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Abstract: The process of healthy aging might be reconsidered, based on the nonfatal outcomes of
falls in older adults. Flywheel training is a relatively new training method used by different age
groups, which enables the muscles to contract at maximum force in minimum time. The study aim
was to summarize the relevant literature about the effects of flywheel training in older adults and to
determine its efficiency and feasibility. PRISMA guidelines were followed for both the search and
analysis. Electronic databases (Google Scholar, PubMed, Science Direct, Scopus, Web of Science and
SPORTDiscuss) yielded 9915 studies, but we have included studies published in English between
2005 and 2021, cross-sectional and pre-post treatments, with older adults (>60 years) as the sample,
where flywheel training was conducted. A total of nine studies have met the pre-defined criteria and
entered the systematic review, with a total of 216 participants, both male and female. After analyzing
the obtained results, it can be concluded that flywheel training showed physical, neuromuscular, and
functional improvements in older adults. However, the review did not reveal an optimal duration,
frequency, intensity, or volume. Furthermore, it can be stated that this training method can be
considered as an appropriate form of activity in older adults, as a tool for improving overall health.

Keywords: eccentric training; effects; functional fitness; elderly

1. Introduction

It is estimated that the number of older adults, who are 60 years and older, will double
by 2050 [1]. Since the population is aging, the importance of investigating methods that
promote healthy aging is rising, especially regarding the individual’s abilities to perform
daily tasks, their functionality, and quality of life [2]. The World Health Organization
(WHO) emphasizes that the key to healthy aging is maintaining functional and cognitive
abilities, which includes the ability to satisfy basic needs, learn, grow, make decisions, stay
mobile, build relationships, and contribute to society [3]. Muscle strength and power are
generally reducing with age, causing less daily activity and lower functional abilities [4].
The aging process consists of a progressive decline in neuromuscular function, higher
risk of falling and bone fracturing, and functional abilities disturbance, as well as losing
independence [5]. Regardless of the statistical data, the aging process often includes
physiological and neuromuscular changes. The progressive decline of strength that comes
with age (which typically accelerates after 65 years) might expose elderly people to falls,
due to the strong correlation of strength with the speed of walking, dynamic balance, and
endurance [6]. Some of the nonfatal outcomes of falls, such as bone fracturing, depression,
immobilization, and social isolation in older adults, might question the process of healthy
aging [3].

Luckily, different types of exercise interventions can either completely reverse or, at
least, mitigate health declining which comes with age [7]. Exercise has various benefits for
older adults, including physical strength and muscle coordination and control improve-
ment [8]. It is well-known that these effects contribute to improved preventive fall strategies
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and improved functional performance [9]. However, effectiveness of different strategies
depend also on the activity level of an individual [3]. Additionally, as the aging process is
associated with a consistent and progressive decline in muscle mass, strength, and power,
the appropriate exercise interventions targeted at the aforementioned abilities might slow
down the aging process.

Flywheel training is a relatively new training method used by different age groups [10].
Using a flywheel enables the muscles to contract at maximum force in minimum time [11].
This isoinertial type of resistance facilitates optimal muscle force generation throughout all
the angles of a movement [12]. Among the methods that emphasize the eccentric action,
isoinertial devices, which are based on the Flywheel Paradigm [13], should be highlighted.
This paradigm implies that the force applied during the concentric phase of the movement
unwinds a cord/strap connected to a shaft with the rotating flywheel, which starts to
rotate and store energy. Kinetic energy will increase as a function of the inertial load used,
and the rotational speed is achieved. Once the whole range of motion of the concentric
action is performed, the cord/strap rewinds, and the person must resist the pull of the
rotating flywheel /s by performing a braking eccentric muscle action [14]. If the movement
is performed correctly (delaying the braking action to the last phases of the eccentric action),
flywheel devices allow to produce the so-called eccentric overload [15].

There are a number of studies about flywheel training in different athletes” groups [16-19].
In addition, an adequate choice of intensity and volume is crucial, with the optimal duration
of the experimental program and the choice of exercises being adapted to older adults [20].
According to the above-given facts, flywheel training is gaining importance. However,
according to the authors’ knowledge, there are no studies that have summarized the
previous studies in one place, especially in older adults. Therefore, the aim of this study
is to summarize the relevant literature about the effects of flywheel training in older
adults and, on the basis of the same, to determine its efficiency and feasibility in the
mentioned population.

