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Abstract 

Objective: This study employed an innovative method to determine lower limb asymmetries 
using countermovement jumps, force platforms, and a kinematic system with 30 reflective 
markers. 
Methods: The sample included three doctoral students with an average age of 42.3 ± 15 years. 
The corresponding number of data points analyzed for each participant was: Subject 1 (n = 
3669), Subject 2 (n = 3344), and Subject 3 (n = 3584). According to the impulse (IM) and landing 
(LA) phases, the data were distributed as follows: Subject 1 (IM: n = 2000; LA: n = 1669), Subject 
2 (IM: n = 1891; LA: n = 1693), and Subject 3 (IM: n = 2102: LA: n = 1246). Force platforms 
recorded data during the impulse and landing phases, while the asymmetry index was calcu-
lated as the difference between the right and left leg, divided by the right leg value, and multi-
plied by one hundred. 
Results: The analyses showed significant differences between the right and left legs (p < 0.001), 
with an asymmetry index ranging from 5.07% to 14.22%. The effect size was moderate to large 
(0.59 to 0.85). Significant differences were also found between the impulse and landing phases 
(p < 0.001), except in one case (p = 0.069), with effect sizes ranging from trivial to large (0.37 
to 0.99).  
Conclusions: The results indicate that this method provides valuable insights into lower limb 
asymmetries, potentially aiding in the detection of imbalances between the dominant and non-
dominant sides before and after the flight phase, particularly in sports requiring explosive 
movements. Although the sample was limited, the findings highlight the importance of regularly 
monitoring asymmetries in both athletic and at-risk populations. This study also emphasizes 
the need for standardized protocols to assess asymmetries, contributing to improved injury 
prevention strategies. 
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Resumen 

Objetivo: Este estudio empleó un método innovador para determinar asimetrías en los miem-
bros inferiores mediante el salto con contramovimiento, utilizando plataformas de fuerza y un 
sistema cinemático con 30 marcadores reflectantes. 
Métodos: La muestra incluyó tres estudiantes de doctorado con una edad promedio de 42,3 ± 
15 años. Se analizaron los siguientes puntos de datos para cada participante: Sujeto 1 (n = 
3669), Sujeto 2 (n = 3344) y Sujeto 3 (n = 3584). Según las fases de impulso (IM) y aterrizaje 
(AT), los datos se distribuyeron así: AN (IM: n = 2000; AT: n = 1669), AM (IM: n = 1891; AT: n = 
1693) y MA (IM: n = 2102; AT: n = 1246). Las plataformas de fuerza registraron datos generados 
durante las fases de impulso y aterrizaje, mientras que el índice de asimetría se calculó como la 
diferencia entre la pierna derecha e izquierda, dividida por el valor de la pierna derecha y mul-
tiplicada por cien. 
Resultados: Los análisis mostraron diferencias significativas entre las piernas derecha e iz-
quierda (p < 0,001), con un índice de asimetría que osciló entre 5,07% y 14,22%. El tamaño del 
efecto fue de moderado a grande (0,59 a 0,85). También se encontraron diferencias significati-
vas entre las fases de impulso y caída (p < 0,001), excepto en un caso (p = 0,069), con tamaños 
de efecto que variaron de trivial a grande (0,37 a 0,99). 
Conclusiones: Los resultados indican que este método proporciona información valiosa sobre 
las asimetrías de los miembros inferiores, lo que podría facilitar la detección de desbalances 
entre el lado dominante y no dominante antes y después de la fase de vuelo, particularmente 
en deportes que requieren movimientos explosivos. Aunque la muestra fue limitada, los hallaz-
gos resaltan la importancia de monitorear regularmente las asimetrías en poblaciones deporti-
vas y en riesgo. Este estudio también destaca la necesidad de establecer protocolos estandari-
zados para la evaluación de asimetrías, contribuyendo así a la mejora de las estrategias de pre-
vención de lesiones. 
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Introduction

Research on lower limb asymmetries during the Counter Movement Jump (CMJ) has revealed complex 
relationships between force production, muscle mass, and physical performance. Recent studies have 
shown that CMJ protocols can affect asymmetry measurements (Heishman et al., 2019), showing that 
the interactions between strength asymmetries, overall strength, and muscle mass asymmetries are 
non-linear (Rossow et al., 2021). Research has demonstrated the effectiveness of both synchronous and 
asynchronous analysis procedures in assessing single-leg mechanical performance and asymmetries 
during bilateral CMJ (Janicijevic et al., 2022). While some research suggests that unilateral CMJs may 
provide a better indication of differences in functional strength (Benjanuvatra et al., 2013), other studies 
have found value in bilateral assessments (Menzel et al., 2013a). Asymmetries have been observed in 
various populations, including female sprinters (Prvulović et al., 2022) and athletes who have under-
gone anterior cruciate ligament reconstruction (Jordan et al., 2015). However, the relationship between 
asymmetry and speed performance remains uncertain (Prvulović et al., 2022), and lower limb symmetry 
cannot be assumed in dynamic sport-specific movements (Edwards et al., 2012). 

