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Abstract: Research in instability has focused on the analysis of muscle activation. The aim of this
systematic review was to analyse the effects of unstable devices on speed, strength and muscle power
measurements administered in the form of controlled trials to healthy individuals in adulthood. A
computerized systematic literature search was performed through electronic databases. According to
the criteria for preparing systematic reviews PRISMA, nine studies met the inclusion criteria. The
quality of the selected studies was evaluated using STROBE. The average score was 14.3 points,
and the highest scores were located in ‘Introduction’ (100%) and ‘Discussion’ (80%). There is great
heterogeneity in terms of performance variables. However, instability seems to affect these variables
negatively. The strength variable was affected to a greater degree, but with intensities near to the
1RM, no differences are observed. As for power, a greater number of repetitions seems to benefit
the production of this variable in instability in the upper limb. Instability, in comparison to a
stable condition, decreases the parameters of strength, power, and muscular speed in adults. The
differences shown are quite significant in most situations although slight decreases can be seen in
certain situations.

Keywords: instability; resistance training; exercise ball; suspension training; performance

1. Introduction

Strength training under unstable conditions, as well as destabilizing devices, have
gained popularity in the last decade for athletes in order to strengthen core muscles, im-
prove balance, proprioception and increase performance [1-4]. Muscle power is considered
to be one of the main determinants of many short-term explosive sporting events [5].
Power has been defined by different authors throughout history. Bompa [6], defined mus-
cle power as the ability to perform different actions, developing maximum strength in a
short period. For this reason, power is a manifestation of the strength that most athletes in
different disciplines consider to be of greater importance for the development of certain
movements [7-12].

A potential reason for similar training-induced adaptations observed after unstable
situations compared to stable ones could be related to similar or even higher levels of mus-
cle activation in favour of unstable conditions [13,14]. In the case of the evidence shown
concerning the use of unstable situations concerning strength, power and speed, maximum
tests have been used to evaluate muscle strength; and tests to determine muscle power (i.e.,
abdominal power test, medicine ball throwing and different types of jumps) [15-20]. How-
ever, current results indicate that at least for non-elite athletes, there is a stress/strength and
power training intensity pathway that is sufficient to induce positive training adaptations.
In their review, Behm and Colado [21] reported that the average strength deficit in unstable
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situations compared to similar stable exercises was 29%. Furthermore, in healthy young
adults, strength training with low loads compared to high loads is equally effective when
improving muscle strength [22,23].

Because sport is not usually practised under stable conditions, such as throws, jumps,
changes of direction, where the body must be stabilized while a specific action is being
performed, training should try to represent the requirements of the specific sport [24-27].
Also, training under unstable conditions or unbalanced conditions can resemble training
and daily activities, providing effective transference [1]. The use of unstable training
has been proposed to improve movement specific effect through increased activation of
stabilizers and core muscles [14,25,27].

Although initially unstable surface training was reserved for rehabilitation and pre-
vention programs to reduce the rate of injury, due to the proprioceptive overload they
provide [28-31] this type of training is now included in strength and conditioning pro-
grams [10,32-34]. Currently, the use of these devices has been incorporated into traditional
exercises to promote neuromuscular coordination and recruitment but there is contro-
versy regarding the effects of this combination on sports performance and core stability
activation [27,35].

There are various ways of generating instability in the performance of exercises but
the most common has been through the use of different devices [36-39]. The use of unstable
devices in strength training has led to the development of numerous investigations focused
on the analysis of muscle activation [40-46]. Nowadays, the use of different training
methods that retain the stabilising capacity of athletes has become a common and frequent
practice. The use of specific devices to create unstable environments, such as exercise or
Swiss ball [47], the semi-sphere balance balls, like BOSU [48] and the suspension devices,
like TRX [49] have been widely used in sports centres and are widely used throughout the
population. Therefore, this review has focused on testing the use of these types of devices
and not others, to clarify their influence on sports performance.

1.1. Swiss Balls or Exercise Balls

Swiss ball are air-filled balls covered with soft elastic material with a diameter of
approximately 35 to 85 cm [47]. The use of unstable surfaces, such as the exercise ball,
began to be used in strength and muscle conditioning training as a method of strengthening
core, stabilizing muscles, that is the musculature with a deep location which is responsible
for a good body posture both in our daily life and in the practice of sports [36,50-52]. The
response of muscle activity to this unstable surface can be variable and depends on the type
of exercise or muscles being tested. Patterns of muscle activation during bench presses have
reported variable results based on muscle function. In the stabilising or core muscles, it has
been shown that there is an increase in the activation of the internal obliques, the external
obliques and the rectus abdominis [25,53-56] and spinal erectors [56] while having minimal
effect on the rectus abdominis [13,56]. In the upper extremities, compared with a stable
bench press, a greater increase in anterior deltoid, pectoralis major, triceps and serratus
anterior activity has been demonstrated during execution on a stability ball [30,51,55,57-59].
However, improvement in muscle activation has not always been evident. In the case of
the central or stabilising muscles, other studies have not shown any change in the oblique
and internal spinal erectors [60]. In addition, other studies have shown higher data for
the stable condition as opposed to the unstable condition, in the main motor musculature
responsible for movement, as in the case of the pectorals and triceps in the bench press [43],
or no main motor muscle in the shoulder press [59].

