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Abstract: 19 

The aims of the study were to 1) describe the peak locomotor intensity sustained during 20 

handball matches and 2) compare them with small-sided games (SSGs) programmed during 21 

training in elite handball players. SSG (n=342) and match (n=121) data were collected among 22 

11 players (25±7y, 191±8cm, 89±12kg) belonging to an elite French Handball team. Players’ 23 

locomotor activity was recorded using 20-Hz Local Positioning System. Peak total (TD[m]) 24 

and high-speed running distance (HS[m]), and mechanical load (Accel’Rate™ [a.u.]) were 25 

calculated during different time periods (1 to 15 min different rolling averages). A plot of log 26 

(locomotor variables) against log (time) allowed to obtain a straight line with a slope and an 27 

intercept for each variable. Between-position differences during matches and difference 28 

between matches and SSGs were assessed with linear mixed model and magnitude-based 29 

decisions. Almost certainly higher peak locomotor intensity (intercept) was found in Wingers 30 

(TD: 156±13; HS: 96±12; Accel’Rate™: 13±3) compared with other playing positions for TD 31 

(Back players: 127±10; Pivots: 136±13), HS (Back players: 56±9; Pivots: 57±11) and 32 

Accel’Rate™ (Back players: 11±2; Pivots: 11±2). However, no clear between-position 33 

difference was found regarding the slope. Additionally, none of the SSGs format produced an 34 

overload in peak locomotor intensity in comparison with matches (TD: 138±16; HS: 66±20; 35 

Accel’Rate™: 12±2). Since reaching the peak locomotor intensity sustained during match is 36 

not possible using SSGs, practitioners should consider using isolated conditioning drills (e.g., 37 

short or long intervals, repeated sprints, etc.). Moreover, specific attention should be paid for 38 

Winger’s work supplementation, as they present the highest peak locomotor intensity in the 39 

team. 40 

 41 

Key Words: 42 

 Match demands; team sport; small-sided games; monitoring  43 



Introduction: 44 

The recent development and validation of wearable local positioning system (LPS) has 45 

opened up a new area in handball players’ monitoring [1]. Undeniably, the interest for this 46 

technology to describe more accurately match and training demands is growing exponentially 47 

[2]. 48 

Handball is a strenuous contact Olympic team sport that places emphasis on running, 49 

jumping, sprinting and a range of high-intensity upper-body actions over 2 halves of 30 50 

minutes, interspersed by a 10-min half-time break [3]. Previous studies have investigated 51 

match demands (e.g., total distance, high intensity events) through time-motion analyses, over 52 

either the entire match or shorter arbitrary time periods (e.g., block of 15min) [4-8]. These 53 

demands were described both in absolute and relative to minutes played [4-8]. While those 54 

segmental approaches provide meaningful primary information for practitioners, it is likely 55 

that such methods underestimate the peak locomotor intensity fluctuations that can occurs 56 

over short periods of time (e.g., over 1-5 min) [4, 9-14]. Handball being highly intermittent in 57 

nature, with lots of interchanges, failure to consider peak activity demands may biases 58 

training prescription, which may in turn underprepare athletes to competition [15]. Moreover, 59 

consideration about the likely between-player (or position) differences in peak activity is also 60 

required [4]. 61 

One of the main applications of the analysis of peak locomotor intensity demands over shorter 62 

periods of time during matches, is their comparison with the intensities reached during 63 

specific small-sided games (SSGs) during training. While the occurrences and intensity of 64 

actions is likely time-dependent (i.e., the longer the period, the lower the average intensity), 65 

the comparison between match and training activity remains difficult [16]. Expressing whole-66 

match running performance relative to minutes played is a first step to allow comparisons 67 

with training intensities [15], but using rolling averages have been recently suggested to be 68 



more appropriate, since it allows quantifying the peaks locomotor intensity over shorter 69 

periods of time [14, 17, 18]. While this approach has been widely investigated in outdoor 70 

team sport [19], little is known in elite handball player. With this method, locomotor intensity 71 

vs. time relationship during matches can be modelled using a power law relationship and can 72 

then be compared with SSGs activity. While some training drills have been deemed suitable 73 

to develop aerobic fitness [3, 20], SSGs prescription has always been driven by technical and 74 

tactical content [21]. Consequently, the comparison between match peak intensity and what is 75 

achieved by players during SSGs would help to optimise training prescription. 76 

Therefore, the purpose of this study was to 1) characterise the match peak locomotor intensity 77 

demands in elite handball, with a specific reference to players’ positions and 2) compare the 78 

peak intensity demands of SSGs with these reached during official matches. 79 

 80 

Methods: 81 

Experimental Approach to the Problem: 82 

A retrospective observational research design was employed to characterise peak locomotor 83 

activity during both match and small-sided games. All match data were collected during 84 

official competitions (French 1st division Star League, n=19 matches and European 85 

Champion’s League, n=18 matches) for a total of 121 player-match observations. Only data 86 

from players who completed the equivalent or more than one half of the match were included 87 

[6].  88 

Regarding SSGs, data were collected in-season during typical training sessions, in the same 89 

facility as the one where matches were played, for a total of 342 player-SSGs observations. 90 

