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ORIGINAL ARTICLE

Postural Control and Functional Performance Changes with Inspiratory 
Muscle Training in Chronic Kidney Disease Patient

ABSTRACT

Introduction: Approximately 60-75% of chronic kidney disease (CKD) patients have a uremic 
syndrome that may cause damage to muscle cells, including the diaphragm as respiratory muscle, which 
is known involved in maintaining postural stability and balance. This study aims to see the effects of 
inspiratory muscle training on postural control and functional performance in CKD patients undergoing 
hemodialysis twice a week.

Methods: This single-blind randomized controlled trial enrolled 36 participants (45±9 years) allocated 
randomly into the intervention and control group, receiving intensity of 50% and 10% Maximum 
Inspiratory Pressure (MIP), respectively. Postural sway (95% ellipse area, anteroposterior (AP), and 
mediolateral (ML) sway) measured using a force platform in static standing with feet apart (FP1) and 
together (FP2), and functional performance by Short Physical Performance Battery (SPPB), assessed at 
pre-and postintervention.

Results: After 8-week, intervention group demonstrated greater improvements on MIP (233.45% vs 
141.65%; p=0.0001). Postural sway FP1 and FP2 not significantly improved in intervention group (p > 
0.05). The control group showed a significant increase (p = 0.007) in the SPPB score.

Conclusion: The inspiratory muscle training has not significantly improved postural control nor 
functional performance in patients with chronic kidney disease on hemodialysis. Further research is 
needed.
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ABSTRAK

Latar belakang: Sekitar 60-75% pasien dengan gagal ginjal kronis mengalami sindrom uremikum yang 
mungkin disebabkan oleh kerusakan sel-sel otot, termasuk diafragma sebagai salah satu otot pernapasan, 
yang diketahui terlibat daam pengaturan stabilitas postural dan keseimbangan. Penelitian ini bertujuan 
untuk mengetahui efek latiotot inspirasi pada kontrol postural dan keadaan fungsional pasien PGK 
selama menjalani hemodialisis dua kali dalam seminggu.

Metode: Artikel ini menggunakan metode uji coba acak terkontrol dengan melibatkan 36 peserta (45±9 
tahun) yang dialokasikan secara acak ke dalam grup kontrol dan intervensi, masing-masing menerima 
sebanyak 50% dan 10% intensitas Tekanan Maksimum Inspirasi (TMI). Gerakan postural (95% area 
ellipse, anteroposterior (AP), dan gerakan mediolateral (ML)) diukur menggunakan tahanan pijakan 
saat posisi berdiri dengan kaki terpisah (FP1) dan bersamaan (FP2), dan keadaan fungsional dengan 
menggunakan Short Physical Performance Battery (SPPB), dilakukan penilaian saat sebelum dan 
setelah intervensi.

Hasil: Setelah 8 minggu, grup intervensi menunjukkan lebih banyak perubahan pada TMI (233.45% vs 
141.65%; p=0.0001). Gerakan postural FP1 dan FP2 tidak menunjukkan perubahan signifikan pada grup 
intervensi (p > 0.05). Grup kontrol menunjukkan peningkatan signifikan (p=0.0007) pada skor SPPB. 

Kesimpulan: Latihan otot inspirasi tidak menunjukkan perubahan yang signifikan pada kontrol postural 
maupun tampilan fungsional pada pasien dengan penyakit ginjal kronis yang menjalani hemodialisis. 
Dibutuhkan penelitian lanjutan.

Kata Kunci: hemodialisis, latihan otot inspirasi, kontrol postural, penyakit ginjal kronis, tampilan fisik
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INTRODUCTION

