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Abstract

:

Functional performance tests provide quantitative information on specialized sport movements and are important for documenting training and fatigue. The single leg, medial countermovement jump provides objective measures of frontal plane force, velocity and power, and is relevant for ice hockey players given the similar lateral movement to ice skating. This study measured normative single leg, medial countermovement jump parameters (i.e., vertical and lateral maximum force, average concentric power and average concentric power during the last 100 ms) amongst male youth ice hockey players and assessed interlimb asymmetry in these healthy athletes. Ninety-one elite youth players participated in the study. Participants completed three right and three left jumps. Non-parametric tests were performed to evaluate between-jump and between-group comparisons. Many differences in jump force and power parameters were observed between the 10U/11U and 12U/13U age groups, and the 12U/13U and 14U/15U age groups, but differences were not as consistent between older or younger players. The average asymmetry index for each age group was less than 15% for force parameters, while the power parameters had larger asymmetry indices (between 9% and 22%). Our results provide age-specific reference values and asymmetry indices for male elite youth ice hockey players aged 10–18 years performing the single leg, medial countermovement jump.
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1. Introduction


Ice hockey has become one of the most popular sports played in North America with 561,700 players under 18 years of age registered with USA Hockey in 2019–2020 [1]. As players mature, a greater emphasis is placed on their skill and physical development, resulting in improved upper body strength and lower body power [2]. Consequently, physical preparation training and testing is paramount for tracking progress and improvement over time [3]. Tests such as the countermovement jump, squat jump and three hop jump have been employed to measure physical performance [4,5]. However, the best tests for assessing physical capacities and return to sport are those that closely mimic the biomechanics of the sporting activity [6]. The single leg, medial countermovement jump is a reliable measure of assessing youth hockey player performance [7]. Nevertheless, normative values across multiple youth ice hockey age groups have yet to be reported.



The single leg, medial countermovement jump is a lower body power test that incorporates a high degree of force, velocity, impulsiveness and coordination in the frontal plane. It has been used to assess the unilateral power output of field and court sport athletes [8,9]. One study has examined the reliability of various temporal and kinetic variables involved in jumping vertically, horizontally and medially [8]. This study determined that eccentric and concentric peak force and concentric peak power were the only reliable measures between single leg vertical, horizontal and medial jumps [8]. Another group of researchers determined that single leg, countermovement jumping could differentiate between elite and non-elite soccer players [10]. Researchers reported that elite soccer players produced more peak vertical power than non-elite players during single leg jumps in the vertical, horizontal and medial directions, but these differences were not significant for bilateral jumps. They concluded that single leg jumping was more useful than the traditional bilateral countermovement jumping [10]. Single leg jumping is also appropriate for evaluating skating as it involves lateral propulsion on one leg. Velocity, force and power parameters describing performance of the single leg, medial countermovement jump demonstrate moderate to strong test re-test reliability in a group of U16 youth ice hockey players [7]. Accordingly, it is important to further explore the measurement properties and baseline normative values for the single leg, medial countermovement jump.



Interlimb asymmetry has also been explored for a variety of styles of single leg jumps in the vertical and horizontal directions [11,12]. Researchers determined that the single leg, vertical countermovement jump showed greater side-to-side differences compared with single, triple and crossover hops for distance, illustrating that single leg jumps may be particularly suited for assessing asymmetry. Asymmetry has important implications for performance as the degree of asymmetry in the single leg, countermovement jump was correlated with sprint times across distances of 5, 10 and 20 m in youth female soccer players [11]. Interlimb asymmetries are also inversely correlated with jumping ability [13]. Assessing differences in strength, power and performance between legs is important for skill and physical development as well as injury prevention and rehabilitation [14].



To the best of our knowledge, normative force and power values, as well as interlimb asymmetries of the single leg, medial countermovement jump, have not been reported for ice hockey players. These normative measures would be valuable for performance professionals, teachers and coaches to compare their athletes to normative baselines [15,16]. Furthermore, normative data about interlimb asymmetries may be useful for performance staff to monitor rehabilitation progress and return to play timelines [17,18]. Therefore, the purposes of this study were to measure normative single leg, medial countermovement jump parameters (i.e., maximum force, average concentric power and average concentric power during the last 100 ms) amongst youth ice hockey players, and to assess the interlimb asymmetry between legs in these healthy athletes. Our hypothesis was that all normative values would increase with age, similar to changes in jump performance with age [15,16].




