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Background: Instability resistance training (IRT) has been the focus of extensive
research because of its proven benefits to balance ability, core stability, and sports
performance for athletes. However, there is a lack of systematic reviews explicitly
evaluating IRT's impact on athletes’ balance ability. This study aims to conduct a
systematic review of the effects of IRT on balance ability among athletes.

Method: This study used guidelines for the systematic review and meta-analysis
of PRISMA, Web of Science, EBSCOhost (SPORTDiscus), PubMed, Scopus, and
Google Scholar to collect original references in electronic databases. The PICOS
method was selected for the inclusion criteria. The physiotherapy evidence
database (PEDro) scale was used to assess the scoring for articles’ risk range
of bias. The scoring of 20 studies ranges from 4-8, and study quality is
moderate to high.

Results: Out of 285 identified studies, only 20 articles fulfilled all the eligibility
criteria after screening. IRT could significantly improve reciprocal, static, and
dynamic balance ability among judo athletes, basketball players, weightlifters,
archery athletes, soccer players, rhythmic gymnasts, badminton players, track
and field athletes, handball players, volleyball players, and gymnasts using
unstable surfaces or environments (i.e, BOSU, Swiss, Wobble boards,
Suspension trainer, Sissel pillows, Inflated disc and foam surface, Airex balance
pad, Togu power ball, Thera-Band, Elastic band strap, Sand surface and so on).

Conclusion: The finding suggests that different types of IRT benefit athletes as
this training method can effectively enhance reciprocal, static, and dynamic
balance ability in athletes. Therefore, this review suggests that IRT should be
considered in athletes’ daily training routines for the physical fitness of reciprocal,
static, and dynamic balance ability.

athletes, balance ability, BOSU and Swiss ball, instability resistance training, unstable
environment

1 Introduction

Balance refers to the ability of the human body to automatically adjust and maintain a
posture when subjected to external forces during rest or movement (Wulf and Lewthwaite,
2009; Zhu et al.,, 2014; Bliss and Teeple, 2005). In addition, balance is a fundamental
condition for completing various sports skills such as athletics, ice skating, swimming, ball
games, gymnastics, dance, martial arts, etc. The ability to balance is not only related to the
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integrity and symmetry of the body structure but also closely related
to the vestibular organs, visual organs, and proprioception of the
human body (Wei et al., 2016). These three systems form the triple
system of balance in the human body (i.e., the mutual correlation
and close relationship between brain balance regulation, cerebellar
ataxia coordination, and limb muscle strength) (Tayshete et al,
2020). So, the balance depends on the comprehensive coordination
ability of the human body to stimuli from vestibular organs and
proprioceptive receptors composed of muscles, tendons, joints, and
visual organs.

Balance training has attracted the attention of many athletes,
coaches, sports workers, and researchers. In improving athletic
performance, balance ability can help athletes better unleash their
physical potential (Bouteraa et al., 2020). The coordinated operation
of various parts of an athlete is critical to achieving various sports
performances. Balance can improve an athlete’s flexibility and
agility, enabling them to maintain balance in multiple parts,
coordinate and react quickly, adjust body posture during exercise,
promote smooth technical movements, and maximize strength and
quality (Zech et al., 2010). Moreover, external motivational stimuli,
such as music or verbal encouragement, have been shown to
improve task performance significantly, particularly in untrained
individuals. For example, endurance tasks performed under musical
stimulation or verbal encouragement demonstrated increased task
duration by over 15% compared to standard conditions. This
enhancement is attributed to more effective motor unit
recruitment, as evidenced by reduced electromyographic trend
coefficients over time, suggesting greater neuromuscular
efficiency (Biceps Brachii: —10.39%, Brachioradialis: —9.40%, p <
0.001) (Cotellessa et at., 2024). Integrating balance training with
motivational stimuli could further amplify an athlete’s ability to
maintain posture, execute precise technical movements, and delay
fatigue, fostering an environment that supports optimal
performance outcomes. In terms of improving sports’ competitive
ability, balance ability helps athletes develop other physical fitness
such as strength, speed, endurance, agility, coordination, etc.,
reasonably and comprehensively, reducing fatigue and allowing
athletes to utilize their strength in training and competition fully
(Gebel et al., 2020; Zemkovd, 2014). Poor body posture and uneven
distribution of muscle strength can easily lead to excessive force on
certain parts of athletes, resulting in sports injuries (Hrysomallis,
2007). In terms of preventing sports injuries, balance ability can
improve the adaptability of athletes’ body posture during exercise,
provide better support and protection for joints and muscles, and
minimize and reduce sports injuries and risks in high-intensity
sports for athletes (Chang et al., 2020). In terms of promoting athlete
health, good balance ability is not only beneficial for physical health
during sports. Still, it can also improve the athlete’s mental state,
reduce anxiety and stress, promote physical and psychological
balance, and enhance their confidence and emotional regulation
ability (Schaal et al., 2011; Whitehead and Senecal, 2020).

To improve the balance ability of athletes, traditional resistance
training (TRT) methods were used (Kibele and Behm, 2009; Sarabon
and Kozinc, 2020). The advantage of the TRT effect is that it could
significantly improve the development of enormous muscle group
strength for proprioception and help refine and standardize athletes’
balance ability and motor skills (Yu et al., 2008). However, TRT
methods have two common disadvantages. The first is the stable
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training state or environment with relative support provided by the
instrument or ground for TRT on land (Winwood et al., 2015). The
second is in the process of TRT; the athlete’s center of gravity is
completed in a relatively stable state, and the athlete’s muscle is fixed
with one end for concentric isotonic training (Krzysztofik et al.,
2019). As a consequence, the limitation of TRT is that the small
muscles in the deep layer of the athletes (coordination between
agonistic and antagonistic muscles) are not well recruited and
activated. Nevertheless, these muscles play a crucial role in the
balance ability of the human body (Sriwarno et al, 2008).
Combining the above, although the TRT method can improve
the balance ability of sports athletes to a certain extent, there
must be a more effective training method. So, to improve the
balance ability of athletes, the TRT method cannot be blindly
used. Coaches can try new unstable training methods that can
produce an “unstable training effect” rather than a “stable
training effect” to improve athletes’ balance ability (Gao et al., 2023).

Instability resistance training (IRT) is widely used in sports
rehabilitation and physical fitness training. The main characteristic
that distinguishes it from TRT is unstable conditions, surfaces, and
environments (including specific equipment) (Norwood et al., 2007;
Mehrpuya and Moghadasi, 2019). Another main difference is the
load, since while TRT involves considerable loads, in IRT, given that
there is instability, the loads must be reduced. Unstable surfaces,
platforms, and environments can be built with professional
equipment, such as Wobble Boards, Swiss or BOSU, suspended
chains, foam rollers, and bands. In addition, unstable training
conditions can use snow, water, sand, gravel materials, and so on
(Colorado et al., 2020). The reasons for choosing IRT for athletes are
as follows. Firstly, IRT is an advanced training stage that
theoretically enhances muscle strength and balance ability to
achieve core stability. This IRT method can activate and recruit
deep and minor muscle groups and obtain proprioceptive
thereby further
mobilization of muscle strength and balance ability (Mehrpuya

neuromuscular  sensation, enhancing the
and Moghadasi, 2019). Secondly, regarding unstable surfaces and
environments, IRT could provide instruments for unstable surfaces
or environments (For example, swing boards, Swiss, BOSU, elastic
and suspension devices). Therefore, an unstable environment can
not only provide athletes with instability loads and simulation to the
maximum extent possible (Sekendiz et al., 2010; Cug et al., 2012; Xu
et al., 2020).

Most studies have mentioned IRT’s efficiency for athletes’
balance ability. However, the IRT training method must be
systematically sorted out in terms of its structural function and
theoretical and practical application. With a relatively short history,
a systematic review of the effectiveness of varying degrees of IRT
intervention is still lacking. Therefore, this study aims to
systematically review the current articles on IRT’s impact on
athletes’” balance ability.

2 Materials and methods

2.1 Registration on INPLASY

The registration on the International Platform of Registered
Systematic Review and Meta-analysis Protocols (INPLASY), the
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TABLE 1 Inclusion and eligibility criteria.

10.3389/fphys.2024.1434918

Detailed information on inclusion and eligibility criteria

Population Healthy athletes or players cannot distinguish between age and gender
Intervention IRT (with the different unstable surfaces), IRT+, another training format in, E.G., (not <4 weeks)
Comparison Single (within group), multiple-group trials (between groups)

Outcome The outcome must comprise the impact of IRT on balance ability among athletes and players

Study Design

study was assigned the registration number INPLASY2023100048,
with a corresponding DOI number of 10.37766/inplasy 2023.10.0048,
accessible on the platform’s website: https://inplasy.com/.

2.2 Databases and keywords

This article used the following databases: Web of Science,
EBSCOhost (SPORT Discussion), PubMed, Scopus, Google Scholar,
and References until the end of 2023. The keywords in this study were:
(“instability resistance training” OR “instability resistance exercise” OR
“unstable surface training” OR “unstable training” OR “unstable
surface exercise” OR “unstable exercise”) AND (“balance” OR
“balance ability” OR “reciprocal balance” OR “dynamic balance”
OR “static balance” OR “reciprocal balance ability” OR “dynamic
balance ability” OR “static balance ability”) AND (“player” OR
“athlete” OR “sportsman” OR “sportswoman” OR “sportsperson”).

