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Section III - Sports and Physical Activity

Effectiveness of Eccentric Overload Training
in Basketball Players: A Systematic Review

by
Omar Younes-Egana *, Juan Mielgo-Ayuso 2, Marko D. M. Stojanovic 3,
Stephen P. Bird *, Julio Calleja-Gonzilez °

Several studies have confirmed the efficacy of flywheel eccentric overload training in order to improve or increase
muscle volume and strength, as well as several performance-related fitness attributes, but to date, there are no studies
that have reviewed the effects of these training methods in basketball. Therefore, the present systematic review aimed to
collect the updated information about the influence of flywheel training on performance of basketball players. A search in
four electronic databases (PubMed, SCOPUS, Web of Science, and Google Scholar) was conducted up to November 20,
2022. Articles were selected as valid for review if: (i) they were an experimental trial published in English; (ii) participants
were basketball players without illnesses or injuries, and (iii) a rotational inertial overload method was used as a
performance-dependent variable. A total of 93 articles were found. After filtering procedures, only seven studies were
considered in this systematic review. In the selected studies, 203 participants were included, 58 females and 145 males.
Focusing on basketball related performance variables, all the studies included the countermovement jump (CM]), while
five included sprinting and a change of direction test (COD). The results showed an improvement in performance-related
variables associated with basketball (sprint, CM], and COD) through the use of inertial methods. Improvements were
reported in professional, semi-professional and amateur players as well as both male and female players. However, given
the low number of studies, additional investigations on this topic are warranted before a “clear picture” can be drawn
concerning the effects of flywheel eccentric overload training in basketball players.
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Introduction

Basketball is an intermittent, court-based
team sport in which both aerobic and anaerobic
energy systems are stressed during the game, with
players performing repeated actions such as
jumps, sprints, turns, accelerations, decelerations,
and changes of direction (COD) (Montgomery et
al., 2010), all of which place high eccentric loads on
players. Knowing the relevance of these types of
actions on the court, several studies have reported
beneficial effects of strength training which leads
to improvements in high-intensity repeated actions
that affect performance (Arede et al.,, 2019; Freitas
et al., 2019; Gonzalo-Skok et al., 2019).
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Over the past 20 years, a considerable
amount of research has examined the effectiveness
of eccentric training in athletic performance and
injury prevention (Douglas et al.,, 2017; Higbie et
al., 1996; Roig et al., 2009; Suchomel et al., 2018).
This type of training may be beneficial for gains
across the strength continuum
(strength/hypertrophy/power), as suggested by
Suchomel et al. (2018). The ability of skeletal
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stiffer muscle-tendon unit during eccentric
compared to concentric actions is well established.
In addition, eccentric training induces positive
adaptations at both molecular and neuromuscular
levels, with an observed increase in cytokine
interleukin-6 followed by elicited satellite cell
proliferation following exercise. This is believed to
play an important role in adaptive response to
training (Douglas et al, 2017). At the
neuromuscular level, it appears that cortical
excitability is enhanced during eccentric actions
resulting in a greater brain area being involved,
indeed efferent motor output is not only regulated
by central descending pathways, but also
modulated by inflow from Golgi organs and
muscle spindles (Douglas et al., 2017).

Given the reported benefits of eccentric
training, flywheel eccentric overload training has
become a popular training modality in recent times
(Maroto-Izquierdo et al., 2017; Tesch et al., 2017).
While traditional strength training offers phase-
specific eccentric overloading, training with iso-
inertial resistance (flywheel training) produces
higher resistance during the entire range of
motion, enabling greater power output in both
concentric and eccentric phases of movement (Berg
and Tesch, 1994). Flywheel devices were originally
designed by Berg and Tesch (1994) to counteract
the deleterious effect of microgravity on skeletal
muscle (Tesch et al., 2004a). From this point of
view, novel hardware, i.e., the YoYoTM Leg Press
configuration was tested and validated in 1996
(Tesch et al., 2005).

These types of devices that can promote
eccentric overloads are based on a flywheel
anchored to a support structure with a rope that
acts at a distance from the axis of rotation (Berg and
Tesch, 1994). During the concentric phase, the
applied force unwinds the flywheel’s strap, which
begins to rotate and store energy. Once the
concentric action is completed, the strap is fully
stretched and the subject must resist the pull of the
strap performing an eccentric braking action
(Sabido et al., 2020). Simply put, the rate at which
the strap is re-wound is based on the rate at which
it is unwound, offering resistance through the
eccentric phase of the exercise.

This new training paradigm gained
popularity at the beginning of the century and the
effects of iso-inertial training using flywheel
devices have been extensively investigated to
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determine its transfer to both athlete’s
performance (Gonzalo-Skok et al., 2016; Suarez-
Arrones et al.,, 2020; Tous et al.,, 2006) and the
general population (Maroto-Izquierdo et al., 2017;
Nunez Sanchez and Saez de Villarreal, 2017; Tesch
et al., 2017). Previous studies report that training
using flywheel devices induces gains in muscle
mass (Tesch et al, 2004a), improves maximal
strength (Maroto-Izquierdo et al., 2017; Nunez et
al., 2016; Petré et al, 2018), improves both
concentric and eccentric voluntary strength (Tesch
et al, 2004a), vertical jump (CMJ) performance
(neuromuscular) (Raya-Gonzalez et al., 2021; Tous-
Fajardo et al., 2016), running speed (de Hoyo et al.,
2015b; Tous-Fajardo et al.,, 2016) and improves
electromyographic  activity =~ compared to
traditional methods (Norrbrand et al., 2010). In
addition, flywheel devices are transportable,
enable performing exercises in different planes of
motion and consequently better mimick sport
specific movement patterns (Tous-Fajardo et al.,
2016).

Despite the reported benefits of iso-inertial
training, to date it still does not have a reliable base
of support for its application (Suchomel et al.,
2018). While recent meta-analyses have examined
the effectiveness of flywheel training in sports
performance (Allen et al., 2021; Petré et al., 2018;
Raya-Gonzalez et al.,, 2021; Vicens-Bordas et al.,
2018), Raya-Gonzalez et al. (2021) are the only ones
who focused exclusively on elite athletes’
performance. Both Raya-Gonzaélez et al. (2021) and
Petré et al. (2017) support the use of flywheel
inertial training over free weights, while Vicens-
Bordas et al. (2018) note that there are no additional
benefits between both training methods.
Nevertheless, several studies suggest that this type
of training should be carried out 1 to 2 times a week
for 8-10 weeks, with a volume of 2—4 sets and 6-10
repetitions in order to achieve improvements in
variables such as the CMJ, COD, and the sprint
(Beato et al., 2021; de Hoyo et al., 2015a; Gonzalo-
Skok et al., 2016a; Tous-Fajardo et al., 2016).

The most direct application to sports
performance that iso-inertial training has had in
team sports was in elite soccer (Keijzer et al., 2022;
Tesch et al., 2017). Studies carried out with soccer
players have suggested that this type of iso-inertial
training can reduce the injury risk (de Hoyo et al.,
2014; Suarez-Arrones et al., 2018) and optimize
return to play especially after a hamstring injury
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(Suarez-Arrones et al.,, 2020). It has also been
suggested that applied throughout an entire soccer
season, iso-inertial training can promote positive
effects on both body composition and injury
prevention (Suarez-Arrones et al, 2018).
Regarding specific performance variables, its
effectiveness in team-based sports such as soccer
has been proven above any other, concluding that
this type of training enhances change of direction,
sprint and vertical jump performance (Gonzalo-
Skok et al., 2016a; Raya-Gonzalez et al., 2021; Tous-
Fajardo et al., 2016).

