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Abstract

The assessment of force, velocity, and power is useful in order to develop an
athlete’s sports performance and avoid any possible injuries. The aim of this study is
to assess concurrent validity by using Polar Verity Sense with Motion X-Ray technology in
order to measure velocity, force, and power in bench press exercises and compare them
with the golden standard (i.e., Qualisys 3D kinematics). This pilot study focused on three
male recreational lifters aged 28, with between five and ten years of experience, and a
1RM bench press of 100kg. The procedure lasted for two days. On the first day, 1 RM was
assessed on a Smith machine. After seven days, the participants performed two sets of
seven bench press repetitions with a 50kg bar on the same machine. The first set was a
trial, and the second was analysed. The collected data was analysed using the Polar Verity
sensor with Motion X-Ray technology, and 3D kinematic analysis with Qualysis. There
were no significant statistical differences between these two systems (p < 0.05), while
Pearson correlation showed a high and significant correlation between them (r > 0.692
< 0.999; p < 0.05). This research sets the basis of a new measurement process, which
will be easier and more affordable. Future research could focus on bigger research
samples, different types of exercise, and faster movements.
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KOHKYPEHTHA BAJIMJAHOCT MOTION X-RAY
TEXHOJIOI'MJE KOJA KOPUCTU POLAR VERITY
SENSE 3A TIPOLEHY BP3UHE, CUJIE U CHATE —
MMUJIOT CTYANJA

Arncrpakr

IIponena cune, Op3uHe U CHare je KOPMCHA Kako OW ce pa3Buile pa3iIu4uTe CIO-
COOHOCTH CHOPTHUCTE U U30erie NOoTeHIjaaHe nospeae. L{us oBe cTyamje je Aa mpo-
LeHH KOHKYPEHTHY BanuaHocT kopumihiesem Polar Verity Sense censopa ca Motion
X-Ray TexHonormjom xako 61 ce Op3uHA, CHIAa U CHara y Be)KOM paBHOT ITOTHCKa ca
IPyAH MPOLICHUIIE U yropeauie ca 3natHumM cranaapaom (Qualisys 3D cucrema). Oa
IUJIOT CTynUja 00aBJbEeHA je Ha Y30pKy TPU MYyIIKa peKpeaTHBHA BekOada cTapocTh
28 roauHa, ca m3Mel)y meT M meceT roAnMHa MCKYCTBAa M MAaKCHMAITHUM ITOTHCKOM Ha
xrymu (1PM) ox 100 kr. IToctynak Tectupama je Tpajao aBa mana. [Ipsor mana, 1PM
je mponewer Ha CMuT MammHU. [locne cexam naHa, yHECHUIU Cy M3BEJH JIBE CEPHje
0/l ceZlaM MOHaBJbara PABHOT MOTUCKA ca rpyau ca 50 kr Ha ncroj MaumHu. IpBa ce-
pHja je Omia mpoOHa, TOK je apyra KopuinheHa 3a Jajbe aHaIW3e. 3a aHalIu3e Cy KO-
pumhienn Polar Verity Sense censopu ca Motion X-Ray texnonorujom u 31 Kuaema-
THuka aHamusa ca Qualisys cucremom. Pesynratu ¢y mokasaiu Ja HUje OWIO 3HAYAj-
HUX CTaTHCTHYKUX pasnuka uaMmely oa jaBa cuctema (P < 0,05), nok je [Tupconosa
KopeJnanuja mokasajia BHCOKY M 3HauyajHy Kopenamnujy msmehy mux (p > 0,692 <
0,999; p < 0,05). OBo HcTpakUBaEkE MOCTaBJha OCHOBY 3a HOBH MPOIIEC MEPCHha, KOjH
he Outn jedTunuju u nakmm. bynyha nctpaxkuBama 6u Moria 1a Kopucre Behe yzop-
K€ HCITUTaHUKA, Pa3IMYNTe BPCTE BEKOH, Kao M OpiKe MOKpETe.

Kibyune peun: npeHocusH ypehaju, eBaiyaryja, paBHM MOTHCAK ca TPy/H, KHHETHKA,
KHHEMAaTHKA.