The three SSGs formats selected for the present analysis were chosen because they were very 91 

regularly used by the coaching team and therefore, remained those for which the analysis 92 

provides the greatest level of information for programming. The chosen SSGs where: 1) 4v4 93 



played on a 12x12m surface + 1 Goalkeeper (GK), 2) 6v6 played on half field (6v6HF) + 94 

1GK, 20×20m, half field and 3) 6v6 played on the full field (6v6FF) + 2GKs, 40×20m, full 95 

field. The details of each SSG are provided in Table 1. 96 

To further contextualize the demands of the different SSGs and match play, the locomotor 97 

demands of a typical run-based high-intensity interval training (HIIT) drill was examined as a 98 

unique example. The running intensity of the runs was  based on the velocity (km·h-1) 99 

achieved at the end of the 30-15 Intermittent Fitness Test (VIFT) [22].The HIIT drill consisted 100 

of 2 sets of 6 min, with 2 min of rest between sets. Each 6 min of exercise consisted of 2 min 101 

of running, 2 min of specific high-intensity movements and another 2-min period of running. 102 

The 2-min running sequence was composed of 30-s runs at 100% VIFT, interspersed with 30 s 103 

of passive recovery, 15-s runs at 110% VIFT, interspersed with 15 s of passive recovery, 5-s 104 

runs at 120% VIFT, interspersed with 25 s of passive recovery. The high-intensity movements 105 

sequence included throw in, short sprint, including changes of direction. 106 

 107 

**Insert Table 1 here** 108 

 109 

Subjects: 110 

Data were collected among 11 players (25±7 years, 191±8 cm, 89±12 kg) from one French 1st 111 

division handball team during two consecutive seasons (2018-2019 and 2019-2020), including 112 

officials matches and training sessions. Only data from players who played at least 30 minutes 113 

during matches were included to limit the effect of possible performance increment according 114 

to low playing time [14, 17]. Moreover, only players who completed the whole duration of a 115 

training session were included in the analysis [17]. Players were grouped according to their 116 

playing position (Wingers [n=4], Pivots [n=3], Back players [n=4]). These data arose from the 117 

daily player monitoring in which player activities were routinely measured over the course of 118 



each season. Therefore, ethics committee clearance was not required [23]. Nevertheless, the 119 

study conformed to the recommendations of the Declaration of Helsinki. 120 

 121 

 122 

Procedures: 123 

For both matches and SSGs, players’ activity was recorded using a 20-Hz LPS system and 124 

100­Hz embedded accelerometer devices (Kinexon™, Kinexon GMBH, Munich, Germany) 125 

[1].  The Kinexon™ Ultrawide band (UWB) system consisted of 14 antennas, positioned 126 

around the handball playing field at three different heights, and tags worn by the players in the 127 

centre of the upper back, using the manufacturer harness. The signals were transmitted to the 128 

antennas using UWB technology in a frequency range of 4.25-7.25 GHz. The field position of 129 

the tag was calculated by a proprietary algorithm based on a combination of different methods 130 

such as Time Difference of Arrival, Two-Way Ranging and Angle of Arrival (Kinexon 131 

GmbH, Germany).  Data were processed by the specific Kinexon™ software to obtained total 132 

(TD, m) and high-speed running distance (HS, distance run at a velocity above 14.5 km·h-1).   133 

The validity of the Kinexon™ LPS device have been established and showed small 134 

standardised typical error of estimate (from 0.06 to 0.48) compared with 3-dimensions motion 135 

capture (Vicon®) for sprint, lateral and specific handball movements [1, 24]. Additionally, 136 

inter-unit coefficient of variation was reported to range from 2.1 to 9.2% [24].  137 

 138 

Data Processing. Additionally, we calculated the Accel’Rate™ (a.u.) from the raw inertial 139 

data (100­Hz) as an overall measure of mechanical load [25]. Accel’Rate™ was calculated as 140 

follow: 141 

 142 
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 144 

where 𝑎𝑥 is the mediolateral acceleration, 𝑎𝑦 is the anteroposterior acceleration and 𝑎𝑧 is the 145 

vertical acceleration. Accel’Rate™ was processed with customised script in R Studio 146 

(Version R-4.0.2, R Foundation for Statistical Computing). These instantaneous values were 147 

summed to obtain the global workload of the players during the session analysed. For more 148 

readability, the final value obtained was divided by 100. This variable was chosen because the 149 

Accel’Rate™ was recently shown to better reflect the mechanical load than the classical 150 

PlayerLoad™. [25]. 151 

Power Law modelling. To be able to compare the data of players with different minutes of 152 

play, all the data were first reported by minutes (i.e., m·min-1 and a.u.). Peak locomotor 153 

intensities were analysed during different rolling average periods (0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 154 

10 and 15 min). To estimate the decline in match and training intensity as duration increased, 155 

each measure of exercise intensity (i.e., TD, HS and Accel’Rate™) was assessed relative to 156 

the rolling average duration as a power-law relationship [14, 26, 27] for each individual 157 

observation. This analysis was not possible for HIIT training sessions as they do not follow a 158 

power-law type of relationship, due to their programming approach (i.e., prescribed intensity). 159 

A power law curve describes non-linear but clearly dependent relationships between two 160 

variables (x and y) and can be given by the equation: 𝑦 =  𝑐𝑥𝑛 where n and c are constants. A 161 

plot of log (locomotor variables) against log (time) allowed to obtain a straight line with a 162 

slope (n) and an intercept of 𝑐𝑒 [14, 26, 27]. Linear regressions were used, to reveal the values 163 

for n and c, for each measured variable (TD, HS and Accel’Rate™) and each condition (3 164 

