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INTRODUCTION
Athletes must move in all directions and with frequent changes of 
direction to meet the performance needs of their sport [1]. These 
movements are carried out at different speeds and may require high-
intensity accelerations and decelerations, which can impact physical 
loading and fitness [2]. There are different training equipment to 
improve acceleration or deceleration abilities; for instance, traditional 
resistance training can improve acceleration ability (i.e., the initial 
part of a sprinting action) [3]. In contrast, flywheel resistance training 
devices have mostly been used in training programs to improve per-
formance during the eccentric phase of the movement [4]. With these 
devices, the athlete first pulls a rope or a strap at the desired (i.e., 
maximal) intensity, thus spinning a flywheel disk during the concentric 
phase. Then the rope or strap recoils around the rotary shaft during 
the eccentric phase, where the athlete is instructed to decelerate the 
kinetic energy produced during the concentric phase [5].

During flywheel resistance training, practitioners try to achieve 
a so-called eccentric overload with their athletes, which can be ex-
plained as the production of a greater mechanical output during the 
eccentric phase compared to the concentric one [6, 7]. In a recent 
meta-analysis, Muñoz-López et al. [8] showed that most of the re-
search that used flywheel resistance training with the purpose to 
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achieve an EO neither measured it nor achieved that. EO can be eas-
ily measured using the eccentric:concentric ratio (E:C) [9]. E:C is 
a parameter used to quantify the application of kinetic variables (e.g., 
force) during the eccentric phase of a movement in comparison to 
the concentric phase [6]. Therefore, if the kinetic energy measured 
is higher during the eccentric phase than the concentric phase, an 
E:C would be greater than 1 and EO would be achieved [6]. How-
ever, a known problem related to EO during flywheel resistance train-
ing is its accurate quantification and its reliability [7, 10]. The ab-
sence of an EO during flywheel resistance training can be related to 
the following reasons: 1) the participant is not able to decelerate the 
kinetic energy towards the end of the eccentric phase, 2) low expe-
rience or poor familiarization of the participants with flywheel resis-
tance training [5], 3) the proper selection of the mechanical output 
used to monitor it [8], or 4) the external load used [11, 12].

An effective selection of the inertial load may be critical to induce 
EO  [13]. Some authors showed significant differences in 
speed [14–16], power [11, 15, 17], angular acceleration [14, 17], 
or vertical force [16, 17] between different moments of inertia in fly-
wheel squat exercises. Some authors reported that the lower the mo-
ment of inertia, the higher the speed [11, 14, 16]. For the leg 
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a randomized loading test using five different moments of inertia 
(e.g., loads). Before testing, subjects conducted two familiarization 
sessions across all the loads used during the test.

Subjects
A total of 25 physically active males participated in this study (age: 
22.9 ± 2.2 years, height: 1.8 ± 0.1 m, weight: 79.6 ± 8.2 kg). The 
main inclusion criteria were having a minimum of two years of ex-
perience in the squat exercise and having participated for a minimum 
of 6 months in weekly resistance training programs involving the 
lower body muscles. At the beginning of the familiarization sessions, 
none of the subjects had experience executing flywheel squat exercise. 
We also instructed the subjects not to change their daily nutritional 
habits or consume any ergogenic aid at least 48 h before testing 
execution. The minimum sample size required for the statistical test 
used (two-way repeated-measures ANOVA), considering 80% sta-
tistical power, an alpha error of 0.05, and a moderate f effect size 
of 0.3, was 16 subjects (Power = 0.84). The study protocol followed 
the guidelines of the Declaration of Helsinki and was approved by 
the local ethics committee.

Intervention
Prior to the execution of the tests, the subjects warmed up for 10 min-
utes. The warm-up consisted of 5 minutes of cycling on an elec-
tronic ergometer at a self-selected submaximal pace, followed by 
mobilization exercises for the ankle, knee, hip, and trunk joints for 
5 minutes. Furthermore, the subjects ended the warm-up with five 
countermovement jumps and six submaximal repetitions of the har-
ness squat exercise with the lowest load used in the tests.

