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counter movement jump height
measured with the Polar
Vantage V2 sports watch

Markus Gruber!*, Jussi Peltonen?, Julia Bartsch! and
Philipp Barzyk!

Human Performance Research Centre, Department of Sport Science, University of Konstanz,
Konstanz, Germany, 2Polar Electro Oy, Kempele, Finland

The purpose of the present study was to assess the validity and reliability of the
jump height measured by the Polar Vantage V2 sports watch in comparison to
a gold-standard force plate measurement. Fifteen healthy adults, seven female,
age 20-42 years participated in the study and performed six sets of three CMJs,
on two consecutive days. The participants wore the Polar Vantage V2 sports
watch (Polar Electro Oy, Kempele, Finland) whilst performing the jumps on two
force plates (AMTI, Watertown, Massachusetts, United States). Jump height was
on the one hand extracted directly from the watch (“leg recovery test”) and
on the other hand calculated by the flight time method with the force plate
data. To assess validity, we calculated the mean absolute error, constructed
Bland-Altman plots and applied an ordinary least squares regression analysis.
To test for left-to-right and day-to-day reliability, we calculated Pearson and
intraclass correlations. We found a mean error of ~5% and a high correlation
(r=0.96; p < 0.001) for the jump height measured by the Polar Vantage V2
sports watch compared to the force plate measurement. The Bland-Altmann
plot together with the ordinary least squares regression analysis showed no
systematic bias between the methods with a minimal difference at a jump
height of 30 cm. For reliability of left-to-right and day-to-day measurements,
we found high Pearson and ICC correlations and no indications for systematic
bias by Bland-Altmann analysis. The present study has demonstrated that the
“leg recovery test” of the Polar Vantage V2 sports watch provide a valid and
reliable measurement of the mean vertical jump height of three consecutive
CMJs. For the first time the jump height of a CMJ can be measured solely by
a sports watch without the need to attach additional sensors or measurement
devices. Thus, the “leg recovery test” is an easy to administer, valid and reliable
test, that can be used in future studies to measure CMJ-height in the field
when lab-based assessments are unavailable or inconvenient. This opens new
avenues for cross-sectional and longitudinal assessments of neuromuscular
power of the lower extremities in a large number of participants.

vertical jump, IMU, flight time, neuromuscular power, leg extension, performance,
fitness test
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Introduction

(CM]),
considered as the natural way for human beings to jump as

The countermovement jump which can be
high as possible without a run-up, has been extensively used
to test neuromuscular performance in humans (for review see
(1)). As jump height is a direct result of the generated impulse
during leg extension, CMJ height is not only a task-specific
measure of performance but reflects well the overall functional
status of an individual (1). This is underlined by the fact
that peak power during a CMJ is normally produced with
jumping at bodyweight and neither loading nor unloading
the body can increase peak power during the movement
substantially (2). This optimum loading principle emphasize the
functional importance of the CMJ as a test able to determine
neuromuscular performance for daily life activities, like
running, walking stairs, or simply standing up from a chair or
bed (3). In this regard, CMJs have been successfully used to
cross-sectionally assess neuromuscular performance in children
(4), young adults (5) and elderly (6) and are further expected
to be an effective type of exercise for sedentary people (7) as
well as to monitor longitudinal effects of exercise [for review
see (8)].

The gold standard to measure different outcome parameters
of CMJs is a force plate measurement. As all forces that act at
the bodies center of mass during the jump can be measured
via the ground-reaction force, the jump height can easily be
calculated from the force data. Jump height can be calculated
via the flight time (time of zero force) with the classical law
of ballistics, or it can be calculated by integration of the
measured force over time during the jump (impulse method).
Both methods have been shown to be valid (9), however,
special care should be taken when directly comparing jump
heights measured by the two distinct methods. Usually, the
initial position for participants during the test is an upright
stance with the entire foot on the ground. When jumping from
this position the center of mass displacement derived by the
impulse method is the difference of the center of mass during
flat stance and the maximum height during the jump whereas
for the flight time method the flight phase starts obviously
at take-off position with a more extended ankle joint. Thus,
jump heights that are calculated by the flight time method
are obviously lower when directly compared to the impulse
method (10).

