
Higher vertical jumping asymmetries and lower physical 

performance are indicators of increased injury incidence 

in youth team-sport athletes 

 

ABSTRACT 

To date, the literature looking at the association between injury-risk factors and actual 

injury incidence in young elite team-sports athletes is scarce. The main objective of the 

present study was to examine how modifiable factors may affect injury incidence. 

Eighty-one young elite team-sports athletes (age: u-14 to u-18) performed the 

countermovement jump (CMJ), a single leg CMJ (SLCMJ), the one-legged hop test 

(OLHT), a 30 m sprint test, the v-cut test, a repeated sprint ability and the 30-15 

intermittent fitness test during the pre-season period. Inter-limb asymmetries were 

calculated for SLCMJ and OLHT. Injuries were recorded prospectively for the entirety 

of the 2017-2018 season. Comparison of injury and non-injury data was carried out using 

a two-way analysis of variance (ANOVA). Results of the ANOVA according to injury 

showed significant differences in CMJ (p = 0.01), SLCMJ on the lowest performing limb 

(p = 0.03) and SLCMJ asymmetry (< 0.001). Sex*injury interaction was significant from 

CMJ (p = 0.018) and 30-15 IFT (p = < 0.001). In conclusion, the current study indicated 

that athletes with greater inter-limb asymmetries, less vertical jump capacity and lower 

intermittent aerobic fitness had a greater predisposition to injury. Therefore, monitoring 

CMJ, aerobic performance and inter-limb asymmetries is recommended given their 

sensitivity to detect significant differences between injured and healthy youth athletes.  
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INTRODUCTION 

Injury incidence in high performing youth athlete populations is known to be high (16). 

Previous research has shown that a weekly training time of  > 16 h per week among 14-

18 year old team sport athletes is associated with increased injury risk (49). With this in 

mind, sports injuries during childhood and adolescence represent a considerable social 

and economic burden (9). Consequently, it is important to develop strategies to reduce 

the risk of injury in youth athlete populations (20).  

 

In team sports, the majority of injuries are a result of the complex interaction 

from a multitude of reasons (e.g. sex, age, strength deficits) (21,44). However, athletes 

continually repeat high-risk injury situations without injury occurring. Despite this, when 

the interaction of personal (e.g. psychological, neuromuscular, hormonal aspects), 

environmental (e.g. playing surface, opponents, score) and task (e.g. changes in direction 

with decision-making, fatigue and high intensity) risk factors align, the risk of injury is 

likely to increase (44).  Although we know that the etiology of sports injuries is 

multifactorial, and according to the classical approach to injury prevention proposed by 

Van Mechelen (41), it is necessary to understand the risk factors and injury mechanisms 

in order to propose an optimal prevention program. Currently, there are few prospective 

studies that relate physical performance with sports injuries (26).  

 

 

Team sports are characterized by repetitive high intensity, unilateral skills such as 

jumping and changes of direction (51). These repetitive movement patterns lead team 

sport athletes to developing asymmetric neuromuscular adaptations of the lower limbs 

(4,40). For example, Ross et al. (50) found that the kicking leg had superior thigh strength 

(isokinetic peak torques), better proprioception, and greater knee-flexion ROM than the 



stance limb in physically active individuals. Despite being a somewhat controversial topic 

(4), previous research has suggested a 10-15% threshold of inter-limb asymmetry in 

strength and power to be considered as ‘normal physiological variability’ in team sports 

(18,19,30,35). Therefore, monitoring and quantification neuromuscular deficits between 

legs has been a common line of investigation in order to identify individuals who may be 

at risk of injury or establish when an athlete can return to sport following injury (3). 

Despite this, there are only a few studies that have investigated the association between 

inter-limb asymmetry and future injury in sports team athletes (13,29,32). Hewett et al. 

(28) observed significant between-limb differences in knee abduction moment in nine 

youth sport-team players, who injured their anterior cruciate ligament (ACL) compared 

to uninjured limb. In addition, Chalmers et al. (13) found that junior Australian football 

players with greater asymmetrical movement during pre-season testing (from the 

Functional Movement Screen) were more likely to sustain an injury during the regular 

season. Moreover, Brumitt et al. (32) observed that collegiate volleyball players had a 

greater risk of non-contact time-loss lower quadrant injury, when starting the season with 

asymmetries > 10% from the single leg hop for distance test.  

 

Enhanced athletic development has been suggested as a vital component of injury 

prevention strategies (14,34). Additionally, well-developed physical capacities such as 

lower-body strength, repeated sprint ability, speed and aerobic fitness have also been 

associated with better tolerance to higher workloads and reduced risk of injury in team-

sport athletes (37,39). However, there is limiting scientific literature that associate a better 

physical performance with less injury incidence (27). Malone et al. (38) found that elite 

soccer players with poor aerobic fitness as indicated by a lower 30–15 IFT(intermittent 

fitness test) had a greater risk of injury than players with superior  aerobic fitness levels. 



Additionally, Case et al. (11) examined that pre-season relative 1RM back squat strength 

was significantly higher in the uninjured male and female collegiate athletes compared 

with the injured groups. 

 

Therefore, the main objective of this study was to investigate the association 

between inter-limb asymmetries and non-contact lower limb sport injuries among youth 

elite team sports players. A secondary objective was to investigate the association 

between physical performance measurements and non-contact lower limb sport injuries. 

Our primary hypothesis was that athletes who exhibit greater inter-limb asymmetries and 

worse physical performance in the pre-season, will have a greater risk of suffering non-

contact injuries than the other athletes.  

 

 

METHODS 

Experimental Approach to the Problem  

The current study employed a prospective cohort design with the aim of finding the 

association between inter-limb asymmetries, physical performance and injury rate, in 

elite youth team-sports players. Countermovement jump (CMJ), single leg CMJ 

(SLCMJ), one-legged hop test (OLHT), 30-m sprint, change of direction (v-cut test), 

repeated sprint ability and intermittent aerobic fitness were assessed during the pre-season 

period. In addition, inter-limb asymmetries were subsequently calculated from both 

unilateral jump tests. Injuries were recorded prospectively for the entirety of the 2017-

2018 season (September to May), in accordance with the recommendations provided by 

Fuller et al. (2006).  