2.3 Eligibility criteria

The PICOS model was used in this study. This model has five
parts of the population: intervention, comparison, outcome, and
study design. The details of the inclusion criteria for the five parts are
shown in Table 1.

2.4 Search, screening, and
selection processes

Firstly, this article used the EndNote X8 citation management
system to eliminate duplicate articles. Secondly, the authors conducted
a first round of screening on the literature that met the requirements
based on the title and abstract. Then, according to the complete text,
they conducted a second screening round on the literature that had
already been selected in the first round. Thirdly, literature that meets
the standards was evaluated to determine the final reliability literature.
Finally, at the seminar, all authors reached a consensus on which
literature would be most selected for systematic review.

2.5 Data extraction and PEDro scale
assessment

Based on reading the entire literature, the authors summarized
the following content using standardized templates. In addition, this
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Single-group and randomized controlled trials (RCT or CRCT)

study used the PEDro scale (Verhagen et al., 1998), which has been
proven reliable when building system reviews. PEDro scale is a
Delphi series of scales specifically developed by Verhagen and
colleagues for epidemiology. The same authors performed the
statistical analysis.

3 Results
3.1 Article selection

This study employed the methodology recommended by
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) to systematically search, screen,
and analyze pertinent data within the selected article. The
procedure of identification, screening, and inclusion for the
article is shown in Figure 1. Initially, the total number of
285 articles were the records identified through database
searching. After preliminary removal of duplicate articles,
there were 278 articles. After the first screening, 63 articles
were removed, which included two articles not in English,
0 articles from unpublished journals, 59 articles reviewed,
conference papers, books, chapters, and magazines, and two
articles without full text. In the next screening phase,
215 eligibility articles were evaluated for full-text, 195 articles
were removed, which included 94 articles that were not a training/
intervention or RCT relevant study, 63 articles participants
were not healthy, student and amateur athletes, 15 articles
were not instability and unstable surface training intervention,
and 23 articles were not balance outcome studies. In the end,
there were only a total of 20 articles for quantitative synthesis that
met the criteria. The detail is shown in Figure I.

3.2 Study quality assessment

The PEDro scale includes 11 items to evaluate the quality of
the method, with each item scoring only 0 and 1, with one
representing yes and 0 representing no. If the literature
score is higher, it indicates that the quality of the literature
method is better. The quality valuation was interpreted as
follows: 0-3 Points (poor), 4-5 points (moderate), 6-10 points
(high). Table 2 shows the detailed scores in this study’s
PEDro scale of 20 articles. In all studies with a score of 4-7,
the study quality is moderate to high. The detail is shown
in Table 2.
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Records identified through database Additional records identified
searching (n=285) through other sources (n=0)
Web of Science: (n=1) Reference: (n=0)
Scopus. (n=277) Google Scholar: (n=0)
PubMed: (n=2)
EBSCOhost (SPORT Discus): (n=1)

Records excluded(n=63)
- Not in English/Chinese (n=2)
Records after duplicates(n=7) removed - Unpublished journal (n=0)
(n=278) - Review, Conference paper, Book, Chapter,
Magazines (n=59)
- No full text (n=2)

Record: ed
ecor(nizclvg)e " Full-text articles excluded, with reasons

(n=195)

- Not a training/intervention or RCT
relevant study (n=94)

- Participants were not healthy, student and

Full-text articles assessed

for eligibility amateur athletes (n=63)
(n=20) - Not instability or unstable surface training
intervention (n=15)
l - Not balance outcome study (n=23)

Studies included in
quantitative synthesis
(n=20)

FIGURE 1
The identification, screening, and included processes for articles based on PRISMA.

TABLE 2 Summary of PEDro scale assessment scores.

References N2 N3 N4 N5 N6 N7 N8 N9 N0 NI11 Total PEDro  Study
Score Quality
1 Norambuena et al. (2021) 1 0 0 1 0 0 0 1 0 0 1 4 Moderate
2 Thielen et al. (2020) 1 1 0 1 0 0 0 1 1 1 1 7 High
3 Kang et al. (2013) 1 1 0 1 0 0 0 1 1 1 1 7 High
4 Prasetyo et al. (2023) 1 0 0 1 0 0 0 1 0 0 1 4 Moderate
5 Makhlouf et al. (2018) 1 1 0 1 0 0 0 1 1 1 1 7 High
6 Cabrejas Mata et al. (2022) 0 1 0 1 0 0 0 1 1 1 1 6 Moderate
7 Zhao et al. (2021) 1 0 0 1 0 0 0 1 0 0 1 4 Moderate
8 Negra et al. (2017) 1 1 0 1 0 0 0 1 1 1 1 7 High
9 Romero-Franco et al. (2012) 1 1 0 1 0 0 0 1 1 1 1 7 High
10 Wee and Fatt (2019) 1 1 0 1 0 0 0 1 1 1 1 7 High
11 Hammami et al. (2022) 1 1 0 1 0 0 0 1 1 1 1 7 High
12 Hammami et al. (2023) 1 0 0 1 0 0 0 1 0 1 1 5 Moderate
13 Oliver and Brezzo (2009) 1 1 0 1 0 0 0 1 1 1 1 7 High
14 Gonener and Gonener (2020) 1 1 0 1 0 0 0 1 1 1 1 7 High
15 Zemkova and Hamar (2010) 1 1 1 1 0 0 0 1 1 1 1 8 High
16 Hammami et al. (2020) 0 1 0 1 0 0 0 1 1 1 1 6 High
17 Eisen et al. (2010) 1 1 0 1 0 0 0 1 1 1 1 7 High
18 Gidu et al. (2022) 1 1 0 1 0 0 0 1 1 1 1 7 High
19 Granacher et al. (2015) 1 1 0 1 0 0 0 1 1 1 1 7 High
20 Chaouachi et al. (2017) 0 1 0 1 0 0 0 1 1 0 1 5 Moderate

Note: N1, eligibility criteria; N2, random alocation; N3, allocation concealment; N4, baseline comparability; N5, blind participants; N6, blind therapist; N7, Blind assessor; N8, Follow-Up; N9,
intention to treat analysis; N10, group comparison; N11, point measure and variability. A detailed explanation for each PEDro scale item can be accessed at https://www.pedro.org.au/english/
downloads/pedro-scale.
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TABLE 3 Participant, intervention, and main outcome for the 20 studies.

Subjects

Type of
athlete

Gender

Age

Intervention

Instability
environment

Balance ability
Measured index

Frequency
and duration

Main outcome
related to
balance ability

1 Norambuena et al. 10 Judo athletes Mixed: 154 + E.G.,: Instability 1) Suspension trainer (TRX", = Reciprocal balance test: 5 times/Week, E.G.,: Prone instability
(2021) 8 Female 2.8 years suspension training United States) 1) Prone instability test 5 weeks teste
2 Male CG: No control group Dynamic balance test: Y balance test of right
1) Y balance test legT, left legT, right armT,
left armT
2 Thielen et al. (2020) 32 Basketball Male 204 + E.G.,: Suspended load 1) The plates suspended from | Dynamic balance test: 4 times/Week, E.G,, and CG: Star
player 1.4 years program the barbell using non-elastic | 1) Star excursion balance 6 weeks excursion balance test
CG: Traditional barbell straps test (SEBT) (SEBT) <
load program
3 Kang et al. (2013) 32 Weightlifter Male MS: 14y E.G.,1 (MS): Instability 1) Swiss ball Static balance test: Unknown times/ E.G.,2 (HS): One-leg
HS: 17y balance training 1) One-leg standing with Week, standing time with eyes
E.G.,2 (HS): Instability closed eyes test 8 weeks closedT
balance training
CG1 (MS): No training
CG2 (HS): No training
4 Prasetyo et al. 12 Archery athletes Unknown 14-17y E.G.,: Instability 1) BOSU ball Static balance test: 18 circuit training | E.G.,: Standing on
(2023) suspension training 1) The stork stand test sessions one legl
CG: No control group
5 Makhlouf et al. 57 Soccer player Male E.G,1:11.06 + E.G.,1 (BPT): Combined 1)Swiss ball Static balance test: 2 times/Week, BTP: Standing stork (P<
(2018) 0.75y balance and plyometric 2) An inflated disk 1) Standing stork test 8 weeks 0.01,d=317) 1,
E.G.,2:11.29 + | training (instability 3) A foam surface progressing | Dynamic balance test: Y-balance (P< 0.01, d =
0.85y training is a part of the to a BOSU ball or inflated disk | 1) Y balance test 1.48) T
CG:10.98 + program) 4) Elastic band strap ATP: Standing stork (P<
0.80y E.G.2 (APT): Agility- 001,d =553) 1,
plyometric training (stable Y-balance (P< 0.01,d =
training) 1.20) T
CG: Regular soccer training CG: Standing stork (P<
(stable training) 0.02,d =1.30) T,
Y-balance (p = 0.18,
d =028)o
6 Cabrejas Mata et al. 44 Rhythmic Female 10.5 £ E.G.,: Integrated functional | 1) BOSU ball Static balance test: 3 times/Week, E.G.,: Right support leg
(2022) EG.: 23 gymnast 1.8 years core and plyometric 2) Balance disks 1) Right/left support leg 8 weeks with eyes open T; Left
CG: 21 training (instability 3) Softballs with eyes open test support leg with eyes
training is a part of the 2) Right/left support leg open T
program) with eyes closed test
CG: Usual training (stable
training)
7 Zhao et al. (2021) 38 Badminton Female 17+ 11y E.G.1 (HG): Integrative 1) BOSU ball Dynamic balance test: 4 times/Week, E.G.,1 (HG): Single-leg
Player neuromuscular training 2) Balance board 1) Single-leg side hop test 8 weeks side hop (L) T, Single-leg

(instability training is a
part of the program)

3) Swiss ball

side hop (R) T
E.G.2 (LG): Single-leg

(Continued on following page)
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TABLE 3 (Continued) Participant, intervention, and main outcome for the 20 studies.

