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Abstract

This retrospective study evaluated the effect of the off-season training on the physical performance changes in
elite male ice hockey players Ul8 (junior team under 18 years). The present study secondarily established the
physical profile of these players according to their playing position. The off-ice tests: 60 m sprint (s), 6x9 m run
(s), 400 m run (s), 1500 m run (s), standing long jump (cm) and 1 RM bench-press (kg) were assessed before and
after of training. In addition, individual values of the monitored parameters were divided and compared
according to gaming position. Off-season intervention led to significant improvements in running performance in
6x9 m (P<.001; d=0.86), 400 m (P<.001; d=0.41), and 1500 m (P=0.001; d=0.38). The forwards demonstrated
significant improvements in 6x9 m (P<.001; d=1.29), 400 m (P=0.001; d=0.39), and 1500 m run (P=0.002;
d=0.62) following off-season training. The defenders demonstrated significant improvement only in 400 m run
(P=0.03; d=0.45) following off-season training. Pre to post-season changes (A) in 6x9m (P=0.01; d=0.55) were
found between forwards and defenders. The off-season training seems to be an effective training regimen
inducing significant improvements in running performance. However, this training failed to show significant
improvements in physical performance in other tests. Results of this study identify physical factors that need to
be improved in the pre-season period in players.
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Introduction

The off-season period in elite players is usually brief about 6 weeks and generally involves an
individual or club-determined conditioning programs (Burke et al., 2006). Off-season training is an integral part
of year-round preparation and it has a relevant role in maintaining high level of performance during the entire
hockey season (Cox et al., 1995; Buck, 2013). Off-season conditioning is the training phase that is structured to
enhance lean muscle mass, peak strength, peak power, peak aerobic and anaerobic profiles (MacLean, 2008). In
addition to enhancing performance, off-ice training also provides a much-needed break from the ice after a long
season (Géczi, 2009). Studies dealing with ice hockey vary in seasonal timing. There is no doubt that off-season
training has become more advanced, but there is a paucity of studies reporting the effect of this training on the
physical profiles in elite hockey players (Leiter et al.,, 2015). Only one study was conducted exclusively in
women hockey players (Geithner et al., 2006). However off-season training was performed according to their
own programs and time constraints.

Testing of players is most often conducted during the off-season period. Due to the reduced availability
of ice time during the off-season, off-ice tests are routinely used to evaluate general physical performance.
Speed, upper and lower body strength, aerobic and anaerobic energy systems and agility are most often
evaluated in players (Tarter et al., 2009). Evaluation of physical performance in elite hockey players is valuable
both, practically and scientifically. It can assists as the predictor of on-ice performance (Mascaro et al., 1992;
Bracko & George, 2001; Burr et al., 2007; Henriksson et al., 2015; Rice, 2015), as the determinant of selection
process (Vescovi et al., 2006a; Douglas, 2015), for positional performance profiling (Geithner et al., 2006;
Vescovi et al., 2006b; Ransdell et al., 2013), assessment tool for the effect of season on physical performance
(Green, & Houston, 1974; Buck, 2013) or can assists in identify issues with conditioning that can be improved
through training (Bracko & George, 2001). Studies dealing with off-season performance or positional differences
in physical characteristics among junior elite male hockey players are limited (Greer et al., 1992; Geithner et al.,
2006). Therefore the aim of this study was to retrospectively evaluate the effect of club-determined off-season
strength and conditioning training on physical performance in elite male ice hockey players U18. Secondarily,
this study established the physical profile of these players according to their playing positions.

Materials and methods
Participants

A total of twenty-four elite ice hockey players participated in this study. They were divided according to
their positions to forwards (n=16) or defenders (n=8). Goalkeepers were excluded from this study due to the
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different positional work tasks and different nature of physical preparation compared to skating players. All
players were members of U18 (junior team under 18 years) Slovak national team in 2010. Category U18 is the
lowest age category, in which World Championship is organized (IIHF World Junior Championship). Baseline
anthropometric characteristics are presented in Table 1. In elite-level players, physical testing is ordered by the
Slovak Ice Hockey Federation and it is an obligatory part of training process in these players. Therefore, all
parents supported their child in taking part in the testing process. All procedures were in accordance with the
ethical standards on human experimentation. This study includes only those players who completed pre-season
assessment, off-season training and post-season assessment.

Table 1. Baseline anthropometric characteristics.
All players (n=24) Forwards (n=16) Defenders (n=8)

Age (years)  16.3%0.6 16.4+0.7 16.3%0.6
Height (cm)  176.7+6.7 177.6+6.4 176.3+7.0
Weight (kg)  67.8+10.7 68.4+11.8 67.4+10.5
BMI (kg/m’) 21.843.7 21.643.5 21.7+0.7

Values are presented as the mean + standard deviation.