The squat exercise was performed on a cylindrical shaft flywheel 
resistance device (kBox 3, Exxentric, AB Bromma, Sweden). The 
loading test consisted of 5 sets (one set for each load in random or-
der), with 5 minutes of rest interspersing the sets. The loads used 
for each set were 0.025 kg · m2, 0.050 kg · m2, 0.075 kg · m2, 
0.100 kg · m2, 0.125 kg · m2. The radius width of the cylinder was 
0.025 m. Two submaximal repetitions were used to accelerate the 
flywheel disk initially. From the third repetition (the first for further 
analyses), subjects had to accelerate the flywheel disk at maximum 
voluntary effort, pulling until the end of the concentric phase. We in-
structed the participants to decelerate as hard as possible the spin-
ning flywheel disk at the end during the eccentric phase. Only sub-
jects who committed to completing the five loads were considered 
(n = 20); therefore, 5 subjects were excluded.

Data were recorded using a rotary encoder (EMS22Q, Bourns, 
Riverside, CA, USA) connected to the flywheel shaft and a prototype 
multichannel acquisition system (SmartCoach MultiChannel, Smart-
Coach Technologies Inc., Pleasanton, CA, USA), with specific com-
puter software (SmartPlot V4.7.0, SmartCoach Technologies Inc., 
Pleasanton, CA, USA). We calculated the mean and peak values for 
the speed, acceleration, power and torque variables from the raw 
speed captured for each concentric and eccentric phase movement. 

extension exercise, Martinez-Aranda and Fernandez-Gonzalo [12] 
showed that EO is more likely to be produced with a moment of in-
ertia of 0.0375 kg · m2. However, they calculated the EO only using 
peak force, while Muñoz-López et al. [8] showed an influence of the 
variable selected when the occurrence of EO is assessed. Sabido 
et al. [11] showed that a lower moment of inertia (i.e., 0.025 kg · m2) 
resulted in higher concentric peak power outputs, whereas higher 
inertial loads (i.e., 0.075 kg · m2) were more likely to produce high-
er eccentric peak power outputs. However, other researchers report-
ed that a generalization about the use of moments of inertia for all 
exercises is not possible because mechanical outputs are very de-
pendent on the exercise selected, the characteristics of the athletes 
and their previous familiarization with the devices [7]. Therefore, it 
is impossible to state that lower moments of inertia are more suit-
able for EO production because several factors can affect kinetic and 
kinematic parameters in both concentric and eccentric phases [7].

A common approach to understanding the neuromuscular profile 
for a given exercise is to study the force-velocity profile [18]. Typi-
cally, the force-velocity profile is calculated using the force and speed 
of the concentric phase using several external loads in a progressive 
loading test. Although it has been widely studied with stack ma-
chines and free weights (here categorized as traditional resistance 
equipment), to our knowledge, only a few studies have analyzed it 
using flywheel resistance training devices [18, 19], reporting both 
concentric and eccentric outputs. Flywheel devices are equipped 
with a rotary encoder instead of a linear encoder (used with tradi-
tional resistance equipment), which can help to understand better 
the mechanical rotation demands of both concentric and eccentric 
phases. To the best of our knowledge, no study has yet investigated 
the force-velocity relationships using angular variables (i.e., angular 
speed or torque), nor have investigated those relationships during 
the eccentric phase of the exercise.

Considering the increasing interest in implementing flywheel re-
sistance training in strength and conditioning programs, especially 
due to the opportunities to increase muscle activation [20], acute 
performance, and chronic adaptations [21], it is important to know 
how to monitor EO over a range of moments of inertia effectively. 
Therefore, this study aimed to determine the differences in EO be-
tween the moments of inertia and the mechanical outputs used in 
a flywheel squat, which is one of the preferential exercises imple-
mented in those programs. A secondary objective was to compare 
the force-velocity profile of the concentric and eccentric phases of 
this exercise. We hypothesized that, first, the kinetic and kinematic 
outputs will vary across the loads used, and second, the EO level is 
variable- and load-dependent.

MATERIALS AND METHODS 
Experimental Approach to the Problem
This study used a randomized observational design to measure the 
mechanical output during the concentric and the eccentric phase of 
the flywheel squat exercise using different loads. Subjects performed 
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In addition, we recorded the vertical ground reaction force using two 
force platforms (SmartCoach Europe AB, Stockholm, Sweden), syn-
chronized and connected to the SmartCoach Multichannel. From the 
force platforms, we calculated the mean and peak force. The sam-
pling rate was set at 100 Hz for both capture systems. Finally, we 
calculated the E:C value as the eccentric phase value divided by the 
concentric phase value. The average from the three fastest repeti-
tions of each set (i.e., with the highest concentric speed) was con-
sidered for further analysis. Further information on data acquisition 
and computation is published elsewhere [17].

