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Abstract

Suspension training is an adjunct to traditional strength and conditioning. The effect of added instability on
muscle activation during traditional exercises is unclear and depends on the exercise and type of instability.
The purpose of this review was to compare the activations of different muscles in suspension training
exercises and their traditional counterparts. A search of the current literature was performed without
language restrictions using the electronic databases PubMed (1969 — January 12, 2017), SPORTDiscus
(1969 — January 12, 2017) and Scopus (1969 — January 12, 2017). The inclusion criteria were: (1)
descriptive studies; (2) physically active participants; and (3) studies that analysed muscle activation using
normalised electromyographic signals during different suspension training exercises. Eighteen studies met
the inclusion criteria. For the push-up, inverted row, prone bridge and hamstring curl in suspension, the
activation of upper-body and core muscles ranged between moderate (21%-40% maximum voluntary
isometric contraction (MVIC)) and very high (>60% MVIC). Muscle activation in these same muscle
groups was greater with suspension exercises relative to comparable traditional exercises, except for the

inverted row. Muscle activation in the upper extremity and core muscles varied greatly amongst studies.
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Introduction

Traditional external load strength training focuses on working specific muscle groups with an
emphasis on primary movers. However, advancements in knowledge about sport-specific demands have
resulted in the development of training methodologies that involve new functional conditions. Thus, new
trends in training have emerged to develop and enhance muscle activation during sport-specific movements
(Lawrence & Carlson, 2015), and to improve the strength of accessory muscles by emphasising multiplanar
movements. These movements result in improvements to agility, core strength, and posture (DiStefano,

DiStefano, Frank, Clark, & Padua, 2013).

In recent years, the addition of instability to traditional exercises has become a popular method for
increasing sport-specificity. The ability to maintain balance and the desired posture during sport-specific
movements requires activation of core muscles, including the abdominal, back, and hip muscles. Instability
resistance training increases the activation of core muscles essential to force production by the large primary
movers (eg. hamstrings, quadriceps) (Behm & Colado, 2012). Furthermore, an unstable resistance training
environment stresses the neuromuscular system and may promote greater strength gains and increases in
cross-sectional area (Behm & Anderson, 2006; Cormie, McGuigan, & Newton, 2011). Unstable training
may also increase motor unit recruitment and improve neuromuscular coordination without an increase in
the mechanical load when performing push-ups under unstable conditions (Anderson, Gaetz, Holzmann, &

Twist, 2013).

Traditionally, tools that create unstable surfaces have been used to progress the difficulty of
exercises by stimulating increased motor unit recruitment. These tools include the Swiss ball, Balance
Board®, Wobble Board®, and BOSU® exercises (Anderson et al., 2013; Duncan, 2009; Norwood,
Anderson, Gaetz, & Twist, 2007; Vera-Garcia, Grenier, & McGill, 2000), and exercises with basketballs
(Freeman, Karpowicz, Gray, & McGill, 2006). A newer method available to increase activation is
suspension training. Suspension training uses body weight and force momentum principles to enhance

motor unit recruitment. The difficulty of the suspension training exercise and the number of motor units
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recruited depend on the amount of instability caused by the suspension device and the body position (Dawes
& Melrose, 2015; Maté-Muiioz, Monroy, Jodra Jiménez, & Garnacho-Castaiio, 2014). Although we cannot
measure the amount of instability or the effect of the body position on instability during suspension training,
we can measure electromyography (EMG) during exercise. Thus, EMG can be used to quantify the ‘load’

(Atkins et al., 2015; Borreani et al., 2015a; Snarr & Esco, 2013a).

Typically, muscle activation is presented as a percent of the maximum voluntary isometric
contraction (%MVIC). Once MVIC is obtained, the EMG signal can processed several different ways: 1)
by using high-pass filtering, 2) by rectifying and smoothing, or 3) by calculating the root mean square of
the signal. The peak value registered after the signal processing constitutes the reference value of the
normalised EMG signal (Halaki & Ginn, 2012). However, the same EMG signal may vary depending on
the technique used to process it. Currently, there is no consensus about which technique should be used to
process EMG signals. Studies comparing suspension training to traditional training utilise similar/the same
exercises, but the results are difficult to reconcile unless there is an understanding on the differences in

EMG signal processing techniques.

