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Purpose: The purposes of this study were to quantify the external load for female and male varsity ice hockey players during regular season games using a local positioning system (LPS), compare LPS-derived external load between sexes and positions, and compare skating distances in absolute and relative speed zones.

Methods: Data were collected for 21 female (7 defense, 14 forwards; 20.0 ± 1.4 yrs., 69.1 ± 6.7 kg, 167.1 ± 5.4 cm) and 25 male (8 defense, 17 forwards; 21.9 ± 1.1 yrs., 85.9 ± 5.4 kg, 181.1 ± 5.2 cm) varsity ice hockey players. Measures included skating distance (total, and in absolute and relative speed zones), peak skating speed, peak acceleration and deceleration, accumulative acceleration load, and number of accelerations, decelerations, turns, skating transitions, direction changes, and impacts.

Results: Female and male players had a high external load during games, with average peak skating speeds >28 km/h and average skating distances >4.4 km. Most LPS-derived measures showed greater external load in males than females (p < 0.05). Forwards skated further at higher speeds compared to defense in both sexes (p < 0.001). Skating distances were significantly different when comparing absolute and relative speed zones (p < 0.001), with absolute speed zones potentially overestimating skating at very slow, very fast, and sprint speeds and underestimating skating at slow and moderate speeds.

Conclusion: This was the first study to measure external load in female ice hockey players with a LPS. Both female and male varsity players had high external loads during games, with forwards having greater external load at higher intensities and defense having greater external load at lower intensities. Sex and positional differences outline the importance of individualized athlete monitoring.
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INTRODUCTION

Athlete load can be separated into internal and external load, with the external load of an athlete defined as the amount of work objectively quantified during training or competition (Bourdon et al., 2017). Traditionally, athlete external load was primarily measured by time or distance of exposure. Time–motion and video analysis have been used to investigate movement characteristics and skating in female and male varsity ice hockey players (Jackson et al., 2016, 2017). This research has provided important introductory analyses of ice hockey movements, but quantifying movements in more detail using video analysis is difficult given that it can be time-consuming and subjective (Dobson and Keogh, 2007; Dellaserra et al., 2014). Recently, local positioning systems (LPS) have allowed for quantification of external load and athlete movement tracking in indoor sports where global positioning systems (GPS) are not feasible (Brooks et al., 2020; Douglas and Kennedy, 2020; Vigh-Larsen et al., 2020; Gamble et al., 2021a,b; Vázquez-Guerrero and Garcia, 2021).

Discussion of the available and most appropriate measures used to quantify external load in team sports is ongoing as technology continues to improve (Ortega et al., 2021). While timing gates, video analysis, and other wearable technology have all been used to measure external load in ice hockey (Van Iterson et al., 2017; Lignell et al., 2018; Link et al., 2019; Stetter et al., 2019; Douglas et al., 2019a; Allard et al., 2020), they do not provide the same amount of information as LPS. Based on positional information in indoor sports (similar to outdoor GPS position-tracking), distance travelled, speed, acceleration, and deceleration can all be determined. Furthermore, GPS, video x and y coordinate position, and an infrared camera system have been used to validate LPS in several instances (Bastida Castillo et al., 2018, 2019a,b; Hoppe et al., 2018; Luteberget et al., 2018; Blauberger et al., 2021).

Until recently, accelerometry has been the primary measure of external load in female ice hockey players, which has been applied to comparisons of match outcome, training and competition, and elite and sub-elite players (Douglas et al., 2019a,b, 2020). However, there have been two recent studies that measured external load in ice hockey games using LPS, and both studies were in males (Douglas and Kennedy, 2020; Vigh-Larsen et al., 2020). Given the differences in female and male anthropometrics, physiology, and competition rules (Hunter, 2014), studies using LPS to measure external load are needed to provide this information for female ice hockey players, especially during games.

