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Abstract
Giancotti, GF, Fusco, A, Varalda, C, Capelli, G, and Cortis, C. Evaluation of training load during suspension exercise. J Strength

Cond Res 35(8): 2151–2157, 2021—The aims of this study were to evaluate body inclination and ground reaction force and to
predict equations to estimate the training load distribution during suspension training (ST) static back-row at different lengths of the
straps. Thirty volunteers (men5 16 and women5 14; age5 23.36 1.7 years; bodymass5 63.96 13.3 kg; height5 167.96 9.2
cm; body mass index [BMI] 5 22.5 6 3.4 kg·m22) performed 14 static back-rows at 7 different lengths of the straps in 2 different
elbow positions (flexed and extended). When the length of the straps increased, ground reaction force and body inclination
decreased. Moreover, in the flexed elbow position, higher ground reaction force values were recorded with respect to the extended
one. Two multilevel regression models (p , 0.05) were created. In the first one, ground reaction force was used as a dependent
variable, whereas body inclination angle, body mass, height, BMI, and elbow position were used as independent variables.
Significant (p, 0.05) effects were found for all variables included in themodel, with an intraclass correlation coefficient (ICC) of 0.31.
In the second model, the body inclination angle was replaced by the length of the ST device. Significant (p , 0.05) effects were
found also in the secondmodel for all variables included, with an ICCof 0.37. The proposedmodels could provide differentmethods
to quantify the training load distribution, even if the use of the straps’ length could result easier and faster than body inclination angle,
helping practitioners and instructors to personalize the workout to reach specific purposes and provide load progression.
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Introduction

Body mass resistance training is a widespread and inexpensive
way to exercise effectively. The addition of instability to tradi-
tional body mass resistance exercises has become a common
method for increasing sport specificity (1), promoting high level
of functional health and performance benefits (4,5,20). Among
these activities, suspension training (ST) became very popular.
The unstable nature of ST enhances neuromuscular adaptations
and training specificity, while providing varied and effective
stimulus to increase performances (5,7–9,12,18,20,26).

When prescribing resistance training, improvements are ach-
ieved by applying appropriate guidelines (3) and the progressive
overload principle, by increasing frequency or duration or both,
varying movement velocity, recovery times, or adding weights
and increasing volume (16). Using barbells, dumbbells, weight
plates, and machines, the training load can be easily calculated as
the percentage of the maximum repetition. However, ST device is
composed of 1 or more straps connected to 1 or more anchor
point(s) above the exerciser to which the user is suspended from
the handles by either his or her hands or feet (2,17), whereas the
nonsuspended pair of extremities are in contact with the ground
(15). Therefore, during ST, it is difficult to establish adequate
exercise prescription guidelines and apply the principle of pro-
gressive overload. Because during ST, the exercise intensity could
depend on multiple factors, such as the degree of instability

caused by the apparatus and the body position (22), the quanti-
fication of the training load might be challenging (11,13,14).

Nevertheless, only few studies (13,14,23), mainly focusing on
pushing and pulling exercises, investigated the influence of these
factors on training load and its distribution between upper and
lower body during ST exercises. In particular, assessing and
comparing the load applied on the ST device and the ground
reaction forces during push-up at different angle inclinations, the
load on the ST device increased when ST angle decreased and
during elbow flexion with respect to elbow extension (14).
Moreover, evaluating the load distribution between upper and
lower body during ST push-up at different length of the straps, the
load distribution has been reported to changewhenmodifying the
body inclination and the length of the ST device (13).