INTRODUCTION

The ability to generate optimal levels of velocity, force and power
is essential for sports performance. It is well-known that improvements in
these mechanical components play a significant role in achieving success
across a wide range of sports (Baiget, Colomar, & Corbi, 2021; Cormie,
McGuigan, & Newton, 2011; Nikolaidis, Fragkiadiakis, Papadopoulos, &
Karydis, 2011).

Velocity (V) is defined as the rate of change in the position of an
object or a person over time (Schmidt & Lee, 2019). This component is
an important determinant of an athlete’s ability to move quickly and effi-
ciently. It is often considered a critical component in explosive sports,
such as sprinting and jumping (Morin & Samozino, 2016). Similarly, in
sports like tennis or baseball, this component indirectly impacts perfor-
mance by contributing to greater racket or bat speeds through generated
kinetic chain velocity (Elliott, 2006).

Another important mechanical component that is closely related to
velocity is force (F). As defined by Newton’s Second Law, force is the
product of mass and acceleration (Newton, 1999). As this component en-
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ables an individual to overcome external resistance, generate movement,
and change directions, it is crucial in many sports, for example in weight-
lifting (Stone et al., 2005), wrestling (Chaabene et al., 2017; Chaabene et
al., 2019), rugby (Cronin & Hansen, 2005;), ice hockey (Hoff, Kemi &
Helgerud, 2005), and rowing (Cerne et al., 2013).

Skeletal muscle power (P) is the result of force and velocity (Reid
& Fielding, 2011), and it plays a remarkable role in sport activities that
require a great amount of force generated in a short amount of time. This
component has often been considered a good predictor of success in
jumping disciplines (Cronin & Sleivert, 2005), kickboxing (Nikolaidis,
Fragkiadiakis, Papadopoulos, & Karydis, 2011), tennis (Baiget, Colomar,
& Corbi, 2021), and many team sports, such as soccer and volleyball
(Bangsbo, 1994; Giatsis, 2001; Kinstlinger et al., 1987).

As these mechanical components are closely interconnected, an in-
dividualised approach to programming is necessary to achieve optimal
levels specific to the athlete’s capabilities and the requirements of their
sport. With that in mind, accurate measurements of velocity, force and
power are essential for the effective programming, tracking and optimisa-
tion of sports performance. When measuring these components, it is im-
portant to ensure their precision in order to avoid inefficient training loads
and potential injuries (Suchomel et al., 2017; Weakley et al., 2021). There
are various instruments that can be used to accurately measure these pa-
rameters during exercise. For example, force platforms are considered the
gold standard in directly measuring ground reaction force (GRF), which
is generated during a specific movement, and indirectly quantifying pow-
er and velocity output. However, these platforms have a limited meas-
urement area, and are typically used to measure forces in the vertical di-
rection (Hansen et al., 2011; Whittle, 2007). With that in mind, they are usu-
ally paired with other instruments such as 3D motion-capture cameras, line-
ar position transducers, and linear encoders to obtain a more comprehensive
understanding of kinetic and kinematic parameters (Hansen et al., 2011;
Spudi¢ et al., 2021; van den Tillaar & Ettema, 2013). While these instru-
ments provide valid and reliable data, they are usually expensive, complex
and primarily used in laboratory settings. As a result, their practical applica-
tions are very limited (Crewther et al., 2011; Cronin et al., 2004).

With advancements in technology, portable and wearable velocity-
based devices have emerged as a more accessible alternative for everyday
use (Fritschi, 2021). These devices are usually connected to mobile apps
and implement different technologies, including linear position transduc-
ers (ex. GymAware PowerTool and Tendo Unit), linear encoders (ex. VI-
TRUVE), and movement or inertial sensors (ex. PUSH Band and Beast
Sensor) to track various parameters during exercise. Although most of
these devices show good reliability and validity in tracking velocity,
force, or power, the issue of cost-effectiveness still remains in question
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(Chéry & Ruf, 2019; Garnacho-Castafio et al., 2015; Kilgallon et al.,
2022; Lake et al., 2018; van den Tillaar & Ball, 2019).

