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Validity and within-session reliability

of the Exerfly system: A comparison of
motorised and non-motorised

flywheel squats

Dogus Bakici' (), Matt R. Cross' (¥, Matt Brughelli', and lvan jukic"2

Abstract
This study examined the concurrent validity and within-session reliability of the Exerfly flywheel application. Twelve resist-
ance-trained men completed repeated flywheel back-squat sessions across six inertial loads (0.025-0.15 kg'm?) using
motorised and non-motorised modes. Mean and peak concentric and eccentric force and velocity were recorded simultan-
eously using the Exerfly rotary encoder system and a MuscleLab unit. Concurrent validity was assessed using Bland-Altman
limits of agreement (LoA) and concordance correlation coefficients (CCC) while accounting for repeated measures.
Proportional bias was examined where present. Within-session inter-set reliability was evaluated using ICC(2,1), CV, and
SEM. Mean concentric velocity demonstrated the highest agreement between systems, with small, non-significant bias and
very large concordance in both non-motorised (0.04 m/s [95% CI: —0.01, 0.08], CCC = 0.80) and motorised (0.0l m/s
[95% Cl: —0.02, 0.04], CCC = 0.86) conditions. Motorised mean eccentric force also showed trivial bias and nearly perfect
concordance (—5 N [95% ClI: —23, 13], CCC = 0.94), although with wide LoA. In contrast, mean eccentric velocity and all
peak variables exhibited systematic bias and lower concordance, with proportional bias evident particularly at higher forces
and velocities. Despite this, both systems demonstrated good-to-excellent inter-set reliability across variables (ICC range:
0.64-0.99; CV%: 1.13—10.16). Agreement between systems was limited for interchangeable use across most mechanical out-
puts. Mean concentric velocity and motorised mean eccentric force showed the most acceptable agreement, whereas the
remaining force and velocity measures demonstrated substantial bias. Nonetheless, both systems exhibited strong reliability,
supporting their independent use for monitoring flywheel training performance.

Protocol registration: The original protocol was prospectively registered at the Open Science Framework (https:/osf.
io/acpvs).
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reliable measurement systems are required to ensure that
practitioners can precisely prescribe intensity and monitor
training loads.

Introduction

Over the past two decades, flywheel resistance training has

gained significant attention in athletic environments due to
its unique ability to provide eccentric overload.' Flywheel
devices have been shown to improve strength, power,
hypertrophy, jump performance, speed, and change of dir-
ection ability,”” as well as promote positive tendon adapta-
tions.* To maximise these benefits and minimise risks
such as overtraining and injury,'® accurate quantification
of flywheel training loads is essential. In the broader resist-
ance training literature, metrics such as velocity and force
are commonly used to prescribe training intensity and moni-
tor performance adaptations.'"'* Consequently, valid and

While the prescription and monitoring of those metrics
are well established in traditional resistance training, their
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application to flywheel resistance training is less clearly
defined. For example, load individualisation is recom-
mended for flywheel training,'® yet few studies have inves-
tigated methods (e.g., velocity-based) for standardising and
prescribing training intensity within a longitudinal study
design.*'*"'¢ Generally, studies have used pre-allocated
inertial load settings; while practical, this approach fails to
account for individual differences, potentially leading to
varied adaptational responses between participants. The
complex nature of flywheel training, characterised by vary-
ing inertial settings, the integration of new motorised sys-
tems,!” and the manipulation of the athlete’s intent,
highlights the importance of accurately characterising the
mechanical stimulus to understand its impact.

Until recently, flywheel research primarily relied on
force plates, linear position transducers (LPT), video ana-
lysis, and strain gauges to quantify flywheel training inten-
sity.'® Although these reference systems provide accurate
measurements and valuable insights in laboratory settings,
their data collection and processing demands are time-
consuming and often impractical for daily use. An
easy-to-use, Bluetooth-enabled load-monitoring application
could accelerate load-individualisation sessions and make
within-session data monitoring significantly more conveni-
ent. Accordingly, contemporary flywheel devices com-
monly use rotary encoders to track shaft rotation. These
data are used to calculate angular velocity (o) and acceler-
ation (), from which torque (T) and power (P) are subse-
quently estimated based on these known kinematic
properties of the system.'® However, strength and condi-
tioning practitioners typically interpret mechanical output
using linear metrics, such as linear velocity (V), force (F),
and power (P). Therefore, the accurate conversion of angu-
lar metrics into linear metrics is essential for assessing the
force-velocity profile and total mechanical work performed
during flywheel exercises. Furthermore, the validity and
reliability of these derived outcomes may be influenced
by factors such as flywheel inertia and the specific operating
mode (i.e., motorised vs non-motorised). Therefore, proper
validation ensures that the mechanical characteristics of fly-
wheel training across different inertial loads and flywheel
modes can be meaningfully compared across different train-
ing settings and against traditional resistance training
methods.

One manufacturer, Exerfly, has recently released a
motorised device that can apply a customisable amount
of eccentric overload using an electric motor, while also
enabling real-time tracking of performance metrics such
as velocity and force via the device application.
However, the validity and within-session reliability of
these mechanical outputs across different flywheel modes
remain unclear. Therefore, this study aims to evaluate the
validity and reliability of the Exerfly application com-
pared with commonly used devices, including
MuscleLab’s LPT and strain gauge.

