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ORIGINAL ARTICLE

Comparison of the musculoskeletal effects of different iso-inertial
resistance training modalities: Flywheel vs. electric-motor

SERGIO MAROTO-IZQUIERDO 1, RODRIGO FERNANDEZ-GONZALO 2, HASHISH
R. MAGDI1, SAUL MANZANO-RODRIGUEZ1, JAVIER GONZÁLEZ-GALLEGO 1, &
JOSÉ A. DE PAZ 1

1Institute of Biomedicine (IBIOMED), University of León, León, Spain & 2Department of Laboratory Medicine, Karolinska
Institutet, and Unit of Clinical Physiology, Karolinska University Hospital, Stockholm, Sweden

Abstract
This study aimed to analyse whether increasing the eccentric overload (EO) during resistance training, in terms of range of
motion and/or velocity using an electric-motor device, would induce different muscle adaptations than conventional flywheel-
EO resistance training. Forty physically active university students (21.7 ± 3.4 years) were randomly placed into one of the
three training groups (EX1, EX2, FW) and a control group without training (n= 10 per group). Participants in the
training groups completed 12 sessions (4 sets of 7 repetitions) of iso-inertial single-leg squat training over 6 weeks for the
dominant leg. Resistance was generated either by an electric-motor device at two different velocities for the eccentric
phase; 100% (EX1) or 150% (EX2) of concentric speed, or by a conventional flywheel device (FW). Thigh lean tissue
mass, unilateral leg press one-repetition maximum (1-RM), unilateral muscle power at different percentages of the 1-RM
and bilateral/unilateral vertical jump were assessed before and after the 6-week training. There were significant (p< 0.05–
0.001) main effects of time in the 3 training groups, indicating increased thigh lean tissue mass (2.5–5.8%), 1-RM load
(22.4–30.2%), vertical jump performance (9.1–32.9%) and muscle power (8.8–21.7%), without differences across
experimental groups. Participants in the control group did not improve any of the variables measured. In addition, EX2
showed greater gains in eccentric average peak power during training than EX1 and FW (p< 0.001). Despite the different
EO offered, 6 weeks of resistance training using flywheel or electric-motor devices induced similar significant gains in
muscle mass, strength, muscle power and vertical jump.

Keywords: Eccentric overload, strength, muscle power, hypertrophy, range of motion

Highlights
. 12 sessions (4 sets of 7 repetitions) of iso-inertial RT in physically active young men induces significant skeletal muscle

mass and performance adaptations.
. Eccentric-overload application over the entire ROMor over the last part of the ROM led to similar training-induced effects.
. Electric-motor devices have potential benefits for accentuated eccentric training, functioning as an ideal inertial device

without requiring a maximum CON action to generate eccentric-overload, and allowing the achievement of larger
percentages of eccentric-overload by increasing the eccentric velocity with respect to the concentric.

. Higher eccentric-overload percentages seems to be related with greater increases in muscle size, while lower eccentric-
overload percentages seems to be related with greater increases in muscle power.

Introduction

The potential benefits of isolated or overloaded
eccentric (ECC) resistance exercise, compared with
concentric (CON) or conventional CON-ECC exer-
cise regimens, have been widely studied (Maroto-
Izquierdo, Garcia-Lopez, Fernandez-Gonzalo et al.,
2017; Roig et al., 2009). Among different

technologies allowing for eccentric overload (EO),
iso-inertial flywheel resistance exercise is one of the
most utilized exercise paradigms with established effi-
cacy in different scenarios such as injury prevention/
rehabilitation (de Hoyo et al., 2015; Gual, Fort-Van-
meerhaeghe, Romero-Rodriguez, & Tesch, 2016;
Monajati, Larumbe-Zabala, Goss-Sampson, &
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Naclerio, 2018) and performance (de Hoyo, de la
Torre et al., 2015; Maroto-Izquierdo, Garcia-
Lopez, & de Paz, 2017; Naczk et al., 2017; Sabido,
Hernandez-Davo, Botella, Navarro, & Tous-
Fajardo, 2017). Furthermore, iso-inertial flywheel
resistance exercise has been suggested to improve
muscle function, and functionality in elderly subjects
(Brzenczek-Owczarzak et al., 2013) and stroke
patients (Fernandez-Gonzalo et al., 2016). Originally
designed to counteract the deleterious effect of
microgravity on skeletal muscle (Tesch, Fernandez-
Gonzalo, & Lundberg, 2017), the superiority of fly-
wheel-EO resistance training (RT) over weight-
stack RT (i.e. guided resistance exercise machines)
to promote functional and structural adaptations in
terms of strength, power, muscle size, running
speed, and jump ability in healthy subjects and ath-
letes has been demonstrated (Maroto-Izquierdo,
Garcia-Lopez, Fernandez-Gonzalo et al., 2017). It
appears that the greater overall load and mechanical
stress placed on the muscle, caused by the maximal
nature of the CON action during the entire range of
motion (ROM), as well as the EO in the last
portion of the ECC action, are responsible for the
stronger physiological responses and training-
induced musculoskeletal adaptations of flywheel RT
vs. traditional gravity-dependent protocols (Tesch
et al., 2017).
The different protocols that can be employed