Chronic kidney disease (CKD) is characterized 
by alteration of the kidneys’ structure or 
function that lasts more than three months 
and is classified into several stages based on 

the cause, glomerular filtration rate (GFR), 
and albuminuria.1 Chronic kidney disease is a 
global public health problem with an increasing 
prevalence and incidence and requires high 
financing. Based on Riset Kesehatan Dasar 
(RISKESDAS) in 2018, the prevalence of 
CKD in Indonesia increases from 0.2% in 2013 
to 0.38% in 2018. More than 30.56% of CKD 
patients undergoing hemodialysis (HD) are at 
a productive age (45-54 years old),  causing 
productivity decline and socioeconomic losses 
due to the loss of productivity.2,3 One of CKD’s 
systemic effects is uremic syndrome, which 
occurs in approximately 60-75% of CKD 
patients undergoing hemodialysis, affecting 
morbidity and mortality.4
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Uremic syndrome is initiated by the systemic 
endothelial breakdown in the capillary system 
in the renal medulla, thus causing a gradual 
decline of GFR. The glomerular filtration rate 
can be found to be normal and irreversible in 
the early stage. However, as it develops, the 
compensation process will cause multiple 
sclerosis in the healthy endothelial layer, 
resulting in a progressive decline in the 
nephrons’ function and cause the build-up 
of toxins and residual metabolism.5 Toxins 
accumulation in the body give toxic effects to 
mitochondria in muscle cells, called uremic 
myopathy. Uremic myopathy is a group of 
functional and morphological abnormalities 
consisting of muscular weakness (including 
muscle respiration), muscle wasting, endurance 
limitations, exercise intolerance, and fatigue, as 
well as uremic cardiomyopathy.6 Weakness and 
atrophy of the locomotor (extremities muscles) 
or non-locomotor (respiratory muscles) in CKD 
patients may affect posture and balance control. 
Changes in muscle morphology are indicated 
by a reduction in the number of capillaries 
per muscle fiber, comparable to the reduction 
of oxygen conduction.6 Inspiratory muscles, 
especially the diaphragm, play an essential 
role in the torso’s stability and postural control 
by modulating the intraabdominal pressure, 
working collaboratively with the abdominal 
muscles, especially transverse abdominals, 
and pelvic floor muscles. Weak diaphragm 
muscles will prematurely fatigue and makes 
blood redirected away from peripheral and 
spinal muscles to enhance diaphragmatic 
circulation, causing a decrease of erector 
spina’s muscle spindle sensitivity, decreasing 
core proprioception function as well as 
increasing the risk of injury.7,8

To improve the muscles of respiration, CKD 
patients are advised to do inspiratory muscle 
training. This exercise proves beneficial 
in increasing the pressure of maximum 
inspiration, the proprioception of cores, lung 
function, endurance, and training performance 
for several patients with heart and lung diseases, 
cardiac and chest surgery, multiple sclerosis, 
lower back pain, and stroke.9–12 Administration 
of aerobic exercises and resistances proves 
improvement of muscle strength, exercise 
capacity, functional capacity, inhibits systemic 
effects on cardiorespiratory and muscle system 
in CKD patients, thereby enhancing the quality 
of life, but did not produce improvements 
in postural control.13,14 We present here a 
hypothesis that the diaphragm strength are 
reduced among subjects, along with worse 
balance parameters. Inspiratory Muscle 
Training proved to be able to increase the 
thickness of the diaphragm muscle, and directly 
proportional to the increase in the strength 
of the inspiratory muscle.15  This study aims 
to examine the effects of inspiratory muscle 
strengthening exercises on postural control 
and balance in CKD patients who undergo HD 
twice a week. 

METHODS

Design
This study is a single-blind randomized 
controlled trial (RCT), done by dividing the 
subject into two groups and used unpaired 
numerical categorical analysis. The minimum 
sample size was 18 per group, determined 
based on statistical calculations by setting a 
confidence level of 95% and a power test of 
90%. The intervention group got inspiratory 
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muscle training (IMT) with an intensity of 
50% MIP (Maximum Inspiratory Pressure) 
and 10% MIP for the control group. Maximum 
inspiratory pressure was measured every 2 
weeks, followed by dosage adjustments. IMT 
was performed for 8 weeks, 3 days a week, 
with 5 sets of 10 repetitions each, with one-
minute rest between sets. The research took 
place in Hemodialysis Unit Al-Ihsan Hospital, 
West Java, between October - December 2019.

