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Research Paper: The Effect of Selected Core Stability 
Exercises on Balance and Muscle Endurance in the 
Elderly Patients Undergoing Hemodialysis

Purpose: The elderly patients undergoing hemodialysis who developed end-stage renal failure 
are at higher risk for falling and its critical outcomes compared with their healthy counterparts due 
to of poor balance, reduced muscle endurance, and sedentary lifestyle. The current study aimed at 
evaluating the effect of selected core stability exercises on balance and muscle endurance in the 
elderly patients undergoing hemodialysis.

Methods: In the current quasi-experimental study, a total of 30 patients undergoing hemodialysis 
with the mean age of 62.24±6.51 years, the mean hemodialysis duration of 29.4±18.44 months, 
and the history of falling at least once during the last year were selected using the purposive 
convenience sampling method and then, the subjects were randomly allocated into 2 groups 
of intervention (n=15) and control (n=15). To assess the static balance, dynamic balance, and 
muscle endurance in the patients, the stork stand test, the timed Up and Go test (TUG), and the 
sit-to-stand-to-sit test for 60 seconds (STS-60) were used, respectively. The selected core stability 
exercises were performed for the intervention group in 6 weeks, three 45-minute sessions per 
week. To analyze data, the repeated measures analysis of variance (RM ANOVA) with SPSS 
version 22 was used; P<0.05 was considered the level of significance.

Results: Results of the current study indicated significant differences between the groups in 
terms of static balance, dynamic balance, and muscle endurance (P<0.001). In other words, the 
implemented exercises significantly affected the studied variables. 

Conclusion: Based on the obtained results, the therapists can suggest the core stability exercises 
as a safe and functional strategy to improve balance and muscle endurance in patients undergoing 
hemodialysis, which may result in increased independence of action and reduced risk of falling 
due to loss of balance. 
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1. Introduction

atients with end-stage renal failure usually 
suffer from a type of physical disability, 
which persuades them toward using alter-
native treatments in order to survive, which 
hemodialysis is one of the most common 

ones [1]. Based on the Iranian official statistics, the num-
ber of Iranian patients with incurable diseases is annu-
ally increased about 15% [2]. The increasing trend of he-
modialytic cases in Iran is almost 3 times more than the 
global trend [3]. Along with elderly general population 
increase, the mean age of patients undergoing hemodi-
alysis also increases [4], in such a way that about 70% of 
the patients are above 55 years [5]. 

The aging is associated with the risk of falling [6]. In 
the general community, 1 in 3 elderly above 65 years old 
and 1 in 2 elderly above 80 years old experience falling 
at least once a year by average; only 5% of such fallings 
cause serious damage [7]. The number of patients under-
going hemodialysis is increased by mean age increase, 
since degenerative nature of hemodialysis revealed the 
fact that such patients are at lower health status in physi-
cal, mental, emotional, and cognitive aspects, compared 
with healthy people [8]. Hemodialysis should be per-
formed in horizontal position and the patient annually 
spends about 800 hours in such a position without any 
physical activity; hence, it is associated with adverse ef-
fects such as reduced physical endurance, muscle weak-
ness, and strength loss [9]. The adverse effect of coil 
dialyzer on patients with chronic renal failure exposes 
them at the risk of falling 4 times higher than that of the 
general elderly population; also, pelvic fracture followed 
by falling doubles the rate of mortality among such pa-
tients, compared with the rate of general elderly popula-
tion [10]. Identification and prevention of the common 
complications of such disabled patients, who are con-
sidered as the senior citizens, are of great importance in 
order to improve their quality of life.

