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Suspended lunge exercise: assessment of forces in different positions and paces 

Summary. The forces exerted on a suspension device have been examined in the upper body exercises such as 
push-ups or inverted row. However, there is a lack of evidence with regard to the effects of a suspension device on 
force production in lower limb exercises. For this reason, this aim of this study was to determine the effects of body 
position, contraction patterns and pace on force production by the lower limb during the execution of suspended 
lunge exercises. Ten physically active male university students (n = 10, age = 23.70±2.83 years old) performed 
sixteen suspended lunges in four different positions and at three different paces (60, 70, and 80 beats per minute). 
A load cell was used to assess the forces exerted on the suspension device. Force data were analysed with factorial 
repeated measurements (ANOVA). Significant main effects for position in concentric force (p= .000), average force 
(p= .002), and for frequency in peak force (p= .004) were found. Peak force was significantly higher in all positions 
for dynamic contraction type than for isometric suspended lunge. In conclusion, a greater distance of the feet, 
frequencies around 70 beats per minute and the dynamic contraction type all contributed to enhancing the forces 
exerted on the suspension strap in the performance of the lunge exercise. 
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L’exercici de lunge en suspensió: valoració de les forces en diferents posicions i ritmes

Resum. Les forces exercides sobre un dispositiu de suspensió han estat examinades en exercicis com les flexions 
de braços o el rem invertit. No obstant això, hi ha una manca d’evidències investigant l’efecte dels dispositius de 
suspensió sobre la producció de força a l’extremitat inferior. Per aquesta raó, l’objectiu de l’estudi va ser determinar 
els efectes de la posició corporal, els règims de contracció i la velocitat d’execució sobre la producció de força de 
l’extremitat inferior durant l’exercici del lunge en suspensió. Es van reclutar joves universitaris físicament actius 
(n= 10, edat = 23.70±2.83 anys) per fer setze lunges en suspensió en quatre posicions i tres ritmes diferents (60, 
70, i 80 batecs per minut). Es va utilitzar una cèl·lula de força per valorar les forces exercides sobre el dispositiu 
de suspensió. Les dades de força es van analitzar amb l’ANOVA factorial de mesures repetides. Es va obtenir un 
efecte principal per la posició en la força concèntrica (p= .000), força mitjana (p= .002), i per la freqüència en el 
pic de força (p= .004). El pic de força va ser significativament més alt durant la contracció dinàmic en comparació 
amb la isomètrica en totes les posicions. Les posicions amb amplituds més grans entre cames, freqüències al volt-
ant dels 70 batecs per minut i el règim de contracció dinàmic milloren les forces exercides sobre el dispositiu de 
suspensió en l’exercici de lunge.

Paraules clau: Entrenament en suspensió; força tren inferior; galga de força
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Introduction

In recent years, the use of instability resistance training 
in the field of sports training and fitness activities has 
been gradually gaining prominence over more tradi-
tional resistance training. The main reasons for the 
method’s increased popularity include its simplicity, 
(as it requires nothing more than body weight in terms 
of load), its specificity, and its high degree of transfer-
ability to actions in sporting competition. The use of 
unstable surfaces has been shown to be effective in the 
past for use in untrained populations, satisfactorily 
replacing the use of external loads to achieve strength 
benefits (Sparkes & Behm, 2010; Tomljanovic, Spasic, 
Gabrilo, & Uljevic, 2011). Strength gains in bench press 
and back squat exercises have been shown to be associ-
ated with increases in one-repetition maximums when 
performed under unstable conditions, after six to eight 
weeks of training (Marinkovic, Bratic, Ignjatovic, & 
Radovanic, 2012; Maté-Muñoz, Monroy, Jodra Jimé-
nez, & Garnacho-Castaño, 2014). Nevertheless, when 
comparing force outputs for exercises under unstable 
conditions to data for exercises done on even surfaces, 
the values are lower for instability exercises like the 
squat or the deadlift (Chulvi-Medrano et al., 2010; 
Saeterbakken & Fimland, 2013). With regard to muscle 
activation, unstable surfaces demand a higher degree 
of activity in most of the muscle groups participating 
in exercise than is the case on stable surfaces (Anderson, 
Gaetz, Holzmann, & Twist, 2013; Escamilla et al., 2010). 
This increased muscle activation, caused by increased 
instability, can be achieved by reducing the contact 
area and contact points on the surface, thus leading to 
greater reliance on the core muscles when there are 
larger demands for stabilization and balance (Snarr, 
Hallmark, Nickerson, & Esco, 2016). For this reason, 
both in the field of strength and conditioning and in 
rehabilitation, the use of suspension devices (SD) has 
become more commonplace, due to the ability of these 
devices to help boost muscle activity and increase ex-
ercise demands.

