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Beneficial effects of small-sided games as a conclusive part of warm-up routines in young 1 

elite handball players 2 

 3 

 4 

 5 



ABSTRACT 6 

The aim of this study was to compare the effects of small sided games (SSG) and traditional 7 

warm-up strategies on the mechanical, physiological, and perceptional responses of handball 8 

players. Using a randomized and counterbalanced design, 12 elite male handball players 9 

completed a general 8 min warm-up which was concluded with an 8 min section of either 10 

specific handball shooting drills or 3 × 2 min of 3 vs. 3 SSG with a passive recovery of 1 min 11 

between bouts. Countermovement jumps and plyometric press-ups were assessed before and 12 

immediately after the warm-up regimens using a force plate. Heart rate (HR) was assessed 13 

during the warm up regimens, and rating of perceived effort (RPE) was assessed after the 14 

regimens. Meaningful differences favoring SSG were observed in most of the kinetic variables in 15 

the countermovement jumps and plyometric press-ups (|Hedges’ g| = 0.26–1.42). Conversely, no 16 

meaningful differences were found between warm up regimens in RPE or HR responses (z-17 

scores = 0.45 and 1.88, respectively). These results indicate that concluding warm-ups with 18 

SSGs offer greater benefits compared to a more traditional warm-up routine, despite similar HR 19 

and RPE responses even when matched for duration among elite level handball players.    20 

Keywords: Assessment; competition; musculoskeletal; team sport; training   21 



INTRODUCTION 22 

Warm-up routines are widely implemented prior to athletic competition as means to optimize 23 

performance. A recent meta-analysis reported that 79% of the analyzed studies observed 24 

performance enhancing effects following various warm-up protocols (12). The proposed 25 

mechanisms accounting for the benefits of warm-ups are physiological, mechanical, and 26 

psychological in nature (23). These mechanisms have been attributed to temperature- and 27 

non-temperature-related processes, which facilitate and potentiate the effects of the warm 28 

up (3). The temperature-related mechanisms include decreases in muscle stiffness, increases 29 

in nerve-conduction rate, anaerobic energy provision, and altered force-velocity 30 

relationships. The non-temperature-related mechanisms include increases in oxygen 31 

delivery, post activation potentiation (PAP) (3) (23), and enhanced oxygen kinetics. While 32 

the underpinning mechanisms and practical benefits of warm-ups are generally agreed upon, 33 

the implementation strategies are still debated (23). In team sports, warm-ups may last up to 40 34 

min (26) and are traditionally include sequences of moderate- to high-intensity and generic to 35 

specific activities (23). However, evidence suggests that shorter-duration (10-15 min) activities, 36 

completed at 40-70% of maximal rate of oxygen consumption, may be sufficient to improve 37 

short, intermediate, and long-term performance (4). Reviewing the warm-up literature, McGowan 38 

et al. (23) concluded that pre-match warm-up strategies for team sports that aim to optimize 39 

subsequent performances should employ sport-specific activities, while keeping the total 40 

effective duration of less than 16 min. As such, shortening the duration of the warm-up and 41 

making it more sport-specific may further improve its benefits, both of which can be achieved by 42 

implementing small-sided games (SSG) as a warm-up strategy.  43 



SSG can be defined as team-sport games, performed in small playing areas with a reduced 44 

number of players, variable rules, and technical constraints (5, 8, 17). These games are designed 45 

to simulate both the technical/tactical and physical/physiological demands of a particular 46 

discipline (15). By replicating real game scenarios, SSG targets not only physiological 47 

aspects of training, but also forces players to make decisions under pressure and in 48 

constrained conditions.  In view of this, SSG may offer additional benefits if implemented as 49 

a warm-up strategy in comparison to traditional warm-up activities. Most investigations of 50 

SSG examined the long-term training effects, with only two studies examined SSG as a 51 

warm-up regimen reporting mixed results.  52 

Gabbett et al. (14) investigated the effects of open-skill activities as a warm-up strategy 53 

for basketball players and observed no differences in comparison to a traditional warm-up, as 54 

measured by reactive agility, vertical jump, and sprint performance. The open-skill activities 55 

included a variety of technical high-intensity actions performed individually, which progressed 56 

into 4 vs. 4 SSG. Conversely, Zois et al. (34) found that using 3 vs. 3 SSG improved 57 

countermovement jump (CMJ), repeated sprint, reactive agility, and 40 m sprint performance 58 

among soccer players compared to a traditional warm-up. These conflicting effects could stem 59 