2. Materials and Methods
2.1. Literature Identification

Studies were searched and analyzed in accordance with the PRISMA (Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses) guidelines [21,22], along with the
registration number 26-06-01/2020-1. The research included studies conducted from 2005 to
2021, the search was conducted until 31 December 2021, and the final reconsideration was
done on January 2022. Likewise, the literature relevant for this type of research, available
with the following databases: Google Scholar, PubMed, Science Direct, Scopus, Web of
Science, and SPORTDiscuss.

The following keywords were used to search for the articles reporting on the usage of
flywheel training in older adults: (“flywheel training” OR “flywheel treatment” OR “ec-
centric training”) AND (“exercise” OR “physical activity” OR “strength” OR “endurance”)
AND (“aerobic exercise” OR “cycle type”) AND (“older adults” OR “elderly” OR “aging”
OR “older women” OR “older men”).

In order to include the relevant studies and analyze the obtained data, a descriptive
method was used. Likewise, to increase sensitivity, we had to adapt to the particular
database. The sensitivity, i.e., the search filters in every database, were based on year of
publication, which was set from 2005 until 2021. Then, there were the extracted studies
published in English (pre-post treatments and cross-sectional studies), with a sample of
participants older than 60 years. After a detailed identification process, studies were
considered to be relevant if they met the inclusion criteria.

The search for studies were accordingly of their value, and data extraction was con-
ducted independently by two authors (D.D and M.S.), and the lists of references from
previously assessed and original research were also reviewed. After that, each author
cross-examined the found works, which were then taken for further analysis or rejected.
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2.2. Inclusion Criteria

In order for the study to be included in the final analysis, it had to meet the following
criteria: published studies between 2005 and 2021, which were randomized, with non-
randomized controlled studies and intervention studies; the studies had to be published
in English, the sample of participants had to be older adults (>60 years), and flywheel
training had to have been conducted. Eligibility criteria were also presented in the Table 1,
according to the PICOS model for eligibility criteria (participant, intervention, control,
outcome, and study design).

Table 1. PICOS model of eligibility criteria.

Inclusion Exclusion

Older adults (>60 years)

Population Males and females Children, youth, adolescents, adults
Intervention Flywheel training Flex1b1‘11t‘y training, plquetrlc
training, speed training
Control - -

Post-flywheel intervention, strengh, balance,
Outcome posture control, mobility, functional and -
cardiovascular performance, body composition

Case studies, systematic reviews,
meta-analysis, case reports, Editorals,
non-English studies

Randomized non-randomized studies, controlled

Study design studies, intervention studies

2.3. Exclusion Criteria

The exclusion criteria were related to studies conducted before 2005, studies that
were written in a language other than English, and studies with participants younger than
60 years, as well as studies that had any other training regime except the flywheel.

2.4. Bias Risk Assessment

The risk of bias was assessed according to the PRISMA guidelines, that is, using the
PEDro scale [23] to determine the quality of reviewed studies and the potential risk of
bias (Table 2). Two independent authors (D.D. and M.S.) assessed the quality and risk of
bias using checklists. Concordance between reviewers was estimated using k-statistics
data to review the full text and assess relativity and risk of bias. In case of discordance in
the findings of the risk of bias assessment, the obtained data were assessed by the third
reviewer (D.P.), who also gave the final decision. The k rate of concordance between
reviewers’ findings was k = 0.92.

Table 2. PEDro scale results.

Criterion
Study 1 2 3 4 5 6 7 8 9 10 11 >
Onambele et al. (2008) [24] Y Y Y Y N Y N Y Y Y Y 8
Brzenczek-Owczarzak et al. (2013) [25] Y Y Y Y N N N Y Y Y Y 7
Fernandez-Gonzalo et al. (2014) [26] Y N N Y N N N Y Y Y Y 5
Bruseghini et al. (2015) [27] Y N N Y N N N Y Y Y Y 5
Bruseghini et al. (2019) [28] Y N Y Y N N N Y Y Y Y 6
Roberts et al. (2019) [29] Y Y Y Y N Y N Y Y Y Y 8
Sanudo et al. (2019) [30] Y Y Y Y N N N Y Y Y Y 7
Spudicé et al. (2019) [31] Y Y Y Y N Y N N Y Y Y 7
Odeleye et al. (2020) [32] Y Y Y Y N N N Y Y Y Y 7

Legend: 1—eligibility criteria; 2—random allocation to groups; 3—concealed allocation; 4—Dbaseline group
similarity at baseline; 5—Dblinding of all subjects; 6—blinding of all therapists; 7—blinding of all assessors;
8—dropouts (more than 80%); 9—intention to treat; 10—reported comparisons between groups; 11—point mea-
sures and measures of variability; Y—satisfied criterion; N—not satisfied criterion; } —total points sum.
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2.5. Data Extraction

After finished cross-examination, all adequate information were transferred to an
Excel spreadsheet. A standardized data extraction protocol (Cochrane Consumer and Com-
munication Review Group’s) was implemented, in order to extract the study authors, year
of publication, and study aim, along with the sample information (size and age), exercise
program (duration, intensity and frequency), study measurements, and study results.