Suspension training (ST) generates instability by 
using an SD consisting of two straps joined by a single-
point anchor with two handles at its ends similar to 
rings. The degree of instability created by this SD and 
its effects on muscle activation have been analysed in 
exercises such as push-ups (Calatayud et al., 2014; 
McGill, Cannon, & Andersen, 2014a), inverted rows 
(McGill, Cannon, & Andersen, 2014b; Melrose & 
Dawes, 2015) and the plank (Atkins et al., 2015; Byrne 
et al., 2014), all of which feature a great deal of involve-
ment of the upper body muscles. However, there is less 
data when it comes to the exercises used to strengthen 
the lower extremities, among which lunges (the tradi-
tional exercise done without instability) and variations 
on them are some of the most widespread training 
activities (McCurdy, Langford, Cline, Doscher, & Hoff, 
2004). A lunge is a unilateral, closed kinetic chain 
exercise. It is functional and involves the use of mul-
tiple joints (Boudreau et al., 2009; Jönhagen, Halvors-

en, & Benoit, 2009). Lunges involve the constant acti-
vation of the gluteus, quadriceps, hamstrings and the 
triceps surae during the different contraction regimes 
(Boudreau et al., 2009). Several studies have recorded 
muscular activity during the execution of lunges and 
their variations in order to quantify the load sup-
ported by the forward leg during these exercises 
(Ekstrom, Donatelli, & Carp, 2007; Jönhagen, Acker-
mann, & Saartok, 2009). These studies, however, did 
not analyze the implications of differences in position-
ing or of variations in pace for the execution of a single 
exercise. The literature provides evidence that contrac-
tion types and execution speeds are parameters that 
should be taken into account when modifying lunge 
characteristics. Jakobsen, Sundstrup, Andersen, 
Aagaard, and Andersen (2013) examined lunges to test 
the effects of differences in execution speed (low vs. 
high) on the levels of activation of the muscles in-
volved. Prior research on ST has also examined the 
effects of positioning, contraction regimes and speed 
of execution in different exercises. Borreani et al. (2015) 
and Calatayud et al. (2014) analysed the activation of 
the upper extremity and core muscles during the ex-
ecution of suspended push-ups at different heights (10 
cm and 65 cm), observing that the level of muscular 
activation was higher when push-ups were performed 
in suspension at 10 cm from the floor than when they 
were done at a height of 65 cm. Similarly, McGill et al. 
(2014a, 2014b) found that as they modified the angle 
of inclination of push-ups and inverted rows by increas-
ing the strap length, the degree of activation of the 
muscles analysed increased significantly.