Statistics
Data are shown as mean ± standard deviation (SD). Data normality 
was checked using the Shapiro-Wilk test. The sphericity assumption 
was tested using Mauchly’s sphericity test and corrected using the 
Greenhouse-Geisser correction in the case of being positive. We used 
a two-way ANOVA repeated measures test with two within-subjects 
factors (Load (i.e., moments of inertia) × Phase (i.e., concentric or 
eccentric)). In addition, we tested the differences between loads in 
the E:C using a two-way ANOVA repeated measures test with two 
within-subjects factors (Load × Variable). When a significant interac-
tion was found in both cases, we performed a post hoc analysis 
using the Bonferroni correction. Alpha level to determine significant 
differences was 5%, therefore p = 0.05. We used the partial eta 
squared (η2

p) to measure the effect size of the differences for the 
interactions such as 0.01–0.059 (small), 0.06–0.139 (medium), 
and > 0.14 (large). We used the Cohen’s d to measure the effect 
size of the post-hoc differences as follows:  <  0.20  (trivial), 
0.2–0.59  (small), 0.6–1.19  (moderate), 1.2–2.0  (large), 
and > 2.0 (very large)[22]. Finally, we calculated and plotted the 
mean ± SD of force, torque, power, and velocity to represent different 

mechanical relationships for each movement phase. We used the 
JASP software for Windows (JASP Team, Version 0.16) for all sta-
tistical tests.

RESULTS 
Concentric and eccentric outputs
The mean and peak values for each variable during the concentric 
and eccentric phases are shown in Table 1 and Table 2, respec-
tively.

From the mean variables, only the Mean Angular Speed (p < 0.001, 
η2

p = 0.45 – large) showed a significant Load × Phase interaction. 
In addition, the eccentric Mean Angular Speed was significantly high-
er than concentric Mean Angular Speed for 0.050 kg · m2 (p < 0.001, 
d = 0.54 – moderate), 0.075 kg · m2 (p < 0.05, d = 0.48 – small), 
0.100  kg · m2  (p  <  0.001, d =  0.72  – moderate), and 
0.125 kg · m2 (p < 0.001, d = 0.60 – moderate).

The Peak Vertical Force (p < 0.001, η2
p = 0.44 – large), the 

Peak Angular Acceleration (p < 0.001, η2
p = 0.35 – large), the Peak 

Power (p < 0.001, η2
p = 0.23 – large), and the Peak Torque (p 

= 0.009, η2
p = 0.16 – large) showed a significant Load × Phase in-

teraction. In addition, the Peak Vertical Force concentric outputs were 
higher than the eccentric outputs at 0.075 kg · m2 (p < 0.001, d 
= 0.70 – moderate), 0.100 kg · m2 (p < 0.001, d = 1.08 – large), 
and 0.125 kg · m2 (p < 0.001, d = 1.23 – large). For the Peak An-
gular Acceleration, eccentric outputs were higher than concentric 
outputs for 0.025  kg · m2  (p  <  0.001, d =  1.44  – large), 
0.050 kg · m2 (p < 0.001, d = 1.68 – large), 0.075 kg · m2 (p < 0.001, 
d = 0.99 – large), and 0.100 kg · m2 (p < 0.05, d = 1.02 – large). 
For the Peak Power, the eccentric outputs were higher than concen-
tric outputs for 0.025 kg · m2 (p < 0.001, d = 0.76 – moderate).

TABLE 1. Descriptive mean variables and differences for Load, Phase, and Load × Phase. CON = concentric phase. ECC = eccentric 
phase.

Variable

Load (kg · m2) Differences

0.025 0.050 0.075 0.100 0.125
Load Phase Load

× PhaseCON ECC CON ECC CON ECC CON ECC CON ECC

Angular speed 
(rad/s)

99.6
± 14.4

96.7
± 10.9

75.5
± 8.0

80.3
± 9.3

63.5
± 7.2

67.6
± 8.1

54.7
± 5.8

61.1
± 8.6

48.5
± 5.4

53.8
± 7.0

p < 0.001
η2

p = 0.93
p < 0.001
η2

p = 0.62
p < 0.001
η2

p = 0.45

Angular acceleration
(rad/s2)

189.7
± 19.0

209.0
± 44.9

116.9
± 17.8

129.4
± 22.1

81.7
± 14.2

92.9
± 20.1

61.8
± 12.9

68.9
± 19.4

51.8
± 9.8

57.1
± 9.8

p < 0.001
η2

p = 0.55
p < 0.001
η2

p = 0.57
p = 0.081
η2

p = 0.13

Power
(W)

