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↑What is “already known” in this topic: 
Amyotrophic lateral sclerosis (ALS) is a rare disease for which 
there is still no definitive cure. Respiratory dysfunction is one of 
the most important complications of ALS, which reduces quality of 
life and increases mortality. Respiratory muscle strengthening 
exercises play a significant role in improving the respiratory status 
of patients with various chronic respiratory diseases.   
 

→What this article adds: 
The present clinical trial study demonstrates the role of an 
inspiratory muscle training (IMT) device intervention in patients 
with ALS. Overall evidence from this study showed that IMT can 
improve respiratory muscle strength and pulmonary function in 
patients with ALS.  
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Abstract 
		  Background: Many patients with amyotrophic lateral sclerosis (ALS) experience respiratory failure. The use of respiratory muscle 
training exercises can improve the respiratory function of these patients. This study aimed to evaluate the effect of inspiratory muscle 
training (IMT) on respiratory muscle function in ALS patients.  
   Methods: In the current randomized controlled clinical trial study, 22 patients were randomly divided into intervention (n = 11) and 
control groups (n = 11). In the control group, patients used only chest-opening training and diaphragm exercises. Patients in the 
intervention group used IMT in addition to controlled exercises (chest opening training and diaphragm exercises). Respiratory function 
by spirometry and monitoring of maximum inspiratory and expiratory pressure, functional capacity with a 6-minute walk test, and 
arterial blood gases were also assessed by ABG analysis at baseline and after 8 weeks. A comparative analysis of variables was 
performed with a student t-test, considering type 1 error (α = 0.05) using SPSS 27 software. 
   Results: The indexes included maximal inspiratory pressure (PImax) (P = 0.000) and maximal expiratory pressures PEmax (P = 
0.002). The strength of breathing muscles index (S-index) (P = 0.002) had a significant increase before and after rehabilitation in both 
groups (P ˂ 0.05). In intergroup analysis, the only factor with a significant increase was PImax (P = 0.019). 
   Conclusion: The use of IMT, along with chest opening training and diaphragm exercises, can cause a relative improvement of the 
respiratory muscles' function indexes, especially PImax in ALS patients. More clinical trials are required. 
 
Keywords: Amyotrophic lateral sclerosis, Inspiratory Muscle training, Maximal Inspiratory Pressure, Maximal Expiratory Pressure, 
Respiratory Muscle Strength 
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Introduction 
Amyotrophic lateral sclerosis (ALS) is a progressive 

neurodegenerative disease involving the upper and lower 
motor neurons, which annually results in the death of 
30,000 patients worldwide (1). Unfortunately, despite 
extensive research into the treatment of this disease, no 
definitive cure for this disease has been provided yet (2). 

Various studies have shown that about 3% to 5% of 
these patients suffer from respiratory failure, which can 
lead to reduced quality of life and increased mortality 
rates in these patients at advanced levels (3). Therefore, 
evaluating the respiratory function of these patients and 
paying attention to the symptoms reported by the patient, 
such as shortness of breath and pre-sleep hypoventilation, 
can play an important role in controlling respiratory fail-
ure and increasing patient survival (4). Evaluation of these 
symptoms is possible by monitoring the factors involved 
in the respiratory function of these patients.  

Previous studies have shown that the vital capacity of 
ALS in 26 patients studied showed lower values than ex-
pected. In patients exhibiting symptoms of the disease, the 
partial pressure of carbon dioxide (PCO2) showed a signif-
icant correlation with inspiratory muscle strength. Addi-
tionally, those with pronounced ALS symptoms demon-
strated elevated PCO2 levels and reduced pH levels (5).   

In patients with ALS, spontaneous breathing is affected 
by damage to the anterior horn neurons that are responsi-
ble for the diaphragm nerve. The diaphragm can be rein-
forced like other skeletal muscles in the body, which can 
improve lung parameters and, ultimately, respiratory sta-
tus in ALS patients (6, 7). However, there is no specific 
protocol for how to do the exercises. Nowadays, strength-
ening of inspiratory muscles is a part of pulmonary reha-
bilitation in different respiratory patients, which used to 
increase the respiratory capacity of athletes. Also, the 
benefits of employing this method to enhance the strength 
and functionality of respiratory muscles in patients with 
chronic obstructive pulmonary disease, spinal cord injury-
related disorders, Duchenne muscular dystrophy, and my-
asthenia gravis have been demonstrated (8-11). 