Although it is a widely used, pulling, closed kinetic chain ex-
ercise, only a few studies investigated the ST back-row
(10,15,23,24,27–29), reporting greater muscle activation of the
obliques, rectus abdominis, and middle and posterior deltoids
than traditional back-row (15,29). However, to the best of our
knowledge, only 1 study (23) investigated the relationship be-
tween body position and load distribution during ST back-row,
showing that the load on the ST device was directly proportional
to body inclination and indirectly proportional to the distance of
the feet from the vertical hanging point (i.e., higher load values on
the straps were recorded in the horizontal positions and when the
feet position was closer to vertical hanging point). In their study,
Melrose and Dawes (23) used different body inclinations and
distances from the hanging point to predict 4 equations to esti-
mate the load on the straps at the 4 measured angles. However,
measuring angles while exercising could not always be feasible, as
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in practical settings, easier and faster methods are favored.
Conversely, the length of the straps could be easier and faster to
determine with respect to the angle measurement. Therefore, the
aims of this study were (a) to evaluate body inclination and
ground reaction force and (b) to predict equations to estimate the
training load distribution during ST static back-row at different
lengths of the straps. It was hypothesized that the training load
could change when modifying the length of the ST device while
maintaining the feet position fixed.

Methods

Experimental Approach to the Problem

Three principles are the fundamental characteristics of the ST
concept: vector-resistance, stability, and pendulum (6). The
vector-resistance principle gives the possibility to adjust the re-
sistance by changing the angle (i.e., the higher body inclination
angle with respect to the ground, the easier the exercise). The
stability principle regards the base of support and balance, where
the unstable base of support can change the muscles recruitment
during this type of activity by implementing the difficulty and
intensity of several exercises (i.e., bigger support base is, the easier
an exercise will be). The pendulum principle deals with the
starting position in relation to the anchor point (i.e., lower in-
clination of ST device with respect to its vertical is, the easier the
exercisewill be). According to those principles, the training load is
affected by different factors, such as the length of the straps, the
body inclination angle, the feet position, and their interaction.
Although these variables could affect the training load, only a few
studies investigated the biomechanical characteristics of ST by
taking into consideration these parameters (13,14,23), whereas to
the best of our knowledge, no study investigated the effect of the
length of the suspension straps on training load during ST back-
row. Therefore, this study was conducted to evaluate body in-
clination and ground reaction force during ST static back-row at
different lengths of the straps (148, 158, 168, 178, 188, 198, and
208 cm) and different elbow positions (flexed and extended), and
to predict equations to estimate the training load distribution
between upper and lower body. Although ST exercises are usually
performed dynamically, a static exercise was proposed to better
control and standardize the experimental protocol and to avoid
any influence as a result of physical fitness or speed of movement
or both that could increase variability during the measurements.

A force platform (range from0 to 10,000N; linearity,60.5%
Full ScaleOutput) was used to evaluate the ground reaction force,
whereas motion analysis software was used to evaluate the body
inclination angle with respect to the horizontal surface. The force
platform showed (13) high intraclass correlation coefficients
(ICCs 5 0.97; 95% confidence interval, 0.95–0.99). To predict
the training load distribution, different formulas were extrapo-
lated from 2 multilevel regression models. Ground reaction force
was used as a dependent variable, whereas body inclination
(replaced by the length of the ST device in the second model),
body mass, height, body mass index (BMI), and elbow position
were used as independent variables.

Subjects

Thirty physically active (engaging in at least 3 d·wk21 of moderate-
to-intense physical activity) volunteers were recruited for the study
(conducted fromMarch 2016 toApril 2016). Subjects (aged 22–27
years old) were included if they had at least 1 year of ST experience

and were excluded if they reported any preexisting condition, such
as physical injury ormusculoskeletal disorders. Theywere required
to refrain from any moderate-to-vigorous physical activity for at
least 24 hours and to abstain from food, drink, and stimulant
consumption for at least 4 hours before the experimental session.
Before the test, written informed consent was obtained from all
subjects, and they were informed of the procedures of the test. The
studywas approvedby theDepartment ofHuman Sciences, Society
andHealth of the University ofCassino andLazioMeridionale and
was performed in accordance with the Declaration of Helsinki for
Human Research of 1964 (last modified in 2000). All descriptive
characteristics of the subjects are reported in Table 1.