from the different durations of the warm-up periods. Whereas the overall duration of the warm-up 60 

in Gabbett’s study was 22 min, with the SSG part lasting 15 min, the warm-up duration in Zois`s 61 

study lasted approximately 12 min in total, with only 6 min dedicated for the SSG. The long 62 

duration of high-intensity warm-ups in Gabbett’s study may have compromised the enhancement 63 

of subsequent performance (14).   64 

Considering the potential SSG have as a warm-up strategy and the dearth of studies on 65 

this topic, there is a need to further explore and compare the inclusion of SSG in warm-up 66 



regimens to traditional warm-ups. Accordingly, the aim of this study was to compare the acute 67 

effects of SSG-based warm-up and a traditional warm-up on upper and lower body athletic 68 

performances and the associated mechanical, physiological, and perceptional outcomes in elite 69 

handball players.  70 

 71 

 72 

METHODS 73 

Experimental Approach to the Problem 74 

A randomized, crossover study design was used, in which mechanical, physiological, and 75 

perceptual responses (11) were monitored before and immediately after either traditional or SSG-76 

based warm-up protocols. Athletes completed two experimental trials five days apart in a random 77 

order. The first half of the warm-up protocol was similar in both conditions and was composed 78 

of standardized handball pre-match warm-ups lasting roughly 8 min. Subsequently, athletes 79 

completed a baseline CMJ and PP assessment, followed by either handball-specific shooting 80 

drills or 3 vs. 3 handball SSG for 8 min. The same CMJ and PP tests were then repeated 7 min 81 

after the completion of the warm-up regimens (4), during which the athletes stood or walked. 82 

The order in which the tests were completed was counterbalanced for each participant and the 83 

order of conditions was determined by block randomization (27) using an online randomization 84 

tool. Two weeks prior to the study, participants performed two familiarization sessions 5 days 85 

apart. On these occasions, the exact experimental sequences, including baseline assessment, 86 

either traditional or handball specific SSG-based warm-up protocols, and post warm-up 87 

assessment were followed. 88 

 89 



Subjects 90 

A convenience sample of twelve elite male handball players belonging to a U-21 national 91 

handball team (age 19.3 ± 0.4 years; height 186.5 ± 8.4 cm; weight 86.8 ± 8.4 kg) participated in 92 

the study. The participants had 8.2 ± 1.5 years of training experience, and practiced 8 times per 93 

week for a total of 11.5 ± 1.1 hours of weekly handball activities. Athletes who suffered from 94 

an upper and/or lower limb injury in the last six months in any were excluded. This study 95 

was carried out in accordance with the recommendations of the Declaration of Helsinki after 96 

being approved by the ethical committee for human research of the Academic College at 97 

Wingate, Israel. Written informed consent was obtained from each participant after receiving an 98 

explanation of the purpose, benefits, and potential risks of the study.  99 

 100 

Procedures 101 

Five days prior to the first experimental trial, measurements of height and body mass (SECA 102 

model 284, Germany) were taken. On the same day, the Yo-Yo intermittent recovery test level 1 103 

(YYIRTL1) (28) was performed to determine the maximum heart rate (HRmax) values, which 104 

were used for the calculation of exercise intensity during the two experimental warm-up 105 

sessions. All testing sessions were performed on a regular indoor court and completed at the 106 

same time of the day (11:00 a.m. - 13:00 p.m.) and in similar ambient conditions of temperature 107 

(20.5 ± 0.5°C) and relative humidity (60 ± 4.5%). In order to prevent unnecessary fatigue, 108 

players and coaches were instructed to avoid intense training 24 h prior to each testing day. 109 

Additionally, participants were also asked to avoid eating 2 h before each testing sessions. 110 

 111 

Lower body mechanical assessment 112 



Lower body mechanical capabilities were assessed by a CMJ test according to the protocol 113 

previously described by Dello Iacono et al. (9). Each subject performed a bilateral CMJ on a 114 

force plate (Kistler Biomechanics, Winterthur, Switzerland) starting from a stationary position 115 

with their hands on the waist and knees fully extended, squatting down to ~90° of knee flexion 116 

before starting an explosive, upward motion, with the intent to jump as high as possible. 117 

Knowledge of jump performance was provided to the athletes after each jump, and verbal 118 

encouragement was provided prior to each trial by two research assistants, who were blinded to 119 

which group each subject was assigned. Subjects carried out three maximal CMJ with 30–45 s 120 

rest between each jump to avoid fatigue. 121 

The vertical ground reaction force signal (Fz) was acquired from the Kistler amplifier to a 122 