Materials and methods

Research design

A randomised, within-participant, crossover design with
repeated measures was employed. Participants performed
back squats on a flywheel device equipped with an inbuilt
motor across various inertial loads and motorised/non-
motorised modes. To evaluate concurrent validity, force
and velocity were measured simultaneously via an LPT
and a strain gauge (i.c., the reference system), as well as
the in-built rotary system of the flywheel device. This study
is part of a broader pre-registered project (osf.io/acpvs)
investigating flywheel training monitoring and prescription
across various overload conditions.

Participants

Twelve resistance-trained males (mean + SD: age 26.5 +
5.40 years; height 179.28 +7.56 cm; body mass 88.73 +
12.14 kg; resistance training experience 7.63 +4.76 years;
one-repetition maximum (1-RM) back squat/body mass
ratio 1.70 +0.29) participated in the study. All participants
reported their most recent single or multiple back squat
loads in kilograms. Participants were free from injury and
disease at the time of testing. The experimental procedures
were approved by the Auckland University of Technology
Ethics Committee (24/283), and all participants provided
written informed consent prior to participation. While this
research question was indicated as a secondary component
of the pre-registered project, no a priori power analysis was
performed for this element. Thus, this study is exploratory
and prioritises quantifying agreement and associated uncer-
tainty via mean bias and Limits of Agreement (LoA).
Accordingly, interpretation focuses on whether the magni-
tude and precision of observed differences are likely to be
practically meaningful for applied load prescription.

Data collection and procedure

All participants attended four sessions on separate days: one
familiarisation session (no data collected), one reduced test-
ing session (incorporating both motorised and non-
motorised modes), and two full experimental sessions.
The order of conditions for the two full experimental ses-
sions (non-motorised or motorised) was randomly assigned
for each participant using an online randomisation tool
(https:/www.randomizer.org).

During the full experimental sessions, following a stan-
dardised warm-up, participants performed 12 sets of six
repetitions of flywheel squats. For each inertia level
(0.025, 0.05, 0.075, 0.1, 0.125, and 0.15 kg~m2), they com-
pleted two sets of six repetitions in either the motorised or
non-motorised mode. In the initial reduced familiarisation
session, the inertial range was condensed to 0.05, 0.1, and
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0.15 kg'm?. In this session, participants performed the non-
motorised sets first, followed by the motorised mode. All
sets across all experimental sessions were separated by
4-min rest intervals. During all data collection sessions,
knee range of motion was standardised between 90° and
170 + 5°: participants began each repetition from a squat
position with 90° of knee flexion, measured using a goni-
ometer, and were instructed to reach 170—175° of knee
extension at the concentric end range. During the eccentric
phase, participants were instructed to stop the rope clamp at
the same position on every repetition. Between sets, the
MuscleLab system data were checked to ensure consistent
displacement. From the second session onward, participants
were instructed to perform each concentric action with max-
imal effort. During the eccentric phase, they were asked to
delay abrupt braking until the final third of the movement.

The Exerfly flywheel (Exerfly Ultimate Version,
Dynamic Fitness & Strength, Eau Claire, WI, USA) fea-
tures a motorised eccentric boost that is triggered after the
flywheel reaches three initial revolutions, ensuring a suffi-
cient range of motion. During the late concentric phase,
the system calculates rotational kinetic energy
(KE =1Iw?*) and engages the motor to accelerate the fly-
wheel. This increases the total kinetic energy by a prese-
lected boost percentage, ensuring that the energy entering
the eccentric phase exceeds that generated concentrically,
thereby providing repeatable eccentric overload. In the pre-
sent study, the motorised mode was set to provide a 20%
eccentric boost; this selection was based on preliminary
piloting to ensure a meaningful eccentric overload.
Experimental sessions were separated by > 7 days.

Mean and peak force and velocity data were collected
during both the concentric and eccentric phases of the fly-
wheel half-back squat, which participants performed with
arm placement self-selected according to individual shoul-
der and thoracic mobility. The MuscleLab (Ergotech
Innovation AS, Stanhelle, Norway) system, consisting of
an LPT (sampling rate: 200 Hz) and a strain gauge (sam-
pling rate: 200 Hz), was used as the reference system meas-
ure. The strain gauge was attached in series between the
flywheel squat harness and the flywheel rope, while the
LPT was positioned on the participant’s back using a
wooden dowel aligned with the line of action (Figure 1).
This placement was selected after pilot testing revealed
that positioning the LPT near the strain gauge produced
noisy data due to physical interference. A MuscleLab wired
data synchronisation unit (DSU) was used to collect instant-
aneous raw force and velocity data. The concentric and
eccentric phases were identified by positive and negative
velocity values, respectively. Initial data analysis was per-
formed in Microsoft Excel using PivotTable functions to
calculate mean and peak force and velocity values for
each repetition during both phases, across all inertia levels,
exercise modes, and muscle actions. Simultaneously, force
and velocity data were collected from the Exerfly via

