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Resumen

El salto contramovimiento es ampliamente utilizado por profesionales del deporte y la salud para evaluar la potencia muscular 
de los miembros inferiores en sus atletas y estudiantes. La potencia muscular se mide a través de la fuerza explosiva, que 
resulta del ciclo de estiramiento-acortamiento. Existe un interés significativo en desarrollar protocolos y utilizar equipos que 
permitan medir de manera precisa los saltos contramovimiento. El tapete de contacto es el dispositivo más utilizado debido 
a su facilidad de manejo y aplicación. El objetivo de este estudio fue determinar la validez de un tapete de contacto para 
medir la potencia muscular de los miembros inferiores a través de saltos contramovimiento. Cuarenta adultos participaron 
en la investigación. Los participantes realizaron tres saltos consecutivos en tapetes de contacto colocados uno encima del 
otro (PSCM y MSCM). Además, para el análisis en software, se grabaron los tres saltos (MJAP y KIAP). La concordancia entre los 
valores obtenidos utilizando el método PSCM y los otros métodos fue evaluada mediante el análisis gráfico de Bland-Altman. 
La comparación entre los métodos PSCM y MSCM para evaluar el rendimiento en saltos verticales indicó que la diferencia 
entre los valores obtenidos no fue significativa, y no se observó sesgo proporcional. Para los métodos PSCM y MJAP, se notó 
una diferencia significativa entre los valores; sin embargo, no se observó sesgo proporcional. De manera similar, no se encontró 
una diferencia estadísticamente significativa entre los valores obtenidos con los métodos PSCM y KIAP, y tampoco se observó 
sesgo proporcional. Los datos sugieren que el PSCM demuestra una validez positiva cuando se compara con los métodos 
MSCM y KIAP. Sin embargo, cuando se compara con el MJAP, su validez no está respaldada estadísticamente.
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Summary

The countermovement jump is widely used by sports and health professionals to assess lower limb muscle power in their 
athletes and students. Muscle power is measured through explosive strength, resulting from the stretch-shortening cycle. There 
is significant interest in developing protocols and using equipment that allows for precise measurement of countermovement 
jumps. The contact mat is the most commonly used device due to its ease of handling and application. The aim of this study 
was to determine the validity of a contact mat for measuring lower limb muscle power through countermovement jumps. 
Forty adults participated in the research. The participants performed three consecutive jumps on contact mats placed one 
on top of the other (PSCM and MSCM). Additionally, for software analysis, the three jumps were recorded (MJAP and KIAP). 
Agreement between the values obtained using the PSCM method and the other methods was assessed through Bland-Altman 
graphical analysis. The comparison between the PSCM and MSCM methods for evaluating vertical jump performance indicated 
that the difference between the values obtained was not significant, and no proportional bias was observed. For the PSCM 
and MJAP methods, a significant difference between the values was noted; however, no proportional bias was observed. 
Similarly, no statistically significant difference was found between the values obtained with the PSCM and KIAP methods, and 
no proportional bias was observed. The data suggest that the PSCM demonstrates positive validity when compared with the 
MSCM and KIAP methods. However, when compared with the MJAP, its validity is not statistically supported.
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Introduction

The validity of an instrument or test represents its effectiveness in 
accurately measuring what it is intended to measure1,2.

The measurement of countermovement jump (CMJ) height using 
a new device was first proposed in 19833. They introduced a cable-
connected device linked to a resistive platform, which triggers a timer 
when the subject's feet lose contact with the platform and stops it upon 
ground contact. Since then, CMJs have gained prominence in the litera-
ture for their effectiveness in monitoring and assessing neuromuscular 
capacities in response to training across various populations4,5.

This mechanism is supported by the stretch-shortening cycle of 
musculoskeletal fibers, which stores elastic energy during the eccentric 
phase and converts it into motion using potential energy generated 
during the concentric phase6.

The CMJ is a type of vertical jump characterized by a downward 
movement performed prior to the jump, involving deceleration and 
braking, immediately followed by vertical propulsion7.

Several instruments have been employed to measure CMJ variables, 
such as the force platform, which is considered the gold standard. Other 
options include photoelectric cells and video analysis software8-10.

Although the force platform is the most recommended tool, its 
financial and laboratory demands present challenges. For instance, its 
sensitivity to external vibrations can interfere with measurements11, 
making it impractical for some professionals. Therefore, there is a need 
for more accessible, cost-effective equipment with fewer laboratory 
constraints.

