
PURPOSE: To investigate if lower extremity lean mass asymmetry influences peak force and impulse asymmetry during landing from 

a counter movement jump and how these factors differ by sex. METHODS: 260 Division I athletes (age 20. 1 ± 1. 5 years; height 179. 

8 ± 10. 4 cm; mass 85. 5 ± 21. 4 kg, 182 men and 78 women) were tested in the fall of 2014 prior to their competitive season. Vertical 

force impulse (N*s/kg) and peak force (N/kg) were assessed from each limb using bilateral force plates during a landing from a 

countermovement jump with the athlete’s hands placed on their hips. Pelvis, thigh, and shank lean mass (g) was assessed via Dual-

Energy X-Ray Absorptiometry. A limb symmetry index (LSI) was established using the following equation for each variable of interest: 

LSI (%) = (right limb - left limb) / 0. 5 (right limb + left limb) X 100. A LSI of 0% indicates perfect symmetry between limbs, while 

positive or negative LSI values indicate the right or left limb was greater, respectively. Athletes were grouped for every 5% LSI for 

each variable of interest. Individual stepwise regressions were performed to determine the influence of lean mass LSI on impulse and 

peak force LSI. All statistical analyses were performed in SPSS, with significance set a priori at P < 0. 05. RESULTS: The percentage 

of athletes falling into each level of asymmetry can be found in table 1. A large portion of athletes (22-52%) had impulse and peak 

force LSI >15%. For women, lean mass LSI of the pelvis (1. 6±5. 9%) and thigh (1. 0±4. 8%) entered into the model and explained 

14. 3% of the variance in landing impulse LSI (6. 0±14. 9%, R2=. 143, P=. 003). For men (LSI: Impulse: 1. 3±19. 6%, pelvis: . 1±5. 

1%, thigh: 1. 4±2. 8%), no variables entered in the model for landing impulse LSI. For peak landing force LSI, no lean mass variables 

entered into the model for either sex. CONCLUSIONS: Lean mass asymmetry appears to contribute to landing impulse asymmetry 

among women but only explains a small amount of the variance (14. 3%). Additionally, lean mass asymmetry did not explain any 

significant level of variance in the other models evaluated. Lean mass asymmetry appears to contribute very little to the asymmetry 

found in landing. PRACTICAL APPLICATION: Correcting excessive asymmetries in force or impulse during landing are important for 

injury prevention. Since many collegiate athletes in this sample had LSI in force or impulse >15%, this would theoretically put them at 

a higher risk of injury. Interventions focused on correcting these LSI should consider factors other than lean mass asymmetry. Future 

research should investigate additional factors such as muscle specific contributions to strength and muscle activation. 
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Subjects

• 18 Collegiate Volleyball Players (6 defensive specialists, 4 middle 

blockers, 6 outside hitters, 2 setters)

• Data was collected during the 2021-2022 season

Conclusions

• Pre-season consisted of high training loads which lead to worse 

wellness scores

• As the season progressed, training volume decreased which led to 

improved wellness scores

• Academic Pressure should be considered when training collegiate 

athletes

PURPOSE: The aim of this study was to compare player load (PL), total jumps, and 

wellness across different phases of the volleyball season. METHODS: Data were 

collected from eighteen collegiate athletes from a Division 1 university during the 

2021-2022 season. Of the 18 players, 6 were classified as defensive specialists, 4 

middle blockers, 6 outside hitters, and 2 setters. Athletes wore tri-axial 

accelerometers (ClearSky T6, Catapult Sports, Melbourne Australia) during all team 

related activities to track movement and intensities in all three planes of motion. 

PL was calculated for each activity by taking the sum of instantaneous acceleration 

in all three planes of motion divided by 100. Wellness was measured via a daily 

subjective questionnaire (Kinduct, Halifax, Canada) that participants completed each 

morning via mobile device. Questions focused on mood state, sleep quality, sleep 

duration, energy level, muscle readiness, diet yesterday, and academic pressure. 

Every question except sleep duration was evaluated on a scale of 1-5, with 1 being 

the worst and 5 the best. For sleep duration, the number of hours of sleep obtained 

the previous night was recorded. Separate linear mixed model regressions using 

least square means were used to examine each accelerometer and wellness 

variable of interest. The model was then examined to determine if differences 

existed across pre-, in-, and post-season time points. The data was analyzed using 

R statistical software (R Core Team, Vienna Austria) and the level of significance 

was set at P ≤ 0.05. RESULTS: The results can be found in Table 1. All 

accelerometer variables were higher during the pre-season compared to in- and 

post-season. No differences were observed between in- and post-season (p=0.098). 

Muscle readiness scores were lower (worse) during the pre-season compared to in-

and post-season, but no differences between in-season and post-season were 

observed. Academic pressure scores were highest (less academic stress) during the 

pre-season and lowest (more academic stress) during the post-season. 

CONCLUSIONS : The combination of higher training loads and worse wellness 

scores in the pre-season may be the result of greater practice volume and intensity 

as teams prepare for the upcoming season. As the season continued, training 

volume leveled off, and athletes became more adapted which led to better wellness 

scores. PRACTICAL APPLICATIONS: Knowing the seasonal trends in 

accelerometer and wellness variables will allow strength and conditioning coaches 

to appropriately tailor training volumes and intensities to prevent overtraining and 

keep athletes performing at the highest level. 

Procedures

Athletes wore tri-axial accelerometers 

during all team related activities

– Player Load 

– Total Jumps

Wellness measured with daily subjective 

questionnaire evaluated on a 1-5 scale. 

– Mood State

– Sleep Quality

– Sleep Duration

– Energy Level

– Muscle Readiness

– Diet Yesterday

– Academic Pressure

Data Analysis

Results
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Figure 2. Total jumps differences 

between seasons

Purpose

• Increases in technology have allowed training load monitoring to be 

more accessible for all sports

• Training load seems to be the greatest during the pre-season in field-

based sports1,2

• Lack of evidence about how training load changes across the season in 

volleyball

• Wellness questionnaires detect changes in social, psychology, and 

physical wellness, all of which play an important role in overall wellness 

and performance3

The aim of this study was to compare player load (PL), total jumps, 

and wellness across different phases of the volleyball season

Separate linear mixed model regressions using least square means  

were used to examine each accelerometer and wellness variable of 

interest. 

• Accelerometer variables (total jumps and player load)

• pre-season > in-season and post-season

• Muscle Readiness

• pre-season < in-season and post-season

• Academic Pressure 

• pre-season (less academic stress) < post-season 

(more academic stress)

Figure 3. Academic Pressure 

differences between seasons

Figure 1. Total jumps across the 

season for the team

Knowing seasonal trends in training load will allow strength and 

conditioning coaches to appropriately tailor training volumes and 

intensities throughout the season and keep athletes performing 

at the highest level.
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