Polar Verity Sense (Polar Electro Ltd., Kempele, Finland) was re-
cently introduced as a significantly less expensive option for both recrea-
tional and professional use. Furthermore, Polar sensors are open to con-
necting to other devices (e.g., smart watches, smartphone apps), or to be-
ing analysed by other systems (e.g., Motion X-Rays, Movella), making
them rather a useful tool (Merrigan et al., 2022). This lightweight, weara-
ble device includes an optical heart rate sensor to monitor physiological
parameters during exercise, as well as an accelerometer, gyroscope and
magnetometer to track movement and quantify velocity, force, and pow-
er. Many researchers have already reported on the good reliability and va-
lidity of previous models of Polar sensors in measuring physiological and
biomechanical parameters, such as heart rate and energy expenditure
(Hinde et al., 2021; Speer et al., 2020; Gilgen-Ammann, 2019; Diking et
al., 2018; Olstad et al., 2020), total distance covered during various run-
ning speeds (Akyildiz et al., 2022), step-count (Wahl et al., 2017) and ve-
locity and power during running (Cerezuela Espejo et al., 2020; Huggins
et al., 2020). Despite the increasing amount of scientific evidence demon-
strating the versatility of Polar wearable sensors, there is still a lack of re-
search specifically evaluating Polar Verity Sense. Previous studies have
reported on the good validity of this model in measuring average and con-
tinuous heart rate (Fullmer et al., 2021; Gil et al., 2021; Merrigan et al.,
2022); however, there is a lack of studies concerning the reliability and
validity of this model in measuring velocity, force and power.

With that in mind, the aim of this study is to assess the concurrent
validity of the Motion X-Ray technology that uses Polar Verity Sense to
measure velocity, force and power in a commonly used gym exercise
(i.e., bench press). We hypothesise that Polar Verity Sense data analysed
with Motion X-Ray technology will be valid in comparison with the
golden standard (i.e., Qualisys 3D kinematics) in measuring velocity,
force, and power in the bench press exercise.

METHODS
Subjects

This pilot study included three participants (mean age 28, mean
body height 178.4 cm, mean body mass 80.45 kg), all of whom are recre-
ational lifters, with experience ranging between 5 and 10 years and 1RM
bench press of 100kg. The participants are healthy adults, and they re-
ported no chronic diseases, heart problems, or any musculoskeletal inju-
ries in the six months preceding the study. They signed a written consent
form to participate in this pilot study. Both the consent and the experi-



The Concurrent Validity of Motion X-Ray Technology Utilising Polar Verity Sense... 721

mental procedure are in accordance with the Declaration of Helsinki, and
they were approved by the Institutional Review Board of the Faculty of
Sport and Physical Education of the University of Belgrade (848/23-2).

Experimental Protocol

The experiments were conducted within two days. On the first day,
participants were familiarised with the experimental protocol, and they
signed a written consent form. Furthermore, we measured their body
height and body mass, followed by a 1RM bench press test. On the sec-
ond day, which occurred seven days after the first, participants performed
the main tests, which included bench press reps with a 50kg bar that rep-
resents 50% of their 1RM. Prior to all testing procedures including lifting,
a standard warm-up protocol was conducted (5 minutes of cycling and 5
minutes of upper-body calisthenic and dynamic stretching; Leontijevic et
al., 2012; Sreckovic et al., 2015). The participants performed two sets of
7 repetitions at 50% of their 1RM. The first set served as a trial, while the
second one was used for further analyses.

Experimental Procedures

Body mass and height were assessed by a digital scale and a stand-
ard anthropometer, respectively.

A Smith machine was used to test the 1RM, according to the
standard procedure. Following three sets of warming up with progressive-
ly increased loads, the participants attempted a 1RM load lift. Two to
three trials were performed until the participant was unable to reach the
full extension of the arms with the highest possible load. The previous tri-
al was taken as 1RM. The period of rest between the trials was 4 minutes
long. The bar was positioned 1 cm above the participant’s chest and sup-
ported by the bottom stops of the measurement device. The participant
was instructed to perform the bench press while maintaining the position
of their shoulders at 90° of abduction to ensure consistency of the shoul-
der and elbow joints throughout the tested movement (Newton et al.,
1997). No bouncing or arching of the back was allowed. The feet had to
remain in contact with the floor while the pelvis remained in contact with
the bench.