Subjects
All CKD patients who undergo HD performed 
consecutive sampling. The inclusion criteria 
are patient aged 45 – 54 years, has a history 
of end-stage renal disease (ESRD) and has 
undergone HD twice a week for more than 3 
months, able to perform an inspiratory muscle 
training (IMT) procedure, has a MIP value lower 
than 70% predicted measurement results using 
Carefusion MicroRPM, able to walk without 
an assistive device, able to understand oral and 
written instructions, cooperative and willing 
to participate in the research and able to do 
exercises by signing informed consent. Patients 
with comorbid such as obstructive pulmonary 
disease, pleural effusion, cardiomegaly, heart 
failure, or coronary heart disease, has a history 
of surgery on thoracic or abdominal in the last 
6 months, have been given respiratory muscle 
training in the last 6 months, disorders of the 
eardrum and balance control, and anemia (Hb 
<8 g/dL)  excluded in the research. Patients 
who were clinically declining, not exercises >3 
times during the training program, and resigned 
will be excluded from the study. The training 
session terminated if there is a decrease in 
consciousness/syncope, SpO2 <90%, Borg 
Scale dyspnea >7, or an increase in pulse >30 
bpm.

Data collection
The participants were divided into an 
intervention or control group. Maximum 
inspiratory pressure was measured 3 times. 
Then the averaged MIP value was used to 
determine the intensity of the exercises on each 
subject. At the next meeting, a postural sway 
assessment was conducted to assess postural 
control using the AMTI AccuPower force 
platform and an SPPB test in both groups. The 
postural sway examination is performed by 
setting the patient on a force plate, foot placed 
in 2 different positions (apart and together), 
both arms on the side, each for 30 seconds, 
then the data automatically recorded. Short 
Physical Performance Battery Assessment 
(SPPB) is done by asking subjects to stand for 
30 seconds with legs in 3 different positions 
(closed, semi-tandem, and tandem), then walk 
4 meters for 2 times (the fastest time is taken) 
and count the time when doing 5 times sit to 
stand up from the chair.  At the end of the 
program (8th week, after the 24th exercise), the 
postural sway and SPPB test was reassessed.

Data analysis
The data were tested for their normality before 
undergoing analysis. We used an unpaired 
t-test for comparing the characteristics of the 
groups for normally distributed data and Mann 
Whitney test as an alternative. The paired t-test 
was used for comparing the analysis before 
and after the intervention. Statistical analysis 
of categorical data was tested with the Chi-
square test. McNemar was used for comparing 
the categorical variables before and after the 
intervention. We used the significance of P 
≤ 0.05. The Data obtained is recorded in a 
particular form and then processed using SPSS 
version 24.0 for Windows.
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RESULTS

Forty-two CKD patients participated in the 
study, then divided into control and intervention 
groups. In the beginning, the control group had 
22 subjects, then 4 were excluded because they 
did not attend the session three times in a row. 
The number of subjects in the intervention 
group was 20, but the same reason excluded 2 
as the control group. Therefore, there were 18 
patients in both groups. 

During the training session, there were no 
dangerous side effects, such as decreased 

SpO2 <90%, Rated Perceived Exertion with 
Borg Scale >7, increased pulse >30 bpm from 
baseline, and decreased consciousness or 
syncope reported during the exercise.

Subject characteristics
The patient’s average age in the intervention 
group is 44.67 ± 7.98 years, consisting of 5 males 
(27.8%) and 13 females (72.2%). The control 
group consisted of 4 male people (22.2%) and 
14 females (77.8%). We found body weight, 
body mass index, and hemodialysis time 
significantly differed between both groups (P 
= 0.02, 0.02, and 0.03, respectively). (Table 1)

Table 1. Subject characteristics

Variables
Groups

P value 
between groupsIntervention

(n=18)
Control
(n=18)

Age 0.46
Range±std 44.67±7.98 46.89±10.01
Median 46.00 49.50

Gender 1.00
Male 5 (27.8%) 4 (22.2%)
Female 12 (72.2%) 14 (77.8%)

Body weight (kgs) 0.02*
Range±std 58.78±10.48 51.09±8.51
Median 56.50 49.50

Body height (meter) 0.47
Range±std 1.56±7.98 1.54±0.10
Median 1.55 1.53

Body mass index (kg/m2) 0.02*
Range±std 24.12±4.05 21.46±2.45
Median 22.79 40.67

Hemodialysis time 0.03*
Range±std 43.28±19.63 31.11±19.20
Median 48.00 24.50

* Significantly different (P value ≤ 0.05)
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Effect of IMT on the inspiratory muscle strength
The maximum inspiratory pressure (MIP) 
initial value is 33.17 ± 20.33. Based on data 
analysis, MIP’s baseline value before and 
after the exercise between the intervention 
and control groups does not have a meaningful 
average difference. We found that the MIP 
value at the beginning and after IMT in both 

groups has significant differences (P= 0.0001 
in both groups). We also found that the MIP 
difference between initial assessment and 
after IMT (Δ MIP) in the intervention group 
was higher than the control group, but the 
increasing value and percentage of MIP were 
not statistically significant. (P = 0.345 and 
0.443 respectively). (Table 2)