In ST research, the effects brought about by chang-
ing body positions and by varying contraction regimes 
and execution speeds are traditionally assessed using 
measurements of force and muscular activity. To 
evaluate muscle activation, electromyography (EMG) 
is commonly used, often in the form of Maximum 
Voluntary Isometric Contraction (MVIC) tests, but the 
use of dynamometers or strain gauges to measure the 
strain forces constitute a more affordable and practical 
way to evaluate force production, because ST exercise 
use body weight and the initial moment of inertia to 
generate muscle demands (Gulmez, 2017; Melrose & 
Dawes, 2015). Therefore, the magnitude of the forces 
generated depends on the degree of instability caused 
by the SD and body position (Maté-Muñoz et al., 2014). 
Melrose and Dawes (2015) used a dynamometer to 
quantify load when performing an isometric suspend-
ed inverted row. To modify body position, they used 
four different inclination angles. The researchers ob-
served that as the angle of inclination between the 
subject and the ground increased (from 30o to 75o), 
body mass resistance also augmented from 37.4% to 
79.4%. Furthermore, Gulmez (2017) used a strain gauge 
or load cell to gather data on body mass resistance at 
different angles of inclination during participants’ 
execution of a number of SD push-ups . Body mass 
resistance was found to increase (from 36.8% to 75.3% 
in elbow flexion and from 11.9% to 50.4% in elbow 
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extension) when the angle of the TRX straps was 
modified (from 45o to 0o).

To the best of our knowledge, quantification of body 
mass resistance has only been calculated in a few upper-
body ST exercises, such as push-ups and inverted row 
exercises (Gulmez, 2017; Melrose & Dawes, 2015). For 
this reason, it seemed worth examining the quantifica-
tion of loads in different lower body ST exercises. 
Therefore, this research was undertaken with the main 
aim of determining the lower limb force production 
during suspended lunge (SUL) exercises, and second-
arily to compare force production achieved with differ-
ent body positions (thanks to alterations in the height 
of the suspension device and in the distance between 
the suspended lower limb and the support lower limb), 
different contraction types (isometric and dynamic) 
and different paces of exercise (60, 70 and 80 beats per 
minute (bpm)). The first hypothesis was that the 
strength production of the lower limb in suspension 
would increase along with as the height and distance 
between the suspension device and the lower limb in 
contact with the ground. Secondly, it was hypothesised 
that increasing execution speeds would also be associ-
ated with increases in the force produced during dy-
namic actions (60, 70 and 80 bpm) and that these dy-
namic contractions require a greater production of force 
than isometric movements. The final hypothesis was 
that body mass resistance would significantly increase 
as the distance between the participants’ feet and the 
height of the suspended foot increase.

Methods

Design

A repeated measures design was used to compare force 
production under 16 different conditions of the SUL 
exercises and thus to determine if the resulting force 
increased when the position, the contraction regime, 
and the execution speed were modified. The SUL ex-
ercise was carried out using the TRX Suspension train-
erTM device. An S-Type Load Cell force sensor was used 
to obtain strength extension values for the suspended 
lower extremity. To determine the effect of SD on force 
production, four body positions were used (TRX_height 
with respect to the floor(cm)-distance between lower 
support limb and in suspension (cm)): 1) TRX_40-60, 2) 
TRX_40-80, 3) TRX_60-60, and 4) TRX_60-80. In each 
of these positions, one isometric and 3 dynamic SULs 
were performed at 60, 70 and 80 bpm. 

Participants

Ten healthy and physically active male subjects (mean 
age = 23.70 ± 2.83 years, height = 1.83 ± .043 m, weight 
= 79.30 ± 10.85 kg, body mass index = 23.58 ± 2.42 
kg·m-2, thigh length = 40.90 ± 2.02 cm, leg length = 
53.40 ± 2.46 cm) were voluntarily recruited for the 
study. All the participants not presenting a height 
between 1.77 m and 1.87 m, as well as those who pre-

sented diseases and/or pain related to the cardiovascu-
lar, musculoskeletal and neuromuscular apparatuses, 
were excluded. All the participants received clear in-
formation on the research protocol and signed the 
informed consent, having previously read the informa-
tion document. The ethics committee of the Ramon 
Llull University of Barcelona approved the develop-
ment of this study, which was conducted in accordance 
with the latest version of the declaration of Helsinki 
(revised in Fortaleza, Brazil, 2013).