Procedures

Before starting the experimental sessions, body mass was mea-
sured through a force plate (Kistler Quattro Jump 9290AD;
Kistler, Winterthur, Switzerland), whereas height was measured
using a stadiometer (Seca, model 709; Vogel &Halke, Hamburg,
Germany).

After a 10-minute specific warm-up including dynamic and
static ST back-row, subjects were asked to perform 14 static ST
back-row (holding the position for 5 seconds) at 7 different
lengths of ST device (148, 158, 168, 178, 188, 198, and 208 cm;
Figure 1) ranging from the simplest to the most challenging, in 2
different elbow (flexed and extended) positions (Figure 2).

An ST device (AINS Suspension Training FIPE, Rome, Italy)
was anchored at 2.65 m above the force platform. Subjects stood
barefoot on the force plate, with their feet shoulder width apart
positioned under the anchored point and visual reflective markers
were applied to subjects’ left lateralmalleolus and at the acromion
process.

During the experimental sessions, the force platform was used
to evaluate the ground reaction force, whereas a video camera
(Sony Camcorder HDR-CX290/B; Sony, Minato, Tokyo, Japan)
fixed at 4.50 m from the subjects and 0.90 m above the ground
was used to record all the trials. The recorded videos were then
imported on a motion analysis software (Dartfish Team Pro 5.5;
Dartfish, Fribourg, Switzerland) and analyzed to calculate the
body inclination angle (line passing through the 2 visual reflective
markers) with respect to the horizontal plane.

Statistical Analyses

Microsoft Excel 2010 (Microsoft Corporation, Redmond, WA)
and Stata statistical software version 14.1 (StataCorp, College
Station, TX) were used for statistical analysis. Means and SDs for
all descriptive characteristics of the subjects were calculated.

Mean value for all data recorded by force plate was calculated
and then normalized in relation to body mass using the following
formula:

Table 1

Mean and SD of subject descriptive characteristics.*

Women (n 5 14) Men (n 5 16) Total (n 5 30)

Age (y) 23.0 6 1.7 23.6 6 1.7 23.3 6 1.7

Body mass (kg) 53.7 6 8.8 72.8 6 9.7 63.9 6 13.3

Height (cm) 160.5 6 5.6 174.4 6 6.2 167.9 6 9.2

BMI (kg·m22) 20.8 6 2.7 24.0 6 3.4 22.5 6 3.4

*BMI 5 body mass index.

Training Load in Suspension Exercise (2021) 35:8

2152

Copyright © 2019 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/nsca-jscr by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 10/22/2024



Load  ð%body massÞ ¼ loadðkgÞ×body mass2 1×100:

Multilevel regression models (or hierarchical linear model,
(25)) were created to predict models to estimate the training load
distribution. Statistical significance (p) was set at 0.05.

Results

Results showed that when body inclination angle increased, the
ground reaction force increased (Table 2). In particular, body
inclination angles were indirectly proportional to the length of the
ST device (Figure 3).

Ground reaction forces in relation to the position are shown in
Figure 4. When the length of the ST straps increased, the ground
reaction force decreased. Moreover, lower values on the force
plate were recorded with extended elbow with respect to flexed
ones.

Twomultilevel regressionmodels were created. In the first one,
ground reaction force was used as a dependent variable, whereas
body inclination angle, body mass, height, BMI, and elbow po-
sition (extended elbow 5 0; flexed elbow 5 1) were used as in-
dependent variables. Significant (p, 0.05) effects were found for
all variables included in the model, with an ICC of 0.31.

