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Introduction

Historically, the vertical jump has been used as an indicator
of neuromuscular performance by many coaches of different
disciplines in the world (Montalvo et al., 2021). During the
decade of the sixties, Professor Rodolfo Margaria was the first
person to talk about the relevance of the so-called Stretch-
Shortening Cycle (SSC) stating that a concentric contraction
preceded by an eccentric one could generate higher levels
of strength than an isolated concentric contraction (Garcia-
Lopez et al., 2003).

Most sports movements and actions comply with this
SSC, thus facilitating concentric contractions or propulsive
phases; for that reason, the jump that has been most popular
in the sports field as an indicator of neuromuscular efficiency
has been the Countermovement Jump (CMJ), which has been
described in the literature as a determinant of the elastic
explosive manifestation of strength (Garrido-Chamorro &
Gonzalez-Lorenzo, 2004). For the evaluation of the CMJ,
the most used protocol has been the Bosco test, performed
through a contact platform, which allows the evaluation and
characterization of the functional parameters of the jump in
each of the athletes and also allows the measurement of the
strength of the lower extremities (Tejada & Suarez, 2013).

There is ample scientific evidence regarding the use of the
vertical jump as an indicator of sports performance (Tejada &
Suarez, 2013). Accordingly, a wide variety of technological
tools can be used for the evaluation of this parameter, ranging
from those that are exclusively for laboratory use to the use
of portable instruments for field evaluation.

In this sense, strength platforms have been considered
the most reliable and validated instrument for the evaluation
of lower limb strength and power through vertical jumping
(Bosco et al., 1983a). Nevertheless, the cost of this
instrument continues to be a barrier for most trainers and/
or physiotherapists. However, the evaluation of strength
from the height of the jump estimated by the time of flight
has become a validated, accepted and low-cost technique
for the evaluation of neuromuscular efficiency during the
jump (Bosco et al., 1983b; Harman et al., 1991).

Some measuring tools or instruments such as contact
mats such as the Chronojump Boscosystem (ICC 0.95) (De
Blas et al., 2012), and/or photo-optical systems such as the
OptoGait (ICC 0.99) (Lee et al., 2014) are used to determine
the height of the vertical jump, measuring the time of flight
as established by Bosco et al. (1983b).

These optical systems present an advantage compared
to force platforms and contact mats; this advantage is to be
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able to perform the jump assessment on the same surfaces
where the athlete competes or trains (Bosquet et al., 2009).

One of the latest technological advances in instruments
for the assessment of vertical jump is the mobile application
My Jump 2 created by the author Carlos Balsalobre-Ferndndez
(Balsalobre-Ferndndez et al., 2015a) demonstrating that the
CMIJ can be measured validly and reliably through the
application. In this sense, Gallardo-Fuentes et al. (2016)
proved that this application is a tool with high reliability and
intersession and intrasession validity to measure vertical jump
performance in male and female athletes, on different days.

As an alternative evaluation instrument, the Wheeler
Jump photoelectric sensor has been developed. It is a
wireless, portable and lightweight system that, through
a mobile application, allows to assess the vertical jump
estimating the height through the flight time. The novelty
of Wheeler Jump is the connectivity via Bluetooth to the
cellphone or tablet, making it easier for the trainer to evaluate.

Therefore, in order to make a scientific use of the Wheeler
Jump photoelectric sensor, this validation study is carried out
comparing it with three scientifically validated evaluation
systems: Chronojump Boscosystem (Barcelona, Spain),
OptoGait (Bolzano, Italy), and the mobile application My
Jump 2. In this sense, the objective of this study was to
establish the validity and reliability of the Wheeler Jump
sensor for the execution of the CMJ in athletes from different
sports disciplines, having as an hypothesis that the results
obtained by the Wheeler Jump sensor do not vary from
the results obtained with the three evaluation systems with
which it was compared.

Methodology

Participants

A total of 119 high-performance athletes from various sports
disciplines selected in a non-probabilistic manner partici-
pated in this study. A total of 112 men and 7 women were
evaluated between January and March 2021. On the day of
the evaluation, all the participants were apparently healthy
and reported no history of injury. To avoid interference with
the experiment, participants were advised not to consume
alcohol or caffeinated beverages 24 hours before the test.
All jumps were performed during a single training session
in order to avoid variations due to the circadian cycle and/
or any other confounding variables.
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Ethics Statement

The study protocol followed the guidelines of ethical
principles of the Declaration of Helsinki and the provisions
of resolution 008430 of the Ministry of Health and Social
Protection of Colombia. The objectives and risks of the
study were explained before starting the evaluation protocol
and were accepted by all the participants, who signed the
informed consent autonomously. This study was accepted
and endorsed by a legally constituted ethics committee
according to national and international standards.