 



Subjects 

A total of 81 participants (29 males, 52 females) volunteered to participate in the present 

study consisting of: 30 handball players (14 males, 16 females), 28 volleyball players (15 

males, 13 females) and 23 basketball players (23 females). Subjects were eligible for 

inclusion if they were high performance team-sports players between 14-18 years old. 

Subjects were excluded if they presented any injury at the time of testing. Table 1 

provides subject characteristics. All the athletes train and study in the same high-

performance sports center, in Esplugues de Llobregat (Joaquim Blume Residence). 

Routine training did not differ between groups and consisted of 8-10 sessions (90-120 

minutes per week), of which 2 were dedicated towards structured strength and 

conditioning training. In addition, they played a weekend match, totaling approximately 

16-20 hours of combined training and competition per week. Prior to the commencement 

of the study, subjects and their parents received detailed written and verbal information 

about the possible risks and benefits associated with testing. Written informed consent 

and assent were obtained from both parents/tutors and participants, respectively. This 

study was approved by [deleted for peer review] and conformed to the recommendations 

of the Declaration of Helsinki. 

 

** PLEASE INSERT TABLE 1 ABOUT HERE ** 

 

Procedures 

One week before data collection, each subject was familiarized with performance test 

procedures. During testing days, all participants completed the same standardized warm-

up in groups of 3-4 athletes consisting of 7-minutes of light multidirectional 

displacements, 3-minutes of dynamic stretching exercises (e.g. walking lunges, high knee 



lifts, side steps) and 3-minutes of maximal and progressive intensity displacements 

including changes of direction, jumps, and acceleration/deceleration movements. 

Following the warm-up, three practice trials were provided for each test where 

participants were instructed to perform them at 75, 90, and 100% of their perceived 

maximal effort. The warm-up was supervised by a qualified strength and conditioning 

coach and consistent feedback was provided throughout all tests to ensure proper 

technique. Each participant completed a baseline field-based assessment at the starting 

(between week 2 and 4) pre-season (September-October 2017). These evaluations were 

carried out on three separate days over one week in pre-season, with a minimum of 48 

hours of rest and a maximum of 96 hours between testing days. Day 1 consisted of the 

CMJ, SLCMJ, OLHT and 30 m-sprint in that order. On day 2, test order was: v-cut-test 

and RSA test (10*(15+15m), r:3’sec). Finally, on day 3, athletes performed the 30-15 

intermittent fitness test (30-15 IFT). The athletes performed their usual field training 

during the testing period; however, the strength and conditioning sessions were used to 

perform the different tests reported in this study.  



 

Countermovement jump test (CMJ)  

The CMJ test was performed on a contact mat with hands on hips (Chronojump 

Boscosystem, Barcelona, Spain) (6). Flight time was recorded using Chronojump 

software to calculate the vertical jump height obtained (5). Each trial was validated by a 

visual inspection to ensure that each landing was without any leg flexion at contact time 

and players were instructed to maintain their hands on their hips throughout the duration 

of the jump. The depth of the CMJ was self-selected and each trial was separated by a 

rest period of 60-s. The highest vertical jump height of three trials was used for further 

analysis. 

 

 

Single leg countermovement jump (SLCMJ) 

Subjects were instructed to stand on one leg with hands on hips, descend into a 

countermovement of self-selected depth, and then rapidly extend the stance leg to jump 

as high as possible in the vertical direction (42). The swing of the opposite leg prior to 

the jump was not allowed; however, they were also instructed to land on both feet 

simultaneously. A trial was considered successful if the hands remained on the hips 

throughout the movement. The SLCMJ height  was calculated from flight time (6) with 

the same  contact mat system as used for the bilateral CMJ. For the three trials of each 

jump, participants started with their preferred leg and the order of the right and left legs 

was alternated thereafter. Each trial was separated by a 30 s recovery period. The highest 

trial of the three jumps was used for further analysis. 

 

One leg hop for distance (OLHT) 



All participants were asked to hop as far as possible with hands on hips, taking off and 

landing on the same foot and keeping their balance on this foot for 2 seconds upon 

landing. To facilitate body balance, participants performed the OLHT with free arms. For 

the two trials of each jump, participants started with their preferred leg and the order of 

the right and left legs was alternated thereafter. Each trial was separated by a 30-s 

recovery period. The greatest distance for each leg was recorded using a measuring tape 

and from the heel of the tested foot and used for further analysis.  

 

30-m sprint 

Maximum sprint time was assessed by 30-m sprint. The start and finish lines were clearly 

marked with cones. Each player completed two sprints with a three-minute rest time 

between each sprint. The time was recorded using an iPhone 6 (iOS 11.2.5) at 60 fps and 

MySprint smartphone app (Apple Inc., Cupertino, CA, USA). The reliability and validity 

of this method has been reported to be excellent (48). The fastest time of the two sprints 

was used for analysis. 

 

V-cut test 

In the change of direction test, players performed a 25-m sprint with four change 

directions of 45º 5 m each. The front foot was placed 0.5 m before the first timing gate.  

For the trial to be valid, players had to pass the line, clearly marked on the floor, with the 

turning foot.  The distance between each pair of cones was 0.7 m. If the trial was 

considered a failed attempt, a new trial was allowed.  Two trials were completed with a 

three-minute rest time between each trial. The fastest time was used for analysis. Time to 

completion was measured using photocell beam connected to a computer (Chronojump 

BoscoSystem, Barcelona, Spain) (5). This test has previously demonstrated good 



reliability and validity (23). 