Although several studies highlight the
effectiveness of this training method applied in
soccer, very few have applied this methodology in
basketball performance (Cabanillas et al.,, 2020;
Gonzalo-Skok et al., 2022; Gual et al., 2016;
Hernandez-Davo et al., 2018; O Brien et al., 2020;
Sanchez-Sanchez et al., 2019; Stojanovi¢ et al.,
2021). Both sports share the characteristic of being
a team sport, but beyond that, it is difficult to
extrapolate the results from soccer to basketball.

Therefore, the primary aim of this
systematic review was to provide strength and
conditioning coaches, medical professionals and
performance staff with a compendium of peer-
reviewed research examining the effects of
flywheel eccentric overload training on basketball
players and associated performance variables, and
in turn, promote the development of evidence-
based guidelines for such training modalities.

Methods
Search Strategy

The Preferred Reporting Items for
Systematic Review and Meta-Analyses (PRISMA)
guidelines were used for the definition of the
inclusion criteria (Liberati et al, 2009). A
structured search was carried out in the following
electronic databases: PubMed, WOS, SCOPUS, and
Google Scholar. Search terms covered a range of
Medical Subject Headings (MeSH) and the
conjugation of Boolean terms (AND & OR). Free-
text words for key concepts associated with both
flywheel and basketball were used resulting in the
following unique search equation: ((“basketball”
[MeSH Terms]) OR ("basketball" [All Fields]))
AND (“strength training” [All Fields]) AND
((“eccentric  overload” [All Fields]) OR
(“isoinertial” [All Fields]) OR (“flywheel” [All
Fields])). These terms were used as they have

traditionally been used to refer to this type of
training methodology (Maroto-Izquierdo et al.,
2017). The search was completed without being
confined to any specific years, with results being
included up to the 20t of November 2022.

The terms searched were related to
flywheel training and basketball. Additionally, no
other terms were used to increase the power of the
analysis. Through this equation, all relevant
articles in the field were obtained. The reference
sections of all identified articles were also
examined by applying the snowball method
(Greenhalgh and Peacock, 2005). All titles and
abstracts from the search were cross-referenced to
identify duplicates and any potential missing
studies, and then screened for a subsequent full-
text review. The search for published studies was
independently performed by two authors, and any
disagreements were resolved through discussion
with co-authors until a consensus was established.

Inclusion and Exclusion Criteria

Studies were appropriate for inclusion if
they met the criteria obtained by applying the
PICOS model (Methley et al., 2014). P (Population):
“basketball players”, I (Intervention): “flywheel
devices training methodology”, C (Comparison):
“traditional strength training”, O (Outcome):
“performance-related variables”, and S (Study
type): “interventional studies”. Other criteria were:
(i) the study was experimental and published in
English; (ii) the study included basketball healthy
players without any pathology or present injury;
and (iii) the study used a performance-related
variable and iso-inertial training method (either a
rotational pulley or a conical pulley). Studies were
excluded if (i) the study did not have the minimum
requirements as described above; (ii) the study did
not report the results appropriately (mean and
standard deviation); and (iii) the study period was
less than four weeks. The OLE scale was applied
(Tables 1 and 2), as per Saaiq and Ashraf (2017).

Quality Assessment and Risk of Bias

To carefully consider the potential
limitations of the included studies to obtain
reliable conclusions, following the Cochrane
Collaboration Guidelines (Higgins and Green,
2011), two authors independently assessed the
methodological quality and risk of bias, whereas
disagreements were resolved by third-party
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evaluation. Using the Cochrane Risk of Bias tool
(Figure 2), the following items were included and
divided into different domains: (1) selection bias
(items, random sequence generation, allocation
concealment), (2) performance bias (blinding of
participants and personnel), (3) detection bias
(blinding of outcome assessment), (4) attrition bias
(incomplete outcome data), (5) reporting bias
(selective reporting), and (6) other bias (other
sources of bias). The assessment of the risk of bias
was characterized as low risk (plausible bias
unlikely to seriously alter the results), unclear risk
(a plausible bias that raised some doubt about the
results), or high risk (a plausible bias that seriously
weakened confidence in the results).

Moreover, to determine the quality of the
evidence, the authors reviewed the considered
articles and provided PEDro (Physiotherapy
Evidence Database) scores for each article. Only
studies with PEDro scores of 5 or higher were
considered for the systematic review. According to
Moseley et al. (2020) the PEDro scale is an 11-item
scale designed for rating the methodological
quality of randomized control trials. Each satisfied
item (except for item 1) contributes one point to the
total PEDro score (0-10 points). The PEDro scores
were extracted from the PEDro database.

Results
Main Search

After the previous search terms were
applied, the PRISMA graph was created (Figure 1)
(Liberati et al., 2009). Once the specific filters were
applied, the sample was reduced to a total of 7
studies valid for review (Cabanillas et al., 2020;
Gonzalo-Skok et al., 2022; Gual et al., 2016;
Hernandez-Davé et al., 2018; O Brien et al., 2020;
Sanchez-Sanchez et al., 2019; Stojanovi¢ et al.,
2021). All of them included the previously
established variables, that is, participants were
male basketball players (Stojanovic et al., 2021) or
female basketball players (O Brien et al., 2020) and
they analysed performance-dependent variables
such as a vertical jump (CM]J) (Cabanillas et al.,
2020), a sprint (Gonzalo-Skok et al., 2022) or a
change of direction (COD) (Sanchez-Sanchez et al.,
2019). To organize the data a Microsoft Excel
spreadsheet was used, in which results were
grouped arbitrarily (Table 3) according to players’
performance status (amateur or professional), the
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number of participants (n), study duration, and the
methodology with the corresponding results
obtained in the study.

Quality Assessment

The studies included in this systematic
review showed a substantial amount of risk of bias
concerning the blinding of participants and
personnel and the allocation concealment, as well
as several studies with incomplete outcome data
(Figure 2). However, the seven studies obtained a
high-quality methodology score (PEDro score
>5/10), with a mean score of 6.5 according to the
PEDro Scale.

Target Study Variables

Table 3 shows all the characteristics of the
seven studies finally included in the review
(Cabanillas et al., 2020; Gonzalo-Skok et al., 2022;
Gual et al.,, 2016; Hernandez-Davo et al., 2018; O
Brien et al.,, 2020; Sanchez-Sanchez et al., 2019;
Stojanovié et al., 2021), dating from the oldest (Gual
et al., 2016) to the most recent one (Gonzalo-Skok
et al., 2022).

The total of participants addressed in this
review was 203, with 58 female and 145 male
players. We found a male sex prevalence, except
for the study of O Brien et al. (2020) standing out as
the only one that used exclusively female players
(n=20) and Gual et al. (2016) using both female and
male players.

Regarding the performance level of
players, we differentiated among professionals
(Gold Spanish basketball League) (Cabanillas et al.,
2020), semi-professionals (Gonzalo-Skok et al.,
2022; Stojanovi¢ et al, 2021), and amateur
basketball players (Hernandez-Davo et al., 2018; O
Brien et al., 2020), differentiating between the latter
to team sport players, whether it was basketball
and volleyball (Gual et al., 2016) or basketball and
soccer (Sanchez-Sanchez et al., 2019).