Procedure
This observational study consisted of repeated
measurements of maximal jump height on subjects during
a single testing session. Before the evaluation process,
a 10-minute standardized warm-up was performed on
a bicycle ergometer (BTL CardioPoint® CPET) with
a power load of 80 W and a cadence of 70 to 75 rpm.
Subsequently, neuromuscular activation was performed
through short high-intensity movements (sprint, zigzag
run, and multi-jump). Participants did 5 repetitions of
sprints in 5 meters with 1 minute of rest, 5 repetitions of
zigzag race in 10 meters, with the same rest time, and 4
series of 5 vertical multi-jumps with knee elevation with
1 minute of rest between each series.

Subjects were then instructed with familiarization
jumps to achieve proper jumping technique with an

4 Y\ :
e " . 41| ChronoJump |
_l_ Wheeler Jump S EE

Figure 1
Assessment protocol
Note: assessment protocol with the four measuring instruments.
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emphasis on maintaining balance while falling. Subjects
then performed 5 repetitions of countermovement jumps
with a one-minute rest period between jumps. For a correct
execution, the subjects placed their hands on their hips
and bent their knees at a 90-degree angle and jumped
to maximum height in a single movement. Knee angle
was monitored in the sagittal plane by real-time video
digitizing software.

The CM1J’s starting position was standing, torso straight,
knees fully extended, feet shoulder-width apart. They were
instructed to perform a fast downward movement and
then a fast upward countermovement to jump as high as
possible (Holsgaard Larsen et al., 2007).

The jump tests were performed using a Chronojump
Boscosystem contact mat version 1.6.2 (Barcelona - Spain),
in which near-perfect validity values (95% CI = .99-
1.00; p <.001) (Pueo et al., 2020) were demonstrated; an
OptoGait photoelectric system version 1.12 (Bolzano -
Italy), which has described statistically significant validity
values (95% CI = 0.92-0.99; p <.001) (Lee et al., 2014);
and My Jump 2 app, which authors have established to
be a valid and reliable mobile app (p <.001, ICC =.997)
(Balsalobre-Fernandez et al., 2015a). All evaluations were
performed simultaneously and the results were compared
with the obtained values with the Wheeler Jump sensor
(Figure 1).

The evaluation was carried out during a single day in
the morning to guarantee that those evaluated had not had

J My Jump2 App '
1 \ '
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any type of training 18 hours before the evaluation. The
terrain selected to locate the evaluation devices was always
flat and without direct contact with the sun so as not to
affect the data collection with the instruments used for
the evaluation of the jump.

The location of the devices was first done by fixing the
Chronojump Boscosystem jump platform to the ground.
The OptoGait sensor and Wheeler Jump were placed
around the jump platform, and to take the video with the
My Jump 2 application, the evaluator stood in front of
the athlete with a distance of approximately 2 meters to
be able to accurately evaluate each jump.

Statistical analysis

The statistical analysis was performed using SPSS®
version 25 and MedCal® version 19.1 software. The
descriptive analysis of the data is presented through
measures of central tendency, dispersion, and variability,
given the quantitative nature of the variables. The
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normality of the data was determined through the Shapiro-
Wilk test, due to the high statistical power of this test
concerning other normality tests (Mohd Razali & Bee
Wah, 2011); thus determining the nonparametric behavior
of the obtained data in the present research (p < .05).
Given the non-normal distribution of the data, it was
decided to perform a Passing and Bablok regression model
(Bili¢-Zulle, 2011) to determine the agreement between the
Wheeler Jump photoelectric sensor with the comparison
devices (OptoGait, Chronojump, and My Jump 2). Similarly,
given the non-parametric distribution of the data, the
reliability of the instrument was determined using the LIN
correlation coefficient of concordance (CCC) (Camacho
Sandoval, 2008), the interclass correlation coefficient
(ICC), and the Smallest worthwhile change (SWC). Finally,
concurrent validity was established with Spearman’s
correlation coefficient determined from the Passing and
Bablok model. All the aforementioned calculations will be
accompanied by their respective 95% confidence intervals.
Statistical significance was set at the p < .05 level.
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Figure 2
Multiple comparison analysis.