1.2. Semi-Sphere of Balance

The BOSU Balance Trainer ® (DW Fitness, LLC, Clifton, NJ, USA), or “both sides
up” is an exercise device used to improve balance, core muscle or torso strength, and
proprioception created for military service veterans [61]. The flat part of the device is a
25-inch platform with two built-in handles, and the other part is an inflatable rubber dome
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that rises about one foot above the ground. Each side can be used in different ways to
create different situations depending on the exercise.

Different studies have analyzed the influence of the semi-sphere ball for training,
providing a great variety of results. Authors found increased muscle activity in the rec-
tus abdominis and external oblique in the performance of abdominal plates and gluteal
bridge [53]. Anderson and Behm [14] reported increased EMG activity in the vast lat-
eral, soleus and superficial trunk muscles, but not in the femoral biceps when comparing
squatting with free weight on a stable versus an unstable surface. In bench press, greater
activation of the internal oblique, spinal erector, soleus and biceps femoris was also evi-
dent [56]. However, Willardson et al. [35] compared EMG activity in the core performing
50% of 1RM in squats on a stable surface and in a semi-sphere ball and observed no dif-
ferences between conditions. Authors examined the activity of the brachial triceps, spinal
erector, rectus abdominis, internal oblique, and soleus while performing traditional and
unstable bending in a single (hands or feet on the unstable surface) or dual (both hands
and feet on the unstable surface) instability and found that the dual condition caused the
highest percentage of change (>150%) for all muscles analyzed; compared with the other
conditions [62].

1.3. Suspension Training Devices

A new method available to increase muscle activation is suspension training. This
type of training uses the principles of body weight and strength boosting to improve motor
unit recruitment [63]. The most applied suspension device is the TRX Home Suspension
Training Kit (Fitness Anywhere LLC, San Francisco, CA, USA). In suspension training, a
specific device is required to create an unstable condition. This method uses a system of
straps with handles on the bottom and which are attached to a single anchor point [64].
Among the different strength training possibilities, suspension training is widely applied
in various contexts. It is considered an effective technique for improving neuromuscular
activation that precedes the use of heavy loads in traditional exercises [65]. Besides,
improvements in speed and strength indicators have been found by the use of suspension
training, suggesting increased recruitment of core/stabilizing muscles [66].

Regarding evidence from suspension devices, the effects of usage on both lower body
muscle activity [41,67,68] and trunk stabilizing muscle [65,69-71] have been investigated.
Clear evidence has been established regarding these devices that witnessed increased
muscle activation in the stabilizing and synergistic muscles when performing exercises
under these conditions [65,69,71,72]. Concerning lower body exercises, very high activa-
tion has been shown for the femoral and semitendinous biceps (>90% MVIC) [68], the
hamstring, the gluteus maximus, the gluteus medius and the long adductor. Although
no significant differences were found in the rectus femoris [41,67]. Also for the Bulgarian
squat exercise, no difference in muscle activation was found between the stable and the
suspended condition [64]. For the exercises of the upper part of the trunk and the stabilising
muscles, they have been studied with the performance of the Push-up exercise. It has
been shown that greater muscular activation in the core, rectus abdominis and external
oblique muscles [69,73], however, the stable situation reported greater activation for the
pectoral and deltoid muscles [65,69,71] the brachial triceps [65] and the clavicular portion
of the pectoralis [71]. However, for the frontal plate exercise, Byrne et al. [70] reported no
significant differences when studying exercise with suspension devices.

Research has focused on the analysis of muscle activation, determining different
considerations, claiming their strengths and weaknesses. However, when the training
objective is hypertrophy, or gain in muscle mass, strength, or power, it has not been
recommended that the exercises be carried out using unstable situations [5].

As mentioned earlier, muscle activation has been shown to improve the stabilising
muscles and reduce the main motor muscles involved in performing the task, but it is not
known whether these activations can lead to improved performance.
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In terms of the choice of devices, the 3 devices have been widely used for both
rehabilitation, proprioception, and development of muscular capacity. With any one of
them, there are numerous proposals for working on muscular strength, and all of them
focus on the argument of greater activation of the central or core muscles. In fact, the use
of suspension devices alone cannot bring about an improvement in strength or power by
itself, since one always works with one’s own body weight, without external loads that
increase the intensity of the tasks to be carried out. Semi-spherical and exercise ball devices
are not only an implement that increases instability, but there are concrete references that
indicate that it could be a way to improve strength and power [30,43,59,74]. Although it
could have certain limitations, therefore it has been decided to include it, to be able to
evaluate all devices and tools that generate instability to a greater or lesser degree.

Therefore, a synthesis of the literature seems necessary to determine whether per-
forming exercises with unstable material provides additional effects on measures of speed,
strength and muscle power compared to stable execution. The existing controversy re-
garding the use and results provided by instability training, and the variability of surfaces,
devices, instability positions, samples and exercises generated a heterogeneity of results
that makes this review necessary. The aim of this systematic review was to provide a
scientifically based study regarding the effects of unstable devices on speed, strength
and muscle power measurements administered in the form of controlled trials to healthy
individuals in adulthood, apart from muscular activation. It is hypothesized that unstable
devices produce similar or not excessively inferior performance improvements to stable
conditions because performance with instability is very demanding on the neuromuscular
system (i.e., additional stability of joints and posture during exercise is required).