Analyzing the model (Table 3), the following equation to estimate
the ground reaction force was extrapolated:

Load ¼ 2132:91341 0:3724671×angle
2 1:299028×body mass1 0:9844512×height
1 3:675008×BMI2 2:073684×elbow:

With the inverse formula, the equations to predict the body
inclination angles to train to the known ground reaction force
were created:

Angleextension ¼ ðloadextension 1 132:9134
1 1:299028×body mass2 0:9844512×height
2 3:675008×BMIÞ�0:3724671:

Angleflexion ¼ ðloadflexion 1 134:987084
1 1:299028×body mass2 0:9844512×height
2 3:675008×BMIÞ�0:3724671:

In the second model (Table 4), the body inclination angle was
replaced by the length of the ST device. Significant (p , 0.05)
effects were also found in this model for all the variables included,
with an ICC of 0.37. By analyzing this model, the following
equation to estimate the ground reaction force knowing the
length of the straps was extrapolated:

Figure 1. Back-row at different lengths of suspension training device.

Figure 2. Suspension training back-row at different elbow positions.
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Load ¼ 269:802672 0:2199257×length
2 1:281452×body mass1 0:8883487×height
1 3:624841×BMI1 5:188559×elbow:

By means of opposite formula, it is possible to estimate the
length of the ST device knowing the ground reaction force:

Lengthextension ¼ ðLoadextension 1 69:80267
1 1:281452×body mass2 0:8883487×height
2 3:624841×BMIÞ�20:2199257:

Finally, by keeping constant the length of the ST device, it is
possible to calculate the ground reaction force difference between
flexed and extended elbow:

Loadflexion ¼ loadextension 1 5:188559:

Discussion

The aims of this study were (a) to evaluate body inclination and
ground reaction force and (b) to predict equations to estimate the
training load distribution during ST static back-row at different
lengths of the straps. In line with the vector-resistance principle,
the main results showed that when increasing the length of the
straps, the ground reaction force decreased and the body angle

inclination with respect to the floor decreased, confirming the
hypothesis of this study.

In line with recent researches (13,14,23), findings from this
study confirm the relation between load distribution and body
inclination. Despite that a different ST exercise was evaluated
(i.e., pulling vs. pushing exercise), similar findings were found
during ST push-up (13). To the best of our knowledge, only 1
study (13) evaluated the variation in load distribution based on
the changes in the length of the straps, highlighting that when
increasing the length of the ST device, the ground reaction force
decreased and the load on the straps increased when performing
ST push-up. Those findings are in line with the present study,
when the lowest ground reaction force was found with the ST
device at 208 cm in either flexed or extended elbow position.

Although in this study higher ground reaction force was found
during ST back-row with flexed elbow when compared with ex-
tended elbow, an inverse trend was found by Giancotti et al. (13)
because of the differences between exercises. By considering that
back-row is a pulling exercise and push-up a pushing exercise,
changing from an extended to a flexed elbow position lead to an
increase in body inclination during ST back-row,whereas the same
change during ST push-up lead to a decrease in body inclination.

In this study, 2 different multilevel regression models were
created to evaluate the training load distribution during ST back-
rowusing ground reaction force as a dependent variable and body

Table 2

Mean and SD of body inclination angles and ground reaction force expressed as percentage of body mass at different lengths of
suspension training device.

Length (cm)

Extended elbow Flexed elbow

Angle (˚) Ground reaction force (%) Angle (˚) Ground reaction force (%)

148 36.2 6 2.9 47.1 6 1.6 58.5 6 4.8 49.5 6 3.8

158 31.4 6 2.9 44.7 6 2.3 52.4 6 4.6 49.0 6 3.4

168 26.5 6 2.3 42.8 6 1.7 45.9 6 5.0 47.6 6 2.7

178 21.4 6 2.5 39.9 6 2.4 39.8 6 6.2 46.3 6 2.7

188 16.5 6 2.7 37.8 6 2.5 35.0 6 4.9 43.8 6 2.8

198 10.8 6 2.9 34.2 6 2.5 29.1 6 4.8 40.8 6 2.1

208 5.6 6 3.9 31.9 6 2.8 22.8 6 5.6 38.1 6 2.7

Figure 3. Box plot of body inclination in relation to length of suspension training (ST) device
during back-row with extended and flexed elbow positions.

