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Summary

Introduction: Portable force plates provide accessible and practical alternatives to laboratory-grade systems, yet their reliability
during dynamic, velocity-controlled tasks remains underexplored. Establishing measurement stability in such conditions is
critical, since movement velocity and coordination strongly influence variability.

Objective: To evaluate the test-retest reliability of the Valkyria Trainer Balance® (VTB®) portable force platform for assessing
peak force during isokinetic squats performed at two controlled velocities.

Material and method: Thirty physically active young men (21.4 + 2.5 y; height 1.73 + 0.07 m; mass 76.2 + 11.6 kg) comple-
ted two testing sessions 48 h apart. Participants performed three maximal-effort isokinetic squats at 40 cm/s and 65 cm/s,
with movement velocity controlled via an external electromechanical dynamometer and ground reaction force recorded by
synchronized VTB® platforms sampling at 1000 Hz. The highest peak force from the three attempts per session was selected.
Reliability was assessed using intraclass correlation coefficients (ICC[3,1]), standard error of measurement (SEM), and coeffi-
cient of variation (CV), each with 90% confidence intervals. Systematic bias and agreement were further explored through
Bland-Altman analysis.

Results: At 40 cm/s, peak force demonstrated good relative reliability (ICC = 0.78,90% Cl: 0.61-0.87), with SEM = 146.0 N and
CV =7.5%. At 65 cm/s, relative reliability decreased to moderate (ICC = 0.69, 90% Cl: 0.49-0.82), accompanied by SEM =121.3
N and CV = 9.4%. Bland-Altman plots revealed small mean biases and narrow limits of agreement at both velocities.
Conclusions: The Valkyria Trainer Balance® platform shows promise as a reliable tool for assessing peak force in dynamic,
functional tasks. Reliability is greater at moderate squat velocity, supporting its use for longitudinal monitoring in athletes
and clinical populations. When detecting subtle changes in performance, slower velocities are recommended to minimize
measurement error, while higher velocities may be reserved for contexts where larger changes are expected.

Fiabilidad test-retest de la plataforma de fuerza portatil Valkyria Trainer
Balance® durante sentadillas isocinéticas

Resumen

Introduccion: Las plataformas de fuerza portatiles ofrecen una alternativa accesible y practica a los sistemas de laboratorio,
pero su fiabilidad durante tareas dinamicas y controladas por velocidad sigue poco explorada. Establecer la estabilidad de
la medicién en estas condiciones resulta esencial, dado que la velocidad de movimiento y la coordinacién influyen notable-
mente en la variabilidad.

Objetivo: Evaluar la fiabilidad test-retest de la plataforma de fuerza portatil Valkyria Trainer Balance® (VTB®) para la medicion
de la fuerza maxima durante sentadillas isocinéticas realizadas a dos velocidades controladas.

Material y método: Treinta varones jovenes fisicamente activos (21,4 + 2,5 afos; estatura 1,73 + 0,07 m; masa corporal 76,2 +
11,6 kg) completaron dos sesiones de evaluacién separadas por 48 h. Los participantes realizaron tres sentadillas isocinéticas
al méximo esfuerzo a 40 cm/s 'y 65 cm/s, con la velocidad controlada mediante un dinamémetro electromecénicoy la fuerza
registrada por plataformas VTB® sincronizadas (1000 Hz). Se seleccioné el mayor valor de fuerza pico de los tres intentos por
sesion. La fiabilidad se analizé mediante coeficientes de correlacion intraclase (ICC[3,11), error estandar de la medida (EEM) y
coeficiente de variacion (CV), todos con intervalos de confianza del 90%. Se examiné el sesgo sistemético y la concordancia
mediante andlisis de Bland-Altman.

Resultados: A 40 cm/s, la fuerza pico mostré buena fiabilidad relativa (ICC = 0,78; 1C90%: 0,61-0,87), con EEM = 1460 N y
CV =7,5%. A 65 cm/s, la fiabilidad descendidé a moderada (ICC = 0,69; IC90%: 0,49-0,82), con SEM = 121,3 Ny CV = 9,4%. Los
gréficos de Bland-Altman reflejaron sesgos pequenos y limites de concordancia estrechos.

Conclusiones: La plataforma VTB® presenta buena fiabilidad para evaluar la fuerza pico en tareas dindmicas, especialmente a
velocidad moderada. Se recomienda utilizar 40 cm/s para la deteccién de cambios sutiles, reservando 65 cm/s para situaciones
en las que se esperan mejoras de mayor magnitud.
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Introduction

Force plates are widely used in sports science and clinical bio-
mechanics to quantify performance, neuromuscular function, and
rehabilitation progress'2. While laboratory-grade force plates have
long been considered the gold standard for kinetic assessment, their
cost, complexity, and immobility limit their applicability in field-based
or clinical settings. As a result, portable force plates have emerged as
a practical alternative, offering greater accessibility and flexibility for
real-world testing environments®*. However, before these devices
can be confidently implemented in professional or clinical practice,
their reliability in capturing dynamic movements must be established.