All qualified studies were experimental
and with diverse duration, from 24 weeks ( Gual et
al., 2016) to only four weeks during the preseason
period (O Brien et al., 2020). The remaining studies
were of 5-week (Sanchez-Sanchez et al., 2019), 6-
week (Gonzalo-Skok et al., 2022; Hernandez-Davo
et al., 2018), and 8-week duration (Cabanillas et al.,
2020; Stojanovi¢ et al., 2021).

All the studies used flywheel technology in
their training methodology, either with a
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comparison to a traditional strength training group
(Cabanillas et al., 2020; Gual et al., 2016), two
flywheel group division (Gonzalo-Skok et al., 2022)
or adding a control group (3 groups division)
(Stojanovi¢ et al., 2021), with another type of
eccentric training (O Brien et al., 2020) or with a
group that used HIT as the main force expression
(linear sprint) (Sanchez-Sanchez et al, 2019).
Within the iso-inertial technology implemented,
we could find two different machines, the
rotational pulley, such as the commonly known
“YoYoTM” (Tesch et al, 2004b) and their
respective variants and versions; and the conical
pulley that, as its name indicates, uses a cone as an
inertial method (Sabido et al., 2020). Regarding the
iso-inertial machine used in the selected studies, all
the authors agreed on the use of the rotational
pulley, highlighting the study by Sanchez-Sanchez
etal. (2019), which used both the conical pulley and
the rotational pulley, and the study conducted by
Gonzalo-Skok et al. (2022) which only used the
conical pulley.

Next, it was specified which exercise was
the most common as a training method and at the
same time, what volume was used by the different
authors.

Regarding training volume, three studies
included 4 sets of 8 repetitions (Gual et al., 2016;
Hernandez-Davé et al., 2018; Stojanovi¢ et al.,
2021), one study included the volume of 6 sets of
10 repetitions (Cabanillas et al., 2020), with a lower
volume established by Sanchez-Sanchez et al.
(2019) of 3 sets of 6 repetitions, and with one study
which included only one set, yet with the number
of repetitions from 6 to 10 (Gonzalo-Skok et al.,
2022). The trend was divided between not varying
the number of sets and repetitions established
throughout the entire intervention (Gual et al.,
2016; Hernandez-Davé et al., 2018; O Brien et al.,
2020), and proposing a training volume at the
beginning of the intervention and progressing
towards a higher volume at the final training
weeks (Cabanillas et al., 2020; Gonzalo-Skok et al.,
2022; Sanchez-Sanchez et al., 2019; Stojanovic et al.,
2021). Another consensus was found regarding
recovery time since almost all the interventions
allowed 2 min of recovery between subsequent sets
(Cabanillas et al., 2020; Gual et al, 2016;
Herndndez-Davé et al., 2018; O Brien et al., 2020;
Sanchez-Sanchez et al., 2019; Stojanovi¢ et al.,
2021).
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Focusing on the performed exercises, we
found that all of the studies implemented flywheel
devices in lower limb training, except for
Stojanovi¢ et al. (2021) who also included upper
limb exercises, but in this case with free weights.
Lower limb exercises were the squat, both bilateral
(Gual et al., 2016; O Brien et al., 2020) and unilateral
(Gonzalo-Skok et al., 2022; Hernandez-Dav¢ et al.,
2018), the half-squat (Cabanillas et al., 2020), the
Romanian deadlift (Stojanovi¢ et al.,, 2021), and
hamstring kicks (Sanchez-Sanchez et al., 2019). All
the exercises were executed once per week, also
finding interventions up to twice per week
(Sanchez-Sanchez et al., 2019; Stojanovi¢ et al.,
2021).

As direct performance variables, the CM]J
stands out, since it was applied in all the selected
studies. The change of direction (COD) can also be
emphasized, either using the T-test (Hernandez-
Davé et al., 2018; Stojanovic et al., 2021), the Illinois
test (Sanchez-Sanchez et al., 2019) or the 180° COD
test plus the V-Cut test (Gonzalo-Skok et al., 2022).
Only two studies did not use the COD as a
performance-related variable, but did use the CM]J
(Cabanillas et al., 2020; Gual et al., 2016). Another
performance-related variable to highlight, used in
almost all the interventions, was the sprint time
evaluated at 10 m (O Brien et al., 2020), 20 m
(Sanchez-Sanchez et al., 2019; Stojanovi¢ et al.,
2021), 25 m (Gonzalo-Skok et al., 2022) or 30 m of
the sprint (Cabanillas et al., 2020). Finally, a power
test using the encoder of the iso-inertial device
focusing on the squat (Gual et al, 2016;
Hernandez-Davé et al, 2018), a lateral and
horizontal jump test (Gonzalo-Skok et al., 2022)
and a flexibility test: “Sit and Reach” (O Brien et al.,
2020), and tests such as the “VISA-P” questionnaire
(Gual et al, 2016), which allows a clinical
classification based on symptom severity,
functional capacity and sports capacity
(Hernandez-Sanchez et al, 2011), were also
implemented.

It should be noted that no participant in all the
proposed experimental studies had previous
experience in eccentric resistance training. In the
vast majority, familiarization sessions were
applied to help players get acquainted with the
established inertias (Cabanillas et al., 2020; Gual et
al., 2016; Hernandez-Davé et al., 2018; Stojanovic et
al.,, 2021). Different inertia values were applied,
from an inertia of 0.025 kg-m? (Herndndez-Davo et

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0

license.



248 Effectiveness of eccentric overload training in basketball players: a systematic review

al., 2018) and 0.027 kg':m? (Gonzalo-Skok et al.,
2022) to 0.11 kg'm? (Gual et al., 2016). Only
Stojanovi¢ et al. (2020) and O Brien et al. (2020)
agreed on a common inertia of 0.075 kg-m?2.

Discussion

This systematic review aimed to provide
strength and conditioning coaches, medical
professionals and performance staff with a
compendium  of research
examining the effects of flywheel eccentric
overload training on basketball players and
associated performance variables. The results
indicate that flywheel training applied 1-2 times a
week led to improvements in performance
variables such as the CM]J, the change of direction
and the linear sprint (5-10 m). As described above,
the results may be due to the neurological and
physiological changes that eccentric training

peer-reviewed

causes itself, or likely due to a combination of
possible  eccentric overload training and
performance related exercises that were carried
out.

Regarding the number of days of the
intervention, there were more studies which
proposed this type of training twice a week than
only once (Gonzalo-Skok et al., 2022; Hernandez-
Davé et al., 2018; O Brien et al.,, 2020; Sanchez-
Sanchez et al., 2019; Stojanovic et al., 2021). Similar
results were found in studies that implemented the
same weekly volume of flywheel training in soccer
players, also obtaining an improvement in
variables such as sprinting and the CM]J (de Hoyo
et al., 2014; Fiorilli et al., 2020). On the other hand,
we also found studies in which performing this
type of training once a week led to improvements
in basketball players (Cabanillas et al., 2020; Gual
et al., 2016), handball players (Sabido et al., 2017),
and soccer players (Coratella et al.,, 2019; Tous-
Fajardo et al., 2016), in the different performance-
related variables considered by those authors, all
having in common the improvement in the CM]J.
Therefore, it cannot be conclusively stated that one
approach is more effective than the other. More
studies should be applied to provide relevant data
regarding the frequency of flywheel training to
improve performance.