433.4
± 86.8

469.3
± 149.5

416.8
± 103.7

450.6
± 117.2

366.5
± 93.8

407.7
± 123.1

323.3
± 93.8

358.1
± 124.7

299.6
± 86.5

327.2
± 118.4

p < 0.001
η2

p = 0.58
p < 0.001
η2

p = 0.47
p = 0.936
η2

p = 0.01

Torque 
(N · m)

4.7
± 0.5

5.2
± 1.1

5.8
± 0.9

6.5
± 1.1

6.1
± 1.1

7.0
± 1.5

6.2
± 1.3

6.9
± 2.0

6.5
± 1.2

7.1
± 1.9

p < 0.001
η2

p = 0.55
p < 0.001
η2

p = 0.57
p = 0.695
η2

p = 0.03

Vertical force
(N)

1483.5
± 124.3

1371.6
± 156.0

1582.6
± 203.9

1452.8
± 198.2

1604.7
± 250.9

1458.7
± 231.5

1583.5
± 249.0

1434.2
± 272.3

1618.6
± 266.5

1454.2
± 284.0

p < 0.001
η2

p = 0.19
p = 0.012
η2

p = 0.93
p = 0.287
η2

p = 0.06
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TABLE 2. Descriptive peak variables and differences for Load, Phase, and Load × Phase. CON = concentric phase. ECC = eccentric 
phase.

Variable

Load (kg · m2) Differences

0.025 0.050 0.075 0.100 0.125
Load Phase Load X Phase

CON ECC CON ECC CON ECC CON ECC CON ECC

Angular speed 
(rad/s)

161.3
± 17.6

158.9
± 18.3

129–0
± 12.6

127.4
± 13.7

110.0
± 10.3

108.4
± 11.1

96.5
± 10.6

95.7
± 11.5

86.7
± 9.0

85.5
± 9.2

p < 0.001
η2

p = 0.95
p < 0.001
η2

p = 0.71
p = 0.672
η2

p = 0.03

Angular acceleration 
(rad/s2)

323.5
± 51.2

380.2
± 71.6

182.5
± 25.4

248.7
± 51.0

133.7
± 20.6

172.8
± 45.4

100.5
± 14.9

125.3
± 31.0

84.8
± 12.6

104.6
± 25.4

p < 0.001
η2

p = 0.95
p < 0.001
η2

p = 0.82
p < 0.001
η2

p = 0.35

Power (W) 754.6
± 166.5

921.1
± 298.1

800.0
± 184.4

835.0
± 255.0

735.8
± 188.9

774.3
± 231.0

666.6
± 207.4

696.0
± 220.7

647.5
± 194.6

622.2
± 218.1

p = 0.027
η2

p = 0.46
p < 0.001
η2

p = 0.23
p < 0.001
η2

p = 0.23

Torque (N · m) 8.1
± 1.3

9.5
± 1.8

9.1
± 1.3

12.4
± 2.6

10.0
± 1.6

13.0
± 3.4

10.0
± 1.5

12.5
± 3.1

10.6
± 1.6

13.1
± 3.0

p < 0.001
η2

p = 0.57
p < 0.001
η2

p = 0.79
p = 0.009
η2

p = 0.16

Vertical force (N) 1671.7
± 140.5

1613.6
± 168.3

1797.7
± 195.5

1691.8
± 223.1

1911.7
± 270.8

1735.5
± 272.6

1958.1
± 269.6

1688.7
± 262.1

2039.2
± 315.2

1731.8
± 313.1

p < 0.001
η2

p = 0.41
p < 0.001
η2

p = 0.81
p < 0.001
η2

p = 0.44

FIG. 1. Eccentric:concentric ratio for each moment of inertia and mechanical variable mean values. The dotted horizontal line represents 
a ratio equal to 1. Values above this line represents an eccentric overload.
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Velocity for the concentric and eccentric phases. The concentric 
Vertical Force-Angular Velocity profile was higher than the eccentric 
profile for all the load ranges studied. The opposite was shown for 
the Torque-Angular Velocity profile. Finally, the Power-Angular Veloc-
ity profile was higher for the concentric phase, but the velocity was 
higher. Although the Force-Angular Velocity profile was almost linear, 
the Torque- and Power-Angular Velocity profiles showed a curvilinear 
relationship.