While activation of each muscle used to maintain stability has been studied for the most popular
suspension training exercises, such as push-ups, inverted rows and prone bridges, to our knowledge, a
review of this literature does not currently exist. The results of this review might be used to encourage the
use of suspension exercises in place of traditional exercises in sport-specific resistance training. Choosing
exercises that better suit an athlete’s goals could enhance the effects and the quality of training programs.
Therefore, the main purpose of this study was to perform a systematic review of studies that analysed the
activation (% MVIC) of stabilising muscles involved in the most studied suspension training exercises in
physically active populations. The secondary purpose of this study was to compare the muscle activation

of the suspension training exercises with their traditional counterparts.
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Methods

A Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement
guidelines provided by Moher, Liberati, Tetzlaff, and Altman (2009) were used to conduct the present
systematic review. Additionally, the study quality of all eligible cross-sectional studies was assessed by the
first author and was checked by the second and the third co-authors using the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) criteria (Vandenbroucke et al., 2007). The following
scale was used to classify study quality: a) good quality (>14 points, low risk of major or minor bias), b)
fair 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 items of the STROBE checklist.

A search of the current literature was performed without language restrictions using the electronic
databases PubMed (1969 — January 12, 2017), SPORTDiscus (1969 — January 12, 2017) and Scopus (1969
—January 12, 2017). The search strategy for each database is listed in Table 1. MeSH terms were not used.
The inclusion criteria were: a) studies that had a descriptive design, b) studies that utilised physically active
participants, and c) studies that analysed muscle activation using normalised EMG signals during different
suspension training exercises. Randomised control trials and clinical trials were excluded if they did not
analyse muscle activation. Additionally, articles with insufficient discussion, poor data presentation, and
unclear or vague descriptions of the applied protocols were excluded (see the flowchart of the search and

study selection in Figure 2).

**Table 1 near here**

The first author performed the data analysis. First, a pre-reading was conducted to familiarise with
terminology, Then, each article was re-read and the following information was extracted: 1) study design,
2) sample size, 3) gender, 4) age, 5) types of intervention (objective, exercise, measuring instruments), 6)
EMG activation (expressed as %oMVIC from normalised EMG), and 7) differences in EMG activation

between traditional and suspension training exercises. Only the exercise type and the EMG activation
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differences between traditional and suspension training exercises (expressed as %MVIC from normalised
EMG) were included in Tables 3 and 4. With regard to EMG signal, all analysed articles reported the MVIC
protocol used. These protocols utilised isometric contraction against a matched resistance for each
examined muscle. Similarly, all articles included used surface EMG. To facilitate the comparison of the
muscle activation in different suspension training exercises, activation (% of MVIC) was categorised into
four levels as described in previous studies: >60%, very high; 41-60%, high; 21-40%, moderate and <21%,

low (Calatayud et al., 2014b; Escamilla et al., 2010; Mok et al., 2014).

All studies reported the muscle activation of each analysed muscle. Some authors examined the
muscle activation of transversus abdominis and internal oblique together (Mok et al., 2014; Fong et al.,
2015), while others only reported internal oblique activation (Beach, Howarth, & Callaghan, 2008; McGill,
Cannon, & Andersen, 2014a, 2014b). For this reason transversus abdominis and internal oblique, and

internal oblique activations were included in the analysis.

The suspension training exercises reported in the included studies were performed using three
different suspension devices (Figure 1). The traditional suspension device has a main strap. On the bottom
of this strap there are both, a main carabineer and a stabilising loop where another strap is locked, forming
a V with handles on the bottom. The TRX® is an example of a traditional suspension device (Calatayud et
al., 2014c). The pulley suspension device has a main strap supported by a spring and a V-rope with a pulley
in the middle. The pulley’s function is to reduce friction and increase unilateral motion (Calatayud et al.,
2014c). Finally, Beach and colleagues (2008) used a suspension device with two parallel chains (similar to

Olympic rings) and two independent anchors.