Table 1. OLE Scale.

Level Evidence

Level 1 Meta-analysis of high-quality randomized controlled trials (RCTs) or RCTs
Level 2 Lower quality RCTs or prospective comparative studies

Level 3 Case studies or retrospective studies

Level 4 Cases without comparison of control groups

Level 5 Case reports or expert opinions

Table 2. Applied OLE Scale.

OLE Ne Studies
L1 0
L2 0
L3 2
L4 5
L5 0
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Table 3. Breakdown of studies selected for systematic review

PARTICIPANT

N AUTHOR YEAR S -LEVEL DESIGN INTERVENTION VARIABLES OUTCOMES
24 weeks; 2
81 basketball (B) groups. Both VISA-p, CM] Squat-CON, Squat- ECC, and
and volleyball trained, but IG 4 x8YoYoTM squat, 1 x and 5’ - CMJ t with YoYoTM
1| Gualetal 2016 athletes, well received week. er'qC ON VISA-R, VISA-L did not differ
trained additional poavrt d E cC between groups
YoYoTM training.
[ 6 v‘veeks; [flywheel 4 x 8 of bilateral or Power test in T-Test and power test in
Hérnande bilateral support . . flywheel, CM]J, .
2 unilateral squat in . flywheel 1 in both groups
z Davo et 2018 10 B amateurs (n=5) vs. flywheel . triple hop test .
. flywheel device, 2 x Triple hop test may be greater
al. unilateral support week and T-Test for unilateral grou
m=5)]. ' (COD) group:
Both: 2 HIT sessions; in
addition, CT group
performed EO
5 weeks; [HIT (n=
Sanchez- 24 B amateurs 10) vs. CT (backwe}rds h%nges énd SRR CT group 1 COD, RSAbest,
| hamstrings kicks with test, CMJ and
3 | Sanchez et 2019 and soccer (concurrent HIT . RSAmean, RSAslowest and
. conical pulley and half- 20-m shuttle
al. players eccentric overload squats (KBox3) S CM]J compared to solely HIT.
training) (n = 12)] 9
2x6and PIto3 x 6
during; 2 x week
Cabanillas 8 B professionals 8 weeks; EO (n = I)I6H>;l ?gl:esqsug’zjsx 312’:0 CMJ and 30-m
4| etal 2020 P 4) vs. traditional o Inertipl) » qe . . EO 1 CMJ and 30-m sprint
squat (n =4)]. © ab, & roweek. P
. 0
EIEEOE s
5 O Brien et 2020 20 B amateur 4 weeks; [TET (n= CON and 4_q ECC) 1RM, CM], 5], 1RM, 10 m and CM]J 1 for FIT
al. females 9) vs. FIT (n=11)] and &8 10-m sprint, group
FIT group: 4 x 10 (kBox COD and S&R
3); Both 2 x week
FST (D11 full device) .
and TST: One-arm L,O wer ltn'nb
dumbbell row, biceps 1sometrie
8 weeks; [FST (n= s, RD and HS (PI strength ISOMET, CM] and t-test 1 FST
6| Stojanovic . 36 B players, 12) vs. TST (n = f:;‘;sz e Z)“ ixsyand  (SOMED),5 than TST.
etal. well trained 12)] vs. CON (n= rotational pall-of press and 20-m ISOMET, CMJ, 5-m sprint and
12 p p sprint time, t-test 1 FST than CON group.
(from 2 x (2 x 12-15) to 2 P i group
«(4x12-15) 12 x week ~ CMJand T-
test
VUL group: Side-step,
backward lunges,
crossover cut & landing. CMJ, L] & HJ,
o . 6 weeks; [VUL (n = VUH group: Lateral 5 aﬁd 2p—m CMJ, HJ, 1, LSI & 180° COD 1
24 elite youth B squat, shuffling step, sprint time,
7 | Gonzalo- 2022 lavers 12) vs. VUH (n = lateral crossover & 90° modified 505 both groups.
Skok et al. Py 12)] ateral crossov © L] 1 VUL than VUH group
lunge. test, V-cut test
2 x week; Both PI from & LSI
1x6 to 1x10 with Versa
Pulley.

Legend: IG, intervention group; VISA-p, Victorian Institute of Sports Assessment patellar tendinopathy questionnaire;
CON, concentric; ECC, eccentric; CM], countermovement jump; HIT, high-intensity training; EO, eccentric overload;
PI, progressive increase; RSA, repeat sprint ability; TET, tempo eccentric training; FIT, flywheel inertial training; SJ,
squat jump; COD, change of direction; S&R, sit and reach test; FST, flywheel strength training; TST, traditional
strength training; CON, control; RD, Rumanian deadlift; HS, half-squat. VUL, variable unilateral training; VUH,
variable unilateral horizontal; L]; lateral jump; HJ, horizontal jump; LSI, limb symmetry index.
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Records identified through
database searching

PubMed (n =7);

)

Figure 1. PRISMA flow diagram.

c Web Of Science (n = 13);
g SCOPUS (n =5); Additional records identified
8 Google Scholar (71); through other sources
= Overall (n=96) (n=1)
c
]
=
A4 A
. Records after duplicates removed
(n=83)
an
£
c
(]
Q
O
0 Full-text articles assessed
for eligibility > (n=73)
) (n=83)
— '
Records title/abstract
Z screened
&
i )
— Studies included in
qualitative synthesis
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One of the variables common to all the
studies subjected to review was the CM]J
(Cabanillas et al., 2020; Gonzalo-Skok et al., 2022;
Gual et al.,, 2016; Hernandez-Davo et al., 2018; O
Brien et al.,, 2020, Sanchez-Sanchez et al., 2019;
Stojanovi¢ et al., 2021). This action is frequently
performed by basketball players as part of
defensive (e.g., blocking and rebounding) and
offensive (e.g., rebounding and shooting)
manoeuvres during training and competition (Ben
Abdelkrim et al., 2007; Ziv and Lidor, 2010). As
Gual et al. (2016) state, this improvement in the
vertical jump may be due to the lower limb power
improvement, a variable that is also improved after
adding a weekly flywheel training session in
indoor sports such as basketball and volleyball.
Following the same line, Cabanillas et al. (2020)
stated that the CM] improvement could be due to
the specificity resulting from using the squat as a
performed exercise on the flywheel device. That
statement can be slightly altered since Stojanovic et
al. (2021) also reported improvements in CM]J
performance in the group that followed flywheel
training compared to traditional strength training,
and the control group, training both the squat and
the Romanian deadlift. On the contrary, in the
study carried out by Gonzalo-Skok et al. (2022), the
authors reported no benefits in bilateral vertical
jump performance (ES = from 0.12 to 0.18) after 6
weeks of flywheel training, but they did report
substantial improvements in the unilateral vertical
jump performance (ES = from 0.35 to 0.62).