Bench press lifts were performed on a Smith machine according to
the same procedure. Participants performed two sets of seven repetitions
at 50 to 60% of 1RM at their own pace, while the second set was used for
further analyses. During the entire testing procedure, the Polar Verity
Sense was positioned around the right-hand wrist. One of the reflective
markers was positioned on the same wrist, glued to the strap of the Polar
Verity Sense, while the other was positioned at the far end of the lifting bar.
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Data Analysis

A Polar Verity Sense sensor was utilised by Motion X-Ray! to
track body motion. Motion X-Ray is a physical movement analysis tech-
nology that uses acceleration and gyroscope data for recognising athletes’
complex motion patterns, calculating their biomechanical parameters
(like velocity, force, etc.), and discovering (even small) instabilities and
variations to be improved for achieving peak performances. The Polar
Verity Sense is equipped with an accelerometer, gyroscope, and magne-
tometer for measuring acceleration, angular velocity, and the magnetic
field (of Earth) with a sample rate of 50Hz. An android device is used to
record data from the sensor and send it to the Motion X-Ray service. Mo-
tion X-Ray could estimate kinematic parameters (velocity, position, and
time) and kinetic parameters (force, energy, power, etc.). To estimate ki-
netic parameters, Motion X-Ray required the height and weight of the
participant, the mass of the weights, and the name of the exercise that the
participant was performing during the test. The analysis includes body
mass, and the mass of each body part is calculated by the Dempster mod-
el (Dempster, 1955).

The data obtained from the cameras used for 3D kinematic analysis
was sampled at a rate of 300 Hz and low-pass filtered using the recursive
Butterworth filter with a cut-off frequency of 10 Hz. A custom-made soft-
ware (National Instruments LabVIEW 2013, Austin, TX, USA) was devel-
oped to calculate the 3D movement trajectory of the reflective markers over
a period of time (i.e., velocity), as well as velocity over time (i.e., accelera-
tion). Additionally, the same custom-made software was utilised to calculate
force as a product of mass (lifted weights + mass of participants’ arms, cal-
culated from the Dempster model; Dempster, 1955) and acceleration. Final-
ly, power was calculated as a product of force and velocity.

From both Polar Verity Sense and the Qualysis system (2 reflective
markers), several variables were obtained for each of the seven repetitions
and for both concentric and eccentric contractions: (1) V_avg (m/s) — Av-
erage velocity of each contraction expressed in meters per second,;
(2) V_max (m/s) — Maximal velocity of each contraction expressed in
meters per second; (3) F_avg (N) — Average force of each contraction
expressed in Newtons; (4) F max (N) — Maximal force of each
contraction expressed in Newtons; (5) P_avg (W) — Average velocity of
each contraction expressed in Watts; and (6) P_max (W) — Maximal
velocity for each contraction expressed in Watts.

! https://www.motionxrays.com/
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Statistical Analysis

Descriptive statistics were calculated as the mean and standard de-
viation before all statistical tests. Data distribution normality was con-
firmed by the Kolmogorov-Smirnov test, and visual inspection of histo-
grams and QQ plots.

The Pearson correlation coefficient was performed to assess the
concurrent validity of the Polar Verity Sense data analysed with Motion X-
Rays in regard to the Qualysis 3D kinematics (i.e., the ‘golden standard”).
Correlation coefficients were interpreted as: small, r = 0.10-0.29; moderate, r
= 0.30-0.49; and large, r = 0.50-1.0 (Cohen, 1988). Furthermore, for the
same purpose, Bland-Altman analysis was conducted to assess the agreement
between measurements and detect any potential bias, along with one-way
ANOVAs to examine differences among biomechanical variables obtained
using Polar Verity Sense via Motion X-Rays, and those acquired from the
two reflective markers measured with Qualysis 3D kinematics.

The significance level was set to p < 0.05. The statistical analyses
were conducted using Microsoft Office Excel 2017 (Microsoft Corpora-
tion, Redmond, WA, USA) and SPSS 26 (IBM, Armonk, NY, USA).

RESULTS

Descriptive statistics for velocity, force and power variables are
shown in Table 1.