The inspiratory muscle training (IMT) device, by apply-
ing controlled current resistance, strengthens the respirato-
ry muscles and prevents the progression of respiratory 
failure (12). This device can store pressure and respiratory 
flow data, and therefore, the physician can monitor IMT 
home programs (13). 

Despite the widespread use of the IMT system in recent 
years, its use in ALS patients has been less studied. The 
present study was performed to investigate the role of this 
method on respiratory muscle function in these patients. 

 
Methods 
Study Design and Participants 
The present study was performed as a non-blind, ran-

domized clinical trial in parallel groups from April to Sep-
tember 2019 in Masih Daneshvari Hospital, Tehran, Iran. 
There was no communication between patients participat-
ing in each group when visiting the relevant clinic. Since 
ALS is a rare disease and our access to patients was very 

limited, sampling was conducted using total population 
sampling. In this study, a total of 30 patients diagnosed 
with ALS were referred by a neurologist. Following the 
acquisition of informed consent and the application of 
inclusion criteria—which required the ability to perform 
exercises, a maximal inspiratory pressure (PImax) of ˂60 
cm H2O, no surgical history within the past 12 months, 
absence of severe osteoporosis, and a dyspnea score of ˂6 
on the Borg Scale—22 patients were subsequently as-
signed to 2 treatment groups through Block Randomiza-
tion. A random number table was used for randomization, 
and binary treatment blocks were considered. A person 
unaware of the group assignment randomly assigned pa-
tients to 2 separate groups based on patient code and case 
number. Then, another person randomly moved the pa-
tients in these blocks, and a random list of the 2 treatment 
groups was obtained. 

Patients performed controlled exercise therapy (includ-
ing diaphragm exercises and chest opening exercises) in 
the control group, and in the intervention group, patients 
used the IMT in addition to exercise-controlled therapy 
(similar to the control group). Both groups performed 
these exercises twice a day for 8 weeks. 

 
Inspiratory Muscle Training 
Inspiratory muscle training was performed using a me-

chanical IMT device (POWER breath, United Kingdom), 
and the patients in the intervention group performed deep, 
powerful inhalations to reach the desired threshold. This 
threshold is set at 30 % PImax initially. In the morning 
and afternoon, the patients followed the prescribed regi-
men of 30 repetitions of these exercises, taking a 2-minute 
break after each ten repetitions. Within two weeks, the 
severity of IMT increased gradually to 60% PImax. 

 
Assessments 
Patients in both groups were tested for the first time at 

the beginning of the training programs and then 8 weeks 
after exercise. Factors affecting lung function were evalu-
ated by pulmonologists, and an experienced physical ther-
apist evaluated patients' ability to perform a 6-minute 
walk test. 

 
Pulmonary Function Assessment 
To measure spirometry variables, the patient is in a calm 

position and places her lips firmly around the mouth of the 
spirometry device. The patient then inhaled and exhaled 
forcefully, telling the patient to breathe as much as possi-
ble and then rest for a minute. This procedure was repeat-
ed 3 times, and the best performance was considered for 
each patient. The patient was referred to the pulmonary 
function test (PFT) unit to measure PImax and PEmax. In 
addition, a computer-based IMT device (Power breath K5) 
was used to measure the strength of breathing muscles 
index (S-index). For this purpose, the patient learns to 
perform deep breathing after complete or relatively com-
plete exhaustion. It then drains the lungs as far as possible 
while the patient's nostrils are closed and performs a sud-
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den inhalation while holding the device with both hands. 
This procedure is repeated at least 3 times, and the patient 
rests 30 seconds between each repetition. The best per-
formance is considered for each patient. The procedure 
was performed once on the first day and once at the end of 
the eighth week. 