Procedures

The research was carried out in two sessions. The fa-
miliarisation and the experimental sessions were held 
the same day of the week. All the exercise conditions 
and the order of the participants were randomly as-
signed. During the familiarisation session, the anthro-
pometric data on the different subjects were collected, 
and each participant was also asked to identify his 
dominant leg, defined here as the participant’s pre-
ferred kicking leg (Meylan, Nosaka, Green, & Cronin, 
2010). The length of the thigh and the leg were also 
measured, in accordance with the ISAK (2001) protocol. 
Additionally, in this session participants were given 
training in the correct mechanics of SUL exercises to 
be done under all the analysis conditions.

Participants were asked not to perform any intense 
physical activity during the 12-hour span prior to the 
experimental sessions. Participants performed the SUL 
with the TRX Suspension trainer (Fitness Anywhere, 
San Francisco, CA), with a distance of 40 cm and 60 
cm between the ground and the device’s strap. The 
TRX® anchor point was located on the ceiling at a 
height of 2.95 m from the ground. Participants per-
formed the 16 variations of the movement in two 
blocks (first block TRX_40 cm and second block TRX_60 
cm). During each block, the distance between the 
lower limbs, contraction types (isometric and dynam-
ic) and the execution speeds (60, 70 and 80 bpm) were 
modified. Participants performed a set of three repeti-
tions of the isometric SUL (three seconds at the top 
position, ten seconds at the bottom position) and a set 
of five repetitions of the dynamic SUL with 90 seconds 
of rest between each SUL condition. The execution 
speed in the dynamic SUL was established using a 
metronome (the app Pro Metronome, version 3.13.2; 
EUMLab-Xannin Technology Gmbh., Hangzhou, 
China). 

Standarisation of the SUL exercises was ensured by 
asking the participants to cross their arms over their 
chests and to keep their trunks in a neutral position. 
The heel of the lower extremity in contact with the 
ground had to be placed in front of the marks indicat-
ing the different distances (60 cm and 80 cm). The sole 
of this foot had to be completely flat on the ground. 
The foot of the non-dominant lower extremity was 
placed inside the device handle, with a slight plantar 
flexion of the ankle joint (Figure 1). To obtain better 
control of the SUL movement range, a WSB 16k-200 
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position encoder was used (ASM Inc., Moosinning, 
DEU), and all the SUL exercises were recorded at 30 fps 
with an iPhone 6 Plus (Apple Inc., Cupertino, CA). To 
control the movement of the suspended lower limb 
and the participants’ trunk movements and to prevent 
the knee from going past the toes during the flexion 
movement, five plastic poles were used as reference 
marks. They were placed at a distance of 40 cm from 
one another and aligned with the camera’s line of vi-
sion (Payton, 2008).

If a participant’s execution of any of the SUL was 
incorrect, researchers asked him to stop the exercise, 
and then (respecting the 90 seconds of rest between 
sets) to perform the SUL again. However, only those 
repetitions of SULs that met the standard criteria for 
the movement were analysed.

Measures

The forces exerted on the suspension strap during SULs 
were assessed with a 200 HZ S-Type Load Cell strain 
gauge CZL301C (Phidgets Inc., Alberta, CAN), which 
was placed between the anchorage point and the TRX. 
The load cell was calibrated following the manufac-
turer’s recommendations. According to Tiainen et al. 
(2004) and Vivodtzev et al. (2006), force sensors are a 
valid and reliable tool to measure muscle strength. The 
data gathering process was performed using the DA 
100C transducer force sensor (BIOPAC System, INC., 
Goleta, CA) connected to the BIOPAC MP-150 (BIOPAC 
System, INC., Goleta, CA). The information was trans-
ferred to AcqKnowledge software (Version 4.2 for 
Windows 7; BIOPAC System, INC., Goleta, CA), where 
a force/time curve was displayed. The average recorded 
force was calculated for each of the repetitions in the 
concentric phase, the eccentric phase and the concen-
tric/eccentric phases. The variables of concentric force, 
eccentric force and average force were expressed as the 
mean total of the average force of each of the repeti-

tions in the concentric phase, the eccentric phase and 
the concentric/eccentric phase, respectively. The peak 
force variable was calculated for both the dynamic SUL 
and the isometric SUL and was expressed as the average 
value of the maximum force production in each of the 
repetitions (five reps for dynamic suspended and three 
reps for isometric suspended). Additionally, the peak 
force of the isometric conditions was normalised for 
each participant using the following equation: load 
norm (%) = load /body weight x 100 (Gulmez, 2017). 
The normalised values were expressed as a percentage 
of the total load. 