Procedure

Data from off-season 2010 were used for retrospective analysis. In Slovakia, the off-season period in
elite players is typically held from May to June and it is characterized by club-organized strength and
conditioning program with off-ice testing. Physical performance testing was performed by certified strength and
conditioning coaches. One day before testing players completed anthropometric measurements of body weight
(kg) and height (cm). Following, BMI was calculated as weight divided by the square of the height (kg/m?).
Testing was conducted at the beginning (pre) and end (post) of the off-season. All players were informed about
the purpose of the testing. Players were initially tested on 4™ May 2010. The off-ice test battery was conducted
based on the recommendations of the Methods Department of Slovak Ice Hockey Federation for season 2010 as
follows: 60 m sprint (s), 6x9 m run (s), 400 m run (s), 1500 m run (s), standing long jump (cm), 1RM bench-
press (kg). Day after initial testing session, the players underwent well-established 8-week off-ice training
program (39 training sessions: strength development (41%), endurance (23%), speed and agility development
(18%) and small side games (18%)). Each session lasts for 90 minutes. Output testing was conducted on 29"
June 2010 using the same test battery. A battery of tests was administered to all players one day prior to the
training and one after the end of the training.

Running tests (60 m, 6x9 m, 400 m, 1500 m) were performed on an outdoor running track. Before
testing, all players undertook a thorough individual warm-up routine. Starting-blocks for the start of the race
were used for 60 m and 400 m test. Standing start was used for 6x9 m sprint and 1500 m run. Players were asked
to perform the sprints with maximal effort as in a competition. The running speed was recorded by two
examinators (hand-timed) with a precision of 0.1s. Values were averaged. Standing long jump and 1RM bench-
press were assessed according to Harman & Garhammer (2008). From each test, one attempt was taken and
evaluated except of standing long jump (two attempts were taken and averaged).

Statistical analysis

Statistical analysis of the collected data was performed using the Statistica program (version 10,
StatSoft, Inc., Tulsa, OK). The effect of off-season training (pre to post-season differences) on physical
performance was assessed using the Wilcoxon test. The Mann—Whitney U test was used to assess the between-
group differences. All data are presented as the mean and standard deviation. The criterion for significance was
set at P < .05. The effect size was evaluated using Cohen’s d (large effect d >0.8, medium effect 0.5 <d <0.8,
small effect d<0.5).

Results

Pre-season

No significant pre-season differences were found in height (P=0.81; d=0.20), weight (P=0.60; d=0.09) and BMI
(P=0.63; d=0.03) between forwards and defenders.

No significant pre-season differences were found in 60 m (P=0.42; d=0.48), 6x9 m (P=0.36; d=0.30), 400 m
(P=0.90; d=0.19), standing long jump (P=0.97; d=0.04), 1500m (P=0.24; d=0.47) and 1RM bench-press
(P=0.71; d=0.02) between forwards and defenders.

Post-season

Players (altogether) presented significant improvement in 6x9 m, 400 m, and 1500m after the training (Table 2).
Forwards significantly improved their performance in 6x9 m, 400 m, and 1500 m after the training (Table 3). On
the other hand, defenders improved their performance only in 400 m after the training (Table 3).
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After the season, no significant differences were found in 60 m (P=0.52; d=0.50), 6x9 m (P= 0.07; d=0.88), 400
m (P=1.00; d=0.14), standing long jump (P=0.62; d=0.18), 1500 m (P=0.83; d=0.15) and 1RM bench-press
(P=0.81; d=0.01) between forwards and defenders.

Pre to post-season (delta change)

Pre-to post-season changes (A; delta change) were calculated for each test in each group separately and then
were used for comparison between forwards and defenders.

Significant difference was found only in the 6x9 m run test (P=0.01; d=0.55). On the other hand, no significant
differences were found in any other tests: 60 m (P=1.00; d=0.05), 400 m (P=0.88; d=1.16), standing long jump
(P=0.36; d=0.61), 1500m (P=0.44; d= 0.49), 1RM bench-press (P=1.00; d=0.09).

Table 2. Test performance characteristics prior to and after the off-season in all players.

All players (n=24)

Pre-season  Post-season P d
Fitness tests
60 m sprint (s) 8.4+0.6 8.4+0.6 0.38 0.00
6x9 m run (s) 15.740.7  15.1x0.7 <.001" 0.86
400 m run (s) 712462  68.746.0 <.001" 041
Standing long jump (cm) 220.9+16.1 221.0+£16.6 0.86 0.00
1500 m run (s) 383.6+48.6 355.0+36.8 0.001" 0.38

1 RM bench-press (kg) 67.7£13.4  68.8+14.3 0.43 0.08
*P < .05. fLarge effect. Values are presented as the mean + standard deviation.