Study

Subjects

Type of
athlete

Gender

Intervention

E.G.1 (LG): Integrative
neuromuscular training
(instability training is a
part of the program)
CG: No control group

Instability
environment

Balance ability
Measured index

Frequency
and duration

Main outcome
related to
balance ability

side hop (L) T, Single-leg
side hop (R) T

8 Negra et al. (2017) 33 Soccer player Male PTS: 121 £+ | E.G.: Unstable performed 1) Airex balance pad Static balance test: 3-5times/Week, Between-group (post-
0.5 years combined plyometric 2) Thera-Band stability 1) SSBT, stable stork 8 weeks test)
PTC: 122 £+ | training (PTC) trainer balance test SSBT«, USBT T
0.6 years CG: Stable performed 2) USBT, unstable stork
plyometric training (PTS) balance test
9 Romero-Franco 33 Sprinter Male 21.82 + E.G.,: Proprioceptive 1) BOSU and Swiss ball Reciprocal balance test: 3 times/Week, Between-group (post-
et al. (2012) 4.84 years training program on BOSU 1) Stability Test with Eyes 6 weeks test): XEOT, Position of
and Swiss ball Open and Closed; 2) the gravity center in the
CG: A shorter duration Postural Stability; 3) posterior direction T,
training Gravity Center Control Position of the gravity
center in the right
direction T
10 Wee and Fatt 19 Soccer Male 20 £ E.G.,: Soccer program 1) Swiss Ball Static balance test: 2 times/Week, Between-group (post-
(2019) Player 1.73 years supplementary Swiss Ball 1) Standing Stork Test 6 weeks test): SSTe>, FSSTT
Training (SBT) (SST)Dynamic balance test:
CG: Soccer program 1) Four Step Square Test
(FSST)
11 (M. Hammami 42 Handball player Male E.G.: 164 £ | E.G, (JSTG): Supplemental 1) On sand Static balance test: 3 times/Week, E.G., (JSTG): Y balance
et al., 2022) 0.4 years jump and sprint exercise 1) Standing stork test 7 weeks test for the right leg and
CG: 162 training on sand Dynamic balance test: left legT, Stork balance
0.4 years CG: Standard in-season 2) Y balance test (right leg) T
regimen
12 (R. Hammami et al., 32 Pre-pubertal Male 10.94 + E.G., (IRT1): Instability 1) Airex Balance Beam Reciprocal balance test: 5 times/Week, E.G., (IRT1): CoP SAT,
2023) weightlifter 0.47 years resistance training, 2 sets x = 2) Airex Balance Pad, 3) 1) CoP displacements of 8 weeks CoP XT, CoP YT, CoP VT
8, 20% (1RM) Thera-Band Stability Trainer | the center of pressure E.G,, (IRT2): CoP SAT,
E.G., (IRT2): Instability 4) Togu Aero Step oscillation test CoP XT, CoP YT,
resistance training, 2 sets x CoP V&
4, 40% 1RM
CG: No control group
13 Oliver and Brezzo 26 Volleyball and Female Volleyball: E.G.,: Functional balance 1) The Indo Board Static balance test: 4times/Week, E.G., (Volleyball player):
(2009) Soccer player 199 + training for volleyball 2) Flow cushion 1) Biodex balance test unknown weeks Biodex (right) <, Biodex
1.8 years player (left) <
Soccer player: | CG: No intervention for CG (Soccer player):
185 £ soccer player Biodex (right) <, Biodex
0.5 years (left) <

(Continued on following page)
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TABLE 3 (Continued) Participant, intervention, and main outcome for the 20 studies.

Subjects Intervention Main outcome
related to
Type of Gender Age Instability Balance ability Frequency balance ability
athlete environment Measured index  and duration
14 Gonener and 40 Gymnast Female 7 years old E.G.,: Unstable surface 1) BOSU ball Dynamic balance test: 3times/Week, E.G.: PLT, AGPT, MST,
Gonener (2020) training 2) Balance board 1) Tecno-body ProKin 8 weeks APT, ML—
CG: Stable surface training = 3) Sponge PK200 model dynamic CG: PLe, AGP—, MSe,
4) Trampoline balance test AP<, ML
15 Zemkova and 34 Basketball Female E.G.: 209 + E.G.,: Combined agility- 1) Wobble boards Static balance test: 4-5times/Week, E.G.,: Bipedal stance on
Hamar (2010) player 2.4 years balance training on wobble 1) Eyes open and closed 6 weeks wobble board with eyes
CG: 212 boards Bipedal stance on stable open and closed |
2.8 years CG: Combined agility- platform
balance training on stable 2) Eyes open and closed
surface Bipedal stance on wobble
boards
16 Hammami et al. 31 Handball player Male PS: 162 £ 0.6 = E.G., (PS): plyometrics 1) On sand surface Dynamic balance test: 3 times/Week, Y Balance Test
(2020) PS:11 P:16.4 £ 0.5 | training on sand surface 1) Y Balance Test 7 weeks E.G., (PS): right leg, RL/
P:10 C: 16,5+ 04  CG (P): Standard Static balance test: LT, RL/BT, RL/Re; left
C:10 plyometrics training on a 2) Stork Balance Test leg, RL/L«, RL/BT, RL/
stable surface R<;CG (P): right leg, RL/
CG (C): A standard in LT, RL/BT, RL/Re; left
season regimen leg, RL/Le, RL/BT, RL/
RT;CG (C): right leg, RL/
Lo, RL/BT, RL/Re; left
leg, RL/L<, RL/BT, RL/
Re
Stork Balance Test:
E.G., (PS): right leg[; left
leg?
CG (P): right legT; left
leg?
CG (C): right legT;
left legT
17 Eisen et al. (2010) 36 Volleyball and Mixed: 18-22 years E.G., (DD): Balance 1) Uniaxial on a rocker board | Dynamic balance test: 3 times/Week, Between-group
Soccer players Female and training with uniaxial on a = [RB] 1) Star excursion balance 4 weeks E.G.,(DD), E.G., (RB) and
Male rocker board 2) Multiaxial on a test (SEBT) CG (CON) differences at
E.G., (RB): Balance training =~ dynadisc [DD] post-test: SEBTT
with multiaxial on a
dynadisc
CG (CON): No training
18 Gidu et al. (2022) 96 Soccer player Male E.G.: 142 £ | E.G.: Proprioceptive 1) BOSU ball Static balance test: 4 times/Week, E.G.: 1) Single-leg
0.4 years training on Bosu ball 1) Single-leg stance 8 weeks stance|
CG: 14.0 = CG: Normal program 2) Double-leg stance 2) Double-leg stance T
0.0 years 3) Tandem stance 3) Tandem stance]
4) Total BESS score 4) Total BESS scorel
19 24 Soccer players Male 15 + 1 year
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TABLE 3 (Continued) Participant, intervention, and main outcome for the 20 studies.
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Note: NR, not reported; yrs, years; Exp, sports experience; M, male; F, female; Freq, frequency; reps, repetitions; EG, experimental group; CG, control group; IRT, instability resistance training; T significant within-group improvement; < non-significant within-group.
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3.3 Participant characteristics

Table 3 shows the characteristics of participants, intervention,
and outcomes for the 20 studies. 1) Classification by athletes.
6 articles were on soccer players (Makhlouf et al, 2018; Negra
et al., 2017; Wee and Fatt, 2019; Gidu et al., 2022; Granacher et al,,
2015; Chaouachi et al., 2017); basketball players of 2 articles (Thielen
et al, 2020; Zemkova and Hamar, 2010); handball players of
2 articles (Hammami et al, 2022; Hammami et al, 2020);
weightlifters of 2 articles (Kang et al, 2013; Hammami et al,
2023), volleyball combined soccer players of 2 articles (Oliver
and Brezzo, 2009; Eisen et al,, 2010), judo athletes of 1 article
(Norambuena et al., 2021), archery athletes of 1 article (Prasetyo
et al., 2023), rhythmic gymnasts of 1 article (Cabrejas Mata et al.,
2022), badminton players of 1 article (Zhao et al., 2021), including
sprinters of 1 article (Romero-Franco et al,, 2012), gymnasts of
1 article (Gonener and Gonener, 2020). 2) Participant, gender, and
age. The total number of athletic subjects was 664 (459 males,
157 females, and 48 no reported gender). Among the 20 studies,
18 articles reported the classification of age means, including below
10 years old in 1 article (Gonener and Gonener, 2020), 10-15 years
old in 9 articles (Kang et al., 2013; Makhlouf et al., 2018; Cabrejas
Mata et al., 2022; Negra et al., 2017; Hammami et al.,, 2023; Gidu
et al., 2022; Granacher et al., 2015; Chaouachi et al., 2017;
Norambuena et al.,, 2021), 16-20 years old of 7 articles (Zhao
et al., 2021; Thielen et al., 2020; Wee and Fatt, 2019; Hammami
et al., 2022; Oliver and Brezzo, 2009; Zemkova and Hamar, 2010;
Hammami et al., 2020), above 20 years old of 1 article (Romero-
Franco et al., 2012). However, 20 articles have already covered the
age of 7-20 for young athletes, and a few of the 20 studies reported
under 10 years old and above 20 years old. The detail is shown
in Table 3.