 

Repeated sprint ability (RSA)  

A repeated sprint ability protocol consisting of ten shuttle run sprints of 30 m (designed 

as a 15m out and back course) interspersed with 30 seconds of passive recovery was 

conducted (12). Players used a standing start 0.3 m behind the timing lights. Players were 

given verbal encouragement to run as quickly as possible for each of the ten sprints. Sprint 

performance during the test was assessed with a photocell beam connected to a computer 

(Chronojump BoscoSystem, Barcelona, Spain) (5). Athletes were encouraged to 

decelerate as soon as possible after crossing the finish line and to walk slowly back to the 

start line to wait for the next sprint. We calculated the mean of the ten sprints time.  

 

30-15 intermittent fitness test  

The 30-15 intermittent fitness test is a field evaluation used to assess aerobic fitness, that 

also includes an athlete’s anaerobic capacity, neuromuscular and change of direction 

qualities, and their ability to recovery during intermittent exercise (7). In the present 

study, the modified version of 30-15 intermittent fitness test special for small courts (25) 

was conducted on a 28m long basketball court. This consists of 30-second shuttle runs 

interspersed with 15-second walking recovery periods. The test starting speed is 8 km/h 

(i.e. first 30-second shuttle run), and this speed increases by 0.5 km/h for every 30-second 

stage thereafter. The speed of the last stage the athlete completes is recorded as their test 

score. This test has been shown to have good test-retest reliability with a typical error of 

measurement to be of 0.3 km/h (ICC = 0.96), suggesting a potential difference of about 1 

stage (i.e. 0.5 km/h) (8). 

 



Injury data collection 

All sports injuries sustained during matches and training sessions were recorded and 

monitored following the Osics coding (45) after the baseline assessment during the 2017-

18 season. Injury was defined as any physical complaint sustained by a player resulting 

from a match or training session that resulted in time loss. However, only non-contact 

injuries were included for analysis because contact injuries are dependent on interaction 

with other team collaborators or opponents. An electronic version of the injury data 

recording form presented by Fuller et al. (19) was used to register injuries characteristics 

(severity, injury type, side, previous injury, re-injury level, injury cause and 

circumstance) (21). Injury severity was classified based on the number of days missed 

and interpreted as follows: slight (0-1 days), minimal (2-3 days), mild (4-7 days), 

moderate (8-28 days) and severe (> 28 days) (19). An electronic injury form was 

completed by the physiotherapy staff and was reviewed by the lead researcher every 

week. In addition, the lead researcher met once a week with the strength and conditioning 

coach of each team to ensure that every injury was recorded.  

 

Statistical Analyses 

Data are presented as means and standard deviation (SDs) for quantitative variables and 

absolute frequency and percent (%) for qualitative variables. Assessment of normality for 

these variables employed the Kolmogorov-Smirnov along with the QQ-Plot distribution 

graphics. In addition, within-session reliability of test measures were analyzed using two 

way random intraclass correlation coefficient (ICC) with absolute agreement (95% 

confidence intervals) and coefficient of variation (CV). For interpretation, intraclass 

correlation coefficient (ICC) values were > 0.9 = excellent, 0.75-0.9 = good, 0.5-0.75 = 

moderate, and < 0.5 = poor (33) and CV values were considered acceptable if < 10% (15). 



 

For the purpose of identifying inter-limb asymmetry between limbs, we also 

calculated the asymmetry index using a previously recommended  formula (10,31,46) in 

the unilateral  jump tests:  (Highest performing limb–Lowest performing limb/Highest 

performing limb) ×100. The highest performing was defined as the side with the highest 

value in each jump. The mean of the two (OLHT) or three (SLCMJ) trials was used to 

index asymmetry analyses . 

 

Kappa coefficient (κ) was calculated to determine the levels of agreement for how 

consistently an asymmetry favored the same side (direction of asymmetry) when 

comparing SLCMJ and OLHT asymmetries. Kappa values were interpreted in line with 

suggestions from Viera & Garrett (52) where ≤ 0 = poor, 0.01-0.20 = slight, 0.21- 0.40 = 

fair, 0.41-0.60 = moderate, 0.61-0.80 = substantial, and 0.81-0.99 = almost perfect. 

 

Data from injured individuals was compared to non-injured using a two-way 

analysis of variance (ANOVA). Magnitude of difference between groups was also 

computed via eta squared (η2) effect sizes. Chi square statistical tests were carried out to 

assess if severity, type, side cause and circumstance of injury were uniformly distributed 

according to athletes’ sex. Statistical significance was set at p < 0.05.  All statistical 

analyses were conducted using SPSS for windows version 24 (IBM Co. Armonk, NY, 

USA).   

 

RESULTS 

A total of 72 injuries were recorded (76.4% lower limbs, 11.1% trunk, 11.1% upper limbs 

and 1.4 % head and neck) across 51 athletes in the studied season. A high percentage of 



injuries (63.88%) were reported as contact related. Specifically, there were a total of 46 

reported non-contact injuries affecting the lower extremities (Table 2). When comparing 

by sports, 42.2 % of total injuries occurred in handball, 30.9% in basketball and 26.76% 

in volleyball players. During the registration period, 43.5% (n = 20) of the non-contact 

lower extremities injuries were estimated as a moderate injury (8 to 28 days) while 28.3% 

(n = 13) was considered as severe injury (> 28 days). Of all these injuries, only 6.5% (n 

= 3) were estimated as slight. No sex difference was observed (p = 0.756; d = 0.14). 

According to type on injury, the most common type was joint (non-bone) and ligament 

injury (45.7%, n = 21) and muscle and tendon injury (43.5, n = 20) respectively. Main 

injury cause was trauma (52.2%, n = 24) while overuse was 47.8% (n = 22).  Recurrent 

injuries in the same location accounted for 30.4% (n = 14), and these injuries occurred 

during the next 2 to 12 months (late recurrence) in 63.6% of cases (n = 7). Higher rate of 

injuries was produced during training (78.3%, n = 36) versus injuries produce during 

match (21.7%, n = 10). A total of 31% of women injuries occurred during match versus 

5.9% of men injuries (p = 0.045).  