3. Results
3.1. Study Quality

All 9 studies included in the quantitative analysis were longitudinal. Based on the
points each study scored on the PEDro scale, the final study quality assessment scores,
were defined [33]. Two studies presented fair quality, and the remaining seven of them
presented good quality.

3.2. Selection and Characteristics of Studies

A search of electronic databases and scanning the reference lists yielded 9915 relevant
studies. After removing duplicates, 4458 studies were screened. Then, 39 studies were
selected and screened for eligibility, based on the inclusion criteria. Lastly, nine relevant
studies were included in the systematic review, presented in Figure 1 and Table 3.

| Identification of studies via databases and registers

Databases(n=9915)
E Google Scholar(n=5420) Recaords removed before
= PubMed(n=23457) screening
E Science Directin=114) l— Duplicate records remaoved
= Scopus(n="11) (n=5457)
ﬁ Web of Science (n=246)
SPORTDiscuss(n=677)
Records excludedbased on
- —| inclusioncriteria
Records screened (n=4458) (n = 4419)
Excluded by human
(n=68)
¥ Excluded by automationtoaols
(n=4351)
Reports soughtfar retrieval
E (n=238)
=
>
E v Repors excluded:
Full-text studies after
: i i increased sensitivity and in-
519503%5}assessedfnrehglmw . deeperch_eu:k (n=18)
Studieswith nonrelevant
outcomes (n=7)
Editiorials(n=23)
Executive summaries (n=4)

Studiesincludedin review
(n=9)

Included

Figure 1. Study identification procedure, based on the pre-defined criteria (PRISMA flow chart).
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Table 3. Studies included in the systematic review.