3.4 The type of instability intervention

Table 3 shows the type of instability intervention, unstable
environment or surface, duration, and frequency for the
20 studies. These interventions of IRT included Instability
suspension training of 3 articles (Norambuena et al, 2021;
Thielen et al., 2020; Prasetyo et al, 2023), Instability balance
training of 1 article (Kang et al,, 2013), Combined balance and
plyometric training (IRT is a part of the program) of 1 article
(Makhlouf et al., 2018), Integrated functional core and plyometric
training (IRT is a part of the program) of 1 article (Cabrejas Mata
etal,, 2022), Integrative neuromuscular training (IRT is a part of the
program) of 1 article (Zhao et al, 2021), Unstable performed
combined plyometric training (PTC) of 1 article (Negra et al,
2017), Proprioceptive training program on BOSU and Swiss ball
of 2 article (Romero-Franco et al., 2012; Gidu et al., 2022), Soccer
program supplementary Swiss Ball Training (SBT) of 1 article (Wee
and Fatt, 2019), Supplemental jump and sprint exercise training on
sand of 1 article (Hammami et al, 2022), Instability resistance
training (2 sets x 8, 20% (1RM)) of 1 article (Hammami et al.,
2023), Functional balance training for volleyball player of 1 article
(Oliver and Brezzo, 2009), Unstable surface training of 1 article
(Gonener and Gonener, 2020), Combined agility-balance training
on wobble boards of 1 article (Zemkovd and Hamar, 2010),
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Plyometrics training on sand surface of 1 article (Hammami et al.,
2020), Balance training with uniaxial on a rocker board of 1 article
(Eisen et al., 2010), Unstable plyometric training (IPT) of 1 article
(Granacher et al, 2015), and Alternated balance and plyometric
exercises with unstable surface of 1 article (Chaouachi et al., 2017).

In the type of unstable surface or environment, a common
feature is that separating or integrating training with instability
intervention used unstable surface or environment for each
intervention or training activity. Among the 20 studies, 6 articles
reported the unstable environments of Swiss ball, including only
using Swiss ball of 2 articles (Kang et al., 2013; Wee and Fatt, 2019),
combined using Swiss ball with other unstable environments of
4 articles (Makhlouf et al., 2018; Zhao et al., 2021; Romero-Franco
et al., 2012; Chaouachi et al.,, 2017), also 6 articles reported the
unstable environments of BOSU, including only using BOSU of
2 articles (Prasetyo et al., 2023; Gidu et al., 2022), combined using
BOSU with other unstable environments of 4 article (Cabrejas Mata
et al, 2022; Zhao et al, 2021; Gonener and Gonener, 2020;
Chaouachi 2017),
environments of Wobble boards, including only using Wobble
boards of 2 article (Zemkovd and Hamar, 2010; Oliver and
Brezzo, 2009), combined using Wobble boards with other
unstable environments of 6 articles (Makhlouf et al., 2018; Zhao
et al, 2021; Negra et al, 2017; Gonener and Gonener, 2020;
Granacher et al,, 2015; Chaouachi et al., 2017). Moreover, among
the 20 studies, except for the Swiss ball, BOSU, and Wobble boards,
two articles reported the unstable environments of the Suspension
trainer (Norambuena et al., 2021; Thielen et al., 2020), the Elastic
band strap of 1 article (Makhlouf et al., 2018), Thera-Band stability
trainer and Togu® Aero Step of 3 articles (Negra et al, 2017;
Hammami et al., 2023; Granacher et al., 2015), the Sand surface
of 2 articles (Hammami et al., 2020; Hammami et al., 2022), Foam

et al, 8 articles reported the unstable

surface and Sponge of 2 articles (Gonener and Gonener, 20205
Chaouachi et al, 2017), Trampoline of 1 article (Gonener and
Gonener, 2020), and Uniaxial on a rocker board and Multiaxial
on a dyna-disc of 1 article (Eisen et al., 2010).

As for duration, 18 out of 20 articles reported the duration of IRT
intervention, and only two articles did not report duration (Prasetyo
et al,, 2023; Oliver and Brezzo, 2009), including ten articles on 8 weeks
(Kang et al., 2013; Makhlouf et al., 2018; Cabrejas Mata et al., 2022;
Zhao et al,, 2021; Negra et al., 2017; Hammami et al., 2023; Gonener
and Gonener, 2020; Gidu et al., 2022; Granacher et al., 2015; Chaouachi
et al.,, 2017), four articles on 6 weeks (Thielen et al., 2020; Romero-
Franco et al., 2012; Wee and Fatt, 2019; Zemkova and Hamar, 2010),
two articles on 7 weeks (Hammami et al., 2022; Hammami et al., 2020),
1 article on 5 weeks (Norambuena et al., 2021), and 1 article on 4 weeks
(Eisen et al, 2010). The above 20 references have shown that a
4-8 weeks short-term duration of IRT intervention could improve
balance ability for different sports athletes.

Regarding frequency, the typical training frequency was 2-5 per
week. Among these studies, six studies’ training frequency was three
times per week (Cabrejas Mata et al., 2022; Romero-Franco et al.,
2012; Hammami et al, 2022; Gonener and Gonener, 2020;
Hammami et al, 2020; Eisen et al, 2010); 4 studies’ training
frequency was two times per week (Makhlouf et al., 2018; Wee
and Fatt, 2019; Granacher et al., 2015; Chaouachi et al., 2017);
4 studies’ training frequency was four times per week (Thielen et al.,
2020; Zhao et al., 2021; Oliver and Brezzo, 2009; Gidu et al., 2022);
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2 studies’ training frequency was five times per week (Norambuena
etal, 2021; Hammami et al., 2023); 1 studies’ training frequency was
3-5 times per week (Negra et al., 2017); 1 studies’ training frequency
was 4-5 times per week (Zemkovd and Hamar, 2010); and the
remaining two studies’ training frequency was unknow times per
week (Kang et al,, 2013; Prasetyo et al., 2023).

4 Qutcome

The division of balance ability can be shown in Table 4. According
to the balance ability classification theory in the field of sports training,
there is one general category for balance ability (Tian, 2006; Michael,
2016; Deng et al., 2018). Among them, there are three subcategories in
the balance ability type of general category: 1) Reciprocal balance
ability, 2) Static balance ability, and 3) Dynamic balance ability.
Therefore, this study systematically summarized and analyzed the
results of 20 papers based on the general category and subcategories of
balance ability mentioned above. The detail is shown in Table 4.

4.1 Effect of IRT on reciprocal balance ability

Table 3 shows that three studies have explored the effect of IRT
intervention on reciprocal balance ability among ten judo athletes
(Norambuena et al., 2021), 33 sprinters (Romero-Franco et al,
2012), and 32 pre-pubertal weightlifters (Hammami et al.,, 2023).
One article showed t that there was no significant difference between
the pre and post-test of the experimental group of judo athletes in
the prone balance test for reciprocal balance ability (0.70 + 0.48 vs.
0.40 £ 0.52, p > 0.05) (Norambuena et al., 2021). Meanwhile, in
another study, the participants were track and field athletes.
Between-group comparison, E.G., and C.G., the study results
showed that it is significant differences in improved reciprocal
balance ability in terms of XEO (E.G.: -0.78 + 4.31 vs. C.G.:
2.30 + 2.75, p < 0.01), the position of the gravity center in the
posterior (E.G., 69.75 + 18.20 vs. C.G.: 54.71 + 17.68, p < 0.05) and
suitable (E.G.,: 63.31 £ 17.15 vs. C.G.: 49.71 £ 23,087, p < 0.05)
direction test after proprioceptive training program on BOSU and
Swiss ball (Romero-Franco et al., 2012). The result of the third study
showed a statistically significant difference between the two
experimental groups for pubertal weightlifters’ reciprocal balance
ability on CoP displacements of the center of pressure oscillation
test: CoP S.A. (IRT1: 1940.17 vs. 548.21, p > 0.01; IRT2: 2,158.47 vs.
692.80, p > 0.01), CoP X (IRT1: 2,110.29 vs. 1,687.12, p > 0.05; IRT2:
2,134.54 vs. 1,690.68, p > 0.05), CoP Y (IRT1: 2,110.78 vs. 1728.89,
p > 0.05; IRT2: 2,247.15 vs. 1936.52, p > 0.05), CoP V (IRT1:
63.61 vs. 50.76, p > 0.05) (Hammami et al., 2023).