To date, most validation and reliability studies involving portable
force plates have focused on static or isometric tasks, such as quiet
standing or maximal voluntary isometric contractions®. Although these
protocols facilitate control and standardization, they do not adequately
reflect the biomechanical demands of functional or sport-specific
movements, such as jumping, landing, or dynamic squatting. Given
the growing emphasis on functional assessment in both athletic and
rehabilitative contexts, it is essential to determine whether portable
force plates can produce reliable kinetic measurements during dynamic,
multi-joint tasks. In this sense, recent studies have demonstrated good
to excellent reliability of portable force plates during vertical jumps and
countermovement tasks, reporting ICC values above 0.90 for variables
such as peak force, jump height, and rate of force development**”. In
parallel, growing evidence indicates that isokinetic contractions exert
a substantial influence on the development of muscular strength and
power®. Despite this, few studies have evaluated the reliability of port-
able force plates in capturing dynamic movements performed under
standardized (constant) velocity. While existing findings support the
use of these devices in tasks such as vertical jumping, research remains
limited regarding their application in controlled dynamic conditions,
particularly those involving isokinetic or velocity-standardized move-
ments. This gap is critical, as movement velocity is known to significantly
affect measurement error and between-trial variability when using force
plates®. Without control over execution speed, comparisons across
sessions or individuals may be confounded by uncontrolled kinematic
variability, especially in tasks involving eccentric-concentric cycles or
high coordination demands®.

Therefore, the evaluation of portable force plate reliability in ve-
locity-controlled dynamic movements represents a critical step toward
validating their utility in sports performance monitoring and clinical
assessment. The present study aimed to determine the test-retest
reliability of a transportable force plate system in measuring peak
force during isokinetic squats performed at two predefined velocities
(40 cm/s and 65 cm/s).

Material and method

Participants

Sample size estimation was performed using G*Power software
(version 3.1.9.7; Heinrich-Heine-Universitdt, Germany)'®. The analysis

employed the following parameters: statistical test — t-test for de-
pendent means (matched pairs); type of analysis — a priori (sample
size calculation based on predefined q, statistical power, and effect
size). Calculations assumed a two-tailed test, an effect size of 0.53,
a significance level (a) of 0.05, and a statistical power (1-3) of 0.80,
resulting in a required sample of 30 participants.

Thirty physically active young men (age: 21.7 + 2.9 years; height:
1.73 £ 0.07 m; weight: 76.6 + 11.6 kg; body mass index: 25.4 + 3.5 kg/
m2) voluntarily participated in this study. All participants reported
engaging in regular physical activity (>3 sessions per week) and were
free from lower limb musculoskeletal injuries or neurological disorders
at the time of testing. Written informed consent was obtained from all
subjects, and the study was approved by the institutional ethics com-
mittee of Universidad de Las Américas (project ID: CEC_FP_202311).
All procedures were carried out in accordance with the latest revision
of the Declaration of Helsinki'".

Instrumentation

Two portable force platforms (Valkyria Trainer Balance® [VTB®]),
developed by IVOLUTION® (Sunchales, Argentina), were used for kinetic
data acquisition. The VTB® system consists of two independent plates,
originally designed to evaluate the right and left limbs separately.
Each plate incorporates a beam-type load cell to capture unidirec-
tional resultant force along the vertical axis, with signals processed
through an analog-to-digital converter and an internal electronic
processor. The system measures vertical ground reaction force at a
sampling frequency of 1000 Hz. The platforms operate with Valkyria
Trainer® software (version 1.1.9, Sunchales, Argentina), which allows
data collection via Bluetooth on Android or iOS devices or via USB
connection on Windows® and Mac® desktops. During testing, the
two plates were positioned side-by-side and synchronized to record
bilateral force production during squat performance.

Warm-up protocol

Prior to testing, all participants completed a standardized warm-
up protocol consisting of dynamic joint mobility exercises for the
knees, hips, ankles, and lumbar spine, followed by a series of active
muscle elongation drills targeting the lower limbs. The warm-up
lasted approximately 10-12 minutes and was supervised by a certified
kinesiologist to ensure compliance.

Testing procedure

The assessment protocol was conducted across two separate
sessions with 48 hours between them, under similar environmental
conditions and at the same time of day. On Day 1, participants per-
formed the isokinetic squat task at 40 cm/s, and on Day 2, the same
task was performed at 65 cm/s. Movement velocity was controlled
using a functional electromechanical dynamometer (DynaSystem?®,
Model Research, Spain) with a precision of 3 mm for displacement,
and supervised in real time by the evaluator to ensure consistency.