SSGs and matches), The exponential of c was calculated, and therefore, a predictive equation 165 

of running intensity (i) as a function of time (t) was achieved, using the formula: 𝑖 =  𝑐𝑡𝑛. As 166 

such, running intensity was deemed to be proportionately related to the duration of the 167 

moving average window (i.e., time). Moreover, this approach has been used previously in the 168 



field of team sport, such as rugby [14, 28] and soccer [17]. While physical output in team 169 

sports will always be dependent on game context and events [29], the intercept established 170 

from the power law relationship reflects the theoretical highest intensity that occurs during 171 

match and training as time approaches 1 min [14, 17]. The slope represents the rate of decline 172 

in peak locomotor intensity as exercise duration increases. These slope and intercept values 173 

were used for the analysis. 174 

 175 

Statistical analysis: 176 

The Kolmogorov-Smirnov normality test was performed to verify the distribution of each 177 

variable included in the analysis. For each variable, back transformed data were used for the 178 

descriptive statistics (mean ± SD and range).  179 

The first step of the analysis aimed to examine the overall peak locomotor intensity of 180 

different variable (TD, HS and Accel’Rate™) and assessed for potential difference between 181 

positions during competitive match-play. Slope and intercepts for each locomotor variable 182 

were first compared using linear mixed model where player positions were treated as fixed 183 

effect, while players were considered as a random factor [30]. The second set of linear mixed 184 

models aimed to investigate the difference in intercepts and slopes for each variable between 185 

matches and SSGs. Therefore, the event (matches or SSGs) was considered as fixed, while 186 

players were considered as a random factor [30]. 187 

Statistical analyses were performed using R statistical software (R. 3.1.0, R Foundation for 188 

Statistical Computing) using the lme4 package. Each model was further investigated with 189 

standardised differences (ES), based on Cohen’s effect size principle. Standardisation was 190 

performed with the estimated marginal means and associated variance provided by the 191 

generalised linear model. Threshold values for standardised differences were (trivial) <0.2 192 

(small) <0.6 (moderate) <1.2 (large) <2 and very large (>2), as describe by Hopkins [31]. 193 



Probabilities were used to make a qualitative probabilistic mechanistic inference about the 194 

true differences in the changes, which were assessed in comparison to the smallest worthwhile 195 

change (0.2 × pooled SDs). The scale was as follows: 25-75%, possible; 75-95%, likely; 95-196 

99%, very likely; >99%, almost certain [32]. 197 

 198 

Results: 199 

Between-player differences in peak locomotor intensity during competitive matches 200 

The intercepts and slopes for each locomotor variable and position are provided in Figure 1 201 

and Table 2. All rolling average periods for each position are provided in supplemental 202 

material. 203 

 204 

**Insert Figure 1 here** 205 

**Insert Table 2 here** 206 

 207 

During competitive matches, Back players sustained almost certainly higher TD intensity than 208 

Pivots (ES ± 90% Confidence Limits: 0.60 ± 0.35), while no meaningful difference was 209 

observed for HS (0.0 ± 0.03) and Accel’Rate™ (0.20 ± 0.16) intensity. Back players also 210 

presented an almost certainly lower TD (1.0 ± 0.38), HS (3.20 ± 0.38) and Accel’Rate™ (0.70 211 

± 0.38) intensity than Wingers. The same results were found when comparing Pivots with 212 

Wingers (TD: 1.80 ± 0.40, HS: 3.10 ± 0.40 and Accel’Rate™: 0.70 ± 0.39). 213 

 214 

Differences between competitive matches and SSGs in peak locomotor intensity  215 

Differences between matches and SSGs format with regard to intercepts and slopes for each 216 

locomotor variable are provided in Table 3. All rolling average periods for each SSGs, and 217 

position are provided in supplemental material (cf. Tables 1 to 5 in supplemental materials). 218 



The comparison of HIIT and match outputs showed players to cover significantly more 219 

distance at high intensity (ES >2 for all variables). TD was 1.5 to 1.8 times greater; HSR, 2.1 220 

to 3.4 times greater; and AR, 1.6 to 2 times greater during HIIT. The TD intensity intercept 221 

during competitive matches were almost certainly superior to all SSGs (6v6FF: 1.74 ± 0.20; 222 

6v6HF: 3.56 ± 0.22; 4v4: 3.68 ± 0.21). Moreover, an almost certainly lower slope value was 223 

observed for 6v6FF compared with matches (-0.59 ± 0.18). Trivial differences were found 224 

regarding 6v6HF (0.17 ± 0.17) and 4v4 (-0.09 ± 0.16) for TD slope when compared with 225 

matches. Regarding HS, intercepts were almost certainly higher during matches than during 226 

SSGs (6v6FF: 1.33 ± 0.19; 6v6HF: 4.21 ± 0.27; 4v4: 5.94 ± 0.30). An almost certainly greater 227 

HS intensity slope was observed for 6v6FF (-0.76 ± 0.18) compared with that of the matches. 228 

However, almost certainly lower HS intensity slope were observed for 6v6HF (1.97 ± 0.20) 229 

and 4v4 (1.90 ± 0.19) when compared with matches. Lastly, competitive matches presented 230 

almost certainly higher Accel’Rate™ intensity intercept than all SSGs (6v6FF: 1.33 ± 0.19; 231 