4.2 Effect of IRT on static balance ability

Table 3 shows that IRT intervention impacts static balance
ability: one-leg standing with open and closed eyes stable and
unstable test, Biodex balance test (eyes open and closed Bipedal
stance test), and the stork stand test. Three studies show that IRT
intervention can provide instability resistance training, which can
help improve static balance ability for weightlifters (Kang et al.,
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TABLE 4 The general, subcategories, and test method of balance ability.

General Subcategories

Category

10.3389/fphys.2024.1434918

Main representative test methods

Type of balance ability Reciprocal balance ability

(1) Postural stability balance
(2) Center of gravity test
(3) CoP displacements of the center of pressure oscillation test

Static balance ability

Dynamic balance ability

2013), rhythmic gymnasts (Cabrejas Mata et al, 2022), soccer
players (Gidu et al, 2022) in one-leg standing with open and
closed eyes stable and unstable test. However, one article shows
no significant difference in one-leg standing balance for soccer
players after IRT training (Granacher et al., 2015). Similar to the
one-leg standing balance test, three studies have explored the effect
of the IRT program on the Bipedal (double-leg) stance test. Two
studies found that IRT intervention can improve (double-leg) stance
static balance ability for Basketball players (Zemkova and Hamar,
2010) and soccer players (Gidu et al., 2022). However, after the IRT
training, Oliver and Brezzo found no significant difference in the
Biodex balance test for volleyball and soccer players (Oliver and
Brezzo, 2009). Moreover, the stork stand test result is mostly for
static balance ability. Six studies showed statistically significant
within-group differences for the pre and post-test of the
experimental group. Between-group were noted for the stork
stand the test of static balance ability among archery athletes
(Prasetyo et al., 2023), soccer players (Makhlouf et al, 2018;
Negra et al, 2017; Chaouachi et al, 2017), handball player
(Hammami et al, 2022; Hammami et al, 2020). Only two
articles showed no significant difference for soccer players (Wee
and Fatt, 2019; Negra et al., 2017) in the stork stand test of static
balance ability between the experimental and control groups.

4.3 Effect of IRT on dynamic balance ability

Table 3 shows that IRT intervention has an impact on the
following aspects of dynamic balance ability: Y balance test, Star
excursion balance test (SEBT), single-leg side hop test, four-step
square test (FSST), Tecno-body ProKin PK200 model dynamic
balance test. In this study, five studies show that IRT intervention
can provide instability resistance training, which can help improve
dynamic balance ability in Y balance test for judo athletes
(Norambuena et al., 2021), soccer player (E.G.,: P < 0.01, d = 1.20;
C.G.: P =0.18, d = 0.28) (Makhlouf et al., 2018), soccer player (both
ABPT and BBPT experimental groups) (Chaouachi et al, 2017),
handball player (Hammami et al., 2022), handball player (right leg,
RL/L, RL/B; left leg, RL/B); (Hammami et al, 2020). A total of
2 articles showed a statistically significant difference in
participants’ dynamic balance ability in the Star excursion balance
test (SEBT) for mixed volleyball and soccer players (Eisen et al., 2010)
and soccer players (Granacher et al., 2015). However, 1 article showed
no statistically significant difference in participants’ dynamic balance

ability in the Star excursion balance test (SEBT) for basketball players
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(1) The stork stand test
(2) One-leg standing with open or closed eyes balance test
(3) Bipedal (double-leg) stance test

(1) Star excursion balance test (SEBT)
(2) Y Balance Test

after the IRT training (Thielen et al,, 2020). Other dynamic balance
ability testing methods were used in the following two articles. One
study examined the significant improvement impact of IRT for the
dynamic balance ability of, E.G.,1 and, E.G.,2 with BOSU, Swiss ball,
and Balance board for Single-leg side hop test (Left single-leg side hop,
Right single-leg side hop) of 38 badminton players (17 + 1.1 years)
(Zhao et al., 2021). Another article revealed that the soccer program
supplementary Swiss Ball Training (SBT) intervention did provide
additional benefit to the dynamic balance ability for The step square
test (FSST) of 19 soccer players (20 + 1.73 years) (Wee and Fatt, 2019).

5 Discussion

The review included 20 studies involving diverse athletes and
IRT interventions. The outcomes assessed in these studies varied for
balance abilities. IRT is the process of creating an “unstable”
platform by altering the stability of the support surface,
imbalanced movement symmetry, and the occurrence of
unexpected external forces that cause internal or external force
imbalances in the body ((Behm et al., 2010). The findings of this
systematic review provide robust evidence supporting the positive
effects of IRT intervention on reciprocal, static, and dynamic balance
ability among athletes. These findings are essential for developing

targeted IRT programs to promote balance abilities.

5.1 Effect of IRT on reciprocal balance ability

Three studies empirically showed that IRT separately or
integrating other training could significantly
improve judo athletes in prone balance test for reciprocal balance

interventions

ability (Norambuena et al., 2021), track and field athletes’ reciprocal
balance ability in terms of position of the gravity center direction test
after proprioceptive training program on BOSU and Swiss ball
2012),
reciprocal balance ability on CoP displacements of the center of
pressure oscillation test (Hammami et al., 2023).

(Romero-Franco et al, and pubertal weightlifters’

The reasonable explanation for the results in which IRT
intervention could significantly improve the reciprocal balance
ability of the three studies is as follows. Firstly, the reciprocal
balance ability refers to the kind of balance ability of the human
body to evenly distribute the weight of the body to the fulcrums of
the body, such as the force on both feet during standing time and
whether the force on both buttocks is even during sitting position
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(Evangelidis et al., 2016). The human body maintains balance
through complex visual, vestibular, and proprioceptive systems
(Bliss and Teeple, 2005). Reciprocal balance ability plays a crucial
role in maintaining the stability of human posture and preventing
falls. It especially maintains stability in the hip, knee, and ankle joints
(Martino et al., 2023). Secondly, some research reports by scientists
indicated that among subjects trained on unstable and stable
surfaces, those trained on stable surfaces have poorer reciprocal
balance abilities (Hirase et al., 2015). In addition, one of the essential
interpretation criteria for reciprocal balance ability development is
to activate visual and sensory-motor units by training on unstable
surfaces and to adapt the body sway and body stability to these
surfaces (Gonener and Gonener, 2020).

5.2 Effect of IRT on static balance ability

Eleven studies show that IRT can improve static balance ability
for weightlifter (Kang et al.,, 2013), rhythmic gymnast (Cabrejas
Mata et al., 2022), soccer player (Gidu et al, 2022) in one-leg
standing with open and closed eyes stable and unstable test,
Bipedal (double-leg) stance test of static balance ability for
Basketball player (Zemkova and Hamar, 2010), and soccer player
(Gidu et al,, 2022), and stork stand test of static balance ability about
archery athletes (Prasetyo et al., 2023), soccer player (Makhlouf
et al., 2018; Negra et al,, 2017; Chaouachi et al., 2017), handball
player (Hammami et al., 2022; Hammami et al., 2020).

The possible and reasonable explanations for IRT could
significantly improve athletes’ static balance ability of one-leg
standing with open and closed eyes test, Bipedal (double-leg)
stance test, and stork stand test are as follows. Firstly, the static
balance ability refers to the ability of the human body to maintain a
specific posture for a particular duration of time in a relatively static
state, such as standing, standing upside down, archery, and other
movements that are all static balance ability (Hrysomallis, 2007). In
addition, the IRT training program consists of continuous unstable
surface exercises in different unstable environments, improved static
postural control, and hip, knee, and ankle joint strength production in
athletes. The moderate instability of the unstable surface resulted in
greater muscle activation than performing exercises on the floor
(stable surface) (Gao et al., 2024). However, based on Table 3, four
articles found that IRT has not improved static balance ability and no
significant difference in one-leg standing balance for soccer players
(Granacher et al., 2015; Wee and Fatt, 2019; Negra et al., 2017), and
Biodex balance test for volleyball and soccer player (Oliver and
Brezzo, 2009). The possible explanation is that the training
duration and frequency were relatively short (only two times per
week) or maybe that only a tiny portion of the training actions in the
intervention used an unstable surface or environment, and a small
amount of unstable intervention resulted in no significant difference
in static balance ability between the, E.G., and C.G. groups.

5.3 Effect of IRT on dynamic balance ability

In this study, nine studies show that IRT can help improve
dynamic balance ability in Y balance test for judo athletes
(Norambuena et al.,, 2021), soccer player (Makhlouf et al., 2018;
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Chaouachi et al, 2017), handball player (Hammami et al., 2022;
Hammami et al., 2020), star excursion balance test (SEBT) for mixed
volleyball and soccer players (Eisen et al., 2010), soccer players
(Granacher et al,, 2015), single-leg side hop test for badminton
players (Zhao et al., 2021), and four step square test (FSST) of soccer
players (Wee and Fatt, 2019).

Perhaps the main reason for this result is that young athletes
of different genders participating in IRT can affect their dynamic
balance ability as follows. Research in biomedical fields highlights
that hormonal differences significantly affect musculoskeletal
structure and function, influencing dynamic balance and
overall stability. For instance, conditions such as adolescent
idiopathic scoliosis and osteoporosis, which occur more
frequently in females, can impair postural control and balance
due to altered spinal alignment and reduced bone density (Biz
et al., 2006). Similarly, ligamentous injuries, such as ACL tears,
are more prevalent in female athletes due to differences in
ligament laxity and neuromuscular control, further affecting
dynamic stability during high-intensity movements (Hewett
et al., 2006).