The balance is of the most important indices of dai-
ly activities for elderly people [11]. Poor balance and 
physical readiness in the elderly is a multifactorial sub-
ject [12]. Since irreversible consequences such as fall-
ing caused by reduced balance threat the lives of elderly 
people [11], prevention of falling is the best treatment. 
Different studies indicated that along with age increase, 
strength and endurance of the muscles also reduced, 
which in turn results in reduced balance, elevated body 
swing, and consequently, increased risk of falling [11]. 
The nature of hemodialysis and sedentary lifestyle ex-
pose the patients under hemodialysis to a large spectrum 

of physical and physiological complications [13]. The 
elderly people undergoing hemodialysis in spite of chal-
lenging with the age-appropriate neurological, arterial, 
and vision disorders [14], should deal with motion neu-
ropathy and skeletal muscle myopathy [13]. Therefore, it 
seems that peripheral neuropathy of organs predisposes 
patients undergoing hemodialysis to poor balance and 
falling more than any other factor; as it corrupts the pro-
cess of transmitting massages from lower extremities to 
the Central Nervous System (CNS), which significantly 
influences the balance maintenance. In addition to seden-
tary lifestyle and long-time rest [9], such patients should 
adhere to the healthcare providers’ recommendations to 
have lower physical activity in order to better maintain 
the graft and catheter installed on their hands or feet. 

The aforementioned issues are the clear reasons for 
reduced movement, strength, and balance in patients 
undergoing hemodialysis, compared with the healthy 
people [9]. In patients who cannot manage transmit-
ting the messages between their lower extremities and 
CNS, the muscle structure refunds the defect and main-
tains the balance [15]. The center of body is the center 
of gravity and the origin of body movements; hence, 
strengthening the muscles of this area significantly im-
proves neuromuscular system function, endurance, and 
decreases displacement of body center of gravity out 
of base of support and consequently improves balance 
maintenance [16]. The effect of different exercises on 
the quality of physical performance in the elderly pa-
tients undergoing hemodialysis was reported in differ-
ent studies. The researchers indicated that 4 weeks core 
stability exercises could improve the bases of support 
as well as physical functioning and independence of ac-
tion in the elderly [11]. 

Bennet et al. (2012) indicated that the risk of falling 
decreased following the balance training included equi-
librium control exercises in patients undergoing hemo-
dialysis [17]. The core stability exercises on and off a 
Swiss ball, which has unstable and dynamic nature, 
significantly improves balance and performance and re-
duces the risk of falling in the elderly patients and can be 
involved in other programs for rehabilitation purposes 
[16, 18]. Although some studies reported insignificant ef-
fect of core stability exercises on balance improvement 
in the elderly patients [19, 20], reduced physical activity 
in the elderly highlights the important role of such exer-
cises [11, 16], the evident, which can be generalized to 
the population of the elderly undergoing hemodialysis.

Owing to 3 remarkable weaknesses of patients under-
going hemodialysis as lower ability to receive sensory 
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messages in feet, reduced physical activity, and undeni-
able role of center of body in physical functioning, par-
ticipation in core stability exercise programs although is 
very fruitful, it highly corresponds with particular physi-
cal and economic conditions of this group of elderly 
patients. However, lack of investigation on the effect of 
complementary exercise programs on the function of el-
derly patients undergoing hemodialysis and owing to the 
increased rate of falling in this group of the community, 
the study authors aimed at designing a study in order to 
evaluate the effect of selected core stability exercises on 
balance and muscle endurance in the elderly patients 
undergoing hemodialysis, based on their conditions and 
dynamicity requirements.

2. Materials and Methods

The current quasi-experimental study with pre-test-
post-test-control group design aimed at evaluating the 
effect of 6 weeks selected core stability exercises on bal-
ance and muscle endurance in the elderly patients under-
going hemodialysis. The study population included all 
patients undergoing hemodialysis in the Dialysis Center 
of Shahid Mohammad Montazeri, Najafabad, Isfahan, 
Iran, during spring 2016. The purposive convenient 
sampling method was used to select sample size after 
approving the research project by the Research Council 
of the university; for this purpose, after obtaining the in-
troduction letter from the Deputy Vice Chancellor (Re-
search), the authors referred to the Dialysis Center of the 
hospital and after studying the medical records and in-
terweaving the patients within consecutive days, the eli-
gible patients were selected. The inclusion criteria were 
the age range 55-75 years, history of falling at least once 
during the last year due to balance loss and not dizziness, 
lack of physical disability, and lack of independence to 
rehabilitation aids. 