using flywheel RT are characterized by the different
moment of inertia of the flywheel, which in turn is a
function of its geometrical and physical properties
(Sabido, Hernandez-Davo, & Pereyra-Gerber,
2018). Thus, lower inertias with higher velocities,
shorter ECC-CON coupling time and greater
power production were suggested to favour explo-
sive muscle characteristics adaptations, whereas
higher inertias with lower velocities were shown to
call for greater work load (Martinez-Aranda & Fer-
nandez-Gonzalo, 2017; Sabido et al., 2018). Thus,
after a maximum CON action, higher moments of
inertia are able to generate greater force productions
and impulse in the system than smaller flywheels
(Carroll et al., 2018). The energy produced in the
system during this CON action is stored and main-
tained during the subsequent ECC action due to its
inertial characteristics, and must be braked in a
short and concentrated moment at the end of the
ECC phase to reinforce the negative action
(Maroto-Izquierdo, Garcia-Lopez, Fernandez-
Gonzalo et al., 2017). By means of this approach,
EO is generated in the system, and greater
amounts of overload are achieved with higher iner-
tial loads (Carroll et al., 2018). Notwithstanding,
flywheel devices require a maximum CON action
to generated EO only in the last third of the ECC

action (Tesch et al., 2017). Moreover, the applica-
bility of available flywheel hardware to functional
training is limited due to flywheel exercise hardware
traditionally developed following pre-existing uniax-
ial and bilateral weight-stack training machines
(Maroto-Izquierdo, Garcia-Lopez, & de Paz 2017;
Maroto-Izquierdo, Garcia-Lopez, Fernandez-
Gonzalo et al., 2017).
Recently, different multifunctional electric-motor

devices have been commercialized (Tinwala,
Cronin, Haemmerle, & Ross, 2017) aiming to offer
solutions to some of the limitations of flywheel tech-
nology. These devices are potentially capable of gen-
erating EO in the entire ROM. Therefore, it is not
necessary to reduce the active braking phase to
obtain the overload, as it occurs with the traditional
flywheel devices (Tinwala et al., 2017). In addition,
other possibilities to modify the training stimulus
while using electric-motor driven devices are
changes in the specific CON and/or ECC intensity
(no need for a maximum CON action), adjustments
in the transition time between CON and ECC
phases, and modifications in the ECC velocity,
related to the CON velocity (Tinwala et al., 2017).
Interestingly, active electric-motor devices comple-
tely neutralize the friction force and parasitic inertias,
becoming a priori ideal inertial device from amechan-
ical perspective.
Given the current options to produce EO during

iso-inertial RT and the belief that greater EO
during iso-inertial exercise may promote larger adap-
tations, we designed a study to investigate the effects
of iso-inertial training generated by an electric-motor
device, which offers EO in the whole ROM, and
compare such adaptations with conventional flywheel
RT in a lower limb unilateral exercise. The aim of this
study was to analyse whether increasing the EO in
terms of ROM and/or velocity would induce different
muscle adaptations than conventional flywheel EO
training.

Methods

Participants

Forty sports science undergraduate students volun-
teered for the study (21.7 ± 3.4 years; 75.8 ± 9.8 kg;
177.1 ± 5.4 cm). Participants were moderately
active and healthy individuals, engaging in 6–8 h of
recreational physical activity per week. They had no
history of regular lower limb strength training and
no previous muscle, joint or bone injury for the last
6 months. They were informed of the purposes and
risks involved in the study before giving their
informed written consent to participate. The Ethics
Committee of the University of León approved the
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study protocols (ETICA-ULE-009-2018). All par-
ticipants completed all the protocols, including two
familiarization sessions, the prescribed training pro-
gramme, and the pre- and post-tests.

Training program

Participants were randomly divided into 3 exper-
imental training groups and 1 control group,
which did not train. All participants included in
an experimental group (n = 30) completed 6-weeks
(12 sessions) of an iso-inertial single-leg squat train-
ing programme, using an electric-motor device
(EX1 and EX2 groups) or a flywheel device (FW
group) (Figure 1). Volunteers trained 2 times per
week with at least 48 h of rest between sessions
(Fernandez-Gonzalo, Lundberg, Alvarez-Alvarez,
& de Paz, 2014). Following a standardized cycling
warm-up, participants performed 4 sets of 7
maximal unilateral (dominant leg) coupled CON
and ECC muscle actions in a single-leg squat pos-
ition. Subjects were required to push with
maximal effort through the entire CON action,
which ranged from 70° of knee flexion to nearly
full extension (0° = full knee extension). At the
end of the CON action, the flywheel/motor strap
rewound back, initiating the reversed ECC action.
Before each session, the ROM was set up from 0°
to 90° using a goniometer. So that in case of not
stopping within the permitted range the device
stopped the movement and notified it in the soft-
ware. In the case of the flywheel device, subjects

