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ABSTRACT 24 

This study aimed to analyze the effects of a strength training injury-prevention program 25 

(STIPP) on injuries associated with weakness of the gluteal muscles for professional 26 

handball players. Twenty-seven professional Spanish male handball players from the 27 

same club, who competed at the Spanish Second National League level, participated in 28 

this study. The investigation was conducted over two consecutive seasons (2017-18 and 29 

2018-19). The first season served as a control (n = 21) and the second season served as 30 

the experimental season (n = 20). The STIPP was conducted two times per week, for 32 31 

weeks, during the in-season period. There were no significant improvements in injury 32 

incidence, pattern or type for the experimental season group compared to the control 33 

season group [injury rate ratio (IRR) = 1.47; 95% confidence interval (CI): 0.84-2.58; p 34 

= 0.17]. However, there was a meaningful reduction in the number and burden of lumbar 35 

injuries after the STIPP (IRR = 55.83; 95% CI: 0.11-89.01; p = 0.001). In addition, burden 36 

values (number of absence days / 1000h exposure) in all injury pathologies were lower 37 

during the experimental season compared with the control season. The STIPP focused on 38 

gluteal muscles could be effective in reducing the number and burden of lumbar injuries 39 

in professional handball players. 40 

 41 
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INTRODUCTION 44 

Handball is a collaboration-opposition team sport in which players are exposed to high 45 

physical condition requirements to perform high-intensity actions including jumps and 46 

multi-directional sprints (6,36). The rules of the game allow players to contact opponents 47 

in the defensive process (39) which produces situations in which handball players are 48 

susceptible to injury (42). Being injured results in negative consequences in sporting and 49 

economic terms, for players and clubs (28). In this sense, an injury generates traumatic 50 

effects for the athlete, including physical and psychological health issues, the potential 51 

loss of the entire season of sports participation, and the loss of sponsorship funding for 52 

elite athletes (32). High costs of treatment and sick leave are associated with injuries in 53 

professional-level sports (13).  54 

In male elite handball players, the injury incidence has been estimated to range between 55 

4.1 and 12.4 injuries/1000 hours exposure (33,34). Injury rates are greater during match-56 

play (8.3-14.3 injuries/1000 hours) than training sessions (0.6-4.6 injuries/1000 hours) 57 

(3,38). Ankle, knee, thigh and lumbar injury incidence is high in handball players, with 58 

ligament sprains and muscle strains being common (33,34,38). Intrinsic and extrinsic risk 59 

factors, and injury mechanisms must be identified for handball players to help guide 60 

content of injury prevention programs to reduce the injury risk which is the main concern 61 

of the medical staffs of professional handball teams. 62 

Given the impact of injuries in elite handball players and clubs, injury prevention 63 

programs have gained greater impetus as part of the player’s daily training schedule. A 64 

meta-analysis (28) reported that strength training programs reduced sports injuries to less 65 

than one-third, and showed better results than proprioception, stretch or multicomponent 66 

training programs. Askling et al. (1) showed a significantly (p = 0.05) lower number of 67 

hamstring injuries (3 versus 10) in the 15 professional soccer players who performed a 68 



10-week eccentric-strength training program compared to the 15 professional soccer 69 

players who did not do the program. After a 13-week (i.e., 25 sessions) Nordic hamstring 70 

training program, van der Horst et al. (20) found a significant (p = 0.05) reduction in 71 

hamstring injuries with only two in the experimental group of 309 male amateur soccer 72 

players versus 12 in the control group of 310 male amateur soccer players. Zouita et al. 73 

(45) did not observe any muscle injuries in 26 elite male junior soccer players after a 12-74 

week strength training program containing traditional resistance training exercises (e.g., 75 

squat and bench press). Conversely there were 6 muscle injuries in the 26 elite male junior 76 

soccer players that did not do the 12-week strength training program. Despite the benefits 77 

shown in previous studies, there are no evidences about the preventive effects of strength-78 

training programs in professional handball players. 79 

The gluteal muscles (i.e., maximus, medius and minimus areas) are responsible for 80 

stabilizing the pelvis and controlling femoral adduction and internal rotation during 81 

functional activity (15). These muscles are one of the main contributors to force 82 

production in lower limb extension (27) and protectors of the ankle joint through the 83 

increase of its activity during sudden ankle inversions (41). The gluteal muscles plays an 84 

important role in handball movements that involve deceleration, stopping, and turning 85 

(19). In this sense, gluteal muscle weakness may contribute to lower extremity injuries 86 

(37) common to handball practice including lumbar injuries (24), hamstring injuries (14), 87 

illio-tibial band (ITB) syndrome (15), patellofemoral pain syndrome (PFPS) (11), anterior 88 

cruciate ligament (ACL) and other knee injuries (22) and ankle ligament injuries (16). 89 

