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The effects of varying inertial loadings on power variables
in the flywheel romanian deadlift exercise
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ABSTRACT: The aim of this study was to investigate the effect of four different inertial loads (0.025, 0.050,
0.075, and 0.100 kg- m2) on concentric (CON) power, eccentric (ECC) power, and ECC overload in the flywheel
Romanian deadlift (RDL). Fourteen recreationally trained males (27.9 = 6.4 years, 90 = 10.7 kg, 180.7 + 5.5 cm)
volunteered for the study. They had a minimum of two years of resistance training experience, although none
had experience in flywheel inertia training (FIT). All participants performed the flywheel RDL on a flywheel
device (kBox 3, Exxentric, AB TM, Bromma, Sweden). Each set was performed using different inertial loads,
those being 0.025, 0.050, 0.075, and 0.100 kg-m2. For CON, ECC power, and ECC overload, there was a significant
difference (p < 0.001) between inertial loadings. In conclusion, results highlight that lower inertial load leads
to higher peak CON and ECC power values, precisely 0.025 kg- m2. Regarding ECC overload, medium to higher

loads (0.050, 0.075, and 0.100 kg-m?) will lead to higher values.
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Flywheel inertial training has recently become increasingly popular
as a training modality. FIT was first researched over 20 years ago as
a gravity-independent training method to counteract microgravity’s
deleterious effect on skeletal muscle [1]. During FIT, subjects rota-
tionally accelerate a flywheel during the CON muscle actions. The
force applied unwinds a cord connected to the flywheel’s shaft, which
starts to rotate and store energy [2]. Once the CON action is com-
pleted, the cord rewinds, and the athlete must resist the pull of the
flywheel using an ECC muscle action to decelerate the wheel. By
resisting the inertial force gently during the first third of the ECC
action and then applying maximal effort to stop the movement at
the end of the range of motion, brief moments of ECC overload can
be produced [3]. ECC overload is when the ECC force is larger than
the CON force during an exercise [4].

Previous research has revealed FIT potential for positive effects
on maximal strength [5-7] maximal voluntary contractions [8-10],
power output [5, 111, jump ability [6, 12], running velocity [13],
ECC force production [14] and Post-activation performance [15].
Two previous meta-analyses [5, 16] reported FIT's effectiveness
in improving muscle hypertrophy, strength, power, and other per-
formance characteristics. However, another meta-analysis [17]
reported that FIT did not provide any additional benefits to muscle
strength when compared with gravity-dependent resistance
training.

There is a multitude of research investigating the effectiveness of
FIT in improving strength and power output, but there are minimal
practical guidelines regarding inertial loading.

An important variable that can affect FIT performance is inertial
loading. Its importance during FIT lies in the fact that different iner-
tial loads cause notable differences in the force-velocity curve [3],
with the majority of preceding investigations, based on replication
of previous research [18]. Significantly different values were report-
ed in a previous study [19] in both power and ECC overload depend-
ing on inertial loading (six inertial loads ranging from 0.0125 to
0.100 kg'm?). In-relation to strength development, previous research
has recommended using higher inertial loads (0.050-0.100 kg:m2) [4,
18, 20]. However, another study indicated no additional ECC over-
load stimulus with inertial loads beyond 0.0375 kg-m2 [19]. Regard-
ing power development and in contrast to strength development,
recommendations suggest lower inertial loadings are advised to aug-
ment power output [4, 18, 21-23] but again, the recommended
inertial loads vary greatly (0.0125-0.050 kg-m?2).