 

** PLEASE INSERT TABLE 2 ABOUT HERE ** 

 

Mean and standard deviation for all the variables are shown in Table 3. Almost 

all the tests showed excellent within-session ICC values ( ≥ 0.9) and each test had 

acceptable consistency with all CV values < 10%. 

 

Kappa coefficient for the direction of asymmetry between the SLCMJ and OLHT 

tests was only slight (κ = 0.19) during pre-season. 

 



Non-injured athletes exhibited significant superior performances in CMJ (p = 

0.01; η2 = 0.06) and SLCMJ-LPL (p = 0.03; η2 = 0.04) tests but no differences were 

reported in the OLHT, 30m-sprint, V-Cut test, RSA or 30-15 IFT tests. Moreover, non-

injured athletes presented lower asymmetries in the SLCMJ (p = 0.00; η2 = 0.08), but not 

in the OLHT (p = 0.17; η2 = 0.03) (Table 3). Related to this result, 68.25% of injuries 

occurred on LPL, 26.9 on HPL and 4.76 on both limbs. Sex*injury interaction was 

significant from CMJ (p = 0.018; η2 = 0.05) and 30-15 IFT (p = 0.00; η2 = 0.06) (Figure 1 

and Figure 2). In addition, and according to sex significant differences were observed in 

all variables except for interlimb asymmetries variables (Table 3).  

** PLEASE INSERT TABLE 3 ABOUT HERE ** 

** PLEASE INSERT FIGURE 1 AND 2 ABOUT HERE ** 

 

DISCUSSION 

The first aim of this study was to investigate the relationship between inter-limb 

asymmetries and non-contact low limb sport injuries among youth elite team sports 

players. A secondary objective was to investigate the association between physical 

performance measurements and non-contact lower limb sport injuries. Results showed 

that athletes who sustained an injury had greater pre-season vertical jump asymmetries 

and lower performance in the bilateral CMJ and lowest performing limb during the 

SLCMJ. However, when considering the sex of the participants, only males that sustained 

an injury had both lower vertical jump performance and intermittent aerobic fitness values 

at pre-season.  

 

To the authors’ knowledge this is the first prospective study that has observed 

an association between jump height asymmetry in the SLCMJ (p < 0.001) and non-



contact low limb injury risk in young healthy athletes. Specifically, non-injured athletes 

(n = 30) recorded an average asymmetry of 9.7 ± 8.3 and 7.7 ± 5.6 % in males and females, 

respectively. In contrast, for injured athletes (n = 51), values were 17.1 ± 13.3 and 12.8 ± 

6.2 % for males and females, respectively. These results are in agreement with the 10-

15% ‘physiologically normal’ asymmetry threshold suggested by several authors (4,40). 

Despite the  limited evidence in this area,  some research has linked major side-to-side 

differences in knee abduction moment, mobility and hop tests with future injury in sport 

team athletes (13,29,32). In accordance with our results, Read et al. (47) observer that 

greater SLCMJ peak ground reaction force asymmetry was a potential risk factor for 

injury in healthy elite male, although the strength of these relationships were moderate. 

Contrary to our study, these authors measured asymmetry in SLCMJ ground reaction 

force (and not jump height), as in our study. However, body mass did not change between 

left or right jumps; thus, it can probably be suggested that similar changes in height 

asymmetry would be found. Therefore, our study shows that between-limb differences in 

vertical jump performance could be a potential risk factor for non-contact low limb 

injuries in youth team-sports. This fact could be explained because the reduced physical 

capacity of the weaker limb to both produce and absorb force is likely to increase the risk 

of injury, given it will exceed its “tolerance capacity” sooner than the stronger limb when 

repeated high intensity actions occur, as characterized by team sports athletes.  

 

Contrary to SLCMJ asymmetry, OLHT asymmetry had no relationship with 

injured or non-injured athletes. This fact agrees with the slight consistency (κ = 0.19) 

showed between these two inter-limb asymmetry values, that means low agreement for 

how consistently an asymmetry favored the same side (direction of asymmetry) when 

comparing the two tests. This low agreement between tests has been  demonstrated in 



previous  research (1,2) and indicates that limb dominance is rarely the same between 

tasks.  As a result, strength and conditioning and rehabilitation programs should focus on 

the assessment of inter-limb asymmetries on a test-by-test basis, and not assume that limb 

differences will exhibit any common patterns between tasks.  This will give a 

comprehensive evaluation of the athlete, especially when returning to sport. Moreover, 

strength and conditioning coaches and physiotherapists may use asymmetry values (and 

the direction of asymmetry) to make decisions in the identification of healthy athletes 

who may be at risk for future injury and guide injury prevention programs. 

 

 In addition, the present study is also the first study that have demonstrated a 

relationship between vertical jump capacity (CMJ, p = 0.01; SLCMJ-LPL, p = 0.03) and 

non-contact low limb injury risk in healthy sport-team athletes. Regarding the bilateral 

CMJ, the athletes who were not injured scored higher values (males 0.38 m; females 0.25 

m) than those who experienced an injury (males 0.3 m; females 0.25 m). Based on these 

results, enhanced neuromuscular capacity (in this case higher jumping capacity), could 

protect athletes from a greater joint load and therefore could help reduce non-contact low 

limb injuries. Additionally, healthy athletes also had higher values in the lowest 

performing limb (LPL) of the SLCMJ (males 0.17 m; females 0.13 m) than those who 

were injured (males 0.15 m; females 0.12 m). This last finding was in accordance with 

Read et al. (47) who found that lower right leg relative SLCMJ landing forces were 

associated with an increased injury risk, in the U15-U16s soccer players. Although the 

present study did not measure landing forces, reduced landing forces can be inferred for 

the injured population, given they did not jump as high on the LPL. In addition, given 

only the LPL had an association with injury occurrence, it seems prudent to suggest that 

improved capacity should be seen as an important consideration for the weaker limb and 



is in line with recent suggestions from Maloney (40) who showed that weaker limbs have 

a greater “window of opportunity” for enhanced capacity. Related to this, in our study we 

found that most part of injuries occurred on LPL (68.25%) vs. HPL (26.9%). As 

mentioned previously, it is likely that the weaker limb likely exceeds its tolerance 

capacity sooner than the stronger side; thus, these findings can be somewhat expected.  