2. Materials and Methods


2.1. Subjects and Study Design


A sample of convenience was used. In this study, 91 elite performing male youth ice hockey players from 10U, 11U, 12U, 13U, 14U, 15U, 16U and 18U teams participated. Group characteristics are provided in Table 1. All participants had medical clearance from a healthcare professional. Inclusion criteria for all subjects included no pre-existing medical conditions, no current lower or upper body musculoskeletal injuries, and currently participating in organized hockey. Testing for the 14U–18U age groups took place during the last month of the 2019–2020 hockey season, when training volume was low in preparation for league playoffs. Testing for the 10U–13U age groups took place at a training camp in August prior to the start of the 2020–2021 hockey season. Participants under the age of thirteen signed a written assent form, and their parents or guardians signed consent forms, prior to the study. Participants over the age of twelve gave written informed consent to participate in the study. The University of Western Ontario Health Science Research Ethics Board approved the experimental protocol (protocol 113858).




2.2. Procedures


Data collection was performed during windows of opportunity around restrictions due to COVID-19. This led to data collection occurring in two separate testing sessions, each at a different location. Testing for the 14U–18U players took place indoors at Donskov Strength and Conditioning (Columbus, OH, USA) training facility in February 2020. Testing for the 10U–13U players took place at the Ice Haus hockey rink (Columbus, OH, USA) in August 2020. A familiarization period was not provided prior to testing for the 14U–18U players; however, all participants were familiar with these jumps as they were part of their weekly in-season strength and conditioning plan. The 10U–13U players were familiarized with these jumps by their skill coaches as part of their weekly dynamic warm-ups. Each participant completed their testing in one session.



Participants performed a standardized 15 min warmup consisting of static stretching, mobility and dynamic movement (foam rolling, knee hugs, heel to butt, reverse lunge, single leg deadlift with reach, A skips, back pedaling, short accelerations). Participants performed single leg, medial countermovement jumps on both left and right legs for three repetitions each. Jumps were performed in randomized ordered blocks for each leg. Jump ground reaction forces were measured using bilateral force plates (OR6–7, AMTI, Watertown, MA, USA). A custom LabVIEW program (LabVIEW 2012, National Instruments, Austin, TX, USA) sampled the force plate signals at 200 Hz with a 16-bit analog-to-digital converter (USB 6211, National Instruments, Austin, TX, USA). One minute of rest was provided between each jump to prevent fatigue [19].




2.3. Jump Protocol


Standardized verbal commands and demonstrations were administered to all participants by the same staff member. Maximal effort on each jump attempt was encouraged by verbal support from the coaching staff. During the single leg, medial countermovement jump, participants squatted to a self-selected depth on the designated leg, while standing on a force plate, and then jumped medially as high and as far as possible landing on both legs. Arm swing was permitted. All jumps were monitored by two strength and conditioning professionals to ensure proper jumping technique. Compromised trials (improper technique, equipment malfunction) were discarded and repeated.




2.4. Data Processing


Force plate data was analyzed using custom software in LabVIEW. The force plate signals were unfiltered, similar to other jump research [20]. The resultant forces in the X, Y and Z directions were calculated as the sum of the X, Y and Z forces from both force plates. Participants’ bodyweight was extracted from a one second duration window from standing trials. Jump phases (initiation, transition between concentric and eccentric phases, end) were automated in LabVIEW and verified via visual inspection. Jump initiation was defined as the point of time where lateral force started to increase (10 N threshold). The point where the vertical force dropped to less than 10 N was defined as the end of the jump/task. The transition from the eccentric to the concentric phases was determined when the vertical velocity of the center of mass became positive for longer than 0.1 consecutive seconds, similar to other studies [8]. The product of velocity and force was used to calculate instantaneous vertical and lateral power, as performed in other studies [8,21]. Maximum force was extracted from the force-time curve. Average concentric power and average concentric power in the last 100 ms were extracted from the power curve. Force and power were expressed in raw units (N and W). In summary, the variables included vertical and lateral maximal force, average concentric power, and average concentric power during the last 100 ms. These variables are a subset of the parameters that were determined to be reliable in a recent study [7]. This subset was selected as these parameters assess independent constructs (based on low correlations). Jump performances were represented as the average of the parameters from the three jump trials.