Statistical Analysis 

Descriptive statistical analysis and frequencies were 
used to describe the sample. Descriptive statistical 
methods were used to calculate the mean and the 
standard deviations. To test the normality of the sam-
ple, the Shapiro-Wilk hypothesis test for samples of 
below 50 subjects was performed. The number of sub-
jects recruited was based on effect size 0.4 SD with an 
α level of .05 and power at .95, calculated with the G 
Power Software (University of Dusseldorf, Germany). 
The analysis of the factorial variance (Position [height_
distance_TRX] X Frequency [60, 70 and 80 bpm] and 
Position [height_distance_TRX] X Contraction type 
[dynamic and isometric]) of repeated measurements 
(ANOVA) was used. The Greenhouse-Geisser correction 
was applied when sphericity was violated (Mauchly’s 
Test). A One-way ANOVA test was used to compare the 
body mass resistance (kg) recorded in the different 
positions under isometric conditions. In both analyses, 
Post-hoc analyses with Bonferroni corrections were 
carried out when significant effects were assumed. The 
effect of the size was indicated with partial eta squared 
(h

p
2), with cut values of .01, .06, and .14 for a small, 

medium and large effect, respectively (Cohen, 1988). 
The significance level was established at p<.05. The 
results were expressed using mean ± standard deviation. 
Statistical analysis were carried out using SPSS version 
20.0 for Mac (SPSS Inc., Chicago, IL, USA). 

Results 

Table 1 shows results of the mean (±SD) SUL dynamic 
force production in each position (TRX_40-60, TRX_40-
80, TRX_60-60 and TRX_60-80) and frequency (60, 70 
and 80 bpm) in the different variables of the study: 
concentric force, eccentric force, average force and peak 
force. 

Concentric force

A significant main effect was found for position [F(3, 27) 
= 8.284, p = .000, hp

2 = .47], but no such effect was 
found for frequency [F(1.28, 11.50) = .854, p = .442, hp

2 = 
.08], nor for interaction [F(6, 54) = .663, p = .681, hp

2 = 
.06]. Pairwise comparisons showed significant differ-
ences between TRX_40-60 and TRX_60-80 (p = .008) 

Figura 1. Standardised position during suspended lunge.
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and between TRX_60-60 and TRX_60-80 (p = .021) at 
the frequency of 70 bpm (Table 1).

Eccentric force

No significant main effects were found for position [F(3, 

27) = 2.562, p = .076, hp
2 = .22], frequency [F(2, 18) = 3.466, 

p = .053, hp
2 = .27] or interaction [F(2.41, 21.70) = .834, p = 

.467, hp
2 = .08]. 

Average force

A significant main effect was found for position [F(3, 27) 
= 6.565, p = .002, hp

2 = .42], but no such effect was 
found for frequency [F(2, 18) = 1.174, p = .332, hp

2 = .11], 
nor for interaction [F(6, 54) = .799, p = .575, hp

2 = .08]. 
Pairwise comparisons showed significant differences 
between TRX_40-60 and TRX_60-80 (p = .007), between 
TRX_60-60 and TRX_60-80 (p = .020) at the frequency 
of 70 bpm (Table 1). Furthermore, significant differ-
ences were found between TRX_40-60 and TRX_40-80 
(p = .036) at the frequency of 80 bpm (Table 1).

Peak force

A significant main effect was found for frequency [F(1.22, 

11.04) = 7.776, p = .004, hp
2 = .46] but no such effect was 

found for position [F(3, 27) = 1.946, p = .146, hp
2 = .17], 

nor for interaction [F(2.68, 24.18) = .594, p = .607, hp
2 = .06]. 

