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Abstract
Background and Aim: Multiple sclerosis (MS) is a neurological disease

that can lead to poor balance control and increased sway rate. This study
aimed to determine the effect of suspension resistance training on the
center of pressure (COP) velocity and sway range of in people with MS.
Methods: Twenty-seven women with MS in the 20-50 age range, with an
extended disability scale score of less than 4, were selected and randomly
divided into control (n = 11) and exercise (n = 16) groups. Kistler force
plates were used to measure COP excursion and velocity. The data were
analyzed using analysis of covariance at a 95% confidence level.

Results: The results showed that in the closed-eyed conditions,
suspension resistance training leads to a significant decrease in the sum
path length (P = 0.039) and COP velocity (P = 0.038) in the anterior-
posterior plane and COP excursion (P = 0.043) in the mediolateral plane
was observed in the exercise group compared to the control group. In the
open-eyed conditions, there was no significant difference between the two
groups (P > 0.05).

Conclusion: In open-eyed conditions, suspension resistance training does
not affect reducing COP sway rate, and velocity in people with MS.
Therefore, suspension resistance training does not have the necessary
components to sway rate in people with MS.
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Extended Abstract

Introduction

Stability is the ability to keep an upright posture
which is defined by the location of center of
pressure (COP) for the base of support (24).
Impairment of balance and postural control is one
of the most common disabling symptoms in
people with MS, which may affect about three-
quarters of patients (7). It has been found that
people with MS face an increased range of COP
sway, increased path length and COP velocity in
the mediolateral (ML) and anteroposterior (AP)
directions (9, 10).

One type of exercise useful for improving
balance and posture control is exercise on
unstable surfaces (19). Suspension resistance
exercises are a type of exercise on unstable
surfaces that is performed under dynamic
conditions, using a sling and based on body
weight and balance (20, 21). In these exercises,
two resistant forces always available, i.e. gravity
and body weight, are used in an unstable
condition with a variety of combined, multi-planar
and multi-joint movements (20, 22). This study
aimed to determine the effect of suspension
resistance training on the sum path length, COP
velocity and COP excursion with open and closed
eyes conditions in people with MS.

Method

The research design of this study is a non-
randomized controlled clinical trial in the form of
pre-test - post-test. Twenty-seven women with
MS in the age range of 20-50 years, with an
extended disability scale score of less than 4, were
selected and randomly divided into control (n =
11) and exercise (n = 16) groups.

The training program consisted of eight TRX
suspension resistance exercises including: 1. TRX
45° Rowing, 2. TRX hamstring curl 3. TRX squat
4. TRX hip abduction in supine position 5. TRX
lateral flexion 6. TRX quadruped stance 7. TRX
backward Lunge 8. TRX suspended plank (On
forearms). Each of these exercises had four
difficulty levels, from simple to difficult, which
were designed according to the FITT principle.
The training group performed this program for 8
weeks, 3 sessions per week and each session

lasted about 30 minutes. Each of the designed
training levels was continued at 5, 7 and 10
repetitions/s and in 3 sets, and the ratio of rest to
exercise was considered 3:1 (20, 22).

Kistler force plates were used to measure COP
excursion, sum path length and COP sway
velocity. First, the force plate device was
calibrated. After entering the basic characteristics
of each subject in the QTM software, the device
was prepared for testing at a frequency of 100 Hz.
Then the subject stands on the force plate for 60
seconds without shoes. This test was performed in
two sensory conditions, first with eyes open and
then with eyes closed. Also, subjects rested for 60
seconds between each repetition (12, 24, 25).

Analysis of covariance was used to analyze the
data at a 95% confidence level.

Results

The results showed that in the closed-eyed
conditions, suspension resistance training leads to
a significant decrease in the sum path length
(F125= 4.73, P = 0.039, n*= 0.159) and COP sway
velocity (Fi25 = 4.70, P = 0.038, n?= 0.161) in the
anterior-posterior plane and COP excursion (Fi2s
= 4.55, P = 0.043, n*= 0.154) in the mediolateral
plane was observed in the exercise group
compared to the control group. In the open-eyed
conditions, there was no significant difference
between the two groups (P > 0.05) (Table 1).

Discussion

Suspension resistance exercises were used in
this study. These exercises are performed on an
unstable surface and challenge balance. However,
they were ineffective in improving the sway of
COP in the sensory condition with eyes open. In
neuromuscular rehabilitation programs, to restore
the patient's lost movement patterns, according to
the "similarity and transfer principle™, the exercise
should be similar and in the context of the target
task. It is possible that the suspended resistance
exercises were dissimilar and outside the context
of the target task (30). Resistance exercises in this
study were not balance exercises. Also, four
exercises of hamstring curl, thigh abduction,
quadrupeds and suspension plank on the forearm
have been performed in the lying position, which
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are not in the context of the target task (standing).
That is why these exercises did not affect
reducing the amplitude and speed of the
oscillations of the center of pressure while
standing with eyes open. In addition, to maintain
balance and postural control, patients with MS use
more afferent information from the visual system
as the dominant sensory source when their eyes
are open (6).

The results of this study showed that in sensory
conditions with eyes closed, the COP excursion,
sum path length, and COP sway velocity in the
training group were significantly reduced. It is
possible that suspension resistance exercises, in
the absence of the visual system, have effective
effects on other systems related to balance, such
as the somatosensory system (21). Therefore, it is
suggested to investigate the effect of suspension
exercises on other systems related to balance and
postural control in people with MS and other
people with nerve damage in future studies.

Clinical application
Using suspension resistance training does not
affect reducing sum path length, COP velocity

and COP excursion in eye-open conditions of
people with MS.
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Table 1. The mean value and standard deviation of the COP sway excursion, sum path length and COP velocity in the subjects

COP variables

Group cienrélsi?iroyn Test egg::s?;\fy ] Sum path Sum path o cor

AP EXCUrsion mL length a» (Mm)  length we (mm) velocity ap velocity mL
(mm) (mm) (mml/s) (mm/s)

Pre  36.67+18.32 40.24+15.25 369.18+137.53 326.84+91.93 12.31+4.56 10.92+3.03
OE Pos 29.29+14.39 42.70+18.02 367.10+146.33 357.01+119.28 12.22+4.87 12.09+4.29
Control Pre 31.12+10.34 36.05+12.68 368.15+131.06 424.16+167.96 12.29+4.36 14.13+5.59
CE Pos 28.87+£14.77 43.54+14.40 425.39+196.77 419.27+141.14 14.17+6.56 13.96+4.70
Pre 23.73+10.80 26.89+11.21 347.27£119.11 305.39+98.27 11.50+3.90 10.16+3.27
OE Pos 2153+9.58 27.984+10.61 335.01+109.91 318.03+79.19 11.15+3.66 10.78+2.65
Exercise Pre  25.70+10.41 33.64+15.34 390.93+118.18 404.18+138.94 13.02+3.94 13.46+4.63
CE Pos 21.16+8.61 32.11+11.49 350.12+114.27 400.24+96.97 11.66+3.80 13.33+3.23

COP: Center of pressure; OE: open eyes; CE: closed eyes; AP: anterior-posterior plane; ML: mediolateral plane.
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