were instructed to resist gently during the first and
second thirds of the ROM, and thereafter to apply
maximal breaking force to stop the movement at
about 70° of knee flexion. By means of this
approach, EO is produced (Maroto-Izquierdo,
Garcia-Lopez, Fernandez-Gonzalo et al., 2017;
Tesch et al., 2017). An individual researcher was
responsible for calibrating the ROM of each partici-
pant (i.e. length of cable used and distance from the
vertical pulley to the platform) from 0° (i.e. full knee
extension) to 90° employing a goniometer. In
addition, the same researcher, indicated the knee
angle in which they had to brake before each
series and gave verbal information during the
execution of each repetition. Besides, the electric-
motor device is characterized by producing EO
throughout the entire ROM, so it is not necessary
to wait for the last third of movement to obtain
EO (Tinwala et al., 2017). Therefore, the only
instruction given to EX1 and EX2 participants was
to stop the movement before reaching the end of
the ROM. Participants were not allowed to use
the other leg to produce force, positioning the
non-training leg from the tibia to the foot’s instep
above a soft surface, at a fixed point, to avoid com-
pensation (Figure 1). Power was measured during
each repetition (CON and ECC actions; Smart-
Coach™, Stockholm, Sweden), and real-time feed-
back was provided on a computer monitor. A
strong verbal encouragement was given during all
repetitions performed. All subjects were familiarized
(2 sessions) with the exercise prior to the first train-
ing session. Subjects in the control group did not

Figure 1. A. Single-leg squat exercise on the flywheel device. B: Single-leg squat exercise on the electric-motor device.
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perform any strength-training programme during
the study period, as instructed.
FW participants (n = 10) performed the exercise

using a squat flywheel device (Kinetic Box (Kbox),
Exxentric AB TM, Bromma, Sweden) (Sabido
et al., 2018), equipped with one 4.2-kg flywheel
with a moment of inertia of 0.05 kg·m−2. EX1
(n = 10) and EX2 (n = 10) participants performed
the same exercise, but in an electric-motor device
(Exentrix, SmartCoach™, Stockholm, Sweden).
This device was configured in flywheel mode using
the iso-inertial settings in the device’s software
(Exentrix PC Interface – V2.4, SmartCoach™) and
configured with a load of 37 inertial units for both
EX groups. According to the manufacturer’s instruc-
tions, one inertial unit is equivalent to a moment of
inertia of 0.00134 kg·m−2, so the resulting moment
of inertia was equivalent to the flywheel device
(0.05 kg·m−2). In addition, the transition time
between CON and ECC phase was the minimum
permitted by the system. No different training loads
were selected for the CON and ECC phases.
However, the software for group EX2 was configured
to perform the rewind of the cable (ECC action) at a
150% faster than the CON speed. Thus, the ECC
speed was 1.5 times faster than groups EX1 and FW.

Testing procedures

Dual energy X-ray absorptiometry analysis (DEXA).
DEXA was performed ∼1 week before and after the
training programme, at the same time of day using
a Lunar Prodigy® whole-body scan (GE Medical
Systems, Madison, WI). A manual analysis was per-
formed to estimate thigh lean mass (Encore® 2009
software, Lunar Corp., Madison, WI). Briefly, one
rectangle mark was generated using the lower
margin of the ischial tuberosities and the lower
margin of the femoral condyles as thigh reference
points. Lean mass was then calculated for the entire
thigh. Subsequently, inside the span of the thigh rec-
tangle a 6-cm perpendicular line was drawn from the
distal to the proximal mark to establish three regions
of interest (ROIs) of the thigh where lean muscle
mass was estimated. Then, a 20 mm-thick slice was
placed above the 6-cm distal vertical line (i.e. distal
thigh ROI) (Fernandez-Gonzalo et al., 2014). In
addition, two other 20-mm slices were placed 6 (i.e.
medial thigh ROI) and 12 cm (i.e. proximal thigh
ROI) above the first slice. Finally, lean tissue mass
estimation in both total thigh and the three slices
created was calculated using Encore software.

Unilateral maximal dynamic strength (1-RM).Twenty-
four hours after the DEXA and jump tests, the

unilateral 1-RM test was conducted on a 45°-inclined
leg press device (Gerva-Sport, Madrid, Spain). Par-
ticipants performed one repetition from 90° to full
extension (180°) with a load corresponding to
approximately 3-RM. The load was increased with
10 kg if the subject succeeded or decreased 5 kg if
failed. Testing ended when subjects failed to over-
come a given load in two successive trials. Unilateral
1-RM was achieved between 3 and 6 attempts, and
trials were interspersed by 2-min recovery. Partici-
pants were asked to place the resting leg with the
knee flexed and the foot propped on the ground.
The 1-RM test was performed twice for each leg; 3–
5 days before and 3–5 days after the training period.

Unilateral muscle power. Forty-eight hours after the 1-
RM test muscle power test was performed, partici-
pants completed five sets of three unilateral rep-
etitions from 90°-knee flexion to full extension
(180°) in the leg-press described above, with 2-min
recovery between sets. To avoid any use of the
stretch-shortening cycle, each repetition started
from a complete static position. Each set represented
40, 50, 60, 70, and 80% of 1-RM load, and the order
of the sets was individually randomized before testing
and replicated at post-tests. Subjects were asked to
perform the CON phase of each repetition as fast as
possible. Mean power for each repetition was
sampled at 1000 Hz using an encoder (T-FORCE
Dynamic Measurement System, Ergotech Consult-
ing S.L., Murcia, Spain) and the associated software
(T-Force v. 2.28). The best repetition performed at
each load was used for data analysis. The warm-up
protocol described for the 1-RM test was also per-
formed prior to the muscle power test.