Previous research reported faster skating speeds or higher intensity external load in forwards compared to defense in both female and male players using various methods of athlete monitoring (Lignell et al., 2018; Douglas et al., 2019a; Allard et al., 2020; Douglas and Kennedy, 2020). While athlete load research is relatively new in ice hockey and more studies are needed to determine the most appropriate LPS metric to measure external load, rugby research has suggested the importance of considering relative measures of external load to prevent misrepresentation of individual workloads between positions or sexes (Clarke et al., 2015; Reardon et al., 2015; Takamori et al., 2020; Nyman and Spriet, 2021). For example, distance travelled in what are considered physiologically demanding or high-intensity speed zones could change drastically between absolute thresholds previously outlined in ice hockey and those that consider each player’s peak speed (Lignell et al., 2018). The differences within the game of ice hockey between sexes and positions outline the need for this consideration, especially if these measures are being used for a method of monitoring workload.

Therefore, the purposes of this study were to: (i) quantify the external load for both female and male varsity ice hockey players during regular season games using LPS, (ii) compare LPS-derived external load between sexes and positions, and (iii) compare skating distance in absolute and relative speed zones as a measure of external load. It was hypothesized that LPS-derived external load measures would differ between sexes, and forward players would have faster skating speeds and higher intensity of external load when compared to defense.



MATERIALS AND METHODS


Participants

Twenty-one female (7 defense, 14 forwards) and 25 male (8 defense, 17 forwards) varsity ice hockey players participated in this research during the 2019–2020 season. The mean (± SD) age, weight, and height of the subjects were 20.0 ± 1.4 yrs., 69.1 ± 6.7 kg, 167.1 ± 5.4 cm for females and 21.9 ± 1.1 yrs., 85.9 ± 5.4 kg, 181.1 ± 5.2 cm for males. Players were informed of all protocols, requirements, and risks, both verbally and in writing, prior to obtaining oral and written consent. All procedures were approved by the Research Ethics Board of the University and conformed to the Declaration of Helsinki and meet the ethical standards of the journal.



Study Design

External load data were collected for men’s (13 games) and women’s (11 games) varsity ice hockey teams during the 2019–2020 regular season using an ultra-wideband LPS (Kinexon, Munich, Germany). The reliability and validity of this technology has recently been reported for ice hockey (Gamble et al., 2021b). Eighteen skaters (6 defense, 12 forwards) were selected to participate in each game by respective coaches. All games were standardized by league regulation and played on the same Olympic-size ice surface. Data collection only occurred during gameplay, which did not include warmups or intermissions.


LPS-Derived External Load

The LPS incorporated specific local network access, one Power over Ethernet switch and one server (located in the media booth), 16 anchors (secured to the rafters), and one sensor for each participant (secured in a patch on the posterior side of the shoulder pads near the superior 1/3 of the scapula; Figure 1). Communication between anchors and the player sensors (though ultra-wideband channels ranging from 3244.88–4742.40 MHz) allowed for collection of real-time data, which was then transmitted to the server via hardwired connection. Using the local network, the LPS platform and data (sampling rate of 20 Hz) could be retrieved on a secure computer or tablet.

[image: Figure 1]

FIGURE 1. Schematic diagram outlining the location of one server and 16 anchors that allow for on-ice player tracking during games and practices using an ultra-wideband local positioning system (Kinexon, Munich, Germany).


Definitions of external load LPS metrics were adapted from One and Media-KNX ONE Hockey Metrics (Kinexon, Munich, Germany). Recorded metrics included: (i) skating distance: distance covered based on changes in on-ice position (total and separated into specific speed zones), (ii) peak skating speed: maximum instantaneous speed based on changes in on-ice position and time, (iii) peak acceleration: maximum instantaneous acceleration based on changes in on-ice speed and time, (iv) peak deceleration: maximum instantaneous deceleration based on changes in on-ice speed and time, (v) number of accelerations and decelerations: frequency of player accelerations and decelerations >|2 m/s2|, (vi) sharp (turn radius <2 m) and wide (turn radius >2 m) turns, (vii) skating transitions: number of transitions from forward-to-backward or backward-to-forward skating, (viii) number of changes of direction: frequency of changes in on-ice motion direction following a deceleration and prior to an acceleration, and (ix) number of impacts: frequency of collisions (triggered by a G force >3 g on the sensor) with the ice, boards, or another player.



