,
McMannus DM. Effect of Core Strength
on the Measure of Power in the
Extremities. J Strength Cond Res.
2012;26(2):373-80.

Earp JE, Kraemer WJ, Newton RU,
Comstock BA, Fragala MS,

Dunn-Lewis C, Solomon-Hill G,

Penwell ZR, Powell MD, Volek JS,
Denegar CR, Hakkinen K, Maresh CM.
Lower-body muscle structure and its role
in jump performance during squat,
countermovement, and depth drop
jumps. J Strength Cond Res.

2010 Mar;24(3):722-9.

Walsh M, Arampatzis A, Schade F,
Briiggemann GP. The effect of drop jump
starting height and contact time on

31.

32.

33.

34.

35.

power, work performed, and moment of
force. J Strength Cond Res. 2004;18(3).
Ostoji¢ SM, Stojanovi¢ M, Ahmetovic¢ Z.
Vertical jump as a tool in assessment of
muscular power and anaerobic
performance. Vol. 63, Medicinski
pregled. 2010. p. 371-5.

Lees A, Vanrenterghem J, De Clercq D.
The maximal and submaximal vertical
jump: Implications for strength and
conditioning. J Strength Cond Res.

2004 Nov;18(4):787-91.

Saiyed MZ, Pais V, Shaikh A,

Shemjaz AM, Pais S. Relationship of limb
girth, segmental limb length, hamstring
flexibility with vertical jump in male
sports players. Healthc Sci J.
2015;7(4):11-4.

Abidin NZ, Adam MB. Prediction of
vertical jump height from anthropometric
factors in male and female martial arts
athletes. Malaysian J Med Sci.
2013;20(1):39-45.

Harman EA, Rosenstein MT,

Frykman PN, Rosenstein RM. The effects
of arms and countermovement on vertical
jumping. Natl Strength Cond Assoc J.
1991;13(3):38-9.

36.

37.

38.

39.

40.

Gupta S et al.

Reeves RA, Hicks OD, Navalta JW. The
relationship between upper arm
anthropometrical measures and vertical
jump displacement. Int J Exerc Sci.
2008;1(1):22-9.

Behm DG, Wahl MJ, Button DC,

Power KE, Anderson KG. Relationship
between hockey skating speed and
selected performance measures.

J Strength Cond Res.
2005;19(2):326-31.

Okuno NM, Tricoli V, Silva SBC,
Bertuzzi R, Moreira A, Kiss MAPDM.
Postactivation potentiation on repeated-
sprint ability in elite handball players.

J Strength Cond Res. 2013;27(3).
Wislgff U, Castagna C, Helgerud J,
Jones R, Hoff J. Strong correlation of
maximal squat strength with sprint
performance and vertical jump height in
elite soccer players. Br J Sports Med.
2004,

Buchheit M, Spencer M, Ahmaidi S.
Reliability, usefulness, and validity of

a repeated sprint and jump ability test.
Int J Sports Physiol Perform.
2010;5(1):3-17.