Table 3. Test performance characteristics prior to and after the off-season in forwards and defenders.

Forwards (n=16) Defenders (n=8)
Pre-season  Post-season P d Pre-season  Post-season P d
8.5+0.7 8.5+0.7 041 0.00 8.2+0.4 8.3+0.4 0.78 0.25

15.8+0.7 14.9+0.7 <.001" 1.29° 15.6+0.6 15.540.7 046 0.15

71.6+6.7 69.0+6.6 0.001" 0.39 70.4+5.2 68.1+5.1 0.03" 0.45

220.7+17.9 222.0+17.4 0.55 0.07 22144129 218.9+159 0.25 0.17

391.2452.1 356.9+39.2  0.002" 0.62 368.3£39.4 351.3£33.7 0.26 0.31

66.9+15.5 68.1£153  0.44 0.08 67.3+17.8 68.3£19.7 0.71 0.05
"P < .05. fLarge effect. Values are presented as the mean + standard deviation.

Discussion

The main goal of the off-season period is to enhance physical performance. The aim of this study was to
determine if an off-season training program was effective in improving fitness performance in U18 elite hockey
players. In addition, individual values of the monitored parameters were divided and compared according to
gaming positions.

In all players, off-season intervention led to significant improvements in running performance in 6x9 m
(3.8%), 400 m (3.5%), and 1500 m (7.5%). These improvements were enhanced by significant improvements
observed in forwards (5.7%, 3.6% and 8.8%). Defenders improved performance only in 400 m (3.3%).
Moreover, significant pre-to post-season changes (A) were found between forwards and defenders in 6x9m.

It is difficult to compare our results with others, because there is a great variation among studies in used
off-ice tests (Mascaro et al., 1992; Geithner et al., 2006; Burr et al., 2008; Ransdell & Murray, 2011; Ransdell et
al., 2013; Henriksson et al., 2015). Moreover, above mentioned studies are conducted predominantly in elite
women ice hockey players. Only two studies (Géczi, 2009; Kokinda et al., 2012), assess fitness performance in
Ul18 elite male players using the same tests as in our study. However, these studies do not assess the training
effect. Moreover, it is not clear when was testing conducted.

Ice hockey is a “start and stop” sport involving repetitive short sprint situations (Domer, 2005), high
intensity intermittent skating and rapid changes in direction (Twist & Rhodes, 1993). This could lead
conditioning experts incorporated pro agility shuttle (20 yard shuttle test) to the fitness testing protocol NHLED
combine in 2014. Despite these facts, agility shuttle run tests are largely ignored in studies dealing with the off-
ice fitness performance in elite hockey players. In our study, we used 6x9 m test — running and turning (shuttle)
test at maximum speed which reflect the specific demands on on-ice performance. All players significantly
improved their time about 0.6s. Forwards achieved significantly lower time about 0.9s following training. This
may resulted in significant pre to post-season changes (A) between forwards and defenders. Approximately one
fifth of training volume was focused on speed and agility development, one fifth was dedicated to small side
games and almost half of overall training volume was focused on strength development. It was found that small
side games improve agility performance (Young & Rogers, 2014; Young et al., 2015). Running and rapid change
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of direction performance is associated with force application ability from each lower limb during each foot
contact (Randell et al., 2010). Performance in 6x9 m sprint correlates with skating-related factor of lower body
explosive strength (Kokinda et al., 2012). This may resulted in significant improvement in 6x9 m sprint.

Both, the aerobic and anaerobic energy systems are important for ice hockey performance. All players
significantly improved their aerobic performance in 1500m about 28.6s after the off-season training. Forwards
presented significantly lower time about 34.3s following training. Moreover, our players presented better aerobic
performance (lower time) in comparison with other junior elite players (Géczi, 2009; Kokinda et al., 2012). Well
developed aerobic system in ice hockey is characterized by decreased recovery time between shifts, reduced
fatigue in the latter stages of a game and builds a base necessary to handle more anaerobic training (Twist &
Rhodes, 1993). As it was above mentioned, one fifth of overall training volume was dedicated to small side
games, which are considered as an effective tool for aerobic training (Balsom et al., 1999) and may be
physiologically beneficial for athletes with relatively high initial aerobic fitness levels (Halouani et al., 2014).