 
Six‐Minute Walk Test 
The 6-minute walk test reveals the patient's exercise ca-

pacity and can provide patients with greater safety and 
comfort than methods such as the shuttle test (14). This 
test was performed based on the guideline provided by the 
American Thoracic Society and asked the patient to walk 
as fast as possible in the 30-meter corridor. Heart rate, 
oxygen saturation, walking distance, and Borg scale were 
recorded (15). To minimize sample loss and ensure patient 
attendance at treatment sessions, the treatment team con-
ducted regular follow-up calls to remind patients of the 
scheduled session times. 

 
Arterial Blood Gas Analysis 
Arterial blood gas analysis was used to assess the condi-

tion of ventilation and acid-base disorders in patients. 
Blood samples obtained from patients were transferred to 
the laboratory and interpreted. 

 
Statistical Analysis 
A post hoc power analysis was performed for the prima-

ry outcome using a paired-sample t-test. The calculated 
power for detecting the specified effect size was 0.95. 
This indicates that the study had a very high probability of 
detecting the effect size, assuming the true effect size and 
significance level provided are accurate. Because ALS is a 
rare disease and the number of patients referred by the 
neurology clinic is very low, we examined all patients 
referred by a neurologist to Masih Daneshvari Hospital 
who met the inclusion criteria. To present our data, we 

applied both descriptive and analytic statistics. Quantita-
tive variables were presented as relative frequencies, and 
qualitative data were presented as the mean ± standard 
deviation. To compare quantitative variables between the 
2 groups, we utilized a student t-test. Type 1 error was put 
at P ≤ 0.05. All statistical analyses were performed using 
SPSS 27 software. 

 
Results 
Out of 30 ALS patients who were referred to Masih 

Deneshvari Hospital in Tehran by a neurologist, 22 pa-
tients—13 men and 9 women, with an average age of 
51.45 years who fulfilled the requirements to be included 
in this clinical research—took part in the study (Table 1). 

Figure 1 shows the flowchart of participants and ex-
cluded patients. The comparison of the baseline values of 
the studied variables showed that at the beginning of the 
study and before the pulmonary rehabilitation, there was 
no significant difference between the mean variables of 
the 2 groups (Table 1). 

Examining the values obtained from arterial blood gas 
analysis of ALS patients showed that the average PCO2 in 
the control group was significantly reduced (P = 0.015). In 
contrast, there was no significant difference in PCO2 in 
the intervention group before and after pulmonary rehabil-
itation (P = 0.231). Examining the HCO3 values of the 
patients showed that using pulmonary rehabilitation with 
the 2 methods we investigated does not create any signifi-
cant difference in the HCO3 values of the patients in the 
control group and the intervention group (P = 0.267 and P 
= 0.068, respectively). In addition, although the pH 
changes in both groups after the intervention were not 
physiologically significant, the mean pH was 7.36 ± 0.06 
before rehabilitation, and it was 7.35 ± 0.05 after rehabili-
tation in the intervention group. Therefore, a significant 
decrease in pH was observed in the group of patients us-
ing the IMT (P = 0.021) (Table 2). 

