Research

Article

THE EFFECT OF PROPRIOCEPTIVE
EXERCISES ON BALANCE IN
SEDENTARY STUDENTS

ABSTRACT

The increasing prevalence of sedentism in South African is a cause
for concern, as it has been linked to the development of many health
conditions and balance disturbances. This study aimed to assess the
effects of a nine session progressive proprioceptive exercise program on
balance in sedentary students. This was a single-blinded, randomized
control trial. Seventy-four first and second year Physiotherapy students
were willing to participate, of whom 45 students were included. After
the initial physical activity test students were randomly allocated into
the control (n=19) and intervention (n=26) group. Each participant’s
balance was assessed pre and post-intervention using the Rombergs
test on the Alfa Stabilometric Platform. The intervention group (n=26)
participated in a nine session exercise program. The control group (n=19)
received a lecture and pamphlet. Seventy-eight percent of the participants
were sedentary. The intervention group s pre and post-intervention scores
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showed a significant difference in Romberg’s eyes open (p=0.042) and Romberg’s eyes closed (p=0.046) tests. There was also
a significant difference between the control and intervention group post-intervention scores; Romberg’s eyes open (p=0.025),
Romberg’s eyes closed (p=0.036). This study indicated that a nine session progressive proprioceptive exercise program is effective

in improving balance in sedentary students.
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INTRODUCTION
Sedentary behaviour along with physi-
cal inactivity are known contributors to
a number of health conditions such as
obesity, hypertension, diabetes and car-
diovascular disease (Ortega et al., 2013;
van Zyl et al.,, 2012). However they
are independent entities and physically
active individuals meeting the recom-
mended activity norms may still be at
risk to health problems due to prolonged
sedentary behaviour during the rest of
the day (Owen et al., 2010).

Sedentary behaviour is defined as a
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distinct class of behaviours, character-
ized by little physical movement and
low energy expenditure (<1.5 METs)
(Owen et al., 2010). The most prevalent
sedentary leisure-time behaviours have
been described as watching TV, playing
computer games, time spent on motor-
ized transport and hobbies (Biddle et al.,
2011). According to previous studies sed-
entary behaviour is increasing in devel-
oping countries, including South Africa,
due to the rapid growth in urbanization
and technological advancements (Owen
et al., 2010; Guthold et al., 2008; Nigg,
2003). In 2008, the prevalence of seden-
tary people in South Africa was 47.6% of
the country’s total population (Guthold
et al., 2008). A recent systematic review
among South African children and youth
revealed that urbanization was associ-
ated with a developing trend towards
increasing sedentary behaviours due to
lower levels of physical activity higher
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levels of television watching and other
levels of sedentary pursuits (Muthuri et
al., 2014). A greater period of time spent
in sedentary behaviour leads to more
physical inactivity, which in turn has a
negative impact on balance, and is there-
fore related to a greater risk of falls in
this population (Gokdemiret al, 2012).
In a study done by Gordon-Larsen et al
(2004), it was found that sedentism, was
associated with health problems, balance
disturbances and a greater risk of falls
which was carried from childhood into
adulthood.

Balance can be defined statically as
the ability to maintain a base of sup-
port with minimal movement; and
dynamically as the ability to perform
a task while maintaining a stable posi-
tion (Gokdemir et al., 2012). Balance is
found to be decreased in sedentary peo-
ple due to reduced neural control of the
trunk. This causes a lack of stability in
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Figure 1: Distribution of gender between Control and
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the trunk as a result of abnormal activa-
tion and co-ordination, reduced tone of
the core muscles, and decreased proprio-
ception or awareness of the pelvic posi-
tion (Gokdemir et al., 2012). Stability of
the lumbo-pelvic region is maintained
dynamically utilizing the active com-
ponents (muscles), passive components
(joints and ligaments) and the control of
these systems (central nervous system)
(Hodges and Cholwicki, 2007; Panjabi,
2003, Punjabi, 1992).