Thus, firstly, the dynamic balance ability refers to the ability
of the human body to control body posture during movements,
such as Trampoline, Stunts, and Ice dance, all of which require
athletes to have good dynamic balance ability (Chtara et al,
2016). Secondly, the possible reason is that to complete
different IRT interventions (such as instability suspension
training, balance training, combined balance, and plyometric
training, unstable performed combined plyometric training, a
proprioceptive training program on BOSU and Swiss ball, and
supplemental jump and sprint exercise training on the sand and
so on), the athlete needs not only the muscle strength of the core
part to perform contraction but also the dynamic balance ability
(depends on the comprehensive coordination ability of the
human body to stimuli from vestibular organs, proprioceptive
receptors composed of muscles, tendons, joints, and visual
organs) to perform working together to complete the action
above. Therefore, the influence of the dynamic balance ability
of the athlete’s body is that many complex factors work together
that leads to this result (Wang et al.,, 2016). Last but not least,
exercising on a relatively unstable surface increased the dynamic
balance ability parameters of the experimental group, which may
be explained by the fact that unstable training improved the
supplementation patterns of deep and small muscle groups.
Therefore, a high correlation coefficient exists between
enhancing muscle activity and unstable environments (Lago-
Fuentes et al., 2018; Gibbons and Bird, 2019). In addition,
even though the, E.G., and C.G. groups performed similar
exercises, those carried out on unstable surfaces can stimulate
neural adaptation, improve neuro-muscular recruitment, enable
the effective synchronization of motor units, lower neuro-
inhibitory reflexes, and facilitate adequate proprioceptive
feedback information for subjects’ dynamic balance ability
(Hirase et al., 2015). Moreover, the reasonable explanation of
the only 1 article’s results was not statistically significant in
participants’ dynamic balance ability in the Star excursion
balance test (SEBT) for basketball players after instability
suspended load training, and the possible explanation is that
the training cycle is relatively short just 6 weeks.
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6 Limitations

This review has a few limitations that need to be highlighted. 1)
The current literature does not investigate the impact of the IRT
program on other balance ability parameters such as the center of
gravity balance, visual balance, and nervous system balance. Future
research in this IRT intervention should address these aspects to
acquire a deeper understanding. 2) The existing studies focus on the
unstable surfaces of the environment or IRT, mainly using Swiss and
BOSU. Therefore, future studies should develop other new unstable
surfaces or environments, such as water, snow, sand surfaces, elastic
bands, and suspension instability methods and environments. 3)
Most interventions (80%-90%) in the included studies were unstable
training interventions combined with other training methods, and
there are not many IRT intervention methods in the literature for
balance ability. Future studies should develop single IRT
interventions for athletes in different events. 4) In the research
results of the literature, there was a lack of analysis of covariance on
the impact of IRT on balance ability for different athletes.

7 Conclusion

This systematic review of IRT on reciprocal, static, and dynamic
balance ability among athletes provided evidence and materials that
unstable surface training could improve the balance ability of judo
athletes, basketball players, weightlifters, archery athletes, soccer
players, rhythmic gymnasts, badminton Players, track and field
athletes, handball players, volleyball players, and gymnasts using
unstable surfaces or environments (i.e., BOSU, Swiss ball, Wobble
boards, Suspension trainer, Sissel pillows, Inflated disc and foam
surface, Airex balance pad, Togu power ball, Thera-Band, Elastic
band strap, Sand surface and so on). Theoretically, this study
indicated that IRT is an improvement training method for
activating deep layers and small muscles of the human body,
enhancing coordination between agonistic and antagonistic
muscles, and improving nerve vestibule, proprioceptive sense,
and visual sense for the Equilibrium Triad System of Balance
Ability. Therefore, this review suggests that IRT should be
considered in athletes’” daily training routines for balance ability.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding author.

References

Behm, D. G, Drinkwater, E. J., Willardson, J. M., and Cowley, P. M. (2010). The use of
instability to train the core musculature. Appl. Physiol., Nutr., Metab. 35 (1), 91-108.
doi:10.1139/H09-127

Biz, C., Khamisy-Farah, R,, Puce, L., Szarpak, L., Converti, M., Ceylan, H. 1, et al.
(2006). Investigating and practicing orthopedics at the intersection of sex and gender:
understanding the physiological basis, pathology, and treatment response of orthopedic
conditions by adopting a gender lens: a narrative overview. Biomedicines 12 (5),
974-1022. doi:10.3390/biomedicines12050974

Frontiers in Physiology

12

10.3389/fphys.2024.1434918

Author contributions

JG: Conceptualization, Data curation, Formal Analysis,
Investigation, Methodology, Project administration, Resources,
Validation,
Writing-review

Software, Supervision, Visualization,
draft, editing. XF:
Investigation, Methodology, Project administration, Resources,
HX:
Validation, Visualization, Writing-original draft. QG: Software,
Validation,

editing. XW: Conceptualization, Data curation, Formal Analysis,

Writing-original and

Writing-review and editing. Software, Supervision,

Supervision, Visualization, Writing-review and

Software, Writing—original draft.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

Acknowledge all subjects who participated in this study.

Conflict of interest

The authors declare that the research was conducted without
any commercial or financial relationships that could be construed as
a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphys.2024.1434918/
full#supplementary-material

Bliss, L. S., and Teeple, P. (2005). Core stability: the centerpiece of any
training program. Curr. Sports Med. Rep. 4 (3), 179-183. doi:10.1007/s11932-
005-0064-y

Bouteraa, I, Negra, Y., Shephard, R. J., and Chelly, M. S. (2020). Effects of combined
balance and plyometric training on athletic performance in female basketball players.
J. Strength and Cond. Res. 34 (7), 1967-1973. doi:10.1519/JSC.0000000000002546

Cabrejas Mata, C., Morales, J., Solana-Tramunt, M., Nieto Guisado, A., Badiola, A.,
and Campos-Rius, J. (2022). Does 8 Weeks of integrated functional core and plyometric

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphys.2024.1434918/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphys.2024.1434918/full#supplementary-material
https://doi.org/10.1139/H09-127
https://doi.org/10.3390/biomedicines12050974
https://doi.org/10.1007/s11932-005-0064-y
https://doi.org/10.1007/s11932-005-0064-y
https://doi.org/10.1519/JSC.0000000000002546
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2024.1434918

Gao et al.

training improve postural control performance in young rhythmic gymnasts? Mot.
Control 26, 568-590. doi:10.1123/mc.2022-0046

Chang, W.-D., Chou, L.-W., Chang, N.-]J,, and Chen, S. (2020). Comparison of
functional movement screen, star excursion balance test, and physical fitness in junior
athletes with different sports injury risk. BioMed Res. Int. 2020, €8690540. doi:10.1155/
2020/8690540

Chaouachi, M., Granacher, U., Makhlouf, I, Hammami, R, Behm, D. G., and
Chaouachi, A. (2017). Within session sequence of balance and plyometric exercises
does not affect training adaptations with youth soccer athletes. J. Sports Sci. Med. 16,
125-136. Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5358022/.

Chtara, M., Rouissi, M., Bragazzi, N., Owen, A., Haddad, M., and Chamari, K. (2016).
Dynamic balance ability in young elite soccer players: implication of isometric strength.
J. Sports Med. Phys. Fit. 58, 414-420. doi:10.23736/S0022-4707.16.06724-4

Colorado, H. A, Velasquez, E. I. G., and Monteiro, S. N. (2020). Sustainability of
additive manufacturing: the circular economy of materials and environmental
perspectives. J. Mater. Res. Technol. 9 (4), 8221-8234. doi:10.1016/j.jmrt.2020.04.062

Cotellessa, F., Bragazzi, N. L., Trompetto, C., Marinelli, L., Mori, L., Faelli, E., et al.
(2024). Improvement of motor task performance: effects of verbal encouragement and
music—key results from a randomized crossover study with electromyographic data.
Sports 12 (8), 210-215. doi:10.3390/sports12080210

Cug, M., Ak, E,, Ozdemir, R. A., Korkusuz, F., and Behm, D. G. (2012). The effect of
instability training on knee joint proprioception and core strength. J. Sports Sci. and
Med. 11 (3), 468-474. Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3737939/.

Deng, S., Wang, J., Qiao, D., and Hao, X. (2018). Exercise physiology textbook for sport
major college students. China: China Higher Education Press. Available at: https://www.
hep.edu.cn.

Eisen, T. C., Danoff, J. V., Leone, J. E., and Miller, T. A. (2010). The effects of
multiaxial and uniaxial unstable surface balance training in college athletes. J. Strength
and Cond. Res. 24 (7), 1740-1745. doi:10.1519/JSC.0b013e3181e2745f

Evangelidis, P. E., Massey, G. J., Pain, M. T. G., and Folland, J. P. (2016). Strength and
size relationships of the quadriceps and hamstrings with special reference to reciprocal
muscle balance. Eur. J. Appl. Physiology 116 (3), 593-600. doi:10.1007/s00421-015-
3321-7

Gao, J., Abdullah, B. B., Dev, R. D. O., Guo, Q., and Lin, X. (2023). Effect of instability
resistance training on sports performance among athletes: a systematic review. Revista
de Psicologia Del Deporte Journal Sport Psychol. 32 (3). Available at: https://rpd-online.
com/index.php/rpd/article/view/1455.