The exclusion criteria were the use of rehabilitation 
aids, asthma, dizziness, frequent changes in general 
health conditions, and unwillingness to participate in the 
study. Before intervention, a demographic questionnaire 
(including age, gender, marital status, level of education, 
and the type of therapeutic support) plus medical history 
information (history of dialysis, frequency of dialysis 
per week, history of falling, and taking psychoactive and 
cardiovascular drugs) was completed for each subject 
via face-to-face interviewing and review of medical re-
cords and the final results were provided as a personal 
report for each subject. After evaluation of candidates in 
terms of the inclusion and exclusion criteria, 30 eligible 
subjects were selected and in a meeting, the objectives 
and stages of the study were explained to them, and they 

were asked to sign the informed consent form. Before in-
tervention, the qualification of the subjects to take place 
in an exercise program was confirmed by a specialist. 
Then, the subjects were randomly allocated into 2 groups 
of intervention (n=15) and control (n=15). The subjects 
underwent dialysis three 4-hour sessions per week with 
at least 12 months of initiation of treatment. 

The intervention group attended the selected core sta-
bility exercise sessions held by a physiotherapist for 6 
weeks; the controls were recommended to continue their 
daily activities, while committing to their therapeutic 
regimens. Likewise, a nephrologist who was aware of 
the study objectives was assigned to prepare weekly 
reports of the subjects’ health status and monitor them, 
while controlling the study conditions. The participants 
performed the exercises in a 20×20 m ground hall cov-
ered with suitable sport mates and all the subjects were 
asked to wear proper cotton cloths at exercise sessions. 
They were also recommended to stop exercises as soon 
as they felt dizziness, headache, heartthrob, nausea, and 
any other inconveniences and immediately inform the 
attending nurse. The first sessions only included a short 
interval of slow breathing exercises, which were gradu-
ally increased in time and speed. The vital signs of the 
participants were checked every 15 minutes, and the first 
aid box as well as drinking water was also available in 
place. Necessary cares and recommendations were given 
to the participants, particularly the ones with diabetes. 
The static as well as dynamic balance, and muscle endur-
ance of the participants were evaluated 48 hours before 
and 48 hours after the last session of intervention. Three 
subjects in the intervention (due to dizziness, absence, 
and withdrawal) and 2 subjects in the control groups 
(due to dependence on wheelchair and withdrawal) were 
excluded from the study.

To evaluate the static balance, the stork stand test was 
used. For this purpose, the subjects is asked to stand on 
their preferred (dominant) foot, while placing the hands 
in front of the chest and taking the non-dominant foot 
about 5 cm above the ground. The test is completed 
when the subject touches the ground with his non-dom-
inant foot, the dominant foot is being displaced from 
the first position or twisted in any direction. The mean 
time of maintain balance based on the aforementioned 
conditions in 2 consecutive tests was considered as the 
patient’s record; the maximum score was 120 seconds 
[21]. The validity (0.99) and reliability (0.87) of the test 
was confirmed [22].

In addition, to evaluate the dynamic balance of the pa-
tients, the timed Up and Go test (TUG) was used [21]. 
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The test has 3 stages: Stand up from the chair, walk a 
distance for 3 meters, turn and walk back to the chair. In 
the current study, the time of the test was considered as 
a dependent variable and measured using a chronometer. 
Also, an armless chair was used in the current study and 
the subject was asked to place his feet shoulder-width 
apart. While the subject announced his readiness, by say-
ing Go the chronometer was started and stopped as soon 
as the back of the subject touched the chair in returning. 
The score of the patient was the mean score of 2 attempts 
recorded in seconds. The reliability of TUG is 99% [23].