Pairwise comparisons showed significant differences 
(p < .05) between 60 bpm and 80 bpm at TRX_40-80 
(p = .035), and between 60 bpm and 70 bpm at TRX_60-
80 (p = .006) (Table 1).

Figure 2 shows the comparison of force production 
in SULs by the type of contraction (isometric or dy-

namic) and by body position (TRX_40-60, TRX_40-80, 
TRX_60-60 or TRX_60-80), in peak force. A significant 
main effect was found for contraction type [F(1, 36) = 
52.346, p = .000, hp

2 = .59], but not for the interaction 
effects [F(3,36) = .862, p = .469, hp

2 = .07]. Pairwise com-
parisons showed significantly greater peak force in the 
dynamic SUL than the isometric exercise at TRX_40-60 
(p = .003), TRX_40-80 (p = .000), TRX_60-60 (p = .001) 
and TRX_60-80 (p = .009).

A significant effect was found for position in body 
mass resistance in isometric SUL [F(3, 36) = 21.103, p = 
.000, hp

2 = .64]. Pairwise comparison showed signifi-
cantly higher percentages of body mass resistance in 
isometric SUL for the position TRX_40-60 (20.00% ± 
6.25) than for TRX_40-80 (10.21% ± 1.21, p = .000), 
TRX_60-60 (10.07% ± 1.21, p = .000) and TRX_60-80 
(11.02% ± 1.27, p = .000). 

Table 1. Force production (N) during dynamic suspended lunge at four different positions and three different frequencies. Values 
showed in mean ± SD

Position

Dynamic frequency

Interaction effect
p
(p<.05) hp

2

60 bpm 70 bpm 80 bpm

Mean ±SD Mean ±SD Mean ±SD

Concentric Force TRX_40-60 116.21±37.15 115.81± 32.61* 112.97±39.06 .681 .06

TRX_40-80 120.23±33.02 122.98±38.40 122.99±43.88 

TRX_60-60 114.74±32.41 117.40±36.83† 119.48±41.34 

TRX_60-80 123.42±36.87 131.04±36.84* † 128.41±35.22 

Eccentric Force TRX_40-60 159.47±43.69 160.18±41.64  156.53±49.67 .467 .08

TRX_40-80 160.89±47.19 166.90±45.78 163.52±50.31

TRX_60-60 156.82±38.38 167.05±47.04 164.49±52.96 

TRX_60-80 162.57±46.37 178.31±48.68 166.87±47.04 

Average Force TRX_40-60 130.56±39.94 130.03±36.11* 126.62±42.91 ¶ .575 .08

TRX_40-80 133.26±37.77 136.50±39.56 136.07±45.94 ¶

TRX_60-60 128.57±34.06 132.45±40.45 † 133.96±45.63 

TRX_60-80 136.48±40.84 146.43±42.06* † 141.21±39.54 

Peak Force TRX_40-60 205.85±63.40 215.85±64.12 221.94±83.44 .607 .06

TRX_40-80 207.84±61.82 § 223.14±78.70  233.14±78.70 §

TRX_60-60 199.14±51.15 221.50±67.47 226.45±81.88 

TRX_60-80 210.63±61.60 ☨ 233.24±68.04 ☨ 229.65±72.97 

Notes: 
(N) = Newton; bpm = Beats per minute 
* Significant differences between TRX_40-60 and TRX_60-80
†Significant differences between TRX_60-60 and TRX_60-80
¶ Significant differences between TRX_40-60 and TRX_40-80
☨ Significant differences between frequency 60 bpm and 70 bpm
§ Significant differences between frequency 60 bpm and 80 bpm
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Figura 2. Peak force comparison between dynamic and isome-
tric suspended lunge at four different positions. Each bar repre-
sents the mean, and the error bar the standard deviation (SD).  
Note: *Significant differences (p<.05) between dynamic and 
isometric contraction type
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Discussion

The main finding of the present study was that position 
significantly affected average and concentric force 
production. Force production increased as the distance 
of the feet and the height of the suspended foot in-
creased. Moreover, the pace of repetitions of a dy-
namic lunge exercise affected the peak force, but not 
the other variables analysed. The peak force was sig-
nificantly higher in the dynamic SUL than the isomet-
ric exercise. In addition, body mass resistance was 
significantly greater in the closest body position in the 
isometric SUL (TRX_40-60).