Studies on symmetry using the Counter Movement Jump (CMJ) have gained relevance in research on 
sports performance and injury prevention. Although bilateral asymmetry alone may not significantly 
influence jumping performance (Yoshioka et al., 2010), it can affect sprint speed and ability to change 
direction in female footballers (Bishop et al., 2019). The magnitude and direction of the asymmetry vary 
depending on the jump test and the age group (Bishop et al., 2020; Cadens et al., 2023). Reliability in 
asymmetry measurements is critical, with vector-based metrics being more accurate than scalar meas-
urements (Bailey et al., 2021). Furthermore, individual differences and previous injuries may influence 
asymmetrical profiles (Cohen et al., 2014; Graham-Smith et al., 2015). In young female sprinters, it has 
been observed that asymmetry in kinetic parameters during the CMJ does not correlate with sprint per-
formance (Prvulović et al., 2022). These findings underscore the complexity of asymmetry and its po-
tential implications for athletic performance and injury risk assessment. 

In this context, it is hypothesized that the presence of lower limb asymmetries during the CMJ jump may 
be associated with a higher risk of injuries in various populations. Therefore, the objective of this study 
is to evaluate the use of a method to quantify lower limb asymmetries in order to determine their po-
tential implications for injury prevention in a population of postgraduate students. 

 

Method 

Subject and Procedure 

The present study included three doctoral students (two men and one woman) (Subject 1(S1), Subjec 2 
(S2) and Subject 3 (S3) with backgrounds in gymnastics, basketball, and taekwondo, who are currently 
inactive in these sports: average age of 42.3 ± 15 years, body mass of 72 ± 15.6 kg, and height of 173.3 ± 
1.5 cm. The corresponding number of data points analyzed in each jump for the participants' lower limbs 
were: S1 (3669); S2 (3344), and S3 (3584). According to the impulse (IM) and landing (LA) phases, the 
data were: S1 (IM: 2000), (LA: 1669); S2 (IM: 1891), (LA: 1693), and S3 (IM: 2102), (LA: 1482). Data 
collection was carried out at the Biomechanics Laboratory of the Universidad Manuela Beltrán, starting 
at 2:00 p.m. Participants were subjected to basic anthropometric assessments, such as measurement of 
height and body weight, while lower limb strength was assessed using the countermovement jump test 
(CMJ). All subjects were informed about the nature of the study and the potential risks associated with 
the experimental procedures prior to participating in the trials. The study protocol was approved in 
accordance with Resolution 8430 of the Colombian Ministry of Health and Social Protection, and the 
procedures were carried out in accordance with the Declaration of Helsinki. After reading the informed 
consent document, the participants signed their agreement to participate in the research. 

Vertical jump and asymmetry index  

The evaluation of the strength of the lower limbs using the Counter Movement Jump (CMJ) was carried 
out using 30 reflective markers, a Smart Capture BTS® kinematic system with 8 cameras at 250 Hz, and 
two P-6000 BTS® force platforms with a sampling rate of 1000 Hz. Prior to testing, the system was 
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calibrated with markers placed on the subjects, who made three submaximal attempts to familiarize 
themselves with the technique. After these tests, the final evaluation was carried out. Before data col-
lection, the force platforms were calibrated following the standard protocols established by the manu-
facturer, thereby ensuring the accuracy of the force measurements. 