Therefore, it seems necessary to develop specific conditioning programs for the gluteal 90 

muscles strengthening, and consequently, to reduce the injury risk in professional 91 

handball players. 92 



Since it has been shown that handball players suffer a large number of injuries throughout 93 

the season and there are few investigations that examine the effects of preventive 94 

programs on this sport (44), without any of them focusing on the gluteal muscles, further 95 

studies that analyze the effects of preventive programs in handball players should be 96 

implemented. Therefore, the aim of this study was to analyze the effects of an injury-97 

prevention strength training program (STIPP) on the injuries associated with the 98 

weakness of the gluteal muscles in professional handball players. It was hypothesized that 99 

a strength training program targeted on gluteal muscles and applied during all the in-100 

season period would reduce the lower-limb injury incidence and burden in professional 101 

handball players. 102 

 103 

METHODS 104 

Experimental Approach to the Problem 105 

A quasi-experimental study was conducted over two consecutive seasons. The first 106 

competitive season served as the control season, and the second season as the 107 

experimental season. The amount of physical training pre-season and during the season 108 

was similar for both seasons, with the difference being the type of strength training 109 

provided during the experimental season. All players performed 5-7 in-court training 110 

sessions and 2-3 group strength training sessions per week in both seasons.  111 

  112 

(Figure 1 near here, please) 113 

 114 

Subjects 115 

Twenty-seven professional male handball players from the same club, who competed at 116 

the Spanish Second National League level, participated in this study (statistical power > 117 

0.80) during two consecutive seasons (2017-18 and 2018-19). The study involved a squad 118 



of 21 players during the first season (i.e., control) and a squad of 21 players during the 119 

second season (i.e., experimental). Fifteen (71.4%) of the players from the first season 120 

were also in the second season. Before inclusion in the study, participants completed a 121 

comprehensive medical and injury-history questionnaire. Players who were injured in the 122 

two months before the start of the control (1 player) and experimental (2 players) seasons 123 

were excluded from the study. The study was conducted according to the Declaration of 124 

Helsinki and was approved by the University`s Research Ethics Committee.  125 

 126 

Experimental intervention - Strength training injury prevention program (STIPP) 127 

The 32-week long-term and progressive strength training and injury prevention program 128 

(STIPP) was targeted to the gluteal muscles, because they are involved in decisive actions 129 

such as deceleration, stopping, and turning, during match play (19). In addition, handball 130 

players should strengthen gluteal muscles to enhance the stabilization of the pelvis and 131 

the control of the femoral adduction and internal rotation reducing the injury risk (15). 132 

The 64 sessions of 20-25 minutes each had at least 48 hours of rest between sessions. All 133 

sessions were supervised by the strength and conditioning specialist of the team, who 134 

provided feedback and advice for exercise execution. The STIPP was composed of three 135 

different exercise sequences, since this structure was recommended for time efficiency 136 

and stimulus variability (8,12). Sequences were designed to develop the gluteal muscles  137 

and included three strength-training exercise types (Figure 2) which involved active 138 

mobilization, strengthening and proprioception and progression steps (37,40). Exercises 139 

were selected according to their positive effects on the gluteal muscles (5,10,18). 140 

Progressive overload was applied during the intervention (Table 1).  141 

 142 

(Figure 2 near here, please) 143 



(Table 1 near here, please) 144 

 145 

Injury exposure, incidence, burden and characteristics definitions 146 

This study was conducted following the definitions and data collection procedures 147 

proposed for epidemiological studies by UEFA consensus (17). The date and exposure 148 

condition (training or match-play), the injury diagnosis characteristics, and time to return 149 

to play for each players injury were recorded by the team physiotherapist using a 150 

standardized questionnaire (17). Exposure was the time (in hours) both in training and 151 

match-play, during which the player was in a position to suffer an injury (32). Match-play 152 

exposure was calculated when the team analyzed in this study played friendly or official 153 

competition. Training exposure was calculated when the technical staff carried out in-154 

court and gym training sessions. Training exposure was calculated individually, while 155 

match exposure was calculated as the number of total matches during the season times 1-156 

hour times seven players. An injury was defined as “an injury that occurred during a 157 

scheduled training session or match that caused absence from the next training session or 158 

match” (17). A player was considered ready to return to play after an injury when he was 159 

given medical clearance to participate fully in team training and/or match-play. Injury 160 

types were coding following the Orchard Sports Injury Classification System (OSICS-10 161 

codification) as in a previous epidemiological study with handball players (33). Only 162 

pathologies related with the gluteal muscles (i.e., lumbar injuries, hamstring injuries, ITB 163 

syndrome, PFPS, ACL sprains and other knee injuries and, ankle ligament injuries) were 164 

included in the subsequent analysis. 165 

 166 



Statistical analysis 167 

Injury incidence and burden are presented as the number of injuries/1000 hours and, the 168 

number of absence days/1000 hours respectively, each with 95% confidence intervals 169 