**Figure 1 near here**

Results

Search results


http://www.dau.url.edu/

0 This is a post-print (final draft post-refeering). Published in final edited form as: Aguilera-Castells J, Busca B, Fort-
Vanmeerhaeghe A, Montalvo A.M, Pefa J. Muscle activation in suspension training: a systematic review. Sports
Blanguerna Biomech, 2020;19:55-75.
DOI: 10.1080/14763141.2018.1472293
Avalaible in : http:/www.dau.url.edu

Three independent reviewers identified a total of 218 articles in the initial search. Sixty-eight
articles were duplicates, which left 150 unique articles. Following title/abstract and full-text screening, 132
articles were eliminated because they did not meet the inclusion criteria (75 articles without EMG analysis,
5 clinical trials or randomised control trials and 52 articles that did not use a suspension device). A total of

18 articles were selected for final review (Figure 2).

**Figure 2 near here**

From the 18 studies reviewed, the suspension exercises described were: push-ups (Beach et al.,
2008; Borreani et al., 2015a; Borreani et al., 2015b; Calatayud et al., 2014b; Calatayud et al., 2014a;
Calatayud et al., 2014c; Fong et al., 2015; McGill et al., 2014a; Mok et al., 2014; Snarr, Esco, Witte, Jenkins
& Brannan, 2013; Snarr & Esco, 2013b), inverted row (Fong et al., 2015; McGill et al., 2014b; Mok et al.,
2014; Snarr & Esco, 2013a; Snarr, Nickerson & Esco, 2014), prone bridge (Atkins et al., 2015; Byrne et
al., 2014; Fong et al., 2015; Mok et al., 2014; Snarr & Esco, 2014), and hamstring curl (Fong et al., 2015;

Malliaropoulos et al., 2015; Mok et al., 2014).

Of the 18 included studies, only Fong and colleagues (2015) and Mok and colleagues (2014) were
excluded from the secondary analysis. Fong and colleagues (2015) and Mok and colleagues (2014) only
compared muscle activation during different suspension training exercises. Of the 16 remaining studies,
nine compared muscle activation during suspension training and traditional exercise (Beach et al., 2008;
Borreani et al., 2015b; Byrne et al., 2014; Calatayud et al., 2014a; McGill et al., 2014a, 2014b; Snarr &
Esco, 2013a, 2013b; Snarr, Nickerson, et al., 2014), five compared muscle activation during suspension
training exercise with traditional exercise performed on an unstable surface (eg. prone bridge on a Swiss
ball)(Atkins et al., 2015; Borreani et al., 2015b; Calatayud et al., 2014a; Calatayud et al., 2014b; Snarr &
Esco, 2014), and two compared muscle activation during suspension training exercise with different
traditional exercises (Malliaropoulos et al., 2015; Snarr et al., 2013). The differences in activity (expressed

as % of MVIC) of the muscles involved in push-ups, inverted row, prone bridge and hamstring curl
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exercises are described in the following paragraph. Results are presented below according to primary
objective (muscle activation of the suspension training exercises) and secondary objective (muscle
activation comparison between suspension training exercises and traditional strength training counterparts).

Table 2 shows the descriptive characteristics and the quality of all studies revised.

**Table 2 near here**

Muscle activation during suspension exercises

Suspension push-up

Muscle activation during suspension push-ups is reported in Figure 3. For suspension push-ups,
activation of triceps brachii, serratus anterior, and rectus abdominis were high (41%-60% MVIC).
Activations of pectoralis major, anterior deltoid, transversus abdominis and internal oblique, external
oblique, and rectus femoris were moderate (21%-40% MVIC). Activations of upper trapezius, posterior
deltoid, latissimus dorsi, internal oblique, erector spinae, lumbar multifidus, and gluteus maximus were low

(<21% MVIC).

**Figure 3 near here**

Suspension inverted row, prone bridge and hamstring curl

Muscle activations during suspension inverted rows, suspension prone bridges and suspension
hamstring curls are reported in Figures 4, 5 and 6 respectively. For suspension inverted row, activations of
latissimus dorsi, middle trapezius, posterior deltoid, and biceps brachii were very high (>60% MVIC).
Activations of core muscles (transversus abdominis and internal oblique, rectus abdominis, external
oblique, internal oblique, lumbar multifidus) were low (<21% MVIC). In suspension prone bridge,
activations of some core muscles (transversus abdominis and internal oblique, rectus abdominis, external

oblique) ranged from high to very high (>41% MVIC), while activations of other core muscles (serratus
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anterior, lumbar multifidus, erector spinae, rectus femoris) ranged from moderate to low (< 40% MVIC).
For suspension hamstring curl, activations of biceps femoris and semitendinosus were very high (> 60%
MVIC). Activations of some core muscles (transversus abdominis and internal oblique, and lumbar
multifidus) were high (41-60% MVIC) while others (external oblique and rectus abdominis) ranged from

moderate to low (<40% MVIC).