 
Table 1. Demographic Characteristics of the Patients  
Variable PR Group PR + IMT Group P Value 
characteristics    
Age, year (Mean ± SD) 56.82 ± 7.06 58.54 ± 6.17 0.548 
Weight, kg (Mean ± SD) 57.45 ± 5.22 54.73 ± 5.55 0.249 
Height, cm (Mean ± SD) 167.09 ± 4.50 169.09 ± 5.08 0.341 
Gender, Female/Male (Frequency (percent)) 4 (36.40)/ 7 (63.60) 5 (45.50)/ 6 (54.50) 0.665 
NIV, Yes/No (Frequency (percent)) 3(27.30)/ 8 (72.70) 1 (9.1)/ 10 (90.90) 0.586 
Difference between the baseline variables    
FVC, ml  (Mean ± SD) 80.45 ± 20.09 76.54 ± 16.23 0.621 
FEV1, mL(Mean ± SD) 78.00 ± 19.30 76.18 ± 15.52 0.810 
FEV1/FVC, % (Mean ± SD) 86.37 ± 12.52 88.64 ± 4.34 0.576 
TLC, L (Mean ± SD) 90.28 ± 14.37 82.36 ± 10.23 0.154 
RV (Mean ± SD) 94.73 ± 19.26 101.00 ± 26.07 0.529 
PCO2, mmHg(Mean ± SD) 46.00 ± 10.28 47.07 ± 6.78 0.776 
PH(Mean ± SD) 7.35 ± 0.02 7.37 ± 0.06 0.614 
HCO3, mmol/L(Mean ± SD) 29.36 ± 3.90 30.02 ± 4.23 0.706 
PEmax, cm H2O (Mean ± SD) 28.73 ± 4.51 24.91 ± 7.88 0.183 
PImax, cm H2O (Mean ± SD) 42.54 ± 5.68 49.64 ± 10.33 0.06 
SIndex, (Mean ± SD) 45.04 ± 20.97 49.81 ± 16.78 0.563 
6MWTD, m (Mean ± SD) 255.36 ± 95.93 266.64 ± 71.24 0.758 
Abbreviations: PR, Pulmonary rehabilitation; IMT, Inspiratory Muscle Training; NIV, Non-Invasive Ventilation; FVC, Forced Vital Capacity; FEV1, Forced Expiratory 
Volume in the first second; TLC, Total Lung Capacity; RV, Residual Volume; PCO2, Partial Pressure of Carbon Dioxide; PEmax, Maximal Expiratory Pressures; 
PImax, Maximal Inspiratory Pressures; 6MWTD, Six Minute Walk Test Distance. Independent T-TEST analysis of significance difference and descriptive statistics of 
characteristics with Chi-Square (χ2). For all analyses, P < 0.05 was considered statistically significant (*).  
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Examining the results obtained from the pulmonary 
function test of the 2 groups of patients examined in this 
study showed that the mean FEV1 in the 2 groups before 
and after pulmonary rehabilitation had no statistically sig-
nificant difference (P = 0.427 and P = 0.662, respective-
ly). Moreover, no significant difference was observed in 
the average total lung capacity (TLC) in the control group 
and the intervention group before and after rehabilitation 

(P = 0.408 and P = 0.186, respectively). The general pro-
cess of improving breathing in these patients can be traced 
by examining forced vital capacity (FVC). The FVC in the 
control group, which did not employ IMT, was 80.45 ± 
20.09 before pulmonary rehabilitation using IMT, accord-
ing to the results shown in Table 2, which displays the 
difference in the mean of the variables under investigation 
in the 2 groups.  

 
Figure 1. Flowchart of the study 
 
Table 2. Average Variables of Control and Intervention Groups Before and After Pulmonary Rehabilitation Training 

Variable PR Group (Mean ± Standard 
deviation) 

Mean 
Difference 

SE 

 

P 
Value 

PR + IMT Group (Mean ± 
Standard division) 

Mean 
Difference 

SE 

 

P Value 

Before After Before After 
FVC, Ml (Mean±SD) 80.45±20.09 83.18±20.10 -2.73 1.31 0.065 76.54±16.23 79.73±15.04 -3.18 1.05 0.013* 
FEV1, mL 
(Mean±SD) 

78.00±19.30 76.64±21.62 1.36 1.65 0.427 76.18±15.52 74.00±25.33 2.18 4.84 0.662 

FEV1/FVC, % 
(Mean±SD) 

86.36±12.52 89.73±11.18 -3.36 1.37 0.035* 89.90±4.43 90.40±6.31 -1.5 1.23 0.254 

TLC, L (Mean±SD) 90.27±14.37 83.00±28.26 7.27 8.41 0.408 82.36±10.23 84.45±9.86 -2.09 1.47 0.186 
RV (Mean±SD) 94.73±19.26 96.00±19.53 -1.27 0.47 0.022* 101.00±26.07 102.18±20.51 -1.18 2.38 0.631 
PCO2, mmHg 
(Mean±SD) 

46.00±10.28 43.27±8.33 2.73 0.93 0.015* 47.07±6.78 46.45±7.65 0.62 0.48 0.231 

PH (Mean±SD) 7.35±0.03 7.34±0.02 0.006 0.007 0.404 7.36±0.06 7.35±0.05 0.02 0.007 0.021* 
HCO3, mmol/L 
(Mean±SD) 

29.36±3.90 29.00±3.43 0.36 0.31 0.267 30.03±4.23 27.82±4.02 2.20 1.08 0.068 

PEmax, cm H2O 
(Mean±SD) 