Vertical jump performance. Vertical jump tests were
carried out immediately after the DEXA analysis.
Jump height was measured for countermovement
jump (CMJ), squat jump (SJ) and drop jump (DJ)
performed bilaterally and unilaterally in this order
on a contact platform (Globus Ergotester®, Globus,
Codogne, Italy) (Murtagh et al., 2017). A warm-up
of 5-min cycling, 25 reps of high knee and 25 reps
of butt kicks was performed. The SJ was performed
from a 90°knee flexion with hands on the hips. For
the CMJ, participants started in a standing straight
position and were instructed to jump as high as poss-
ible with hands on the hips. The DJ consisted of
dropping oneself from a box of 45 cm and then
jump as high as possible straight after landing. Par-
ticipants were asked to step off the platform and
jumping after the first ground contact from a self-
selected knee angle, maintaining the hands at the
hips during the full test. Protocols were identical for
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bilateral and unilateral test. The three bilateral
attempts were always completed first, followed by
unilateral attempts. Jump height (and contact time
for DJ) was recorded to the nearest 0.1 cm (0.05 s
for contact time). Three trials, with 30-seconds of

recovery in between, were allowed and the best
result was included in the data analysis.

Statistical analyses

Statistical analyses were performed using SPSS
v.20.0 (SPSS Inc. Chicago, IL). Results were
expressed as mean ± SD. Data distribution was
examined for normality using the Shapiro–Wilk
test. A Mixed-model analysis of variance (group x
time), followed by Bonferroni post hoc tests was
used to investigate differences in variables
measured. The effect size (ES) was calculated for
interactions between groups using Cohen’s guide-
lines. Threshold values for ES were >0.2 (small),
>0.6 (large) and >2.0 (very large) (Hopkins,
Marshall, Batterham, & Hanin, 2009). The signifi-
cance level was set to p< 0.05.

Results

A significant group x time interaction was found in
the ECC average peak power of each training
session, where the EX2 group showed significant
differences (p< 0.001; ES range 3.5–6.8, Figure 2)
with respect to EX1 and FW groups. No further sig-
nificant interactions were observed for the other vari-
ables analysed. In addition, there was a significant
main effect of time for all functional and structural
variables (p< 0.05–.001, F range 6.0–77.2).
However, the control group did not improve any of
the variables measured.
There was a main effect of time (p< 0.001) in the

distal (F= 47.3), medial (F = 26.1) and proximal
(F = 24.8) ROIs measured and in the total thigh
lean mass (F= 48.9). EX2 (p< 0.001, ES range
0.24–0.40) and FW groups (p< 0.001, ES range
0.41–0.56) showed significant improvements in all
measurements (Table I). The EX1 group showed
significant gains at distal and medial portions (p<
0.05, ES = 0.35 and 0.21) and in total thigh mass
(p< 0.01, ES = 0.23). Results from control group
remained similar between pre- and post-
measurement.
There was a significant main effect of time in the 1-

RM load (p< 0.001, F= 77.2). Thus, between pre-
and post-tests the 1-RM load increased 30.2% in
EX1 (p< 0.001; ES = 1.49), 27.6% in EX2 (p<
0.001; ES = 1.39) and 22.4% in FW (p < 0.001;
ES = 1.20) (Table I).
Across sessions (Figure 2), CON average peak

power increased 51% in EX1 [523.6 (±154) to
792.0 (±149) W; p < 0.001, ES = 1.77], 40% in
EX2 [559.9 (±87) to 785.2 (±98) W; p< 0.01, ES
= 2.43] and 52% in FW [468.0 (±118) to 712.0

Figure 2. Mean concentric (CON) and eccentric (ECC) peak
power (w) during each training session in all experimental groups
(EX1, EX2 and FW). Significant effects of time (session 1 vs.
session 12) (C p< 0.05; CC p< 0.01; CCC p< 0.001 for CON;
E p< 0.05; EE p< 0.01; EEE p< 0.001 for ECC). $ Significantly
different form EX1 group, where $ p< 0.05, $$ p< 0.01, and $$$

p< 0.001. # Significantly different from FW group, where # p<
0.05, ## p< 0.01, and ### p< 0.001.