**Figure 4 near here**

**Figure 5 near here**

**Figure 6 near here**

Muscle activation in suspension exercises compared to traditional exercises

Suspension push-up

Differences in activations between suspension push-ups and push-ups for each muscle are reported
in Table 3. Activations of pectoralis major, anterior deltoid, upper trapezius, triceps brachii, latissimus
dorsi, serratus anterior, rectus abdominis, external oblique, internal oblique, lumbar multifidus and rectus
femoris were significantly greater in suspension push-up compared to push-up (Beach et al., 2008; Borreani
et al., 2015a; Borreani et al., 2015b; Calatayud et al., 2014a; McGill et al., 2014a; Snarr & Esco, 2013b).
The use of a suspension device with pulley, a type of suspension training device that uses a pulley to further
increase instability, caused significant increases in activation of upper trapezius, triceps brachii, posterior
deltoid, rectus abdominis, external oblique, erector spinae, rectus femoris and gluteus maximus relative to
traditional push-up (Calatayud et al., 2014b; Calatayud et al., 2014a; Calatayud et al., 2014c). The
traditional push-up resulted in significantly higher activations of pectoralis major and anterior deltoid
compared to suspension push-up with pulley (Borreani et al., 2014a). However, for certain muscles, like
pectoralis major (Borreani et al., 2015b), anterior deltoid (Borreani et al., 2015b; Calatayud et al., 2014b;

Calatayud et al., 2014c) and serratus anterior (Borreani et al., 2014b; McGill et al., 2014a), significantly
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greater activation was found in traditional push-up in comparison with suspension push-up in the

aforementioned studies.

** Table 3 near here**

Suspension inverted row, prone bridge and hamstring curl

Differences in activations between suspension and traditional inverted row, prone bridge and
hamstring curl for each muscle are reported in Table 4. Activations of middle trapezius, posterior deltoid,
rectus abdominis, internal oblique, external oblique and erector spinae were greater in suspension inverted
row compared to inverted row; however, the increases were not statistically significant (McGill et al.,
2014b; Snarr & Esco, 2013a; Snarr, Nickerson et al., 2014). Activation of latissimus dorsi was significantly
greater in inverted row compared to suspension inverted row, but biceps brachii activity was significantly
higher in suspension inverted row compared to inverted row (Snarr, Nickerson et al., 2014). Activations of
core muscles (rectus abdominis, external oblique, erector spinae and rectus femoris) were significantly
greater in suspension prone bridge compared to prone bridge (Atkins et al., 2015; Byrne et al., 2014; Snarr
& Esco, 2014). Activations of biceps femoris and semitendinosus were significantly greater in suspension
hamstring curl compared to traditional exercise with and without destabilising devices (Malliaropoulos et

al., 2015).

** Table 4 near here**

Discussion and implications

Muscle activation during suspension exercises

The primary aim of this study was to identify muscle activation during execution of different
suspension training exercises. We found both similarities and differences in the activations of the same

muscles amongst the exercises. Any differences may be attributed to differences in body position and
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conditioning parameters (range of motion, suspension height, type of grip, type of suspension training

device, etc.). Each type of exercise will be discussed in detail below.