The addition of the Romanian deadlift
(Stojanovi¢ et al., 2021) may even reinforce the
hypothesis that training improvements are more
closely related to flywheel training than to the
chosen exercise, as long as it is aimed at the lower
body. Recently, in the meta-analysis carried out by
Maroto et al. (2017) exploring the effectiveness of
training with iso-inertial devices, where the
vertical jJump was also examined, it was concluded
that, as long as the jump modality used to assess
jumping ability included an eccentric phase, it
would be improved with flywheel training rather
than with traditional training. Regarding what
improvements this type of training has in different
indoor sports such as handball, we also found that
the vertical jump improved in participants who
trained iso-inertially compared to those who
trained traditionally, both the unilateral CM]
(Madruga-Parera et al., 2020) and the bilateral CM]
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(Maroto-Izquierdo et al., 2017).

Other common variables in most studies
were a linear sprint (5, 10, 20 and 30 m) and a
change of direction (COD). As for the linear sprint,
the proposed distance was diverse, from a short 5-
m sprint (Stojanovic et al., 2021), a 10-m sprint (O
Brien et al., 2020), the 20-m shuttle run test
(Sanchez-Sanchez et al., 2019), a 25-m sprint with 5
and 20 m splits (Gonzalo-Skok et al., 2022) to a 30-
m sprint (Cabanillas et al.,, 2020). The sprint test
showed improvements after applying flywheel
training at all the proposed distances, except the 20
m test applied by Stojanovi¢ et al. (2021) and the
different splits that Gonzalo-Skok et al. (2022)
used, achieving only a substantial improvement at
5m. The former stated that the results did not show
improvement possibly due to the training status of
participants (inexperienced participants show
more significant improvements than those with
experience) or to the specificity of the test,
suggesting that shorter speed tests such as of 5 or
10 m are more specific to basketball performance
(Stojanovi¢ et al, 2021). On the other hand,
following the results provided by Sanchez-Sanchez
et al. (2019), an improvement could be seen in the
20 m shuttle run test for both groups, those who
trained with flywheel and those who did not. In
this case, it should be considered that this type of
training was applied as a complement in a group
where the main training methodology was based
on high-intensity interval training (HIT).

Therefore, it is unlikely that the
improvement in sprint times can be attributed
solely to flywheel training, but rather to HIT
carried out by both groups (Buchheit et al., 2010).
Notably, despite both  groups showing
improvements compared to their respective
baseline levels, there were no significant
differences between them in the 20 m sprint test.
Finally, if we look in-depth at the improvements
obtained by O Brien et al. (2020) in the 10 m sprint
test, we can associate them with the adaptation
period after the season rest (since the study was
carried out during the preseason with duration of
4 weeks) and perhaps not so closely linked to
flywheel training, despite the fact that the group
that trained iso-inertially obtained more significant
improvements than the one that trained following
a tempo-eccentric training methodology. In other
sports such as soccer, although it is difficult to
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extrapolate it to basketball since it is an outdoor
sport, benefits were also found in sprinting after
applying iso-inertial training (de Hoyo et al., 2014;
Fiorilli et al., 2020; Tous-Fajardo et al., 2016).

Regarding the change of direction, it was
also postulated as a common evaluator for the
different studies reviewed. All those who carried
out this test obtained improvements in the
flywheel group, except O Brien et al. (2020) who
did not report improvements in the COD. The
other authors did report improvements in the COD
either using the T-test (Hernandez-Davé et al,
2018; Stojanovi¢ et al., 2021), the Illinois test
(Sanchez-Sanchez et al., 2019) or the COD 180° test
(Gonzalo-Skok et al., 2022). Therefore, flywheel
training appears to lead to improvements in COD
times (Gonzalo-Skok et al., 2022; Hernandez-Davo
et al., 2018; Sanchez-Sanchez et al., 2019; Stojanovic¢
et al., 2021). Sanchez-Sanchez et al. (2019) stated
that the improvements linked to their intervention
were due to the strength increase obtained by
participants who trained iso-inertially, since this is
key in tasks such as the COD, and the group that
carried out HIT only could not benefit from these
increases in strength. It should be noted that
Hernandez-Davé et al. (2018), considering the
improvements obtained in the COD, differentiated
between the bilateral and the unilateral group
(both trained iso-inertially), being the bilateral
group the one that obtained the best results, which
may be due, as the authors explained, to the
similarity that the COD presents with the lower
body when done bilaterally. In other sports such as
soccer as well as in the CM]J, improvements were
also obtained by implementing flywheel training
(de Hoyo et al., 2014; Fiorilli et al., 2020; Gonzalo-
Skok et al.,, 2016; Tous-Fajardo et al., 2016). In
indoor sports such as handball, the effect of
flywheel training on the COD has also been
examined, highlighting the study by Madruga et
al. (2020) which reported an improvement in COD
performance in the group that trained using the
conical pulley compared to the one who trained
with traditional weights.

Finally, it should be mentioned that
possible benefits associated with flywheel training
also relate to prevention of injuries inherent to it.
Gual et al. (2016) suggested that applying iso-
inertial training to team sports players such as
basketball and volleyball could improve lower
body power without being associated with patellar
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tendon pain, thus linking iso-inertial training with
injury prevention. Gonzalo-Skok et al. (2022), on
the other hand, stated that flywheel training using
a conical pulley, highlighting unilateral exercises,
might help reduce inter-imb jumping
asymmetries and therefore, minimize the risk of
injury or be considered a tool to detect which
players are at high risk of injury. Focusing on inter-
limb asymmetries, Fort-Vanmeerhaeghe et al.
(2022) in their recent study also suggested the use
of flywheel methods (a conical pulley) in a battery
of different tests to detect inter-limb asymmetry in
female basketball players. Along the same line, we
can find some studies that applied flywheel
training and reduced the injury rate in participants,
perhaps the most relevant were the findings of de
Hoyo et al. (2014) who, after 10 weeks of flywheel
training applied to youth elite soccer players,
concluded that the eccentric resistance training
program reduced the incidence and severity of
muscle injuries in addition to improving variables
such as the CMJ and the linear sprint. Also applied
to elite soccer players, we found a study by Suarez-
Arrones et al. (2020) where they applied eccentric
overloading to lower body muscle groups in both
the rotational pulley and the conical pulley,
concluding, after measuring different muscle
bellies and their activity by means of magnetic
resonance, that the application of flywheel training
could be beneficial to both prevent injuries and
minimize the risk of relapse after return to play.
These results clarify the theory that the use of
eccentric overload training can prevent injuries
(Petersen et al., 2011; Tesch et al., 2017) and suggest
the use of flywheel training as a preventive method
(Beato et al., 2021; Suarez-Arrones et al., 2020) as
well as an effective method to improve
performance (Maroto-Izquierdo et al., 2017; Tous-
Fajardo et al., 2016).

Conclusions

While flywheel training is not as common
as other training protocols such as body weight
training, it appears that this method shows benefits
associated with basketball performance compared
to traditional training methods. The present
systematic review observed how this type of
training applied to basketball players without
previous experience in training with flywheel
devices, could improve variables associated with
performance such as the vertical jump, change of
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direction, and running speed. Few studies have
applied this methodology in basketball players,
thus future research should pay attention to this
area to provide a more precise view of the
improvements associated with flywheel training
related to performance of basketball players.

Practical Implications

Based on the results obtained from this
systematic review, we believe that flywheel-based
training, no less than 8 weeks, having previously
performed a familiarization process with this
technology, and with a volume of 4 sets of 8
repetitions, applied 1 or 2 days per week, for
exercises focused on the lower limb such as a squat
(bilateral or unilateral) or a Rumanian deadlift,
may have performance-related benefits in
basketball players.