2. Materials and Methods

The present research was designed to qualitatively synthesize the available scientific
evidence concerning the effect of instability in strength, power, and speed training. The
stages of the review procedure and subsequent analysis of the original articles stayed
within the guidelines set out in the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) [75] checklist and the Population, Interventions, Comparisons,
Outcomes and Study Design (PICOS) question model for the definition of inclusion criteria.

2.1. Study Selection and Eligibility Criteria

Primary and original studies to evaluate the strength, power or execution speed
in instability were included. Furthermore, studies had to have been published in any
language, in peer-reviewed journals with an impact factor included in the Journal Citation
Reports of the Web of Science (JCR of WoS) or Scimago Journal & Country Rank (SJR of
Scopus) until November 2020.

According to the ‘PICOS’ question model, the inclusion criteria were: (1) ‘Population”:
physically active and healthy participants (both men and women) between 18 and 65 years.
This age range includes all participants considered to be of adult age; (2) ‘Intervention”:
acute training effects on strength, power and/or speed of execution using a Swiss ball, semi-
sphere ball or suspension devices; (3) ‘Comparison’: differences in tasks multi-articular
upper or lower limb between the execution of exercises in stable conditions and execution
in unstable situations; (4) ‘Outcomes’: at least one strength, power and/or speed result
had to be reported in the study; (5) ‘Study Design”: descriptive and quasi-experimental
research based on a comparison between stable and unstable situations.

The exclusion criteria were: (1) the studies were for intervention periods, randomized
control trials, and clinical trials; (2) they included patients or persons with disease or injury;
(3) any data about muscle activation, because it is not a performance variable; (4) the
subjects were not of adult age (under 18; e.g., children and adolescents and over 65’s as
the elderly) (5) the chronic effects of the situations under investigation were assessed; (6)
Any other type of unstable device other than Swiss ball, semi-sphere ball or suspension
devices, because these are the most frequently used devices; (7) any measurement that
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includes unilateral exercises or with different types of support such as exercises executed
in a monopodal position.

2.2. Literature Search

A systematic computerized literature search of the Web of Science, PubMed and EB-
SCOhost with full text was conducted until November 2020 to capture all relevant articles
investigating the effectiveness of instability versus stability. The following Boolean search
strategy was applied using the operators ‘AND’, ‘OR” and ‘NOT": (‘instability resistance
training” OR “instability strength training” OR ‘free-weight training” OR ‘suspension train-
ing” OR ‘unstable devices’) AND (‘power” OR “power performance’ OR ‘speed’) AND
(‘strength” OR ‘muscle strength” OR ‘muscle power” OR ‘muscular power’) NOT (‘natural
surfaces’) AND (‘stability balls” OR ‘bosu” OR ‘suspension devices” OR ‘unstable devices’).
The unrestricted language search was limited to the human species and the availability
of the full text of original articles reporting on a quasi-experimental trial in an academic
journal. Also, we checked the reference lists of each included article and reviewed relevant
review articles to identify additional studies suitable for inclusion in the database.

2.3. Systematic Review Protocol

The authors worked separately and independently to ensure the reliability of the
process and the suitable eligibility of the studies. According to the criteria for prepar-
ing systematic reviews “Preferred Reporting Items for Systematic Reviews and Meta-
Analysis”—PRISMA [75], the protocol carried out in the months of July, August and
September 2020 and it was made up of four stages (Figure 1): (1) Identification: the first
author (M.M.) found 167 studies in the four digital databases; (2) Screening: the first
author (M.M.) eliminated the duplicate files (1 = 8) and excluded those considered not
relevant through a previous reading of the title, abstract and keywords (n = 90). Further-
more, the first author (M.M.), jointly with the second (J.L.C.) and third (J.R.G.), rejected
the studies linked to the instability according to the exclusion criteria through a full-text
reading (n = 55); (3) Eligibility: the first (M.M.), second (J.L.C.) and third author (J.R.G.)
eliminated full-text studies from the selection process by the eligibility criteria (1 = 45); (4)
Inclusion: the remaining studies (n = 8) based on the relationship between the execution of
the exercises in a stable condition and their execution in an unstable condition were finally
considered. An additional article was identified from the reference lists of included papers
and review articles already published [24,63,76,77].

2.4. Data Extraction and Management

A standardized form was used to extract data from the studies included in the review
for assessment study quality and scientific evidence. Thus, information about (A) ‘authors
and year of publication’, (B) ‘sample experience’ (C) ‘sample size and sex’ (number of
players, sex), (D) ‘sample characteristics’ (age, height and weight), (E) ‘variable measured’
(strength, power and/or speed), (F) ‘type of exercise’ (G) ‘number of situations” whether
the tasks were executed by comparing only the stable condition vs. the unstable condition
or whether more variations were included), (H) ‘device” (unstable device implemented),
(D) “training volume’” (number of sets/repeats/rest per exercise), (J) ‘intensity” (percentage
of one maximum repetition (1RM)), (K) ‘strength results’ (maximum strength (e.g., 1RM),
mean strength), (L) ‘power results” (maximum power, mean power and concentric phase
power) and (M) ‘speed results” (maximum and mean speed) were collected. The results
data reflect the percentage of decrease or increase in instability concerning stability. If the
included studies did not report the results (i.e., means and standard deviations) of the
pre-and post-tests, the authors of those studies were contacted.
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Records identified through database search
(Web of Science: n= 101, PubMed: n= 52,
EBSCOhost:n=14): N = 167

Records after duplicates removed:

n=159
|
Records excluded based
Abstract screened: n= 108 on tittle: n= 51
|
[ [Records excluded based
on abstract:
Full-text articles assessed n=>53
for eligibility: n =55

Records excluded based
on eligibility criteria:
n=47

Included paperscited
in reviews: n=1

L

Included articles: n=19

Figure 1. Flow chart illustrating the different phases of search and survey selection.