Flywheel vs. Electric-Motor training-induced effects 5



Table I. Distal, medial, proximal and total thigh muscle mass; unilateral maximal dynamic strength (1-RM); and vertical jump height and DJ contact time pre- and post-training

EX1 group EX2 group FW group CONTROL group

PRE POST Δ% ES P PRE POST Δ% ES P PRE POST Δ% ES P PRE POST Δ% ES P

Muscle thigh
Distal (g) 189.0 ± 15.0 194.6 ± 17.4 2.9 0.35 ∗ 194.9 ± 31.7 205.3 ± 34.8 5.4 0.31 ∗∗∗ 186.7 ± 20 197.4 ± 18.2 5.7 0.56 ∗∗∗ 200.3 ± 33.5 202.8 ± 36.2 1.3 0.07
Medial (g) 309.3 ± 37.7 317.1 ± 36.1 2.5 0.21 ∗ 324.2 ± 50.2 336.7 ± 55.8 3.9 0.24 ∗∗∗ 305.3 ± 30.5 317.4 ± 25.6 4.0 0.43 ∗∗∗ 328.3 ± 48.4 332.0 ± 50.0 1.1 0.07
Proximal (g) 418.6 ± 38.5 425.8 ± 41.7 1.7 0.18 431.0 ± 51.7 452.2 ± 54.0 4.9 0.41 ∗∗∗ 426.8 ± 37.8 441.1 ± 32.5 3.4 0.41 ∗∗∗ 443.6 ± 59.4 444.8 ± 58.2 0.3 0.02

Total (g) 6793.9 ± 758.3 6967.9 ± 776.2 3.4 0.30 ∗∗ 6912.2 ± 974.9 7222 ± 1073.8 4.5 0.30 ∗∗∗ 6549.2 ± 708.8 6881 ± 791.2 5.1 0.44 ∗∗∗ 6783.0 ± 1102.9 6684.3 ± 995.1 −1.5 0.09
Strength
1-RM load (kg) 187.8 ± 36.7 244.4 ± 39.1 30.2 1.49 ∗∗∗ 177.2 ± 41.8 226.1 ± 26.9 27.6 1.39 ∗∗∗ 210.0 ± 34.7 256.1 ± 41.6 21.9 1.20 ∗∗∗ 225.0 ± 40.3 225.7 ± 46.9 0.3 0.02

UL Vertical Jump
CMJ (cm) 21.6 ± 3.3 23.7 ± 3.2 9.8 0.65 ∗ 21.8 ± 3.5 23.8 ± 3.3 9.1 0.59 ∗ 21.1 ± 4.2 23.8 ± 3.1 12.8 0.73 ∗∗ 23.8 ± 7.4 21.4 ± 5.3 −9.9 0.37 ∗

SJ (cm) 20.5 ± 3.6 22.8 ± 3.2 11.2 0.67 ∗ 21.3 ± 3.8 22.7 ± 3.2 6.6 0.40 19.7 ± 3.8 23.1 ± 2.7 17.3 1.03 ∗∗∗ 22.8 ± 7.9 20.8 ± 4.3 −8.8 0.31
DJ (cm) 18.3 ± 4.4 21.6 ± 2.9 18.0 0.89 ∗∗∗ 18.4 ± 4.4 21.4 ± 2.9 15.9 0.81 ∗∗∗ 18.3 ± 2.6 21.5 ± 2.2 17.5 1.33 ∗∗∗ 19.9 ± 4.1 18.9 ± 3.8 −5.0 0.25
DJ CT (ms) 0.577 ± 0.16 0.386 ± 0.08 33.1 1.51 ∗∗∗ 0.499 ± 0.12 0.364 ± 0.05 27.1 1.47 ∗∗∗ 0.525 ± 0.10 0.463 ± 0.07 11.8 0.72 0.528 ± 0.07 0.524 ± 0.13 −0.8 0.04

BL Vertical Jump
CMJ (cm) 38.5 ± 4.3 40.6 ± 4.1 5.5 0.50 ∗∗∗ 39.1 ± 6.4 42.2 ± 6.9 8.0 0.47 ∗∗∗ 38.7 ± 6.9 41.3 ± 6.4 6.9 0.39 ∗∗∗ 40.2 ± 4.6 39.6 ± 4.3 −1.6 0.13
SJ (cm) 36.2 ± 3.9 38.6 ± 3.9 6.6 0.62 ∗∗∗ 37.1 ± 5.2 39.7 ± 5.8 7.0 0.47 ∗∗∗ 37.2 ± 5.6 39.1 ± 4.8 4.8 0.36 ∗∗ 38.3 ± 4.7 38.6 ± 5.3 0.6 0.08
DJ (cm) 35.7 ± 4.7 38.6 ± 5.2 8.4 0.59 ∗ 36.7 ± 8.4 40.9 ± 8.4 11.3 0,5 ∗∗∗ 35.6 ± 8.8 39.1 ± 5.8 9.5 0.47 ∗∗ 38.2 ± 6.0 37.1 ± 5.4 −2.8 0.19
DJ CT (ms) 0.502 ± 0.15 0.417 ± 0.08 16.9 0.71 0.451 ± 0.12 0.389 ± 0.08 13.9 0.61 0.458 ± 0.11 0.428 ± 0.10 6.7 0.29 0.488 ± 0.09 0.518 ± 0.09 6.0 0.33