For obvious reasons the calculation of jump height by
impulse is restricted to force plate measurements whereas flight
time can be detected by simpler measurement techniques.
Recently, sensor-technology developed rapidly and a variety
of systems have been brought to market maturity and have
also been validated scientifically (for review see (11)). In
principle two different categories of measurement methods
can be distinguished. The first category comprises devices that
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measure the contact to the ground, like contact mats (12), light-
barrier-systems (13) or video systems (14). The second category
comprises inertial measurement units (IMUs) which are usually
composed of accelerometers to detect linear acceleration and
gyroscopes to measure rotational rate (see Table 4). Whereas
in the first category the contact of the feet to the ground
is measured with a device that is placed stationary outside
the moving body (contact mat, light-barrier-system, camera),
IMUs are attached to the body to capture the jump directly.
In this regard IMUs provide the most feasible way to measure
jump height outside the lab and in a large number of people.
This is of utmost importance to obtain benefit from the
CM]J-test in population studies and in broadly disseminating
the test for the assessment of neuromuscular performance by
practitioners (15).

The advantage of the measuring device being attached
to the participants’ body comes with the disadvantage that
the attachment site of the IMU has to be chosen carefully.
To the best of our knowledge only IMUs attached to the
foot or upper/lower back (see Table4) have been validated
so far. The reported biases, random errors and correlations
with jump heights calculated via force plate data in these
studies (14, 16-20) show that IMUs in principle can be used
to measure the jump height during a CM]J. Recently, Polar©
integrated the “leg recovery test” into their Vantage V2 sports
watch. The test consists of three CMJs and jump height is
measured by an IMU, that is located inside the watch. To
our knowledge, for the first time the jump height can be
measured by a sports watch without the need to attach an
additional sensor to the body. Thus, the test is technically and
economically feasible to be used in a large population outside
the lab in a real-world environment. The purpose of the present
study was to assess the validity and reliability of the jump
height measured by the Polar Vantage V2 sports watch in
healthy adults.

Methods

Participants

Fifteen healthy adults (8 men and 7 women) aged 20 to
42 years (M = 26.4, £5.6 years) took part in the study at the
Human Performance Research Centre (HPRC) of the University
of Konstanz. The study protocol was in accordance with the
Declaration of Helsinki for human experimentation and the
ethics standards of the University of Konstanz. The subjects
were informed of the experimental risks and data processing
procedures and signed an informed consent document prior
to participation. Participants with acute severe injuries or
with an injury in the last 6 months were excluded from the
study (21).
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Study design

The participants performed two test sessions on subsequent
days. On both days they first performed a standardized warm-up
consisting of 20 jumping jacks, 10 squats and 10 sub-maximal
CMJs. Afterwards, they performed three sets of three CMJs
on two force plates (AMTI OR-6, Watertown, Massachusetts,
United States), while wearing the Polar Vantage V2 sports watch
(Polar Electro Oy, Kempele, Finland) and recording the “leg
recovery test” which is integrated in the sports watch. Each
set was separated by a 3-mins rest period and the rest period
between individual jumps was 1 min. One set was performed
with the Polar Vantage V2 at the right wrist, one set with
the watch at the left wrist and one set with both watches
simultaneously worn at the left and the right wrist. We used two
different watches for the measurements, one watch was defined
in the settings as a watch for the left wrist and another one was
defined as a watch for the right wrist. The following day, the
same watches were used for the same sides. In between subjects
the order of sets was randomized.

The Polar Vantage V2 sports watch calculated the flight time
of the CM]J by identifying the time between the take-off and
landing by means of analysing the IMU data and then converting
it to a jump height using the equation below where h is the jump
height in meters, t is the flight time of the jump in seconds and g
(9.81 ms™2) is the gravitational acceleration (22).

The same equation was used to calculate jump heights
from the force plate data using an in-house written MATLAB
(Version R2022a, The MathWorks, Inc., Natick, Massachusetts,
United States) script.

In addition, we calculated jump height with the impulse
method using an in-house written MATLAB script. We
calculated the impulse (J) as the integral of the force (F) over the
time interval from standing still on the force plate (t1) to take
off (t2) which includes the whole countermovement (downward
and upward phases of the jump). We used the trapezoidal rule
for approximating the definite integral.

12
] =/ Fdt
t1

Then, we calculated the take-off velocity (v) using the
following formula, with m being the participant’s mass:

m
v=—
J
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We calculated the jump height (h) with the following formula
with v as the take-off velocity and g (9.81 ms-2) the
gravitational acceleration.

h= 2
2
We included this analysis as supplementary data

(Supplementary Figure A, Table A).