. S le of Partici t
First Author and Year of Aim amp’e OF Tarticipants Exercise Program Measurements Results
Publication Number and Groups Age (Years)
N-24 3x a week
Effects of F inertial loading and M-12 12 weeks PS tests, maximal peak ** Ey
Onambele et al. (2008) [24] comaparation with WT, on KE F-12 699 +13 1-4 sets isokinetic KE function, Maximal peak isokinetic KE (28%, p < 0.01)
(indices of quadriceps strength) E;-12 8-12 rep. EMG recordings PS (45%, p < 0.01)
Er-12 ~5 mrbs
PWR
3x a week Maximal torque (Da)
: - F-45 4 weeks (Da) E1 ** (34.3%)
Brzenczek-Owczarzak et al. T(})l esttl:nate .the te'ffictler.lcy of E1-17 E%zgi% i gi 45 min Maximal tor P E1** (21.9%) E2 ** # E2 ** # (9.8%)
(2013) [25] short-term melrﬁ\ads ramning E2-10 oy 3 sets axima’t torque, (6.9%) C (2.2%) C (—1.4%) (NDa)
using C-18 : 10 rep. (NDa) E1** (27.6%)
~2 mrbs E1 ** (10.7%) E2 ** (18.2%)
C (0.6%)
Peak PWR **
. . ECC (34%, p = 0.009)
To estimate the efficacy of 2xa week B, FP, spasticity and RPE, CON (44%, p = 0.003)
ECC-overload F RE training to N-12 8 weeks . . A g
Fernandez-Gonzalo et al. . £ d . M-9 633 + 8.1 4 sets isometric and isokinetic KE Isokinetic torque
(2014) [26] improve force, I, B, and FP in ; 3E8. torque, peak P ECC ** (p = 0.0005)
F-3 7 max. rep. . e g
physically active chronic stroke ~3 mb isometric leg press force CON (p = 0.002)
patients ~3 mrbs Isometric leg press
10-20% (p < 0.05)
MS ** (HIT, IRT #)
3x a week CON
Effect of 8 weeks of HIT and IRT 8 weeks BC, muscle structure, MS, 60° (p = 0.0004)
Bruseghini et al. (2015) [27] on CVF, MS mass, and risk M-12 68 +4 34 sets maximal test, 120° (0.0049)
factors of metabolic syndrome 7 max. rep. exercise efficiency ECC
~3 mrbs 60° (p = 0.0102)
120° (0.0010)
Com : £ off 3x a week _
paration of effects of HIIT VO2max, IRT muscle volume (p = 0.003), HIIT muscle
Bruseghini et al. (2019) [28] and IRT on strength, mass, M-12 693 & 4.0 S?mietgs muscle volume, volume (p = 0.001)
& ' architecture, IMAT quality, and ’ ’ 7 rep IMAT, Na IRT IMAT (p = 0.001)
Na ~3 mrl;s MS, muscle architecture HIIT IMAT (p = 0.003)
To determine the effectiveness of N-21
a short period of F eccentric RE M-10 Zg a Wiek 30 sec Sts, 30 sec Sts (p = 0.248)
Roberts (2019) [29] and to compare changes in MS F-11 62.52 +6.72 r’si?cs s TUAG, 5x Sts, isometric TUAG (p =0.157)
and mass, physical function, E-13 8-12 re strength 5x Sts (p = 0.389)
- c8 b
and fall risk
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Table 3. Cont.
. S le of Participant
First Autho'r ar}d Year of Aim amp’e ot Tarticipants Exercise Program Measurements Results
Publication Number and Groups Age (Years)
2-3x a week
T the effects of F RE N-34 65+ 4 6 weeks E**#
Sanudo et al. (2019) [30] © assess the ePeSC S g M E-17 E-64.4 + 3.61 4 sets PS, P TUAG (p < 0.01)
training on P’ an C-17 C-66.38 + 4.85 9 rep. PWR (p < 0.05)
~3 mrbs
To examine the effects of inertial E2#
; ; E-37 8 weeks
5 device exercies proto.col El4 E1-71.6 + 6.4 94 sets 6MWT, B Sts
Spudi¢ et al. (2019) [31] compared to the traditional E2-12 E2-68.8 £ 6.4 10-22 re Sts. TUAG, FR. RPE (p = 0.018) RPE # (E1,E2,C, p > 0.05)TUAG
weight-based, on KE MS, agility, C-11 C-673 £45 ~15 mr& 4 i (ES% = —0.44)
B, CVE, and RPE e 6MWT (ES% = 0.47)
To compare the effects of I?\T/Elg Si)é %va:ﬁé( MS of quadriceps (KE),
Odeleye (2020) [32] eccentric Fly overload training F—i3 E1-63.2 £7.8 3+3+434+3 FP (shuttle walk test, FR, (E1, E2) ** (p < 0.001)
Y and traditional RE on MS, E-11 C-63.8 52 max. reps 30 sec Sts, up and down (PWR, Sts, up and down stair climb)
muscle thickness, BC, and FP C-8 ~1 mrbs stair climb P test)

Legend: N—total number of participants, M—males, F—females, E—experimental group, C—control group, ITMS—Inertial Training and Measurement System, ECC—exercise
comprising eccentric, CON-exercise comprising concentric, RE-resistance exercise, HIT-high interval training, HIIT-high-intensity interval training, IRT—isoinertial resistance
training, CVF—cardiovascular fitness, CVE—cardiovascular endurance, IMAT—intermuscular adipose tissue, RPE—rate of perceived exertion, WT—weight training, KE—knee
extensors, M—mobility, MS—muscle strength, Fly—flywheel, B—balance, PS—postural stability tests, FP—functional performance, BC—body composition, PWR—power, avg—
average, EMG—electromiography, 6 MWT—6 m walk test, TUAG—timed up and go, FR—functional reach, Na—neuromuscular activation, Sts—sit to stand test, Gs—grip strength,

Da—dominant arm, NDa—nondominant arm, mrbs—minutes recovery between sets, rep.—repetition, **—statistical significance from baseline, #—statistical significance between
groups, ES%—effect size.
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There was a total of 216 participants. The highest number of participants was 45 [25],
while the lowest was 12 [26-28]. A female sample of participants only was found in two
studies [25,31], a male sample was found in two studies as well [27,28], while the rest
of the five studies had a mixed gender sample [24,26,29,30,32]. The participants were
healthy in most of the included studies, and the physically active were found in five
studies [25,27-29,32], except the case of Fernandez-Gonzalo et al. [26], where the sample
consisted of chronic stroke patients. The longest experimental program lasted 13 weeks [32],
while the shortest was 4 weeks [25]. Trainings per week were not more than three times
and not less than two times, and only one study did not show that information [31]. The
sets varied from 1 to 4, and the repetition within also varied from 7 to 22 or from 2 to
7 repetitions maximum. Based on given sets and repetitions, the resting period between
the sets varied from 1 to 5 min.