During each session, participants performed three maximal-ef-
fort isokinetic squats, descending and ascending at the prescribed
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velocity while maintaining upright posture and heels in contact with
the force plates. A rest period of 60 seconds was provided between
repetitions. The peak vertical ground reaction force was recorded for
each repetition, and the repetition with the highest peak force value
was selected for statistical analysis. Trials were considered valid if the
coefficient of variation (CV) across the three repetitions was less than
15%'2 In cases where CV exceeded this threshold, the set was repeated
after 2 minutes of rest.

Data processing

Force data from each force platform were initially acquired
using the manufacturer software Valkyria Trainer® V1.1.9 (Sunchales,
Argentina). The raw vertical ground reaction force signals were then
exported in tabulated format as Excel (xIsx) files for further processing.
Subsequent data handling and analysis were performed using MATLAB
R2013a (MathWorks Inc®., Natick, USA). A customized MATLAB script
was developed to automate the processing workflow. Specifically, the
script summed the vertical force magnitudes recorded independently
from each platform to obtain the total ground reaction force at each
time point. For each participant, the script identified the repetition
with the highest peak force value across the three valid trials. This
peak value was extracted and stored in a newly generated Excel file,
which served as the dataset for the subsequent reliability analysis.

Statistical analysis

Data were analyzed using the Excel spreadsheet for reliability
testing developed by Hopkins', which computes key indices of
test-retest reliability based on consecutive pairwise comparisons.
Mean and standard deviation were calculated for peak force across
both trials (Test 1 and Test 2) at 40 cm/s and 65 cm/s.

Relative reliability was assessed using the intraclass correlation co-
efficient ICC (3,1), appropriate for fixed trials and random subjects'®, with
90% confidence limits derived from F-ratio transformations. Absolute
reliability was evaluated through the Standard Error of Measurement
(SEM) and its corresponding coefficient of variation (CV%), calculated
as SEM expressed relative to the grand mean. Systematic bias was ex-
amined via the mean change and standardized change in mean with
associated 90% confidence intervals. Pearson’s correlation coefficient
was reported descriptively but not used as a metric of agreement.

Results

Descriptive statistics and reliability outcomes for peak force during
squats at 40 and 65 cm/s are shown inTable 1. At 40 cm/s, mean peak

force values were 1,943.3 + 317.3 N for the test session and 1,967.0 +
282.2 N for the retest session (P =0.35), with a mean difference of 36.7
N (90% Cl: -29.7 to 103.2 N). The SEM was 146.0 N (90% Cl: 119.7 to
188.7 N), corresponding to a CV of 7.5% (90% Cl: 6.2 to 9.4%). The ICC
indicated good relative reliability (ICC=10.78,90% Cl: 0.61 t0 0.87).The
scatter plot (Figure 1A) showed a strong positive association between
sessions, while the Bland-Altman plot (Figure 2A) revealed a small bias
with most differences within the 95% limits of agreement.

At 65 cm/s, mean peak force values were 1,539.6 + 225.1 N for
the test session and 1,579.2 + 202.8 N for the retest session (P=0.12),
with a mean difference of 50.7 N (90% Cl: -3.5 to 104.8 N). The SEM
was 121.3 N (90% Cl: 99.8 to 156.0 N), yielding a CV of 9.4% (90% Cl: 7.7
to 11.7%). The ICC suggested moderate relative reliability (ICC = 0.69,
90% Cl: 0.49 to 0.82). The scatter plot (Figure 1B) showed a moderate
to strong association between sessions, and the Bland-Altman plot
(Figure 2B) indicated a small bias with most data points within the
95% limits of agreement.

Discussion

The primary objective of this study was to evaluate the test-retest
reliability of the VTB® force platform for measuring peak force during
isokinetic squats performed at two distinct velocities: 40 cm/s and
65 cm/s. The results demonstrate that the system provides good to
moderate reliability, with better performance observed at the slower
movement speed.

At 40 cm/s, peak force showed a mean difference of 36.7 N with
90% confidence limits ranging from -29.7 to 103.2 N, a SEM of 146.0
N, a CV of 7.5%, and an ICC of 0.78. An ICC above 0.75 is interpreted
as good relative reliability', and the relatively low CV indicates limited
measurement variability relative to the mean. Similar values have been
reported for other force platforms and dynamic squat protocols, with
ICCs ranging from 0.75 t0 0.90 and CVs up to 8% in repeated testing of
peak or mean force outputs in controlled conditions'™®. In line with
established benchmarks, previous studies in squat-specific assess-
ments have reported CV values below 10% as indicative of sufficient
measurement consistency''®. These findings suggest that the VTB®
platform can provide stable and reproducible measurements at mod-
erate squat velocities, which is valuable for longitudinal monitoring
of strength in athletic or rehabilitation populations where precise
detection of performance changes is needed.