(CI) (2). Both dependent variables were compared between control and experimental 170 

seasons, according to the injury rate ratio (IRR = injury incidence of control season 171 

divided by the injury incidence of experimental season), with 95% CI and the Z test (26). 172 

Differences in player characteristics and exposure time were calculated using Student’s 173 

t-test and compliance to the STIPP was calculated as a percentage of the total sessions 174 

available to each player and averaged for the total number of players. Significance was 175 

set at p ≤ 0.05 and statistical analysis was performed using Microsoft Excel 2011 software 176 

(Microsoft, Redmond, WA, USA) and GraphPad Prism v.6.0c (GraphPad Software, La 177 

Jolla, CA, USA). 178 

 179 

RESULTS 180 

Participant characteristics and handball exposure 181 

There were no significant differences between the control and the experimental seasons 182 

(Table 2) in anthropometric and demographic characteristics (i.e., age, height, body mass 183 

and body mass index) nor in the exposure time (i.e., total, training and match-play 184 

exposure). Compliance to the STIPP by players was 88.4%. 185 

 186 

(Table 2 near here, please) 187 

 188 

Injury incidence 189 

There were no significant improvements in injury incidence for the total sessions, 190 

trainings or match-play from the control season to the experimental season (Table 3). A 191 



significant lower injury rate was observed in lumbar injuries during the experimental 192 

season (IRR = 55.83, 95% CI: 0.11–89.01; p = 0.001) compared with control season. 193 

Nevertheless, no significant differences were found for injury by body site (i.e., ankle, 194 

knee and thigh) or by type of injury (i.e., ligament sprain, muscular and tendon) between 195 

the control and experimental seasons. 196 

 197 

(Table 3 near here, please) 198 

 199 

Injury burden 200 

There were significant (IRR = 1.38-2.14; p = 0.001) improvements in injury burden 201 

(number of absence days/1000 hours exposure) for the total sessions, trainings and match-202 

play from the control season to the experimental season (Table 4). There were significant 203 

(IRR = 1.56-25.1; p = 0.001) improvements in injury burden for all the injury body sites 204 

and types for the total sessions, trainings and match-play from the control season to the 205 

experimental season. 206 

 207 

(Table 4 near here, please) 208 

 209 

DISCUSSION 210 

The aim of this study was to analyze the effects of a STIPP on injuries associated with 211 

gluteal muscles weakness in professional handball players. Although previous studies 212 

have focused on injury prevention in team-sport athletes, this is the first investigation in 213 

which a long-term strength training program focused on the gluteal muscles has been 214 

applied in handball players. Compliance to the STIPP in our study was high (88.4%) 215 

therefore the comparison between seasons for the players (15 players participated in both 216 



seasons) was considered valid. The results of the study showed a non-significant 217 

reduction of injury incidence for total sessions, trainings and match-play, while a 218 

meaningful reduction of lumbar injuries was observed after the experimental season. In 219 

addition, the burden caused by injuries related to gluteal muscles weakness (i.e., lumbar 220 

injuries, hamstring injuries, ITB, PFPS, ACL and other knee injuries and, ankle ligament 221 

injuries) was also reduced after the inclusion of the STIPP. 222 

Given that an injured player could have negative consequences for the sporting and 223 

economic interests of soccer clubs, strength-training programs could be the key because 224 

of their accessibility, effectiveness and cost-effectiveness for injury prevention in team-225 

sport players (20,45). Regarding this, the strengthening of the gluteal muscles seems to 226 

be a critical aspect in injury prevention, correcting faulty movement patterns, eliminating 227 

pain, and enhancing athletic performance (23,25,31). Despite authors having suggested 228 

that injury-prevention programs could reduce injury incidence in team sport players 229 

(1,20,28), our study that used a STIPP with a gluteal muscles focus did not find any 230 

significant differences in the total number of injuries and the injury rate between the 231 

experimental season (21 injuries, 2.25 injuries/1000 hours) and the control season (30 232 

injuries, 3.32 injuries/1000 hours). Both in training sessions (2.72 vs. 1.75, p > 0.05) and 233 

match-play (26.79 vs. 23.04, p > 0.05) the injury incidence was not significant between 234 

seasons. The greater injury incidence in match play was expected due to the greater stress 235 

imposed on players at the high competitive level both during match-play (7), mainly 236 

reflected by a greater amount of high-intensity actions (9). 237 

Several pathologies have been related with gluteal muscles weakness (i.e., lumbar 238 

injuries, hamstring injuries, ITB syndrome, PFPS , ACL and other knee injuries and, 239 

ankle ligament injuries), affecting mainly the ankle, knee, thigh and lumbar body sites 240 