2.5. Study Quality Assessment

The quality of all eligible cross-sectional studies was evaluated using the criteria for
strengthening the reporting of observational studies in epidemiology “STROBE” [78]. The
following scale was used to rate the quality of studies: (a) good quality (>14 points, low
risk of major or minor bias), (b) acceptable quality (7—4 points, moderate risk of major
bias), and (c) poor quality (<7 points, high risk of major bias). The score was obtained
through the 22 points on the STROBE checklist. Two independent reviewers (M.M. and
J.L.) conducted study quality assessment. Rating disagreements were resolved by J.R. and
inter-rater reliability calculated.

3. Results
3.1. Synthesis of Findings (Qualitative Analysis)

Scientific evidence on the sample characteristics (B, C, D), variables (E), exercise and
variation (E, G) device used (H) volume and intensity training (I, J) and results for strength,
power and speed is shown in Tables 1-3. Format and design, including the author and
the year of publication, the sample characteristics (overall number, gender, age, height
and weight), the variable measured (strength, power and/or speed), type and number of
variations, the device used (exercise ball, semi-sphere ball or suspension device), training
volume (number of sets/repeats/rest per exercise), intensity training (percentage of one
maximum repetition (1RM)), strength results (maximum strength, mean strength), power
results (maximum power, mean power and concentric phase power) and speed results
(maximum and mean speed) are included.
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Table 1. Scientific evidence on the sample characteristics (B, C, D) and variables (E).

Sample Variables (E)
Reference (A) . . -
Experience (B) Size and Sex (C) Characteristics (D)
. . - a: 26.2 £ 6.0 years
Anderson etal. (2004) [13]  ained T strength, Instability 10 (M) h: 177.3 £ 6.0 cm Strength
year earlier

Behm et al. (2002) [79]

Chulvi-Medrano (2010) [80]

Goodman et al. (2008) [81]

Koshida et al. (2008) [82]

Saeterbakken & Fimland
(2013) [83]

Sannicandro et al. (2015) [84]

Zemkova (2012) [85]

Zemkova et al. (2017) [86]

w: 873 +122kg
a: 24.3 + 6.7 years

Trained 8 (M) h:178.1 + 6.1 cm Strength
w: 82.3 +89kg
. . . a: 24.29 £ 0.48 years
Trained in ts;r.e“%tg.ffpe“eme 31 (M) h: 167.98 + 8,1}1, cm Strength
with mstabttty w: 79.08 + 2,37 kg
a: 24.1 £+ 1.6 years
Recreational 13 (10 M, 3 W) h: 176.7 4+ 3.0 cm Strength
w: 76,0 + 39 kg
a: 21.3 + 1.5 years Strength
Trained 20 (M) h: 167.7 £ 7.7 cm Power
w: 759 +175kg Speed
a:233+£27
Trained 15 (M) h: 181 £ 0.09 cm Strength
w: 80.5 + 85 kg
No previous experience in a: 17.8 & 0.8 years Streneth
strength or instability is 24 (M) h: 179.1 £ 5.6 cm g
indicated w73 +49kg Power
. . a: 23.4 £ 1.9 years
Trained in strength, no 16 (M) he 1815 4 6.}1cm Power

experience in instability w: 751 + 6.1 kg

a: 22.1 £ 1.8 years
24 (M) h: 184.5 8.3 cm Power
w:79.8+9.4kg

Trained in strength, no
experience in instability

M = men; W = women; a = age; h = height; w = weight; cm = centimetres; kg = kilograms.

3.2. Sample Characteristics

Table 1 shows scientific evidence on the sample characteristics (B, C, D) and variables
(E). Format and design, including the author and the year of publication, the sample
characteristics (overall number, gender, age, height, and weight), the variable measured
(strength, power and/or speed).

Evaluation of the characteristics of the sample: (B) Experience. The experience of the
sample was quite heterogeneous, with the participants standing out trained (1 = 3; 33.34%);
trained in strength without experience in instability (n = 2; 22.22%), trained in strength
and instability 1 year earlier (n = 2; 22.22%); recreational (n = 1; 11.11%); no previous
experience in strength or instability indicated (n = 1; 11.11%); (C) Sex. The distribution
of the sample was very unbalanced with more male participants (n = 158; 98.14%) than
female participants (1 = 3; 1.86%); (D) Characteristics of the sample. The whole sample
was identified as being between 18 (lower limit) and 25 (upper limit) years of age. The
height range was identified as 167 cm to 185 cm. The weight range was identified as 79 kg
to 88 kg.
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Table 2. Scientific evidence on exercise and variation (F, G) device used (H) volume and intensity training (I, ]).
S . Volume Intensity
Reference (A) Tasks (F) Situations (G) Devices (H) .. . .
Training (I) Training (J)
1 set
And t al.
r(lzgéii)r[llz] a Bench Press S:all))ie an. Swiss ball 21ps 75% 1 RM
unstable device -3 min rest
Behm et al Leg Extensi Stable and 1 set
' c§ mxtension ap'eand Swiss ball 2-3 rps isometric No external load
(2002) [79] Plantar Flexors unstable device 3 mi
min rest
Chulvi-Med Stabl d 1 set
1(12‘611 0) F8 Jlano Deadweight table Zn i Semi-sphere ball 6 rps 70% 1 RM
unstable device 5 min rest
1 set
Good t al.
(ECZ)O(;E;‘ r[18§] a Bench Press S:allﬁe an. Swiss ball 3-6 rps 1RM
unstable device 3 min rest
Koshida et al. Stable and . 1set o
(2008) [82] Bench Press unstable device Swiss ball 3rps 50% 1 RM
Saeterbakken & Stable and . 1 set
Fimland (2013) [83] Squat unstable device Semi-sphere ball Isometrics 20kg
Sannicandro et al. Stable and . . 1 set
(2015) [84] Squat unstable device Suspension device 3 rps No external load
Zemkova Bench Press Stable and Swiss ball 6 sets 75% 1 RM
(2012) [85] Squat unstable device Semi-sphere ball 8 rps °
Zemkova et al. Bench Press Stable and Swiss ball 1 set 75% 1 RM
(2017) [86] Squat unstable device Semi-sphere ball 25 rps °