Material

Sports watch

The Polar Vantage V2 sports watch (Polar Electro Oy,
Kempele, Finland) integrates the measurement of jump height
within the “leg recovery test.” The sports watch is worn at the
wrist and uses the data of IMUs that are placed inside the watch
to calculate the jump height of a CM]J. We used the instructions
given by Polar: a) to prepare for the jump by placing hands firmly
on hips and standing straight, b) to squat quickly and jump as
high as possible by supplying power equally from both legs, ¢)
not to bend the knees in the air before touchdown, d) to bend
the knees after touchdown to allow smooth landing, e) to keep
hands on hips throughout the entire movement (23). The watch
displays the jump height for each individual jump in cm and
the mean of the three jumps in cm without decimal places. We
extracted the mean of the three jumps (one set) from the watch
and used it for further analysis.

Force plate

The force plates (AMTI OR-6, Advanced Mechanical
Technology Inc., Waterton, Massachusetts, United States)
recorded the data at a sampling frequency of 1,000 Hz and
were used to measure the flight time of the CM]Js at the same
time as they were recorded on the Polar Vantage V2 sports
watch. They were connected to a computer equipped with the
analysis software Vicon Nexus 2.10 (Vicon Motion Systems Ltd.,
Yarnton, United Kingdom). We defined the flight time between
take-off and landing as the time during which the force was equal
or <30 N. This time was then taken to calculate the jump height
using the equation as described above (22).

In addition, we calculated the impulse and derived the
jump height with the impulse method (see Bland-Altman Plots
Supplementary Figure A, Table A).

Statistical analysis

We processed and analyzed all data with Excel (Version
16.53), MATLAB (Version R2022a) and JASP (Version 0.14.1)
and calculated mean values, standard deviation (SD) as well as
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the coefficient of variation, as the ratio of the standard deviation
(SD) to the mean, for all variables.

We calculated the mean absolute error (MAE) and the mean
absolute percentage error (MAPE) with the following formulas,
where yi is the jump height [ cm] calculated by the force plate
data, xi is the jump height [ cm] calculated by the Polar Vantage

TABLE 1 Descriptive statistics and comparison between the
CMJ-height measured by the Polar Vantage V2 sports watch and
calculated via the flight time method from the force plate data.

Polar Vantage V2  Force plate
Mean [cm] 29.93 30.24
Standard deviation [cm] 6.28 6.79
Ccv 0.21 0.22

Pearson’s r[95% CI] 0.96*** [0.94,0.97]

Mean absolute error [cm] 1.54

Mean absolute percentage error [%] 5.19

Level of significance: ***p < 0.001.

10.3389/fspor.2022.1013360

V2 and n is the total number of measurements:

L2
MAE = ;* Z |y1-—x,-|

i=1

100% Vi — Xi

Vi

oy

i=1

MAPE =

In addition, constructed  Bland-Altman plots,
to provide a representation of the agreement between
the two methods (24)
(OLS)  regression

systematic bias.

we

and applied an ordinary least

squares analysis to identify any

To test for reliability, we followed the recommendations
of (25). We used Pearson’s and intraclass correlation (ICC)
to analyse left-to-right (jump height measured with the
watch at the right wrist vs. jump height measured with
the watch at the left wrist) and day-to-day reliability
(jump heights measured during day 1 vs. jump heights
R

measured during day 2). We considered Pearson’s

A

Polar Vantage V2 vs. Force Plate

Left Wrist vs. Right Wrist

Day 1 vs. Day 2

T T T T T T T T T

Difference [cm]

T T T T T T T T T

'

1 1 1 1 1 1 1 1 1

50
Jump Height [cm]

FIGURE 1

the flight time method from the force plate measurements.

Jump Height [cm]

Bland-Altmann plots for (A) the difference of the jump height measured by the Polar Vantage V2 sports watch compared to the force plate
measurement (jump height measured by force plate data—jump height measured by the Polar Vantage V2). (B) The left-right difference in
CMJ-height when wearing one watch on the left and another watch on the right hand simultaneously (jump height measured by the Polar
Vantage V2 on the left wrist — jump height measured by the Polar Vantage V2 on the right wrist) and (C) the day-to-day difference in
CMJ-height (jump height measured by the Polar Vantage V2 on day 2 — jump height measured by the Polar Vantage V2 on day 1). The OLS
regression lines are indicated as solid red lines with the 95% confidence intervals indicated as red dotted lines. The limits of agreement are
marked as dashed black lines and given in numbers on the right side of the three plots together with the bias (mean of the differences) marked
as solid black line. Same colored dots represent the mean of three jumps of one participant. Values are plotted over the CMJ-height derived via

50 25 30 35 40 45 50

Jump Height [cm]
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scores of r > 0.8 (26) and ICC scores > 0.75 as high
correlations (27).