In addition, three studies had more than one experimental group [24,25,31], while a
couple of studies included participants who all underwent the same experimental inter-
vention [26-28]. Several studies have also conducted a comparison of flywheel training
with some other training method, such as traditional weight-based training [24,31,32],
high-intensity [27], and high-intensity interval training [28].

As for the control groups, three studies [26-28] did not have any, and two studies
conducted traditional weight training [24,31]. One study’s [25] control group had or-
ganized classes (gymnastic, swimming, Nordic walking), while two studies [30,32] had
conducted daily physical activities. Only one study [29] did not state the activities of their
control group.

Postural stability, i.e., balance responses, was conducted in three studies [24,26,30], and
four studies realized strength responses after flywheel training [26-29,34], while functional
performance was evaluated in most of the studies [26,28-32,34].

4. Discussion

The aim of the current review was to determine the effects of flywheel training in
older adults on various functional tests. Physical exercise was found to provide benefits
to individuals, from preventing many non-communicable diseases and creating better
mood, to mental and emotional satisfaction, improving health, and improving physical
and functional fitness [35]. Regarding flywheel training, although there is a lack of in-
cluded studies, the findings are consistent concerning the physical, neuromuscular, and
functional improvements in older adults. Despite the growing interest in flywheel training
method [14,36,37], this is one of the first systematic reviews to focus on older adults.

A key factor related to the improvement or maintenance of quality of life is resistance
training, since it can ease age-related impairments (muscle atrophy, strength decreases, etc.) [38],
by improving neuromuscular function, strength, balance, power, and movement capac-
ity [39,40]. Flywheel training benefits are associated with the combination of concentric
contractions with the presence of an eccentric overload [41], which is the main reason why
this modality may be an alternative for improvement of determinant health-related capaci-
ties in older populations [42]. Onambele et al. [24] obtained moderate improvements in
isometric quadriceps strength (8%), large improvements in knee-extension (28%), and very
large improvements in in tendon stiffness (136%) which improved balance performance.
Moreover, Sanudo et al. [30] showed increases in power performance (63%) and velocity
(48%), as well as in balance (13%). Since these results are similar to previous findings in
balance responses [43], a possible explanation could be attributed to the muscles activated
in each exercise. Important to note is that older adults tend to rely more on hip strategies
(hip and knee extensions) for more balance control, which are most activated by inertial
systems. Thus, the squat modality may have more a great impact (e.g., hip abductors and
adductors) that has a greater influence on balance [44]. Further, exercises that are performed
with a high speed promote greater improvements in functional task performance [45], high-
lighting the relevance. Increasing the velocity component of peak power improved the
performance of many functional tasks [46], and this may have clinical consequences, as
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aging is associated with a decline in neural processing that can diminish the ability for
rapid force development and, therefore, limit the response to postural challenges [47].

As some other previous studies examined effects of flywheel training on functional
markers, such as a timed up and go test [24], 30 s sit to stand test [48], and 5 times sit
to stand test [49], it is crucial to use functional tests as a tool to assess fitness level [50],
monitored training [51], and rehabilitation in older adults [52]. In addition, completing a
greater number of repetitions suggests the training has reduced fatigability which is also
an important risk factor for falls [53]. Regarding the sit to stand test, Spudi¢ et al. [31]
found improvements of 16% and Odeleye [32] of 35-47%, as well as a large-magnitude
reduction [29], which was similar to those observed by Fernandez-Gonzalo et al. [54]. Such
given results can be attributed to a specific motoric pattern that appears during executing a
squat in the mentioned tests. This is due to two similar kinematic and kinetic motions that
take place during both motion techniques, which cause similar muscle responses [55].

Two studies [31,32] have observed a 6 min walk test, where both of them showed
no improvements. These studies are in contrast with previously conducted studies by
Raj et al. [56], Fernandez-Gonzalo et al. [54], and Dias et al. [57]. Two studies [31,32]
conducted functional reach test, where also no improvements were observed. The lack
of improvements could be a high level of baseline fitness and activity, which may result
in a reduction in the likelihood to detect differences. In addition, Mueller et al. [58] have
also observed similar limitation as well, although they have been using different functional
performance measures. With that being said, differences in participants’ physical and fitness
levels in the baseline measurements should be taken into consideration when applying
flywheel technology.

