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Background: Previous research has determined the validity and reliability of accelerometer-based devices, but the
findings are not consistent. Objective: The purpose of this study was to determine the validity of an accelerom-
eter (Myotest PRO) for measuring explosive strength indicators (jump height, peak force, peak velocity, and peak
power) during the countermovement jump. Methods: Thirty-three university students (22 males and 11 females;
178.6 £ 5.6 cm, 69.3 = 6.5 kg, 21.8 £ 1.7 years) performed five individual countermovement jumps. Jump height
was derived from an accelerometer (Myotest, frequency 200 Hz), optic timing system (Optojump) and from a force
plate (Kistler, frequency 800 Hz) using both flight time and force impulse algorithms. Peak force, peak velocity, and
peak power were calculated by the accelerometer and force plate. Results: The Myotest resulted in systematic bias,
overestimating jump height by 8.0 + 2.1 cm (p < .001) compared to force impulse algorithm; flight time algorithm by
5.5+ 2.0 cm (p < .001) using the force plate and by 5.9 + 2.0 cm (p < .001) using the Optojump. The Myotest also
underestimated peak force by 167 + 182 N (p < .001). Compared to force impulse algorithm, the Myotest displayed
less agreement for peak velocity (72 = .245) and peak power (#° = .557). Conclusion: Accelerometers are valid and
may be used consistently to evaluate countermovement jump height. However, they are not valid, and should neither
be used to measure peak force, velocity, or power nor be compared against other methods due to a bias.
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accelerometers are now used by athletes and coaches.
Although position transducers, contact mats, and optic
timing systems are capable of measuring jump height

Introduction

The ability to accurately and reliably measure physical

performance is vital for testing and monitoring athletic
ability. Certain sports may require specific anthropo-
metric or physiological tests, but vertical jump testing
is commonly used to measure ballistic leg strength in
athletes of many sports. In fact, the increase in popular-
ity of the vertical jump as a performance-monitoring
tool has led to the development and use of an assort-
ment of devices that measure or estimate explosive
strength variables such as power output, jump height,
and force-time curves.

To bring laboratory-based vertical jump testing
to the field, portable devices such as linear position
transducers, contact mats, optic timing systems, and
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(Cronin, Hing, & Mcnair, 2004; Glatthorn et al., 2011;
Hansen, Cronin, & Newton, 2011; Leard et al., 2007),
the advanced capabilities of accelerometers offer a
more robust data set that coaches or athletes can use
to assess more than just jump height (Crewther et al.,
2011; McMaster, Gill, Cronin, & McGuigan, 2013).
Previous research has determined the validity and
reliability of vertical jump height (Casartelli, Miiller, &
Maffiuletti, 2010; Castagna et al., 2013) and estimated
power output (Comstock et al., 2011) derived from
accelerometers, and generally agree that accelerom-
eters offer a valid and reliable method for measuring
these variables. However, other variables such as power
output and velocity measures are not as valid or reliable
(Choukou, Laffaye, & Taiar, 2014). Although jump
height and power output are commonly used as per-
formance measures in athletes, some coaches may also
be interested in the role of force production (Choukou
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et al., 2014) during ballistic tasks, as absolute strength
levels have been linked to bodyweight sport perfor-
mance tasks (Spiteri et al., 2015).

Naturally, force plates are considered to be the gold
standard for measuring vertical jump performance
(Hatze, 1998; Linthorne, 2001; Vanrenterghem, De
Clercq, & Cleven, 2001), but are often costly, difficult
to transport, and require specialized computer equip-
ment to collect and analyse data. On the contrary,
accelerometers may also be used to estimate force
(Crewther et al., 2011; Mauch, Rist, & Kaelin, 2014)
and offer exceptional portability, often without the
need for additional equipment other than a mobile
phone or laptop computer.