At 65 cm/s, peak force reliability was slightly lower, with a mean
difference of 50.7 N (90% ClI: -3.5 to 104.8 N), SEM of 121.3 N, CV of
9.4%, and ICC of 0.69. An ICC between 0.50 and 0.75 is interpreted as
moderate reliability', and the higher CV compared with that at 40
cm/s suggests increased variability when performing squats at higher

Table 1. Test-retest reliability of the Valkyria Trainer Balance® force platform during squats performed at 40 and 65 cm/s (n = 30).

Test (mean £ SD) Retest (mean = SD) P

A[90% CI] SEM [(90% Cl] CV[90% ClI] 1CC[90% ClI]

40 cm/s peak force [N]
65 cm/s peak force [N]

1,943.3+£317.3
1,539.6 + 225.1

36.7[-29.7t0 103.2] 146.0[119.7-188.7] 7.5% [6.2-9.4]
50.7 [-3.5 to 104.8]

1,967.0 + 282.2 0.35
1,579.2 + 202.8 0.12

0.78 [0.61-0.87]
121.3[99.8-156.0] 9.4%[7.7-11.7]  0.69 [0.49-0.82]

Cl, confidence interval; ICC, intra-class correlation coefficient; CV, coefficient of variation; N, Newton; SD, standard deviation; SEM, standard error of measurement; A, variation delta; P, paired

t-test P-value.
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Figure 1. Test-retest relationship of peak force during the squat at two movement velocities. (A) 40 cm/s. (B) 65 cm/s. Each point
represents individual value. The dashed line indicates the line of identity; the solid line represents the linear regression.
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Figure 2. Bland-Altman plots showing the agreement in peak force measurements between test and retest during the squat. (A) 40 cm/s.
(B) 65 cm/s. The solid line represents the mean difference (bias), and the dashed lines indicate the 95% limits of agreement (+1.96 SD).
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velocities. Previous research on dynamic multi-joint movements has
shown similar trends, with ICCs ranging from 0.69 to 0.83 but relatively
poor absolute reliability (CVs up to ~25%)'%, where increased execution
speed leads to greater variability in force-time characteristics due to
reduced movement control and higher coordination demands®%. In
applied settings, these results imply that monitoring peak force at
higher squat velocities may require additional familiarization trials or
larger performance changes to confirm true improvements beyond
measurement error.

The Bland-Altman analysis supported the relative and absolute
reliability outcomes for both velocities, showing small mean biases and
the majority of individual differences falling within the 95% limits of
agreement. The small bias indicates no systematic error, while narrow
limits of agreement suggest good absolute agreement between test
sessions. Similar patterns have been observed in studies validating

portable and laboratory-based force measurement systems, where
systematic bias was minimal, and variability fell within acceptable
thresholds for repeated-measures testing'??'. This reinforces the
suitability of the VTB® platform for tracking peak force over time, as
practitioners can be confident that repeated measures reflect true
performance rather than systematic measurement drift.

From an applied perspective, the combination of good reliability
at 40 cm/s and moderate reliability at 65 cm/s means that the VTB®
can be integrated into performance monitoring protocols. However,
when the goal is to detect subtle changes in force production—such
as during early rehabilitation stages, technical interventions, or small
training blocks—testing at 40 cm/s may be preferable to minimize
measurement noise. Conversely, testing of 65 cm/s could be reserved
for contexts where larger changes in performance are expected or
where velocity-specific force output is a priority.
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Limitations and future perspectives

This study has certain limitations that should be acknowledged.
First, the evaluation was restricted to two moderate squat velocities (40
cm/s and 65 cm/s). Although these conditions allowed for the assess-
ment of test-retest reliability under controlled dynamic settings, they do
not fully represent the range of movement speeds typically observed
in sport performance. Higher velocities, which more closely replicate
explosive or plyometric actions, may impose greater coordination de-
mands and could potentially affect measurement variability. Therefore,
future research should extend reliability testing of portable force plat-
forms to faster isokinetic squat velocities. Another limitation concerns
the homogeneity of the sample, composed exclusively of physically
active young men. These findings cannot be directly extrapolated to
women, older adults, or clinical populations, in whom neuromuscular
performance and variability may differ. Future studies should consider
more diverse populations to enhance the generalizability of the results.

Conclusions

This study confirm that VTB® can be used reliably to assess peak
force in dynamic, functional tasks, such as squats, provided that appro-
priate methodological controls are implemented. This has important
implications for practitioners seeking portable, objective tools to
monitor strength adaptations or recovery in athletes. However, the
VTB® force platform proved suitable under controlled conditions, yet
extrapolation to field-based actions or higher execution velocities
should be approached with caution.
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