rps = repetitions; min = minutes; RM = repetition maximum.

3.3. Tasks, Devices, and Training Parameters

Table 2 Shows scientific evidence on exercise and variation (F, G) device used (H)
volume and intensity training (I, J). Format and design, including type and number of
variations, the device used (exercise ball, semi-sphere ball or suspension device), training
volume (number of sets/repeats/rest per exercise), intensity training (percentage of one
maximum repetition (1RM)).

According to exercise (F): The most evaluated sports task was the “bench press” in
five studies (41.67%) and “squat” in four (33.33%). “Deadweight”, “plantar flexions” and
“leg extension” were also evaluated (8.33% each of the exercises). (G) The number of
situations. The number of comparisons between stable and unstable exercises was 100%
of the situations that only compared the stable situation with an unstable one. (H) Type
of device. The use of Swiss ball material was 54.55% (1 = 6); the use of the semi-sphere
ball was 36.36% of the studies analysed (n = 4). In only one study was a suspension device
(TRX) used (n = 1; 9.09%). (I) Training volume. The number of series, repetitions and rest
was quite heterogeneous. In the case of the series, only two studies are evident, comprising
between three and six series. In the case of the repetitions, they varied from isometric
execution to 25 repetitions, with the execution of 3-6 repetitions being the most used (60%).
In terms of rest, they vary between 3 and 5 min. (J) Training intensity. In the case of the
intensity of training, the percentage of load most used was 75% of 1RM (n = 3; 30%). 20%
of the investigations did not use external load (1 = 2). The rest of the investigations ranged
from maximum repetition to 40% of 1IRM.

Table 3 shows scientific evidence on strength results (K), power results (L) and speed
results (M). Format and design, including strength results (maximum strength, mean
strength), power results (maximum power, mean power and concentric phase power) and
speed results (maximum and mean speed).
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Table 3. Scientific evidence on strength results (K), power results (L) and speed results (M).
Performance Measures
Reference (A) Strength Results in Speed Results in

Power Results in Watios (L)

Newtons (K) cm/s (M)

Anderson et al. (2004) [13]
Behm et al. (2002) [79]

Chulvi-Medrano (2010) [80]
Goodman et al. (2008) [81]
Koshida et al. (2008) [82]
Saeterbakken & Fimland
(2013) [83]

Sannicandro et al. (2015) [84]

Zemkova (2012) [85]

Zemkova et al. (2017) [86]

INS (S) = 159.4% MIVC
INS (LE-S) = 175.4% MVC
INS (PE-S) = |20.2% MVC

INS (B) = 110.2% MIVC

INS (S) = No Differences MaxS
INS (S) = 15.9% MS

INS (B) = —19% MS

INS (EF-LF-T) = |13.8 MS
INS (EF-LF-T) = |46.8 Mé&xS
INS (CF-LF-T) = |12.8 MS
INS (CF-LF-T) = |12.6 MaxS
INS (EF-RE-T) = |11.7 MS
INS (EF-RF-T) = |42.9 M4xS
INS (CF-RE-T) = [13.2 MS
INS (CF-RE-T) = [11.9 Mé&xS

INS (S) = 19.9% MP INS (S) = 19.1% MV

INS (BP-S) = |10.3% MP
INS (BP-S) = |7.3% Pmax
INS (BP-S) = |11.5% CF
INS (SQ-B) = }15.7% MP
INS (SQ-B) = [17% Pméx
INS (SQ-B) = /15.1% CF
INS (BP-S) = |12.9% MP (1-3 rps)
INS (BP-S) = 15.6% MP (22-25 rps)
INS (BP-S) = 16.9% MP (25 rps)
INSS (BP-S) = |13.8% CF (1-3 rps)
INS (BP-S) = 113.2% CF (22-25 rps)
INS (BP-S) = |4.6% CF (25 rps)
INS (SQ-B) = |17.1% MP (1-3 rps)
INS (SQ-B) = |21.4% MP (22-25 rps)
INS (SQ-B) = [19.3% MP (25 rps)
INS (SQ-B) = }16.2% CF (1-3 rps)
INS (SQ-B) = 20.6% CF (22-25 rps)
INS (SQ-B) = |18% CF (25 rps)

INS = instability; S = Swiss ball; B = Semi-sphere ball; T = Suspension device; LE = leg extension; PF = plantar flexors; EF = eccentric phase;

CF = concentric phase; MVIC =

maximum voluntary isometric contractions; MVC = maximum voluntary contractions; MS = mean strength;

MaéxS = maximum strength; LF = left foot; RF = right foot; BP = bench press; SQ = squat; MP = mean power; PMax = maximum power.