12-bit A/D converter at 1000 Hz sampling rate and stored on a PC (Dell Inspiron 9100, Dell, 123 

United Kingdom).  Data were filtered through a fourth-order, low-pass Butterworth digital filter, 124 

with a cutoff frequency of 100 Hz. The Fz signal was later analyzed according to the methods 125 

described by Caserotti et al. (6), and the following parameters were calculated: peak eccentric 126 

force (Fpeak-ecc), peak concentric force (Fpeak-con), peak concentric power (Ppeak-con), jump height 127 

(JH), and displacement of the body center of mass during the eccentric (Secc) phase. Specifically, 128 

jump power was calculated as the instantaneous product between the Fz and the vertical velocity 129 

(v) of the center of mass; force and velocity in other planes were assumed to be negligible. The 130 

latter was obtained by time integration of the instantaneous acceleration: 131 

 132 

𝑣𝑣(𝑡𝑡) = � 𝑎𝑎𝑛𝑛𝑛𝑛𝑛𝑛(𝑡𝑡)𝑑𝑑𝑡𝑡
𝑇𝑇

0
= � [𝐹𝐹𝑧𝑧(𝑡𝑡)/𝑚𝑚− 𝑔𝑔]𝑑𝑑𝑡𝑡 

𝑇𝑇

0
 133 

 134 



where anet is the vertical acceleration, Fz is the vertical force measured by the platform, m is the 135 

body mass of the subject, and g is the acceleration due to the gravity (9.81 m/s2). Center of mass 136 

position was plotted throughout the whole movement by time integration of the velocity signal. 137 

Finally, jump height was measured from the value of vertical velocity at take-off point (vtakeoff): 138 

 139 

𝑗𝑗𝑗𝑗𝑚𝑚𝑗𝑗 ℎ𝑒𝑒𝑒𝑒𝑔𝑔ℎ𝑡𝑡 =
𝑣𝑣𝑛𝑛𝑡𝑡𝑡𝑡𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡2

2𝑔𝑔
 140 

 141 

Upper body mechanical assessment 142 

Upper body mechanical capabilities were assessed by PP according to the protocol of Johnston et 143 

al. (18). Players were asked to start in a press-up position with their hands on the force platform 144 

in a self-selected position and arms extended. On the experimenter’s signal, the players lowered 145 

their body by flexing their elbows to a self-selected depth before extending the elbows as quickly 146 

as possible so that their hands left the platform. Subjects performed two self-chosen trials 147 

without data being recorded before completing three PP with 30–45 s of rest between them. The 148 

same procedural methods described above for the lower body mechanical responses assessment 149 

were applied (9). All PP trials were analyzed for the eccentric and the concentric phases and the 150 

kinetic parameters selected for further analysis were: peak eccentric force (Fpeak-ecc), peak 151 

concentric force (Fpeak-con), and peak concentric power (Ppeak-con).       152 

 153 

Warm-up protocols 154 

Proceeding each experimental session, participants underwent an 8 min standardized warm-up: 3 155 

min of locomotor activities including jogging, running, and multidirectional changes of direction 156 

(COD); 3 min of dynamic stretching exercises for the upper and lower extremities; and 2 min of 157 



jumping drills and press-up exercises, accelerations, and short-sprint drills over a distance of 20 158 

m. Shortly after an active recovery (~2 min), participants completed baseline assessment 159 

including the CMJ and PP (~3 min). Immediately after, the players completed either handball-160 

specific shooting warm-up drills or SSG for additional 8 min. The handball-specific shooting 161 

warm-up was composed of: 162 

• Short (5 m) to long distance (20 m) passes (both with one and two arms performed as 163 

overhead or side ones), completed in couples;  164 

• Five free shots performed from the 9 m line with increasing intensity up to maximal 165 

shooting effort.  166 

• Five jump shots performed from the players’ own position and preceded by a run-in of 167 

about 5 m (32).  168 

Finally, about 7 min following the shooting warm-up, the assessment procedures were repeated.  169 

The SSG warm-up was composed of: regular small-sided handball matches and were 170 

organized in 3-a-side teams including goalkeepers (8-10, 17). The SSG warm-up consisted of 3 × 171 

2 min bouts with a passive recovery of 1 min between bouts played on a regular handball court 172 