Bluetooth connection with default settings, using an
Android tablet (Samsung Galaxy S7 FE, Seoul, South
Korea). The Exerfly Bluetooth application recorded rotary
encoder-derived force and velocity data at a sampling rate
of 1000 Hz. The primary outcome variables were mean
and peak concentric and eccentric velocity and force. The
1 and 6™ repetitions were excluded from all analyses to
account for submaximal efforts at the start and end of the
set. The first repetition also represents a mechanically dis-
tinct condition, as it requires overcoming zero momentum,
resulting in lower velocity but higher impulse compared to
subsequent repetitions.'®

During data collection, the Exerfly device was using an
early access software application and experienced intermit-
tent Bluetooth disconnection (this issue has since been
resolved). This instability resulted in missing data for
some repetitions. Only paired data samples (i.c., repetitions
with corresponding MuscleLab and Exerfly values) were
included in the analysis. All MuscleLab data points and
the corresponding missing Exerfly data points are provided
in the supplementary file (https:/osf.io/acpvs). Across all
conditions, 13,824 repetitions were captured with
MuscleLab, of which 12,506 were simultaneously recorded
by the Exerfly system. This resulted in 1318 missing
Exerfly data points (9.53% of the MuscleLab total). As
data were lost at the repetition level, the concentric and
eccentric phases were lost simultaneously for the same
repetitions, meaning missingness was equivalent across
phases. It is also worth noting that data points at the 0.05,
0.1, and 0.15 kg'm? inertial loads were greater in number
than at the remaining loads (0.025, 0.075, and
0.125 kg'm?), as the former were also used during the
second familiarisation session, resulting in additional repe-
titions at those loads. Although missing data points, the
number of paired Exerfly and MuscleLab data points for
each outcome variable, in each flywheel mode and phase,
across inertial loads was quite substantial (>772).

Statistical analysis

All analyses were conducted using R (Version 4.5.1; R
Core Team, 2025) in RStudio (Version 2025.09.1 +401;
Posit Software, PBC, Boston, MA, USA), using the
SimplyAgree package (version 0.2.1).%° Specifically, con-
current validity was assessed by comparing the Exerfly
Bluetooth application (data collected via the device’s rotary
encoder) against the MuscleLab strain gauge and LPT,
which served as reference system measures, under different
flywheel modes (motorised and non-motorised) and move-
ment phases (concentric and eccentric). Inertial loads were
not analysed separately, as the aim was to examine values
derived from all levels combined for agreement analysis.
The agreement was evaluated using the Bland-Altman
Limits of Agreement (LoA) at a 95% agreement level via
the agreement_limit() function. Because the dataset
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Figure |. Locations of the strain gauge and LPT. This figure is
representative only and was taken during an early pilot session;
the experimental standardisations described in the text were not
yet implemented. In the experimental setup, the LPT was
positioned on the ground, off the flywheel platform, to align with
its line of action.

included multiple repetitions per participant, the function
incorporated a linear mixed model framework to account
for the nested (within-participant) data structure and esti-
mate variance components appropriately. Systematic bias
was tested for statistical significance using the 95% confi-
dence interval (CI) of the mean difference; bias was consid-
ered statistically significant if the CI did not include zero.
Model diagnostics indicated the presence of proportional
bias across all outcome variables, which, while minor prac-
tically for some variables (via plots), appeared meaningful
for others. Therefore, the proportional bias analyses and
adjusted values are reported in the supplementary material.
Additionally, the Concordance Correlation Coefficient
(CCC) was calculated using the SimplyAgree, agree_nest()
function to assess relative agreement, interpreted as follows:
0.0-0.1 =trivial, 0.1-0.3 =small, 0.3-0.5 =moderate, 0.5—
0.7 =large, 0.7-0.9 =very large, 0.9-1.0 =nearly perfect,
and 1.0 = perfect correlation.”'

For reliability, data were filtered to include only experi-
mental sessions and averaged across repetitions for set-level
data. Reliability was assessed separately for the Exerfly and
MuscleLab devices to illustrate internal device reliability
across the inertial loads of 0.05, 0.1, and 0.15 kg~m2.
Within-device intra-session reliability across sets was eval-
uated using a two-way random-effects, absolute-agreement
intraclass correlation coefficient for a single measure
[ICC(2,1)] with the following formula

_ (MS—MS)
ICC(2, 1) = (MSB+(n,-—l)-MSEB+n,v~(1|b/[SR—MSE)~n*1)’ and ICC values

were reported alongside 95% confidence intervals (CI).%°
Absolute reliability was quantified in an absolute term using

the coefficient of variation®* with the following equation®’:

CV (%) = (—W‘;SE) x 100. Variables with a CV of < 10%

were classified as demonstrating acceptable absolute reli-
ability.*? In addition, the standard error of measurement
(SEM) was calculated to estimate the typical absolute meas-
urement error in the original units (m/s or N) with the fol-
lowing equation: SEM = /MSE.*** ICC values were
interpreted as proposed by Koo et al.,** with specific atten-
tion paid to the lower bound of the confidence interval, as
follows: < 0.50 =poor, 0.50-0.75 = moderate, 0.75-0.90
=good, and > 0.90 = excellent reliability.