Taking into account recommendations from previous studies re-
garding inertial loading and repetitions in strength and power devel-
opment, the aim of this study was to investigate the effect of four
differential inertial loads (0.025, 0.050, 0.075, and 0.100 kg- m2)
on both CON and ECC power output and ECC overload in a flywheel
RDL. Previous research has investigated the effect of inertial load on
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power output in both the flywheel squat [18] and flywheel leg
curl [23] exercises, but to the best of our knowledge, no past study
has investigated the effects of inertial loading in the flywheel RDL
exercise. A recent study [24] investigated flywheel RDL effect on
bicep femoris long head (BFIh) architecture, eccentric hamstring
strength and sprint performance in Australian footballers. The study
was conducted over a 39 week period that included pre-season and
in-season. The authors reported positive findings, BFlh fascicle length
increased when compared to baseline (d = 1.99, p < 0.001), ec-
centric hamstring strength increased (d = 1.34, p = 0.026), max-
imal velocity increased by 3.4% (+ 1.4%) at the end of pre-season,
and horizontal force production increased by 9.7% in-season
(= 2.2%). With the increasing popularity of hip-dominant FIT for
hamstring specific adaptations, investigations into the effect of iner-
tial load in such exercises is warranted. It is hypothesised that
lower inertial loads will lead to higher peak power values, whereas
higher inertial loads will lead to greater ECC overload values.

MATERIALS AND METHOD'S 1
Participants

Fourteen recreationally trained males (27.9 += 6.4 years,
90 = 10.7 kg, 180.7 = 5.5 cm) participated in the study. All par-
ticipants had a minimum of two years of resistance training experience
including RDL training, although none had experience in FIT. Par-
ticipants did not perform any strenuous exercise 48 hours before
testing. Participants were medically screened and excluded if any
musculoskeletal injuries had occurred six months before the interven-
tion. All participants gave written informed consent before participa-
tion and were made aware of all experimental procedures and risks.
Procedures followed the Declaration of Helsinki [WMA, 25] and its
later amendments and were approved by the Research Ethics Com-
mittee of the Institute of Technology Carlow (code-C00232530).

Procedure

All participants performed two familiarisation sessions using a sim-
ilar protocol as that of the testing sessions. Two familiarisation ses-
sions are recommended to find stabilisation in the values obtained
in FIT [18]. Each participant attended two testing sessions. The first
testing session and the last familiarisation session were separated
by five days to avoid the effects of muscle fatigue and delayed onset
of muscle soreness. Testing commenced with a dynamic warm-up
that lasted approx. 15 mins. The warm-up consisted of five minutes
of low-intensity jogging proceeded by five dynamic stretches, target-
ing the gluteal, hamstrings, adductors, quadriceps, gastrocnemius,
and a set of 12 repetitions of RDL on the flywheel device at
0.050 kg'm?2. The testing session consisted of four sets of 12 rep-
etitions of an RDL performed on a flywheel device (kBox 3, Exxentric,
AB TM, Bromma, Sweden) and access effects of varying inertial
loads on power variables. Both the first and second repetitions of
each set were used to ‘increase momentum’ and were excluded from
data analysis. It has been highlighted that the first repetitions of FIT
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are needed to get the flywheel up to the desired velocity and have
been described as ‘waste repetitions’ and, if included, may skew
findings [26]. Each set was performed using different inertial loads,
these being 0.025, 0.050, 0.075, and 0.100 kg-m2. The order of
the inertial load setting was randomised for each participant. A five
minute inter-set rest period was given to allow the cessation of any
fatigue effects and enable adequate recovery.

Foot placement was standardised, with participants standing di-
rectly over the drive belt. To standardise the participants’ range of
motion, a piece of tape was placed at mid-point between the most
distal point of the tibial tuberosity and the talus’s most proximal
point. This was the designated starting point of the RDL, and the
endpoint was full hip extension. A strap is connected from the han-
dle to the flywheel shaft through a hole in the platform. The exercise
starts in the fully flexed position (i.e., bottom of the range of motion).
During the CON phase of the RDL, the handle sets the flywheel in
motion. During the ECC phase of the RDL, the flywheel continues
this rotation and is slowed to a stop by ECC muscle actions resulting
in a braking action. The next repetition is completed similarly, although
the flywheel rotates in the opposite direction [27]. Participants were
instructed not to shrug shoulders at full hip extension, and ankle
extension was not allowed. The participants were instructed to per-
form the CON phase as fast as possible and resist the inertial force
gently during the first third of the ECC action and then applying
maximal effort to stop the movement at the end of the range of mo-
tion.