Abbreviation: 1-RM: One-Repetition Maximum; BL: Bilateral; CMJ: Countermovement Jump; DJ: Drop Jump; DJ CT: Drop Jump Contact Time; UL: Unilateral; ∗Significantly different from pre-training
value, where ∗p< 0.05, ∗∗p< 0.01 and ∗∗∗p< 0.001.
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(±180) W; p < 0.001, ES = 1.60]. The corresponding
increases in ECC average peak power were 95% in
EX1 [384.8 (±105) to 750.0 (±142) W; p < 0.001,
ES = 2.92], 39% in EX2 [1217.0 (±168.7) to
1701.1 (±108.3) W; p < 0.001, ES = 3.41] and 95%
in FW [512.8 (±223) to 997.8 (±254) w; p < 0.001,
ES = 2.03]. The mean EO produced in terms of
power (% above CON average peak power) was
−13.3% in EX1, 114.1% in EX2 and 43.6% in FW.
Mean EO produced in terms of force (% above
CON force) was 17.2% for EX1 and 50.7% for
EX2. No force measurements were recorded in the
FW group during training.
Regarding mean power output, there was a signifi-

cant main effect of time for all the loads tested (p<
0.001, F range 21.4–57.4) (Figure 3). Thus, EX1
experimented a significant (p < 0.001) increase in
all loads ranging from 14.2–21.1% (ES range 0.68–
1.17). Similarly, the FW group showed gains in all
loads measured, with an improvement of 15.8–
21.7% in the loads 40–70% (p< 0.001; ES range
0.75–0.91), and 15.3% at the 80% 1-RM (p< 0.05;
ES = 0.62). Likewise, EX2 increased power output

in all 1-RM percentages (9–10.8%, p< 0.01, ES
range 0.41–0.51), with the highest increase at 50%
1-RM (10.8%, p< 0.001, ES = 0.49) and at 80% 1-
RM (16.8%, p< 0.001, ES = 0.79). Before training,
maximal mean power was reached at the load corre-
sponding to 60% of 1-RM by all training groups.
Meanwhile, EX2 reached maximal mean power
output at 80% of 1-RM after the training period.
A significant time effect (p < 0.05–.000, F range

6.0–51.5) was observed in CMJ, SJ, and DJ height
in unilateral and bilateral tests (Table I). Regarding
bilateral vertical jump height, the three training
groups achieved significant improvements (p<
0.05–.001; ES range 0.36–0.67). Regarding unilat-
eral vertical jump height, FW (p < 0.01–.001, ES
range 0.73–1.33) and EX1 groups (p < 0.05–.001;
ES range 0.65–0.89) achieved significant improve-
ments in all tests, while the EX2 group improved sig-
nificantly the CMJ (p < 0.05, ES = 0.59) and the DJ
(p< 0.001, ES = 0.81). In addition, EX1 and EX2
groups were the only ones that reduced the unilateral
DJ contact time (p < 0.001, ES = 1.51 and 1.47,
respectively).

Figure 3. Mean leg press power (w) at different percentages of 1-RM before (pre) and after (post) training. ∗ Significantly different from pre-
training value, where ∗ p< 0.05, ∗∗ p< 0.01 and ∗∗∗ p< 0.001.
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Discussion

The aim of this study was to determine whether
increasing the EO during iso-inertial resistance exer-
cise training, in terms of ROM and/or velocity, would
induce different muscle adaptations than convention-
al flywheel EO training. After 6-week training (12 ses-
sions), the three experimental groups (EX1, EX2 and
FW) showed comparable increases in maximum uni-
lateral dynamic strength, unilateral muscle power at
different loads, muscle hypertrophy, and both bilat-
eral and unilateral vertical jump height. Therefore,
it seems that the magnitude of EO offered by either
flywheel or motor-driven iso-inertial RT does not
have a major impact on the resistance exercise-
induced muscle adaptations.
Based on our results, iso-inertial RT with EO per-

formed in an electric-motor device is an effective
resistance exercise method to induce functional and
structural muscle adaptations in physically active
men, without the need to perform a maximum
braking action in the last third of the ROM. In
addition, larger EO percentages may be achieved by
increasing the speed of cable recoil in an electric-
motor driven device (e.g. EX2 group). These
results support previous data describing the effects
produced by iso-inertial devices on skeletal muscle.
Thus, five- to 15-week flywheel EO-RT programmes
of the lower limbs (bilaterally), have shown strong
skeletal muscle adaptations (Maroto-Izquierdo,
Garcia-Lopez, Fernandez-Gonzalo et al., 2017),
including gains in muscle mass (Norrbrand,
Fluckey, Pozzo, & Tesch, 2008; Seynnes, de Boer,
& Narici, 2007), maximal voluntary contraction
(Norrbrand et al., 2008; Seynnes et al., 2007;
Tesch et al., 2017), 1-RM load (Fernandez-
Gonzalo et al., 2014; Maroto-Izquierdo, Garcia-
Lopez, & de Paz, 2017), ECC force (Hortobagyi,
Devita, Money, & Barrier, 2001), muscle power (Fer-
nandez-Gonzalo et al., 2014; Maroto-Izquierdo,
Garcia-Lopez, & de Paz, 2017), jump ability (de
Hoyo, Pozzo et al., 2015; Maroto-Izquierdo,
Garcia-Lopez, & de Paz, 2017), running speed (de
Hoyo, Pozzo et al., 2015; Maroto-Izquierdo,
Garcia-Lopez, & de Paz, 2017), and electromyogra-
phy activity (Norrbrand, Tous-Fajardo, Vargas, &
Tesch, 2011; Pozzo, Alkner, Norrbrand, Farina, &
Tesch, 2006). Indeed, chronic exercise training
employing non-gravitational iso-inertial technology
produces early and vigorous neuromuscular adap-
tations, which appear to be more effective than
those noted after traditional weight-training
(Maroto-Izquierdo, Garcia-Lopez, Fernandez-
Gonzalo et al., 2017; Tesch et al., 2017). The
current study goes one step further, indicating that
applying the EO over the entire ROM, by means of

