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Introduction

The advanced aging of people and the issues associated with 
the care of older society have become an emergency for all 
healthcare systems. Aging has increased the need for health 
and social services. There is a pressing need for a fundamental 
change in healthcare systems, switching from a focus on 
managing diseases to adopting a more functional strategy based 
on integrated, coordinated, continuous, and patient-centric 
care (1). The World Health Organization has stated that policies 
associated with health must be examined from the perspective 

of an older individual’s functional capacity rather than 
focusing on illnesses or comorbidities encountered at certain 
moments (2). Falls are among the primary causes of morbidity 
and mortality in older adults. Interruptions in motor function 
(e.g., balance and gait) (3), impairment of functional ability, 
and a variety of other variables (4) determine fall risk. Multiple 
studies have shown that the onset of poor gait (5) or balance 
(6) is a significant marker of falls in older people. Although the 
frequency of falls among senior Egyptians is not dangerously 
high, it may be lowered because the goal should be zero falls. 
Recent investigations have indicated that rehabilitation and 
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Abstract
Objective: This study aimed to compare the impact of inspiratory muscle training (IMT) and the coherent breathing technique on the old population’s 
gait, balance, and functional capacity. 

Materials and Methods: This randomized controlled trial included 90 older individuals who were allocated into the IMT, coherent breathing, and 
control groups. The participants’ ages varied between 62 and 68 years, and their body mass index was 25 to 30 kg/m2. The IMT group received an IMT 
program, the coherent breathing group received a program of coherent breathing exercises, and the control group did not receive any intervention. 
The investigation was extended to 12 weeks, with a frequency of three sessions per week. The Tinetti performance oriented mobility assessment 
(POMA) was employed to assess the balance and gait level of the participants, while their functional capacity was assessed utilizing the six-minute 
walking test (6MWT) before and after the intervention. 

Results: The POMA score and the 6MWT outcomes were significantly increased in the IMT and coherent breathing exercises (p≤0.05), and no 
significant variation was detected in the control group. However, the IMT group showed increased improvement in balance and functional capacity 
compared with the coherent breathing group. 

Conclusion: Our study outcomes exhibited that both IMT and coherent breathing exercises played a vital role in enhancing functional capacity 
and decreasing the risk of falls in older individuals. However, the IMT exhibited more efficacy in improving balance, gait, and functional capacity 
compared with coherent breathing.
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community interventions are used for training and educating 
older adults to increase their physical fitness and minimize 
their fear of falling (7). Diaphragmatic breathing training 
raises intra-abdominal pressure (IAP) and activates deep trunk 
muscles (8), leading to increased spine stiffness. Consequently, 
IAP modulation adds a method for the central nervous system 
to manage spinal stability during functional activities, as it may 
simplify this regulation by providing an indirect increase in 
stiffness (9). This acquisition of postural stability may result in 
positive gains in balance and functional capacity (10). Coherent 
breathing has been shown to modulate the production of stress 
hormones by supporting equilibrium in the autonomic nervous 
system by stimulating the parasympathetic system or secreting 
relaxation hormones, which help counteract the prevailing state 
of sympathetic dominance; consequently, coherent breathing 
has been shown to modulate sympathovagal balance, improving 
functional ability (11). Inspiratory muscle training (IMT) has 
been extensively utilized in many populations, including healthy 
individuals and those with medical disorders, particularly in older 
adults. Its benefits have been scientifically established not only 
in enhancing inspiratory muscle strength but also in reducing 
dyspnea, improving exercise capacity, enhancing quality of life 
(QoL), and impacting other medical aspects (12). Therefore, it is 
possible to hypothesize that different diaphragmatic training 
approaches, like IMT or coherent breathing, could improve gait 
balance and functional ability in older adults. Therefore, this 
investigation aimed to compare the impact of the two different 
breathing techniques on functional ability and balance in older 
individuals. 

Materials and Methods

Ethical Approval

The Research Ethics Committee of Cairo University’s Faculty 
of Physical Therapy authorized this study (approval number: 
P.T.REC/012/003819, date: 21.06.2022). The clinical trial 
registration number is NCT05767372. Before completing the 
informed consent form, each patient received a comprehensive 
description of the purposes and methodologies of the study.