Results

The mean jump heights measured by the Polar Vantage
2 sports watch and the AMTI force plates were 29.93 cm (&
6.28cm) and 30.24cm (£ 6.79 cm) respectively (Table 1). We
were able to show a high correlation (r = 0.96; p < 0.001)
between both methods and found a mean absolute percentage
error of 5.19% for the jump height measured by the Polar
Vantage V2 sports watch compared to the jump heights
calculated by the force plate measurement. Figure 1A shows
the comparison between the jump heights measured with the
Polar Vantage V2 sports watch and the jump height measured
with the force plates. In total, bias was 0.31 cm (higher jump
height measured by the Polar Vantage V2). Please note that
the slope of the regression line differed significantly from
zero [Fgg) = 6.53; p = 0.01 with an R* = 0.06] with the
intersection point at 30cm jump height, indicating that the
difference between the jump heights derived from the force
plate data and jump heights measured by the Polar Vantage
V2 increase with jump heights that are lower or higher than
30 cm.

Results for the left-right reliability as well as for the
test-retest (day-to-day) reliability are shown in Tables 2, 3.
For the reliability analysis we only refer to jump heights
measured by the Polar Vantage 2 sports watch. We found a
high correlation between the jump heights measured while
wearing the watch at the left wrist compared to wearing the
watch at the right wrist respectively (r = 0.92, p < 0.001;
ICC = 0.96, p < 0.001). For the day-to-day correlations,
0.91, p <0.001; ICC = 0.79, p
< 0.001) between the jump heights that were measured on

we found high scores (r =

consecutive days. In addition the regression analysis (Bland-
Altmann Plots) showed no bias for either the left-to-right
[F(30) = 0.02; p = 0.90; R*> < 0.001; Figure 1B] nor the
day-to-day reliability [F(gp) = 0.03; p = 0.88; R* < 0.001;
Figure 1C].

Discussion

The most important result of the present study is a rather
small bias of 0.31cm and mean absolute percentage error of
5.19% together with high correlations between CM]J-heights
measured by the Polar Vantage V2 sports watch compared to
the CM]J-heights measured via the force plates (see Figure 1A;
Table 1). Error and bias are in the same range (17, 18, 20) or
even lower (16, 19) compared to other studies that evaluated
various IMU measurements against force plate derived CM]J-
heights. Besides similarities in outcome, the biggest difference
between the Polar Vantage V2 and the other devices, however,
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TABLE 2 Descriptive statistics and correlations of the left-right
comparison between the CMJ-height measured by one Polar Vantage
V2 sports watch attached to the right wrist and another one
simultaneously attached to the left wrist.

Right wrist Left wrist
Mean [ cm] 29.57 29.20
Standard Deviation [ cm] 6.18 6.12
CvV 0.21 0.21

Pearson’s r [95% CI] 0.92*%* [0.84,0.96]

ICC [95% CI] 0.96** [0.92,0.98]

Level of significance: ***p < 0.001.

TABLE 3 Descriptive statistics and correlations of the day-to-day
comparison between the CMJ-height measured by Polar Vantage V2
sports watch on two consecutive days.

Day1 Day 2
Mean [cm] 29.56 30.03
Standard deviation [cm] 6.31 6.25
CvV 0.21 0.21

Pearson’s r [95% CI] 0.91%** [0.85,0.95]

ICC [95% CI] 0.79** [0.73,0.84]

Level of significance: ***p < 0.001.

is the sensor placement (see Table 4). Whereas the IMU of the
Polar Vantage V2 is located inside the sports watch itself, the
IMUs of the other devices need to be attached to the body,
usually foot or trunk. This comes with the big advantage that
the test application is much simpler when using the Polar
Vantage V2, but it comes with the disadvantage that you need
to keep hands strictly attached to the hips during the CMJ.
This difference has great implications for the potential field of
application. Thinking of the assessment of jump heights during
daily activities and sports, like e.g., the measurement of jump
heights during a soccer game, the Polar Vantage V2 sports watch
is inappropriate in its present condition. The preferred area
of application of the Polar Vantage V2 can clearly be seen in
the assessment of CM]J-heights in a broad population where
the tests have to be conducted outside a laboratory with only
minor or no involvement of experts and on a regular base. In
this regard testing CMJ-height with the Polar Vantage V2 sports
watch can be an appropriate measure to increase sample size
in studies that aim to test neuromuscular performance cross-
sectionally over the life-span (4-6) or longitudinally to test
training interventions (7, 8). Recently, Dijkstra et al. (15) defined
the term e-Sport-and-Exercise-Medicine (eSEM) as “the practice
of SEM in athlete and public health contexts supported by
electronic processes and communication.” Within this context
a simple test like the CM]J can gain further importance for the
assessment of neuromuscular performance (5, 28), which has
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TABLE 4 Overview on studies that validated the measurement of CMJ-height by an IMU-device against CMJ-height calculated from force plate data.