Akuthota and Nadler (2004) describe
the core as a muscular corset. It is box-
shaped, with the abdominals in the front,
the paraspinal and gluteal muscles at the
back, the diaphragm at the top and the
pelvic and hip girdle musculature at the
bottom. During the co-activation and
contraction of these core muscles, intra-
abdominal pressure is increased and
maintained to achieve stabilization of
the spine, therefore providing functional
stability (Akuthota and Nadler, 2004).
According to Samson (2005), the core
is the foundation from which human
movement originates. Functional stabil-
ity is provided not only through the co-
activation of the core muscles, but also
through the fascial system found in the
abdomen, which helps to avoid distorted
patterns of movement. The co-activa-
tion of the core muscles contributes to
retraining proprioception, and therefore
balance (Samson, 2005).

The proprioceptive feedback system
is responsible for the awareness of pos-
ture, movement and equilibrium changes
in relation to the body (Samson, 2005).
Afferent proprioception provides feed-
back to the central nervous system for
the co-ordination and regulation of the
kinetic chain. Impaired afferent proprio-
ception results in a decreased awareness
of the position of the body or body part
in space. Impaired proprioception may
therefore lead to pathologies relating to
the musculoskeletal system, as well as

habitual poor movement and abnormal
neurodynamic sensation (Comerford and
Mottram, 2001). Samson (2005) high-
lighted the importance of focusing on
biomechanical postural alignment with
slow and controlled movements, and the
co-activation of the core musculature
in accurately retraining proprioception,
thereby improving balance.

There is a lack of literature on an inter-
vention to improve balance specifically
in a sedentary population. However, a
review of literature concerning tech-
niques used to improve balance in tennis
athletes, the elderly, and people who have
sustained previous ankle injuries, has
shown proprioceptive exercises, incor-
porating core stability and strengthening,
to be the most successful (Samson,2005;
Gauchard et al., 2008; Blackburn et al.,
2000) in comparison to the strength
training of muscles, joints and tendons.
Strength training showed to have a
smaller improvement in balance than that
of proprioceptive training (Heitkamp et
al., 2001). The associated decreased bal-
ance found in people who have sustained
previous ankle injuries resulted in this
study using progressive proprioceptive
exercises, incorporating core stability
and strengthening, to improve their bal-
ance. Literature has shown good results
with exercise programs ranging from 18
sessions (Blackburn et al., 2000) to a 5
week (Samson, 2005). Due to the time-
constraints of students, this study decided
to utilize a nine session exercise interven-
tion to determine if it was effective in
improving balance of sedentary students.
This study aimed to assess the effects of
a nine session progressive proprioceptive
exercise program on balance in sedentary
students.

METHODS

The study was a single blinded, rand-
omized control trial. The study popula-
tion consisted of 102 first and second
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year Physiotherapy students at the
University of KwaZulu-Natal, of whom
74 (73%) volunteered to participate
in the study, with 45 (61%) of the 74
meeting the inclusion criteria of being
sedentary. Balance was assessed in each
participant using the Romberg’s test
(eyes open and eyes closed) on the Alfa
Stabilometric platform. Each participant
stood on the Alfa Stabilometric platform
marked with a Cartesian plane to ensure
identical foot placement. Changes in
balance were captured on the platform
machine by blinded researchers and were
represented as the area of deviation from
centre of pressure (COP) specific to each
individual. Using the ballot method, 26
students were randomly allocated into
the Intervention group and 19 into the
Control group.

The Intervention group participated
in a nine session progressive proprio-
ceptive exercise program. Each session
consisted of a five minute warm-up, fol-
lowed by five minutes of general body
stretches, there-after, 15 minutes of pro-
prioceptive exercises were performed
and the session ended with a five minute
cool down. The progressive propriocep-
tive exercises were adapted from a study
done by Samson in (2005), which incor-
porated core stabilization and strength-
ening. The program was conducted over
a three week period, with three ses-
sions per week, and the exercises were
progressed to a greater difficulty at the
beginning of each new week. Each exer-
cise focussed on the correct biomechani-
cal postural alignment. These exercises
were performed in a slow and controlled
manner, with verbal and visual stimula-
tion ensuring the co-activation of the
pelvic floor, transverses abdomin is,
and multifidis muscle groups. To ensure
that the exercises were done correctly
and effectively,the researchers conduct-
ing the exercise sessions continually
reminded participants to contract these



muscle groups during each exercise.