2.5. Statistical Analysis


To account for outliers and uneven distributions within groups, non-parametric analyses were used [22]. Wilcoxon Sign tests compared left and right leg jump performance for all six variables within each of the four age groups. The false discovery rate method was used to control the familywise error rate for these tests, with a 0.05% threshold [23]. Data for the right and left sides was amalgamated if the differences between sides were not statistically significant. Kruskal–Wallis tests were used for between-group comparisons between age groups. Finally, Mann–Whitney U post hoc tests identified significantly different age pairs for each of the six jump parameters; only adjacent age groups (e.g., U10/U11 vs. U12/U13, U12/U13 vs. U14/U15) were compared and the false discovery rate method was used to control familywise error rate. Effect sizes and 95% confidence intervals were calculated for all adjacent age groups using the probability of superiority approach [24], and interpreted as values of 0.56, 0.64 and 0.71 corresponding to small, medium and large effect sizes [25]. Jump parameter characteristics are presented as box and whisker plots including the median, with boxes illustrating the first (Q1) and third quartiles (Q3), and whiskers are extended 1.5 times the length of the interquartile range beyond the box boundaries, defining the inner fence for identifying outliers [26].



Interlimb asymmetry index calculations were recorded for each participant and averaged for each team using the percentage difference between limbs calculation [27,28]. Statistical analysis was performed using Prism (V9.1.0, GraphPad Software LLC., San Diego, CA, USA).





3. Results


There was only one statistically significant difference (peak lateral force for the 12U/13U age group) between the right and left leg jump performances for any of the 24 comparisons (six force and power parameters for each of the four age groups) after false discovery rate adjustment. Consequently, all normative values were based on the combined right and left scores for each participant.



In general, all of the power and force parameters for the single leg, medial countermovement jumps increased with age (Figure 1). Note that tabulated normative data are available as Supplementary Materials. The details of the statistical analysis and the effect sizes are reported in Table 2. Most parameters were significantly different between the ages of 10U/11U and 12U/13U, and 12U/13U and 14U/15U; the 14U/15U group outperformed the 12U/13U group by 22–44% in all six of the parameters. As a general trend, older (14U/15U and 16U/18U) age groups experienced fewer significant differences between age groups. The 12U/13U group had significantly larger scores than the 10U/11U group in all six performance parameters, outperforming them by 18–26%. In addition, three significant differences were observed between the 16U/18U age groups and the 14U/15U for maximum vertical force, vertical average concentric power, and average vertical power during the last 100 ms. The 16U/18U group outperformed the 14U/15U age group by 4–12% in five of the six performance parameters; however, only three were statistically significant (p < 0.05). The 14U/15U group outperformed the 16U/18U group by 1% for lateral average concentric power.



The average asymmetry index for each age group was less than 15% for both vertical and lateral force parameters (Table 3). The power parameters (vertical and lateral concentric power and the vertical and lateral average concentric power during the last 100 ms) had larger asymmetry indices than force parameters (maximum vertical and lateral force) for all age groups. These asymmetry indices varied between 9% and 22%. The maximum vertical and lateral force parameters had the lowest asymmetry magnitudes across all age groups. Asymmetry ranged from 3.7–10.4% for maximum vertical force. The 16U/18U group represented the lowest asymmetry index for both vertical and lateral force. Asymmetry values for maximum lateral force ranged from 3.7% for the 16U/18U group, to 4.5% for the 12U/U13 group.




4. Discussion


The purposes of this study were to measure normative single leg, medial countermovement jump parameters (i.e., maximum force, average concentric power and average concentric power during the last 100 ms) amongst youth ice hockey players, and to assess the interlimb asymmetry in these healthy athletes. These parameters were not significantly different between legs in our participants and therefore we defined our normative values based on the combined data set. We observed a general trend that most parameters increased between adjacent player age groups, partially supporting our hypothesis. In particular, we noted significant changes between the 10U/11U and 12U/13U, and 12U/13U and 14U/15U age groups, presumably related to physical maturation. Most asymmetries for these parameters were less than 15%.