Verbal encouragement was given to the participants during both
the familiarisation and testing sessions. During each repetition, both
CON and ECC power was recorded employing a data reader and
transmitter (Kmeter, Exxentric, AB TM, Bromma, Sweden) attached
to the flywheel device. Data was then transmitted via Bluetooth to
an iOS device (iPad mini, Apple Inc., Cupertino, CA, USA). This
method of data collection has been used in previous research [28].

Power Measurements

The variables used for data analysis were peak CON power, peak
ECC power, and the ratio between ECC peak power and CON peak
power, reported as the % ECC overload and calculated as (ECC peak
power - CON peak power / concentric peak power) * 100.

Statistical analysis

Data are presented as mean values + standard deviation (SD). The
Shapiro-Wilk test (S-W) was used to determine whether data were
normally distributed. A one way repeated measure ANOVA was ap-
plied to investigate the effects of varying inertial loads on power
variables. The Bonferroni test was used as a post-hoc test correcting
for multiple comparisons. Effect sizes were calculated using Hedge's
g and can be interpreted as small, d = 0.2; medium, d = 0.5; and
large, d = 0.8 [29]. Only moderate to large effects were reported.
Significance was set at P < .05 for all tests. All statistical analyses
were carried out using the commercial software Jeffrey’'s Amazing
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TABLE |. Peak concentric power, peak eccentric power, and % eccentric overload during different inertial loads (mean + SD)

Inertial in kg-m?2

0.025 0.050

0.075 0.100

1120.35 + 530.53 #%+
1050.13 = 425.15 $+
-0.16 = 31.55

CON Peak (W)
ECC Peak (W)
% OL

947.75 + 380.96 ¥+
1033.59 + 406.80 **
9.82 + 10.85 "

800.42 + 201.23
880.92 + 227.84
10.41 = 12.66 "

728.08 = 192.23
817.13 = 206.27
13.8 + 12.66 "

AVG = Average Power, CON Peak = Peak Concentric Power, ECC Peak = Peak Eccentric Power, % OL = % Eccentric Overload,
* statistically greater than 0.025 kg-m?, # statistically greater than 0.050 kg-:m2, $ statistically greater than 0.075 kg-m2, + statistically

greater than 0.100 kg-m2.

Statistics Program’ (JASP version 09.1, University of Amsterdam,
Netherlands).

RIES U LTS 150000
The Shapiro-Wilk test (S-W) determined that the data be normally
distributed. The mean and standard deviation of different inertial
loading effects on power variables are displayed in Table 1. For CON
peak power, a significant difference (p < 0.001) was discovered
between different inertial loadings (Table 1). Hedge’s g effect size
showed a moderate effect between both 0.5 kg'rm2 and 0.100 kg-m?2
(0.71) and also 0.025 kg:m2 and 0.75 kg'm?2 (0.78) while a large
effect was discovered between 0.025 kg:m2 and 0.1 kg-m2 (0.95)
inertial loadings. For ECC peak power, a significant difference
(p < 0.001) was also discovered between different inertial loadings
(Table 1). Hedge's g effect size showed a moderate effect between
0.025 kg'-m?and 0.1 kg:m? (0.68) and also 0.5 kg'-m? and 0.1 kg-:m?
(0.65) inertial loadings. For ECC overload, a significant difference
(p < 0.001) was discovered between different inertial loadings
(Table 1). Hedge's g effect size showed a moderate effect between
0.025 kg'm? and 0.1 kg-m? (0.55) inertial loadings.

DISCU'S'S 1O N 155
This study aimed to investigate the effect of four differential inertial
loads (0.025, 0.050, 0.075, and 0.100 kg-m?2) on both CON and
ECC power output and ECC overload during the flywheel RDL. This
findings suggest that the highest values for peak CON power were
achieved at the lowest inertial load (0.025 kg-m?2), while for peak
ECC power, the highest values were achieved at low to medium loads
(0.025 and 0.050 kg-m?). For ECC overload, no statistical difference
(< 0.05) was found between medium to high loads (0.050, 0.075,
0.100 kg'm?2), but it should be noted that the highest value was
achieved at the highest inertial load (0.100 kg-m?2).