Results

Agreement results for peak and mean velocity and force
variables across flywheel modes and movement phases
are summarised in Table 1. Within-session inter-set ICC,
CV, and SEM for concentric and eccentric mean and peak
velocity and force at inertial loads of 0.05, 0.1, and
0.15 kg'm? in both non-motorised and motorised modes,
separately for the MuscleLab and Exerfly devices, are pre-
sented in Tables 2-5. Bland-Altman limits of agreement
(LoA) for all outcomes are illustrated in Figure 2-5. The
expanded analysis of agreement, including Bland-Altman
limits of agreement and proportional bias estimates, is avail-
able in Supplementary Table 1. Additionally, inter-set reli-
ability scores based on the average of k measures [ICC (2,
k)] are provided in Supplementary Tables 2—5. All supple-
mentary documents were shared at https:/osf.io/acpvs.

Agreement analysis

The highest agreement was found for mean concentric vel-
ocity measurements. In the non-motorised mode, mean con-
centric velocity bias was small and not statistically
significant (0.04 m/s; 95% CI. —0.01 to 0.08 m/s), with
relatively wide LoA (—0.16 to 0.23 m/s) and very large con-
cordance (CCC = 0.80). In the motorised mode, mean con-
centric velocity did not show statistically significant bias
(0.01 m/s; 95% CI: —0.02 to 0.04 m/s), narrower LoA
(=0.14 to 0.16 m/s), and very large concordance (CCC =
0.86). Peak concentric velocities, as well as mean and
peak eccentric velocities in both motorised and non-
motorised modes, showed a significant bias and lower con-
cordance (CCC = 0.31-0.69).

Mean concentric force in both modes and mean eccentric
force measurements in the non-motorised mode also
demonstrated very large to nearly perfect concordance
(CCC = 0.80-0.93), although statistically significant bias
was present. Notably, motorised eccentric mean force
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Table 2. Within-session, inter-set reliability of mean velocity for MuscleLab and Exerfly devices, across mode and inertial settings for

concentric and eccentric phases.

Device Flywheel mode Inertia (kg-m2) Phase ICC (95% Cl) CV (%) SEM (m/s)
MuscleLab Non-motorised 0.05 Concentric 0.97 (0.91, 0.99) 3.19 0.03
0.05 Eccentric 0.98 (0.94, 0.99) 3.01 0.03
0.1 Concentric 0.95 (0.86, 0.98) 4.09 0.03
0.1 Eccentric 0.88 (0.70, 0.96) 5.90 0.04
0.15 Concentric 0.95 (0.86, 0.98) 3.8l 0.03
0.15 Eccentric 0.95 (0.87, 0.98) 3.85 0.03
Exerfly Non-motorised 0.05 Concentric 0.90 (0.72, 0.97) 393 0.03
0.05 Eccentric 0.93 (0.79, 0.98) 4.36 0.05
0.1 Concentric 0.97 (0.91, 0.99) 2.70 0.02
0.1 Eccentric 0.97 (0.92, 0.99) 3.08 0.03
0.15 Concentric 0.98 (0.94, 1.00) 1.48 0.01
0.15 Eccentric 0.99 (0.96, 0.99) 1.93 0.02
MuscleLab Motorised 0.05 Concentric 0.86 (0.66, 0.95) 5.74 0.05
0.05 Eccentric 0.92 (0.79, 0.97) 451 0.04
0.1 Concentric 0.97 (0.92, 0.99) 2.56 0.02
0.1 Eccentric 0.95 (0.87, 0.98) 3.28 0.02
0.15 Concentric 0.97 (0.91, 0.99) 2.80 0.02
0.15 Eccentric 0.90 (0.75, 0.96) 4.58 0.03
Exerfly Motorised 0.05 Concentric 0.87 (0.65, 0.96) 422 0.04
0.05 Eccentric 0.90 (0.72, 0.97) 437 0.05
0.1 Concentric 0.93 (0.81, 0.97) 3.13 0.02
0.1 Eccentric 0.93 (0.81, 0.97) 331 0.03
0.15 Concentric 0.98 (0.93, 0.99) 2.02 0.01
0.15 Eccentric 0.91 (0.70, 0.97) 3.99 0.04

Reliability scores are reported from experimental sessions only (motorised or non-motorised) and represent the single-measure absolute agreement

across sets.

displayed a trivial and statistically non-significant bias (—5
N; 95% CI: =23 to 13 N) and nearly perfect concordance
(CCC = 0.94), although with relatively wide LoA (—172
to 163 N). Peak concentric and eccentric force values across
both modes showed a significant bias and large to very large
concordance (CCC = 0.65-0.84).

Proportional bias

Several variables showed a degree of meaningful propor-
tional bias (Supplementary Table 1). For non-motorised
mean concentric velocity, at high velocity levels (1.25 m/
s), the bias increased and became statistically significant
(0.07 m/s, 95% CI: 0.03, 0.12 m/s), whereas at lower vel-
ocity levels (0.52 m/s), the bias was smaller and non-
significant (0.02m/s, 95% CI. -0.03, 0.06 m/s).
Similarly, motorised mean eccentric force exhibited statis-
tically significant bias at both low (153 N) and high (1326
N) force levels (35 N, 95% CI: 13, 57; and —57 N, 95%
CI: —81, —32, respectively).