The age-based normative data that we present in this paper provide a benchmark that performance professionals, teachers and coaches can use to evaluate their athletes. Our previous study reports a variety of measurement properties of the single-leg countermovement jump including standard error of measure, smallest real difference and typical error (and 90% confidence interval) [7]. We observed typical errors less than 5% for the vertical and lateral peak force parameter, less than 7.5% for the power in the last 100 ms parameter and less than 20% for the average concentric power parameter, which may help comparisons between athletes and these age-based normative data.



In general, it appears as though body mass plays a critical role in jump performance [15]. Body mass is associated with improved peak power in adolescent boys and girls [15]. The 16U/18U group was much heavier compared to the 10U/11U group. The 16U/18U age group outweighed the 10U/11U group by an average of 38.5 kg.



Access to a structured strength and conditioning plan also affects jump performance. This differentially affected the athletes in this study. Athletes in the 13U–18U age groups participated in a structured strength and conditioning plan during the hockey season. Structured weight training has been shown to increase countermovement performance due to an increase in cross sectional area and muscle mass which leads to larger force output [29,30]. Accordingly, the fact that the younger age groups (10U–12U) did not partake in regular strength and conditioning sessions may have affected jump performance.



A large study reported increases in countermovement jump height between 10–11 year old, 12–14 year old and 15–17 year old males [31]. However, our data have greater granularity as we evaluated differences between four age groups (except for the 17U age group that included 17- and 18-year-olds). We observed the greatest number of differences between the 10U/11U and 12U/13U, and the 12U/13U and 14U/15U age groups. These age groups are approaching peak height growth velocity for boys (13.85 ± 0.65 years old) [32]. During this age range tasks such as speed, static strength and power are related to the ages that an athlete matures [33]. Specifically, the window of time between the ages of 12U/13U and 14U/15U showed the largest change in jump performance in our group of youth ice hockey players as six of six performance parameters had significant differences and as much as a 22–44% increase in performance compared with the 12U/13U age group.



Finally, the asymmetry indices were lower for the vertical and lateral force parameters compared to the power parameters. The average vertical asymmetry magnitudes for vertical force were 4.27% for all age groups, while the overall lateral force asymmetry was 7.37%. These asymmetries are consistent with previous research on elite youth soccer players [11]; however, that study calculated asymmetry of the jump height parameter measured with the “My Jump” iPhone application, and therefore may not be directly comparable. The soccer paper reports that asymmetry has important implications for performance as the degree of asymmetry in the single leg, countermovement jump was correlated with sprint times across various distances [11]. Vertical and lateral power asymmetries in the current paper were larger during the single leg, medial countermovement jump as magnitudes varied between 9.11% to 22.60%. These values are difficult to compare as normative power parameters for youth ice hockey players do not currently exist to the authors’ knowledge. Previous research on competitive male soccer players has evaluated asymmetry during countermovement jumps [17]. They suggest that asymmetries larger than 15% may be considered abnormal. However, it is important to note that they measured peak vertical force during countermovement jumps, and accordingly this threshold may not be relevant for the lateral force, vertical power and lateral power parameters that we report in this study.



Limitations


There are limitations to this study. This study tested youth athletes playing in a single youth hockey organization. Different organizations may have different resources such as strength and conditioning programming which may affect jump performance. We included players of different playing positions which may have affected our results. Further research should evaluate whether there are differences in single leg, medial countermovement jump performance between player positions. A sample of convenience was used, however, we observed statistically significant differences between adjacent age groups for many of our parameters, and large effect sizes between adjacent age groups for many of our parameters, which indicates that this experiment had adequate statistical power.