Table 2. Effect of inspiratory muscle training toward maximum inspiratory pressure

Variables
Groups

P value
between groupsIntervention

(n=18)
Control
(n=18)

MIP initial (cmH2O) 0.443
Range±std 33.7±20.33 34.72±13.45
Median 27.50 34.50
Min-max 9.00 – 75.00 17.00 – 58.00

MIP after IMT (cmH2O) 0.513
Range±std 81.44±23.43 76.39±22.41
Median 83.00 70.50
Min-max 43.00 – 121.00 44.00 – 122.00

P value MIP 0.0001* 0.0001*
Δ MIP 0.345

Range±std 81.44±23.43 76.39±22.41
Median 83.00 43.50
Min-max 13.00 – 98.00 8.00 – 91.00

Increase of MIP (%) 0.443
Range±std 233.45±233.07 141.65±84.65
Median 165.15 116.90
Min-max 43.30 – 890.90 14.30 – 337.00

MIP: maximum inspiratory pressure. IMT: inspiratory muscle training. Δ MIP, MIP differences between before 

and after IMT. * Significantly different (P value ≤ 0.05)

Effect of IMT training on postural control 
and functional performance
Force Plate
The postural control assessment using the 
force plate was carried out in 2 different 
standing positions: FP1 (feet apart) and FP2 

(feet together). There was no statistically 
significant difference between the two groups 
between 95% of the ellipse, ML, and AP areas 
in FP1 before the intervention but differed 
significantly after intervention. (P = 0.001, 
0.007, and 0.004 respectively). The numeric 
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data analysis shows that the difference of  95% 
ellipse area, ML, and AP averages before and 
after the intervention on FP1 did not statistically 
significant in both groups. (P = 0.001, 0.007, 
and 0.004 respectively). The numeric data 
analysis shows that the difference of average 
95% ellipse area, ML, and AP before and after 
the intervention on FP1 is not statistically 
significant in both groups. 

The statistical test results in FP2 showed 
significantly different baseline in 95% ellipse 
area and ML sway between two groups before 
the intervention, and also no significant 
differences between groups after, except for 
ML sway (p=0.031). Statistical results showed 
no significant differences in the 95% ellipse 
area, ML and AP areas in each group before 
and after the intervention. (Table 3)

Table 3. Effect of IMT on postural control

Variables
Intervention groups Control groups P value 

between 
groupsMean ± SD Median Min-max Mean ± SD Median Min-max

Postural sway FP1
95% ellipse area (cm2)
Before 2.31±1.90 1.85 0.33–7.64 2.63±2.29 2.14 0.56–9.30 0.584
After 2.06±0.96 1.81 0.77–4.21 3.32±1.31 3.08 1.25–6.14 0.001*
P value 0.913 0.133
AP (cm)
Before 1.76±1.40 1.43 0.63–6.96 1.69±0.85 1.48 0.66–4.01 0.628
After 1.53±0.36 1.42 0.97–2.26 2.05±0.66 1.88 0.99–3.35 0.007*
P value 0.777 0.048
ML (cm)
Before 2.13±0.77 1.91 1.06–4.49 2.28±0.86 2.30 0.39–4.17 0.462
After 2.07±0.47 2.04 1.37–3.09 2.62±0.60 2.67 1.67–3.70 0.004*
P value 0.794 0.143