6v6HF: 3.31 ± 0.21; 4v4: 3.25 ± 0.20). Regarding the Accel’Rate™ slope, an almost certainly 232 

higher difference was observed for 6v6FF (-0.21 ± 0.18) while almost certainly to possibly 233 

lower values were found for 4v4 (0.21 ± 0.16) and 6v6HF (0.37 ± 0.16) respectively when 234 

compared with matches. 235 

 236 

**Insert Table 3 here** 237 

 238 

Discussion: 239 

The aim of the study was to characterise the peak locomotor intensity with a specific 240 

reference to players’ positions and to assess if SSGs can allow players to reach similar peak 241 

locomotor intensity than during matches in elite handball. 242 



The main findings of the study were: 1) peak locomotor intensity during matches displayed 243 

moderate-to-large between-positions differences, with Wingers demonstrating the highest 244 

peak locomotor intensity and 2) the peak locomotor intensity during the 3 selected SSGs 245 

formats were moderately-to-largely lower than during matches.  246 

 247 

Between-player differences in peak locomotor intensity during competitive matches 248 

This study is the first to examine the peak locomotor intensity of elite handball players with 249 

regard to playing positions during competitive matches. Overall, Wingers demonstrated 250 

higher peak locomotor intensity during matches for all variables (i.e., TD, HS and 251 

Accel’Rate™) compared with Back and Pivots. These differences with previous studies [4, 6, 252 

7], where Back players presented the highest TD and mechanical load (i.e., PlayerLoad™) are 253 

not surprising as they investigated overall locomotor activity - while the present study 254 

described peak intensity. This, further highlight the importance of the method employed when 255 

investigating match demands. For example, when considering the running intensity (TD) over 256 

15-min windows, our present results were similar to those reported by Póvoas et al. for the 257 

whole match duration (81 ± 7 vs. 82 ± 15 m·min-1) [33]. However, when comparing the peak 258 

locomotor intensity (127 to 156 m·min-1), TD  to was actually 1.7 to 2.4 times higher than that 259 

reported in previous studies [5, 8, 33, 34]. This seems logical as peak running intensity is 260 

influenced by the length of the rolling average window [14]. Therefore, practitioners might 261 

need to consider those shorter duration of analysis in order to provide training program 262 

matching the actual locomotor activity experienced by player during matches [6, 7, 34]. 263 

Despite the difference in methods used and focus (i.e., activity intensity vs volumes), our 264 

conclusions echo those of previous studies, where wingers presented the highest HS volumes 265 

in comparison with the other positions [4, 8, 35]. This highlights the large level of specificity 266 

of the Winger position (e.g., running back and forth over the full court length). Therefore, due 267 



to the highest TD, HS and Accel’Rate™ observed, training programs may need to be 268 

individualised for them, by including for example top-up running sequences. However, it is 269 

worth mentioning that despite the high specificity of locomotor actions for each position (e.g., 270 

holding a position in the opponent's defence for Pivots or multiple accelerations and 271 

deceleration for Back players) similar mechanical loads intensity was observed. While the 272 

calculation method is different than that of previous studies using PlayerLoad™, it is not a 273 

surprise to find similar results between Pivots and Back players regarding TD (127 ± 10 vs. 274 

136 ± 13 respectively) and mechanical load (11 ± 2 vs. 11 ± 2 respectively)  due to the 275 

multicollinearity between those two variables [36, 37]. Despite the similar observed peak 276 

locomotor intensities (at the quantitative level), the positions require different actions 277 

(qualitative analysis) [4]. For example, back players repeat more high-intensity tasks (i.e., 278 

accelerations, decelerations, changes of direction and jumps) while pivots make more high-279 

intensity quasi-isometric actions during blocks [4, 38]. Consequently, this highlights the 280 

importance to combine LPS with accelerometer data as they both provide different 281 

information about players’ locomotor activity. 282 

 283 

Differences between match and SSGs in peak locomotor intensity  284 

In the present study, the overall locomotor intensity (TD and HS) and mechanical load (i.e., 285 

Accel’Rate™) during typical SSGs never reached the intensity observed during matches. This 286 

is contrary to what has been shown in different team sports [17, 21, 39-41]. Indeed, in soccer, 287 

it has been shown that a 10v10 was able to reach similar or higher intensity than matches [17]. 288 

Contrary to Lacome et al. [17], the present study included only competitive matches (e.g., 289 

round 16 and quarter-final of European Champions league cup). Moreover, in elite handball, 290 

congested fixtures (e.g., a match every 3-4 day over 30 weeks) could lead to a high magnitude 291 

of neuromuscular fatigue [42] and therefore might minimise the opportunity to perform 292 



training sessions at similar intensity than matches. Consequently, the use of SSGs might be 293 

only used for technical and tactical purposes, explaining the present results. From a practical 294 

standpoint, if match intensity is difficult to reach through SSGs in-season [43], practitioners 295 

could use isolated running drills (e.g., short or long interval, repeated sprint training) in order 296 

to reach similar or higher peak locomotor intensity than matches (as shown in Figure 1) – but 297 

only if the fixtures allow it.  298 

It is worth mentioning that several limitations remain. The present results may be exclusively 299 