Future Guidelines

A future guideline would be to propose
flywheel training intervention in more basketball
teams, if possible professional, thus increasing the
sample of studies to support the conclusions of this

review. According to this line, we could also
include increasing the number of players per study
and also include the separation into two groups,
i.e, a control group versus a flywheel training
group, to increase the relevance or not of this type
of training.

Limitations and Strengths

One of the study's limitations is that
participants were not blinded as were the
personnel who carried out the training sessions.
Participants were verbally encouraged by coaches
to perform all the sets with maximum effort, an
important extrinsic motivation factor for not being
blinded. On the other hand, the number of studies
could also be perceived as a limitation as there
were only seven studies included for review. At the
same time, this fact could be a strength as all the
data related to the issue of basketball and flywheel,
to the best of the author’s knowledge, has been
summarized and examined. Last but not least, this
review has a high-value level for basketball
practitioners seeking to apply this methodology to
improve basketball performance.

Author Contributions: Conceptualization: O.Y.-E. and ].C.-G.; methodology: O.Y.-E. and J.C.-G.; software:
O.Y.-E.; validation: M.D.M.S., S.P.B. and ].C.-G.; formal analysis: ].M.-A.,, M.D.M.S., SP.B. and J.C.-G;
investigation: O.Y.-E. and ].C.-G.; resources: O.Y.-E. and ]J.C.-G.; data curation: M.D.M.S,, S.P.B. and J.C.-G;
writing —original draft preparation: O.Y.-E.; writing—review & editing: ] M.-A.,, M.D.M.S., S.P.B. and ].C.-G.;
visualization: S.P.B. and J.C.-G.; supervision: J.C.-G.; project administration: O.Y.-E. and ]J.C.-G.; funding
acquisition: M.D.M.S. All authors have read and agreed to the published version of the manuscript.

Funding Information: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

Acknowledgements: The authors thank the researchers who carried out the studies identified for this

systematic review.
Received: 12 March 2023
Accepted: 24 April 2023
Published: 15 July 2023

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0

license.



254 Effectiveness of eccentric overload training in basketball players: a systematic review

References

Arede, ]., Vaz, R., Franceschi, A., Gonzalo-Skok, O., & Leite, N. (2019). Effects of a combined strength and
conditioning training program on physical abilities in adolescent male basketball players. Journal of
Sports Medicine and Physical Fitness, 59(8), 1298-1305. https://doi.org/10.23736/50022-4707.18.08961-2

Beato, M., Maroto-Izquierdo, S., Hernandez-Davd, ]. L., & Raya-Gonzalez, J. (2021). Flywheel Training
Periodization in Team Sports. Frontiers in Physiology, 12, 732802.
https://doi.org/10.3389/fphys.2021.732802

Beato, M., Maroto-Izquierdo, S., Turner, A. N., & Bishop, C. (2021). Implementing Strength Training Strategies
for Injury Prevention in Soccer: Scientific Rationale and Methodological Recommendations.
International  Journal of  Sports Physiology ~ and  Performance, 16(3), 456-461.
https://doi.org/10.1123/ijspp.2020-0862

Ben Abdelkrim, N., El Fazaa, S., El Ati, J., & Tabka, Z. (2007). Time-motion analysis and physiological data of
elite under-19-year-old basketball players during competition * Commentary. British Journal of Sports
Medicine, 41(2), 69-75. https://doi.org/10.1136/bjsm.2006.032318

Berg, H. E., & Tesch, A. (1994). A gravity-independent ergometer to be used for resistance training in space.
Aviation, Space, and Environmental Medicine, 65(8), 752-756.

Buchheit, M., Mendez-Villanueva, A., Quod, M., Quesnel, T., & Ahmaidi, S. (2010). Improving Acceleration
and Repeated Sprint Ability in Well-Trained Adolescent Handball Players: Speed Versus Sprint
Interval Training. Intfernational Journal of Sports Physiology and Performance, 5, 152-164.
https://doi.org/10.1123/ijspp.5.2.152

Cabanillas, R., Serna, J., Mufioz-Arroyave, V., & Ramos, J. A. E. (2020). Effect of eccentric overload through
isoinertial technology in basketball players. Revista Brasileira de Cineantropometria &amp; Desempenho
Humano, 22, e59831. https://doi.org/10.1590/1980-0037.2020v22e59831

Coratella, G., Beato, M., Ce, E., Scurati, R., Milanese, C., Schena, F., & Esposito, F. (2019). Effects of in-season
enhanced negative work-based vs traditional weight training on change of direction and hamstrings-
to-quadriceps  ratio in  soccer  players. Biology ~ of  Sport,  36(3),  241-248.
https://doi.org/10.5114/biolsport.2019.87045

de Hoyo, M., Pozzo, M., Sanudo, B., Carrasco Paez, L., Gonzalo-Skok, O., Dominguez-Cobo, S., & Moran-
Camacho, E. (2015a). Effects of a 10-Week In-Season Eccentric-Overload Training Program on Muscle-
Injury Prevention and Performance in Junior Elite Soccer Players. International journal of sports
physiology and performance, 10, 46-52. https://doi.org/10.1123/ijspp.2013-0547

de Hoyo, M., Safiudo, B., Carrasco, L., Dominguez-Cobo, S., Mateo-Cortes, J., Cadenas-Sanchez, M. M., &
Nimphius, S. (2015b). Effects of Traditional Versus Horizontal Inertial Flywheel Power Training on
Common Sport-Related Tasks. Journal of Human Kinetics, 47, 155-167. https://doi.org/10.1515/hukin-
2015-0071

de Hoyo, M., Torre, A., De la Fuente, F., Sanudo, B., Carrasco Péez, L., Mateo-Cortes, J., Dominguez-Cobo, S.,
Fernandes, O., & Gonzalo-Skok, O. (2014). Effects of Eccentric Overload Bout on Change of Direction
and Performance in Soccer Players. Infernational Journal of Sports Medicine, 36(4), 308-314.
https://doi.org/10.1055/s-0034-1395521

Duchateau, ]., & Baudry, S. (2014). Insights into the neural control of eccentric contractions. Journal of Applied
Physiology (Bethesda, Md.: 1985), 116(11), 1418-1425. https://doi.org/10.1152/japplphysiol.00002.2013

Douglas, J., Pearson, S., Ross, A., & McGuigan, M. (2017). Chronic Adaptations to Eccentric Training: A
Systematic Review. Sports Medicine (Auckland, N.Z.), 47(5), 917-941. https://doi.org/10.1007/s40279-
016-0628-4

Fiorilli, G., Mariano, L, Iuliano, E., Giombini, A., Ciccarelli, A., Buonsenso, A., Calcagno, G., & di Cagno, A.
(2020). Isoinertial Eccentric-Overload Training in Young Soccer Players: Effects on Strength, Sprint,
Change of Direction, Agility and Soccer Shooting Precision. Journal of Sports Science & Medicine, 19(1),
213-223.