Gao, J., Abdullah, B. B., and Omar Dev, R. D. (2024). Effect of instability resistance
training on core muscle strength among athletes: a systematic review. Int. J. Hum. Mov.
Sports Sci. 12 (2), 391-402. doi:10.13189/saj.2024.120214

Gebel, A., Prieske, O., Behm, D. G., and Granacher, U. (2020). Effects of balance
training on physical fitness in youth and young athletes: a narrative review. Strength and
Cond. J. 42 (6), 35-44. doi:10.1519/SSC.0000000000000548

Gibbons, T. J., and Bird, M.-L. (2019). Exercising on different unstable surfaces
increases core abdominal muscle thickness: an observational study using real-time
ultrasound. J. Sport Rehabilitation 28 (8), 803-808. doi:10.1123/jsr.2017-0385

Gidu, D. V., Badau, D, Stoica, M., Aron, A., Focan, G., Monea, D., et al. (2022). The
effects of proprioceptive training on balance, strength, agility and dribbling in
adolescent male soccer players. Int. J. Environ. Res. Public Health 19 (4), 2028.
doi:10.3390/ijerph19042028

Gonener, U., and Génener, A. (2020). How balance training on different types of
surfaces effect dynamic balance ability and postural sway of gymnast children? Prog.
Nutr. 22, 131-137. Scopus. doi:10.23751/pn.v22i1-5.9806

Granacher, U,, Prieske, O., Majewski, M., Biisch, D., and Muehlbauer, T. (2015). The
role of instability with plyometric training in sub-elite adolescent soccer players. Int.
J. Sports Med. 36 (05), 386-394. doi:10.1055/s-0034-1395519

Hammami, M., Bragazzi, N. L., Hermassi, S., Gaamouri, N., Aouadi, R., Shephard, R.
J., et al. (2020). The effect of a sand surface on physical performance responses of junior
male handball players to plyometric training. BMC Sports Sci. Med. Rehabilitation 12
(1), 26. doi:10.1186/s13102-020-00176-x

Hammami, M., Gaamouri, N., Ramirez-Campillo, R., Aloui, G., Shephard, R. J., Hill,
L., et al. (2022). Effects of supplemental jump and sprint exercise training on sand on
athletic performance of male U17 handball players. Int. J. Sports Sci. and Coach. 17 (2),
376-384. doi:10.1177/17479541211025731

Hammami, R., Nobari, H., Hanen, W., Gene-Morales, J., Rebai, H., Colado, J. C., et al.
(2023). Exploring of two different equated instability resistance training programs on
measure of physical fitness and lower limb asymmetry in pre-pubertal weightlifters.
BMC Sports Sci. Med. Rehabilitation 15 (1), 40. doi:10.1186/s13102-023-00652-0

Hewett, T. E., Ford, K. R., and Myer, G. D. (2006). Anterior cruciate ligament injuries
in female athletes: Part 2, a meta-analysis of neuromuscular interventions aimed at
injury prevention. Am. J. sports Med. 34 (3), 490-498. doi:10.1177/0363546505282619

Hirase, T., Inokuchi, S., Matsusaka, N., and Okita, M. (2015). Effects of a balance
training program using a foam rubber pad in community-based older adults: a
randomized controlled trial. J. Geriatric Phys. Ther. 38 (2), 62-70. doi:10.1519/JPT.
0000000000000023

Frontiers in Physiology

13

10.3389/fphys.2024.1434918

Hrysomallis, C. (2007). Relationship between balance ability, training and sports
injury risk. Sports Med. Auckl. N.Z. 37 (6), 547-556. doi:10.2165/00007256-200737060-
00007

Kang, S. H,, Kim, C. W,, Kim, Y. I, Kim, K. B, Lee, S. S, and Shin, K. O. (2013).
Alterations of muscular strength and left and right limb balance in weightlifters after an
8-week balance training program. J. Phys. Ther. Sci. 25 (7), 895-900. Scopus. doi:10.
1589/jpts.25.895

Kibele, A., and Behm, D. G. (2009). Seven weeks of instability and traditional
resistance training effects on strength, balance and functional performance.
J. Strength and Cond. Res. 23 (9), 2443-2450. doi:10.1519/JSC.0b013e3181bf0489

Krzysztofik, M., Wilk, M., Wojdala, G., and Gotas, A. (2019). Maximizing muscle
hypertrophy: a systematic review of advanced resistance training techniques and
methods. Int. J. Environ. Res. Public Health 16 (24), 4897. Article 24. doi:10.3390/
ijerph16244897

Lago-Fuentes, C., Rey, E., Padron-Cabo, A., Sal de Rellan-Guerra, A., Fragueiro-
Rodriguez, A., and Garcia-Nufiez, J. (2018). Effects of core strength training using stable
and unstable surfaces on physical fitness and functional performance in professional
female futsal players. J. Hum. Kinet. 65 (1), 213-224. Article 1. doi:10.2478/hukin-2018-
0029

Makhlouf, 1., Chaouachi, A., Chaouachi, M., Ben Othman, A., Granacher, U., and
Behm, D. G. (2018). Combination of agility and plyometric training provides similar
training benefits as combined balance and plyometric training in young soccer players.
Front. Physiology 9, 1611. doi:10.3389/fphys.2018.01611

Martino, G., Beck, O. N., and Ting, L. H. (2023). Voluntary muscle coactivation
in quiet standing elicits reciprocal rather than coactive agonist-antagonist control
of reactive balance. J. Neurophysiology 129 (6), 1378-1388. doi:10.1152/jn.00458.
2022

Mehrpuya, N., and Moghadasi, M. (2019). Effects of instability versus high-volume
resistance training on thigh muscle cross-sectional area and hormonal adaptations.
J. Phys. Activity Hormones 3 (1), 1-18. Available at: https://journals.iau.ir/article_
665355.html.

Michael, B. (2016). New functional training for sports. 2nd Edition. Human Kinetics.

Negra, Y., Chaabene, H., Sammoud, S., Bouguezzi, R., Mkaouer, B., Hachana, Y., et al.
(2017). Effects of plyometric training on components of physical fitness in prepuberal
male soccer athletes: the role of surface instability. J. Strength Cond. Res. 31 (12),
3295-3304. doi:10.1519/JSC.0000000000002262

Norambuena, Y., Winkler, L., Guevara, R., Lavados, P., Monrroy, M., Ramirez-
Campillo, R,, et al. (2021). 5-week suspension training program increase physical
performance of youth judokas: a pilot study (Un programa de entrenamiento de
suspension de 5 semanas incrementa el rendimiento fisico en jévenes judocas: un
estudio piloto). Retos 39, 137-142. doi:10.47197/retos.v0i39.78624

Norwood, J., Anderson, G., Gaetz, M., and Twist, P. (2007). Electromyographic
activity of the trunk stabilizers during stable and unstable bench press. J. Strength Cond.
Res./Natl. Strength and Cond. Assoc. 21, 343-347. doi:10.1519/R-17435.1

Oliver, G. D., and Brezzo, R. D. (2009). Functional balance training in collegiate
women athletes. J. Strength Cond. Res. 23 (7), 2124-2129. doi:10.1519/JSC.
0b013e3181b3dd9e

Prasetyo, H., Prasetyo, Y., and Hartanto, A. (2023). Circuit training bosu ball: effect
on balance and accuracy of archery athletes. Pedagogy Phys. Cult. Sports 27 (3), 229-234.
Article 3. doi:10.15561/26649837.2023.0307

Romero-Franco, N., Martinez-Lopez, E., Lomas-Vega, R., Hita-Contreras, F., and
Martinez-Amat, A. (2012). Effects of proprioceptive training program on core stability
and center of gravity control in sprinters. J. Strength Cond. Res. 26 (8), 2071-2077.
doi:10.1519/JSC.0b013€31823b06e6

Sarabon, N., and Kozinc, Z. (2020). Effects of resistance exercise on balance ability:
systematic review and meta-analysis of randomized controlled trials. Life 10 (11), 284.
doi:10.3390/1ife10110284

Schaal, K., Tafflet, M., Nassif, H., Thibault, V., Pichard, C., Alcotte, M., et al. (2011).
Psychological balance in high level athletes: gender-based differences and sport-specific
patterns. PLOS ONE 6 (5), €19007. doi:10.1371/journal.pone.0019007

Sekendiz, B., Cug, M., and Korkusuz, F. (2010). Effects of Swiss-ball core strength
training on strength, endurance, flexibility, and balance in sedentary women. J. Strength
and Cond. Res. 24 (11), 3032-3040. doi:10.1519/JSC.0b013e3181d82e70

Sriwarno, A. B., Shimomura, Y., Iwanaga, K., and Katsuura, T. (2008). The relation
between the changes of postural achievement, lower limb muscle activities, and balance
stability in three different deep-squatting postures. J. Physiological Anthropol. 27 (1),
11-17. doi:10.2114/jpa2.27.11

Tayshete, L., Akre, M., Ladgaonkar, S., and Kumar, A. (2020). Comparison of effect of
proprioceptive training and core muscle strengthening on the balance ability of
adolescent taekwondo athletes. 6.