Previous research has shown that accelerom-
eters provide increasingly valid and reliable force and
power output data as the external load of a movement
increases (Bampouras, Relph, Orme, & Esformes,
2013; Comstock et al., 2011; Crewther et al., 2011),
but there is a lack of research regarding the use of accel-
erometers during bodyweight movements such as the
countermovement jump, which may be more appropri-
ate for sports in which athletes do not have to provide
force against an external resistance (e.g. athletics, soc-
cer, basketball, tennis, etc.). Although accelerometers
have been shown to be valid and reliable on multiple
occasions (Bubanj et al., 2010; Comstock et al., 2011),
recent studies have shown that the use of accelerome-
ters usually overestimates flight time compared to force
plates or optic timing systems, consequently overesti-
mating jump height (Casartelli et al., 2010; McMaster
et al., 2013; Monnet, Decatoire, & Lacouture, 2014).
Even when using force plates, different algorithms may
be used to estimate jump height (Linthorne, 2001).
Additionally, data regarding force estimates, peak
velocity, and peak power during bodyweight tasks, such
as the vertical jump, are lacking.

Therefore, the purpose of this study was to assess
the intra-trial concurrent validity of 1) explosive
strength indicators (e.g., peak velocity, peak force, and
peak power) measured with the Myotest compared to a
force plate, and 2) vertical jump height obtained from
the Myotest compared to a force plate and the Opto-
jump optic timing system. Based on the studies listed
above, it was hypothesized that the Myotest would
exhibit a systematic bias for all variables compared to
the force plate and Optojump.

Methods

Participants
Thirty-three physical education students (22 males, 11
females; 178.6 £ 5.6cm;69.3 £ 6.5kg;21.8 £ 1.7 years)
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participated in the study. All participants were physi-
cally active, participated in various sport disciplines at
the club level, and had previous experience with coun-
termovement jumps. The participants were informed
about the aims of the study, procedures, and possible
risks associated with participating in the study. All par-
ticipants were free to withdraw from the experiment at
any time without penalty. Informed consent was pro-
vided by all participants, and the project was approved
by the Ethical Committee of the Faculty of Physical
Education and Sport of Charles University.

Procedures

Participants reported to the laboratory for a single
visit. After anthropometric measurements, they per-
formed 6 minutes of jogging and about 4 minutes of
standardized dynamic stretching, focusing on the lower
limbs. Next, subjects performed 2 sets of 5 practice
countermovement jumps at 75% and 90% of maximal
perceived effort, respectively. Next, participants per-
formed 5 maximal countermovement jumps with their
hands on their hips to avoid any artefact movements
during the flight phase (Myotest, 2008). After land-
ing from one jump and before starting the next, par-
ticipants were required to stand upright in a stationary
position for at least 1 second to allow accelerometer
calibration (Myotest, 2008).

Data were simultaneously measured using three sys-
tems (Figure 1): two parallel force plates (FP; Kistler
9281E, Kistler, Winterthur, Switzerland); an optic tim-
ing system (OPT; Optojump, Microgate, Bolzano, Italy);
and an accelerometer (ACC; Myotest, Myotest SA, Sion,
Switzerland). The OPT, FP, and ACC were all used to
estimate jump height (JH), each using a different flight-
time algorithm. Additionally, the FP and ACC measured
peak force, peak velocity, and peak power output.

Each FP measured ground reaction force at a
frequency of 800 Hz. For JH estimation, take-off
time was defined as the instance when vertical force
dropped below 10 N, and landing time was determined
when the 10 N threshold was exceeded upon landing.
Peak velocity, peak force, and peak power output were
obtained only during the concentric phase of each
jump. Instantaneous velocity was estimated using the
following equation:

‘U(t) = J-(F;/(t)rn—_mg)dt

where v(7) is instantaneous velocity, F (7) is the instan-
taneous vertical ground reaction force at time ¢, m is
the participant’s body mass, g is gravitational accelera-
tion, and 7, is the time of the last sample before F fell
below 95% of the participant’s bodyweight in Newtons.



Myotest validity in countermovement jump

97

Myotest device

Myotest belt

Optojump bar

Force plates

Optojump bar

Figure 1. Laboratory measurement settings. Participants performed
countermovement jumps standing on two force plates with their hands
on the hips. Optojump bars were placed on both sides of force plates,
and the Myotest was secured to the waist using the manufacturer’s belt.

Instantaneous power output was calculated using the
following equation:

P(t) = F,(8) x v(t)

where P (7) is instantaneous power, F (7) is the vertical
ground reaction force, and v(7) is estimated instanta-
neous velocity.

From the FP, JH was calculated using the following
equation: 5

JHgp = Yio
29
where JH_, is jump height derived from the FP, V. is
instantaneous velocity at take-off, and g is gravitational
acceleration.