One of the most recent tools developed for CMJ evaluation is the 
My Jump Lab app (Apple, Inc., Cupertino, CA, USA) (MJAP), which has 
demonstrated validity and reliability12. Another study13 also showed that 
the app exhibited high validity and reliability for both men and women. 
The MJAP uses video analysis to calculate jump height, requiring the 
user to manually mark the moments when the subject loses and regains 
ground contact.

Another widely used application for similar analyses is Kinovea 
(KIAP), an open-source biomechanical software. The analysis conduc-
ted in Kinovea is commonly referred to as the Smartphone-Kinovea 
method14, where a smartphone records the subject's jump, and the 
video is later analyzed using the software. This method shares simila-
rities with MJAP.

As an alternative, the contact mat offers several advantages over 
the force platform. In addition to being portable and more affordable, 
it allows CMJ testing in large sample sizes within a short time frame15. 
Furthermore, it maintains ecological specificity, whether in training or 
competition environments.

The PS Jump contact mat (PSCM) (Physical Solutions, São Paulo, 
Brazil) was developed as a portable, wireless system. Its main feature 
is Bluetooth connectivity with tablets or smartphones, enabling easier 
measurements for evaluators and allowing the software to quantify 
up to seven consecutive jumps. Thus, PSCM appears to be a low-cost, 
accessible and easily applicable alternative for coaches and physical 
trainers. However, this tool needs to be validated against other existing 
equipment for evaluating CMJ.

To ensure the scientific usability of the PSCM and provide a more 
accessible and reliable piece of equipment, this validation study was 
conducted by comparing it to other validated evaluation systems in the 
literature: the Multi Sprint contact mat (MSCM) (Multi Sprint, Hidrofit®, 
Belo Horizonte, Brazil), the Kinovea software (KIAP), and the My Jump 
Lab smartphone application (MJAP).

Thus, the aim of this study is to verify the validity of a contact mat 
for assessing countermovement jumps in young adults.

Material and method

Sample

Forty volunteers participated in the study, with informed consent 
obtained from all participants. The sample consisted of twenty females 
and twenty males, aged between 18 and 29 years.

The inclusion criteria were: being between 18 and 29 years old; 
being clinically fit to perform the tests; having no osteoarticular issues 
that could affect test execution; and freely and voluntarily consenting 
to participate in all study procedures. The exclusion criteria included any 
osteoarticular limitations that would prevent the execution of the tests.

Volunteers who met the inclusion criteria and did not present any 
exclusion criteria were admitted into the study. Considering an α error 
of 0.05 and a statistical power of approximately 0.95, the total sample 
size required was at least 20 participants, as indicated by the G*Power 
program from the University of Düsseldorf16,17.

Prior to conducting the experiments, the study was approved by 
the Ethics Committee for Research with Human Beings at UFV (CAAE: 
60195722.2.0000.5153; Opinion No.: 5.664.642). Furthermore, all pro-
cedures adhered to the Ethical Guidelines for Research in Exercise and 
Sports Science and were carried out in accordance with the Declaration 
of Helsinki18.

Instruments

The Multi Sprint contact mat (MSCM) was connected to a computer 
that generated the jump height in real time through the Multi Sprint 
software. The Physical Solutions contact mat (PSCM) was connected via 
Bluetooth to a smartphone using the PS Jump app, which also gene-
rated the jump height in real time. Based on flight time, the software 
estimated the jump height.

The My Jump 3 app (MJAP) was designed to analyze vertical jumps 
by calculating the time (in ms) between two frames selected by the user 
and, based on that, the height of the countermovement jump19. Frame 
selection was performed manually, with the first frame marked when 
the foot lost contact with the ground and the second frame marked 
when the foot regained contact.

Kinovea® (KIAP) is a free 2D motion analysis software for computers, 
used to measure kinematic parameters20. Jump height measurement 
was performed using the stopwatch tool, which recorded the flight 
time from the moment the foot lost contact with the ground until it 
regained contact. This flight time was then applied to the jump height 
calculation formula proposed by Bosco, Luhtanem, et al.3 
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Procedures

Anthropometric measurements were initially taken using a Welmy® 
mechanical scale with a stadiometer (Welmy, São Paulo, Brazil), including 
body mass (75.05 ± 14.16 kg) and height (1.76 ± 0.06 m) for the male 
sample, and body mass (60.65 ± 8.98 kg) and height (1.6 2± 0.04 m) for 
the female sample. Participants performed three consecutive jumps on 
the overlapped contact mats and were instructed to jump without using 
their upper limbs, keeping their hands on their waist, torso upright, and 
feet shoulder-width apart21.