Thielen, S. P., Christensen, B. K., Bond, C. W., Hackney, K. J., and Moen, J. T. (2020).
A comparison of the effects of a six-week traditional squat and suspended load squat
program in collegiate baseball players on measures of athletic performance. Int.
J. Kinesiol. Sports Sci. 8 (4), 51. doi:10.7575/aiac.ijkss.v.8n.4p51

Tian, M. (2006). Theories of sport training. Chinese Higher Education Press. Available
at: http://www.hep.edu.cn.

frontiersin.org


https://doi.org/10.1123/mc.2022-0046
https://doi.org/10.1155/2020/8690540
https://doi.org/10.1155/2020/8690540
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5358022/
https://doi.org/10.23736/S0022-4707.16.06724-4
https://doi.org/10.1016/j.jmrt.2020.04.062
https://doi.org/10.3390/sports12080210
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3737939/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3737939/
https://www.hep.edu.cn
https://www.hep.edu.cn
https://doi.org/10.1519/JSC.0b013e3181e2745f
https://doi.org/10.1007/s00421-015-3321-7
https://doi.org/10.1007/s00421-015-3321-7
https://rpd-online.com/index.php/rpd/article/view/1455
https://rpd-online.com/index.php/rpd/article/view/1455
https://doi.org/10.13189/saj.2024.120214
https://doi.org/10.1519/SSC.0000000000000548
https://doi.org/10.1123/jsr.2017-0385
https://doi.org/10.3390/ijerph19042028
https://doi.org/10.23751/pn.v22i1-S.9806
https://doi.org/10.1055/s-0034-1395519
https://doi.org/10.1186/s13102-020-00176-x
https://doi.org/10.1177/17479541211025731
https://doi.org/10.1186/s13102-023-00652-0
https://doi.org/10.1177/0363546505282619
https://doi.org/10.1519/JPT.0000000000000023
https://doi.org/10.1519/JPT.0000000000000023
https://doi.org/10.2165/00007256-200737060-00007
https://doi.org/10.2165/00007256-200737060-00007
https://doi.org/10.1589/jpts.25.895
https://doi.org/10.1589/jpts.25.895
https://doi.org/10.1519/JSC.0b013e3181bf0489
https://doi.org/10.3390/ijerph16244897
https://doi.org/10.3390/ijerph16244897
https://doi.org/10.2478/hukin-2018-0029
https://doi.org/10.2478/hukin-2018-0029
https://doi.org/10.3389/fphys.2018.01611
https://doi.org/10.1152/jn.00458.2022
https://doi.org/10.1152/jn.00458.2022
https://journals.iau.ir/article_665355.html
https://journals.iau.ir/article_665355.html
https://doi.org/10.1519/JSC.0000000000002262
https://doi.org/10.47197/retos.v0i39.78624
https://doi.org/10.1519/R-17435.1
https://doi.org/10.1519/JSC.0b013e3181b3dd9e
https://doi.org/10.1519/JSC.0b013e3181b3dd9e
https://doi.org/10.15561/26649837.2023.0307
https://doi.org/10.1519/JSC.0b013e31823b06e6
https://doi.org/10.3390/life10110284
https://doi.org/10.1371/journal.pone.0019007
https://doi.org/10.1519/JSC.0b013e3181d82e70
https://doi.org/10.2114/jpa2.27.11
https://doi.org/10.7575/aiac.ijkss.v.8n.4p51
http://www.hep.edu.cn
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2024.1434918

Gao et al.

Verhagen, A. P., de Vet, H. C. W,, de Bie, R. A,, Kessels, A. G. H., Boers, M., Bouter, L.
M., et al. (1998). The Delphi list: a criteria list for quality assessment of randomized
clinical trials for conducting systematic reviews developed by Delphi consensus. J. Clin.
Epidemiol. 51 (12), 1235-1241. doi:10.1016/S0895-4356(98)00131-0

Wang, H., Ji, Z., Jiang, G., Liu, W.,, and Jiao, X. (2016). Correlation among
proprioception, muscle strength, and balance. J. Phys. Ther. Sci. 28 (12), 3468-3472.
doi:10.1589/jpts.28.3468

Wee, E. H,, and Fatt, O. T. (2019). Effects of six weeks Swiss ball training on balance
and agility of college soccer players. J. Soc. Sci. Available at: http://psasir.upm.edu.my/
id/eprint/76500/1/JSSH%20V0l.%2027%20%2853%29.%202019%20%28View%20Full
%20Journal%29.pdf#page=113.

Wei, H.,, Ge, G., and Colbourn, C. J. (2016). The existence of well-balanced triple
systems. J. Comb. Des. 24 (2), 77-100. doi:10.1002/jcd.21508

Whitehead, P. M., and Senecal, G. (2020). Balance and mental health in NCAA
Division I student-athletes: an existential humanistic view. Humanist. Psychol. 48 (2),
150-163. do0i:10.1037/hum0000138

Winwood, P. W., Cronin, J. B., Posthumus, L. R., Finlayson, S. J., Gill, N. D., and
Keogh, J. W. L. (2015). Strongman vs. Traditional resistance training effects on
muscular function and performance. J. Strength Cond. Res. 29 (2), 429-439. doi:10.
1519/JSC.0000000000000629

Wulf, G,, and Lewthwaite, R. (2009). Conceptions of ability affect motor learning. J. Mot.
Behav. 41, 461-467. Available at: https://www.tandfonline.com/doi/abs/10.3200/35-08-083.

Frontiers in Physiology

14

10.3389/fphys.2024.1434918

Xu, J., Zeng, J, Wu, R, Wang, G, Ma, G, and Xu, F. (2020). The
Interpretation,Structural functionand application analysis of InstabilityResistance
training. J. Harbin Sport Univ. 38 (6), 78-85.

Yu, H.,, Wang, H,, Feng, C., and Jia, J. (2008). Theoretical thinking on the relationship
between core strength training and traditional strength training—core stability training.
J. TUS 23 (6), 509-511.

Zech, A., Hibscher, M., Vogt, L., Banzer, W., Hinsel, F., and Pfeifer, K.
(2010). Balance training for neuromuscular control and performance
enhancement: a systematic review. J. Athl. Train. 45 (4), 392-403. doi:10.4085/
1062-6050-45.4.392

Zemkovd, E. (2014). Sport-specific balance. Sports Med. 44, 579-590. doi:10.1007/
540279-013-0130-1

Zemkova, E., and Hamar, D. (2010). The effect of 6-week combined agility-
balance training on neuromuscular performance in basketball players. J. Sports
Med. Phys. Fit. 50 (3), 262-267. Available at: https://europepmc.org/article/med/
20842085.

Zhao, W., Wang, C., Bi, Y., and Chen, L. (2021). Effect of integrative neuromuscular
training for injury prevention and sports performance of female badminton players.
BioMed Res. Int. 2021, 5555853-5555912. doi:10.1155/2021/5555853

Zhu, C.-F., Huang, Q.-M., and Peng, J.-F. (2014). Theoretical foundation and
development of core stability training. Chin. J. Tissue Eng. Res. 18 (11), 1787-1792.
Scopus. doi:10.3969/j.issn.2095-4344.2014.11.024

frontiersin.org


https://doi.org/10.1016/S0895-4356(98)00131-0
https://doi.org/10.1589/jpts.28.3468
http://psasir.upm.edu.my/id/eprint/76500/1/JSSH%20Vol.%2027%20(S3).%202019%20(View%20Full%20Journal).pdf#page=113
http://psasir.upm.edu.my/id/eprint/76500/1/JSSH%20Vol.%2027%20(S3).%202019%20(View%20Full%20Journal).pdf#page=113
http://psasir.upm.edu.my/id/eprint/76500/1/JSSH%20Vol.%2027%20(S3).%202019%20(View%20Full%20Journal).pdf#page=113
https://doi.org/10.1002/jcd.21508
https://doi.org/10.1037/hum0000138
https://doi.org/10.1519/JSC.0000000000000629
https://doi.org/10.1519/JSC.0000000000000629
https://www.tandfonline.com/doi/abs/10.3200/35-08-083
https://doi.org/10.4085/1062-6050-45.4.392
https://doi.org/10.4085/1062-6050-45.4.392
https://doi.org/10.1007/s40279-013-0130-1
https://doi.org/10.1007/s40279-013-0130-1
https://europepmc.org/article/med/20842085
https://europepmc.org/article/med/20842085
https://doi.org/10.1155/2021/5555853
https://doi.org/10.3969/j.issn.2095-4344.2014.11.024
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2024.1434918

	The effect of instability resistance training on balance ability among athletes: a systematic review
	1 Introduction
	2 Materials and methods
	2.1 Registration on INPLASY
	2.2 Databases and keywords
	2.3 Eligibility criteria
	2.4 Search, screening, and selection processes
	2.5 Data extraction and PEDro scale assessment

	3 Results
	3.1 Article selection
	3.2 Study quality assessment
	3.3 Participant characteristics
	3.4 The type of instability intervention

	4 Outcome
	4.1 Effect of IRT on reciprocal balance ability
	4.2 Effect of IRT on static balance ability
	4.3 Effect of IRT on dynamic balance ability

	5 Discussion
	5.1 Effect of IRT on reciprocal balance ability
	5.2 Effect of IRT on static balance ability
	5.3 Effect of IRT on dynamic balance ability

	6 Limitations
	7 Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