Determining Skating Distance in Speed Zones

Absolute and relative speed zones were used to provide a measure of intensity to the skating distance travelled (Table 1). Female and male absolute speed zones used in the present study were based on those previously outlined in elite male ice hockey literature (Lignell et al., 2018). Relative speed zones were determined by first identifying the peak game speed during the season for each player and then calculating percentages of the peak speed accordingly, as previously done by other team sport research (Reardon et al., 2015; Takamori et al., 2020; Nyman and Spriet, 2021; Table 1).



TABLE 1. Absolute and relative speed zones used to examine intensity of skating distances.
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Statistical Analysis

All data are presented as means ± SD and were analyzed using STATA/IC 15.0 software (College Station, TX) and SPSS version 26 (Armonk, NY). Q–Q plots were used to visually confirm normality. Due to the differences in female and male ice hockey making it inappropriate for some of these groups to be combined for comparison, independent sample t-tests were used to compare means of LPS measures between females and males, and defense and forwards. Dependent sample t-tests were used to compare means of skating distance in absolute and relative speed zones. Statistical significance was accepted at p < 0.05.




RESULTS


Peak Skating Speed and Skating Distance

Average peak skating speeds for regular season games were significantly greater for males in all players (31.16 ± 1.64 vs. 28.73 ± 1.51 km/h), defense (30.15 ± 1.68 vs. 28.52 ± 1.74 km/h), and forwards (31.73 ± 1.33 vs. 28.82 ± 1.39 km/h) compared to females (all p < 0.001). Forwards had greater peak speeds than defense in males (p < 0.001), but not in females (p = 0.197).

Average total skating distances were also significantly greater for males than females in all players (5381 ± 1705 vs. 4,489 ± 1,152 m), defense (5617 ± 1,441 vs. 5,154 ± 1,144 m; p = 0.042), and forwards (5250 ± 1828 vs. 4206 ± 1037 m). Defense skated further than forwards in females (p < 0.001), but not in males (p = 0.115).

Skating distances in absolute speed zones were significantly greater for males than females in very slow, fast, very fast, and sprint speed zones (p < 0.004; Figure 2). Male forwards also skated further in very slow, fast, very fast, and sprint speed zones, while male defense skated further in the fast, very fast, and sprint speed zones (Table 2). Female and male defense skated significantly further than forwards in the very slow, slow, and moderate speed zones (p < 0.001). However, female and male forwards skated significantly further than defense in very fast and sprint speed zones (p < 0.001). There were no positional differences in the fast speed zone (p > 0.150). All skating distances were significantly different when comparing absolute and relative speed zones within sex and for all players (p < 0.001; Figure 2).

[image: Figure 2]

FIGURE 2. Mean skating distance travelled in very slow (absolute: 1.0–10.9 km/h; relative: <20%), slow (absolute: 11.0–13.9 km/h; relative: 20–39%), moderate (absolute:14.0–16.9 km/h; relative: 40–59%), fast (17.0–20.9 km/h; relative: 60–79%), very fast (21.0–24.0; relative: 80–90%), and sprint (absolute: >24.0 km/h; relative: >90%) speed zones for all female and male ice hockey players. Data are presented as mean ± SD. Absolute and relative skating distances were significantly different within sex for all speed zones (p < 0.05). *represents a significant difference between skating distances for all females and males within absolute and relative speed zones (p < 0.05).