Suspension push-up

Some studies found the pectoralis major activation to be moderate (Borreani et al., 2015b;
Calatayud et al., 2014a; Calatayud et al., 2014c; Calatayud et al., 2014b), but Snarr and Esco (2013b) found
that the pectoralis major activation was very high. This difference may be explained by differences in the
types of suspension device used. Several studies used a traditional suspension devices (Borreani et al.,
2015b; Snarr & Esco, 2013b), while other studies used a pulley suspension devices (Calatayud et al., 2014a;
Calatayud et al., 2014c; Calatayud et al., 2014b). Additionally, there were differences in the height of the
suspension device. The activation of the pectoralis major decreased as the trunk-legs inclination, or the
angle between the body and the floor, increased and the hip flexion decreased (Borreani et al., 2015b).
Similarly, the wide range of the anterior deltoid activation can be attributed to these same two factors
(suspension device type and length). These results suggest that the anterior deltoid is inhibited as a synergist
of the pectoralis major, thus reducing the anterior deltoid’s activation under highly unstable conditions. The
stabilising function of core muscles (rectus abdominis and external oblique) using a pulley suspension
device is more demanding (Calatayud et al., 2014a; Calatayud et al., 2014¢; Calatayud et al., 2014b), in
contrast to the lower activation of the serratus anterior (Calatayud et al., 2014b). The differences in the
rectus abdominis and external oblique activations amongst studies could be partially explained by
differences in suspension device height and the trunk-legs inclination (Dawes & Melrose, 2015) and by
changes caused by increased instability. Despite changes in activation of the other muscles, the activation
of the triceps brachii during push-ups did not vary by suspension device type (Borreani et al., 2015b;
Calatayud et al., 2014a; Calatayud et al., 2014c; Calatayud et al., 2014b); however, it did vary by the trunk-

legs inclination (Snarr & Esco, 2013Db).
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With regard to back muscles, the activation of the erector spinae was reduced with the use of a
pulley suspension device (Calatayud et al., 2014a; Calatayud et al., 2014c¢). This is because suspension
push-ups increase the activation of the latissimus dorsi to stabilise the shoulder joint. Additionally, the use
of a suspension device requires the abdominal muscles and latissimus dorsi to be sufficiently activated to

achieve mechanical equilibrium around the lower back (Beach et al., 2008).

The differences between the muscle activity of the pectoralis major, anterior deltoid and upper
trapezius as reported by Snarr and Esco (2013b) and the other studies can be explained by the use of a
traditional suspension device that did not inhibit its activation and the body inclination having supported
the major part of the body mass, in accordance with the vector resistance and stability fundamental
principles (Bettendorf, 2010). Again, the differences in the muscle activation of the anterior deltoid, serratus
anterior and rectus femoris, between Borreani and colleagues (2015a) and the other studies, could be
explained by the use of the traditional suspension device, which produces a degree of instability to increase
the activity of the aforementioned musculature. The differences in the activation of the rectus abdominis
were provoked by the type of suspension device and for modified the vector resistance and stability
fundamental principles. Thus, by reducing the body angle inclination and performing the push-ups exercise
with the suspension device with pulley, the participants in the study by Calatayud and colleagues (2014a,
2014c) achieved an increase of muscle demands and very high activations (>60% MVIC) from the rectus

abdominis.

Suspension inverted row, prone bridge and hamstring curl

The differences in activations of the latissimus dorsi and middle trapezius between suspension
inverted row studies can be explained by handgrip type. Snarr and Esco (2013a) and Snarr, Nickerson, and
colleagues (2014) used pronated and supinated handgrips, respectively, while McGill and colleagues
(2014b) used a neutral handgrip. The pronated handgrips demand a higher activation of the posterior

deltoid, whereas the supinated handgrips demands a higher activation of the biceps brachii (Snarr,

12
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Nickerson, et al., 2014). The prone handgrip could be enhanced the extensor role of the posterior chain
musculature. The biceps brachii activity observed by Snarr, Nickerson and colleagues (2014) differed to
the other studies. This could be because they used a supine handgrip, which increases the recruitment of
the biceps brachii during elbow flexion. Additionally, the trunk-legs inclination and the hip flexion angle
influence the latissimus dorsi and middle trapezius activation. Activations of core muscles (rectus
abdominis, external oblique and lumbar multifidus) were low in suspension inverted row, as the instability
created by traditional suspension devices does not engage the trunk muscles, even though instability
increases with the variation of the trunk-legs inclination and the hip flexion angle. The included suspension
inverted row studies showed that the variations in the suspension training fundamental principles

(Bettendorf, 2010) were insufficient to offer a challenge to the recruitment of the core muscles.