The control group was given a for-
mal lecture explaining the effects of
sedentary behaviour, the importance of
proprioceptive exercise and its positive
effects on balance. They were provided
with a pamphlet demonstrating the
same proprioceptive exercises used in
the intervention group. One week post
completion of the intervention program,
the balance of both the Intervention and
Control groups were assessed in the
same manner as the pre-intervention
assessment.

Data collection tools

Demographic and Health questionnaires
were given to the participants, firstly to
obtain demographic data, and secondly,
to ensure that they did not have any health
conditions that could be compromised
by their participation. The International
Physical Activity Questionnaire (IPAQ)
is a reliable and valid tool which was
used to determine the sedentism of the
participants (Craig et al., 2003). A basic
general health questionnaire was also
given to each participant in the interven-
tion group prior to each session to ensure
that they were healthy enough to partici-
pate in the class. The Romberg’s test was
used on the Alfa Stabilometric platform
and was found be reliable, as it incor-
porates proprioception, the vestibular
system and sight, which all contribute to
balance (Beraquist et al., 2005).

DATA ANALYSIS

Data was captured by a blinded
researcher on the Alfa Stabilometric
platform apparatus using the Romberg’s
tests which accurately assesses balance
of participants. The coded data was then
collected and captured into Microsoft
Excel by an independent researcher. The
data was analysed by a qualified statis-
tician using SPSS v.21. The analysis of
variance (ANOVA) statistical test was
used to analyse the differences between
the groups. The statistical significance
(p-value) was set at <0.05.

Ethical clearance and
considerations

A gatekeeper letter was obtained from
the academic leader of the Physiotherapy
Department and consent was given by
the College of Health Science, both
at the University of KwaZulu-Natal
(UKZN). Ethical clearance was granted
by the UKZN School of Health Sciences

Research Ethics Committee (SHSEC
023/13). Each student volunteer signed
a consent form prior to participation,
and was informed that they could with-
draw at any time. Participant anonymity
was maintained throughout the study.
All procedures and equipment used were
standardised and calibrated. To ensure the
sound health of the participants, a general
health screening process was done before
each intervention session and a qualified
first aider was present at these sessions.
Data was collected, coded and stored
either on a password protected personal
computer or in a secure cabinet.

RESULTS
Five participants withdrew during the
intervention phase of the study, reduc-
ing the sample size of the group to 40
participants. They withdrew due to dif-
ficulties regarding time constraints,
and were unable to attend all sessions
throughout the period of this study. The
attrition rate was found to be 11%, and
had no significant impact on the results
in this study, as the raw data collected
was specific to each individual who par-
ticipated. As depicted by Table 1, no sig-
nificant difference was found between
the pre-intervention test scores of the
participants who withdrew and those
who completed the study.

Of this study’s sample group (N=40),
77.5% (n=31) were female and 22.5%
(n=9) were male. As

in the intervention group’s pre and post-
intervention scores of the Romberg’s eyes
open test (p=0.042) and Romberg’s eyes
closed test (p=0.046) (Table 2). In addi-
tion, the results show a significant differ-
ence between the control and intervention
groups’ post-intervention scores (Table 3)
of Romberg’s eyes open (p=0.025) and
Romberg’s eyes closed (p=0.036), which
implies a greater balance improvement
was found in participants in the interven-
tion group.

DISCUSSION

Life has become more demanding,with
little time being left to accommodate reg-
ular leisure and exercise activities (Mckee
et al., 2005). A study done on adolescents
in 2012, found 35% (n=14) of a sample
population of 40 to be sedentary, while
in this study, prior to the implementation
if the inclusion criteria 58 (78%) of the
74 students, almost double that of the
aforementioned study, were found to be
sedentary. This indicates a need for an
intervention in reducing sedentism in the
young-adult age group.