TABLE 2. Comparison of local positioning system measured absolute skating distances between females and males during regular season ice hockey games.
[image: Table2]

When considering relative speed zones, skating distances were significantly greater for males than females at all speeds, except the sprint speed zone (p < 0.010; Figure 2). Male defense and forwards also skated further at all speeds, except the sprint speed zone, when compared to their female counterparts (Table 3). Female and male defense skated significantly further than forwards in very slow and slow speed zones (p < 0.001), while only female defense skated further than forwards in the moderate speed zone (p < 0.001). Additionally, female and male forwards skated further than defense in fast and very fast speed zones (p < 0.003), and only female forwards skated further than defense in moderate and sprint speed zones (p < 0.007).



TABLE 3. Comparison of local positioning system measured relative skating distances between females and males during regular season ice hockey games.
[image: Table3]



Additional LPS-Derived External Load Measures

Table 4 summarizes average LPS-derived external load measures and comparisons between females and males for defense, forwards, and all players. Males had significantly greater averages in all LPS measures, except for the number of turns and skating transitions in defense. Positional differences between defense and forwards included greater peak acceleration (p = 0.022) and deceleration (p = 0.002) for male forwards and greater accumulative acceleration load (p < 0.001) for female defense. Additionally, female and male defense had more accelerations (p < 0.023), decelerations (p < 0.001), skating transitions (p < 0.001), and direction changes (p < 0.001), while female defense had more turns (p = 0.006) and male forwards had more impacts (p < 0.001).



TABLE 4. Comparison of local positioning system-derived external load between females and males during regular season ice hockey games.
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DISCUSSION

This study used a LPS to quantify the external load of female and male ice hockey players during regular season games. The main findings included that (i) both female and male players had high external load measures during regular season games when compared to other ice hockey research, (ii) in-game LPS-derived measures of external load were greater in males compared to females, (iii) both female and male forwards had greater external load at higher intensities, while defense had greater external load at lower intensities, and (iv) relative speed zones allowed for an adjustment of skating distance intensities for an individualized approach of measuring external load specific to sex and position.


External Load of Female and Male Ice Hockey Players

Along with physiological sex differences, the differences in gameplay between females and males (e.g., bodychecking is permitted in men’s hockey) allowed for the expectation that external loads would differ between sex. Female players were smaller and younger than male counterparts and most external load measures were different between females and males. Previous research examining heart rate-derived training impulse (TRIMP) as a measure of internal load for the same population reported that male forwards had greater TRIMP than female forwards, while female defense had greater TRIMP than male defense (Bigg et al., 2021). In the current study, all differences suggest that males had a higher external load than females during regular season games. Peak skating speeds for males (defense: 30.15 ± 1.68 km/h; forwards: 31.73 ± 5.0 km/h) and females (defense: 28.52 ± 1.74 km/h; forwards: 28.82 ± 1.39 km/h) were greater than the peak speeds (defense: 24.9 ± 5.0 km/h; forwards: 26.9 ± 5.0 km/h) reported in elite junior U20 Canadian players (Douglas and Kennedy, 2020). Regardless, it appears that external loads need to be considered independently for each sex due to their difference in gameplay.

Similarly, even though males (defense: 5617 ± 1441 m; forwards: 5250 ± 1828 m) skated further than females (defense: 5154 ± 1144 m; forwards: 4206 ± 1037), skating distances for both sexes were greater or comparable than those reported in other studies, which is interesting given the differences in gameplay between sex and skill level. In-game skating distances have been reported as 4606 ± 219 m in national hockey league players (Lignell et al., 2018), 4002.4 ± 786.7 and 3681.2 ± 1058.2 m in elite junior U20 Canadian male defense and forwards (Douglas and Kennedy, 2020), and 5,980 ± 199 m in elite junior Danish U20 male players (Vigh-Larsen et al., 2020). Skating transitions and turns in defense were two measures that did not differ between females and males, outlining the importance of position-specific attention regardless of sex.