After proportional bias adjustment, several individual
data points showed a reduced systematic bias. These
included: Peak concentric velocity in the motorised mode
at low peak velocity level (0.79 m/s; bias: 0.02 m/s, 95%
CI: —0.04, 0.08), mean concentric force in the non-
motorised mode at low mean force level (175 N; bias: 0.2

N, 95% CI. —14, 15), mean concentric force in the
motorised mode at high mean force level (1184 N; bias:
—41 N, 95% CI: —101, 19), and peak eccentric force in
the non-motorised mode at low peak force level (284 N;
bias: 57 N, 95% CI: —12, 126). All other variables showed
strong proportional bias.

Reliability analysis

The inter-set reliability for the MuscleLab and Exerfly
devices was generally excellent (>0.90) or good (0.75—
0.90) with only a few exceptions. The lowest lower bounds
of the ICC confidence intervals were observed for
MuscleLab peak velocity in the eccentric phase of the
motorised flywheel mode across all inertial points (ICC
lower bounds = 0.24, 0.30, and 0.44, respectively),
Exerfly mean force in the eccentric phase of the non-
motorised mode at 0.05 kg'm* (ICC lower bound = 0.40),
and Exerfly peak force in the concentric phase of the
motorised mode at 0.05 kg'm? (ICC lower bound = 0.49).

Discussion

To our knowledge, this is the first study to evaluate the val-
idity and inter-set reliability of the Exerfly system across
different flywheel modes (motorised vs. non-motorised)
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Table 3. Within-session, inter-set reliability of mean force for MuscleLab and Exerfly devices, across mode and inertial settings for

concentric and eccentric phases.

Device Flywheel mode Inertia (kg-m?) Phase ICC (95% ClI) CV (%) SEM (N)
MusclelLab Non-motorised 0.05 Concentric 0.93 (0.81, 0.97) 4.18 19.15
0.05 Eccentric 0.89 (0.73, 0.96) 5.95 2349
0.1 Concentric 0.96 (0.89, 0.99) 3.88 28.34
0.1 Eccentric 0.93 (0.83, 0.98) 5.66 34.55
0.15 Concentric 0.99 (0.96, 1.00) 1.88 18.17
0.15 Eccentric 0.97 (0.87, 0.99) 3.06 27.09
Exerfly Non-motorised 0.05 Concentric 0.95 (0.85, 0.99) 3.25 13.42
0.05 Eccentric 0.78 (0.40, 0.93) 10.16 45.25
0.1 Concentric 0.95 (0.87, 0.98) 4.28 26.42
0.1 Eccentric 0.96 (0.90, 0.99) 4.06 28.05
0.15 Concentric 0.98 (0.93, 0.99) 2.69 22.55
0.15 Eccentric 0.98 (0.90, 1.00) 232 24.54
MuscleLab Motorised 0.05 Concentric 0.91 (0.75, 0.97) 6.18 35.66
0.05 Eccentric 0.87 (0.69, 0.95) 691 33.50
0.1 Concentric 0.99 (0.97, 1.00) 3.12 21.48
0.1 Eccentric 0.90 (0.74, 0.96) 5.82 4261
0.15 Concentric 0.96 (0.87, 0.99) 4.08 3547
0.15 Eccentric 0.90 (0.75, 0.96) 5.00 43.21
Exerfly Motorised 0.05 Concentric 0.89 (0.70, 0.96) 5.93 24.74
0.05 Eccentric 0.94 (0.83, 0.98) 4.36 20.76
0.1 Concentric 0.98 (0.93, 0.99) 3.07 18.80
0.1 Eccentric 0.92 (0.79, 0.97) 5.15 37.17
0.15 Concentric 0.96 (0.88, 0.99) 3.04 25.19
0.15 Eccentric 0.97 (0.91, 0.99) 2.98 26.38

Reliability scores are reported from experimental sessions only (motorised or non-motorised) and represent the single-measure absolute agreement

across sets.

and muscle actions against a reference system. The primary
findings indicate that mean concentric velocity in both non-
motorised and motorised modes (0.04 m/s [95% CI: —0.01,
0.08] and 0.01 m/s [95% CI: —0.02, 0.04] respectively) and
mean eccentric force in the motorised mode (—5 N [95% CT:
—23, 13]) showed small and statistically non-significant
mean bias. In contrast, the mean concentric force in both
modes, the mean eccentric force in the non-motorised
mode, and all peak velocity and force variables demon-
strated larger systematic and statistically significant bias.
Across all outcomes, the wide limits of agreement (LoA)
indicate substantial individual variability and random error,
suggesting that the devices may produce meaningfully dif-
ferent absolute values despite small average biases in some
outcome variables. Systematic bias differed across levels
for some variables after adjusting for proportional bias.
Nevertheless, both systems demonstrated good-to-excellent
internal reliability with a few exceptions (point estimates
ranged from ICC = 0.64 to 0.99, CV% =1.13-10.16).
The agreement in mean concentric velocity and mean
eccentric force in the motorised mode is particularly note-
worthy for practitioners. Since training prescription usually
relies on velocity ranges rather than discrete points,* the
small bias observed suggests that intensity zones remain
stable across devices. However, proportional bias analysis
revealed that the accuracy for the mean non-motorised