In the suspension prone bridge, the variation in rectus abdominis, external oblique and erector
spinae activations may be due to the additions of hip abduction (Fong et al., 2015; Mok et al., 2014), arms
extension (Atkins et al., 2015), suspension of feet or arms (Snarr & Esco, 2014), or suspension of feet and
arms (Byrne et al., 2014). Additionally, the modification in the fundamental principles of stability and
pendulum (Bettendorf, 2010) by Mok and colleagues (2014) were insufficient to increase the degree of
instability, especially in the rectus abdominis, which activation was lower compared to the aforementioned

studies.

The suspension hamstring curl technique utilised by Fong and colleagues (2015) in chronic back
pain patients, which entails positioning the supine trunk with a lumbopelvic retroversion, could explain the
differences in the activation of trunk muscles (transversus abdominis and internal oblique, rectus abdominis

and external oblique) in comparison with Mok and colleagues (2014).

Muscle activation in suspension exercises compared to traditional exercises

Studies that compared muscle activation during suspension and traditional exercises utilised

physically active participants between 15 and 28 years of age. Most studies presented activations as
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%MVIC; however, these studies used different procedures to obtain the MVIC. For example,
Malliaropoulos and colleagues (2015) performed three five-second MVICs with an isokinetic dynamometer
whereas other studies performed MVIC trials against a matched resistance (Beach et al., 2008; Byrne et al.,
2014; Borreani et al., 2015a), with trial lengths ranging from three to ten seconds (Atkins et al., 2015; Byrne
et al., 2014; Mok et al., 2014). The MVIC trials for each analysed muscle differed in accordance with the
protocol used (e.g. the protocols described by Konrad (2005) compared to Escamilla and colleagues

(2010)).

Suspension push-up

All the reviewed studies showed a greater activation of suspension push-ups compared to traditional
push-ups, regardless of the use of stabilising loop. The use of a suspension device without a stabilising loop
significantly improved the activation of the pectoralis major (Calatayud et al., 2014c). However, suspension
push-ups performed under highly unstable conditions provoked a lower activation of the pectoralis major
(Calatayud et al., 2014a) and anterior deltoid (Borreani et al., 2015b). This is because the triceps brachii
acts as a stabiliser under unstable conditions, especially when instability is lateral (Borreani et al., 2015b;
Calatayud etal., 2014a; Calatayud etal., 2014c; Calatayud et al., 2014b; Snarr & Esco, 2013b).
Furthermore, lateral instability of the pulley suspension device results in greater activation of the trunk
muscles (rectus abdominis, internal oblique and external oblique). This is especially true for the rectus
abdominis, which acts as a grater stabiliser during suspension push-ups compared to traditional push-ups
(Beach et al., 2008; Calatayud et al., 2014a; Calatayud et al., 2014¢; Calatayud et al., 2014b; McGill et al.,
2014a; Snarr et al., 2013). Thus, the activation of the rectus abdominis during suspension push-ups with a
pulley substantially increases (around 20%) in comparison with traditional suspension push-ups. This is an
important finding for clinicians looking for a way to more thoroughly engage the abdominals during sports-
specific upper extremity movements. In contrast, there was no consensus in the included studies for the

serratus anterior on the effects of instability during push-ups; however, variations in the suspension device
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height suggested that the higher the position of the suspension device, the greater the activation of the
serratus anterior. (Borreani et al., 2015b; Calatayud et al., 2014a; Calatayud et al., 2014c¢; Calatayud et al.,

2014b).

Suspension inverted row, prone bridge and hamstring curl

Variations in the grip type used in studies investigating inverted row exercise make it difficult to
compare muscle activations. Along with the grip type, variations in trunk-legs inclination and the hip
flexion angle result in variations in the activation of the involved muscles (latissimus dorsi, middle
trapezius, posterior deltoid, and biceps brachii), which cause significant differences in activations between
suspension inverted row and inverted row (McGill et al., 2014b; Snarr & Esco, 2013a; Snarr, Nickerson,
et al., 2014). As such, it is difficult to tell if this difference is due to the addition of instability to the exercise.
However, for the suspension prone bridge, compared with the traditional prone bridge, the variations in
execution (arms or legs suspended) increases the activation of muscles used to maintain body position
(rectus abdominis, external oblique, rectus femoris, serratus anterior and erector spinae) (Byrne et al., 2014;
Snarr & Esco, 2014). Furthermore, instability of the arms may increase the difficulty of the exercise more
than instability of the legs, which may cause higher rectus abdominis activation (Byrne et al., 2014). In
contrast, the activation of trunk muscles reported by Atkins and colleagues (2015) differ from other studies
because they studied elite swimmers who have particular neuromuscular characteristics. Finally, although
there is little evidence in the literature, the hamstring musculature was more activated during the suspension

hamstring curl than other bilateral hamstring exercises (Malliaropoulos et al., 2015).