representative of the players (e.g., only 11 players) and the coaching style of the team 300 

examined in the present study. Indeed, different results could have been observed with other 301 

teams using different tactical systems, which could directly influence peak locomotor 302 

intensity [44]. Consequently, caution should be taken when generalizing those results to other 303 

contexts. Additionally, only three types of SSGs were used. It is likely that other formats 304 

including different pitch size, number of players, rules, inclusion of contacts or not could lead 305 

to different results and still require further investigations. Finally, the similar Accel’Rate™ 306 

observed in both Back and Pivots, despite clearly different activity types shows the limitation 307 

of the variable that is not (yet) able to identify the nature of the movement. Consequently, 308 

future studies using recent video analysis systems for example [45, 46] may provide further 309 

insights into player’s locomotor activity. Finally, characterising the difference between 310 

handball and soccer players in the external load match demands requires a deeper knowledge 311 

of the handball activity, especially regarding the evolution of internal load during 312 

competition. Indeed, previous studies have shown that handball players spend less than 10% 313 

of their playing time below 60% of their maximum heart rate and more than 50% of their 314 

playing time above 80% of their maximum heart rate [4] which is similar with results 315 

observed in soccer [47]. The analysis of heart rate through the approach of peak intensities, 316 

which has never been conducted before, could provide answers. 317 



 318 

To conclude, the peak locomotor intensity (i.e., running activity and mechanical load) of 319 

competitive matches in elite handball players was assessed for the first time and further 320 

compared with typical SSGs. The results highlighted some differences between positions (i.e., 321 

Back, Pivots and Wingers) and variables (i.e., TD, HS, Accel’Rate™), with Wingers 322 

presenting the highest peak locomotor intensity. However, none of the SSGs examined in the 323 

study allowed players to reach the peak locomotor intensity observed during matches. This 324 

novel information can be used to individualise players physical preparation and improve the 325 

overall training load management of elite handball players. Future studies should consider the 326 

integration of contacts into the peak locomotor intensity analysis. 327 

Practical applications: 328 

The main practical applications of this research include the findings Wingers were shown to 329 

sustain the highest peak locomotor activity. Therefore, a specific emphasis on high intensity 330 

running may be required for this position. Moreover, any of the SSGs examined in this study 331 

allowed players to reach the peak locomotor intensities observed during matches. To prepare 332 

players adequately to match demands, practitioners may sometimes need to consider the use 333 

of isolated running drills (e.g., short intervals or repeated sprint). Finally, the use of LPSs 334 

systems allows for continuous and precise locomotor activity tracking. If such a technology is 335 

not available, data with specific reference to each playing position and SSGs are provided in 336 

the supplemental digital content of the manuscript to inform practice.  337 
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Tables & Figures captions: 456 

Table 1. Description of Small-sided games used the study. 457 

Table 2. Peak locomotor intensity per position and locomotor variables. Data are presented as 458 

mean ± SD. † Difference from Back players. ‡ Difference from Pivots. Only effect sizes > 0.6 459 

with likely chances (>75%) that the differences are true are reported. 460 

Table 3. Peak locomotor intensity comparisons between match and small-sided games. 461 

Intercepts and slopes are presented as mean ± SD. SEE stands for standard error of estimate. 462 

Figure 1. Peak locomotor intensity during match, SSGs and HIIT as a function of each rolling 463 

average period for playing position. 464 

 465 

Supplemental digital content 466 

Table 1. Rolling Average during matches per position and locomotor variables. Data are 467 

presented as mean ± SD. 468 

Table 2. Rolling Average during 6v6FF per position and locomotor variables. Data are 469 

presented as mean ± SD. 470 

Table 3. Rolling Average during 6v6HF per position and locomotor variables. Data are 471 

presented as mean ± SD. 472 

Table 4. Rolling Average during 4v4 per position and locomotor variables. Data are presented 473 

as mean ± SD. 474 

Table 5. Rolling Average during HIIT per position and locomotor variables. Data are 475 

presented as mean ± SD. 476 



Table 1: 

 SSG 1: 4v4 (n=136) SSG 2: 6v6HF (n=121) SSG 3: 6v6FF (n=85) 

Players 
4 attackers versus 4 defenders, 1 

goalkeeper 

6 attackers versus 6 defenders, 1 

goalkeeper 
6 attackers versus 6 defenders, 2 goalkeepers 

SSGs 

Organisation 

3 Back players and 1 Pivot as 

Attackers 

Defenders aligned at 6m 

1 goalkeeper 

3 Back players, 2 Wingers and 1 

Pivot as attackers 

Defenders aligned at 6m 

1 goalkeeper 

3 Back players, 2 Wingers and 1 Pivot as Attackers 

Defenders aligned at 6m 

2 goalkeepers 

Rules 

Typical handball rules 

Attackers only used tactical 

organisations specific to the team 

Typical handball rules 

Attackers only used tactical 

organisations specific to the team 

Typical handball rules 

Attackers only used tactical organisations specific to 

the team 

Duration (min) 13 ± 6.5 13 ± 7 16 ± 6.5 

SSGs 

dimension 

  

 

 

  

 



Table 2: 

 Total distance (m·min-1)  High-Speed Distance (m·min-1)  Accel'Rate (a.u) 