Table 1. Descriptive statistics for velocity, force and power variables
obtained during bench press with 50kg

Variable Equipment Mean Std. Dev. N
Qualysis (wrist) 0.510 0.092 42
V_avg (m/s) Qualysis (bar) 0.518 0.089 42
Polar (wrist) 0.453 0.094 42
Qualysis (wrist) 0.763 0.152 42
V_max (m/s) Qualysis (bar) 0.779 0.145 42
Polar (wrist) 0.711 0.168 42
Qualysis (wrist) 455.36 203.73 42
F_avg (N) Qualysis (bar) 455.42 203.67 42
Polar (wrist) 452.05 206.17 42
Qualysis (wrist) 681.10 277.92 42
F_max (N) Qualysis (bar) 688.83 290.97 42
Polar (wrist) 592.71 249.91 42
Qualysis (wrist) 218.83 78.84 42
P_avg (W) Qualysis (bar) 221.76 78.52 42
Polar (wrist) 195.52 78.20 42
Qualysis (wrist) 349.58 118.51 42
P_max (W) Qualysis (bar) 357.13 116.76 42

Polar (wrist) 301.69 114.90 42
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Correlation matrices presenting relationships between kinematic
and Kinetic data obtained from the Qualysis 3D kinematic system and the
Motion X-Ray system utilising Polar Verity Sense are presented in Tables
2 through 4.

Table 2. Correlation matrix of the averaged and maximal velocity
obtained from the Qualisys 3D kinematic system and Motion X-Ray
system utilising Polar Verity Sense

Velocity Qualisys (w) Qualisys  Polar (w) - Qualisys (w) Qualisys (b) Polar (w) -
(m/s) -avg (b) - avg avg - max - max max

Qualisys (w) - .
“avg 1.000 0.929 0.692

Qualisys (b) . -
“avg 0.929 1.000 0.727
Polar (w) -
avg

Qualisys (W) 1.000 0943 0.783"

Qualisys (b) - -
“max 0.943 1.000 0.795
Polar (w) -
max

0.692" 0.727" 1.000

0.783" 0.795™ 1.000

Avg — averaged; Max — maximal; w — wrist; b — bar; " p < 0.05.

Table 3. Correlation matrix of the averaged and maximal force obtained
from the Qualisys 3D kinematic system and Motion X-Ray system
utilising Polar Verity Sense

Qualisys  Qualisys Polar (w) - Qualisys (w) Qualisys (b) Polar (w) -
(w)-avg  (b) -avg avg - max - max max

1.000 0.999™ 0.994™

Force (N)

Qualisys
(w) - avg
Qualisys
(b) - avg
Polar (w) -
avg
Qualisys
(w) - max
Qualisys
(b) - max
Polar (w) -
max

0.999™ 1.000 0.993"

0.994™ 0.993™ 1.000
1.000 0.972™ 0.924™
0.972™ 1.000 0.935™

0.924™ 0.935™ 1.000

Avg — averaged; Max — maximal; w — wrist; b — bar; ** p < 0.05.

In all cases, large positive correlations were observed for both instru-
ments (i.e., Polar Verity Sense and Qualisys 3D kinematics) and both marker
positions. Furthermore, Figure 1 showed the Bland-Altman plots of the aver-
aged and maximal velocity, force and power, obtained from the Qualisys 3D
kinematic system and the Motion X-Ray system utilising Polar Verity Sense.
The Bland-Altman analysis showed that results consistently fall within the
upper and lower limits of agreement, with 95% confidence limits.
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Table 4. Correlation matrix of the averaged and maximal power obtained
from the Qualisys 3D kinematic system and Motion_X-Ray system
utiliszing Polar Verity Sense-

Power (W) Qualisys  Qualisys Polar (w) - Qualisys Qualisys (b) Polar (w) -
(w)-avg (b) -avg avg (w) - max - max max
Qualisys W) 1000 0977  0.863"
- avg
Qualisys (b) | 9977 1000  0.879"
- avg
Polar (w) - - -
w) 0.863"  0.879"  1.000
avg
Qualisys (w) - -
~max 1.000 0.945 0.810
Qualisys (b) - -
~max 0.945 1.000 0.815
Polar (w) - ox -
max 0.810 0.815 1.000
Avg — averaged; Max — maximal; w — wrist; b — bar; " p < 0.05.
V_avg (m/s) V_max (m/s)
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Figure 1. Bland-Altman plots for the averaged and maximal velocity,
force and power obtained from the Qualisys 3D kinematic system and
Motion X-Ray system utilizing Polar Verity Sense.