In performance measures, it can be seen how the use of instability decreases in some
cases substantially in relation to the stable condition. Although with loads close to the RM
no differences are appreciated. In terms of power, the difference seems to be slighter in
stable and unstable condition and even at a higher number of repetitions the instability
seems to improve power production. The execution speed also shows a lower production
when instability is added.

3.4. Strength Results

Concerning the strength parameter with a Swiss ball, the bench press exercise showed
59.4% less isometric strength in instability [13], 5.9% [82], but no differences were found in
1RM [81]. For the lower limb exercises, 70.5% less was evidenced in the unstable condition
in leg extension exercises than in the stable condition while the unstable force in plantar
flexors was 20.2% less than the stable condition [79]. Also with the same exercise, a decrease
with the execution with the semi-sphere ball concerning the stable condition of 19% was
evidenced [83]. In the case of the deadweight exercise, the decrease in the maximum
isometric contraction between the stable condition and the execution with semi-sphere
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ball was 10.2% [80]. Regarding suspension training squat exercise with bipodal execution,
in the eccentric phase, peak and average force showed a decrease of 46.8% and 13.8%
respectively for the lower left limb. In the concentric phase, the use of the suspension
training tool caused a decrease of 12.6% in peak force and 12.8% in mean force. For the
right lower limb, in the eccentric phase, during execution with the suspension training
tool, the force decreased by 42.9% and the mean force by 11.7%. In the concentric phase,
during execution with the suspension training tool, the peak and average force decreased
respectively by 11.9% and 13.2%. During monopodal execution, the eccentric phase in the
left limb, the peak force suffered a decrease of 41.8% and the average force a decrease of
18.1%. In the concentric phase, on the other hand, the use of the suspension training tool
caused a decrease of 13.5% in peak force and 15.8% in average force. For the right limb
during monopodal execution, in the eccentric phase, the force has decreased by 45.1% and
the average force by 17.4%. In the concentric phase, the use of the suspension training tool
caused a decrease of 12.4% in the force and 14.3% in the mean force [84].

3.5. Power Results

For the variable of power with a Swiss ball, a decrease in the unstable situation of
9.9% concerning the stable situation has been evidenced with the chest press exercise [82],
and of 10.3% in the average power, 7.3% in the maximum power and 11.5% in the power
exercised in the concentric phase [85]. For the average power, with the execution of 25
repetitions, a decrease of 6.9% was found in the unstable bench press, although in the last
three repetitions the average power exercised in the unstable condition was 5.6% higher
than the stable condition. On the contrary, among the first three repetitions, the unstable
data was 12.9% lower than the stable condition. The power exercised in the concentric
phase of the bench press was reported to be 4.6% lower in the unstable bench press,
although in the last three repetitions the power exercised in the concentric phase of the
unstable condition was 13.2% higher than the stable condition. On the contrary, among the
first three repetitions, the unstable data was 13.8% lower than the stable condition [86]. To
average power, 25 repetitions showed a decrease of 19.3% in the unstable squat, although
in the last three repetitions the average power exercised in the unstable condition was
21.4% higher than the stable condition. On the contrary, among the first three repetitions,
the unstable condition was 17.1% lower than the stable condition. The power exercised
in the concentric phase of the squat was reported to be 18% lower in the unstable squat,
although in the last three repetitions the power exercised in the concentric phase of the
unstable condition was 20.6% lower than the stable condition. On the contrary, among the
first 3 repetitions, the unstable condition was 16.2% lower than the stable condition [86].

3.6. Speed Results

Only one research study has been shown to consider the execution speed of strength
exercises measured in instability. In the case of the speed variable with a Swiss ball, there
has been a 9.1% decrease in the unstable condition concerning the stable banking press [82].

3.7. Study Selection and Assessment (Qualitative Analysis)

The quality analysis (STROBE’ checklist) yielded the following results (Table 4): (a)
The quality scores ranged from 13-16; (b) The average score was 14.3 points; (c) Of the 9
included studies, 5 (55.55%) were considered to ‘fair quality” (13-14 points); and 4 (44.44%)
were categorized as ‘good quality” (15-16 points).
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Table 4. The study quality analysis (STROBE’ checklist).