5. Conclusions


We determined normative values for parameters from the single leg, medial countermovement jump for male youth hockey players 10U–18U. This is an important performance test for monitoring strength and conditioning in hockey players. The normative data presented in this paper serves as a baseline for evaluating jump performance in youth hockey players. The single leg, medial countermovement jump allows the tester to measure ground reaction forces and power in the frontal plane which makes this test a relevant tool in all phases of sport performance and rehabilitation. To our knowledge, this is the first study to generate normative values of these jump parameters, and the first to investigate interlimb asymmetries in youth ice hockey players.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/sports9080105/s1, File S1. Tabulated normative data for each age group.





Author Contributions


Study conceptualization, A.S.D.; methodology, A.S.D.; software, J.P.D.; validation, A.S.D. and J.P.D.; formal analysis A.S.D. and J.P.D., investigation, A.S.D.; resources, J.P.D.; data curation, J.P.D.; original draft preparation, A.S.D.; writing—review and editing, A.S.D., J.S.B. and J.P.D.; visualization, J.P.D., J.S.B.; supervision, J.P.D.; project administration, J.P.D.; funding acquisition, A.S.D. and J.P.D. All authors have read and agreed to the published version of the manuscript.




Funding


This research received funding from CCM Hockey.




Institutional Review Board Statement


The Western University Health Science Research Ethics Board approved the experimental protocol (protocol 113858).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


The author would like to acknowledge all participants, the staff at Donskov Strength and Conditioning, and the Ohio AAA Blue Jacket organization.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Hockey, U.S.A. 2020–2021 Annual Guide. Available online: https://cdn2.sportngin.com/attachments/document/0039/8240/Annual_Guide_2021_web.pdf (accessed on 4 May 2021).

	



Cordingley, D.M.; Sirant, L.; MacDonald, P.B.; Leiter, J.R. Three-year longitudinal fitness tracking in top-level competitive youth ice hockey players. J. Strength Cond. Res. 2019, 33, 2909–2912. [Google Scholar] [CrossRef]

	



Donskov, A. Physical Preparation for Ice Hockey: Biological Principles and Practical Solutions; AuthorHouse: Bloomington, IN, USA, 2016. [Google Scholar]

	



Farlinger, C.M.; Kruisselbrink, L.D.; Fowles, J.R. Relationships to skating performance in competitive hockey players. J. Strength Cond. Res. 2007, 21, 915–922. [Google Scholar] [PubMed]

	



Janot, J.M.; Beltz, N.M.; Dalleck, L.D. Multiple off-ice performance variables predict on-ice skating performance in male and female division III ice hockey players. J. Sports Sci. Med. 2015, 14, 522. [Google Scholar]

	



Manske, R.; Reiman, M. Functional performance testing for power and return to sports. Sports Health 2013, 5, 244–250. [Google Scholar] [CrossRef] [PubMed]

	



Donskov, A.S.; Brooks, J.S.; Dickey, J.P. Reliability of the Single Leg, Medial Countermovement Jump in Youth Ice Hockey Players. Sports 2021, 9, 64. [Google Scholar] [CrossRef] [PubMed]

	



Meylan, C.M.; Nosaka, K.; Green, J.; Cronin, J.B. Temporal and kinetic analysis of unilateral jumping in the vertical, horizontal, and lateral directions. J. Sports Sci. 2010, 28, 545–554. [Google Scholar] [CrossRef] [PubMed]

	



Murtagh, C.F.; Nulty, C.; Vanrenterghem, J.; O’Boyle, A.; Morgans, R.; Drust, B.; Erskine, R.M. The neuromuscular determinants of unilateral jump performance in soccer players are direction-specific. Int. J. Sports Physiol. Perform. 2018, 13, 604–611. [Google Scholar] [CrossRef]

	



Murtagh, C.F.; Vanrenterghem, J.; O’Boyle, A.; Morgans, R.; Drust, B.; Erskine, R.M. Unilateral jumps in different directions: A novel assessment of soccer-associated power? J. Sci. Med. Sport 2017, 20, 1018–1023. [Google Scholar] [CrossRef] [PubMed]

	



Bishop, C.; Read, P.; McCubbine, J.; Turner, A. Vertical and horizontal asymmetries are related to slower sprinting and jump performance in elite youth female soccer players. J. Strength Cond. Res. 2021, 35, 56–63. [Google Scholar] [CrossRef]

	