Fort-Vanmeerhaeghe, A., Benet-Vigo, A., Montalvo, A. Arboix, A. Busca, B.,, & Arboix-Alio, J. (2022).
Relationship between Performance and Inter-Limb Asymmetries Using Flywheel Resistance Device
in Elite Youth Female Basketball Players. Biology, 11(6), 812. https://doi.org/10.3390/biology11060812

Journal of Human Kinetics, volume 88/2023 http://www.johk.pl




by Omar Younes-Egana et al. 255

Freitas, T. T., Calleja-Gonzadlez, J., Carlos-Vivas, J., Marin-Cascales, E., & Alcaraz, P. E. (2019). Short-term
optimal load training vs a modified complex training in semi-professional basketball players. Journal
of Sports Sciences, 37(4), 434-442. https://doi.org/10.1080/02640414.2018.1504618

Gonzalo-Skok, O., Sanchez-Sabaté, J., Izquierdo-Lupén, L., & Saez de Villarreal, E. (2019). Influence of force-
vector and force application plyometric training in young elite basketball players. European Journal of
Sport Science, 19(3), 305-314. https://doi.org/10.1080/17461391.2018.1502357

Gonzalo-Skok, O., Sanchez-Sabaté, J., Tous-Fajardo, J., Mendez-Villanueva, A., Bishop, C., & Piedrafita, E.
(2022). Effects of Direction-Specific Training Interventions on Physical Performance and Inter-Limb
Asymmetries. International Journal of Environmental Research and Public Health, 19(1029), 13.

Gonzalo-Skok, O., Tous, J., Valero, C., Berzosa, C., Bataller, V., Arjol-Serrano, J., Moras, G., & Mendez-
Villanueva, A. (2016a). Eccentric-Overload Training in Team-Sport Functional Performance: Constant
Bilateral Vertical Versus Variable Unilateral Multidirectional Movements. International Journal of Sports
Physiology and Performance, 12, 1-23. https://doi.org/10.1123/ijspp.2016-0251

Gonzalo-Skok, O., Tous-Fajardo, J., Arjol-Serrano, J. L., Suarez-Arrones, L., Casajus, J. A, & Mendez-
Villanueva, A. (2016b). Improvement of Repeated-Sprint Ability and Horizontal-Jumping
Performance in Elite Young Basketball Players with Low-Volume Repeated-Maximal-Power Training.
International  Journal of  Sports Physiology ~ and  Performance, 11(4), 464-473.
https://doi.org/10.1123/ijspp.2014-0612

Greenhalgh, T., & Peacock, R. (2005). Effectiveness and efficiency of search methods in systematic reviews of
complex evidence: Audit of primary sources. BM] (Clinical Research Ed.), 331(7524), 1064-1065.
https://doi.org/10.1136/bmj.38636.593461.68

Gual, G., Fort-Vanmeerhaeghe, A., Romero-Rodriguez, D., & Tesch, P. A. (2016). Effects of In-Season Inertial
Resistance Training with Eccentric Overload in a Sports Population at Risk for Patellar Tendinopathy.
Journal of Strength and Conditioning Research, 30(7), 1834-1842.
https://doi.org/10.1519/JSC.0000000000001286

Hernandez-Davd, Sabido, R., & Monteagudo, P. (2018). Comparison of six weeks eccentric overload training
between bilateral and unilateral squat in basketball players. European Journal of Human Movement, 40,
111-121.

Hernandez-Sanchez, S., Hidalgo, M. D., & Gomez, A. (2011). Cross-cultural adaptation of VISA-P score for
patellar tendinopathy in Spanish population. The Journal of Orthopaedic and Sports Physical Therapy,
41(8), 581-591. https://doi.org/10.2519/jospt.2011.3613

Higbie, E. J., Cureton, K. J., Warren, G. L., & Prior, B. M. (1996). Effects of concentric and eccentric training on
muscle strength, cross-sectional area, and neural activation. Journal of Applied Physiology (Bethesda,
Md.: 1985), 81(5), 2173-2181. https://doi.org/10.1152/jappl.1996.81.5.2173

Higgins, ]. P., & Green, S. (Eds.). (2011). Cochrane handbook for systematic reviews of interventions. In
Cochrane Handbook for Systematic Reviews of Interventions (pp. i—xxi). John Wiley & Sons, Ltd.
https://doi.org/10.1002/9780470712184.fmatter

Keijzer, K. L. de, Gonzalez, J. R., & Beato, M. (2022). The effect of flywheel training on strength and physical
capacities in sporting and healthy populations: An umbrella review. PLOS ONE, 17(2), e0264375.
https://doi.org/10.1371/journal.pone.0264375

Liberati, A., Altman, D. G., Tetzlaff, J., Mulrow, C., Gatzsche, P. C., Ioannidis, J. P. A., Clarke, M., Devereaux,
P. J., Kleijnen, J., & Moher, D. (2009). The PRISMA statement for reporting systematic reviews and
meta-analyses of studies that evaluate health care interventions: Explanation and elaboration. Journal
of Clinical Epidemiology, 62(10), e1-e34. https://doi.org/10.1016/j.jclinepi.2009.06.006

Madruga-Parera, M., Bishop, C., Fort-Vanmeerhaeghe, A., Beato, M., Gonzalo-Skok, O., & Romero-Rodriguez,
D. (2020). Effects of 8 Weeks of Isoinertial vs. Cable-Resistance Training on Motor Skills Performance
and Interlimb Asymmetries. Journal of Strength and Conditioning Research, 36(5), 1200-1208.
https://doi.org/10.1519/JSC.0000000000003594

Maroto-Izquierdo, S., Garcia-Lopez, D., & de Paz, J. A. (2017). Functional and Muscle-Size Effects of Flywheel
Resistance Training with Eccentric-Overload in Professional Handball Players. Journal of Human
Kinetics, 60, 133-143. https://doi.org/10.1515/hukin-2017-0096

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0
license.



256 Effectiveness of eccentric overload training in basketball players: a systematic review

Maroto-Izquierdo, S., Garcia-Lépez, D., Fernandez-Gonzalo, R., Moreira, O. C., Gonzalez-Gallégo, J., & de Paz,
J. A. (2017). Skeletal muscle functional and structural adaptations after eccentric overload flywheel
resistance training: A systematic review and meta-analysis. Journal of Science and Medicine in Sport,
20(10), 943-951. https://doi.org/10.1016/j.jsams.2017.03.004

Methley, A. M., Campbell, S., Chew-Graham, C., McNally, R., & Cheraghi-Sohi, S. (2014). PICO, PICOS and
SPIDER: A comparison study of specificity and sensitivity in three search tools for qualitative
systematic reviews. BMC Health Services Research, 14, 579 https://doi.org/10.1186/s12913-014-0579-0

Montgomery, P. G., Pyne, D. B., & Minahan, C. L. (2010). The Physical and Physiological Demands of
Basketball Training and Competition. International Journal of Sports Physiology and Performance, 5(1), 75—
86. https://doi.org/10.1123/ijspp.5.1.75

Norrbrand, L., Pozzo, M., & Tesch, P. A. (2010). Flywheel resistance training calls for greater eccentric muscle
activation than weight training. European Journal of Applied Physiology, 110(5), 997-1005.
https://doi.org/10.1007/s00421-010-1575-7

Nurez, F. J., Suarez-Arrones, L. J., Cater, P., & Mendez-Villanueva, A. (2016). The High Pull Exercise: A
Comparison Between a Versapulley Flywheel Device and the Free Weight. International Journal of
Sports Physiology and Performance, 22(4), 1064-1065.