'l;lt)letan(tl Introduction Methods Results AOti\er- Discussion I fOthe:_ ?’tr.o bte Stulc.lty
Reference strac nalysis nformation oints Quality
1 2 3 4 5 67 89 10 11 12 13 14 15 16 17 18 19 20 21 22
Anderson et al.
(2004) [13] + + + - -+ o+ o+ - - + + - - + + - + - + + - 13 FAIR
Behm et al.
(2002) [79] + + + - -+ + 4 - - + + - - + + + + - + + - 14 FAIR
Chulvi-Medrano
(2010) [80] + + + + + o+ + + - - + + - - + + - + + + + - 16 GOOD
Goodman et al.
(2008) [81] + + + + + o+ + + - - + + - - + + + + - + + - 16 GOOD
Koshida et al.
(2008) [82] + + + + -+ 4+ o+ - - + + - - + + - + + + + - 15 GOOD
Saeterbakken &
Fimland (2013) [83] * + S S - + -+ 4+ - 13 FAIR
Sannicandro et al.
(2015) [84] * + + e T T S + + -+ o+ + 15 GOOD
Zemkova
(2012) [85] + + + - -+ + 4 - - + + - - + + - + + + + + 14 FAIR
Zemkova et al. . N N s i . . i ] . . ) . ] . . ] 3 FAIR

(2017) [86]
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By sections, the highest scores were located in “introduction” (100%) and ‘discussion’
(80%) and among the highest quality studies, items no. 2 (background/rationale); no. 3
("Objectives—State specific objectives and/or any pre-specified hypothesis’); no. 6 (par-
ticipants); no. 7 (variables); no. 8 (‘data source—procedure for determining performance
measurement’), no. 11 (‘descriptive results—the number (absolute frequency) or percentage
(relative frequency) of participants found in each grouping category and subcategory’); no.
12 (statistical methods); no. 15 (outcome data); no. 16 (main results); no. 18 (‘key results—a
summary of key results concerning study objectives’); no. 20 (interpretation) and no. 21
(generalisability) were considered complete (100%), while the most commonly absent or
incomplete item (0 points) was found in items no. 9, 10, 13 and 14 (‘main results—a measure
of effect size’). The lowest scores were found in the ‘funding’ section (20%).

4. Discussion

This is the first systematic review of the literature to examine the effects of instability
on measures of muscle strength, power, and speed, administered in the form of quasi-
experimental studies in healthy individuals during adulthood.

About the production of force, for the exercises of the upper limb, high decreases
in values have been observed for the unstable condition. These differences have ranged
from 20 to 75% loss in force development in unstable conditions. According to Kornecki,
Kebel, and Siemieriski [87], the stabilising function of the skeletal muscles is necessary for
the coordinated performance of any voluntary movement, and it significantly influences
muscle coordination patterns. Therefore, significant reductions in muscle production
probably occurred because the muscles around the shoulder complex needed to give
priority to stability over force production. Furthermore, under conditions of instability, the
stiffness of the joints that act can limit gains in strength, power and speed of movement [88].

However, in the data evidenced in the study by Koshida et al. [82], the losses in force
values are much lower than in the rest of the studies (5.9% loss in instability) compared
with 59.4% loss in Anderson and Behm [13] and in the case of Goodman et al. [81], no
significant differences are observed. This inconsistency between the previous research can
be attributed to the type of muscle contraction, the degree of instability during the recorded
task and the equipment. In Koshida et al. [82] the bench press movement was performed
in a supine position with the Swiss ball placed in the thoracic area, which provided a
broader support base than for other activities performed in a sitting or standing position.
Therefore, the instability imposed on the trunk stabilising muscles would probably be less
significant than in previous research. Besides, both studies used dynamic contractions
with an Olympic bar with weight plates, while Anderson and Behm [13] used isometric
contractions with two independent handles held by straps to force the transducers into
the ground. The difference in equipment could impose different levels of instability on the
shoulder joint and trunk muscles. Although bilateral contractions were performed in both
studies, the independence of each hand in the study by Anderson and Behm [13] may have
increased the effort required to maintain balance and the need for the muscles to stabilize
during maximum isometric contractions, therefore reducing the net force output. In the
case of Goodman et al. [81], where no differences were found, it could be due to the use of
different loads, since 1RM was used while in Anderson and Behm [13] 75% of 1RM loads
were used and in Goodman et al. [81] were used 50% of 1RM. These data could indicate
that the percentage of external load can influence the effect of the instability in the training.

In the case of force production in the lower limbs, there have been notable decreases
when comparing tasks performed in instability concerning stable conditions. These de-
creases ranged from 10% to 19%, so it seems that instability affects the upper body more
than the lower. With the use of the semi-sphere ball, analysed in terms of strength, with
the performance of a dominant hip exercise such as deadweight the decrease in strength
was 10.2% [80] while with a dominant knee exercise such as squat it was 19% [83]. This
could indicate that certain movements could be affected to a lesser extent depending on
the instability. However, as detailed above the methods and loads used were very different.
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It is noteworthy that many of the studies to check force production in the lower limb using
isometric contractions. However, isometric contractions are not usually used in strength
training. Despite this, results obtained under isometric contractions have reported that
conditions are strongly correlated with dynamic mobility performance [89]. However, due
to the isometric test mode, subjects could gradually build up strength while stabilizing
and maintaining balance on different surfaces. During the 3 s of maximum effort, the
subjects may have been able to stabilize the limbs and trunk and therefore be able to exert
a considerable amount of force in unstable conditions. We only know of one study that
investigates the production of maximum force in squats on a stable and unstable surface [3].
These researchers used an inflatable balance disk and reported a decrease of approximately
46% in peak force. Although there was a greater decrease in force in that study, it could be
attributed to the lack of a familiarization session, which the rest of the studies did consider
appropriate.