 Intercept Slope r  Intercept Slope r  Intercept Slope r 

Wingers 156 ± 13†‡ -0.27 ± 0.03 0.97  96 ± 12†‡ -0.45 ± 0.05 0.98  13 ± 3 †‡ -0.30 ± 0.03 0.97 

Pivots 127 ± 10† -0.23 ± 0.03 0.97  56 ± 9 -0.46 ± 0.06 0.98  11 ± 2 -0.26 ± 0.04 0.97 

Back players 136 ± 13‡ -0.24 ± 0.03 0.98  57 ± 11 -0.49 ± 0.05 0.98  11 ± 2 -0.26 ± 0.03 0.98 

 



Table 3: 

Variable 
Match 

Intercepts 

Match 

Slope 

SSGs 

format 
Parameters Value Estimate SEE p.value 

Effect size (±90% 

CI) 

Total 

Distance 

(m·min-1) 

138 ± 16 
-0.24 ± 

0.03 

6v6FF  
Intercept 110 ± 17 30 1.75 <0.001 1.74 (1.55 to 1.94) 

Slope -0.21 ± 0.06 -0.03 0.01 0.001 -0.59 (-0.77 to -0.41) 

6v6HF 
Intercept 72 ± 19 67 1.64 <0.001 3.56 (3.34 to 3.78) 

Slope -0.26 ± 0.09 -0.02 0.01 0.08 0.17 (0.00 to 0.33) 

4v4  
Intercept 77 ± 17 63 1.61 <0.001 3.68 (3.47 to 3.89) 

Slope -0.24 ± 0.06 0 0.01 0.99 -0.09 (-0.25 to 0.07) 

High-

Speed 

Distance 

(m·min-1) 

66 ± 20 
-0.47 ± 

0.06 

6v6FF  
Intercept 45 ± 14 22 1.05 <0.001 1.33 (1.14 to 1.52) 

Slope -0.41 ± 0.09 -0.05 0.02 0.005 -0.76 (-0.94 to -0.59) 

6v6HF  
Intercept 13 ± 10 55 1.04 <0.001 4.21 (3.94 to 4.48) 

Slope -0.77 ± 0.17 -0.32 0.02 <0.001 1.97 (1.78 to 2.17) 

4v4  
Intercept 10 ± 5 58 1.02 <0.001 5.94 (5.64 to 6.25) 

Slope -0.77 ± 0.17 -0.32 0.01 <0.001 1.90 (1.71 to 2.08) 

Accel'Rate 

(a.u) 
12 ± 2 

-0.27 ± 

0.04 

6v6FF  
Intercept 8 ± 3 4 0.19 <0.001 1.33 (1.14 to 1.52) 

Slope -0.26 ± 0.06 -0.01 0.01 0.43 -0.21 (-0.39 to -0.04) 

6v6HF  
Intercept 6 ± 2 6 0.18 <0.001 3.31 (3.10 to 3.51) 

Slope -0.3 ± 0.08 -0.03 0.01 <0.001 0.37 (0.21 to 0.53) 

4v4  
Intercept 6 ± 2 6 0.17 <0.001 3.25 (3.05 to 3.44) 

Slope -0.28 ± 0.06 -0.01 0.01 0.29 0.21 (0.05 to 0.37) 

 



Figure 1: 



Table Suppl 1 (Matches): 

 

 0.5 1 2 3 4 5 6 7 8 9 10 15 

Total Distance 

(m·min-1) 
            

Overall 192 ± 22 143 ± 13 117 ± 11 106 ± 9 100 ± 8 95 ± 8 92 ± 8 90 ± 8 88 ± 7 87 ± 7 85 ± 7 81 ± 7 

Wingers 221 ± 24 161 ± 15 127 ± 13 115 ± 11 107 ± 9 102 ± 7 99 ± 7 96 ± 7 94 ± 7 93 ± 7 91 ± 7 86 ± 6 

Pivots 172 ± 19 129 ± 10 108 ± 8 99 ± 8 93 ± 8 89 ± 8 87 ± 8 85 ± 7 83 ± 8 81 ± 8 80 ± 7 76 ± 7 

Back players 184 ± 24 139 ± 14 115 ± 11 105 ± 9 99 ± 9 95 ± 9 91 ± 9 89 ± 9 87 ± 8 86 ± 8 85 ± 8 80 ± 7 

             

High-Speed 

Distance (m·min-1) 
            

Overall 125 ± 23 80 ± 13 57 ± 9 47 ± 8 41 ± 7 38 ± 6 35 ± 6 34 ± 6 32 ± 5 31 ± 5 30 ± 5 26 ± 4 

Wingers 159 ± 26 101 ± 15 71 ± 11 59 ± 10 51 ± 9 48 ± 8 45 ± 7 42 ± 6 40 ± 6 39 ± 6 38 ± 6 33 ± 5 

Pivots 91 ± 20 59 ± 10 42 ± 7 35 ± 6 30 ± 6 28 ± 5 26 ± 5 25 ± 5 23 ± 4 22 ± 4 21 ± 4 19 ± 4 

Back players 95 ± 20 62 ± 13 41 ± 9 33 ± 6 29 ± 6 27 ± 6 25 ± 5 24 ± 5 22 ± 5 21 ± 5 21 ± 4 18 ± 4 

             

Accel’Rate (a.u)             