Study

Garnacho-Castaino

etal. (17)
Choukou et al. (16)

Rantalainen et al.
(19)
Pino-Ortega et al.
(18)

IMU type

Polar stride sensor
(tri-axial accelerometer,
sampling rate 100 Hz)
Accelerometer (Myotest,
sampling rate 500 Hz)
Accelerometer (sampling
rate 100 Hz)

WIMU (Realtrack,
sampling rate 1,000 Hz)

Placement

Sport shoe

Middle of the lower back
Back mid-line between
scapulae at T1-T5 level

Lower back on a belt

Middle of the lower back

Correlation jump
height IMU vs.
Force plate (ICC
or Pearson’s r)

ICC 0.97 (0.94-0.98 95%
cn

ICC 0.79-0.86 (95% CI)
ICC 0.959 (95% CI)
ICC 0.97 (0.96-0.98 95%

CI)

Pearson’s r 0.96

Error jump height
IMU vs. Force plate
(Random error, Bias)

Bias—0.45 cm,

Random error 1.85 cm
Bias 3.6 cm, random error
13.1cm

Bias 4.3 cm

Bias 0.29%

Bias 1.96 cm

Setuain et al. (20) 1U (MTx, Xsens
Technologies, sampling

rate 100 Hz)

been shown to act as a risk factor for frailty and other age related
diseases (29, 30).

In line with previous studies that looked at comparing
new non-IMU based measurement methods for jump height
acquisition with force plate measurements, like the MyJump-
App (14, 31) or the G-Flight micro-laser system (32), the
results of the present study showed a slight overestimation
of mean jump height at jump heights >30cm but also an
underestimation of jump heights below a jump height of 30 cm.
Thus, the algorithm used to calculate the jump heights with
the IMU data of the Polar sports watch shows its optimal
performance at a jump height of 30 cm. It can be speculated
that this is a result of the optimisation of the algorithm
that is integrated in the Polar Vantage V2 at mean jump
heights of an average study population, like the participants
of the present study with an average jump height of 30 cm
(Table 1). We were not able to find similar studies investigating
jump height using wearables compared to force plates, that
showed the same behavior. However, studies comparing jump-
mats and motion capture systems showed similarly large
differences between the methods at jump heights >0.30cm
(9, 33).

It has to be noted that the jump heights calculated
via the flight time significantly differ from the jump
height calculated based on the impulse derived from the
measurement of the ground reaction force during the jump (see
Supplementary material). The mean jump height calculated via
the impulse method was 36.52 cm and thus 6.28 cm higher than
the jump height calculated via the flight time method based on
the force plate data and 6.59 cm higher than the jump height
calculated by the Polar Vantage V2 sports watch (see Table 2;
Supplementary material). This can be explained by a different
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(0.89-0.99, p > 0.001)

definition of jump height between the methods and is well in
line with the literature (10).

In a second part of the study, we checked the left-to-
right and the day-to-day reliability of the CM]J-height measured
by the Polar Vantage V2 sports watch. A low bias and high
correlations (see Figure 1B; Table 2) between the jump heights
of the simultaneous measurement of two watches, one at the left
and one at the right wrist, indicated no systematic difference.
Thus, the watch can be worn at either side without violating
the measurement of CMJ-height. We obtained similar results,
low bias and high correlations, also for the day-to-day reliability
(see Figure 1C; Table 3). The day-to-day reliability provides
the necessary precondition that can make the Polar Vantage
V2 sports watch a valuable tool for longitudinal studies and
a potential candidate within an eSEM strategy that aims to
incorporate an outcome of neuromuscular performance.