(40 m × 20 m). Some playing rules were created in order to avoid game breaks ensuring 173 

continuity and high exercise intensity. For instance, standing and dribbling were not allowed, 174 

defense stops due to regular fouls were sanctioned with ball turnover, and the maximum time to 175 

complete an attack before losing ball possession was constrained to 20 s. Additionally, several 176 

balls were placed around the sided games area for immediate availability in order to avoid game 177 

pause. Finally, penalties were considered to be a regular goal and no free shot was given. To 178 

avoid any bias due to the players’ anthropometric, physiological, and positional role 179 



characteristics, the four teams were equally matched, including one wing player, one line 180 

player/pivot, and one back player (7).  181 

 182 

Heart rate responses 183 

HR responses were monitored during both the traditional and the specific SSG-based warm-up to 184 

provide the mean heart rate percentage (%HRmean), which is more indicative of what occurs over 185 

the entire warm-up as compared to HRmax. HR responses were recorded via a telemetry system 186 

(Hosand Technologies Srl, Verbania, Italy) at 5 s intervals throughout each SSG, and then 187 

filtered using a software-embedded proprietary algorithm (Hosand MC SoftwareTM, Verbania, 188 

Italy). The %HRmean and the HRmax were those measured during and at the end of the YYIRTL1 189 

test.  190 

 191 

Rating of perceived effort (RPE) 192 

Players indicated their rating of perceived exertion (RPE) using the category rating 10 (CR-10) 193 

scale modified by Foster et al. (11) at the end of the experimental session, using a standardized 194 

questionnaire. All players were familiarized with this method as it was employed by the 195 

coaching staff as a load monitoring tool.  196 

 197 

Statistical analyses 198 

To assess the effects of the warm-ups, all data were imported to R (version 3.4.3) for analyses 199 

(30). For data that consisted of pre- and post-testing (JH; Secc during the CMJ; Fpeak-con and Fpeak-200 

ecc during the CMJ and PP; and Ppeak-con during the CMJ and PP), linear mixed-effects models 201 

were used (2). Using the effect of condition (i.e., the effect of SSG relative to control), Hedges’ g 202 



effect sizes were calculated to estimate a conservative standardized mean difference (16, 21). 203 

Finally, 95% percent confidence intervals (CI) were calculated for the condition effects.  204 

RPE and HR data were analyzed using permutation tests, which is a nonparametric 205 

testing paradigm that compares the observed effects to a simulated null distribution. By 206 

comparing the observed effects to the null distribution, a z-score and p-value could be calculated. 207 

Finally, 95% CIs were calculated around the observed effect. 208 

To avoid dichotomous interpretations of the results, no a priori α-level was set. Rather 209 

than interpreting effects from a single test, or set of tests, the results were interpreted on a 210 

continuum using all statistical outcomes, in combination with theory and practical considerations 211 

(24). Due to the unconventional nature of these procedures in our field, a more thorough 212 

description of our analyses and R code can be found on the Open Science Framework 213 

(https://osf.io/327za/). 214 

 215 

RESULTS 216 

Linear mixed-effects models revealed marked improvements in JH, Secc during the CMJ, Fpeak-ecc 217 

during the CMJ, Fpeak-con force during the CMJ, CMJ Ppeak-con, PP Fpeak-ecc, PP Fpeak-con, and PP 218 

Ppeak-con relative to the control warm-up (Table I and Figures 1 and 2). Permutation tests did not 219 

reveal any remarkable differences between SSG and warm-up conditions in RPE or mean HR 220 

(Table I). 221 

***Table 1 near here*** 222 

***Figure 1 near here*** 223 

***Figure 2 near here*** 224 

 225 



DISCUSSION 226 

The SSG warm-up led to superior outcomes for both upper and lower body performance 227 

measures, even when considering that the duration, intensity, and perceptional responses of the 228 

two routines were similar. To our knowledge, this is the first study to have examined mechanical 229 

responses and physiological mechanisms underlying changes in the assessed athletic 230 

performances of SSG warm-up. 231 

 232 

Lower body  233 

The SSG-based warm-up enhanced CMJ height by 7.1% compared to the traditional warm-up 234 

routine and was associated with greater improvements in all the kinetic measures. Specifically, 235 