The gains in strength, hypertrophy, muscle activation, and muscle length will lead to
positive adaptations and muscle healing; the flywheel is an effective tool for individuals
who shows restricted mobility [59,60] and, for sensitive ones, with increased falls [61].
Flywheel training will strengthen muscles and improve muscle power as well as muscle
reactivity. Strength, power, and reactivity are all important for older adults to keep them
moving functionally, prevent them from falling, and maintain muscle health [62]. The
results of Bruseghini et al. [27] suggest an increase in strength, which happened due to
hypertrophy of the trained muscles. Flywheel resistance training elicits a greater muscle
activation of the involved muscles during isometric maximal contraction. In addition,
muscular activation during both concentric and eccentric contraction seems to be maximal
even in the early phases of training over the entire range of movement [11].

Although there were already observed significant improvements in functional perfor-
mances (timed up and go test and 30 s chair stand test) by Fernandez-Gonzalo et al. [26],
this type of training has been found to be effective for increasing muscular performance
of the lower limb extensor in older adults [24,28]. As we all know, the increase in muscu-
lar strength after several weeks is also a functional adaptation that results from several
morphological and neural mechanisms that intervene during training itself [63]. Likewise,
results in strength outcomes may possibly be due to several differences in maximal neural
activation, and the individual ability to recover between sessions [64], since there were
two—three sessions a week.

Papa et al. [65] defined resistance training as a strength training exercise with the use
of progressive overload in which the muscles create the force against external load. In
our case, older adults often experience age, inactivity, and disability association declines
of functional capacity and lean body mass, which could be largely offset with regular
participation in resistance training programs [66]. A couple of studies [24,31,32] have
conducted resistance training and, in comparison to the flywheel, better results have been
shown by the flywheel in postural stability, as well as in maximal peak isokinetic knee
extensors [24], sit to stand test, timed up and go, and 6 m walk test [31]. Only in terms of
Odeleye [32], similar results were presented for overall power, sit to stand test, and up and
down stair climb test. The possible reason for the given results may lie in the fact that only
Odeleye’s [32] control group was conducting regular physical activity, compared to the
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first two, which had no such intervention. In addition, in order to explain the rationale
for the different results of resistance training and the flywheel, two things can be said.
First, a higher force in the eccentric part is developed by the flywheel, since the time in
executing the eccentric contraction repetitions is shorter than the concentric. This means
that in order to gain higher forces in the eccentric part of repetition, the participant needs
to actively decelerate the weight in a shorter amount of time that they spend moving the
weight into rotation in the concentric part of the exercise. Second, the overly extended joint,
when the load was highest during weight training, simply puts the quadriceps muscle at
a mechanical disadvantage, which further is diminishing both the contractile forces that
could be produced and the stimulus to increase the muscle strength [67].

High-intensity training is a time-effective alternative to traditional exercise programs,
which involves a low to moderate intensity training of long duration. High-intensity inter-
val training, a specific form of high-intensity training, is characterized by brief repetitions
of high intensity exercise, alternated with a period of rest or low-intensity exercise [68]. In
terms of their comparison to the flywheel [27,28], the flywheel has an induced significant
increase in muscle strength and volume, maximal voluntary isometric torque, and the
isokinetic concentric—eccentric torque of limb extensors. Although those interventions do
not seem to abate or repeal the beneficial effects of aerobic training, it is also important
to increase strength in older adults, which will further improve the quality of life and
independency. Hence, in order to identify the real effects of mentioned programs and, most
importantly, on same/similar parameters, future studies are needed.

The main limitations of this study are that the optimal strategy for applying flywheel
training remains unclear [41,64] and that there is no specified an adequate choice of intensity
and volume, with the optimal duration of the experimental program for older adults [20].
Furthermore, it is recommended that, in the future, the validity and reliability of devices
and tests be considered when measuring performance changes [69].

5. Conclusions

This is one of the first studies that has summarized the effects of flywheel training in
older adults. This systematic review reported improvements in physical, neuromuscular
and functional performance in older adults following different flywheel protocols. The
review also suggests that the mentioned training method can be effectively implemented
in the mentioned population, which proves its feasibility. Although the current review
did not reveal an optimal duration, frequency, intensity, or volume, we can conclude
that this training method can be considered as an appropriate form of activity in older
adults, as a tool for improving overall health. Further research is required in order to make
standardized recommendations for this specific population.
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