The muscle endurance of lower extremities, particu-
larly legs, was measured using the sit-to-stand-to-sit test 
for 60 seconds (STS-60). The test was performed using a 
44.5 cm wooden chair placed in front of a wall. To mea-
sure the muscle endurance, the subject was asked to con-
secutively stand up from and sit-down on the chair with 
safety and full caution, while after each time he should 
stand up straight with each hand holding the other arm. 
The number of sit-to-stand turns in a 60 minute interval 
was recorded for each patient and if he could not contin-
ue, the test was stopped. The STS-60 has good validity 
and reliability [24].

The core stability exercises were also used in the cur-
rent study. The selected exercises used in the current 
study were obtained from those used in a study by Seo, 
with little modifications (Table 1) [21]. The protocol rec-
ommended in the current study was adjusted to physical 
activity of the study subjects as well as their health status 
and hemodialysis requirements. Since the program was 

implemented in patients undergoing hemodialysis for 
the first time, a preliminary study prior to the interven-
tion was conducted in order to ensure the compatibility 
of the exercises with patients’ conditions and prevention 
of unintended consequences. The preliminary study in-
cluded warming-up (10 minute), core stability exercises 
(30 minutes), cooling-down (5 minutes) for 6 weeks, 
each week 3 sessions on off-dialysis days [25]. Based on 
the physical conditions of the study participants, 75-cm 
Swiss balls were used; the break time in the 3 first weeks 
of the intervention was more than that of the 3 last weeks. 

Data were analyzed with SPSS version 23 using the re-
peated measures analysis of variance (RM ANOVA). The 
correction of sphericiy was applied in order to use RM 
ANOVA. P<0.05 was considered as the level of significance.

3. Results

Demographic data of the study participants are shown 
in Table 2. Accordingly, 12% of the subjects were self-
employed and 88% jobless, while 20% were illiterate 
and the educational level of 80% was under diploma. All 
subjects had experienced falling due to balance loss in 
their lower extremities at least ones in the last year. In ad-
dition, the study participants developed the end-stage re-
nal failure due to diabetes (54%), blood pressure (30%), 
and other reasons such as lupus and polycystic kidney 
disease (16%). No significant differences was observed 
between the groups in terms of demographic characteris-
tics and medical history (P<0.05); hence, the both group 
were homogeneous prior to the intervention.

Table 1. The selected core stability exercises

The Core Stability Exercises for 30 Minutes

Warming-Up 10 Minute Walking, Stretching and Kinetic Exercises

W
ith

ou
t b

al
l Item Type of exercise Week 1 Week 2-3 Week 4-6 Week 6

1 Bridging in supine position 3×8 Seconds 10×3 Seconds 10×3 Seconds 12×3 Seconds

2 Cycling in supine position 3×8 Seconds 10×3 Seconds 10×3 Seconds 12×3 Seconds

3 Half sit-ups 3×8 Repeat 10×3 Repeat 10×3 Repeat 12×3 Repeat

W
ith

 b
al

l

4 Bridging on the ball 3×8 Repeat 10×3 Repeat 10×3 Repeat 12×3 Repeat

5 Raising the legs up and holding the ball 
between them 8×2 Repeat 10×2 Repeat 10×3 Seconds 12×3 Repeat

6 Widening the trunk on the ball in prone 
position 8×2 Repeat 10×2 Repeat 10×3 Repeat 12×3 Repeat

7 Widening the trunk on the ball in supine 
position 10×2 Repeat 10×2 Repeat 10×3 Repeat

8 Twisting the pelvis on ball 10×2 Repeat 10×3 Repeat

9 Pushing the ball up the wall 10×2 Seconds 10×3 Seconds

Cooling down 5 Minute Walking and stretching exercises
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Descriptive data analysis and ANOVA results for the 
study variables are shown in Table 3. The interaction 
is the most important component to the RM ANOVA; 
the RM ANOVA evaluated the differences between the 
groups. In other words, RM ANOVA compares the trend 
of changes (line slope) between the groups and indi-
cates the superiority and possible influence of groups 
over each other. According to Table 3, all the 3 variables 
of static balance, dynamic balance, and physical func-
tioning have significant interaction toward each other 
(P<0.05). In other words, changes in the intervention 
group were significantly higher than the control group 
and in the intervention group had more progression. 
Based on the Figures 1, 2 and 3, the slope gradient in 
the intervention group was higher than that of the con-
trol group, which indicates the improvement of static 
balance, dynamic balance, and muscle endurance in the 
intervention group subjects.