Secc, Fpeak-ecc, Fpeak-con, and Ppeak-con increased by 8.7%, 13.8%, 10%, and 9.8% in the SSG 236 

compared to the traditional warm-up routine, respectively (Figure 1). These results are in line 237 

with some, but not all investigations. Whereas the results of the current study are in line with 238 

those reported by Zois et al. (34), which observed a similar 6% improvement in CMJ following 239 

the SSG warm-up, Gabbett et al. (14) did not observe an advantage of open skill-based warm-up 240 

including SSG over a traditional warm-up routine on reactive agility, sprinting, COD, and 241 

jumping performances. This discrepancy could stem from dissimilar durations of the warm-up 242 

in these studies. Whereas the duration of the warm-up in present study and the study by Zois et 243 

al. (34) lasted 12-16 min, a duration that is in line with published recommendations, Gabbett and 244 

colleagues (14) implemented a 22 min warm-up, which may have hindered subsequent 245 

performance. That is, longer duration warm-ups may lead to excessive muscular fatigue 246 

thereby hindering physical performance.  247 



The enhancement of the CMJ performance following the SSG-based warm-up may in 248 

part be explained by a PAP effect (29). The frequent “one-on-one” SSG-related playing 249 

situations involve dynamic actions such as accelerations, decelerations, COD, and jumps. These 250 

actions are ballistic in nature, and previous research has indicated that ballistic movements 251 

produce greater muscle activation and power output than non-ballistic ones (20, 25). As a 252 

consequence, they may have induced activation of high-threshold motor units, which have been 253 

proposed to underlie PAP (31). The improved jump ability observed following the SSG-254 

based warm-up could stem from various biochemical and neuromuscular adaptations, such 255 

as an increase in the sensitivity of the actin-myosin myofilaments to Ca2+, neural drive to 256 

the agonist muscles (1), improved intermuscular coordination (19), changes in the muscle-257 

tendon mechanical-stiffness characteristics (13), and changes in single-fiber mechanics (1). 258 

Our results are also consistent with the observations of Wilson et al. (33); that is, (1) multiple 259 

sets of the potentiating activities and (2) recovery intervals of 5–7 min between the conditioning 260 

activity and the subsequent performance induce large PAP effects. Therefore, we suggest that the 261 

short duration of the SSG-based warm-up protocol (8 min) organized in a multiple-set format (3 262 

× 2 min) and the time scheduling relative to the functional performance (7 min) have likely 263 

influenced the magnitude of the effects on muscle mechanical enhancements. The lack of 264 

differences in the HR and RPE responses between the two warm-up regimens strengthens the 265 

possibility that increases in neural activation associated with the PAP effects accounted for the 266 

superior SSG warm-up performance.  267 

The changes in the mechanical responses following the SSG-based warm-up suggest 268 

small modifications in jumping strategy. During the eccentric phase of the CMJ, athletes reduced 269 

the downward displacement while developing greater force and power outputs during both the 270 



downward and the subsequent upward actions (Figure 1). The underlying mechanisms leading to 271 

these effects may be related to modifications in the characteristics of the joints involved and 272 

muscles recruited. Following the SSG-based warm-up, the lower limbs kinematics may have 273 

changed, resulting in increased joint velocities and improved joint coupling (19) (29). Such 274 

modifications of the jump strategy and the required motor control are presumably responsible for 275 

the reduced downward displacement during the CMJ after the SSG-based warm-up. In addition, 276 

parallel changes of muscle-related characteristics like increases in motor unit recruitment and 277 

discharge rates, changes in muscle architecture (e.g., pennation angles) (13) (22), and muscle 278 

stiffness (1) (31) may have contributed to the increase in strength and power outputs. However, 279 

because no direct neurophysiological measurements were collected in this study, the two 280 

assumptions accounting for the improved mechanical outputs are speculative and should be 281 

explored by future, mechanistic research. Additionally, the size of the effect was small, and as 282 

such, it is not clear if the identified differences in jump strategy represent a meaningful and 283 

replicable effect. 284 

 285 

Upper body  286 

The SSG-based warm-up led to greater improvements in all the mechanical measures in the PP 287 

in comparison to the traditional warm-up protocol. Fpeak-ecc, Fpeak-con, and Ppeak-con increased by 288 

12.9%, 13.3%, and 22.8%, respectively, in the SSG warm-up relative to the traditional warm-up 289 

(Figures 2). To our knowledge, no other study examined and compared the effects of SSG and 290 

traditional warm-ups on explosive upper body exercises, making direct and contrasting 291 

comparisons impossible. It can be assumed that common handball-specific physical contact 292 

actions such as hitting, blocking, pushing, and holding occurring between players in the SSG 293 



warm-up, in addition to shooting and passing, could have generated a PAP effect on the PP task. 294 