 

When analyzing the interaction between sex and injury, CMJ (p value = 0.02; η2 

= 0.05) and 30-15 IFT (p value =0.001; η2 = 0.06) were significant. In females, the average 

CMJ and 30-15 IFT between non-injured (0.25 m and 17.4 Km/h, respectively) and 

injured athletes (0.25 m and 17.63 Km/h, respectively) was very similar. However, in 

males, the average CMJ and 30-15 IFT were greater in non-injured (0.38 m and 19.33 

Km/h, respectively) compared to injured athletes (0.30 m and 18.0 Km/h, respectively). 

These findings indicate that adolescent male athletes with a higher jump capacity and a 

greater capacity to repeat high-intensity efforts, were less likely to obtain a non-contact 

injury in the lower extremities. Practically, our data suggest that well-developed physical 

qualities, such as jump capacity and aerobic fitness, could protect against injury and are 

in line with previous research relating to enhanced physical qualities (14).These results 

are related to those obtained by Malone et  al. (39) which showed that male Gaelic football 

players with greater aerobic capacity could protect against spikes in workload. Moreover, 

Malone et al. (37) demonstrated that well-developed RSA was associated with better 

tolerance to higher workloads and reduced risk of injury in amateur hurling players.  

 

Although the usefulness of these findings, we recognize some limitations that 

should be considered relative to the interpretation of the current study results. The 

etiology of most sports injuries is multifactorial, so there are many risk factors that we 



have not controlled in this study (i.e. previous injury), not only physical or physiological 

but also psychological factors. Consequently, multi-variate models be likely more 

powerful as 'predictors' (17). However physical capacity appears to be a major 

determinant, which is positive since it is modifiable through well-designed strength and 

conditioning programs (43). In addition, asymmetries and physical performance are 

highly variable during the season, therefore longitudinal monitoring should be essential 

to determine consistency in data (2). Moreover, the use of only adolescents’ basketball, 

volleyball and handball players is a limitation to the generalizability of the findings. 

Finally, and probably one of the most important limitations of this study, exposure time 

and training/competition load were not recorded.   Current evidence has shown how 

excessive and rapid increases in  training or competition loads can result in a major injury 

incidence (22).  Despite the sample of this study lives, train and study in the same high-

performance center (Joaquim Blume Residence), differences in exposure time between 

injured and uninjured groups may have contributed to the findings.  

 

PRACTICAL APPLICATIONS  

The current study reports that injured adolescent team sport players had large vertical 

jump asymmetries at pre-season in comparison to un-injured players. When time is 

limited for practitioners, the single leg countermovement vertical jump test may be used 

to detect asymmetry imbalances (magnitude and direction), with the intention of 

informing training interventions, in elite youth team-sports players. From a strength 

perspective, recent research has emphasized that unilateral strength training programs can 

reduce inter-limb asymmetries (24,36). In addition, the present study shows that jump 

capacity scores demonstrated a relationship to injury in youth team-sports athletes, 

indicating that superior physical performance may protect against future injury. 



Moreover, a higher intermittent aerobic fitness capacity was associated with less non-

contact lower limb injuries in male athletes. These latest findings reaffirm the importance 

of strength and conditioning programs in reducing injury rate in youth elite team-sports 

athletes. Practically, our data suggest that well-developed physical qualities, such as jump 

capacity and aerobic fitness, could protect against injury. However, the etiology of sports 

injuries is multifactorial, so we should not fall into the error of simplifying it into a single 

risk factor. Therefore, the interpretation of inter-limb asymmetries and physical 

performance as injury risk factors should never be done in isolation.  

 
 
 

 

Acknowledgments 

We are grateful to all the study athletes for their participation. 

 

 

 

 

 

 

 

 

 

 

 

 

 



References 

1.  Bishop, C, Lake, J, Loturco, I, Papadopoulos, K, Turner, A, and Read, P. 

Interlimb asymmetries: The need for an individual approach to data analysis. J 

Strength Cond Res , 2018. 

2.  Bishop, C, Read, P, Chavda, S, Jarvis, P, Brazier, J, Bromley, T, et al. Magnitude 

or Direction? Seasonal Variation of Interlimb Asymmetry in Elite Academy 

Soccer Players. J Strength Cond Res Online ahe, 2020. 

3.  Bishop, C, Turner, A, Jarvis, P, Chavda, S, and Read, P. Considerations for 

Selecting Field-Based Strength and Power Fitness Tests to Measure 

Asymmetries. J Strength Cond Res 31: 2635–2644, 2017. 

4.  Bishop, C, Turner, A, and Read, P. Effects of inter-limb asymmetries on physical 

and sports performance: a systematic review. J Sports Sci 36: 1135–1144, 2018. 

5.  De Blas, X, Padullés, J, López, J, and Guerra-Balic, M. Creation and Validation 

of Chronojump-Boscosystem: A Free Tool to Measure Vertical Jumps. Int J 

Sport Sci VIII: 334–356, 2012. 

6.  Bosco, C, Luhtanen, P, and Komi, P V. A simple method for measurement of 

mechanical power in jumping. Eur J Appl Physiol Occup Physiol 50: 273–82, 

1983. 

7.  Buchheit, M. The 30-15 intermittent fitness test: accuracy for individualizing 

interval training of young intermittent sport players. J Strength Cond Res 22: 

365–374, 2008. 

8.  Buchheit, M. The 30-15 Intermittent Fitness Test : 10 year review. Myorobie J 1, 

2010. 

9.  Caine, D, Purcell, L, and Maffulli, N. The child and adolescent athlete: a review 

of three potentially serious injuries. BMC Sports Sci Med Rehabil 6: 22, 2014. 

10.  Carpes, FP, Mota, CB, and Faria, IE. On the bilateral asymmetry during running 

and cycling - a review considering leg preference. Phys Ther Sport 11: 136–42, 

2010. 