Postural sway FP2
95% ellipse area (cm2)
Before 4.43±2.65 3.39 2.21–12.3 5.94±2.49 5.89 2.64–12.3 0.019*
After 4.35±1.76 3.75 2.22–8.37 5.43±3.32 4.29 1.81–15.4 0.481
P value 0.679 0.327
AP (cm)
Before 2,87±0.52 2.83 2.21–4.06 3.03±0.85 2.87 1.87–4.91 0.037*
After 2.87±0.71 2.88 1.67–4.39 3.13±1.03 2.88 1.95–4.59 0.031*
P value 0.991 0.983
ML (cm)
Before 2.36±0.61 2.18 1.67–3.94 2.95±0.81 2.81 0.39–4.17 0.462
After 2.27±0.43 2.22 1.57–3.20 2.70±0.63 2.62 1.67–3.70 0.004*
P value 0.338 0.306

FP1: foot apart. FP2 : foot together. AP: anteroposterior. ML: mediolateral. * Significantly different (P value ≤ 0.05)
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SPPB
There were no significant differences found 
in the SPPB score before the intervention 
between groups and after the intervention 

group treatment. However, we found a 
significant difference in the SPPB score before 
and after IMT in the control group (P = 0.007). 
(Table 4)

Table 4. SPPB score before and after IMT

Variables
Groups

P value
between groupsIntervention

(n = 18)
Control
(n = 18)

SPPB score (before) 0.059
Range ± SD 11.77 ± 0.55 10.83 ± 1.62
Median 12.00 11.50
Min-max 10.00 – 12.00 7.00 – 12.00
SPPB score (after) 0.791
Range ± SD 11.88 ± 0.47 11.77 ± 0.73
Median 12.00 11.50
Min-max 10.00 – 12.00 9.00 – 12.00
P value SPPB 0.157 0.007*

Δ SPBB score 0.031**
Mean±Std 0.11±0.323 0.94±1.305
Median 0.00 0.50
Range (min-max) 0.00-1.00 0.00-5.00
Increase of  SPBB score 0.029**
Mean±Std 0.01±0.029 0.11±0.177
Median 0.00 0.05
Range (min-max) 0.00-0.09 0.00-0.71

SPPB : short physical performance battery. * Significantly different (P ≤ 0.05)

DISCUSSION

This study’s average age was 45.77 ± 8.99 
years, ranging between 30-59 years. This result 
is consistent with the conditions in Indonesia 
that refer to hospital information system data 
(SIRS), that most patients with CKD who 
undergo HD in Indonesia ranging in the 45-54 
years old.16,17 As the age increased, it will affect 
balance due to 1) morphological changes and 
physiological functions of sensory structures, 

2) loss of receptor and large myelinated sensory 
fibers in the distal region, and 3) disruption 
of proprioception, vibration, discrimination, 
and balance. The presence of comorbid causes 
disruption of effector efficiency, which is in 
the form of muscle atrophy, tendon flexibility, 
and the presence of bone deformities.18

The body mass index positively correlates with 
postural sway and causes postural imbalance. 
Higher BMI and fat percentage significantly 
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increase the risk of falls and decrease dynamic 
balance test results.19.20 Reese et al. showed that 
BMI below 35kg/m2 did not significantly affect 
balance.21 Alonso et al. stated that gender did 
not affect postural balance, but anthropometry 
(height) in men was more influential than 
women. In contrast, Kejonen et al. found no 
relationship between anthropometric factors 
with variations in movement in maintaining 
body balance while standing.22,23 BMI difference 
in this study is caused more by a significant 
difference in body weight, not by height, so it 
supports that anthropometric differences will 
not affect the balance.

There were no significant differences in the 
initial values ​​of MIP, SPPB, and postural sway 
FP1. There is no specific research comparing 
the balance condition to the length of time 
undergoing hemodialysis. Barzegar et al., in 
their study, stated that there was no correlation 
between the duration of hemodialysis and 
quality of life as assessed by KDQOL. Allegedly 
with increasing periods undergoing HD, patients 
have adapted to the HD process and experience 
improvement in symptoms due to uremia.24

Maximum Inspiratory Pressure (MIP)
A reference value of respiratory muscle strength 
in healthy and ill populations in Indonesia does 
not yet exist, so this study uses predictive 
reference values from systematic reviews based 
on the journals that take MIP measurements 
in North America, Brazil, Sweden, the 
Netherlands, and India. This study’s subjects 
had a baseline MIP value lower than 70% 
predicted value based on the age group.25 
Previous study done by Sachs et al. in America 
comparing the value of MIP in non-Hispanic, 
African American, and Asian (Chinese) races 

shows no significant difference in inspiratory 
muscle strength between the races.26