The CMJ was performed by placing each foot on one of the platforms to analyze symmetry during the 
impulse and landing phases. The athletes followed the protocol described by Bosco et al. (1983). Prior 
to the test, the participants completed a warm-up consisting of five minutes of stationary cycling and 
dynamic exercises such as partial squats, lunges, and leg swings. All jumps were executed with the hands 
on the hips to block the help of the arm impulse, avoiding the confusion of the evaluation of the strength 
of the lower limbs (Chaouachi et al., 2009). The asymmetry of the lower limbs was quantified using the 
equation proposed by Impellizzeri et al. (2007) where it specifies:  

(1) AI=
(Right −Left)

𝑅𝑖𝑔ℎ𝑡
𝑋100 

To determine the resulting force, the values of the three axes (x, y, z) were calculated by applying the 
Pythagorean theorem, using the data provided by the software for both the right and left sides (data 
provided every 2 milliseconds). To evaluate the asymmetry index in the impulse and fall phases, the 
data corresponding to the pre- and post-zero values of the results generated by the force platform soft-
ware were recorded, which can be visualized in Figure 1. Subsequently, equation (1) was applied to 
obtain the asymmetry index. Multiple repetitions of each jump were performed to assess the consistency 
of the measurements. Variability between repetitions remained within an acceptable range, suggesting 
high reliability of the instrument. 

Statistical Analyses 

All analyses were performed using the Jamovi® version 1.6 (https://www.jamovi.org). software. Data 
normality was verified using the Kolmogorov-Smirnov test. The difference in variables of study was as-
sessed using the non-parametric Wilcoxon test. Effect size was calculated as proposed by Cohen (1988), 
and a significance level of p ≤ 0.05 was determined. 
 

Results 

Table 1 displays the results of the force exerted by the left and right lower limbs, expressed in newtons, 
as well as their asymmetry index. Table 2 presents the values corresponding to the phases of the jump 
(impulse and landing), organized by participant and by the homolateral and contralateral sides. Finally, 
Table 3 shows the asymmetrical indices when comparing the dominant (right) side with the non-domi-
nant side (left), with the values expressed as a percentage. All results were processed by the Wilcoxon 
test presenting median values. 

 
Table 1. Comparison between lower limbs in study participants (Newtons values).  

Participant Median Minimum Maximum AI p Effect Size 
S1 R 328.99 39.41 1424.02 

14.22 <.001 0.59 
S1 L 283.02 0.00 1557.08 
S2 R 456.88 36.97 3262.18 

12.13 <.001 0.73 
S2 L 402.27 49.26 3692.89 
S3 R 302.04 35.30 1783.54 

5.07 <.001 0.85 
S3 L 289.01 53.41 2773.55 

R= right; L = Left; AI= Asymmetry Index; p= significance level (p≤0.05). 

 
The findings reveal significant differences in all participants when comparing the left leg with the right 
leg (p < .001). The effect size ranged from moderate (ES = 0.59; ES = 0.73) to large (ES = 0.85), in accord-
ance with the criteria established by Cohen (1988). 
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Table 2. Comparison of impulse phase vs. fall in right and left leg (values in Newtons).  
Participant Phase vs. Side Median p Effect size 

S1 
R I 330.52 

<.001 0.97 
LI 280.60 

S1 
RL 305.48 

0.069 0.06 
LL 301.48 

S2 
R I 457.13 

<.001 0.99 
LI 400.84 

S2 
RL 455.71 

<.001 0.37 
LL 406.03 

S3 
R I 298.78 

<.001 0.69 
LI 291.88 

S3 
RL 317.04 

<.001 0.93 
LL 270.29 

RI= Right Impulse; LI= Left Impulse; RL = Right landing; LL = Left landing; p= significance level (p≤0.05).  

 
Significant differences were observed in almost all values when comparing the impulse phase with the 
fall phase, except in the participant S1 (p = 0.06). The effect size values were trivial (ES = 0.37), moderate 
(ES = 0.69) and large (ES = 0.97, 0.99, 0.93). 
 

Table 3. Comparison of asymmetry index during impulse and fall (percentage). 
Participant vs. Phase Median p Effect size 

S1 impulse 14.99 
<.001 0.64 

S1 landing -0.20 
S2 impulse 12.48 

<.001 0.38 
S2 landing 10.49 
S3 impulse 2.56 

<.001 -0.93 
S3 landing 14.29 

p= significance level (p≤0.05). 

 
The results show significant differences (p < .001) between the phases of the CMJ jump (impulse and 
fall), with effect sizes ranging from trivial (ES = 0.38), moderate (ES = 0.64) and large in the opposite 
direction (ES = -0.93). 
 