Sample Size, Randomization, and Blinding

G* Power version 3.1.9.7 was used to identify the sample size. A 
prior type of power analysis was used with α error probability 
of 0.05 and power (1-β error probability) equal to 0.95. A 
total of 72 participants was the minimum sample size for the 
investigation. Considering a possible attrition of approximately 
15%, the sample size was increased to 30 per group. The 
participants were separated into IMT, coherent breathing, and 
control groups at random by randomized block process (Figure 
1). MS Excel 2013 software was used to produce the random 
sequence.

Participants

The investigation was designed as a prospective, parallel 
randomized controlled trial. This study was conducted in the 
outpatient clinic of Cairo University’s faculty of physical therapy. 
Ninety older adults (62 to 68 years old) agreed to participate 
and were distributed equally at random into the IMT (received 
IMT program), coherent breathing (received coherent breathing 
program), and control (no intervention) groups. The participants 
were encouraged to consume various foods from each food 
group, focusing on the nutrients, including potassium, calcium, 
dietary fiber, and vitamin B12. In addition, they were instructed 
to choose foods with little to no added sugar, saturated fats, 
or sodium and to obtain enough protein portion (1.2-1.4 g/kg) 
with 800 IU of vitamin D daily. The inclusion criteria included 
those above sixty years old and nonsmokers. The exclusion 
criteria were as follows: age below 60 years, chronic pulmonary 
disorder (e.g., obstructive lung disease, asthma), low back pain 
with a moderate or severe degree (Oswestry low back pain 
disability questionnaire >21%), falling fear (activities balance 
confidence scale <67%), deficiencies of cognitive abilities 
(mini-mental state examination score <24), having fallen in 
the prior 2 years, cardiac disorders restricting physical activities, 
uncontrolled diabetes, taking beta-blocker medicine, vertigo in 
the previous six months, presently receiving balance training 
(like Tai Chi and pilates), using any assistive devices, and any 
metabolic, endocrinal, or respiratory disorder.

Intervention Procedure

Coherent Breathing Group

The key component of coherent breathing is achieving mental 
and physical relaxation by modulating the breathing pace to 
approximately five breaths per minute, inhaling for 6 s, and 
exhaling for 6 s so that one breath lasts for 12 s and five breaths 
per minute. After the evaluation, patients underwent a coherent 
breathing training program. They were placed in an upright, 
relaxed position with no inclination exceeding 45°. They were 
given the following instructions: take three or four deep breaths 
using their diaphragm, use a stopwatch to check the intervals, 
and put one hand on the abdomen and the other on the level 
of the diaphragm to assess their ability to perform breathing. 
Then, the participants were instructed to inspire for 4 s and then 
expire for 4 s, repeat this for 1 min, and repeat the previous 
step but elongate their inspiration and expiration for 5 s. 
Then, they were asked to inhale deeply and slowly for 6 s and 
then exhale for around 6 s. The set was continued for 10 min 
with two intervals for a total session duration of 30 min (13). 
The sessions were performed three times a week for 12 weeks.

IMT Group

This group used a threshold IMT (threshold IMT device HS730, 
Respironics NJ, USA) equipped with a spring-loaded one-way 
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valve that offers adjustable resistance during inspiration within 
a spectrum ranging from 9 to 41 cmH2O (14). The patient was 
lying in a high supine position (45 degrees). The participants 
were then instructed to put a nose clip on the nose to allow 
breathing through the mouth and ensure that the lips were 
positioned around the mouthpiece without blockage from 
the tongue. Then, maximum training was detected as follows: 
the participants detected the intensity at which they could 
efficiently achieve 10 breathing cycles at maximum resistance 
based on the individual’s pace of apparent power. Subsequently, 
the application was initiated with a low-intensity load of 20-
30% of the participants’ maximum 10-repetition technique 
utilizing an IMT device. Then, the intensity was developed slowly 
and monitored carefully until achieving 50% of maximum 
effort over three weeks as tolerated. The subjects took complete 
inspiration (maximal and deep inspiration) and then expired 
slowly. This breathing pattern lasted for 10-20 breaths. The 
participants were then instructed to repeat 4-6 times with rest 
in between 30 s (15). The program was conducted thrice weekly 
over 12 weeks.