Finally, One Way ANOVA showed no statistical significance be-
tween the biomechanical variables obtained with Motion X-Rays using Polar
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Verity Sense and the two reflective markers measured with Qualisys 3D
kinematics (F(,123)> 0.242 < 2.113; p > 0.05, ranging from 0.125 to 0.785).

DISCUSSION AND CONCLUSION

This study aimed to assess the concurrent validity of the Motion X-
Ray technology that uses Polar Verity Sense when measuring velocity,
force and power in a commonly used gym exercise (i.e., bench press). We
confirmed our hypothesis that Polar Verity Sense data analysed with Mo-
tion X-Ray technology will be valid compared with the golden standard
(i.e., Qualisys 3D kinematics) in measuring velocity, force and power in
the bench press exercise. Specifically, large and significant correlations
between Qualisys 3D kinematics and Polar Verity Sense variables were
observed, while no significant differences between them were shown.

The descriptive statistics values (Table 1) for mean and peak ve-
locity (i.e., Vavg, Vmax), force (Favg, Fmax) and power (Pavg, Pmax) are con-
sistent with the results from previous studies done on the bench press ex-
ercise with individuals of a similar level of physical fitness, i.e. recrea-
tional weight-lifters (Krol & Gota$, 2017; Lake et al., 2019; Perez-
Castilla et al., 2019). Both instruments (i.e., Polar Verity Sense and Qual-
isys 3D kinematics) corresponded well in measuring velocity, force, and
power across all variables; only minimal differences were observed in
mean and standard deviation (SD) values, which indicates a good accura-
cy of Polar Verity Sense in measuring these parameters.

Given the large positive correlations and no significant differences
between measurements obtained from both instruments (i.e., Polar Verity
Sense and Qualisys 3D kinematics), we can assume that Polar Verity
Sense data analysed with Motion X-Ray can be used as a valid tool for
measuring velocity, force and power during the bench press exercise. Ad-
ditionally, the results of the Bland-Altman analysis further confirmed a
strong agreement and no observable bias between the measurements ob-
tained from both instruments (i.e., Polar Verity Sense and Qualisys 3D
kinematics). All measurements, including averaged and maximal veloci-
ty, force, and power, consistently fall within the upper and lower limits of
agreement, with 95% confidence limits. This underscores the reliability
and consistency of the data obtained from the two systems, and further
supports the validity of the Motion X-Ray system utilising Polar Verity
Sense compared to the golden standard (i.e., Qualisys 3D kinematics).
The averaged force data particularly shows great consistency of meas-
urements compared to the maximal values. This may be attributed to the
Polar sensor’s heightened sensitivity to rapid movements, occasionally
resulting in greater peaks in force when the subject lifts the bar more rap-
idly, whereas the oscillations observed in the averaged force values are
minimal. The rationale for favouring averaged force values becomes



The Concurrent Validity of Motion X-Ray Technology Utilising Polar Verity Sense... 727

more apparent when we consider the oscillations in muscle force that cor-
respond to the range of motion of the joint involved in the execution of
the movement. On occasion, the highest force measurement may coincide
with a specific phase of the movement where muscles experience a me-
chanical advantage due to a more favourable lever arm. This can lead to
artificially elevated peaks in force, especially in exercises which are per-
formed at a more rapid pace. Therefore, using averaged force values, as
opposed to relying solely on peak values, appears to be a more stable and
reliable method for measuring force with Polar Verity Sense. This ap-
proach not only ensures greater measurement consistency but also pro-
vides a more accurate representation of the genuine effort exerted
throughout the entirety of the exercise (Picerno, 2017).