28.73±4.54 33.18±7.14 -4.45 1.07 0.002* 24.91±7.87 31.91±9.38 -7.00 3.04 0.044* 

PImax, cm H2O 
(Mean±SD) 

42.54±5.68 47.00±6.71 -4.45 0.98 0.001* 49.64±10.33 58.27±7.96 -8.64 1.29 <0.001* 

S-index, % 
(Mean±SD) 

45.04±20.97 51.21±18.35 -6.17 1.95 0.01* 49.81±16.78 55.45±19.52 -5.64 2.06 0.021* 

6MWTD, cm 
(Mean±SD) 

255.36±95.93 271.73±120.03 -16.36 9.16 0.104 266.64±71.24 279.45±70.67 -12.82 11.54 0.293 

Abbreviations: PR, Pulmonary rehabilitation; IMT, Inspiratory Muscle Training; NIV, Non-Invasive Ventilation; FVC, Forced Vital Capacity; FEV1, Forced Expiratory Volume in 
the first second; TLC, Total Lung Capacity; RV, Residual Volume; PCO2, Partial Pressure of Carbon Dioxide; PEmax, Maximal Expiratory Pressures; PImax, Maximal Inspiratory 
Pressures; 6MWTD, Six Minute Walk Test Distance. Descriptive Statistics and paired t-test results. For all analyses, P < 0.05 was considered statistically significant (*). 
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After rehabilitation, the mean of this variable was 83.18 
± 20.10, which indicated no significant increase in FVC in 
the control group (P = 0.065). Meanwhile, in the interven-
tion group, where the patients used the IMT in addition to 
pulmonary rehabilitation exercises, FVC showed a signifi-
cant increase compared to before rehabilitation (P = 
0.013). 

Maximum expiratory pressure (PEmax) in the control 
group increased significantly after pulmonary rehabilita-
tion compared to before rehabilitation (P = 0.002). Simi-
larly, maximum inspiratory pressure (MIP) (PImax) was 
associated with a significant increase compared to the 
mean values before rehabilitation (P = 0.001). In the in-
tervention group, the comparison of the results obtained 
from the mean of PEmax and PImax showed a significant 
increase in these variables (P = 0.044 and P < 0.001, re-
spectively). Examining the results obtained from the S-
index of the patients showed that the mean S-index in the 
control group increased from 20.97 ± 45.04 to 51.21 ± 
18.35, indicating a significant increase in this variable as a 
result of performing lung expansion exercises (P = 0.01). 
Similarly, in the intervention group, the mean of the S-
index of patients using the IMT increased significantly (P 
= 0.021). 

The results obtained from the 6-minute walking test of 
patients with ALS in the 2 groups under investigation 
showed that the mean of the 6-minute walking test of pa-
tients in both groups increased after pulmonary rehabilita-
tion. However, this difference was not statistically signifi-
cant (P = 0.104 in the control group and P = 0.293 in the 
intervention group) (Table 2). 

Examining the relationship between the average varia-
bles under investigation between the 2 groups of patients 
undergoing breathing exercises (control) and the group of 
patients undergoing breathing exercises with IMT, using 
independent t-test analysis, showed a significant differ-
ence between the average PImax of the 2 groups (P = 
0.019). However, no significant differences were observed 
in other variables under investigation in the 2 groups (Ta-
ble 3). 

 
 

Discussion 
ALS is a rare disease, and few studies have investigated 

the strengthening of inspiratory muscles in these patients. 
Management of the changes in the respiratory muscles of 
ALS patients can play a potential role in improving their 
quality of life (15). The main focus of our study was the 
use of inspiratory muscle-strengthening exercises to im-
prove the respiratory function of ALS patients. In ALS 
patients, due to the damage of the neurons related to the 
diaphragm nerves, it is essential to maintain the function 
of the respiratory muscles. Examining the MIP or PImax 
is one of the useful tests introduced to evaluate the func-
tion and strength of respiratory muscles, especially the 
diaphragm in neuromuscular diseases (16). In our study, a 
significant improvement in PImax was observed in in-
tragroup and intergroup analysis (P < 0.05). On the other 
hand, since in the intergroup analysis, the mean changes 
of PImax were in favor of the group of patients using IMT 
compared to the control group, it can be said that the use 
of IMT helped to strengthen the lung rehabilitation of 
ALS patients participating in our study. Previous studies 
have shown that, like skeletal muscles, respiratory mus-
cles can also adapt to exercise through structural and neu-
ral adaptation by hypertrophy using additional motor units 
and increasing the contraction frequency of muscle fibers 
(17). 