Nufiez Sanchez, F. J., & Saez de Villarreal, E. (2017). Does Flywheel Paradigm Training Improve Muscle
Volume and Force? A Meta-Analysis. Journal of Strength and Conditioning Research, 31(11), 3177-3186.
https://doi.org/10.1519/JSC.0000000000002095

O Brien, ]., Browne, D., & Earls, D. (2020). The Effects of Different Types of Eccentric Overload Training on
Strength, Speed, Power and Change of Direction in Female Basketball Players. Journal of Functional
Morphology and Kinesiology, 5(3), 3. https://doi.org/10.3390/jfmk5030050

Petersen, J., Thorborg, K., Nielsen, M. B., Budtz-Jergensen, E., & Holmich, P. (2011). Preventive effect of
eccentric training on acute hamstring injuries in men’s soccer: A cluster-randomized controlled trial.
American Journal of Sports Medicine, 39(11), 2296-2303. https://doi.org/10.1177/0363546511419277

Petré, H., Wernstal, F., & Mattsson, C. M. (2018). Effects of Flywheel Training on Strength-Related Variables:
A Meta-analysis. Sports Medicine, 4(1), 55. https://doi.org/10.1186/s40798-018-0169-5

Raya-Gonzalez, J., Prat-Luri, A., Lépez-Valenciano, A., Sabido, R., & Hernandez-Dav®9, J. L. (2021). Effects of
Flywheel Resistance Training on Sport Actions. A Systematic Review and Meta-Analysis. Journal of
Human Kinetics, 77, 191-204. https://doi.org/10.2478/hukin-2021-0020

Roig, M., O’Brien, K., Kirk, G., Murray, R., McKinnon, P., Shadgan, B., & Reid, W. D. (2009). The effects of
eccentric versus concentric resistance training on muscle strength and mass in healthy adults: A
systematic review with meta-analysis. British Journal of Sports Medicine, 43(8), 556-568.
https://doi.org/10.1136/bjsm.2008.051417

Saaiq, M., & Ashraf, B. (2017). Modifying “Pico” Question into “Picos” Model for More Robust and
Reproducible Presentation of the Methodology Employed in A Scientific Study. World Journal of Plastic
Surgery, 6, 390-392.

Sabido, R., Hernandez-Dav®¢, J. L., Botella, J., Navarro, A., & Tous-Fajardo, J. (2017). Effects of adding a weekly
eccentric-overload training session on strength and athletic performance in team-handball players.
European Journal of Sport Science, 17(5), 530-538. https://doi.org/10.1080/17461391.2017.1282046

Sabido, R., Hernandez-Dav®9, J. L., Garcia-Valverde, A., Marco, P., & Asencio, P. (2020). Influence of the Strap
Rewind Height During a Conical Pulley Exercise. Journal of Human Kinetics, 74, 109-118.
https://doi.org/10.2478/hukin-2020-0018

Sanchez-Sanchez, J., Gonzalo-Skok, O., Carretero, M., Pineda, A., Ramirez-Campillo, R., & Nakamura, F. Y.
(2019). Effects of concurrent eccentric overload and high-intensity interval training on team sports
players” performance. Kinesiology, 51(1), 119-126. Scopus. https://doi.org/10.26582/K.51.1.14

Stojanovi¢, M. D. M., Miki¢, M., Drid, P., Calleja-Gonzalez, ]., Maksimovic, N., BelegiSanin, B., & Sekulovi¢, V.
(2021). Greater Power but Not Strength Gains Using Flywheel Versus Equivolumed Traditional
Strength Training in Junior Basket- ball Players. International Journal of Environmental Research and
Public Health, 18(3), 1181. https://doi.org/10.3390/ijerph18031181

Suarez-Arrones, L., Nufiez, F. J., Lara-Lopez, P., Salvo, V. D., & Méndez-Villanueva, A. (2020). Inertial flywheel
knee- and hip-dominant hamstring strength exercises in professional soccer players: Muscle use and

Journal of Human Kinetics, volume 88/2023 http://www.johk.pl




by Omar Younes-Egana et al. 257

velocity-based ~ (mechanical)  eccentric  overload. @~ PLOS  ONE, 15(10), e0239977.
https://doi.org/10.1371/journal.pone.0239977

Suarez-Arrones, L., Saez de Villarreal, E., Nunez, F. J., Di Salvo, V., Petri, C., Buccolini, A., Maldonado, R. A.,
Torreno, N., & Mendez-Villanueva, A. (2018). In-season eccentric-overload training in elite soccer
players: Effects on body composition, strength and sprint performance. PLOS ONE, 13(10), e0205332.
https://doi.org/10.1371/journal.pone.0205332

Suchomel, T. J., Nimphius, S., Bellon, C. R., & Stone, M. H. (2018). The Importance of Muscular Strength:
Training Considerations. Sports Medicine, 48(4), 765-785. https://doi.org/10.1007/s40279-018-0862-z

Tesch, P. A., Berg, H. E., Bring, D., Evans, H. ]., & LeBlanc, A. D. (2005). Effects of 17-day spaceflight on knee
extensor muscle function and size. European Journal of Applied Physiology, 93(4), 463-468.
https://doi.org/10.1007/s00421-004-1236-9

Tesch, P. A., Ekberg, A., Lindquist, D. M., & Trieschmann, J. T. (2004a). Muscle hypertrophy following 5-week
resistance training using a non-gravity-dependent exercise system. Acta Physiologica Scandinavica,
180(1), 89-98. https://doi.org/10.1046/j.0001-6772.2003.01225.x

Tesch, P. A., Ekberg, A., Lindquist, D. M., & Trieschmann, J. T. (2004b). Muscle hypertrophy following 5-week
resistance training using a non-gravity-dependent exercise system. Acta Physiologica Scandinavica,
180(1), 89-98. https://doi.org/10.1046/j.0001-6772.2003.01225.x

Tesch, P. A., Fernandez-Gonzalo, R., & Lundberg, T. R. (2017). Clinical Applications of Iso-Inertial, Eccentric-
Overload  (YoYoTM)  Resistance  Exercise. ~ Frontiers  in  Physiology, 8,  241.
https://doi.org/10.3389/fphys.2017.00241

Tous-Fajardo, J., Gonzalo-Skok, O., Arjol-Serrano, J. L., & Tesch, P. (2016). Enhancing Change-of-Direction
Speed in Soccer Players by Functional Inertial Eccentric Overload and Vibration Training. International
Journal of Sports Physiology and Performance, 11(1), 66-73.

Tous-Fajardo, J., Maldonado, R. A., Quintana, ]. M., Pozzo, M., & Tesch, P. A. (2006). The Flywheel Leg-Curl
Machine: Offering Eccentric Overload for Hamstring Development. International Journal of Sports
Physiology and Performance, 1, 293-298. https://doi.org/10.1123/ijspp.1.3.293

Vicens-Bordas, J., Esteve, E., Fort-Vanmeerhaeghe, A., Bandholm, T., & Thorborg, K. (2018). Is inertial flywheel
resistance training superior to gravity-dependent resistance training in improving muscle strength? A
systematic review with meta-analyses. Journal of Science and Medicine in Sport, 21(1), 75-83.
https://doi.org/10.1016/j.jsams.2017.10.006

Ziv, G., & Lidor, R. (2010). Vertical jump in female and male basketball players—A review of observational

and experimental studies. Journal of Science and Medicine in Sport, 13(3), 332-339.
https://doi.org/10.1016/j.jsams.2009.02.009

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0
license.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