For subsequent analysis in the MJAP and KIAP software, the three 
jumps were recorded using an iPhone 11 (Apple Inc., USA) at 60 fps and 
4k resolution, positioned 2 meters from the participant and 1 meter 
above the ground (Figure 1).

Statistical analysis

All statistical analyses were performed using SPSS for Windows 
software, version 23 (IBM, Chicago, USA). Initially, data were subjected 
to the Shapiro-Wilk test to verify normality. Then, means and standard 
deviations (SD) were calculated for descriptive data analysis.

The intra-test reproducibility of vertical jump measurements across 
the four evaluated methods was determined by calculating the intraclass 
correlation coefficient (ICC) with a 95% confidence interval (CI95%). ICC 
values of 0.90 or higher were considered very high; values between 0.70 
and 0.89 were considered high; and values between 0.50 and 0.69 were 
considered moderate22,23. Additionally, Cronbach’s α was calculated to 
assess the internal consistency of the data.

The agreement between values obtained with the PS method and 
the other methods was assessed using Bland and Altman graphical 
analysis24. Initially, a paired-samples t-test was conducted to check 
for significant differences between the PSCM test results and those 
from the other methods (PSCM x MSCM; PSCM x MJAP; PSCM x KIAP).  
A 95% limit of agreement was also calculated using the formula: 
LOA = (1.96 x SD) ± Mdif, where SD represents the standard deviation 
and Mdif is the mean difference.

Subsequently, linear regression was applied to verify whether 
proportional bias existed in the data distribution between methods. 
A statistical significance level of P <0.05 was adopted for all analyses.

Results

Table 1 presents the data on the reproducibility of countermo-
vement jump measurements obtained using four different methods 
for women. Table 2 displays the corresponding data for men. It can 
be observed that, in terms of intra-day reproducibility, the PSCM test 
demonstrated high reproducibility values for women and very high 
values for men.

Figure 2 shows the analysis of the agreement of vertical jump height 
measurements between the PSCM and TPMS methods for evaluating 
vertical impulse. It is noted that the difference between the obtained 
values was not significant. Additionally, no proportion bias was observed 
between the two methods. In Figure 3, the analysis of the agreement 
of vertical jump height measurements between the PSCM and MJAP 
methods for evaluating vertical impulse is shown. A significant difference 
is observed between the values obtained with these two methods; 
however, no proportion bias was observed between them. Finally, 
Figure 4 presents the analysis of the agreement of vertical jump height 

Table 1. Reproducibility of vertical jump values measured using four different methods for women.

MSCM PSCM MJAP KIAP

Mean SD Mean SD Mean SD Mean SD

Jump 1 0.17 0.03 0.15 0.03 0.16 0.04 0.16 0.04

Jump 2 0.17 0.03 0.15 0.03 0.16 0.03 0.17 0.03

Jump 3 0.18 0.03 0.15 0.03 0.16 0.04 0.16 0.03

α Cronbach 0.865 0.760 0.854 0.813

ICC (IC95%) 0.860 (0.710;0.940) 0.766 (0.505;0.901) 0.856 (0.699;0.938) 0.818 (0.616;0.922)

P value <0.001 <0.001 <0.001 <0.001

CV 17.31 20.00 22.92 20.41

CV: coefficient of variation; MSCM: Multi Sprint contact mat; PSCM: Physical Solutions contact mat; MJAP: My Jump app; KIAP: Kinovea app.

Figure 1. Data collection instruments.
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measurements between the PSCM and KIAP methods for evaluating 
vertical impulse. It is noted that no statistically significant difference 
was found between the obtained values, and no proportion bias was 
observed between the methods.

Discussion

The present study aimed to verify the validity of a new instrument 
for evaluating the countermovement jump (CMJ) in young adults, 
comparing it to different instruments validated in the literature. The 
main results showed that the PSCM was considered highly valid and 
reliable for measuring the CMJ when compared to the other evaluation 
systems used in this study.

The measurement of CMJ is essential due to its ability to provide 
data on the explosive strength of the lower limbs, which is crucial for 
performance in sports activities such as volleyball, handball, soccer, bas-
ketball, and athletics25. Furthermore, the test evaluates neuromuscular 
capacity for daily activities like running, climbing stairs, and getting up 
from a chair26, which impact quality of life and autonomy, especially in 
older individuals.