Our study results are consistent with those of the previ-
ous studies. Previously, the role of respiratory muscle 
training in improving pulmonary function in similar cases 
of ALS has been confirmed. Plowman et al examined the 
performance of 12-week inspiratory and expiratory mus-
cle training in ALS patients and showed that the use of 
this program is associated with a significant increase in 
the maximal expiratory pressure, but not maximal expira-
tory pressure; however, these results may be due to the 
long study period (18). In line with our results, Vicente-
Campos et al showed that a month-long combined training 
program of IMT can improve the respiratory function of 
ALS patients (19). In a similar study, breathing exercises 
with the IMT therapeutic tool in ALS patients showed that 
this method caused a significant increase in PImax and 
increased the inspiratory strength of the patients (19). 

Table 3. Intergroup Differences of Study Indicators 
Variable PR Group PR + IMT Group Mean Difference P Value 
FVC, ml (Mean ± SD) -2.72 ± 4.36 -3.18± 3.49 0.45 0.790 
FEV1, ml (Mean ± SD) 1.36 ± 5.46 2.18 ±16.07 -0.82 0.876 
FEV1/FVC, % (Mean ± SD) -3.36± 4.57 -1.50 ± 3.89 -1.86 0.326 
TLC, L (Mean ± SD) 7.27 ± 27.91 -2.09 ± 4.88 9.36 0.286 
RV (Mean ± SD) -1.27 ± 1.55 -1.18 ± 7.91 -0.09 0.971 
PCO2, mmHg (Mean ± SD) 2.73 ± 3.10 0.62 ± 1.61 2.11 0.069 
PH (Mean ± SD) 0.006 ± 0.02 0.02 ± 0.05 -0.02 0.233 
HCO3, mmHg (Mean ± SD) 0.36 ± 1.03 2.21 ± 3.58 -1.84 0.127 
PEmax,  cm H2O (Mean ± SD) -4.45 ± 3.56 -7.00 ± 10.09 2.54 0.445 
PImax, cm H2O (Mean ± SD) -4.45 ± 3.26 -8.64 ± 4.29 4.18 0.019* 
SIndex,% (Mean ± SD) -6.17 ± 6.46 -5.64 ± 6.84 -0.53 0.854 
6MWTD, cm (Mean ± SD) -16.36 ± 30.38 -12.81 ± 38.28 -3.54 0.812 
Abbreviations: PR, Pulmonary rehabilitation; IMT, Inspiratory Muscle Training; NIV, Non-Invasive Ventilation; FVC, Forced Vital Capacity; FEV1, Forced Expiratory 
Volume in the first second; TLC, Total Lung Capacity; RV, Residual Volume; PCO2, Partial Pressure of Carbon Dioxide; PEmax, Maximal Expiratory Pressures; PI-
max, Maximal Inspiratory Pressures; 6MWTD, Six Minute Walk Test Distance. Independent T-TEST analysis of significance difference between the variables by test 
and control group. For all analyses, P < 0.05 was considered statistically significant (*). 
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Even if a small number of ALS patients were the subject 
of numerous similar studies in the past, it is possible to 
comprehend the beneficial impact of IMT in enhancing 
inspiratory strength and respiratory function based on the 
findings. 

Neves et al also found that the use of IMT along with 
expiratory muscle training can lead to increased PEmax 
and PImax in chronic obstructive pulmonary disease pa-
tients (20). Similar findings in a study by Laohachai et al 
showed that using IMT can increase PImax and PEmax in 
patients with a Fontan circulation (21). The effectiveness 
of IMT on the improvement of PImax of ALS patients has 
been confirmed before (19). 