Methodological considerations

There is no consensus about the protocol used to normalise the EMG signal for calculating MVIC.
The procedures used to produce the MVIC, which can be achieved progressively or explosively, were not

provided by most authors. Compared to the use of rapid movement, the use of isometric and slow dynamic
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movements for achieving a maximal contraction results in more reliable and easy-to-compare EMG signals
(Alizadehkhaiyat & Frostick, 2015). Only three studies (Atkins et al., 2015; Byrne et al., 2014;
Malliaropoulos et al., 2015) followed the European Recommendation for Surface ElectroMyoGraphy
(SENIAM) (Hermens, Freriks, Disselhorst-Klug, & Rau, 2000) guidelines, which warn clinicians to be
cautious when making comparisons of muscle activations. Regardless, all reviewed studies reported the

electrode placement in detail.

The majority of the reviewed studies used the metronome for pace control in push-ups, except for
Beach and colleagues (2008), Fong and colleagues (2015) and Snarr and colleagues (2013), and for prone-
bridge studies, except for Mok and colleagues (2014). As such, it is possible that the differences in muscle
activity amongst studies for suspension push-ups exercises may have been caused by the type of muscle
contraction and the execution velocity. This may be true for dynamic suspension push-up protocols (Beach
et al., 2008; Borreani et al., 2015a; Borreani et al., 2015b; Calatayud et al., 2014a; Calatayud et al., 2014c;
Calatayud et al., 2014b; Snarr & Esco, 2013b; Snarr et al., 2013), dynamic suspension push-up protocols
combining isometric contraction while maintaining movement during the eccentric phase (McGill et al.,
2014a; Mok et al., 2014), and isometric suspension push-up protocols (Fong et al., 2015). Research has
indicated that muscle activation is highest for dynamic suspension push-ups compared to isometric
suspension push-ups or protocols combining both types of contractions. Furthermore, studies with dynamic
suspension inverted row protocols (Snarr & Esco, 2013a; Snarr, Nickerson, et al., 2014) demonstrated
higher muscle activation compared to studies that used a combination of dynamic and isometric
contractions during the concentric phase (McGill et al., 2014b). In addition, the protocol conducted to
analyse the core musculature (transversus abdominis and internal oblique, rectus abdominis, external
oblique, and lumbar multifidus) in the suspension hamstring curl was similar in Mok and colleagues (2014)
and Fong and colleagues (2015). These findings suggest that the protocol (pace control and type of
contraction) is not responsible for the differences in muscle activation. Instead, differences may be due to

variations in the study populations and procedures used to normalise the EMG signals.
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Limitations

In this review, most of the references are from 2013 or later, which indicates that the study of
muscle activation during suspension training exercises is a new topic in strength and conditioning. In fact,
the manufacturer of the most popular suspension devices patented its first device in 2006. There were
certain variations in the execution of the exercises, the muscles assessed for activation, the methods used
to assess muscle activity and the EMG signal normalisation procedures. As a result, readers should be
cautious in interpreting the magnitudes of muscle activations between the same muscles and amongst
exercises. Moreover, the participants in a majority of the studies were physically active male non-athletes,

which makes it difficult to generalise findings to both females and athletes.

Suggestions for future research

Athletes differ functionally and morphologically from non-athletes and unhealthy patients. They
have more advanced muscular development and their muscles are trained to sport-specific tasks. These
differences may result in variations in muscle activation patterns during execution of suspension exercises.
Future research should consider this type of population and focus on identifying muscle activations patterns
for a greater variety of suspension exercises, including exercises involving the lower extremity, and
comparing bilateral and unilateral suspension training exercises. In addition, more research is needed to
determine the effectiveness of the inclusion of suspension training exercises during the return-to-play phase
of rehabilitation. Finally, Genevois and colleagues (2014); Janot and colleagues (2013) and Maté-Muioz
and colleagues (2014) all recommended longitudinal research and interventional research that measures

muscle activity using EMG.