Maximum Inspiratory Pressure assessment 
was carried out after 8 weeks of intervention. 
Both groups experienced a significant 
increase in MIP scores, but the difference did 
not differ significantly between them. The 
average increase in MIP in the intervention 
group was 48.27 points (up 165.15%), while 
in the control group, it was 41.66 points (up 
116.9%). This result was found similar to the 
study by Ferraro et al., in which an increase in 
MIP was found significant in the intervention 
group (load intensity 50% of the MIP) and 
in the control group (15% of MIP).  There 
were no statistically significant differences in 
increment difference in the two groups. The 
increase in MIP in the control group is thought 
to be caused by the physiological effects of 
strengthening exercises that occur in increased 
neural activation rather than due to changes in 
muscle structure.11

Based on this theory, it can be assumed that 
the increase in MIP value in the intervention 
group is also partly due to an increase in neural 
activation. Several studies have demonstrated 
the effect of IMT on diaphragm muscle 
thickness in healthy people, the elderly, and 
stroke patients. These exercises were carried 
out for 8 weeks, each using different intensities 
and frequencies, and all of them showed an 
increase in MIP value accompanied by an 
increase in diaphragm muscle thickness.15,27,28 
Kocjan et al. using other functional 
parameters of the diaphragm, closely related 
to its strength, found that greater values of 
diaphragm inspiratory thickness, diaphragm 
thickness fraction and diaphragm movement 
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were associated with shorter path length and 
smaller ellipse field.12

The dose of exercise given in this study was almost 
the same as the exercise dose performed by Mills 
et al., for the elderly group, namely 50% of the 
MIP dose, for 8 (eight) weeks, 60 repetitions per 
day, performed every day. This dose increased 
the MIP value by 34% and increased diaphragm 
thickness by 38%.27 The increase of MIP in this 
study (233% in the intervention group and 141% in 
the control group) was greater than the increase in 
MIP in the Dipp et al. study (33.5%) with an IMT 
dose of 6 (six) times a week for 5 (five) weeks, 
performed at home and intradialytic in the hospital, 
with a gradual increase in intensity ranging from 
50% to 70% MIP. The baseline MIP score of the 
subjects in Dipp et al. research was 70% of the 
predicted value, whereas in these studies the mean 
MIP value was only 25-30% (range 10-60%) 
of the predicted value and increased to 60-80% 
of the value. predictions. (range 40-95%). The 
baseline difference may be one reason for the high 
percentage increase in this study.29

Postural sway
The postural sway baseline between the 
intervention and control groups measured in the 
open feet position (FP1) was not significantly 
different. Reassessment after 8 weeks of 
IMT showed a reduction in sway area and 
anteroposterior sway or mediolateral sway in 
the intervention group, but not statistically 
significant. The control group has worse result, 
but the value was not significant except in 
the anteroposterior plane, so the differences 
between groups after the intervention became 
significant. IMT exercise impacted the control 
and intervention groups, and it was seen that 
higher doses had better effects than lower doses. 

The postural sway baseline between the 
measurement groups with closed feet (FP2) 
was significantly different among the sway 
area and the mediolateral sway. After training, 
postural sway assessment showed improvement 
in the sway area and mediolateral sway both 
in the intervention and control groups, but 
this increase was not statistically significant. 
The control group experienced a greater 
deterioration in the anteroposterior plane, but 
the value was also not significant. Balance 
assessment with closed feet (FP2) shows 
greater anteroposterior and mediolateral sway 
than FP1. These results are consistent with 
previous research, which states that reducing 
the base of support will challenge the balance 
function. The most significant difference is 
seen in anteroposterior sway (FP2> FP1), this is 
following the statement of Chiari et al., which 
mentions that anteroposterior sway will be more 
stable when the foot is in an open position.30 
Our study found that anteroposterior sway 
values in the control group were worsened 
in FP1 and FP2, and AP sway in FP2 in the 
intervention group. This exercise improves the 
direction of mediolateral movement better than 
anteroposterior movement.