Examining the results obtained from the arterial gas 
analysis of the patients participating in this study showed 
that the average pH values, despite a slight decrease in 
both groups, were significant only in the intervention 
group before and after rehabilitation, and no significant 
difference was observed in the intergroup analysis. Also, 
PCO2 was significant only in the control group. In patients 
with ALS, the pulmonary function to excrete carbon diox-
ide is impaired due to neuromuscular damage, and there-
fore, blood bicarbonate increases significantly. This situa-
tion can lead to respiratory acidosis in these patients (22). 
Therefore, reducing arterial blood gases can control these 
patients' respiratory acidosis conditions. In our study, 
there was no significant decrease in the results of inter-
group blood gas analysis of ALS patients undergoing 
pulmonary rehabilitation. Previous studies have shown 
that the average amount of arterial blood gases decreases 
significantly after using inspiratory muscle exercises in 
patients with cervical spinal cord injury (23, 24). 

The study by Rahmy et al in patients with interstitial 
pulmonary fibrosis presented similar results to our find-
ings on the reduction of arterial blood carbon dioxide 
pressure after using IMT (25). The results showed that 
patients who used the inspiratory muscle trainer for 8 
weeks had significant improvements in blood gases.  

On the other hand, the pulmonary function of patients 
who used IMT did not increase significantly compared to 
the control group. The results of our study showed that the 
use of IMT does not make much difference in the lung 
function components of ALS patients; however, the mean 
of FVC in the intervention group that benefited from this 
method was significantly higher than the conditions at the 
beginning of the study. Since the decrease in FVC level 
can indicate pulmonary abnormalities, the mean increase 
of this factor in patients who used inspiratory muscle ex-
ercises in this study indicates the positive effect of these 
exercises on their pulmonary function. Several studies 
have been designed to investigate the role of IMT in the 
pulmonary function of different patients (26, 27). 

Dos Santos et al showed that the use of IMT combined 
with short-term aerobic and resistance exercise (combined 
training) can significantly improve peak oxygen uptake, 
distance covered in the 6-minute walk test, respiratory 
function, and quality of life in patients after coronary ar-
tery bypass graft surgery (26). Previous studies that have 
examined the effect of IMT in patients with ALS have 
confirmed the positive effect of these exercises on im-

proving FVC in these patients (19). Khoshkhabar et al 
have also reported the positive role of IMT in improving 
these factors (9). 

In our study, the mean of respiratory muscle strength (S-
index) showed a significant increase in intragroup analy-
sis; in contrast, no significance was observed in intergroup 
analysis. The general evidence from this randomized con-
trolled study has shown that IMT can improve respiratory 
muscle strength and pulmonary function in patients with 
ALS. Because patients with ALS have progressive weak-
ness in the respiratory muscles, these findings can be con-
sidered a valuable step in improving their respiratory sta-
tus. 

Most research on the IMT technique has been conducted 
in patients with conditions including COPD, Duchenne 
muscular dystrophy, and others; each of these conditions 
necessitates a different rehabilitation regimen (27-31).  

However, due to the limitations of studies that have 
used this method in patients with ALS, the results of the 
present study have been compared with the results of simi-
lar studies. 

Our study demonstrated a considerable increase in the 
strength and function of the inspiratory and expiratory 
muscles in patients with ALS, despite the limited sample 
size. Patients with ALS frequently avoid frequent medical 
center visits because of their physical limitations. To keep 
the treatment process organized and prevent loss 
to follow-up, we used video conferences or daily contact 
to interact with patients in our study. 

 
Limitations 
Our study had a small sample size, and the breathing 

exercises were done over 8 weeks. A greater sample size 
and a comparison of the duration of various treat-
ments may yield different outcomes. The patients were 
randomly selected for the study based on the inclusion 
criteria, however, we did not distinguish between the vari-
ous phases of ALS or the length of the illness in our study. 
Comparing patients' spinal and bulbar symptoms relative 
to their respiratory function and nerve involvement may 
be an intriguing topic for future research. 

 
Conclusion 
The present study investigated the role of IMT with 

chest expansion exercises and diaphragmatic exercises. 
Our results showed that both types of training protocols 
can lead to relative improvement in respiratory muscle 
function. However, access to an optimal and generalizable 
training protocol for patients with different levels of ALS 
requires further studies. 
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