Figure 1. Strength vs. time graph in lower limbs in study participants 

 
The graph shows the curves generated from the resulting forces on the x, y, and z axes, represented for 
the right (blue) and left (purple) body segments of the study participants. The higher thresholds show 
the peak forces during the execution of the jump (Figure 1). 
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Discussion 

In our opinion, this study is one of the few that analyzes and proposes a new method to determine the 
asymmetries of the lower limbs through the jump with countermovement (CMJ). Research on asymme-
tries in CMJ performance, using force platforms, has revealed key findings indicating that intermember 
asymmetries can be reliably measured during CMJ, with peak force and momentum being more con-
sistent than peak power (Gordon et al., 2022; Menzel et al., 2013b). However, we have not found a spe-
cific protocol due to the wide variety of methods, protocols, and equipment used to measure asymme-
tries in the jump (Kozlenia et al., 2022), which leads to varying values in the magnitude and direction of 
the asymmetries, influenced by the type of jump and the metrics used (Bishop et al., 2020; Hewit et al., 
2012). 

The methodology employed in this study, which combines force platforms with a kinematic system us-
ing reflective markers, provides a robust approach for evaluating lower limb asymmetries during coun-
termovement jumps (Bishop et al., 2020). The precision of these instruments enables detailed measure-
ments of force production and movement, which are crucial for identifying significant differences be-
tween the right and left limbs. The use of force platforms allows real-time recording of forces generated 
during the propulsion and landing phases, facilitating a comprehensive analysis of asymmetries (Cadens 
et al., 2023). Furthermore, the calibration and validation of the instruments ensure that the data are 
reliable and consistent, which is essential for interpreting the results. The ability to calculate an asym-
metry index based on the force differential between the legs provides a quantitative metric that can be 
used to assess injury risk in athletic populations. This approach not only aids in identifying strength 
imbalances but also allows for tracking changes over time, which is critical for injury prevention and 
optimizing athletic performance. In conclusion, the methodology used in this study not only enables 
precise evaluation of lower limb asymmetries but also establishes a framework for future research 
aimed at developing standardized protocols and improving injury prevention strategies across diverse 
athletic populations. 

This study has several limitations and suggests the need for future research in the analysis of lower limb 
asymmetries using the CMJ. The lack of a standardized protocol for the measurement of asymmetries 
can lead to variations in the results, since the methods, protocols, and equipment used in the current 
literature are diverse. In addition, the generalizability of our findings is constrained by the small sample 
size, composed of only three subjects, which might not be representative of a larger population. Discrep-
ancies in the asymmetry indices can also be influenced by differences in the equipment and equations 
used. Therefore, further research is needed to be conducted that considers factors like gender, compe-
tition level, and sport type. In this context, it would be beneficial to develop standardized protocols that 
facilitate the comparison of results and improve consistency in evaluation. It is also recommended to 
implement multi-method evaluations and carry out longitudinal studies to identify patterns of asym-
metry in relation to performance and risk of injury. Finally, investigating asymmetries in various sports 
could provide a more comprehensive understanding of their impact on athletic performance and injury 
prevention. 

Conclusions 

The conclusions of this study highlight the novelty and relevance of the method used to assess lower 
limb asymmetries through the countermovement jump. The combination of force platforms and a kine-
matic system with reflective markers enables precise and detailed measurement of the forces generated 
during the propulsion and landing phases, representing a significant advancement in evaluating muscu-
lar functionality. The results, which reveal significant differences in the asymmetry index between the 
right and left limbs, underscore the importance of this approach in identifying strength imbalances that 
may predispose athletes to injuries. The ability to quantify these asymmetries, with a variation range of 
5.07% to 14.22% and an effect size ranging from moderate to large, provides a robust foundation for 
implementing this method in clinical and sports settings. Moreover, the methodology extends beyond 
force evaluation, offering dynamic performance analysis crucial for designing personalized training pro-
grams and rehabilitation strategies. The capability to conduct longitudinal monitoring of asymmetries 
over time provides a valuable tool for tracking progression and the effectiveness of interventions. In 
summary, this innovative method not only enhances the precision of lower limb asymmetry evaluation 
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but also establishes a new standard for research and practice in sports and rehabilitation. Its implemen-
tation could revolutionize the way strength assessments and injury risks are addressed, contributing to 
a more proactive, evidence-based approach to injury prevention and athletic performance optimization. 

This study highlights the need to develop standardized protocols for the evaluation of asymmetries, 
which would allow a more accurate comparison between studies and populations. The diversity of 
methods and equipment currently used generates variability in the results, making it difficult to gener-
alize the findings. Future studies should expand the sample and consider additional factors such as gen-
der, sport type, and competitive level in order to gain a deeper understanding of how asymmetries affect 
performance and injury prevention. 
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