The results we obtained were contrary to 
several previous studies by Kocjan et.al, Lee 
et.al, & Morilla et.al. Kocjan et al. using 
other functional parameters of the diaphragm, 
closely related to its strength, found that greater 
values of diaphragm inspiratory thickness, 
diaphragm thickness fraction and diaphragm 
movement were associated with shorter path 
length and smaller ellipse field.12 In stroke 
patients, Lee et al., found improvements in 
the stability limits of the CoP after training of 
the respiratory muscles.31 Morillas et al. show 
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that the greater the inspiratory muscle strength, 
the less displacement of the pressure center, 
while at higher respiratory rates there is greater 
displacement.32

Short Physical Performance Battery (SPPB)
The SPPB test is recommended by Tasoglu et 
al. as an instrument of functional performance 
testing in CKD patients, which must be done 
at an early stage of CKD and then routinely 
carried out to evaluate the decline in functional 
ability over time.33,34 The SPPB baseline score 
in this study did not differ significantly between 
the intervention and control groups (11.78 vs. 
10.83). This finding shows that HD patients 
in this study had a better baseline of physical 
performance than patients in a previous study 
by Reese et al., of 1111 patients with non-HD 
CRF who found an average SPPB score 8.3. 
Similarly, this study also had a higher SPPB 
score when compared with the baseline of Kwon 
et al. (SPPB score 5.6) Kaysen et al. (SPPB 
score 8.35 specifically for patients CKD with 
hemodialysis), Hartmann et al., (SPPB score 
of 8.35), and Nogueira et al., (SPPB 9 score). 
It can be the reason for the results of this study 
were not significant compared to the previous 
study.21,35–38 

This study found that SPPB scores on the static 
balance component were almost all good; 
low-value scores were found on the dynamic 
component, which was sit-to-stand 5 times. 
Previous studies by Sieńko-Awierianów et 
al. showed that dynamic balance dysfunction 
significantly emerged precede static balance 
dysfunction, beginning at the age of 50.19 
The increase in SPPB scores in the control 
group had significant value. In contrast, 
the intervention group was smaller and not 

statistically significant. This might have 
happened because the treatment group’s SPPB 
base score approached the maximum value, 
resulting in a “ceiling effect.” The increase in 
SPPB scores in this study was more significant 
than in the Kwon et al. Study, which provided 
an OTAGO Exercise Program for CKD 
patients for 12 weeks, namely in the control 
group 0.94 vs. 0 points, and the intervention 
group 0.1 vs. 0.07 points.35 Another exercise 
intervention assessing SPPB changes in CKD 
on HD patients was carried out by Chen et al., 
such as providing leg strengthening exercises 
and an increase in SPPB score significantly, 
which is 2 points in the intervention group.39 
This study was conducted on subjects aged 69 
years on average and baseline scores SPPB in 
the intervention and control groups were 5 and 
6, respectively lower than the SPPB baseline 
score in this study.

Limitations
This study did not include other factors that 
can affect the postural balance, such as limb 
muscle strength, other core muscle strength, 
sensory function, or proprioception. It also lacks 
uniformity of the foot’s opening angle that may 
affect the measurement results. Additionally, 
balance checks were only performed in a static 
position, thus making the examination results 
of the impact of IMT training less accurate. 
The wide age range in this study and no age 
classification because of the limited number of 
samples causing comparison between age groups 
and further analysis regarding the correlation of 
a significant increase in MIP on postural sway 
and SPPB score in various age groups could not 
be made. We also did not monitor each subject’s 
activities during the research period, so that it can 
be a confounding factor that influences the result.
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CONCLUSIONS

Inspiratory muscle training increases MIP, but 
has not significantly improved postural control 
or functional performance in patients with 
CKD.  Inspiratory muscle training is more likely 
to impact postural control in the mediolateral 
direction, although it is not significant, thus 
this study also cannot prove that increasing 
inspiratory muscle strength can improve balance. 

It is necessary to examine other factors that 
affect postural control, such as limb muscle 
strength, other core muscle strength, sensory 
function, proprioception, and cognition. It is 
necessary to standardize the foot’s position 
when measuring postural sway using force 
plates and adding the type of postural challenge 
given. It also needs to do further research related 
to the optimal training dose and the effect of 
inspiratory muscle strengthening exercises on 
the balance of patients with chronic kidney 
failure based on age group, duration of illness, 
and body weight and monitoring the subject’s 
activities during the training process.
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