Our findings showed that TRX_60-80 position elic-
ited greater force production than TRX_40-60 for all the 
analysed variables (concentric, eccentric, average and 
peak force variables). This finding is in accordance with 
those of authors who have reported greater body mass 
resistance from position 1 to position 4 in suspended 
inverted row exercises (Melrose & Dawes, 2015) and 
suspended push-ups (Gulmez, 2017). This tendency 
may be explained by the very body weight and force 
momentum principles upon which suspended training 
are based, because the difficulty of ST exercises and the 
number of motor units recruited depend on the amount 
of instability caused by the device and the body position 
(Maté-Muñoz et al., 2014). With regard to strap length, 
there is a lack of previously published research into force 
production with a load cell and with strap length 
variations during ST exercises. However, some evidence 
suggests there is higher muscle activity when suspension 
push-ups are performed with a 10 cm strap length from 
the floor in than is the case in push-ups at 65 cm (Bor-
reani et al., 2015; Calatayud et al., 2014). In contrast, 
the present study showed that a variation in strap length 
(40 cm to 60 cm) was not associated with significant 
differences in force production in any of the variables. 
This finding suggests that a variation in the strap length 
of 20 cm probably does not create a sufficient degree 
of instability to lead to changes in force production. 
On the other hand, a variation in feet distance (60 cm 
to 80 cm) did lead to greater force production for all 
the analysed variables. Furthermore, force production 
was significantly higher at TRX_40-80 (average force) 
and TRX_60-80 (concentric and average force) than at 
TRX_40-60 and TRX_60-60, respectively. Another study 
reported similar force production patterns when the 
distance between the TRX anchorage point and the foot 
fulcrum was increased (in 3 to 6 increments of 30.5 cm) 
during a suspended inverted row exercise (Melrose & 
Dawes, 2015). We might speculate that increasing the 
distance of the feet also increases force production when 
performing a SUL. Nevertheless, variations in feet dis-
tance were smaller than those found by Melrose and 
Dawes (2015). However, a greater distance of the feet 
would lead to more instability, which would probably 
lead to inappropriate technique in the performance of 
SUL. 

The results of this study showed that the pace did 
not significantly alter force variables (concentric, ec-

centric, and average force). However, when peak force 
was analysed, significantly higher force production was 
achieved between 80 bpm and 60 bpm at TRX_40-80. 
Likewise, a significantly higher force production was 
found between 70 bpm and 60 bpm at TRX_60-80. 
These differences may be explained by the need to 
apply more force on the SD. Stability needs increase 
along with the frequency of movement. In fact, the 
peak force values obtained at 70 bpm and 80 bpm are 
very similar using TRX_60-80. This finding is in ac-
cordance with result obtained by other authors, who 
have recorded greater muscle activity in those perform-
ing lunges under ballistic conditions than those doing 
the exercises using slow, controlled contractions (Jako-
bsen et al., 2013). However, the values found among 
lunge positions are smaller than those reported by 
LaChance and Hortobagyi (1994) for push-ups and 
pull-ups. With regard to eccentric force, statistically 
non-significant results were found. This fact could be 
explained by the need for controlled braking to keep 
moving as stable as possible. Nonetheless, our fre-
quency outcomes suggested a trend towards improve-
ment in force production at 70 bpm over the force 
achieved at 60 bpm. There is no corresponding im-
provement, though, between 70 bpm and 80 bpm. 
Although more evidence is necessary, it seems that 70 
bpm could be an optimal frequency to stimulate force 
production in SUL. 