11.  Case, MJ, Knudson, D V., and Downey, DL. Barbell Squat Relative Strength as 

an Identifier for Lower Extremity Injury in Collegiate Athletes. J strength Cond 

Res 34: 1249–1253, 2020. 



12.  Castagna, C, Abt, G, Manzi, V, Annino, G, Padua, E, and D’Ottavio, S. Effect of 

recovery mode on repeated sprint ability in young basketball players. J Strength 

Cond Res 22: 923–929, 2008. 

13.  Chalmers, S, Fuller, JT, Debenedictis, TA, Townsley, S, Lynagh, M, Gleeson, C, 

et al. Asymmetry during preseason Functional Movement Screen testing is 

associated with injury during a junior Australian football season. J Sci Med Sport 

20: 653–657, 2017.Available from: 

http://dx.doi.org/10.1016/j.jsams.2016.12.076 

14.  Coles, PA. An injury prevention pyramid for elite sports teams. Br J Sports Med 

52: 1008–1011, 2018. 

15.  Cormack, SJ, Newton, RU, McGulgan, MR, and Doyle, TLA. Reliability of 

measures obtained during single and repeated countermovement jumps. Int J 

Sports Physiol Perform 3: 131–134, 2008. 

16.  DiFiori, JP, Güllich, A, Brenner, JS, Côté, J, Hainline, B, Ryan, E, et al. The 

NBA and Youth Basketball: Recommendations for Promoting a Healthy and 

Positive Experience. Sport Med 48: 2053–2065, 2018.Available from: 

https://doi.org/10.1007/s40279-018-0950-0 

17.  Eagle, SR, Kessels, M, Johnson, CD, Nijst, B, Lovalekar, M, Krajewski, K, et al. 

Bilateral strength asymmetries and unilateral strength imbalance: Predicting 

ankle injury when considered with higher body mass in US special forces. J Athl 

Train 54: 497–504, 2019. 

18.  Fort-Vanmeerhaeghe, A, Gual, G, Romero-Rodriguez, D, and Unnitha, V. Lower 

limb neuromuscular asymmetry in volleyball and basketball players. J Hum Kinet 

50, 2016. 

19.  Fort-Vanmeerhaeghe, A, Montalvo, AM, Sitjà-Rabert, M, Kiefer, AW, and 

Myer, GD. Neuromuscular asymmetries in the lower limbs of elite female youth 

basketball players and the application of the skillful limb model of comparison. 

Phys Ther Sport 16, 2015. 

20.  Fort-Vanmeerhaeghe, A, Romero-Rodriguez, D, Lloyd, RS, Kushner, A, and 

Myer, GD. Integrative Neuromuscular Training in Youth Athletes. Part II: 

Strategies to Prevent Injuries and Improve Performance. Strength Cond J 38: 9–

27, 2016. 



21.  Fuller, CW, Ekstrand, J, Junge, A, Andersen, TE, Bahr, R, Dvorak, J, et al. 

Consensus statement on injury definitions and data collection procedures in 

studies of football (soccer) injuries. Scand J Med Sci Sport 16: 83–92, 2006. 

22.  Gabbett, TJ. The training-injury prevention paradox: Should athletes be training 

smarter and harder? Br J Sports Med 50: 273–280, 2016. 

23.  Gonzalo-Skok, O, Tous-Fajardo, J, Suarez-Arrones, L, Arjol-Serrano, JL, Casajs, 

JA, and Mendez-Villanueva, A. Validity of the V-cut Test for Young Basketball 

Players. Int J Sports Med 36: 893–899, 2015. 

24.  Gonzalo-Skok, O, Tous-Fajardo, J, Suarez-Arrones, L, Arjol-Serrano, JL, 

Casajús, JA, and Mendez-Villanueva, A. Single-Leg Power Output and Between-

Limbs Imbalances in Team-Sport Players: Unilateral Versus Bilateral Combined 

Resistance Training. Int J Sports Physiol Perform 12: 106–114, 2017.Available 

from: https://journals.humankinetics.com/view/journals/ijspp/12/1/article-

p106.xml 

25.  Haydar, B, al Haddad, H, Ahmaidi, S, and Buchheit, M. Assessing inter-effort 

recovery and change of direction ability with the 30-15 intermittent fitness test. J 

Sport Sci Med 10: 346–354, 2011. 

26.  Hegedus, EJ, McDonough, S, Bleakley, C, Cook, CE, and Baxter, GD. Clinician-

friendly lower extremity physical performance measures in athletes: A systematic 

review of measurement properties and correlation with injury, part 1. The tests 

for knee function including the hop tests. Br J Sports Med 49: 642–648, 2015. 

27.  Hegedus, EJ, McDonough, SM, Bleakley, C, Baxter, D, and Cook, CE. 

Clinician-friendly lower extremity physical performance tests in athletes: A 

systematic review of measurement properties and correlation with injury. Part 2-

the tests for the hip, thigh, foot and ankle including the star excursion balance 

test. Br. J. Sports Med. , 2015. 

28.  Hewett, TE, Myer, GD, Ford, KR, Heidt, RS, Colosimo, AJ, McLean, SG, et al. 

Biomechanical measures of neuromuscular control and valgus loading of the 

knee predict anterior cruciate ligament injury risk in female athletes: a 

prospective study. Am J Sports Med 33: 492–501, 2005. 

29.  Hewett, TE, Myer, GD, Ford, KR, Heidt, RS, Colosimo, AJ, McLean, SG, et al. 

Biomechanical measures of neuromuscular control and valgus loading of the 



knee predict anterior cruciate ligament injury risk in female athletes: a 

prospective study. Am J Sports Med 33: 492–501, 2005. 

30.  Hewit, J, Cronin, J, and Hume, P. Asymmetry in multi-directional jumping tasks. 

Phys Ther Sport 13: 238–42, 2012. 

31.  Impellizzeri, FM, Rampinini, E, Maffiuletti, N, and Marcora, SM. A vertical 

jump force test for assessing bilateral strength asymmetry in athletes. Med Sci 

Sports Exerc 39: 2044–50, 2007. 