The ACC was secured on the right side of the par-
ticipant, near the centre of mass (Myotest, 2008), using
a belt provided by the manufacturer (Figure 1). The
sampling frequency of the accelerometer was 200 Hz
(according to the manufacturer’s recommendation for
countermovement jump testing). Peak velocity (inte-
gration of acceleration), force (mass x acceleration
+ mass x gravitational acceleration), and peak power
(force x velocity) output were measured during each
take-off. The JH was calculated from flight time, using
the following equation:

g(ttp — to)?

Hyor =
JHacc 8

where JH, . is the jump height derived from the ACC,
g is gravitational acceleration, 7 is the time of touch-
down, and 7, time of take-off. The algorithm used
for flight phase identification in the Myotest software
uses the instants of crossing the threshold set to body
weight (Figure 2).

The OPT is an optical timing system that consists of
a transmitting bar and a receiving bar, placed parallel
to each other and on opposite sides of the FP (Figure
1). When standing on the FP, the light emitted from
the transmitting bar (3 mm above the ground) does
not reach all the sensors on the receiving bar because
of obstruction from the feet. When the feet leave the
ground during jumping, all of the light from the trans-
mitting bar is received by the receiver bar, and a timer
starts to indicate flight time. When the feet break the
transmission upon landing (3 mm above the ground),
the timer stops, indicating the total flight time. Then,
JH was estimated using the same equation as the ACC,
but was determined using the take-off and landing
times from the OPT.

The data from the OPT was manually recorded,
whereas data from the FP and ACC were exported
from the original software (Bioware 5.3.2.9, Kistler,
Winterthur, Switzerland; Myotest PRO, Myotest SA,
Sion, Switzerland, respectively) and processed in Mat-
lab R14 (MathWorks., Natick, MA, USA). A total of
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Figure 2. Example of the force-time curve during a counter-movement jump measured using the
Myotest accelerometer and Kistler force plate. Graphic shows the flight time of the force plate mea-
surement, registered when the force fell below 10 N; and flight time of the accelerometer measure-
ment, registered when the force was below the subject’s bodyweight in Newtons. Although these data
were collected at the same time, the temporal synchronization was performed after analysis, only to
create this figure to depict the different force curves from each device.

142 out of 165 jumps were analysed, with the remain-
ing 23 jumps unable to be analysed due to errors occur-
ring during data collection (e.g., feet not landing on
both force plates, hardware or software malfunction).

Statistical analysis

Software IBM SPSS Statistics (Version 22; IBM,
Armonk, NY, USA) was used for statistical processing.
Normality of data distribution was verified using the
Kolmogorov-Smirnov test, and homoscedasticity was
verified by the Bartlett test. Separate ANOVA with
Bonferroni post-hoc tests were used (significance level
o = .05) to determine whether a systematic bias was
present between methods for each variable. Effect sizes
were calculated using eta squared and can be inter-
preted as strong (n* > .36), moderate (.04 to .36), and
weak (n? < .04) (Cohen, 1988).

Systematic bias (i.e., the general trend of a particular
method of measurement to be different in either a posi-
tive or negative direction; Atkinson & Nevill, 1998),
was expressed by the mean difference = SD, with stan-
dard error of the mean (Bland & Altman, 1999).

Pearson correlation (7 with 95% CI) was used to
quantify the relationship of two methods of assessing
jump height, peak force, peak velocity and peak power.
Linear regression equations were then used to recalcu-
late the variables listed above which were obtained by
FP, ACC or OPT. Both regression coefficients (slope

and intercept) are reported with 95% CI. The goodness
of fit was evaluated by the coefficient of determination
(r*) and the standard error of estimate (SEE).

Results

The results are presented as the mean + SD. Box plots
are shown in Figure 3, that were used to determine
whether a significant systematic bias was present for
jump height, peak force, peak velocity, and peak power.
Table 1 presents the results of systematic bias of meth-
ods providing the explosive strength indicators (jump
height, peak velocity, peak force, and peak power). Lin-
ear regression equations, correlations, and goodness of
fit characteristics are presented in Table 2.