The anaerobic energy system is important to hockey due to the nature of the sport (Twist & Rhodes,
1993). In all players, forwards and also defenders significant improvement was observed in 400 m after the off-
season training (about 2.5s, 2.6s and 2.3s). This test assesses the anaerobic power - about 1 minute performance
of maximal intensity. In ice hockey, game performance is characterized by relatively short but intense work
intervals from 30-60 seconds. In other words, 400 m is not appropriate test which reflect on-ice performance.

Anthropometric characteristics are mainly used as the predictors for positional or team selection in elite-
level sport. Current NHL defenders are significantly higher and heavier than NHL forwards (Sigmund et al.,
2016). In our study we found no significant differences in anthropometric characteristics between forwards and
defenders. Similar findings were observed in the study of Kutd¢ & Sigmund (2015); in which no significant
differences were found among positions for height and weight in elite male players (ELH, KHL). Agre et al.,
(1988) reported significant positional differences for weight and no significant differences for height in elite
male players. In study of Vescovi et al., (2006b), elite male defenders were significantly heavier and taller than
elite male forwards. Using of weight and height as the predictors for team or positional selection in U20 and
lower categories can be problematic, as it does not take into account the effect of physical growth on
performance. The average weight gain for adolescent males ranges from 6—12,5 kg per year and average height
ranges from 7-12 cm per year (Needleman, 2000). Full physical maturity is reached by most adolescents in 16-20
years of age (Brown et al., 2017)

Conclusion

Off-season training led to significant improvements in running performance. All players, forwards and
also defenders presented improved physical performance following off-season training (except of 60 m). Even a
small improvement (statistically significant or not) in physical performance (i.e. faster reaction, shorter time) can
influence the performance or score. Results of this study identify important physical factors for junior players
and coaches that they need to be improved in the pre-season.
Conflicts of interest
The authors report no conflicts of interest.
Acknowledgments
The project APVV-15-0704 "Split-Core Trainer Strengthening System for athletes and untrained individuals
with functional back pain".

References

Burke, L. M., Loucks, A. B., & Broad, N. (2006). Energy and carbohydrate for training and recovery. Journal of
sports sciences, 24(07), 675-685.

Cox, M. H., Miles, D. S., Verde, T. J., & Rhodes, E. C. (1995). Applied physiology of ice hockey. Sports
medicine, 19(3), 184-201.

MacLean, E. (2008). Full Year Periodized Sport Specific Conditioning Program for the Canadian Junior Hockey
Player. 4 theoretical review of the physiological demands of ice-hockey, 1-16.

Leiter, J. R., Cordingley, D. M., & MacDonald, P. B. (2015). Aerobic Development of Elite Youth Ice Hockey
Players. The Journal of Strength & Conditioning Research, 29(11), 3223-3228.

Geithner, C. A., Lee, A. M., & Bracko, M. R. (2006). Physical and performance differences among forwards,
defensemen, and goalies in elite women's ice hockey. The Journal of Strength & Conditioning Research,
20(3), 500-505.

Tarter, B. C., Kirisci, L., Tarter, R. E., Weatherbee, S., Jamnik, V., McGuire, E. J., & Gledhill, N. (2009). Use of
aggregate fitness indicators to predict transition into the National Hockey League. The Journal of Strength
& Conditioning Research, 23(6), 1828-1832.

Mascaro, T., Seaver, B. L., & Swanson, L. (1992). Prediction of skating speed with off-ice testing in professional
hockey players. Journal of Orthopaedic & Sports Physical Therapy, 15(2), 92-98.

Bracko M.R., George J.D. (2001) Prediction of ice skating performance with off-ice testing in women’s ice
hockey players. Journal of Strength and Conditioning Research 15, 116-12.

1123

JPES®  www.efsupit.ro



MARTIN SISKA, ZUZANA KOVACIKOVA

Henriksson, T., Fjellman-Wiklund, A., & Gilenstam, K. (2015). Correlation between Off-ice Strength and Power
Variables and Skating Performance in Women’s Ice Hockey. In ACSM-poster som publiceras i
supplement till Medicine & Science in Sports & Exercise (Vol. 47, p. 962).

Rice, M. S. (2015). Examining the relationship between off-ice testing and on-ice performance in male youth ice
hockey players (Doctoral dissertation, University of British Columbia).

Vescovi, J. D., Murray, T. M., Fiala, K. A., & VanHeest, J. L. (2006a). Off-ice performance and draft status of
elite ice hockey players. International journal of sports physiology and performance, 1(3), 207-221.
Vescovi, J. D., Murray, T. M., & VanHeest, J. L. (2006b). Positional performance profiling of elite ice hockey

players. International journal of sports physiology and performance, 1(2), 84-94

Douglas, A. S. (2015). The Role Fitness Testing Plays in Team Selection of Elite Female Ice Hockey Players

Ransdell, L. B., Murray, T. M., & Gao, Y. (2013). Off-ice fitness of elite female ice hockey players by team
success, age, and player position. The Journal of Strength & Conditioning Research, 27(4), 875-884.