The present study has several limitations, that should be
considered. First and foremost, only fifteen participants took
part in our study. Each of the participants performed six sets
of three jumps each, resulting in six data points per participant
(see Figure 1A). For the analyses we took the six means, which
are not independent measures, into calculation, harbouring the
risk to overvalue the correlations. Second, it has to be noted
that the limits of agreement (see FigurelA) are still—3.48 cm and
+4.11 cm respectively, meaning that the jump height for one
person can differ by quite a large margin. We therefore argue
that although the results may be valid for the mean of a large
population, the results from an individual participant should
be carefully considered. Third, we only tested healthy adults. A
simple generalization of the results to groups of all age (children
and seniors) and performance level (athletes) can therefore not
be done easily.
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Conclusion

The “leg recovery test” of the Polar Vantage V2 sports
watch can be used as a valid and reliable tool to assess the
mean jump height of three successive CMJs. Without the
need to attach any additional sensor to the body and given a
good reliability over time and between sides, the sports watch
provides an easy-to-perform test procedure that can be used
to measure CM]J-height within a significant number of people.
We suggest taking advantage of this technology to collect jump
data from participants without the need for laboratory-based
measurements thus enabling large-scale studies to be conducted
at comparatively low costs.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. The patients/participants
provided their written informed consent to participate in

this study.

Author contributions

MG devised the project, designed the study, contributed
to data analysis, and drafted the manuscript. JP contributed
to the design of the study, helped with the data analysis, and
reviewed the manuscript. JB helped with the experiments and
data analysis and reviewed the manuscript. PB carried out the
experiments, performed the computations and data analysis,
and drafted parts of the manuscript. All authors contributed
substantially to the article and approved the submitted version.

References

1. Claudino JG, Cronin J, Mezéncio B, M cmaster DT, McGuigan M, Tricoli
V, et al. The countermovement jump to monitor neuromuscular status: a meta-
analysis. Jama. (2017) 20:397-402. doi: 10.1016/j.jsams.2016.08.011

2. Jaric S, Markovic G. Body mass maximizes power output in human jumping:
a strength-independent optimum loading behavior. Eur J Appl Physiol. (2013)
113:2913-23. doi: 10.1007/s00421-013-2707-7

3. Busche, P., Rawer, R, Rakhimi, N., Lang, I, and Martin, D. D. (2013).
Mechanography in childhood: references for force and power in counter
movement jumps and chair rising tests. ] Musculoskelet Neuron Interact 13:213-
26. doi: 10.1017/CB0O9781139026697.008

Frontiersin Sports and Active Living

07

10.3389/fspor.2022.1013360

Funding

The Polar Vantage V2 sport watches were provided by Polar
free of charge for the measurements of the study.

Acknowledgments

We want to thank Jer6me Portmann and Mohammad
Abdel-Rahman for their help during subject recruitment
and data acquisition and Wanja Wolff for his advice
on statistics.

Conflict of interest

JP is employed as Senior Researcher at Polar Electro
Oy, Kempele.

The remaining authors declare that the research was
conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict
of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fspor.2022.1013360/full#supplementary-material

4. Fernandez-Santos JR, Ruiz JR, Cohen DD, Gonzalez-Montesinos
JL, Castro-Pifiero J. Reliability and validity of tests to assess lower-
body muscular power in children. ] Strength Condition Res. (2015)
29:2277-85. doi: 10.1519/JSC.0000000000000864

5. Markovic G, Dizdar D, Jukic I, Cardinale M. Reliability and Factorial
Validity of Squat and Countermovem... J Strength Condition Res. (2004) 22:156.
doi: 10.1519/1533-4287(2004)18<551:RAFV0S>2.0.CO;2

6. Buehring B, Krueger D, Fidler E, Gangnon R, Heiderscheit B, Binkley N.
Reproducibility of jumping mechanography and traditional measures of physical
and muscle function in older adults. Osteoporosis Int J Establ Res Cooperat betw

frontiersin.org


https://doi.org/10.3389/fspor.2022.1013360
https://www.frontiersin.org/articles/10.3389/fspor.2022.1013360/full#supplementary-material
https://doi.org/10.1016/j.jsams.2016.08.011
https://doi.org/10.1007/s00421-013-2707-7
https://doi.org/10.1017/CBO9781139026697.008
https://doi.org/10.1519/JSC.0000000000000864
https://doi.org/10.1519/1533-4287(2004)18<551:RAFVOS>2.0.CO;2
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org

Gruber et al.