The results of the present study showed significant 
differences in peak force produced using different 
contraction types and body positions. Peak force was 
significantly higher when the participants employed 
the dynamic contraction type, regardless of body posi-
tion. This finding is largely consistent with those of 
Jakobsen et al. (2013) and Jönhagen et al. (2009), who 
conducted studies of a dynamic lunges done at differ-
ent paces. These authors reported that high velocity is 
associated with a higher degree of activity of the 
muscles analysed in the dynamic lunge. In contrast, as 
Ekstrom et al. (2007) stated that an isometric lunge 
elicits lower muscle activity. It appears that dynamic 
contraction leads to greater force production than 
isometric contraction, likely because an increase in 
pace leads to greater recruitment of the motor unit, 
thus increasing muscle activity. However, there is still 
a lack of research available investigating the effects of 
contraction type during suspended exercises. Mean-
while, there is some evidence in the literature that the 
percentage of body mass resistance increases as a result 
of the position change during isometric suspended 
push-ups (Gulmez, 2017) and isometric suspended 
inverted row (Melrose & Dawes, 2015). These authors 
reported that position 4 (body angle closer to the floor) 
is associated with a greater percentage of body mass 
resistance from the TRX strap than the other positions 
(1,2,3), where the body angle is farther from the floor. 
The results of the present study stand in contrast to 
those of Melrose and Dawes (2015) and Gulmez (2017), 
because our findings show that TRX_40-60 (the closest 
position) was associated with a greater percentage of 
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body mass resistance than the other positions (TRX_40-
80, TRX_60-60, TRX_60-80) during isometric SUL. We 
expected that body mass resistance would signifi-
cantly increase as the distance between the feet and 
the height of the suspended foot increased. Neverthe-
less, the results suggested that TRX_40-60 provides 
greater support on the suspension device handles than 
the other positions. A 9.93% body mass resistance 
increase between TRX_40-60 and other positions may 
explain this outcome. Finally, we could speculate that 
other positions require the application of more force 
on the forward foot than on the suspended foot, prob-
ably due to increases in strap height and feet distance.

There were some limitations associated with this 
study. Firstly, only the strap length variations were 
established to modify the degree of instability from the 
SD. No comparison between different strap angles was 
conducted. Another limitation of our data was the lack 
of quantification of force on the forward leg to compare 
it to the rear (suspended) leg. In future studies the as-
sessment of ground reaction forces with a force plat-
form may be worth of attention. Finally, another 
limitation may be the lack of a normalised distance in 
the forward step during lunge execution, as Boudreau 
et al. (2009) recommended. However, the thigh and 
leg length were measured following the ISAK (2001) 
protocol, thus ensuring the homogeneity of the par-
ticipants. 

In conclusion, the results demonstrate that force 
production is enhanced when an SUL is performed 
with a distance of 80 cm between the feet. Furthermore, 
there is also evidence from our results to suggest that 
greater force production during SUL is associated with 
the choice of pace (70 bpm) and with the use of a 
dynamic contraction type. Likewise, the assessment of 
the suspension training load during a lunge seems to 
be useful for strength and conditioning coaches wish-
ing to individualise the athletes’ load related to lunge 
position and force production. The variations on sus-
pension lunge positions also allow coaches and prac-
titioners to achieve progress through position diffi-
culty. Performing suspended lunges is a good choice 
for those seeking to strengthen their lower limbs. The 
inclusion of this exercise in strength and conditioning 
programs could be useful for those trying to improve 
their unilateral sport skills such as jumping, changes 
of direction, sprinting and shooting. Also, leaning the 
rear leg on the SD in the lunge exercise allows for the 
creation of higher demands on the FL, thus increasing 
strength, power and balance. Apart from the changes 
in the body position, contraction type and pace, 
coaches and practitioners could increase the muscular 
and force demands in the suspended lunge by adding 
other sources of instability (on the front leg) or extra 
weights.
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