Bishop, C.; Turner, A.; Maloney, S.; Lake, J.; Loturco, I.; Bromley, T. Drop Jump Asymmetry is Associated with Reduced Sprint and Change-of-Direction Speed Performance in Adult Female Soccer Players. Sports 2019, 7, 29. [Google Scholar] [CrossRef]

	



Bailey, C.; Sato, K.; Alexander, R.; Chiang, C.-Y.; Stone, M.H. Isometric force production symmetry and jumping performance in collegiate athletes. J. Trainol. 2013, 2, 1–5. [Google Scholar] [CrossRef]

	



Bishop, C.; Turner, A.; Read, P. Effects of inter-limb asymmetries on physical and sports performance: A systematic review. J. Sports Sci. 2018, 36, 1135–1144. [Google Scholar] [CrossRef]

	



Taylor, M.J.; Cohen, D.; Voss, C.; Sandercock, G.R. Vertical jumping and leg power normative data for English school children aged 10–15 years. J. Sports Sci. 2010, 28, 867–872. [Google Scholar] [CrossRef]

	



Tounsi, M.; Tabka, Z.; Trabelsi, Y. Reference values of vertical jumping parameters in Tunisian adolescent athletes. Sport Sci. Health 2015, 11, 159–169. [Google Scholar] [CrossRef]

	



Impellizzeri, F.M.; Rampinini, E.; Maffiuletti, N.; Marcora, S.M. A vertical jump force test for assessing bilateral strength asymmetry in athletes. Med. Sci. Sports Exerc. 2007, 39, 2044–2050. [Google Scholar] [CrossRef] [PubMed]

	



Newton, R.U.; Gerber, A.; Nimphius, S.; Shim, J.K.; Doan, B.K.; Robertson, M.; Pearson, D.R.; Craig, B.W.; Häkkinen, K.; Kraemer, W.J. Determination of functional strength imbalance of the lower extremities. J. Strength Cond. Res. 2006, 20, 971–977. [Google Scholar]

	



Read, M.M.; Cisar, C. The influence of varied rest interval lengths on depth jump performance. J. Strength Cond. Res. 2001, 15, 279–283. [Google Scholar] [PubMed]

	



Hori, N.; Newton, R.U.; Kawamori, N.; McGuigan, M.R.; Kraemer, W.J.; Nosaka, K. Reliability of performance measurements derived from ground reaction force data during countermovement jump and the influence of sampling frequency. J. Strength Cond. Res. 2009, 23, 874–882. [Google Scholar] [CrossRef]

	



Owen, N.J.; Watkins, J.; Kilduff, L.P.; Bevan, H.R.; Bennett, M.A. Development of a criterion method to determine peak mechanical power output in a countermovement jump. J. Strength Cond. Res. 2014, 28, 1552–1558. [Google Scholar] [CrossRef]

	



Whitley, E.; Ball, J. Statistics review 5: Comparison of means. Crit. Care 2002, 6, 424. [Google Scholar] [CrossRef]

	



Glickman, M.E.; Rao, S.R.; Schultz, M.R. False discovery rate control is a recommended alternative to Bonferroni-type adjustments in health studies. J. Clin. Epidemiol. 2014, 67, 850–857. [Google Scholar] [CrossRef]

	



Newcombe, R.G. Confidence intervals for an effect size measure based on the Mann–Whitney statistic. Part 1: General issues and tail--area--based methods. Stat. Med. 2006, 25, 543–557. [Google Scholar] [CrossRef]

	



Li, J.C.-H. Effect size measures in a two-independent-samples case with nonnormal and nonhomogeneous data. Behav. Res. Methods 2016, 48, 1560–1574. [Google Scholar] [CrossRef] [PubMed]

	



Hoaglin, D.C.; Iglewicz, B.; Tukey, J.W. Performance of some resistant rules for outlier labeling. J. Am. Stat. Assoc. 1986, 81, 991–999. [Google Scholar] [CrossRef]

	



Bishop, C.; Lake, J.; Loturco, I.; Papadopoulos, K.; Turner, A.; Read, P. Interlimb asymmetries: The need for an individual approach to data analysis. J. Strength Cond. Res. 2021, 35, 695–701. [Google Scholar] [CrossRef] [PubMed]