Note: This image shows the differences in measurement between the Wheeler Jump sensor and the other evaluation strategies.
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Results

The total number of participants successfully complied
with the protocol established for the assessment of strength
through the CMJ, achieving the evaluation of a total
of 119 athletes from different sports disciplines. The
average age was 18.5 = 1.3 years, highlighting that the
average age of sports experience reported by the athletes
was 11 years + 2.4 years; an average weight of 67.36
+ 5.97 kg, an average height of 1.74 = 0.056 m and an
average body mass index of 22.11 + 1.58 kg/m2 were
determined, classifying this population according to the
WHO as normal weight.

Validation and Reliability of The Wheeler Jump Sensor for the Execution of the Countermovement Jump

The average heights of the evaluated jumps with the
different measurement instruments were: 39.3 = 7.1 cm
for Wheeler Jump, 42.83 + 6.9 cm for My Jump 2, 40.26 =
7.0 cm for Chronojump, and 40.19 + 7.08 cm for OptoGait,
observing a greater discrepancy in the evaluation between
the Wheeler Jump sensor and the My Jump 2 app (Figure 2).

The Smallest worthwhile change (SWC) was very
homogeneous in the 4 measuring instruments, the SWC for
the OptoGait was 1.41 centimeters, for the Chronojump it
was 1.402 cm, for the My Jump 2 application it was 1.39 cm,
and for Wheeler Jump it was 1.41 cm, thus determining that
for the change in jump performance to be significant in any
of the 4 instruments, it must be greater than 1.4 centimeters.

70 F 70 F
A B
65 65
60 - 60
55 55
‘S 50 2 50
= N a L
= g
45 E; 45 -
40 40
35F 35F
“1
y y =1,052 + 0,997 x 4 y =3,301 + 1,003 x
30 ’/ n=119 30 n=119
/ Rho = 0,997 Rho = 0,994
25 C1 Il Il Il i fi 25 C1 Il Il Il i i
20 30 40 50 60 70 20 30 40 50 60 70
Wheeler Jump
70 F
C
65
60
55 F
=N
o
o
S 45+
=
(&)
40
35F
y = 1,545 + 0,986 x
30 n=119
Rho = 0,996
25 i i f i
20 30 50 60 70

Wheeler Jump

Figure 3
Correlation analysis of Passing Bablok.