(37). Based on previous studies (14,15,25,43), a reduction of the injury incidence in the 241 



aforementioned body sites could be expected after the application of the STIPP focused 242 

on the gluteal muscles. However, our study findings only partially support this theory, 243 

since only the number of lumbar injuries (7 vs 0; IRR = 55.83, 95% CI: 0.11–89.01; p = 244 

0.001) were significantly reduced after professional handball players performed the 245 

STIPP. These results seem to be influenced by the fact that a general preventive program 246 

was applied (35) without a previous evaluation of each player’s musculoskeletal 247 

performance. Individual player screening based on strength assessment of the gluteal 248 

muscles as well as a Q-angle lower limb evaluation may provide relevant information in 249 

order to optimize the effectiveness of the preventive programs (29). Despite this 250 

limitation, there was a significant reduction of the injuries of the lumbar area, a common 251 

pathology in handball players (33,34,38). Therefore, the STIPP could be an effective 252 

strategy to reduce lumbar injury incidence, since strong gluteal muscles allow handball 253 

players to hold the pelvis up and prevent it from moving laterally while walking, avoiding 254 

associated pathologies (37). 255 

Analyses of the impact of injuries in terms of injury incidence only can provide a biased 256 

view. Each injury (count) does not have the same number of absence days (burden) from 257 

sport participation, so injury burden should be reported (2,30). This aspect becomes 258 

important given it has been reported that a strength training program with professional 259 

soccer players resulted in a significant reduction in injury severity but no significant 260 

difference in injury incidence (21). Our study results are in line with this previous study, 261 

given the application of the STIPP resulted in a reduction in the burden due to injuries 262 

during the experimental season compared with the control season attending to each 263 

exposure (i.e., total, training and match). In addition, the burden caused by injuries related 264 

to gluteal muscles weakness (i.e., lumbar injuries, hamstring injuries, ITB, PFPS, ACL 265 

and other knee injuries and, ankle ligament injuries) was reduced after the inclusion of 266 



the STIPP.  These findings support the idea that, despite the difficulty in reducing injury 267 

incidence in professional handball players, the application of preventive strength training 268 

stimuli during regular training may reduce training and match-play burden for injury sites 269 

(4,45). 270 

The main limitation of this study was the application of a general injury-prevention 271 

strength training program, without attending to the specific demands of each handball 272 

player. Ideally a strength assessment of the gluteal muscles would have been conducted 273 

for each player to enable individualized strength-training programs. As players may 274 

respond differently to the STIPP based on their level of gluteal muscles function pre 275 

intervention strength testing should be a consideration for further detailed investigation. 276 

Finally, this preventive program has not been compared against another program, so 277 

results should be only applied to this sport population. Future studies should analyze the 278 

effects of individualized injury-prevention programs in both injury incidence and physical 279 

fitness. 280 

 281 

CONCLUSION 282 

The inclusion of an injury-prevention strength training program (STIPP) focused on 283 

gluteal muscles during regular training sessions in professional handball players only 284 

produced a meaningful reduction of lumbar injury incidence. However, the burden for 285 

injuries related to potential gluteal weakness (i.e., lumbar injuries, hamstring injuries, 286 

ITB, PFPS, ACL and other knee injuries and, ankle ligament injuries) was reduced during 287 

the experimental season.  288 

 289 

PRACTICAL APPLICATIONS 290 



Of practical relevance, current results indicate that the STIPP focused on gluteal muscles 291 

could be effective to reduce lumbar injuries and burden values in professional handball 292 

players. This finding may be of relevance for athletes, coaches and researchers, and the 293 

STIPP could be an interesting option, implemented in addition to the regular strength 294 

training, to reduce the injury risk of lumbar injuries in professional handball players.  295 

 296 
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Figure and table legends 421 

Figure 1.  Schematic representation of the study design. 422 

Figure 2. The three strength-training exercise types which involved active mobilization, 423 

strengthening and proprioception, and their progression steps. 424 

Table 1. The strength training injury-prevention program (STIPP) progression. 425 

Table 2. Anthropometric and demographic measures, and exposure time (mean ± 426 

standard deviation) of the participants in the control (21 players) and experimental (20 427 

players) seasons. 428 

Table 3. Injury incidence (injuries/1000 hours exposure) during the control (21 players) 429 

and experimental (20 players) seasons. 430 

Table 4. Injury burden (number of absence days/1000 hours exposure) according to body 431 

site and type for total, trainings and matches during the control (21 players) and 432 

experimental (20 players) seasons. 433 
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