an electric-motor device, does not enhance the train-
ing-induced effects generated by a conventional iner-
tial flywheel in which the EO is produced only in the
last third of the ROM.
Moreover, this is the first study to analyse the EO

generated by two different iso-inertial devices. Fer-
nandez-Gonzalo et al. (Fernandez-Gonzalo et al.,
2014) and Sabido et al. (Sabido et al., 2018) pin-
pointed that bilateral lower limb RT in an inertial
device is capable of generating between 15 and 30%
of EO (% above CON average peak power). Accord-
ing to others (Martinez-Aranda & Fernandez-
Gonzalo, 2017), iso-inertial technology devices, are
capable of generating EO between 20 and 25% (%
above CON peak force) in unilateral mono-articular
exercises of the lower limb using an inertia of 0.05
kg·m2 (i.e. knee extension). Our results show a
slightly higher average EO in terms of average peak
power (46%, with a range between 10 and 62%
throughout the different training sessions in the FW
group). This may be due to the differences in exercise
type (Nunez et al., 2018), since the applied force is
quite higher in the training leg in an unilateral
multi-joint squat exercise than in one of the training
legs in a bilateral training regime due to the bilateral
deficit (Weir, Housh, Housh, & Weir, 1995).
Regarding the EO generated in the groups that were
trained with the electric-motor device, thus produ-
cing the force in the ECC during the whole ROM
(EX1 and EX2), and taking as reference the FW
group, the EO was higher in the EX2 group (114%,
with a range between 105 and 123% in terms of
average peak power; and 50.7%, with a range
between 42.2 and 60.4% in terms of peak force
throughout the different training sessions).
However, the EX1 group only showed EO in relation
to CON peak force (17.2%, with a range between
14.9 and 21.1% throughout the different training ses-
sions). This could be due to the fact that EO was
achieved through the entire ROM, and not only in
the last third, as FW group, taking more time to
slow down the movement, so ECC power production
was lower. Consequently, although the EX1 group
did not show EO in terms of average peak power,
the overload in terms of peak force is similar to that
demonstrated in flywheel devices by other authors
(Martinez-Aranda & Fernandez-Gonzalo, 2017).
Therefore, our data seem to indicate that increasing
the ECC speed is a good alternative to generate
higher values of EO in terms of both average peak
power and peak force throughout the entire ROM.
New training trends demand unilateral daily-life

and sports specific exercises (Thompson, 2017), in
which several planes, muscle groups, and joints are
involved at the same time, with a greater demand for
stability and performing gestures similar to those
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that appear in sports practice (e.g. braking, changes of
direction, throwing or striking) (Gonzalo-Skok et al.,
2017). This is something that traditional flywheel
hardware designed for single-plane exercise move-
ments (e.g. knee extension exercise) does not allow.
Yet, multifunctional flywheel devices do offer more
possibilities in this area (e.g. Squat Flywheel device).
Therefore, the exercise selected for this study was
the single-leg squat, in order to combine the benefits
of unilateral and specific training with those achieved
by eccentric-overload flywheel training. In addition,
the electric-motor device is multifunctional, allowing
exercises practically in any plane of movement.
However, since the motor-driven hardware did not
allow to perform exercises requiring higher power
than 1300 W, an unilateral exercise was selected to
perform the training programme with the maximum
levels of strength and speed, yet within the device’s
range of power. Moreover, it has been recently
shown that flywheel unilateral resistance training gen-
erates similar or greater adaptations than bilateral
training regarding muscle mass, power, and sport-
specific skills, such as running with a change of direc-
tion or vertical jump (Nunez et al., 2018). Gonzalo-
Skok and coworkers (Gonzalo-Skok et al., 2017)
suggested the incorporation of 1-limb exercises to
any training routine, since most sports movements
are performed unilaterally.
Regarding maximal dynamic strength, the three

experimental groups showed important increases
from pre- to post-tests. Previous studies have shown
improvements between 12 and 25% in the same
muscle groups trained with inertial devices (Fernan-
dez-Gonzalo et al., 2014; Maroto-Izquierdo,
Garcia-Lopez, & de Paz, 2017). Therefore, the
current FW group (+22.4%) data is supported by
previous results. Even without significant differences
between groups, it seemed EX1 and EX2 groups
showed slightly higher gains in 1-RM load (30.2%
and 27.6%, respectively), than those shown by FW
group as well as by other studies using inertial tech-
nology (Maroto-Izquierdo, Garcia-Lopez, Fernan-
dez-Gonzalo et al., 2017; Tesch et al., 2017). This
could be due to the fact that participants in EX1
and EX2 applied the braking force through the
whole ROM of the ECC phase, although such
hypothesis needs to be further validated.
EO-RT induces substantial gains in muscle power