Control Group 

Individuals in this group did not receive any intervention, but 
performed their routine activities of daily living. However, their 
functional capacity, balance, and gait were evaluated before 
and after the duration of the study (12 weeks) utilizing the 
assessment approaches of our investigation.

Outcomes Measures

Six-minute Walk Test (6MWT)

The functional capacity of the subjects was assessed using the 
6MWT. The measurements were performed in accordance with 
the American Thoracic Society’s directions. Participants were 
instructed to walk as far as they could along a 30-meter hallway 
at their own pace for 6 minutes. Individuals were permitted to 
pause and relax during the test, which was conducted before 
and after the intervention. The maximum 6-minute walking 
distance was detected in meters (16).

Tinetti Performance Oriented Mobility Assessment (POMA)

The POMA was used to evaluate the fall risk. The POMA is divided 
into two components: one for balance and one for gait. The 

Figure 1. The flowchart
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balance part was used to assess balance when sitting or standing, 
while the other part was used to assess dynamic balance during 
walking. The total potential score was 28, including 12 for 
POMA gait and 16 for POMA balance, and a lower overall score 
suggests a higher risk of falling (17). According to Lin et al. (18), 
compared with different tests, the POMA has greater test-
retest reliability, discriminant validity, and predictive validity for 
evaluating the risk of falling in older individuals.

Statistics

SPSS software version 22 was used to perform all statistical 
analyses. A comparison between the groups’ features, including 
age, weight, height, and body mass index (BMI), was conducted 
using ANOVA, while the Kruskal-Wallis test was employed for 
comparing sex between groups. MANOVA was performed to 
compare the scores of 6MWT and POMA between the groups. 
However, multiple comparisons were conducted to identify 
differences between the groups. The significance level for all 
statistical tests was set at p<0.05.

Results
Typically, 90 participants were enrolled in this investigation 
and allocated equally and randomly into the following three 
groups: IMT, coherent breathing, and control groups. No 
significant variations were detected regarding the features of 
the individuals among all groups (p-value was 0.226, 0.059, 
0.150, 0.066, and 0.835 for age, weight, height, BMI, and sex, 
respectively) (Table 1).

The findings indicated that the intervention of IMT or coherent 
breathing technique had a significant impact on the 6MWT in 
both groups, and no effect was detected in the control group; 
however, no significant variation was identified between 
the groups before the intervention (Table 2). Furthermore, 
significant variations were observed between all groups after 
intervention (p=0.003), and multiple comparisons exhibited 
significant differences between the IMT and control groups 
(Table 2). In addition, improvement was better in the IMT group 
(percent of change: 8.6%) compared to the group of coherent 
breathing (percentage of change: 2.7%), indicating that IMT 
had high efficacy (Table 2).

Table 1. Comparison of characteristics between groups

IMT group (n=30)
Coherent breathing 
group (n=30)

Control group
(n=30) F-value p

X±SD X±SD X±SD

Age (years) 65.2±2.7 64.9±3.1 66.1±2.7 1.511 0.226

Weight (kg) 73.6±6.9 77.2±7.6 77.6±6.4 2.925 0.059

Height (cm) 163.9±9.2 168.2±8.9 166±6.4 1.941 0.150

BMI (kg/m2) 27.4±1.6 27.3±1.3 28.2±1.8 2.807 0.066

n (%) n (%) n (%)

Male
Female

18 (60%)
12 (40%)

16 (53.3%)
14 (46.7%)

18 (60%)
12 (40%)

0.835

IMT: Inspiratory muscle training, X: Mean, SD: Standard deviation, p: Probability value, n: Number of participants, BMI: Body mass index

Table 2. Comparison between groups regarding 6MWT (m)

IMT group (n=30)
Coherent breathing 
group (n=30)

Control group
(n=30)