	



Bishop, C.; Read, P.; Lake, J.; Chavda, S.; Turner, A. Interlimb asymmetries: Understanding how to calculate differences from bilateral and unilateral tests. Strength Cond. J. 2018, 40, 1–6. [Google Scholar] [CrossRef]

	



Baker, D. Improving vertical jump performance through general, special, and specific strength training. J. Strength Cond. Res. 1996, 10, 131–136. [Google Scholar] [CrossRef]

	



Perez-Gomez, J.; Calbet, J. Training methods to improve vertical jump performance. J. Sports Med. Phys. Fit. 2013, 53, 339–357. [Google Scholar]

	



Focke, A.; Strutzenberger, G.; Jekauc, D.; Worth, A.; Woll, A.; Schwameder, H. Effects of age, sex and activity level on counter-movement jump performance in children and adolescents. Eur. J. Sport Sci. 2013, 13, 518–526. [Google Scholar] [CrossRef]

	



Sherar, L.B.; Mirwald, R.L.; Baxter-Jones, A.D.; Thomis, M. Prediction of adult height using maturity-based cumulative height velocity curves. J. Pediatr. 2005, 147, 508–514. [Google Scholar] [CrossRef]

	



Lefevre, J.; Beunen, G.; Steens, G.; Claessens, A.; Renson, R. Motor performance during adolescence and age thirty as related to age at peak height velocity. Ann. Hum. Biol. 1990, 17, 423–435. [Google Scholar] [CrossRef] [PubMed]








[image: Sports 09 00105 g001 550] 





Figure 1. Box and whisker plots comparing youth ice hockey single leg, countermovement jump variables across each age group. Panels (A,B) illustrate the maximum lateral and vertical force, respectively. Panels (C,D) illustrate the lateral and vertical average concentric power, respectively. Panels (E,F) illustrate the average lateral and vertical power in the last 100 ms, respectively. Whiskers are extended 1.5 times the length of the interquartile range beyond the box boundaries, defining the inner fence for identifying outliers. Data points that are outside of these fences are identified with individual points. Significant differences (p < 0.05) between adjacent age groups are indicated with brackets. Note that the scales are different for the lateral and vertical panels. 
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Table 1. Demographics (mean ± SD) for the youth ice hockey age groups.
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	Group
	Number *
	Age (Years)
	Height (cm)
	Mass (kg)





	10U/11U
	21
	10.4 ± 0.4
	145.2 ± 5.9
	37.7 ± 5.9



	12U/13U
	25
	12.3 ± 0.4
	158.2 ± 6.8
	47.5 ± 8.3



	14U/15U
	26
	14.6 ± 0.5
	174.7 ± 5.3
	70.4 ± 8.9



	16U/18U
	19
	16.8 ± 0.5
	180.4 ± 6.8
	76.2 ± 9.6







* Number of participants in each ice hockey age group.
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Table 2. Median difference, statistical significance and effect sizes of adjacent age group comparisons.
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Age Groups

	
Hodges–Lehmann Median Difference

	
m

	
n

	
U

	
False

Discovery Rate Threshold

	
p-Value *

	
Effect Size (95% CI)






	
VERT Avg Con Power (W)




	
10U/11U vs. 12U/13U

	
70.55

	
31

	
49

	
426

	
0.033

	
0.0008 ❖

	
0.720 ►►► (0.592–0.816)




	
12U/13U vs. 14U/15U

	
267.3

	
49

	
52

	
306

	
0.017

	
<0.0001 ❖

	
0.880 ►►► (0.792–0.932)




	
14 U/15U vs. 16U/18U

	
88.85

	
52

	
38

	
744

	
0.05

	
0.046 ❖

	
0.624 ► (0.502–0.729)




	
VERT Avg Con Power 100 ms (W)




	
10U/11U vs. 12U/13U

	
160.2

	
31

	
49

	
383

	
0.033

	
0.0001 ❖

	
0.748 ►►► (0.622–0.839)




	
12U/13U vs. 14U/15U

	
647.4

	
49

	
52

	
264

	
0.017

	
<0.0001 ❖

	
0.896 ►►► (0.812–0.944)