32.  J., B, A., M, J., L, and P., L. Preseason Functional Performance Test Measures 

Are Associated With Injury in Female College Volleyball Players. J Sport 

Rehabil 29: 320–325, 2019. 

33.  Koo, TK and Li, MY. A Guideline of Selecting and Reporting Intraclass 

Correlation Coefficients for Reliability Research. J Chiropr Med 15: 155–163, 

2016. 

34.  Lauersen, JB, Bertelsen, DM, and Andersen, LB. The effectiveness of exercise 

interventions to prevent sports injuries: a systematic review and meta-analysis of 

randomised controlled trials. Br J Sports Med 48: 871–877, 2014.Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/24100287 

35.  Madruga-Parera, M, Bishop, C, Beato, M, Fort-Vanmeerhaeghe, A, Gonzalo-

Skok, O, and Romero-Rodríguez, D. Relationship Between Interlimb 

Asymmetries and Speed and Change of Direction Speed in Youth Handball 

Players. J Strength Cond Res , 2019. 

36.  Madruga-Parera, M, Bishop, C, Fort-Vanmeerhaeghe, A, Beato, M, Gonzalo-

Skok, O, and Romero-Rodríguez, D. Effects of 8 Weeks of Isoinertial vs. Cable-

Resistance Training on Motor Skills Performance and Interlimb Asymmetries. J 

Strength Cond Res 1, 2020. 

37.  Malone, S, Hughes, B, Doran, DA, Collins, K, and Gabbett, TJ. Can the 

workload–injury relationship be moderated by improved strength, speed and 

repeated-sprint qualities? J Sci Med Sport 22: 29–34, 2019. 

38.  Malone, S, Owen, A, Mendes, B, Hughes, B, Collins, K, and Gabbett, TJ. High-

speed running and sprinting as an injury risk factor in soccer: Can well-

developed physical qualities reduce the risk? J Sci Med Sport 21: 257–262, 



2018.Available from: https://doi.org/10.1016/j.jsams.2017.05.016 

39.  Malone, S, Roe, M, Doran, DA, Gabbett, TJ, and Collins, KD. Protection against 

spikes in workload with aerobic fitness and playing experience: The role of the 

acute: Chronic workload ratio on injury risk in elite gaelic football. Int J Sports 

Physiol Perform , 2017. 

40.  Maloney, SJ. The Relationship Between Asymmetry and Athletic Performance. J 

Strength Cond Res 8, 2018. 

41.  van Mechelen, W, Hlobil, H, and Kemper, HCG. Incidence, Severity, Aetiology 

and Prevention of Sports Injuries: A Review of Concepts. Sport. Med. , 1992. 

42.  Meylan, C, McMaster, T, Cronin, J, Mohammad, NI, Rogers, C, and Deklerk, M. 

Single-leg lateral, horizontal, and vertical jump assessment: reliability, 

interrelationships, and ability to predict sprint and change-of-direction 

performance. J Strength Cond Res 23: 1140–7, 2009. 

43.  Myer, GD, Sugimoto, D, Thomas, S, and Hewett, TE. The influence of age on 

the effectiveness of neuromuscular training to reduce anterior cruciate ligament 

injury in female athletes: a meta-analysis. Am J Sports Med 41: 203–15, 2013. 

44.  Pol, R, Hristovski, R, Medina, D, and Balague, N. From microscopic to 

macroscopic sports injuries. Applying the complex dynamic systems approach to 

sports medicine: A narrative review. Br. J. Sports Med. , 2018. 

45.  Rae, K and Orchard, J. The Orchard Sports Injury Classification System (OSICS) 

version 10. Clin J Sport Med Off J Can Acad Sport Med 17: 201–204, 2007. 

46.  Read, PJ, Oliver, JL, Myer, GD, De Ste Croix, MBA, and Lloyd, RS. The Effects 

of Maturation on Measures of Asymmetry During Neuromuscular Control Tests 

in Elite Male Youth Soccer Players. Pediatr Exerc Sci 30: 168–175, 2017. 

47.  Read, PJ, Oliver, JL, De Ste Croix, MBA, Myer, GD, and Lloyd, RS. A 

prospective investigation to evaluate risk factors for lower extremity injury risk 

in male youth soccer players. Scand J Med Sci Sport 28: 1244–1251, 2018. 

48.  Romero-Franco, N, Jiménez-Reyes, P, Castaño-Zambudio, A, Capelo-Ramírez, 

F, Rodríguez-Juan, JJ, González-Hernández, J, et al. Sprint performance and 

mechanical outputs computed with an iPhone app: Comparison with existing 

reference methods. Eur J Sport Sci 17: 386–392, 2017. 



49.  Rose, MS, Emery, CA, and Meeuwisse, WH. Sociodemographic predictors of 

sport injury in adolescents. Med Sci Sports Exerc , 2008. 

50.  Ross, S and Guskiewicz, K. Comparison of biomechanical factors between the 

kicking and stance limbs. J Sport Rehabil 13: 135–150, 2004. 

51.  Spencer, M, Bishop, D, Dawson, B, and Goodman, C. Physiological and 

metabolic responses of repeated-sprint activities:specific to field-based team 

sports. Sports Med 35: 1025–44, 2005. 

52.  Viera, AJ and Garrett, JM. Understanding interobserver agreement: The kappa 

statistic. Fam Med , 2005. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1. Subject characteristics as total and split by gender. 