The current study results yield similar findings to previous re-
search [18, 19, 23] with the lowest inertial load showing the high-
est values (0.025 kg-m?). Specifically, 0.025 kg-m? showed the
highest value (see Table 1) for both peak CON and ECC power. Al-
though 0.05 kg-m2 ECC power value may have been lower than

0.025 kg-m? it was statistically significantly higher than both
0.075 kg'm? (p < 0.001) and 0.100 kg-m? (p < 0.001) which
again coincides with past research [18]. Generating high muscular
power is strongly related to power output production [30] and as-
sociated with athletic success. With this in mind, practitioners need
to be confident that the inertial load chosen will maximise power
output and lead to warranted adaptions. Lower inertial loads may
result in further neuromuscular adaptations (i.e. motor unit recruit-
ment, firing frequencies), but this has yet to be proven [6].

Regarding maximal ECC overload, this current study results again
correspond with those of Sabido et al. [18], who reported higher
inertial loads led to higher ECC overload values. We found that the
lightest load was the significantly lowest (0.025 kg-m?) value, and
there was no statistically significant difference between medium to
heavy inertial loadings (0.050, 0.075, 0.100 kg-m2). Precisely
0.100 kg'm? reported the highest value (see Table 1). Practitioners
can be confident that higher inertial loads will lead to higher ECC
overload. Contrary to our findings Martinez-Aranda and Fernandez-
Gonzalo [19] reported no increase in ECC overload past 0.0375 kg-m?,
perhaps due to exercise choice. It is reasonable to suggest that
a single joint leg extension exercise [19] recruits fewer muscles than
a large muscle group exercise such as the flywheel RDL or bilateral
quarter squat [18], and therefore the athletes may not have been
able to fully resist and break inertial forces which lead to an ECC
overload. Previous research suggests that the most effective technique
to maximise ECC overload is gently resist the force during the first
third of the ECC phase, then maximally decelerate the rotating flywheel
and stop at the end range of motion [31]. It has been previously
reported that larger inertial loads may increase the ECC phase’s
length, which can modify the ECC overload stimulus [27]. Specific
adaptations may include an increase in muscle cross-sectional area,
force output, and fiber shortening velocities, all of which have the
potential to benefit power production characteristics [271].

There are drawbacks to the current research. Because of the
study’s limited sample size, the statistical power of the findings is
relatively low. As a result, the study’s findings must be carefully in-
terpreted.
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To the best of the author’s knowledge this is the first study to inves-
tigate the effects of inertial load in a flywheel hip extension exercise
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such as the flywheel RDL. Our findings suggest that a lower inertial

load leads to higher peak CON and ECC power values, specifically
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(0.050, 0.075, and 0.100 kg-m?2) may lead to higher values, with
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guide intensity prescription when incorporating flywheel RDL into

a training program.

Conflict of interest

publication of this article.

Joey Brien et al.

This project was funded by the Institute of Technology Carlow, Pres-
idents Fellowship Fund.

The authors declare that there is no conflict of interest regarding the

RE F E R IEIN C IS /500000000

1.

10.

002 .

Berg HE, Tesch A. A gravity-independent
ergometer to be used for resistance
training in space. Aviat Space Environ
Med. 1994;65(8):752-756.

Onambélé GL, Maganaris CN, Mian OS,
Tam E, Rejc E, McEwan IM, Narici MV.
Neuromuscular and balance responses to
flywheel inertial versus weight training in
older persons. J Biomech. 2008;
41(15):3133-3138.

Tous-Fajardo J, Maldonado RA,
Quintana JM, Pozzo M, Tesch PA. The
flywheel leg-curl machine: offering
eccentric overload for hamstring
development. Int J Sports Physiol
Perform. 2006;1(3):293-298.