Training Load in Suspension Exercise (2021) 35:8
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inclination angle or length of the ST device, body mass, height,
BMI, and elbow position as independent variables. In the first
model, which took into consideration the body inclination angle,
an ICC of 0.31 was found, suggesting that 31% of the outcome
variability (ground reaction force) depends on differences among
individuals, whereas the remaining 69% depends on differences
between themeasurementsmade in the same individual. Using the
formula extrapolated from themodel, it is possible to estimate the
training load distribution by knowing the subjects’ anthropo-
metrical characteristics and body inclination angle. Furthermore,
through opposite equations, it is possible to predict the body in-
clination angle to train at a known training load. Although these
results are unique and essential for coaches, the equations ex-
trapolated in this study present some limitations. In fact, when
changing from extended to flexed elbow (or vice versa), the joint
position and the body inclination angle change, and conse-
quently, these factors could influence the load. Moreover, it is
difficult to evaluate the body inclination during ST exercises be-
cause a goniometer would be needed. For this reason, in the
second model (ICC 5 0.37), the body inclination angle was
replaced by the length of ST the device, to create an equation to
estimate the load by knowing the length of the straps or estimate
the length of the ST device to use a known training load. By
maintaining the length of the ST device constant during the

exercise, the ground reaction force difference between extended
and flexed elbow is of 5.19% of body mass.

In the present study, ST back-row was evaluated only during
static positions. However, by evaluating the extended and flexed
elbow static positions, the extrapolated formulas will allow the
estimation of a minimum-maximum range of load distribution
comprehensive of all the positions included in a dynamic ST back-
row. Although the multilevel regression analysis permits to
overcome the limitation of missing data, because the ST back-row
was evaluated only with the feet positioned under the anchored
point, some subjects were not able to complete the experimental
protocol with the longest length of the ST device because of the
lack of grip between feet and the force plate surface. Conse-
quently, changing the feet position while keeping equal the length
of the ST device, body inclination angle would be different, pos-
sibly affecting the training load distribution. Probably, the exer-
ciseswith ST straps of longer length could be replaced by exercises
with straps of shorter length with different feet position distance
from the anchored point, allowing the exerciser being more
comfortable and able to train with higher load on the straps,
according to the pendulum principle (6). Therefore, further
studies are needed to predict equations to be used in ST back-row
performed with different feet position and distance from the an-
chored point, as well as for other ST exercises.

Figure 4.Box plot of ground reaction force in relation to length of suspension training (ST) device
during back-row with extended and flexed elbow positions.

Table 3

Multi-level regressionmodel between dependent variable (load on the force plate normalized in relation to bodymass) and independent
variables (body inclination angle, body mass, height, BMI, and elbow position).*

Load Coef. SE z p > |z | 95% CI

Angle 0.3724671 0.0104168 35.76 0.000 0.3520505 to 0.3928837

Body mass 21.299028 0.5695359 22.28 0.023 22.415298 to 20.182758

Height 0.9844512 0.4120159 2.39 0.017 0.1769148 to 1.791988

BMI 3.675008 1.624977 2.26 0.024 0.4901119 to 6.859904

Elbow 22.073684 0.3069032 26.76 0.000 22.675203 to 21.472165

_cons 2132.9134 69.25204 21.92 0.055 2268.6449 to 2.818098

*SE5 standard error; CI5 confidence interval; angle5 body inclination angle; BMI5 body mass index; elbow5 elbow position (elbow in extension5 0; elbow in flexion5 1); _cons5 intercept; coef.5
coefficient.