In terms of strength, there seems to be a differentiation in the data concerning the
devices used. When the main movement involves the muscles of the upper body the Swiss
ball has been used and in the case of the main movement being performed on the lower
body, the semi-sphere ball has been used. The exceptional case was the execution of an
exercise such as squatting where the instability with the device in suspension was placed
in the upper body. In the case of the Swiss ball, it seems to have a greater influence on
the decrease of the force values (differences of 20-75%) compared to the semi-sphere ball
(differences between the and 10% and 19%) suspended device (detriments between 12—
47%). However, in some cases, the Swiss ball did not produce any differences between the
conditions. So, it does not seem to be a determining factor in the case of muscle strength.

Concerning the production of muscular power in the upper limb, decreases in the
unstable condition have been observed. Decreases with the unstable condition ranged
from 7% to 17%. The data found in the studies that analyzed the bench press with Swiss
ball reported a very similar percentage decrease in terms of average power (10.3% [85];
9.9% [82]; and 12.9% [86]). These small deviations found may again be due to the different
percentage of load used (50% vs. 75%) and the different volume of training applied.
However, in some situations, instability has produced better power data than a stable
condition. These better data have been produced in the last repetitions of the executions
with high numbers of repetitions in the exercise (22-25 repetitions). The improvements
observed in average power were 5.6% and in the concentric phase 13.2%.

The increase in power observed could be due to previous evidence that has shown
that producing a high power output with a light to moderate load would be more effective
in developing maximum power than using a heavy load [90,91]. Thus, it appears that
such a low rate of reduction may still allow muscle power to be gained from strength
exercise in the unstable condition. The mechanism of energy production using the stretch-
shortening cycle employs the energy storage capacity of several elastic components and the
stimulation of the stretching reflex to facilitate muscle contraction for a minimum period.
The concentric muscle action does not occur immediately after the eccentric, the stored
energy is dissipated and lost in the form of heat and also the strengthening stretching reflex
is not activated. Resistance to instability exercise can compromise the three phases of the
stretching-shortening cycle, including the amortization phase. Around this turning point,
where the eccentric phase becomes concentric, the maximum force is produced. At the
same time, the subjects must stabilize the torso on an unstable surface to provide firm
support for the contracted muscles. This additional task can compromise the contraction of
the muscles acting on the bar. Their less intense contraction not only prolongs the change
of direction of movement but, due to the lower maximum force, impairs the accumulation
of elastic energy. The consequence is less speed and power in the subsequent concentric
phase [92,93]. However, the subjects of the study by Zemkova et al. [86] were able to
produce greater power during the executions on an unstable surface than on a stable one.
This higher energy production can be attributed to the so-called ball bounce effect.
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In terms of power, there seems to be a differentiation in the data about the devices
used. The use of semi-sphere ball seems to have a greater influence on the decrease in
power since the detriments with this device varied between 15% and 22%. In the case of the
Swiss ball, the decrease in power oscillated between 7% and 14%, with better power data
being found in unstable conditions with this device (5-13%). However, when the instability
was placed where there was no movement, as in the case of the device in suspension
and the squat, improvements of between 5% and 10% in power production were shown.
Therefore, placing the instability where the main movement does not occur seems to be a
good option for power improvement.

Finally, about the speed of execution, a decrease in the values in unstable conditions
in comparison to stable conditions is observed, but the analysis of this variable has hardly
been studied. According to Adkin et al. [94], a postural threat in a subject (fear of falling)
will lead to a reduction in the magnitude and speed of voluntary movements. Thus, muscle
stabilization seems to compromise gains in strength, power and speed of movement [95].
It should also be noted that new patterns of movement are generally learned at low speed,
while sport-specific motor actions are executed at high speed [26].

The great heterogeneity in terms of volume and intensity of the load is remarkable.
Also, instability seems to affect the force variable to a higher degree, but with intensities
close to 1RM no differences are observed. As for power, a greater number of repetitions
seems to benefit the production of this variable in instability in the upper limb. Finally,
speed has barely been analysed and seems to show losses of speed in instability but not
excessively so.

5. Implications for Practice

The great heterogeneity found is a limitation of the study, however, the results of
this study can be applied in various ways. It would be interesting to include training
in instability in athletes trained in this type of situation. All the information about this
is with beginner athletes, and what is interesting about the application of instability is
the individualization of the subjects. Unstable surfaces can be very interesting tools for
optimising training, because although decreases in performance variables have been shown,
this may not be the case for experienced athletes. As for integrated work, where besides
strength, power and speed, other qualities such as balance can be analysed. Also, the angles
with which the work is done in instability are different concerning stable conditions, so
that other complementary muscles are worked. Finally, variety in environments, methods
and exercises is one of the principles of training and these unstable situations provide it.

The complexity of execution in this type of unstable situation, where the technique
can be affected, is noteworthy. For this reason, the level of experience of the athletes is
important to be able to apply this type of training. Besides, the population requires the
help of a qualified professional who can help and direct the sessions or tasks with this type
of device, with an appropriate and individualised programme according to the different
users.

6. Conclusions

The main findings of this review were that there is great heterogeneity in analysing
the acute effects of instability on performance variables. Instability compared to a stable
condition decreases the parameters of strength, power, and muscular speed in adults. The
differences shown are quite significant in most situations although slight decreases can be
seen in certain situations. However, for the upper limb, a greater number of repetitions
seems to increase the power values in instability compared to the stable situation. The
variables of force, power and speed seem to be affected when instability is implemented.
However, it seems necessary to extend the investigation of instability with the performance
variables because the results are very heterogeneous and there are no unified criteria to
evaluate the different conditions, subjects, tasks and devices.
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