Compared to previous studies which assessed the validity of other
portable and wearable devices (i.e., PUSH Band, Beast Sensor), Polar
Verity Sense showed similar or better validity for measuring these varia-
bles during the bench press exercise (Lake et al., 2019; Perez-Castilla et
al., 2019; van den Tillaar & Ball, 2019). However, some devices, such as
linear position transducers (i.e., GymAware Power Tool) did show better
validity in measuring velocity (Balsalobre-Fernandez et al., 2017; Dorrell
et al., 2018). This can be due to the fact that linear position transducers
directly measure velocity through linear position displacement (Gar-
nacho-Castafio et al., 2015), while accelerometers integrated into Polar
Verity Sense estimate velocity by integrating the acceleration signal over
time, thus displaying greater susceptibility to noise and integration error
(Zhu & Lamarche, 2007). Another possible explanation is related to tech-
nical limitations regarding the sampling rate, which is restricted to 50Hz.
This can lead to a quantisation error, which is directly related to the sam-
pling rate of the obtained velocity signal (Zhu & Lamarche, 2007).

The results also showed nearly identical large positive correlations
between measurements obtained by Polar Verity Sense data analysed with
Motion X-Ray and Qualisys reflective markers placed at both positions
(i.e., wrist and bar). These results suggest that Polar Verity Sense and the
reflective marker attached to its belt remain stationary on the wrist during
exercise, which explains the large correlations with measurements ob-
tained from the marker on the bar. Furthermore, this implies that future
studies of this kind may only require the marker placed at the wrist to fa-
cilitate testing. The results also confirmed that the hand remains fixed
during the bench press exercise, thus justifying that wearing Polar Verity
Sense on the wrist will not impair the accuracy of the velocity, force and
power measurements. This makes it a very convenient tool for practition-
ers interested in monitoring these parameters during exercise. Further-
more, this opens the possibility of using Polar Verity Sense with Motion
X-Ray technology to calculate the force-velocity (F-V) relationship,
which can provide valuable insights into the mechanical properties of
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muscles and adaptations that occur in order to achieve optimal dynamic
output (Cuk et al., 2014; Jaric & Markovic, 2009; Suzovic et al., 2013).
This can facilitate the assessment of technique efficiency and areas in
need of improvement, and can reduce the risk of injury and accommodate
targeted F-V profile-based programming (Jiménez-Reyes et al., 2017;
Edouard et al., 2021). Finally, this system can be also used for in-depth
monitoring of the physical activities of the youth. This can be particularly
important knowing the importance of sport and exercise in the process of
youths’ education (Panhenosuh & Casuh, 2016).

Nevertheless, it is important to acknowledge that the present study
has several limitations that need to be addressed. Firstly, this was a pilot
study done on a sample comprised of only three participants, which great-
ly limits the generalisability of the results. Secondly, this study only as-
sessed the validity of Polar Verity Sense in measuring velocity, force, and
power during a single exercise (i.e., bench press). Moreover, the exercise
performed in this study (i.e. the bench press) is characterised by a moder-
ate speed movement, so it remains unclear whether Polar Verity Sense
data analysed with Motion X-Ray is valid for measuring velocity, force,
and power during high-speed movements.

In conclusion, the results of this study suggest that Motion X-Ray
technology when using Polar Verity Sense data is a valid system for
measuring velocity, force and power during the bench press exercise.
Considering its compact, portable design and its affordable price, this can
potentially be used as an alternative to expensive devices that are current-
ly available for measuring the mechanical properties of muscles (i.e., ve-
locity, force and power). Nonetheless, as this was only a preliminary at-
tempt to validate this device, further research is necessary to better under-
stand its practical applicability. Future studies should focus on investigat-
ing the reliability, validity, and sensitivity of this device on a larger sam-
ple and across a more extensive scope of exercises involving various
speeds. This can open the possibility of regularly using the aforemen-
tioned system to monitor the velocity, force, and power parameters during
exercise, and potentially lead to improved training outcomes and less in-
juries in sports.
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Pe3zume