Tesch PA, Fernandez-Gonzalo R,
Lundberg TR. Clinical applications of
iso-inertial, eccentric-overload (YoYo™)
resistance exercise. Front Physiol. 2017;
8:241.

Maroto-lzquierdo S, Garcia-Lopez D, de
Paz JA. Functional and muscle-size
effects of flywheel resistance training with
eccentric-overload in professional
handball players. J Hum Kinet. 2017;
60:133-143.

Sabido R, Pombero L,

Hernandez-Davé JL. Differential effects of
low vs. High inertial loads during an
eccentric-overload training intervention in
rugby union players: A preliminary study.
J Sports Med Phys Fitness. 2019;
59(11):1805-11.

Fernandez-Gonzalo R, Lundberg TR,
Alvarez-Alvarez L, de Paz JA. Muscle
damage responses and adaptations to
eccentric-overload resistance exercise in
men and women. Eur J Appl Physiol.
2014;114(5):1075-1084.

Norrbrand L, Fluckey JD, Pozzo M,
Tesch PA. Resistance training using
eccentric overload induces early
adaptations in skeletal muscle size. Eur
J Appl Physiol. 2008;102(3):271-281.
Seynnes OR, de Boer M, Narici MV. Early
skeletal muscle hypertrophy and
architectural changes in response to
high-intensity resistance training. J Appl
Physiol (1985). 2007;102(1):368-373.
Tesch PA, Ekberg A, Lindquist DM,
Trieschmann JT. Muscle hypertrophy

11.

12.

13.

14.

15.

16.

17.

following 5-week resistance training
using a non-gravity-dependent exercise
system. Acta Physiol Scand. 2004;
180(1):89-98.

Maroto-lzquierdo S, Garcia-Lopez D,
Fernandez-Gonzalo R, Moreira OC,
Gonzélez-Gallego J, de Paz JA. Skeletal
muscle functional and structural
adaptations after eccentric overload
flywheel resistance training: a systematic
review and meta-analysis. J Sci Med
Sport. 2017;20(10):943-951.

de Hoyo M, Pozzo M, Safnudo B,
Carrasco L, Gonzalo-Skok O,
Dominguez-Cobo S, Morén-Camacho E.
Effects of a 10-week in-season
eccentric-overload training program on
muscle-injury prevention and

performance in junior elite soccer players.

Int J Sports Physiol Perform. 2015;
10(1):46-52.

Askling C, Karlsson J, Thorstensson A.
Hamstring injury occurrence in elite
soccer players after preseason strength
training with eccentric overload.
Scand J Med Sci Sports. 2003;
13(4):244-250.

Romero-Rodriguez D, Gual G, Tesch PA.
Efficacy of an inertial resistance training
paradigm in the treatment of patellar
tendinopathy in athletes: a case-series
study. Phys Ther Sport. 2011;
12(1):43-48.

Maroto-Izquierdo S, Bautista 1J,

Rivera FM. Post-activation performance
enhancement (PAPE) after a single bout
of high-intensity flywheel resistance
training. Biol Sport. 2020;
37(4):343-50.

Nufez Sanchez FJ, Sdez de Villarreal E.
Does flywheel paradigm training improve
muscle volume and force?

A meta-analysis. J Strength Cond Res.
2017;31(11):3177-3186.
Vicens-Bordas J, Esteve E,
Fort-Vanmeerhaeghe A, Bandholm T,
Thorborg K. Is inertial flywheel resistance
training superior to gravity-dependent
resistance training in improving muscle
strength? A systematic review with
meta-analyses. J Sci Med Sport.
2018;21(1):75-83.

18.

19.

20.

21.

22.

23.

24.

Sabido R, Hernandez-Davo JL,
Pereyra-Gerber GT. Influence of different
inertial loads on basic training variables
during the flywheel squat exercise. Int

J Sports Physiol Perform. 2018;
13(4):482-489.