Discussion

This study shows that measurement of peak force dur-
ing countermovement jumps using ACC results in a
significant systematic bias, underestimating peak force
by an average of 167 N compared to a FP. Additionally,
and perhaps more importantly, the standard deviation
of peak force from the ACC was 187 N, indicating that
ACC may under- or overestimate peak force by a large
margin. Similarly, peak velocity and peak power output
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Figure 3. Boxplot of explosive strength indicators. Jump height from force plate flight time

(JH,), optic timing system (JH
(JHCON
ometer (F,

OPT

CC

), accelerometer (JH
) and force plate (V,), peak force from acceler-
) and force plate (F,), peak power from accelerometer (P, ..) and force plate (P

), peak velocity from accelerometer (V,

scc)» and impulse from the force plate

FP)'

On each box, the central line is the median, the edges of the box are the 25th (Q,) and 75th (Q,)
percentiles, the whiskers extend to the most extreme data points not considered as outliers with-
in the range from Q, - 1.5(Q, - Q)) to Q, + 1.5(Q, - Q,), and outliers are plotted individually.

Table 1

Systematic bias between methods for determining jump height (JH), peak velocity (V), peak force (F), and peak
power (P) using a Myotest accelerometer (ACC), Optojump (OPT), JH from the force plate impulse (FP), and
JH from force plate contact time (CON). Effect sizes (W) and standard errors of the measurement (SEM) are

also provided.
Variable Difference + SD D n? SEM
JH, .- JH,, (cm) 8.0+ 2.1 <.001 .34 0.20
JH, .- JH_, (cm) 59+£20 <.001 .20 0.20
JH, .- JH_,, (cm) 55+£20 <.001 18 0.20
Ve = Vi (m-sh) -0.56 £ 0.37 <.001 41 0.03
F.-F,MN) -167 £ 182 <.001 .06 15.0
P, - P, (W) -843 £ 626 <.001 .19 52.0

displayed a systematic bias compared to the FP with
only moderate correlations (r = .49 to .75). As for JH,
the data from this study agree with previous research
(Casartelli et al., 2010; Choukou et al., 2014; Mauch
et al.,, 2014) in that the ACC and OPT are reliable
(r = .93 to .94) compared to the FP, but both include
a significant systematic bias (Table 1). Therefore, the

data from the present study indicate that ACC can be
used to measure JH, but includes a systematic bias; and
ACC should not be used to measure peak force, peak
velocity, or peak power output during unloaded coun-
termovement jumps.

Jump height measured by ACC was significantly
higher than jump height calculated from the OPT or FP,
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Table 2
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Correlations (r), goodness of fit (r’), standard error of estimates (SEE) and regression
equations for estimating jump height (JH), peak velocity (V), peak force (F), and peak
power (P) from a Myotest accelerometer (ACC), force plate (FP), force plate contact time

(CON), and Optojump (OPT).

r

Regression equation r [95% CI] SEE

JH,, = (0.852*JH, ) - 2.1 .866 93 2.0
.90, .95]

JH,; = (0929 *JH, ) - 3.1 .887 94 1.9
[.92,.96]

THeoy = (0925 JH, o) - 2.6 884 94 2.0
[.92,.96]

V, = (0233 %V, ) +2.14 245 49 0.18
[.36,.61]

F., = (0.8524 * F, ) + 406 727 85 176
[.80,.89]

PFP = (0.6072 * PACC) + 1883 557 75 510
[.66,.81]

and jump height calculated from flight time was over-
estimated in comparison with jump height calculated
from force impulse. This may be attributed to an asym-
metry between the ascending and descending phases
of the flight. Since the take-off point occurs with near
triple extension and the landing occurs with the hips,
knees, and ankles slightly flexed, it increases the total
flight time which may artificially increase jump height
according to flight time calculations. Additionally, dif-
ferences in jump height measured by ACC arise from
the use of a different flight-time algorithm: while the
force plate algorithm considers flight time as the time
interval of the unloaded plate (vertical force < 10 N),
the accelerometer algorithm considers flight time as the
time interval when the applied force is less than body
weight (Glatthorn et al., 2011; Houel, Dinu, Faury, &
Seyfried, 2011; Pazin, Berjan, Nedeljkovic, Markovic,
& Jaric, 2013). Monnet et al. (2014) proposed an algo-
rithm for determining flight time that considers flight
time as the time interval when the exerted force is less
than a half of a subject’s body weight. However, this
algorithm may become unstable in field conditions and
lead to wrong results. Our results proved the existence
of a systematic bias in jump height estimation using an
ACC, which corresponds to recent findings (Casartelli
et al., 2010; Castagna et al., 2013; Houel et al., 2011).