Iusb oBe cTymmje je a mpoLeHr KOHKYPEeHTHY BauaHocT Kopuihemem Polar Verity
Sense censzopa ca Motion X-Ray texHomormjom kako Ou ce Op3uHa, Crlia ¥ CHAra y BexOu
paBHOI MOTHCKA Ca TPYJM MPOLCHWIE W yIopeauie ca 3natHuM cranaapaom (Qualysis
3D). Xumore3a uctpaxuBama je 1a he mogamu mepenu Polar Verity Sense cemsopom u
aHaymm3upanu nomohy Motion X-Ray TexHonoruje 6utH BaiaHM y Hopelerby ca 3maTHUM
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cranapaom (1j. Qualysis 3D). OBa muior cryauja o0yxBara TPU MYIIKa PEKpeaTHBHA
BexkOaua crapoctu 28 rosuHa, ca u3Mel)y mer u Jecer roAMHa UCKYCTBAa M MAKCHMAITHUM
notuckoM Ha kiynu (1PM) ox 100 kr. [loctynak Tectupama je Tpajao 1Ba maHa. [IpBor
naHa, 1PM je nmpouemen Ha Cmut Marmuau. [locie cenam 1aHa, y4eCHHUIM Cy U3BEJH JIBE
cepHje o cefiaM IOHaBJbama PaBHOT MOTHCKA ca rpyam ca 50 kr Ha ncroj MammHu. [IpBa
cepuja je Ora nmpoOHa, JIOK je ipyra KOpHIhicHa 3a Jajhe aHAM3e. 3a aHATN3€ CY KOPHIII-
henu Polar Verity Sense cenzopu ca Motion X-Ray TexHonorujom u 3] knHeMaTnuka aHa-
mm3a ca Qualysis cucremom. Pesynratu cy mosanu a HUje OHII0 3HAYAJHUX CTATHCTHYKHX
paznuka mmely oBa nBa cuctema (p < 0,05), nok je [TupcoHOBa Kopemnaryja HoKa3ana BHU-
COKY U 3HauajHy Kopenauujy mmehy mux (p > 0,692 < 0,999; p < 0,05). [lozurusHu pe-
synraru nopehema Polar Verity Sense cerzopa ca Motion X-Ray TexHonormjom ca 3matim
CTaHJAapIOM yKasyjy Ha TO Jia je 0Baj ajlaT BaIMIAH 3a U3padyHaBarbe CHIe, Op3HHE U CHa-
re TokoM BexxOarba. Polar Verity Sense ca Motion X-Ray texuosnorujom je y nopehemy ca
JPYTHM CIMYHAM MHCTPYMEHTHMA II0Ka3a0 CIMYHE M Mayno 0oJbe pe3ylTare y IOorieny
BAJIMTHOCTH IIpOpadyHa IPEeTXOJHO HaBeISHNUX BapHjaldiu. JoIl jemaH BakaH CTATH-
CTHYKH Pe3yJITar je MO3WTHBHA Kopenaiwja usmely pesynrara mapkepa u Polar Verity
Sense ceH3opa, Koju Cy MOCTaB/beHH Ha 317100 Inake u Ha munky. OBo ce objalmbasa cra-
owHorhy Polar Verity Sense censzopa TokoM u3Bohera BekOe, ITO MOXKE JaTH KOPHU-
CTaH yBHJ Hay4HHIIMa, KOji OM MOIIH JIakmie a u3Mepe oe Bapujabie. 1lto ce Tuue
OrpaHHYCH:A CTY/IH]C, OBa CTY/HUja je MIIOT CTyHja y KOjoj Cy y4eCTBOBaJIa TPHU UCIIHTA-
HuKa. bynyha mcrpaxuBama OM MoIvia yBPCTHTH BHIIE HCIIMTAHUKA U PA3IHMYUTE BPCTE
BeXOH, YKIbydyjyhu 1 BexOe ca Op3uM IOKpeTHMa. YIIPKOC OrpaHHYeH-HMa, 0Ba CTYAHja
TpeZICTaBJba BeOMa BaykaH YBUA Y MOI'YhHOCTH Mepema penanyje cuna-Op3uHa Koje ce cBe
yemhe KOpUCTe y CHOPTY, peKpeanuju U pexadbmmmranuji. Kako ce TexHonmoruja passuja,
ayaTH KOjH ce KOPUCTE U TPOLIECH Mepema Takohe mokasyjy Hanpenak. To 3Hauu aa he Ha-
YYHHLH ¥ TIPAKTHYapH, CIIOPTHCTH M PEKPEATUBLM y HApEIHOM IEPHUOY UMATH TIPHIIHKY
J1a MEperse CBOjHUX BEXOH y TPEHaXKHOM IPOLIECY CIIPOBOJIE Ha je(DTHHH)H U JIAKIIY HAuHH.