DISCUSSION 
This study aimed to determine the differences in EO between the 
moments of inertia and the mechanical outputs used in a flywheel 
squat. A secondary objective was to compare the force-velocity pro-
file of the concentric and eccentric phases of this exercise. In this 
research, we showed that 1) EO is recorded preferentially when peak 
variables are used instead of mean variables; 2) speed derived vari-
ables (i.e., angular speed, angular acceleration, power) are more 
likely to show higher eccentric than concentric outputs, compared 

Eccentric:concentric ratio between variables differences
Figures 1 and 2 show the E:C for the mean and peak variables, re-
spectively. The mean and peak variables did not show a significant 
Load effect, but a Variable significant effect (p < 0.001) was de-
tected. For mean variables, E:C was higher than 1 (i.e., eccentric 
overload) for Mean Angular Acceleration, Mean Torque, Mean Power, 
and Mean Angular Speed, but lower than 1 (i.e., no eccentric overload) 
for Mean Vertical Force. For peak variables, E:C was higher than 1 for 
Peak Acceleration, Peak Torque, and Peak Power, but lower than 1 for 
Peak Angular Speed and Peak Vertical Force. Only the peak variables 
showed a  Load × Variable significant interaction (p < 0.001, 
η2

p = 0.26 – large). In this case, Peak Power showed a significant 
difference between 0.025 kg · m2 and 0.125 kg · m2, and Peak Torque 
between 0.025 kg · m2 and 0.050 kg · m2.

Mechanical profiles
Figure 3 shows the mechanical profile between the Vertical Force-
Angular Velocity, Torque-Angular Velocity, and Power-Angular 

FIG. 2. Eccentric:concentric ratio for each moment of inertia and mechanical variable peak values. The dotted horizontal line represents 
a ratio equal to 1. Values above this line represents an eccentric overload.
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to vertical force; 3) the E:C is a suitable parameter to measure EO, 
with the capability to distinguish levels of EO between loads, espe-
cially when peak power is used; 4) the torque-angular velocity profile 
resulted in a curvilinear relationship, with higher concentric outputs 
compared to eccentric outputs along the load range studied.

We showed that mean and peak angular acceleration followed 
the same response pattern across the loads for the first time. As with 
other training equipment, flywheel resistance devices showed lower 
peak and mean velocities at higher moments of inertia (4, 14, 23, 35). 
We found a similar response even though we monitored angular ve-
locity instead of linear velocity as done in other studies (4, 14, 23, 35). 
In agreement with previous results (13, 25, 35), the mean and peak 
power decreased when the moment of inertia increased. Further-
more, the angular acceleration showed the largest differences con-
sidering Load and Phase. Similar differences were observed with an-
gular acceleration but during leg extension exercise [14]. However, 
the higher the load, the higher the mean or peak torque measured. 
Finally, the mean vertical force did not significantly change across 
loads. Instead, the peak vertical force increased when higher loads 
were used (Table 2). Similar mean vertical forces were previously 
observed between different loads in flywheel exercises [16, 18]. For 
that reason, practitioners may benefit from using low moments of in-
ertia to improve acceleration ability (i.e., 0.025 kg · m2), which will 
maximize both concentric and eccentric power outputs, despite the 
fact that force or torque outputs were lower in those cases. On the 
other hand, if the intention is to generate high peak force values in 
both eccentric and concentric phases, it is advisable to use higher 
moments of inertia, as reported in this study.

Several studies showed the relevance of using flywheel devices 
in strength and conditioning programs due to their capacity to en-
hance the eccentric load and related adaptations [5, 23, 24]. Ma-
roto et al. [23] showed the largest changes for Peak Power during 
the eccentric phase, compared to the concentric phase, after 12 weeks 
of training using a single-leg flywheel squat exercise. This resulted 
in moderate increases in tight muscle volume and large increases in 
maximum repetition and vertical jump performance. Furthermore, 
increased muscle volume (up to 10%) was observed in the quadri-
ceps muscles during leg extension exercise using a cylindrical fly-
wheel device after 5 weeks of training [24]. Tous-Fajardo et al. [5] 
introduced the concept of E:C for measuring EO, and subsequently 
Sabido et al. [11] showed that when E:C was calculated using peak 
power, the highest values were observed with moments of inertia 
close to 0.075 kg · m2, using a cylindrical flywheel quarter squat ex-
ercise. In the current study, we show that whether EO is achieved or 
not depends on the variable and load selected (Figures 1 and 2). 
Mean variables showed E:C higher than 1, despite only mean angu-
lar speed showed a significant difference CON and ECC, probably 
explained by the high individual variance in these variables. Further-
more, we showed that the peak values showed greater differences 
between the loads than the mean values and the highest E:C was 
observed when peak angular acceleration was used to calculate it. 