One consideration is that both teams in the current study competed on Olympic-size ice, which may have allowed for higher external loads than smaller ice surfaces. Given the difference in anthropometrics, physiology, and sport rules between sexes, different external loads during games were expected (Hunter, 2014). However, it is important to note that even though female’s external load was lower, their skating speeds and distances are still very high when compared with those reported in other studies (Lignell et al., 2018; Douglas and Kennedy, 2020; Vigh-Larsen et al., 2020). This study adds to the limited external load data for ice hockey players and was the first study to report LPS-derived skating speed and distance in games for female players. These data offer insight to the external workload of female players during games and the necessity for specific training requirements to perform optimally during games. Similarly, this shows that decisions and implementation of new strategies should be based on specific athlete demands and workloads when monitoring athlete load.



External Load of Defense and Forwards

Defense had a greater external load when considering skating distance (only females), accumulative acceleration load and number of accelerations, decelerations, turns (only females), skating transitions, and direction changes. However, male forwards had greater peak speed, acceleration, and deceleration. Similar to the present study, previous research has outlined that defense had greater duration or distance of external load (Lignell et al., 2018), but forwards typically had greater intensities of external load. A study using accelerometry to measure external load for elite female practices and games reported greater PlayerLoad and explosive efforts in forwards when compared to defense (Douglas et al., 2019b). Additionally, a separate study examining the same population reported that explosive ratio and percentage of high force strides were greater in wins compared to losses for forwards only (Douglas et al., 2019a). Further research investigating this relationship using LPS measures may be attractive when considering athlete load and performance outcomes.

The results from the current study show that both female and male forwards have a greater external load at higher intensity skating, while defense have a greater external load at lower intensity skating and in several other LPS metrics (both absolute and relative zones). Studies investigating male players have reported forwards skating at higher intensities during elite junior and National Hockey League (NHL) games (Lignell et al., 2018; Douglas and Kennedy, 2020). While American Hockey League (AHL) defense was shown to train at a greater relative intensity, forwards had a greater intensity of external load during AHL games, with overall load in the game similar between positions (Allard et al., 2020). Based on these results and the consistent positional differences identified, strategies should attempt to develop position-specific training loads to maximize preparation for games, especially if forwards are required to skate at faster speeds during the games as they pressure the defense of the opposing team.



Skating Distance in Absolute vs. Relative Speed Zones as a Measure of External Load

The most important measure of external load in ice hockey is not yet known, but several measures should likely be considered so that workload and performance can be examined separately. Workload considering skating distance in speed zones of various thresholds includes a reasonable measure of intensity like internal load measures that use heart rate zones as a measure of intensity. As expected, skating distances were different between in absolute and relative speed zones for both sexes, with potential for skating distances at very slow, very fast, and sprint speeds to be overestimated and skating distances at slow and moderate speeds to be underestimated when using absolute speed zones (Figure 2).

While current speed thresholds adapted from other team sports have provided the ability for preliminary investigation of this measure (Lignell et al., 2018), the sex and positional external load differences highlighted above outline the importance of taking an individualized approach. Research in rugby has suggested that this method may account for differences in fitness levels or positional game requirements, optimizing preparation and avoiding under- or overtraining that may affect performance or risk of injury (Clarke et al., 2015; Reardon et al., 2015; Gabbett, 2016; Takamori et al., 2020; Nyman and Spriet, 2021). However, more research is needed to investigate the exact intensity thresholds that should be used, given that physiological biomechanical, and metabolic differences during exercise may all play a role in properly classifying workload measures (Ortega et al., 2021). Regardless, using the peak speed from players during gameplay in the regular season allowed for an individualized measure of skating distance in speed zones and one that is more appropriate for understanding the different in-game demands for individuals of difference sex and position when monitoring external load.




CONCLUSION

This was the first study to report LPS-derived external load for female ice hockey players in games and compare this data to male ice hockey players. It was determined that while all players in the study had a high external load during regular season games, the external load was greater in males compared to females. Results showed that forwards have a greater external load at higher intensities and defense has a greater external load at lower intensities. Lastly, given the differences in external load between sexes and positions, relative measures of external load should be considered to provide an individualized approach to athlete load monitoring and specific training to prepare for optimal fitness and performance during games.
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