	
14 U/15U vs. 16U/18U

	
268.8

	
52

	
38

	
613

	
0.05

	
0.002 ❖

	
0.690 ►► (0.570–0.786)




	
LAT Avg Con Power (W)




	
10U/11U vs. 12U/13U

	
80.62

	
31

	
49

	
397

	
0.017

	
0.0003 ❖

	
0.739 ►►► (0.612–0.832)




	
12U/13U vs. 14U/15U

	
93.22

	
49

	
52

	
748

	
0.033

	
0.0003 ❖

	
0.706 ►► (0.596–0.794)




	
14 U/15U vs. 16U/18U

	
2.10

	
52

	
38

	
981

	
0.05

	
0.958

	
0.504 (0. 386–0.621)




	
LAT Avg Con Power 100 ms (W)




	
10U/11U vs. 12U/13U

	
144.0

	
31

	
49

	
293

	
0.017

	
<0.0001 ❖

	
0.807 ►►► (0.688–0.885)




	
12U/13U vs. 14U/15U

	
253.8

	
49

	
52

	
356

	
0.033

	
<0.0001 ❖

	
0.860 ►►► (0.768–0.917)




	
14 U/15U vs. 16U/18U

	
43.23

	
52

	
38

	
875

	
0.05

	
0.360

	
0.557 ►►► (0.437–0.670)




	
MAX VERT Force (N)




	
10U/11U vs. 12U/13U

	
181.2

	
31

	
49

	
293

	
0.017

	
<0.0001 ❖

	
0.807 ►►► (0.688–0.885)




	
12U/13U vs. 14U/15U

	
371.7

	
49

	
52

	
190

	
0.033

	
<0.0001 ❖

	
0.657 ►► (0.544–0.752)




	
14 U/15U vs. 16U/18U

	
89.83

	
52

	
38

	
698

	
0.05

	
0.0175 ❖

	
0.647 ►► (0.526–0.749)




	
MAX LAT Force (N)




	
10U/11U vs. 12U/13U

	
64.85

	
31

	
49

	
310

	
0.017

	
<0.0001 ❖

	
0.796 ►►► (0.675–0.876)




	
12U/13U vs. 14U/15U

	
157.8

	
49

	
52

	
202

	
0.033

	
<0.0001 ❖

	
0.921 ►►► (0.843–0.960)




	
14 U/15U vs. 16U/18U

	
33.60

	
52

	
38

	
756

	
0.05

	
0.0583

	
0.617 ►►► (0.496–0.724)








m, n and U refer to the number of participants in the two groups and the value of the Mann–Whitney U statistic. VERT refers to vertical, LAT refers to lateral, Con refers to concentric. * p value for the Mann–Whitney U test, before considering the false discovery rate adjustment ❖ denotes statistically significant differences at p < 0.05 after the false discovery rate adjustment. ► denotes a small effect size, ►► denotes a medium effect size, ►►► denotes a large effect size.













[image: Table] 





Table 3. Mean (SD) Percent Asymmetry Index (%) for each jump parameter, per each individual age group.
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	Age Group
	VERT Avg Con Power
	VERT Avg Con Power (100 ms)
	LAT Avg Con Power
	LAT Avg Con Power (100 ms)
	Max VERT Force
	Max LAT Force





	10U/11U
	13.89 (7.50)
	16.67 (8.20)
	12.75 (7.25)
	14.44 (5.46)
	4.32 (1.97)
	7.12 (3.33)



	12U/13U
	12.89 (8.86)
	15.00 (10.27)
	18.77 (12.76)
	14.07 (11.50)
	4.57 (3.50)
	10.45 (9.56)



	14U/15U
	21.53 (11.94)
	19.22 (11.89)
	22.60 (15.52)
	10.32 (8.04)
	4.46 (3.30)
	5.82 (4.31)



	16U/18U
	14.48 (10.85)
	12.33 (5.83)
	22.17 (16.15)
	9.11 (7.33)
	3.74 (2.78)
	6.05 (4.82)







VERT refers to vertical, LAT refers to lateral, Con refers to concentric.
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