FIG. 3. Force-, Torque-, and Power-Velocity profiles for the 
concentric (black squares) and eccentric (grey circles) phases. 
The vertical and the horizontal lines represents the individuals 
standard deviations for each y-variable (vertical lines) and x-variable 
(horizontal lines).
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However, Peak Power was also sensible to detect differences between 
the lower and the highest load used to monitor the EO (Figure 2). 
Despite peak variables were more sensible to show EO, it is possi-
ble that at an individual level, mean variables could also show that. 
It can be explained by a lower sensibility of the peak variables to 
show differences in the execution technique, and as a result a high-
er advantage for monitoring EO using peak variables. More research 
is needed to confirm these results.

When E:C was calculated with Peak Vertical Force, it decreased 
when loads increased but it was never higher than 1, which means 
that no EO was achieved using this variable. To achieve high levels 
of EO, low inertial loads (i.e., 0.025 kg · m2) may also be used. How-
ever, in this research EO could also be observed up to 0.100 kg · m2. 
Hence Peak Power EO can be achieved across a broad range of loads 
and the choice of the load depends on the aims of the strength and 
conditioning program (e.g., focus on speed or force production). Cu-
riously, Sabido et  al.  [11] found the Peak Power EO close to 
0.075 kg · m2, and it might be related to the fact that they used quar-
ter squat while we used half squat. The effect of how deep partici-
pants squat in the flywheel exercise on the occurrence of EO needs 
to be clarified in the future.

To monitor the neuromuscular profile of an athlete, for instance, 
the force-velocity profile can be used, which shows the relation-
ship between both mechanical variables, reflecting how much force 
an athlete could exert for a given velocity [25–27]. Profiling exer-
cises can help develop individualized training programs using the 
slope of the relationship [15] and monitor changes in perfor-
mance [27]. Typically, these profiles are measured using tradition-
al resistance exercises, where a linear relationship is shown be-
tween force and velocity [25]. However, the relationship between 
power and velocity is curvilinear [25]. In addition, those profiles 
are calculated during the concentric phase of the movement only. 
Our results suggest a similar profile for the flywheel squat exercise 
for concentric and eccentric outputs. This is explained by the very 
low differences observed between the vertical force loads, which 
agrees with previous results [16, 18]. On the contrary, greater 
slopes were observed when linear velocity was used instead of an-
gular velocity in flywheel devices [19]. Although measuring fly-
wheel device performance using the mechanics of linear momen-
tum may help calculate a force-velocity profile slope, it is mostly 
unpractical and difficult to set a linear encoder, instead, a rotary 
encoder could be used to measure torque instead of force [7]. In 
fact, torque can be understood as the equivalent of force exerted 

on the angular momentum. Furthermore, the force cannot be eas-
ily calculated from the speed during flywheel exercises because 
the width of the shaft varies along with the range of motion of ex-
ercise [28]. Our results showed a curvilinear relationship between 
torque and angular velocity, with higher concentric outputs for all 
the loads measured. Finally, the power-angular velocity relation-
ship showed that the largest power output was observed at high-
er velocities (Figure 3). Indeed, those values were higher for the 
concentric phase, but the lower the angular speed, the smallest 
the difference between both phases. Monitoring the power-angu-
lar velocity may help decide which load may be used for training 
programs when using flywheel devices to enhance acceleration and 
deceleration abilities, which is still an underexplored topic [29].

This study has some limitations. First, our results may only ap-
ply to squat exercises. Second, the type of flywheel shaft influences 
the mechanical output, regardless of the moment of inertia [30]. 
Lastly, this study enrolled a sample of active males participated. 
Therefore, these findings need to be confirmed in other populations 
(i.e., female) and different sport levels (e.g., professional athletes). 
Future research is needed to verify the reliability of these parameters 
in sports, to verify our findings using different exercises such as fly-
wheel leg curl, flywheel leg press, etc, and also with other flywheel 
devices (i.e., conical shaft shape).

CONCLUSIONS 
In conclusion we found that EO depends on the mechanical output 
and discrete variables analyzed (peak variables and speed derived 
variables showed higher EO). Lastly, the torque-angular velocity pro-
file resulted in a curvilinear relationship, with higher concentric out-
puts than eccentric outputs along with the studied load range. The 
E:C is a suitable parameter to measure EO, with the capability to 
distinguish levels of EO between loads, especially when peak power 
parameters are used.
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