17


http://www.dau.url.edu/

0 This is a post-print (final draft post-refeering). Published in final edited form as: Aguilera-Castells J, Busca B, Fort-
Vanmeerhaeghe A, Montalvo A.M, Pefa J. Muscle activation in suspension training: a systematic review. Sports
Blanguerna Biomech, 2020;19:55-75.
DOI: 10.1080/14763141.2018.1472293
Avalaible in : http:/www.dau.url.edu

Conclusion

After a detailed systematic review of studies analysing muscle activity during different suspension
training exercises (push-ups, inverted row, prone bridge and hamstring curl), we can conclude that there
are differences in muscle activation between the exercises using suspension devices and their traditional
counterparts. The suspension device increased activation in the most of the muscle groups participating in
suspension training exercises (push-ups, inverted row, prone bridge and hamstring curl) compared to
traditional. However, certain muscles (middle trapezius, posterior deltoid and biceps brachii) did not differ
with regard to activation by exercise type, concretely during suspension inverted row. Depending on the
conditioning goals and the strength demands for a given sport, a mixture of traditional exercises, suspension

exercises and other conditioning methods can be used to maximise performance.

Clinicians and practitioners should consider the use of push-ups and suspended push-ups to
improve the activation of pectoralis major, serratus anterior and anterior deltoid. The use of a pulley
suspension device inhibits the aforementioned muscles, which make these exercises less demanding.
Likewise, the use of a suspension device with pulley is a challenge for the core muscles in suspension push-
ups, prone bridge and hamstring curl. Moreover, when the participant tries to strengthen the triceps brachii,
the use of a suspension device with pulley is appropriate in suspension push-ups. In addition, the supine
grip when performing the suspension inverted row exercise is recommended for higher demands on the

biceps brachii.

The use of different suspension devices and the body position in the most highly practised exercises
in suspension training are crucial factors for exercise prescription in clinics and rehabilitation. The different
set-ups in these exercises have an influence on the situations during which a high muscle activation is
required. This is the case when suspension training becomes an interesting method in injury prevention and
other clinical programs, such as those designed in the different phases of the rehabilitation and return-to-
play protocols. Another clinical application of the different variation of suspension training exercises might

guide the low back pain prevention programs and other postural pains.
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Figure captions

Figure 1. Suspension training devices and their main features: a) traditional suspension
device, b) pulley suspension device and €) suspension device with two parallel
chains

Figure 2 PRISMA flowchart of the search and study selection

Figre 3. Percentage of maximum voluntary sometric contraction achieved for each
muscle in suspension push-ups studies. REF 1: Beach et al. (2008); REF 2: Sparr
and Esco (2013b); REF 3: Sparr et al_ (2013); REF 4: McGill et al. (2014a);
REF 5: Calatayud et al. (2014a); REF 6: Calatayud et al. (2014b); REF 7:
Calatayud et al. (2014c); REF 8: Mok et al. (2014); REF 9: Borreani et al.
(2015a); REF _10: Bomream et al_ (2015b); REF 11: Fong et al. (2015)

Figure 4. Percentage of maximum voluntary isometric contraction achieved for each
muscle in suspension inverted row studhes. REF 1: Sparr and Esco (2013a);
REF 2: Sparr, Nickerson et al. (2014); REF 3: McGill et al. (2014b); REF 4:
Mok et al. (2014); REF 5: Fong et al. (2015)

Figre 3. Percentage of maximum voluntary sometric contraction achieved for each
muscle in suspension prone bridge studies. REF 1: Byme et al. (2014); REF 2:
Mok et al. (2014); REF 3: Sparr and Esco (2014); REF 4: Atkins et al. (2015);
REF 5: Fong et al. (2015)

Figure 6. Percentage of maximum voluntary isometric contraction achieved for each
muscle in suspension hamstring curl studies. REF _1: Mok et al. (2014); REF 2:

Fong et al. (2014); REF 3: Malharopoulos et al. (2015)
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