concentric velocity was higher between the devices at
slower speeds. Similarly, mean eccentric force values in
the motorised mode showed almost no disparity between
devices at an average level (moderate force levels).
However, proportional bias analysis revealed that the dis-
crepancy increased at the extreme ends of the force spec-
trum (low and high force levels). Taken together, these
patterns indicate that the two devices produce more compar-
able outputs when movement is controlled and at moderate
force levels. Despite small mean biases, the wide LoA sug-
gests that absolute values vary considerably, which may
stem from inconsistent movement quality during some
repetitions. Anecdotally, we observed that when movement
patterns were smoother, the agreement became more stable.
Although speculative, this aligns with research suggesting
that familiarisation influences mechanical outputs® 2’
novel flywheel stimuli may have generated unusual kine-
matic and kinetic changes, especially during the familiarisa-
tion session, contributing to random differences despite the
small average bias. Additional mechanism, such as fatigue,
may have influenced the bias results, although the extent of
its impact remains unknown. The present study used rela-
tively fewer sets compared to a previous study, which
used 20 sets within the experimental session?®; however,
the 12 sets performed in the current study still represent a
high volume for a single exercise within a session.
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Table 4. Within-session, inter-set reliability of peak velocity for MuscleLab and Exerfly Devices, across mode and inertial settings for
concentric and eccentric phases.

Device Flywheel mode Inertia (kg-m2) Phase ICC (95% Cl) CV (%) SEM (m/s)
MuscleLab Non-motorised 0.05 Concentric 0.92 (0.74, 0.98) 3.21 0.04
0.05 Eccentric 0.87 (0.65, 0.96) 3.82 0.06
0.1 Concentric 0.99 (0.97, 1.00) 1.17 0.01
0.1 Eccentric 0.85 (0.63, 0.95) 2.89 0.04
0.15 Concentric 0.98 (0.93, 0.99) 1.47 0.02
0.15 Eccentric 0.91 (0.77, 0.97) 3.28 0.04
Exerfly Non-motorised 0.05 Concentric 0.96 (0.88, 0.99) 2.25 0.03
0.05 Eccentric 0.91 (0.74, 0.97) 4.14 0.06
0.1 Concentric 0.98 (0.96, 0.99) 1.65 0.02
0.1 Eccentric 0.97 (0.93, 0.99) 2.65 0.03
0.15 Concentric 0.99 (0.98, 1.00) 1.13 0.01
0.15 Eccentric 0.99 (0.98, 1.00) 1.13 0.01
MuscleLab Motorised 0.05 Concentric 0.93 (0.81, 0.97) 3.93 0.06
0.05 Eccentric 0.64 (0.24, 0.86) 7.93 0.16
0.1 Concentric 0.92 (0.74, 0.97) 3.92 0.06
0.1 Eccentric 0.68 (0.30, 0.87) 7.18 0.11
0.15 Concentric 0.93 (0.83, 0.98) 3.99 0.05
0.15 Eccentric 0.75 (0.44, 0.90) 9.31 0.15
Exerfly Motorised 0.05 Concentric 0.98 (0.95, 0.99) 2.59 0.04
0.05 Eccentric 0.84 (0.62, 0.94) 9.67 0.19
0.1 Concentric 0.89 (0.73, 0.96) 5.70 0.08
0.1 Eccentric 0.79 (0.52, 0.92) 7.98 0.12
0.15 Concentric 0.97 (0.92, 0.99) 293 0.04
0.15 Eccentric 0.89 (0.71, 0.96) 5.85 0.08

Reliability scores are reported from experimental sessions only (motorised or non-motorised) and represent the single-measure absolute agreement
across sets.

Table 5. Within-session, inter-set reliability of peak force for MuscleLab and Exerfly Devices, across mode and inertial settings for
concentric and eccentric phases.

Device Flywheel mode Inertia (kg-m?) Phase ICC (95% Cl) CV (%) SEM (N)
MuscleLab Non-motorised 0.05 Concentric 0.95 (0.85, 0.98) 4.06 26.04
0.05 Eccentric 0.96 (0.87, 0.99) 4.11 32.58
0.1 Concentric 0.96 (0.91, 0.99) 3.00 3091
0.1 Eccentric 0.91 (0.78, 0.97) 4.73 57.31
0.15 Concentric 0.91 (0.76, 0.97) 4.75 59.54
0.15 Eccentric 0.93 (0.80, 0.97) 4.60 66.61
Exerfly Non-motorised 0.05 Concentric 0.88 (0.64, 0.96) 5.52 36.99
0.05 Eccentric 0.94 (0.82, 0.98) 5.70 46.12
0.1 Concentric 0.91 (0.76, 0.97) 4.32 43.54
0.1 Eccentric 0.95 (0.87, 0.98) 4.68 52.80
0.15 Concentric 0.97 (0.91, 0.99) 2.88 34.24
0.15 Eccentric 0.99 (0.97, 1.00) 2.08 25.97
MuscleLab Motorised 0.05 Concentric 0.86 (0.62, 0.95) 5.75 56.36
0.05 Eccentric 0.89 (0.72, 0.96) 6.01 62.02
0.1 Concentric 0.93 (0.82, 0.97) 6.03 64.94
0.1 Eccentric 0.89 (0.72, 0.96) 6.07 86.06
0.15 Concentric 0.87 (0.65, 0.95) 6.08 80.78
0.15 Eccentric 0.91 (0.77, 0.97) 5.84 91.72
Exerfly Motorised 0.05 Concentric 0.78 (0.49, 0.91) 7.00 55.64
0.05 Eccentric 0.89 (0.71, 0.96) 8.94 81.39
0.1 Concentric 0.88 (0.64, 0.96) 4.39 56.09
0.1 Eccentric 0.92 (0.73, 0.97) 6.36 89.48
0.15 Concentric 0.95 (0.87, 0.98) 3.6l 48.11
0.15 Eccentric 0.96 (0.90, 0.99) 4.48 58.03