Martinez-Aranda LM,

Fernandez-Gonzalo R. Effects of inertial
setting on power, force, work, and eccentric
overload during flywheel resistance
exercise in women and men. J Strength
Cond Res. 2017;31(6):1653-1661.
Carroll KM, Wagle JP, Sato K, Taber CB,
Yoshida N, Bingham GE, Stone MH.
Characterising overload in inertial
flywheel devices for use in exercise
training. Sports Biomech. 2019;
18(4):390-401.

Nufhez FJ, Santalla A, Carrasquila I,
Asian JA, Reina JI, Suarez-Arrones LJ.
The effects of unilateral and bilateral
eccentric overload training on
hypertrophy, muscle power and COD
performance, and its determinants, in
team sport players. PLoS One. 2018;
13(3):e0193841.

Piqueras-Sanchiz F, Martin-Rodriguez S,
Martinez-Aranda LM, Lopes TR,
Raya-Gonzalez J, Garcia-Garcia o}
Nakamura FY. Effects of moderate vs.
high iso-inertial loads on power, velocity,
work and hamstring contractile function
after flywheel resistance exercise. PLoS
One. 2019;14(2):e0211700.
Piqueras-Sanchiz F, Sabido R,
Raya-Gonzalez J, Madruga-Parera M,
Romero-Rodriguez D, Beato M, de
Hoyo M, Nakamura FY,
Hernandez-Davé JL. Effects of different
inertial load settings on power output
using a flywheel leg curl exercise and its
inter-session reliability. J Hum Kinet.
2020;74:215-226.

Timmins RG, Filopoulos D, Nguyen V,
Giannakis J, Ruddy JD, Hickey JT, et al.
Sprinting, Strength and Architectural
Adaptations Following Hamstring Training
in Australian Footballers. Scand J Med
Sci Sports [Internet]. 2021 Feb
22;5ms.13941. Available from: https://
onlinelibrary.wiley.com/doi/10.1111/
sms.13941




Effects of inertial load on the flywheel romanian deadlift

25.

26.

Pareja-Blanco F, Rodriguez-Rosell D,
Sénchez-Medina L, Sanchis-Moysi J,
Dorado C, Mora-Custodio R,
Yanez-Garcia JM, Morales-Alamo D,
Pérez-Suérez |, Calbet JAL,
Gonzaélez-Badillo JJ. Effects of velocity
loss during resistance training on athletic
performance, strength gains and muscle
adaptations. Scand J Med Sci Sports.
2017;27(7):724-735.

Suchomel TJ, Wagle JP, Douglas J,

Taber CB, Harden M, Haff GG, Stone MH.

Implementing eccentric resistance
training-part 1: a brief review of existing
methods. J Funct Morphol Kinesiol.
2019;4(2):38.

27.

28.

29.

Worcester KS, Baker PA, Bollinger LM.
Effects of inertial load on sagittal plane
kinematics of the lower extremity during
flywheel-based squats. J Strength

Cond Res. 2020. doi:10.1519/
jsc.0000000000003415.

Bollinger L, Brantley J, Tarlton J, Baker P,
Seay R, Abel M. Construct validity,
test-retest reliability, and repeatability

of performance variables using a flywheel
resistance training device. J Strength
Cond Res. 2018;34:3149-3156.
Lachenbruch PA, Cohen J. Statistical
Power Analysis for the Behavioral
Sciences (2nd ed.). J Am Stat

Assoc [Internet]. 1989 Dec;

30.

31.

84(408):1096. Available from: https://
www.jstor.org/
stable/229009570rigin = crossref
Cormie P, McGuigan MR, Newton RU.
Developing maximal neuromuscular
power: part 2 - training considerations
for improving maximal power
production. Sports Med. 2011;
41(2):125-146.

Berg HE, Tesch PA. Force and

power characteristics of a resistive
exercise device for use in space.

Acta Astronautica. 1998;
42(1):219-230.

a BioLogy oF SporT, VoL. 39 No3, 2022 503