Eur Foundation for Osteoporosis and the National Osteoporosis Foundation of the
USA. (2015) 26:819-25. doi: 10.1007/s00198-014-2983-z

7. Kramer A, Kimmel J, Gollhofer A, Armbrecht G, Ritzmann R, Belavy
D, et al. Plyometrics can preserve peak power during 2 months of physical
inactivity: An RCT including a one-year follow-up. Front Physiol. (2018) 9:1-
11. doi: 10.3389/fphys.2018.00633

8. Ramirez-delaCruz, M., Bravo-Sanchez, A., Esteban-Garcia, P,
Jiménez, F., and Abidn-Vicén, J. (2022). Effects of plyometric training on
lower body muscle architecture, tendon structure, stiffness and physical
performance: a systematic review and meta-analysis. Sports Med Open. (2022)
8:1-29. doi: 10.1186/540798-022-00431-0

9. Dias JA, Pupo JD, Reis DC, Borges L, Santos SG, Moro ARP, et al. Validity
of two methods for estimation of vertical jump height. J Strength Condition Res.
(2011) 25:2034-9. doi: 10.1519/JSC.0b013e3181e73f6e

10. Wade L, Lichtwark GA, Farris DJ. Comparisons of laboratory-based methods
to calculate jump height and improvements to the field-based flight-time method.
Scand ] Med Sci Sports. (2020) 30:31-7. doi: 10.1111/sms.13556

11. Conceigao F, Lewis M, Lopes H, Fonseca EMM. An evaluation of the accuracy
and precision of jump height measurements using different technologies and
analytical methods. Appl Sci. (2022) 12:511. doi: 10.3390/app12010511

12. Loturco I, Pereira LA, Kobal R, Kitamura K, Cal Abad CC, Marques G,
et al. Validity and usability of a new system for measuring and monitoring
variations in vertical jump performance. J Strength Condition Res. (2017) 31:2579-
85. doi: 10.1519/JSC.0000000000002086

13. Glatthorn JE Gouge S, Nussbaumer S, Stauffacher S, Impellizzeri FM,
Maffiuletti NA. Validity and reliability of Optojump photoelectric cells for
estimating vertical jump height. J Strength Condition Res. (2011) 25:556-
60. doi: 10.1519/JSC.0b013e3181ccb18d

14. Balsalobre-Fernandez C, Glaister M, Lockey RA. The validity and reliability
of an iPhone app for measuring vertical jump performance. Jama. (2015) 33:1574-
9. doi: 10.1080/02640414.2014.996184

15. Dijkstra P, Ergen E, Holtzhausen L, Beasley I, Alonso JM, Geertsema L, et al.
Remote assessment in sport and exercise medicine (SEM): a narrative review and
teleSEM solutions for and beyond the COVID-19 pandemic. Br ] Sports Med.
(2020) 54:1162-7. doi: 10.1136/bjsports-2020-102650

16. Choukou MA, Laffaye G, Taiar R. Reliability and validity of an accele-
rometric system for assessing vertical jumping performance. Biol Sport. (2014)
31:55-62. doi: 10.5604/20831862.1086733

17. Garnacho-Castano MV, Faundez-Zanuy M, Serra-Paya N, Maté-Muinoz
JL, Lopez-Xarbau J, Vila-Blanch M. Reliability and validity of the polar V800
sports watch for estimating vertical jump height. J Sports Sci Med. (2021)
20:149. doi: 10.52082/jssm.2021.149

18. Pino-Ortega J, Garcia-Rubio ], Ibanez SJ. Validity and reliability of the
WIMU inertial device for the assessment of the vertical jump. Peer]. (2018)
6:4. doi: 10.7717/peerj.4709

19. Rantalainen T, Gastin PB, Spangler R, Wundersitz D. Concurrent validity
and reliability of torso-worn inertial measurement unit for jump power and height
estimation. J Sports Sci. (2018) 36:1937-42. doi: 10.1080/02640414.2018.1426974

Frontiers in Sports and Active Living

08

10.3389/fspor.2022.1013360

20. Setuain I, Martinikorena J, Gonzalez-Izal M, Martinez-Ramirez
A, Goémez M, Alfaro-Adridn J, et al. Vertical jumping biomechanical

evaluation through the wuse of an inertial sensor-based technology.
J  Sports  Sci. (2016)  34:843-51.  doi: 10.1080/02640414.2015.10
75057

21. Micheo W, Sinchez LA. Rehabilitation in Musculoskeletal
and Sports Injuries in Older Adults. Geriatric  Rehabil. (2018)
18:161-8. doi: 10.1016/B978-0-323-54454-2.00012-1

22.  Moir GL.  Three  different methods of  calculating
vertical jump height from force platform data in men and
women. Jama. (2008) 12:207-18. doi: 10.1080/109136708023
49766

23. Polar Electro Oy. (2020). Leg recovery test white paper. Available
online at: https://www.polar.com/sites/default/files/static/science/white- papers/
polar-leg-recovery- test-white- paper.pdf (accessed September 12, 2021).