 Total (n = 81) Males (n = 29) Females (n = 52) 

Age (years)  15.91 ± 1.12 16.13 ± 1.08 15.78 ± 1.15 

Years post-PHV* 2.78 ± 1.76 1.56 ± 2.26 3.48 ± 0.83 

Body mass (kg) 69.91 ± 11.71 75.42 ± 13.83 66.84 ± 9.27 

Height (m) 1.79 ± 0.20 1.80 ± 0.32 1.78 ± 0.08 

BMI (kg·m-2) 21.26 ± 2.49 21.89 ± 3.03 20.92 ± 2.12 

Training experience (years) 6.44 ± 2.70 5.33 ± 3.21 7.02 ± 2.25 

* estimation of biological age (Mirwald et al., 2002) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 2. Summary of non-contact lower extremity injuries 

  Males 

(n = 29) 

Females 

(n = 52) 

Total 

(n = 81) 

p-value 

Severity Slight (0–1 days) 0 (0%) 3 (10.3%) 3 (6.5%) 0.756 

 Minimal (2–3 days) 2 (11.8%) 3 (10.3%) 5 (10.9%) 

Mild (4–7 days) 2 (11.8%) 3 (10.3%) 5 (10.9%) 

Moderate (8–28 days) 8 (47.1%) 12 (41.4%) 20 (43.5%) 

Severe (>28 days) 5 (29.4%) 8 (27.6%) 13 (28.3%) 

Slight (0–1 days) 0 (0%) 3 (10.3%) 3 (6.5%) 

Injury type Fractures and bone stress 2 (11.8%) 2 (6.9%) 4 (8.7%) 0.332 

Joint (non-bone) and ligament 9 (52.9%) 12(41.4%) 21 (45.7%) 

Muscle and tendon Muscle 6 (35.3%) 14 (48.3%) 20 (43.5%) 

Other 0 (0%) 1 (3.4%) 1 (2.2%) 

Side Bilateral 3 (17.6%) 5 (17.2%) 8 (17.4%) 0.459 

Right 10 (58.8%) 12 (41.3%) 22 (47.9%) 

Left 4 (23.5%) 12 (41.4%) 16 (34.8%) 

Previous injury  

(same location) 

No 14 (82.4%) 18 (62.1%) 32 (69.6%) 0.149 

Si 3 (17.6%) 11 (37.9%) 14 (30.4%) 

Reinjury level Delayed recurrence (>12 months) 1 (33.3%) 0 (0%) 1 (9.1%) 0.15 

Early (<2 months) 0 (0%) 3 (37.5%) 3 (27.3%) 

Late recurrence (2-12 months) 2 (66.7%) 5 (62.5%) 7 (63.6%) 

Injury cause Overuse 6 (35.3%) 16 (55.2%) 22 (47.8%) 0.195 

Trauma 11 (64.7%) 13 (44.8%) 24 (52.2%) 

Circumstance Training 16 (94.1%) 20 (69%) 36 (78.3%) 0.046 

Match 1 (5.9%) 9 (31%) 10 (21.7%) 



 

 

 

Table 3. Mean test scores (standard deviations) and within-session reliability data of all test and comparison of injury and non-injury data (ANOVA). 

 
No Injury Injury ICC  

(95% CI) 

CV 

(%) 

p-valor 

Injury  

(η2) 

p-value 

sex 

(η2) 

p-value 

sex*injury 

(η2) 

 
Males Females Males Females 

CMJ (m) 0.38 (0.11) 0.25 (0.04) 0.3 (0.04) 0.25 (0.04) 0.94 (0.91-0.94) 3.34 0.01 (0.06) <0.001 (0.43) 0.02 (0.05) 

SLCMJ-HPL (m) 

 

0.19 (0.04) 0.14 (0.03) 0.18 (0.03) 0.14 (0.03) 0.96 (0.93-0.97) 2.54 0.38 (0.00)  <0.001 (0.37) 0.22 (0.00) 

SLCMJ-LPL (m)  

 

0.17 (0.04) 0.13 (0.02) 0.15 (0.03) 0.12 (0.02) 0.95 (0.93-0.96) 2.70 0.03 (0.04)  <0.001 (0.28) 0.14 (0.01) 

SLCMJ ASI (%) 9.73 (8.34) 7.75 (5.63) 16.98 (13.27) 12.81 (6.22)   <0.001 (0.08) 0.14 (0.02) 0.60 (0.00) 

OLHT-HPL (m) 1.95 (0.19) 1.54 (0.16) 1.94 (0.12) 1.54 (0.14) 0.89 (0.83-0.93) 2.78 0.91 (0.07) <0.001 (0.01) 0.87 (0.00) 

OLHT-LPL (m)  1.85 (0.20) 1.47 (0.15) 1.81 (0.14) 1.44 (0.18) 0.94 (0.88-0.97) 2.75 0.31 (0.06) <0.001 (0.43) 0.93 (0.04) 

OLHT ASI (%) 5.06 (3.17) 4.05 (3.44) 6.19 (5.33) 6.59 (7.28)   0.17 (0.03) 0.82 (0.03) 0.82 (0.00) 

30-m (sec) 4.32 (0.16) 4.85 (0.36) 4.35 (0.16) 4.83 (0.25) 0.94 (0.87-0.96) 6.34 0.87 (0.01) <0.001 (0.01) 0.67 (0.01) 

V-Cut test (sec) 6.72 (0.44) 7.52 (0.37) 6.88 (0.25) 7.53 (0.27) 0.96 (0.94-0.97) 5.12 0.30 (0.02) <0.001 (0.54) 0.35 (0.01) 

Mean RSA (sec) 6.03 (0.29) 6.84 (0.62) 6.16 (0.18) 6.7 (0.32)   0.94 (0.01) <0.001 (0.44) 0.17 (0.02) 

30-15 IFT (Km/h) 19.33 (1.2) 17.4 (1.1) 18 (1.3) 17.67 (1.1)   0.07 (0.03) <0.001 (0.23) <0.001 (0.06) 

CMJ = countermovement jump; SLCMJ= Single leg countermovement jump; OLHT= One leg hop for distance; HPL = highest performing limb; LPL = lowest performing limb; ASI = 

Asymmetry index;  30-m = 30 meters linear sprint; RSA= repeated sprint ability; 30-15 IFT = 30-15 intermittent fitness test;  m = meter; ICC = intraclass correlation coefficient; CI = 

confidence intervals; CV = coefficient of variation;  η2 =  Eta squared effect size. 
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