A. Passing Bablok regression analysis between OptoGait and Wheeler Jump; B. Passing Bablok regression analysis between My Jump
2 mobile app and Wheeler Jump; C. Passing Bablok regression analysis between Chronojump and Wheeler Jump.
Contrast statistics: Spearman’s rho; n = sample; y = dependent variable; x = independent variable.
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Table 1 >
Passing Bablok correlation and regression matrix. 8
9]
Wheeler Jump photoelectric sensor é
., o
(95F$,OC|) p value IcC '(Stsi?f ecpl; (922?&) (9I:f>l<r;cr|) 'g
a
7]
OptoGait (.9969? .7998) 0001 997 -.998 (0.6; 2 51) 45) (0.92 '?? 06) (.9969? .7998)
My Jump 2 (.99é9? ‘.1996) 0001 991 -.995 (—2.6:(”)-?03.92) (0.918-(1012 .02) (.85%8? ?91 5)
Chronojump (.99219? 6.5997) 0001 997 - .998 (0.9;? ‘;.09) (o.9$ 2 ? o1) (.9859—8 ?992)
Rho: Spearman’s Rho; p-value: Statistical significance; Lin’s r: Lin’s concordance coefficient; 95% CI: 95% Confidence Interval;
SWC: Smallest worthwhile change; ICC: Coefficient interclass correlation.
Figure 3 shows the different correlations measured from Discussion
the Passing Bablok regression model between the Wheeler Vertical jump performance is considered a viable strategy
Jump and the different assessment methods, showing almost for assessing the maximal explosive power of lower limbs
perfect positive correlations (Wheeler Jump vs My Jump in athletes under field conditions (Bosquet et al., 2009;
2 Rho =.994; Wheeler Jump vs OptoGait Rho = .997 and Gutiérrez-Davila et al., 2015; Ziv & Lidor, 2010).
Wheeler Jump vs Chronojump Rho = .996). To avoid the practical limitations involved in laboratory
From the trend observed in the obtained data, it is valid assessments, portable devices have been introduced to
to mention that the Wheeler Jump photoelectric sensor has assess jumping performance from flight time (Balsalobre-
obtained a high capacity to correctly predict the results Fernandez et al., 2015b; Copovi Lanusse, 2015); however,
that could be obtained with OptoGait, My Jump 2, and despite the widespread use of these portable devices, few
Chronojump; thus, giving it a high validity value. independent research studies have addressed the reliability
Moreover, the coefficient of variation calculated by the and validity of these tools (Balsalobre-Ferndndez et al.,
logarithmic method for the Wheeler Jump sensor in the 2015a; Lee et al., 2014; Pueo et al., 2020).
three established jumps by the assessment protocol was Therefore, the objective of this study was to
1.5% (CI 95% 1.39 — 1.80); subsequently, determining a determine the reliability and validity of the Wheeler
standard error of measurement of 1.33 cm, thus showing Jump photoelectric sensor for measuring vertical jump
excellent levels of reliability and repeatability. height derived from flight time, compared to different
Table 1 shows the values obtained in each of the scientifically validated assessment tools.
regression models applied in this study, revealing that, The results showed highly significant reliability and
with the three instruments with which the Wheeler Jump repeatability, and the correlation coefficients demonstrated
sensor was compared, the intercept and the slope of the almost perfect associations between the Wheeler Jump
prediction formula are not statistically significant (due to and the other assessment systems used in this study, thus
their confidence interval), thus suggesting that there is a confirming the working hypothesis.
low probability of systematic error and/or proportional The Passing and Bablok regression model verified that
differences. the systematic bias between the results of the different
Finally, Lin’s Concordance Index was determined to instruments was trivial. Furthermore, the lack of linear
evaluate the reproducibility and concordance between the correlation shown in the multiple comparison plots (except
sensor and the assessment methods used in this research. for the My Jump 2 app) suggests that no differences are
Considering the reference values established by Lin Li (Lin, expected between the SD of the Wheeler Jump measurements
1989), a perfect concordance with OptoGait, a substantial with the Chronojump and OptoGait, demonstrating that the
concordance with Chronojump, and a poor concordance minimal bias between the methods is constant over the range
with the My Jump 2 app were observed. of values; in this sense, the sensor concordance found from
Apunts Educacion Fisica y Deportes | www.revista-apunts.com 2022, Issue 149. 3. Quarter (July-September) 2021, pp. 37-44 42
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Lin’s index was perfect with OptoGait, substantial with
ChronoJump, and poor with My Jump 2 app.

These findings partially coincide with those reported
by Pueo et al. (2020) who determined the validation of the
Chronojump, comparing the obtained data with strength
platforms, finding strong concurrent validity and excellent
test-retest reliability; however, these same authors report the
occurrence of systematic biases between the two devices,
a situation that differs from the data reported in this paper.

The differences found between the Wheeler Jump
sensor was less than 1 cm compared to Chronojump
and OptoGait; however, the difference in relation to the
My Jump 2 mobile app was approximately 3.5 cm. This
difference may be due to the quality of the camera on mobile
devices, which makes it difficult to accurately select the
moment of takeoff during the execution of the jump or the
expertise in using the mobile application. In this sense,
previous studies that compared instruments that evaluate
jump performance through time of flight with alternative
laboratory-based methods yielded higher magnitudes of
error. Contact mats have been reported to overestimate
jump height with regard to force platforms in the range of
approximately 1.7 cm for SquatJump (SJ) (Kenny et al.,
2012), and 2.8 for CMJ (Enoksen et al., 2009). Such an
overestimation is probably due to a minimal force required
to activate the mechanical circuitry of the mats. Considering
the above, wider discrepancies have been found, as is the
case of the photocells, which have shown a large systematic
bias, varying from 14.49 to 11.08 cm for the SJ with the
force platforms despite having high values, reliability and
repeatability values (Attia et al., 2017).

Practical Applications

The data presented in this study have demonstrated that
the Wheeler Jump sensor is a reliable and valid tool for the
evaluation of the CMJ on field conditions, establishing that
the findings can be interchangeable with the OptoGait and
the Chronojump. Athletes, coaches, and researchers can
rely on the use of this technology to assess and monitor
vertical jump performance; therefore, we can conclude
that this is a reliable tool that provides practitioners and
researchers with accurate information regarding changes
in athlete’s physical performance at a fraction of the value
of alternative patented systems.
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