Green, H. J., & Houston, M. E. (1974). Effect of a season of ice hockey on energy capacities and associated
functions. Medicine and science in sports, 7(4), 299-303.

Buck, D. (2013). Seasonal changes in various performance measurements in ice-hockey players.

Harman, E., & Garhammer, J. (2008). Administration, scoring, and interpretation of selected tests. In: Essentials
of strength training and conditioning (3"%ed). Baechle, T.R., & Earle, R.W., eds. (3"ed) Champaign, XI:
Human Kinetics, pp.250-292.

Géczi, G. (2009). Success and talent development as indicated by motor tests and psychometric variables of Ul8
ice hockey players (Doctoral dissertation, Semmelweis University).

Burr, J. F., Jamnik, R. K., Baker, J., Macpherson, A., Gledhill, N., & McGuire, E. J. (2008). Relationship of
physical fitness test results and hockey playing potential in elite-level ice hockey players. The Journal of
Strength & Conditioning Research, 22(5), 1535-1543.

Ransdell, L. B., & Murray, T. (2011). A physical profile of elite female ice hockey players from the USA. The
Journal of Strength & Conditioning Research, 25(9), 2358-2363.

Young, W., & Rogers, N. (2014). Effects of small-sided game and change-of-direction training on reactive
agility and change-of-direction speed. Journal of sports sciences, 32(4), 307-314.

Young, W. B., Dawson, B., & Henry, G. J. (2015). Agility and change-of-direction speed are independent skills:
Implications for training for agility in invasion sports. International Journal of Sports Science &
Coaching, 10(1), 159-169.

Randell, A. D., Cronin, J. B., Keogh, J. W., & Gill, N. D. (2010). Transference of strength and power adaptation
to sports performance—Horizontal and vertical force production. Strength & Conditioning Journal, 32(4),
100-106.

Sigmund, M., Kohn, S., & Sigmundova, D. (2016). Assessment of basic physical parameters of current
Canadian-American National Hockey League (NHL) ice hockey players. Acta Gymnica, 46(1), 30-36.

Kutag, P., & Sigmund, M. (2015). A comparison of somatic variables of elite ice hockey players from the Czech
ELH and Russian KHL. Journal of human kinetics, 45(1), 187-195.

Agre, J. C, Casal, D. C., Leon, A. S., McNally, C., Baxter, T. L., & Serfass, R. C. (1988). Professional ice
hockey players: physiologic, anthropometric, and musculoskeletal characteristics. Archives of physical
medicine and rehabilitation, 69(3 Pt 1), 188-192.

Needleman RD. Growth and development. In: Behrman RE, Kliegman RM, Jenson HB. editors. Nelson
Textbook of Pediatrics, 16th ed. Philadelphia: WB Saunders, 2000:23-65.

Greer, N., Serfass, R., Picconatto, W., & Blatherwick, J. (1992). The effects of a hockey-specific training
program on performance of Bantam players. Canadian journal of sport sciences= Journal canadien des
sciences du sport, 17(1), 65-69.

Burr, J. F., Jamnik, V. K., Dogra, S., & Gledhill, N. (2007). Evaluation of jump protocols to assess leg power
and predict hockey playing potential. The Journal of Strength & Conditioning Research, 21(4), 1139-
1145.

Domer, S. (2005). Off-Ice Speed and Quickness for Ice Hockey. NSCA ’s Performance Training Journal, 4, 5.

Kokinda, M., Kandrac, R., & Turek, M. (2012). The construction of the factor model for fitness assessment in
ice hockey players. Baltic Journal of Health and Physical Activity, 4(1), 21.

Balsom, P, Lindholm, T, Nilsson, J, and Ekblom, B. Precision Football. Kempele, Finland: Polar Electro Oy,
1999.

Halouani, J., Chtourou, H., Gabbett, T., Chaouachi, A., & Chamari, K. (2014). Small-sided games in team sports
training: A brief review. The Journal of Strength & Conditioning Research, 28(12), 3594-3618.

Twist, P., & Rhodes, T. (1993). EXERCISE PHYSIOLOGY: The Bioenergetic and Physiological Demands of
Ice Hockey. Strength & Conditioning Journal, 15(5), 68-70.

1124

JPES®  www.efsupit.ro