This is especially the case when considering that such actions are completed against heavy 295 

resistance, as represented by the opponent’s mass, a condition that was absent from the 296 

traditional warm-up routine. Accordingly, the high similarity between the upper body actions 297 

demanded during handball SSG and the assessed PP task, together with a proper mechanical 298 

overloading, may have produced PAP.  299 

There is clear evidence of the chronic effects of contact SSG on upper body 300 

neuromuscular performance in handball players. Iacono et al. (17) observed that SSG training 301 

created a cumulative training stimulus that produced improvements in upper body strength, as 302 

measured by a 1RM bench press test over a period of 8 weeks. However, the same authors (9) 303 

recently demonstrated that a SSG lasting 15 min led to acute impairments in upper body 304 

mechanical performances during the following PP task. The performance decrements reported by 305 

Dello Iacono et al. (9) are likely due to the longer duration of the SGG in comparison to the 306 

warm-up protocol used in the current study (15 vs. 6 min). These results indicate that the 307 

presence of an adequate number of actions associated with physical contact during SSG 308 

determines ergogenic effects on upper body musculature.  309 

These findings may have immediate implications for the implementation of SSG formats 310 

into a warm-up routine. Besides the observed positive effects on the subsequent CMJ and PP 311 

performances, the opportunity to easily schedule this warm-up protocol, using sport-specific 312 

drills, in the imminence of the competitive activity, may likely improve both players’ compliance 313 

and coaches’ acceptance. Seven minutes following the completion of the SSG-based warm-314 

up, considerable improvements in performance were noted in both upper and lower body 315 

functional tasks. These results are in line with the literature (33) reporting that the greatest 316 



effects in the temporal profile of PAP strategies are commonly elicited 5–9 min following 317 

the conditioning activity. Accordingly, coaches are advised to consider this guideline for 318 

effectively scheduling SSG-based warm-up strategies before daily training and before a 319 

match is expected to begin. The advantages of using sport-specific drills, like SSG as warm-320 

up means, are several. First, SSG could be easily administered on the field without the need 321 

of weight rooms, training equipment, or individually-designed protocols. Second, the 322 

similarities between the SSG-based warm-up and the competitive activities may increase 323 

the chances to achieve greater transfer effects and mechanical adaptations. Finally, besides 324 

the positive physiological changes and the methodological rationale supporting the use of 325 

SSG-based warm-up strategies, it is possible that psychological mechanisms, associated 326 

with the players’ and coaches’ compliance and motivation, may contribute to greater 327 

improvements in the subsequent performances.  328 

There are a number of limitations in this study worth noting. First, due to logistical 329 

constraints, only two outcome measures were collected, both of which are indirectly related to 330 

handball performance. Future studies should also measure more sport-specific tests, such as 331 

agility tests and ball-throwing velocities. Second, the 7 min delay between the end of the warm-332 

up routines and the initiation of the testing procedures may have washed out some of the warm-333 

up effects. Despite this limitation, this testing procedure has a higher degree of ecological 334 

validity as it mimics the common behaviors of team sport associated with 5-10 minutes delay 335 

between the end of the warm-up and beginning of a game (23).  Finally, we did not conduct a 336 

power analysis to determine the sample size. This is because the population from which well-337 

trained handball players can be drawn, belonging to the same team and with a common training 338 



background is limited. To overcome this problem, we conducted a within-subject design, and 339 

attempted to reduce learning curves by including familiarization sessions.  340 

 341 

PRACTICAL APPLICATION 342 

Coaches should consider implementing SSG not only as a training strategy, but also as part of a 343 

warm-up strategy. Practically, we suggest using 3 vs. 3 SSG, played in 3 bouts of 2 min and 1 344 

min of passive recovery, as the conclusive part of a pre-competition warm-up. To observe 345 

the greatest PAP effects, attempt to complete the SSG warm up ~7 minutes prior to the 346 

match/training session. Finally, in order to optimize the PAP effects, practitioners should 347 

consider developing adequate strength levels, since stronger individuals are more likely to 348 

express greater PAP responses.  349 

 350 

351 
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FIGURE LEGENDS 465 

Figure 1: Plot of the CMJ mechanical responses changes following the traditional (CON) and 466 

SSG-based (SSG) warm-up protocols  467 

Figure 2: Plot of the PP mechanical responses changes following the traditional (CON) and 468 

SSG-based (SSG) warm-up protocols  469 
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