Reliability scores are reported from experimental sessions only (motorised or non-motorised) and represent the single-measure absolute agreement
across sets.
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Figure 2. Bland-Altman plots representing the agreement between MuscleLab (x) and Exerfly (y) for mean velocity. (A)
Non-motorised concentric phase; (B) Non-motorised eccentric phase; (C) Motorised concentric phase; (D) Motorised eccentric
phase. The solid lines represent the proportional bias and 95% Limits of Agreement (LoA), with shaded areas indicating 95% confidence

intervals.

Although participants were resistance-trained and intra-set
repetitions were relatively low, fatigue may still have influ-
enced the results by affecting movement kinematics and
kinetics. Therefore, its effect may not be fully eliminated.
In contrast, mean eccentric velocity and all peak velocity
outcomes demonstrated larger biases and lower concord-
ance, indicating poor agreement between devices.
Similarly, mean concentric and eccentric force in both non-
motorised and motorised modes showed poor agreement
despite exhibiting very large to nearly perfect concordance.
Although proportional bias analyses showed reduced sys-
tematic biases for some of these variables, suggesting
improvements at certain velocity or force levels, the wide
LoA still indicates substantial random error and variability.
Thus, even if some of these outcomes may appear usable for
training or research purposes under specific conditions, the
magnitude of variability means that interchangeable use

remains limited. Interchanging these variables across
devices could result in assignment to different intensity
zones and may lead to divergent training adaptations, sug-
gesting these discrepancies carry practical significance.
For example, the Exerfly system meaningfully overesti-
mated mean eccentric velocity in both non-motorised and
motorised modes (—0.17 m/s and —0.22 m/s, respectively).
This overestimation could lead practitioners to erroneously
conclude that users are achieving greater eccentric overload
than is actually occurring. These findings raise an important
conceptual question for flywheel practitioners: ‘Does a
higher measured eccentric shaft velocity truly represent
the eccentric overload experienced during the movement?’
This concern is not unique to the Exerfly device; rather, it
reflects broader mechanical constraints across all flywheel
systems that derive kinematic and kinetic variables from
rotary encoders attached to the shaft.’ The same challenge
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intervals.

applies to force variables when comparing data derived
from rotary encoders versus strain gauges, as demonstrated
in our study.

Problems associated with rotary encoders stem from
inaccuracies in measuring kinetic and kinematic data.*
These devices inherently function as low-pass filters,
smoothing out high-frequency velocity oscillations typical
of explosive movements.*® In the present study, these lim-
itations were evident across nearly all outcome variables,
with the notable exception of mean concentric velocity.
Interestingly, previous research has reported that signal
smoothing becomes more problematic at higher inertial
ranges.’® Conversely, we observed greater accuracy and
reduced mean bias as velocity decreased. Research indi-
cates that observed differences between systems regarding
concentric and eccentric phases may also be due to the ten-
sion of the flywheel tether.>' While tether tension is

constant across concentric phases, a slack tether may lead
to estimation differences in the eccentric phase, particularly
at lower inertia and high-velocity settings.>' Because the
shaft continues spinning during the transition between
phases, a faster transition is required?; therefore, an inabil-
ity to perform smooth transitions may explain the overesti-
mation of values in the eccentric phase (mean velocity). Our
study’s proportional bias analyses support this trend that
mean and peak eccentric variables showed increased over-
estimations or underestimations in higher movement veloci-
ties. One study suggested a solution to overcome these
differences might be to leave the flywheel tether slightly
loose in lower inertial settings**; however, this hypothesis
remains to be tested. As aforementioned, limitations may
not be fully related to the rotary encoder itself, but also to
participant characteristics. Perhaps a less velocity-trained
(ballistic) population may exhibit poorer transitions from
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Figure 4. Bland-Altman plots representing the agreement between Musclelab (x) and Exerfly (y) for mean force. (A) Non-motorised
concentric phase; (B) Non-motorised eccentric phase; (C) Motorised concentric phase; (D) Motorised eccentric phase. The solid lines
represent the proportional bias and 95% Limits of Agreement (LoA), with shaded areas indicating 95% confidence intervals.

the concentric to the eccentric phase, meaning the tether
becomes loose momentarily and spools freely during the
transition, which makes it more difficult for algorithms to
accurately detect kinematic and kinetic changes at lower
inertial settings. This may occur because, at lower inertia
settings, the high velocity of the movement provides insuf-
ficient time for participants to perceive the transition
between the concentric and eccentric phases. This difficulty
in determining correct transition timing may lead to discrep-
ancies between devices. Therefore, the differences between
systems appear to result from a combination of rotary
encoder limitations, participants’ strength characteristics,
and levels of familiarity with the flywheel. Consequently,
the accuracy of the mechanical output relies heavily on
the precision of the manufacturer’s proprietary algorithms
at this stage.