The F, . was significantly less than F_, but dis-
played a very good relationship (r = .85), resulting
in a systematic bias. However, the bias SD of 182 N
and regression SEE of 176 N indicate large random
errors. Additionally, the coefficient of determination
value (r* = .727) supports the idea of less agreement

between F, . and F_, meaning ACC should not be

used to measure force during a CMJ. The accuracy
of peak force estimation could be increased using the
squat jump and place the accelerometer on the bar
(Bampouras et al., 2013; Crewther et al., 2011; Mauch
et al., 2014), where the accuracy of the ACC has been
shown to increase with increasing loads (Crewther et
al., 2011). Therefore, we recommend reconsidering
the use of ACC to estimate peak force during unloaded
vertical jumps.

Peak velocity and peak power consequently are
clearly underestimated while using an ACC. As peak
velocity uses acceleration (ratio of force and mass)
integration, it leads to even larger errors than those
presented in the case of peak force, also resulting in
much less agreement (7 = .49). Therefore, we cannot
recommend using an ACC to estimate peak velocity
or calculate jump height from movement velocity. Our
results correspond to recent findings (McMaster et al.,
2013), which also reported a moderate correlation of
peak velocity estimate and large error in squat jump.

Similarly, peak power bias was influenced by both,
velocity and force. However, agreement of the ACC and
FP in peak power estimate was better than in the case
of peak velocity. Recent squat jump studies (Comstock
et al., 2011; Crewther et al., 2011) presented correla-
tions of ACC and FP between .49-.93. The accuracy is
increased with increasing load on the bar, which may
lead to the conclusion to recommended using an ACC
to estimate individual maximum peak power against
heavy loads.

The source of the ACC’s inaccuracy during CMJ
appears to be its imperfection in estimating centre of
mass. The idea to place the accelerometer as close as
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possible to the centre of mass of a system (waist) should
be correct (Houel, Faury, & Seyfried, 2013). However,
when the accelerometer is placed on a barbell, it shows
better agreement with other methods not only in jump
height, but also in peak force, peak velocity, and peak
power (Comstock et al., 2011; Crewther et al., 2011;
Giroux, Rabita, Chollet, & Guilhem, 2015; Houel et
al.,, 2011; McMaster et al., 2013). Furthermore, the
validity of ACC increases with heavier load, because
it moves the centre of gravity closer to the device and
minimizes the possibility of artefact movements, which
also may be explained by the ACC being fixed to a
rigid frame. The solution to increase the accuracy of
explosive strength indicators may be to execute CMJs
with a very light bar on the shoulders and place the
ACC on it (McMaster et al., 2013), but the effects of
this method on CMIJ height remain unknown. The
remaining problem of using an ACC during CM] is
its inability to precisely determine the instant of the
transition from eccentric to concentric phases as well
as the point of take-off due to inertial forces acting on
the device. These forces manifest themselves as oscilla-
tion despite wearing a perfectly tight belt. Oscillation
could be minimized by attaching the device directly on
a rigid bar. Additionally the jump height calculated by
an ACC might be affected by increased asymmetry of
flight phase, similar to other methods that use flight
time to estimate jump height (Castagna et al., 2013).
Due to the heterogeneity of our sample, it is possible
that future research may determine whether the same
results will be achieved if using more homogeneous
groups of athletes such as elite jumpers and elite
sprinters.

Conclusion

The use of ACC to evaluate countermovement jump
performance is possible, but it systematically over-
estimates jump height compared to other methods.
Therefore, it may be used consistently to evaluate an
athlete’s performance, but should not be used for aca-
demic research purposes. It is also possible to estimate
peak force with an ACC, but using an ACC would
likely provide less agreement with the gold standard,
and the magnitude of the random error for peak force
should be considered. Using an ACC during a CM]J,
peak velocity showed the least agreement and largest
error, neither of which were optimized after recalcula-
tion. Therefore, we suggest that an ACC can be used to
measure jump height within an individual over time but
should not be used to estimate peak velocity or peak
power output during the CMJ.
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