Training Load in Suspension Exercise (2021) 35:8 | www.nsca.com

2155

Copyright © 2019 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/nsca-jscr by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 10/22/2024

www.nsca.com


Practical Applications

The results of this study suggest that during ST back-row, the
ground reaction force decreasedwhen the length of the ST device
increased. Furthermore, by increasing the body inclination angle
with respect to the floor, the ground reaction force increased,
and, consequently, when the length of the straps increased, the
body inclination angle decreased. In addition, when changing
froman extended to a flexed elbowposition, the body inclination
angle increases and consequently the ground reaction force
increases.
The predicted equations allow to estimate the training load

distribution, by knowing the anthropometric characteristics of
the users and the body inclination angle or the length of the ST
device. On the other hand, by knowing the anthropometric
characteristics of the users and the training load, the body in-
clination angle or the length of the ST device could be estimated.
From a practical point of view, if a subject with a bodymass

of 65 kg and a height of 170 cm (and consequently
a BMI of 22.5 kg·m22) wants to train with a length of the
ST device of 170 cm, using the predicted formula
(Load5 269:802672 0:2199257×length

2 1:281452×body mass1 0:8883487×height

1 3:624841×BMI1 5:188559×elbowÞ;

it is possible to estimate that he or she would exert a contact
force on the ground of 42.1% of the body mass (corre-
sponding to 27.4 kg) during extension and of 47.3% of the
body mass (corresponding to 30.7 kg) during flexion. There-
fore, with a length of the straps of 170 cmduring ST back-row,
this subject would distribute from a minimum of 34.3 kg to
a maximum of 37.6 kg load on the upper body.
Even though the forces in the upper limbs were not directly

evaluated in the present study, it could be assumed that the
upper-body load distribution during the flexed and the ex-
tended position (by keeping the other independent variables
constant) could indirectly reflect the forces exerted by the
upper body and limbs. Therefore, if the same subject wants to
train with a maximum load on the upper body of 35 kg and
loading the lower body with 30 kg (corresponding to 46.1%
body mass), by applying the predicted formula
(Lengthextension 5½loadextension 1 69:80267

11:281452×body mass20:8883487×height

2 3:624841×BMI��20:2199257 :
�

the length of the straps should be set at 151.6 cm. Finally, by
keeping constant the length of the ST device, he or she will

receive a load on lower body of 51.3% body mass during
flexion phase, corresponding to 33.3 kg. Therefore, to receive
amaximum load of 35 kg on upper body, the subject will have
to set the length of the ST device to 151.6 cm, with aminimum
load of 31.7 kg.
Although a previous study demonstrated that men have

more skeletal muscle mass than women especially in the upper
body (19), the proposed equations of estimation of load dis-
tribution could be applied to both sexes of any human model
because the variations from the anthropometric (body mass
and limb length) parameters of the standard humanmodel are
only minimal. In fact, because human body is composed of
tissues that get distorted when body changes position, de-
termining the moment of inertia is a difficult task, and in most
cases, the segments of the body are assumed to be rigid (21).
Therefore, in the proposed models, no sex-related differences
were taken into consideration because a man and a woman
with the same body mass and height (i.e., same BMI) should
have the same load distribution between upper and lower
body.
The proposed models could provide different methods to

objectively quantify the training load distribution, with the use
of the straps’ length resulting easier and faster with respect to
the angle measurement. However, if practitioners will be able
to evaluate the body inclination angle (by means of a goni-
ometer), both equations can be used. The use of these equa-
tions could assist practitioners and instructors during the
training session to personalize the workout to reach specific
purposes. Furthermore, the manufacturing firms of these
devices could endow the straps with length indicators, by
making their length easier to regulate, particularly in accord-
ing to the individuals’ needs and aims during workouts.
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BMI 3.624841 1.634237 2.22 0.027 0.4217946 to 6.827887

Elbow 5.188559 0.2095673 24.76 0.000 4.777815 to 5.599303

_cons 269.80267 69.68168 21.00 0.316 2206.3762 to 66.7709

*BMI 5 body mass index; coef. 5 coefficient; SE 5 standard error; CI 5 confidence interval; elbow 5 elbow position (elbow in extension 5 0; elbow in flexion 5 1); _cons 5 intercept.
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