Based on Figures 1, 2 and 3, six weeks after the se-
lected core stability exercises in the intervention group, 
the level of static balance improved from 2.68±2.60 
to 5.12±2.18, dynamic balance from 16.15±5.67 to 
10.63±4.56, and the muscle endurance from 14.8±6.10 
to 21.50±7.61.

4. Discussion

Based on the results of the current study and comparing 
the pre-test and post-test results of the study subjects, it 
can be concluded that the selected core stability exercise 

program along with hemodialysis therapy can signifi-
cantly improve the static balance, dynamic balance, and 
muscle endurance (the risk factors associated with fall-
ing) in the patients undergoing hemodialysis.

Results of the current study was in agreement with 
those of the most studies in the same field indicating the 
efficacy of non-pharmaceutical strategies such as walk-
ing, cycling along hemodialysis therapy, and the com-
bined strength–balance exercises on the improvement of 
functioning and physical capacity of patients undergoing 
hemodialysis [8, 9, 17]. Although the aforementioned 
interventions were implemented along the hemodialy-
sis therapy for more 3 months, significant results were 
obtained from the current study with a 6-week interven-
tion implemented apart from the time of dialysis. The 
selection of core stability exercises in the current study 
was relied on high compliance with mental and physi-
cal status of the elderly people undergoing hemodialysis. 
There was no incompatibility between the core stability 
exercises, and disability or limited physical movement 
of the elderly people and they had no barrier to do the 
exercises. Likewise, results of the current study were 
in line with those of Petrofsky et al. (2005) as well as 
some other studies that used the core stability exercises 
as a kind of resistance exercises and reported the efficacy 
of the exercises on the improvement of static balance, 
dynamic balance, and strength, endurance, and perfor-
mance of neuromuscular system in the study subjects 
[11, 26, 27]. Results of a study by Panjabi et al. (1992) 
on the effect of core stability exercises on dynamic bal-

Table 2. Demographic data of the study participants

Group Number Age (yr) Duration of Dialysis (mo) Height (cm) Weight (kg)

Intervention 15 62.58±6.77 30.75±14.97 171.08±4.07 72.41±10.6

Control 15 61.92±6.52 28.15±21.7 172.15±4.48 72.76±14.74

Table 3. Results of descriptive data analysis and ANOVA for the studied variables

Variable Turn of the Test Intervention Group (Mean±SD) Control Group (Mean±SD) Interaction

Static balance (s)
Pre-test 2.68±2.30 3.45±3.41

F=14.98
P≤0.001

Post-test 2.32±2.32 5.12±2.81

Dynamic balance (s)
Pre-test 16.15±5.67 15.56±6.09

F=44.67
P<0.001

Post-test 10.63±4.56 16.85±5.35

Muscle endurance (sit-to-stand-to-sit)
Pre-test 14.83±6.10 14.32±7.10

F=31.40
P<0.001

Post-test 21.50±7.61 12.77±6.32
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ance indicated that the contraction of core muscles be-
fore moving a limb can activate the predictive postural 
responses by CNS; hence, the core stability exercise 
program can improve the activity prediction and conse-
quently, reduce the risk of imbalance, swinging the cen-
ter of body, and falling in the patients [28]. 