24. Bland M]J, Altman DG. Statistical methods for assessing
agreement  between  two  methods  of  clinical = measurement.
Lancet. (1986) 327:307-10. doi: 10.1016/S0140-6736(86)9
0837-8

25. Atkinson G, Nevill AM. Statistical methods for assessing measurement
error (reliability) in variables relevant to sports medicine. Sports Med. (1998)
26:217-38. doi: 10.2165/00007256-199826040-00002

26. Cohen J. Statistical Power Analysis for the Behavioral Sciences Second Edition.
London: Lawrence Erlbaum Associates (1988).

27. Koo TK, Li MY. A Guideline of selecting and reporting intraclass
correlation coefficients for reliability research. J Chiropr Med. (2016) 15:155-63.
doi: 10.1016/.jcm.2016.02.012

28. Schons P, Fischer G, da Rosa RG, Berriel GP, Peyré-Tartaruga LA.
Correlations between the strength of knee extensor and flexor muscles and
jump performance in volleyball players: a review. J Physic Educ. (2018) 29:1.
doi: 10.4025/jphyseduc.v29i1.2926

29. Powers SK, Lynch GS, Murphy KT, Reid MB, Zijdewind I. Disease-induced
skeletal muscle atrophy and fatigue. Med Sci Sports Exerc. (2016) 48:2307-
19. doi: 10.1249/MSS.0000000000000975

30. Strollo SE, Caserotti P, Ward RE, Glynn NW, Goodpaster BH, Strotmeyer ES.
A review of the relationship between leg power and selected chronic disease in older
adults. ] Nutri Health Aging. (2015) 19:240-8. doi: 10.1007/s12603-014-0528-y

31. Wee JE, Lum D, Lee M, Roman Q, Ee I, Suppiah HT. Validity and reliability of
portable gym devices Validity and reliability of portable gym devices and an iPhone
app to measure vertical jump performance. (2018).

32. Watkins CM, Maunder E, van den Tillaar R, Oranchuk D].
Concurrent validity and reliability of three ultra-portable vertical jump
assessment technologies. Semsors.  (2020) 20:7240. doi: 10.3390/s2024
7240

33. Pueo B, Lipinska P, Jiménez-Olmedo JM, Zmijewski P, Hopkins WG.
Accuracy of jump-mat systems for measuring jump height. Int J Sports Physiol
Perform. (2017) 12:959-63. doi: 10.1123/ijspp.2016-0511

frontiersin.org


https://doi.org/10.3389/fspor.2022.1013360
https://doi.org/10.1007/s00198-014-2983-z
https://doi.org/10.3389/fphys.2018.00633
https://doi.org/10.1186/s40798-022-00431-0
https://doi.org/10.1519/JSC.0b013e3181e73f6e
https://doi.org/10.1111/sms.13556
https://doi.org/10.3390/app12010511
https://doi.org/10.1519/JSC.0000000000002086
https://doi.org/10.1519/JSC.0b013e3181ccb18d
https://doi.org/10.1080/02640414.2014.996184
https://doi.org/10.1136/bjsports-2020-102650
https://doi.org/10.5604/20831862.1086733
https://doi.org/10.52082/jssm.2021.149
https://doi.org/10.7717/peerj.4709
https://doi.org/10.1080/02640414.2018.1426974
https://doi.org/10.1080/02640414.2015.1075057
https://doi.org/10.1016/B978-0-323-54454-2.00012-1
https://doi.org/10.1080/10913670802349766
https://www.polar.com/sites/default/files/static/science/white-papers/polar-leg-recovery-test-white-paper.pdf
https://www.polar.com/sites/default/files/static/science/white-papers/polar-leg-recovery-test-white-paper.pdf
https://doi.org/10.1016/S0140-6736(86)90837-8
https://doi.org/10.2165/00007256-199826040-00002
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.4025/jphyseduc.v29i1.2926
https://doi.org/10.1249/MSS.0000000000000975
https://doi.org/10.1007/s12603-014-0528-y
https://doi.org/10.3390/s20247240
https://doi.org/10.1123/ijspp.2016-0511
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org

	The validity and reliability of counter movement jump height measured with the Polar Vantage V2 sports watch
	Introduction
	Methods
	Participants
	Study design
	Material
	Sports watch
	Force plate
	Statistical analysis


	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