Overall 17 ± 3 13 ± 3 10 ± 2 9 ± 2 8 ± 2 8 ± 2 8 ± 2 7 ± 1 7 ± 1 7 ± 1 7 ± 1 7 ± 1 

Wingers 19 ± 4 14 ± 3 11 ± 3 9 ± 2 9 ± 2 8 ± 2 8 ± 2 8 ± 2 8 ± 2 8 ± 2 7 ± 2 7 ± 1 

Pivots 15 ± 3 11 ± 2 9 ± 2 8 ± 2 8 ± 2 7 ± 1 7 ± 1 7 ± 1 7 ± 1 7 ± 1 6 ± 1 6 ± 1 

Back players 15 ± 2 11 ± 2 9 ± 2 8 ± 1 8 ± 1 7 ± 1 7 ± 1 7 ± 1 7 ± 1 7 ± 1 7 ± 1 6 ± 1 



Table Suppl 2 (6v6FF): 

 

 0.5 1 2 3 4 5 6 7 8 9 10 15 

Total Distance 

(m·min-1) 
            

Overall 131 ± 30 107 ± 23 89 ± 18 82 ± 16 78 ± 16 75 ± 15 74 ± 15 72 ± 15 70 ± 15 70 ± 14 69 ± 14 65 ± 14 

Wingers 140 ± 34 112 ± 26 92 ± 20 85 ± 18 80 ± 17 77 ± 17 75 ± 17 73 ± 16 72 ± 16 71 ± 15 71 ± 14 66 ± 15 

Pivots 122 ± 28 101 ± 22 84 ± 17 79 ± 15 75 ± 15 72 ± 15 70 ± 14 69 ± 14 67 ± 13 66 ± 13 65 ± 13 61 ± 13 

Back players 133 ± 27 108 ± 20 90 ± 16 84 ± 15 80 ± 14 77 ± 14 75 ± 14 73 ± 14 72 ± 14 71 ± 14 70 ± 14 68 ± 14 

             

High-Speed 

Distance (m·min-1) 
            

Overall 62 ± 23 49 ± 16 34 ± 11 30 ± 10 27 ± 9 25 ± 9 24 ± 8 23 ± 8 22 ± 8 21 ± 7 21 ± 7 19 ± 6 

Wingers 71 ± 28 55 ± 19 39 ± 13 34 ± 11 30 ± 10 28 ± 10 27 ± 10 25 ± 9 25 ± 9 24 ± 8 24 ± 8 21 ± 7 

Pivots 53 ± 19 43 ± 13 30 ± 9 26 ± 8 23 ± 8 22 ± 7 21 ± 7 20 ± 7 19 ± 6 18 ± 6 18 ± 6 16 ± 5 

Back players 57 ± 18 41 ± 12 28 ± 8 24 ± 7 21 ± 6 20 ± 6 18 ± 6 17 ± 6 17 ± 5 16 ± 5 15 ± 5 14 ± 4 

             

Accel’Rate (a.u)             

Overall 11 ± 2 8 ± 2 6 ± 1 6 ± 1 6 ± 1 5 ± 1 5 ± 1 5 ± 1 5 ± 1 5 ± 1 5 ± 1 5 ± 1 

Wingers 11 ± 3 8 ± 2 7 ± 1 6 ± 1 6 ± 1 5 ± 1 5 ± 1 5 ± 1 5 ± 1 5 ± 1 5 ± 1 5 ± 1 

Pivots 10 ± 2 8 ± 1 6 ± 1 6 ± 1 5 ± 1 5 ± 1 5 ± 1 5 ± 1 5 ± 1 5 ± 1 5 ± 1 4 ± 1 

Back players 11 ± 4 8 ± 4 7 ± 3 6 ± 3 6 ± 3 6 ± 3 5 ± 3 5 ± 3 5 ± 2 5 ± 2 5 ± 2 5 ± 1 



Table Suppl 3 (6v6HF): 

 

 0.5 1 2 3 4 5 6 7 8 9 10 15 

Total Distance 

(m·min-1) 
            

Overall 91 ± 23 74 ± 19 62 ± 16 57 ± 14 54 ± 13 51 ± 13 50 ± 12 48 ± 12 47 ± 12 46 ± 11 46 ± 11 44 ± 9 

Wingers 97 ± 26 77 ± 21 64 ± 16 58 ± 15 55 ± 14 52 ± 13 51 ± 13 50 ± 12 48 ± 12 47 ± 12 47 ± 11 46 ± 10 

Pivots 82 ± 21 69 ± 18 58 ± 16 53 ± 14 50 ± 13 47 ± 12 46 ± 11 45 ± 11 44 ± 10 43 ± 10 42 ± 10 40 ± 8 

Back players 95 ± 21 77 ± 18 64 ± 15 59 ± 14 56 ± 14 54 ± 13 52 ± 13 51 ± 13 50 ± 13 49 ± 13 49 ± 13 48 ± 10 

             

High-Speed 

Distance (m·min-1) 
            

Overall 8 ± 9 5 ± 6 3 ± 3 2 ± 3 2 ± 2 1 ± 2 1 ± 2 1 ± 1 1 ± 1 1 ± 1 1 ± 1 1 ± 1 

Wingers 12 ± 11 7 ± 7 4 ± 4 3 ± 3 3 ± 3 2 ± 2 2 ± 2 2 ± 2 2 ± 2 2 ± 2 2 ± 2 1 ± 1 