Regarding reliability, both systems indicated strong
internal consistency. The good-to-excellent within-session

ICC, acceptable CV, and low measurement error were
largely consistent across the different conditions.'®*%3°
However, some exceptions were observed predominantly
at lower inertial loads and eccentric phases, which can
likely be attributed to several factors. For instance, partici-
pants were familiarised with the device, but less habitually
trained using flywheels—notably at higher velocities. The
latter may have limited their ability to coordinate move-
ments at low inertial settings and, accordingly, may explain
the lower reliability (and potentially some degree of propor-
tional bias). This may be attributed to the unique nature of
transitioning between phases at high velocities (notably
concentric to eccentric phases), and generally lower move-
ment smoothness than more familiar or specifically trained
cohorts. Similarly, closely related to participants’ familiar-
isation status, variability in the eccentric phase, potentially
influenced by technique execution, may have reduced reli-
ability values. Fatigue could also be considered as a
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potential mechanism that would blend the reliability results;
however, the increased absolute (CV% and SEM) and rela-
tive (ICC) reliability observed with higher loads suggests
that its effect on reliability outcomes was likely minimal
or none. As emphasised, familiarisation status may instead
have made it more difficult for participants to produce con-
sistent effort between sets. Nevertheless, despite some lack
of agreement between devices, each demonstrated sufficient
internal reliability to be used independently for monitoring
training intensity and tracking changes over time.

Beyond the validity and reliability outcomes reported
above, several practical considerations are relevant to users
selecting between these systems. In terms of ease of use, the
flywheel device software requires only Bluetooth connect-
ivity to the flywheel, whereas reference system involves set-
ting up a strain gauge and LPT, which takes more time.
Further, the system is more costly, given the involved com-
ponents must be purchased separately. Moreover, the

reference system requires manual processing of the raw
force and velocity data, whereas the flywheel software pro-
vides an automated summary of the metrics. Nonetheless,
despite the added simplicity of the flywheel-integrated tech-
nology, during data collection for the study (which used an
operational but early-release software), the flywheel soft-
ware experienced Bluetooth connectivity issues that led to
set-specific missing data (~9% across data, which appeared
random). While we do not expect this data loss to have
impacted our results, as we still obtained > 772 paired
data points for each outcome variable (e.g., mean velocity),
flywheel mode (e.g., motorised), and phase (e.g., concen-
tric), the practical implications of this data loss remain an
important consideration. To our knowledge, the experi-
enced connectivity issues have since been resolved, and
future research, particularly as the software is updated and
additional tracking variables are added, should retest these
results. Taken together, these practical benefits suggest



Bakici et al.

that similarly equipped flywheels may be better suited to
applied training environments, given their practicality, port-
ability, and real-time feedback capabilities, whereas the ref-
erence system remains more appropriate for controlled,
lab-based research; nonetheless, the flywheel software
also demonstrates meaningful potential as a research tool
in its own right, given its good-to-high within-device reli-
ability. Finally, given the popularity and common use of
mean concentric velocity over force and power variables
for training prescription and tracking purposes, the flywheel
software’s performance with this metric makes it a solid
option for these applications.

This study is not without limitations and considerations.
First, intermittent Bluetooth connectivity resulted in missing
data, which is a consideration for the practical validity of
the system as mentioned above. Although agreement analyses
were performed on the available data, practitioners should be
aware that these results reflect only successfully captured
repetitions. Second, while familiarised, participants may
have exhibited poor kinematics due to the novelty of the fly-
wheel stimulus at some repetitions. Although the extent of this
influence is unknown, it may have affected results to some
degree. Third, due to the high-volume nature of the experi-
mental design, it may not be possible to fully eliminate the
effects of fatigue on the results, particularly the mean bias
results. Fourth, the strength-trained characteristics of the par-
ticipants may have contributed to the observed differences,
particularly under lower inertial load conditions, which
require a quicker transition between concentric and eccentric
phases. Future studies should utilise larger cohorts to
strengthen statistical inferences and allocate more time to
familiarising participants with the equipment. Furthermore,
future research should investigate these validity results within
other athletic populations and female cohorts to establish the
broader generalisability and reliability of the scores.

Conclusion

Overall, the MuscleLab and Exerfly devices show limited
agreement for interchangeable use across most variables.
While mean concentric velocity and motorised mean eccen-
tric force showed small biases, the consistently wide LoA
demonstrates considerable random error. Therefore, practi-
tioners should avoid using the devices interchangeably. If
comparison is necessary, it should be restricted to those spe-
cific variables that demonstrated small biases. Nevertheless,
both systems showed strong internal reliability and can be
used independently to monitor training intensity and track
performance over time.
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