Regarding the intra-day reproducibility of the PSCM, Tables 1 and 2 
showed that the intraclass correlation coefficient (ICC) for women and 
men can be considered highly to very highly reproducible, respectively. 
According to some authors22,23,27,28, if the intraclass correlation coefficient 
values are above 0.70, a high level of reliability can be assumed for this 
contact mat. The value found in this study was 0.95, indicating a high 
correlation between the values obtained with the PSCM and the other 
instruments used.

The consistency of performance in a test is related to the repro-
ducibility of measures across multiple repetitions29. Reproducibility 
provides an indication of the degree of precision associated with a 
particular measure and is a vital element in physiological assessment30. 
It is extremely important to ensure that a measure used in research 
or to support and control an athlete's work is adequately reproduci-
ble and valid1. Reproducibility is essential in evaluating lower limb 
power because it allows monitoring an individual's progress over 
time. A reproducible instrument enables identifying improvements 

or declines in certain characteristics and evaluating the effectiveness 
of interventions.

Additionally, the data from the Bland-Altman plots (Figures 2 and 4) 
between the two mats, PSCM x MSCM, and PSCM x KIAP, showed 
excellent internal agreement for both women and men, without pro-
portion bias. This indicates that both instruments measure the CMJ in 
a similar way.

Internal agreement allows the comparison of results obtained with 
different instruments, which is crucial for validating new measurement 
tools and replicating studies15,31-33.

For an instrument measuring CMJ, internal agreement ensures 
the reliable use of different equipment, guaranteeing the accuracy of 
measurements and increasing accessibility, especially since the gold 
standard for evaluating lower limb power is costly in Brazil. Conse-

Table 2. Reproducibility of vertical jump values measured using four different methods for men.

MSCM PSCM MJAP KIAP

Mean SD Mean SD Mean SD Mean SD

Jump 1 0.29 0.07 0.27 0.07 0.28 0.08 0.29 0.08

Jump 2 0.30 0.07 0.27 0.07 0.29 0.08 0.30 0.07

Jump 3 0.31 0.07 0.28 0.07 0.30 0.07 0.31 0.07

α Cronbach 0.958 0.959 0.959 0.940

ICC (IC95%) 0.860 (0.710;0.940) 0.766 (0.505;0.901) 0.856 (0.699;0.938 0.818 (0.616;0.922)

P value <0.001 <0.001 <0.001 <0.001

CV 23.33 25.61 26.44 24.44

CV: coefficient of variation; MSCM: Multi Sprint contact mat; PSCM: Physical Solutions contact mat; MJAP: My Jump app; KIAP: Kinovea app.

Figure 2. Bland-Altman analysis for the agreement between two 
methods (PSCM x MSCM) of vertical impulse evaluation through 
countermovement jump in young adults.
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quently, evaluating the consistency and reproducibility of motor tests 
in controlling training for high-performance athletes is essential30. In 
summary, the Ps Jump Contact Mat emerges as a new valid and reliable 
instrument for measuring CMJ.

However, Figure 3 showed a significant difference between the 
PSCM and MJAP methods; it is not possible to determine which method 
incurs an error since neither is a gold standard.

This study is not without limitations. While the results found are 
quite reliable, there was no comparison with the force platform, which 
is a gold standard. However, it was compared with widely validated and 
used methods, showing that the PSCM can be an excellent alternative 
for evaluating lower limb power through CMJ. Therefore, future studies 
should compare the PSCM with the gold standard test to confirm the 
results of this work.

Conclusion

Based on the results of the present study, which aimed to verify the 
validity of a contact mat for evaluating the CMJ in young adults, it can be 
concluded that the contact mat (PS Jump, Physical Solutions, São Paulo, 
Brazil) proved to be a valid instrument for this measurement. It demons-
trated good to excellent internal consistency for both women and men, 
with measurement values comparable to two other widely validated 
and established methods for assessing the countermovement jump in 
the fields of Health and Sports Sciences. The validity of this contact mat 
provides the community with a more accessible and practical option 
for measuring CMJ, making it suitable for use in laboratories, gyms, 
classrooms, sports courts, and outdoor environments. Thus, the PSCM 
is a valid, reliable, low-cost, accessible and easily applicable instrument 
that can be used by coaches and physical trainers in different contexts 
in the areas of sports and health sciences.
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Figure 4. Bland-Altman analysis for the agreement between two 
methods (PSCM x KIAP) of vertical impulse evaluation through 
countermovement jump in young adults.
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