Based on the results of a study by Doustan et al. (2010) 
there were different reasons for the efficacy of core sta-
bility resistance exercises on balance; in one hand, the 
resistance exercises increase the irritation of muscular 
mass, which in turn result in increased strength and en-
durance of muscles and on the other hand, such exercises 
increase strength and endurance of trunk and legs and 
can reduce the muscle co-contraction and improve body 
balance and stability. In addition, such exercises increase 
blood pressure in brain and CNS, which results in higher 
efficacy of cerebellum (the body balance control center) 
and pyramid cells to transmit the messages [29]. In the 
current study, a significant part of core stability exercis-
es were performed using the Swiss balls; based on the 
results of different studies on the effect of exercises on 

Swiss ball, the patient can do a wide range of exercises 
recreationally by placing on a Swiss ball and trying con-
sciously to maintain the balance during the core stability 
exercises. Also, such exercises can be a good activity to 
challenge the systems involving in body balance [27]. 
Hence, the equilibrium control exercises by imposing 
overload on human sensory system (visual, vestibular, 
somatic sensation), and increasing muscle strength and 
range of motion in joints pave the way for balance im-
provement [30]. Results of a study by Casio et al. (2003) 
indicated that 5-week core stability exercise programs on 
Swiss ball or field have similar effects on the improve-
ment of balance and body control [18]; the results were 
consistent with those of the current study. In agreement 
with the results of the current study, Golpayegani et al. 
(2009) reported that the core stability exercises on and 
off a Swill ball, due to the dynamic and instable nature of 
the Swiss ball, is effective on the balance improvement, 
physical functioning, and rate of falling in the elderly 
population and can be involved in the rehabilitation and 
treatment readiness programs [16]. In contrast, Carmeli 
et al. (2003) and Lewarchik et al. (2003) indicated that 
Swiss ball and the core stability exercises had no impact 
on the results of balance test [19, 20]; the differences be-
tween the later studies results and those of the current 
study can be attributed to the demographic characteris-
tics of the studied populations; the subjects of the study 
by Carmeli were the patients with mental retardation and 
Lewarchik enrolled the young and healthy football play-
ers, while the current study was conducted on the elderly 
males undergoing hemodialysis within the age range of 
55-75 years and the history of falling; hence, there was 
a considerable differences between the studied popula-
tions in terms of cognitive level, physical readiness, and 
age range. To justify contradicted studies, the study by 
Golpayegani et al. indicated that following the core sta-
bility exercises, the balance was more improved in the 

Pre-test Post-test

Second Control Intervention

Figure 1. Static balance changes in the study groups
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Figure 2. Dynamic balance changes in the study groups
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Figure 3. Muscle endurance changes in the study groups
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elderly who were at higher risk for falling compared 
with their counterparts with lower risk of falling [16], the 
reason can be explained by the fact that the core stability 
exercises can facilitate neuromuscular transmission and 
in conclusion, the selected exercises were mostly useful 
for the ones with poor balance.

One of the objectives of the current study was the high 
rate of falling in the elderly patients undergoing hemo-
dialysis that was not considered in any of the previous 
studies. The protocol of core stability exercises on and off 
Swiss ball along with the compliance with the physical 
and clinical conditions of such patients is capable of im-
plementing at home without any help in order to increase 
the level of balance and strength, and totally reduce the 
risk of falling in the elderly patients undergoing hemodi-
alysis. Such exercises are targeted to strengthen abdomi-
nal and lumbar muscles; the importance of doing such 
exercises by the elderly patients undergoing hemodialy-
sis, who have reduced feet movement due to different 
neuropathic and myopathic complications, is twice more 
than that of their healthy counterparts. Owing to the use-
fulness of other exercise programs, using the protocols 
similar to the provided intervention is more effective in 
maintaining daily physical activity of such patients [26]. 
Of the limitations of the current study, monitoring of 
nutritional status and mental complications of the study 
subjects, and classification of the subjects based on the 
causes of chronic renal failure are highlighted, which is 
expected to be considered in further studies. Also, evalu-
ation of the effect of such exercises on other factors and 
underlying symptoms associated with the performance 
of hemodialytic patients and comparing the results with 
those obtained from different non-pharmaceutical meth-
ods are recommended. 
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