Pivots 3 ± 7 2 ± 4 1 ± 3 1 ± 2 1 ± 1 1 ± 1 0 ± 1 0 ± 1 0 ± 1 0 ± 1 0 ± 1 0 ± 1 

Back players 12 ± 9 7 ± 6 5 ± 4 3 ± 3 3 ± 3 3 ± 2 2 ± 2 2 ± 2 2 ± 2 2 ± 2 2 ± 2 2 ± 1 

             

Accel’Rate (a.u)             

Overall 8 ± 2 6 ± 2 5 ± 1 4 ± 1 4 ± 1 4 ± 1 4 ± 1 4 ± 1 4 ± 1 3 ± 1 3 ± 1 3 ± 1 

Wingers 9 ± 3 6 ± 2 5 ± 1 5 ± 1 4 ± 1 4 ± 1 4 ± 1 4 ± 1 4 ± 1 4 ± 1 4 ± 1 3 ± 1 

Pivots 7 ± 2 6 ± 2 5 ± 1 4 ± 1 4 ± 1 4 ± 1 4 ± 1 4 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 

Back players 7 ± 2 6 ± 1 4 ± 1 4 ± 1 4 ± 1 4 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 



Table Suppl 4 (4v4): 

 

 0.5 1 2 3 4 5 6 7 8 9 10 15 

Total Distance 

(m·min-1) 
            

Overall 86 ± 26 69 ± 21 57 ± 18 52 ± 16 49 ± 15 48 ± 13 46 ± 13 44 ± 13 43 ± 12 42 ± 12 42 ± 12 40 ± 10 

Wingers 86 ± 30 68 ± 25 55 ± 20 49 ± 17 46 ± 16 43 ± 15 42 ± 14 41 ± 14 39 ± 14 38 ± 13 37 ± 13 35 ± 12 

Pivots 74 ± 23 61 ± 19 52 ± 16 48 ± 15 45 ± 14 44 ± 12 42 ± 12 41 ± 11 40 ± 11 39 ± 11 39 ± 10 37 ± 9 

Back players 96 ± 25 78 ± 20 65 ± 17 60 ± 16 57 ± 15 55 ± 13 53 ± 13 52 ± 13 51 ± 13 50 ± 13 49 ± 12 47 ± 11 

             

High-Speed 

Distance (m·min-1) 
            

Overall 10 ± 13 6 ± 8 4 ± 6 3 ± 4 2 ± 4 2 ± 3 2 ± 3 2 ± 3 2 ± 3 1 ± 2 1 ± 2 1 ± 2 

Wingers 16 ± 19 10 ± 13 6 ± 9 5 ± 7 4 ± 6 4 ± 5 3 ± 5 3 ± 5 3 ± 4 3 ± 4 2 ± 4 2 ± 3 

Pivots 3 ± 7 2 ± 4 1 ± 2 1 ± 2 1 ± 1 1 ± 1 0 ± 1 0 ± 1 0 ± 1 0 ± 1 0 ± 1 0 ± 1 

Back players 14 ± 10 8 ± 7 5 ± 4 4 ± 3 3 ± 3 3 ± 2 3 ± 2 2 ± 2 2 ± 2 2 ± 2 2 ± 2 2 ± 1 

             

Accel’Rate (a.u)             

Overall 7 ± 2 5 ± 2 4 ± 1 4 ± 1 4 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 

Wingers 8 ± 3 6 ± 2 4 ± 1 4 ± 1 4 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 

Pivots 7 ± 2 5 ± 1 4 ± 1 4 ± 1 4 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 

Back players 8 ± 2 6 ± 2 5 ± 1 4 ± 1 4 ± 1 4 ± 1 4 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 3 ± 1 



Table Suppl 5 (HIIT): 

 

 0.5 1 2 3 4 5 6 7 8 9 10 15 

Total Distance 

(m·min-1) 
            

Wingers 290 ± 5 225 ± 4 176 ± 13 185 ± 7 171 ± 10 168 ± 9 159 ± 5 - - - - - 

Pivots 289 ± 6 232 ± 9 186 ± 21 190 ± 7 177 ± 14 176 ± 15 166 ± 7 - - - - - 

Back players 297 ± 9 229 ± 7 182 ± 19 189 ± 9 174 ± 13 171 ± 13 162 ± 4 - - - - - 

             

High-Speed 

Distance (m·min-1) 
            

Wingers 257 ± 6 174 ± 7 133 ± 12 138 ± 7 127 ± 8 125 ± 7 118 ± 2 - - - - - 

Pivots 252 ± 10 180 ± 11 143 ± 21 144 ± 10 133 ± 15 132 ± 14 125 ± 2 - - - - - 

Back players 262 ± 7 183 ± 9 140 ± 19 144 ± 11 132 ± 14 130 ± 13 121 ± 5 - - - - - 

             

Accel’Rate (a.u)             

Wingers 29 ± 5 21 ± 3 17 ± 3 18 ± 2 16 ± 2 16 ± 2 16 ± 1 - - - - - 

Pivots 27 ± 2 20 ± 2 17 ± 3 17 ± 2 16 ± 2 16 ± 2 14 ± 1 - - - - - 

Back players 21 ± 2 16 ± 2 13 ± 2 13 ± 2 13 ± 2 12 ± 2 10 ± 1 - - - - - 
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