(Maroto-Izquierdo, Garcia-Lopez, Fernandez-
Gonzalo et al., 2017). Fernandez-Gonzalo et al.
(2014) and Maroto-Izquierdo et al. (Maroto-
Izquierdo, Garcia-Lopez, & de Paz, 2017) analysed
the effects of flywheel RT on different percentages
of the 1-RM (40–90% 1-RM load), showing
increases in the range of 5–30%, which are similar
to the results observed in the FW group of the

current study. After 6 weeks of RT with an electric-
motor device in iso-inertial mode, similar adaptations
were observed in muscle power at different percen-
tages of the 1-RM (40–80%) when the ECC velocity
was not enhanced (EX1: 14.2–21%). However, these
adaptations appeared to be slightly lower in the EX2
group (8.8–10.8%). Although, the higher EO pro-
duced by EX2 participants seemed to have a particu-
lar effect on the power produced at high loads, i.e.
80% of 1-RM (16.8%). Hence, it seems that muscle
power adaptations do not only depend on the
moment of inertia used (Martinez-Aranda & Fernan-
dez-Gonzalo, 2017; Sabido et al., 2018) or the train-
ing velocity developed (Carroll et al., 2018), but also
on the EO induced.
The training-induced power adaptations are also

evident in the increments obtained in muscle power
between sessions 1 and 12. Thus, iso-inertial training
in a vertical plane appears to be an effective tool to
increase power. Therefore, such training is rec-
ommended to increase vertical jump performance
(Gonzalo-Skok et al., 2017), as shown by the
current data where all experimental groups improved
vertical jump performance. In the case of the DJ,
where the stretch-shortening cycle becomes a critical
factor, EX1 and EX2 groups significantly reduced the
contact time. This could potentially be explained by
the similarity of the gesture between training and
the jump test, and the emphasis on a short transition
between ECC-CON actions in EX1 and EX2.
The efficacy of EO-RT to induce muscle hypertro-

phy has been well documented (Norrbrand et al.,
2008; Tesch et al., 2017). Throughout the scientific
literature, flywheel devices have shown a great effi-
cacy to induce gains in muscle volume/mass in
young men and women (Fernandez-Gonzalo et al.,
2014) and in well-trained athletes (Maroto-
Izquierdo, Garcia-Lopez, & de Paz, 2017). Such
changes seem to be greater than those induced by
other RT modalities (i.e. weight training) (Maroto-
Izquierdo, Garcia-Lopez, Fernandez-Gonzalo et al.,
2017). The greater muscle mass plays an undisputed
role in all adaptations related to muscle strength,
power, and vertical jump (Maroto-Izquierdo,
Garcia-Lopez, Fernandez-Gonzalo et al., 2017).
The results showed by the FW group are in the
same line as data from previous studies in which
hypertrophy was measured by DEXA (Fernandez-
Gonzalo et al., 2014). These results were also
observed in the EX2 group. Although it has been
demonstrated that muscle adaptations are greater
when the ROM employed during training is larger
(McMahon, Morse, Burden, Winwood, & Onam-
bele, 2014), and the working angle is an important
factor to consider when iso-inertial RT is carried
out (Maroto-Izquierdo, Garcia-Lopez, Fernandez-
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Gonzalo et al., 2017), no significant differences were
observed between groups in the present work. The
EX1 group showed a smaller effect size on muscle
mass increases, which could be related to the magni-
tude of the EO. However, although results obtained
through DEXA analysis are correlated with Magnetic
Resonance Imaging and represents a valid approach
to estimate muscle mass (Fernandez-Gonzalo et al.,
2014), we did not include any other architectural par-
ameter among our variables. Furthermore, although
time-under-tension and training-induced adap-
tations are similar between groups, the measurement
of muscle activation during exercise could provide
deeper insights into the comparison between differ-
ent iso-iniertial devices. However, muscle activation
during exercise (e.g. electromyography) has not
been measured in this work. Therefore, one of the
limitations of this study is the lack of inclusion of
other physiological parameters to provide more infor-
mation on the functional and structural adaptations
found. Future research should include these neuro-
physiological parameters to deepen on the effects of
iso-inertial training with different devices and the
underpinning physiological mechanisms.

Conclusions

In summary, 6 weeks of RT with EO in physically
active young men induced significant gains in
strength, muscle power at different loads, vertical
jump and lean tissuemass. The adaptations generated
by an active electric-motor device, which produces
EO throughout the entire ROM, were similar to
those produced by a traditional flywheel device,
where the EO occurs during the last part of the
ROM. However, an electric-motor device allowed
for modifications in the CON and ECC loads inde-
pendently, as well as changes in the ECC speed with
respect to the CON speed, which translated into
higher EO. Therefore, the electric-motor devices
have potential benefits for eccentrically reinforced
training, functioning as an ideal inertial device
without requiring a maximum CON action to gener-
ate EO. Such characteristic could be an interesting
asset in clinical and sport performance environments.
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