As more South African youth begin
to exhibit sedentary behaviours, one can
anticipate a decline in health (Muthuri
et al., 2014; Ortega et al., 2013; van Zyl
et al., 2012; Gutholdet al., 2008). These
health complications initiate a ripple
effect in decreasing work productivity,
which in turn leads to a disruption in the

depicted by Figure 1, the
men accounted for 7.5%
(n=3) in the control group
and 15% (n=6) in the
intervention group, and
the women accounted for
37.5% (n=15) in the con-

Table 1: Difference between Pre-test
scores of Participants that withdrew and
Participants that remained.

Romberg’s Tests Significance

Eyes open

p=0.943

trol and 40% (n=16) in the

Eyes closed

p=0.255

intervention group. The
distribution of race within
the study was 45% (n=18)

Table 2: Differences between Pre and Post
Test scores

African, 35% (n=14) - .
Indian, 12.5% (n=5) Romberg’s Control Intervention
White and 7.5% (n=3) s Group Group
Coloured (Figure 2). Eyes Open 0.369 0.042

There was no signifi- Eyes Closed 0.671 0.046

cant difference between
the control group’s pre and
post-intervention  scores
of the Romberg’s eyes

Table 3: Difference between the Control and
Intervention Post-Intervention scores

open test (p=0.369) and Romberg’s Tests Significance
Romberg’s eyes closed Eyes open p =0.025
test (p=0.671), as shown in Eyes closed p=0.036

Table 2. However, a signif-
icant difference was found
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country’s economy. It was also found that these health condi-
tions decrease a country’s average age of mortality (Adler and
Newman, 2002). This indicates the possibility of using this
exercise program for those with time constraints to improve
their balance and reap the benefits of an active lifestyle, as well
as to combat the health conditions that stem from sedentary
behaviour such as poor balance.

This study is similar to others done by Gauchard et al
(2008), Samson (2005) and Blackburn et al (2000)which also
found proprioceptive exercises to be effective in improv-
ing balance. Gauchard et al (2008) found that the regular
practice of proprioceptive physical activity improves bal-
ance in the elderly, whereas Samson (2005) showed that a
five week proprioceptive exercise program, incorporating
core stabilization and strengthening, improves balance in
tennis athletes. Blackburn et al (2004) found an 18 session
proprioceptive exercise program to be effective in improving
balance in patients that had previously sustained ankle inju-
ries. The same five week progressive proprioceptive exercise
program done by Samson (2005) was used in this study, but
was condensed into a three week, nine session progressive
proprioceptive exercise program. The balance reassess-
ment was done one week post-intervention as per Samson
(2005), which indicates that the effects of this program could
be sustained. Proprioception in the lumbo-pelvic region
is necessary to provide an accurate anticipatory response
of the regions musculature during both static and dynamic
situations (Hodges and Cholewicki, 2007; Panjabi, 1992).
Furthermore concurrent training of the global trunk muscles
as well as the deeper stabilizer muscles assists functional
integration more efficiently than training them independently
(Commerford and Mottram, 2001).The effectiveness of the
condensed program demonstrated in this study shows that
balance improvements can be achieved in nine sessions over
a short period of three weeks.

This study improved balance in the young-adult age group
of sedentary students; which addresses one of the effects of
sedentism and will assist in reducing falls at a younger age.
As inactivity is usually carried from childhood into adult-
hood (Gordon-Larsen, Nelson and Popkin, 2004), the exer-
cise program used in this study may improve balance thus
preventing the high risk of falls associated with poor balance
being carried forward into later life.

CONCLUSION

This study highlights a high prevalence of sedentismin the
first and second year Physiotherapy students at UKZN. It also
highlights a significant improvement in balance in sedentary
students following a nine session progressive proprioceptive
exercise program.

Limitations and recommendations

Limitations were experienced regarding the students’ free
time for the intervention sessions, which lead to the with-
drawal of some students from the study. Due to time con-
straints, the sample size was limited to Ist and 2nd year
physiotherapy students.

This study can be repeated with different age groups to
determine whether the level of balance improvement is age-
related. Longitudinal studies also need to be done to deter-
mine the long-term effects of this program on balance.
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