Comparison between 
group

X±SD X±SD X±SD F-value p

Before intervention 512.8±37.9 519.1±37.3 511.4±36.7 0.360 0.699

After intervention 556.8±67.7 532±37.1 512.1±36.1 6.199 0.003*

Percentage of change 8.60% 2.70%

Comparison within group p≤0.05* p≤0.05* 0.055

MD p

IMT group vs. coherent breathing group 23.83 0.178

IMT group vs. control group 44.7 0.003*

Coherent breathing group vs. control group 20.87 0.265

IMT: Inspiratory muscle training, X: Mean, SD: Standard deviation, p: Probability value, *: Significance, MD: Mean difference, n: Number of participants, 6MWT: Six-minute walking 
test, m: Metre
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The outcomes revealed that both IMT and coherent breathing 
exercises had a significant effect on POMA scores (p≤0.05), and 
no alteration was observed in the control group; however, the 
comparison between all groups before intervention regarding 
this score indicated no significant variations (Table 3). According 
to the POMA score findings, significant variation was detected 
between all groups post-intervention was detected (p≤0.05), and 
multiple comparisons indicated significant variations between 
every group and each other (Table 3). Moreover, enhancement 
was higher in the IMT group (percentage of change: 18.1%) 
than in the coherent breathing group (percentage of change: 
6.2%), indicating that IMT was more effective (Table 3). 

Discussion
The study outcomes revealed that both IMT and coherent 
breathing exercise had a vital impact on older adults’ function 
ability, gait, and balance; however, IMT exhibited more efficacy 
than coherent breathing exercise. 

Stressful life events result in excessive activation of the fight 
or flight response, known as sympathetic overload, which 
has significant implications for morbidity and mortality. 
This imbalance in the autonomic nervous system results in a 
persistent state of excessive activity across all bodily functions. 
It is characterized by elevated biochemical levels, such as 
cortisol and epinephrine, elevated energy expenditure, and the 
generation of free radicals as byproducts. Consequently, this 
chronic state of hyperactivity leads to the depletion of energy 
(19). Prior investigation exhibited that coherent breathing has 
been shown to modulate that imbalance in the autonomic 
nervous system (11), improving functional ability, which might 
explain our study findings. 

Restricted diaphragmatic movement impairs bodily functions and 
exerts additional strain on cardiovascular and gastrointestinal 
systems. Coherent breathing refers to the practice of slow and 

deep breathing, maintaining a pace of five breaths per minute 
while consciously relaxing during the exhalation phase, which 
serves as a means of exercising the diaphragm (20). The use of 
this self-regulatory approach has the potential to facilitate an 
equilibrium between the mind and body, thus enhancing overall 
health and perceived wellness.

According to previous reports, increased respiratory muscle 
strength has been demonstrated to benefit individuals with 
heart failure. These include the postponement of diaphragmatic 
fatigue, enhancement of ventilatory efficacy, and reduction of 
blood flow demands placed on the respiratory muscles during 
exercise (21). Consequently, sympathetic activity is reduced, 
leading to enhanced systemic vasodilation and improved 
perfusion of peripheral muscles, thereby increasing functional 
capability (21). Subsequently, according to this mechanism, IMT 
might increase functional capacity in older individuals.

Consistent with our research findings, a previous study 
implemented a 12-week IMT intervention, which yielded 
statistically substantial enhancements in forced vital capacity, 
forced expiratory volume in 1 second, forced expiratory flow 
25%-75%, peak expiratory flow, maximal inspiratory and 
expiratory pressures, as well as 6-minute walking distance 
among older adults with atrial fibrillation (22). In their meta-
analysis, Gosselink et al. (23) found a statistically significant 
minimum difference of 32 m in the 6-minute walking distance 
when comparing individuals with chronic obstructive lung 
disease who underwent IMT to those in the control group. 
According to a previous study, a 6-week regimen of thoracic 
stretching and breathing exercises conducted at home had 
favorable outcomes regarding thoracic cage expansion and 
physical function. These outcomes were assessed using the 
pulmonary function test and the 6MWT in a sample of healthy 
older adults (24). In addition, previous research included 45 
patients who had three times of respiratory therapy using 

Table 3. Comparison between groups regarding POMA

IMT group
(n=30)

Coherent 
breathing group
(n=30)

Control group
(n=30)

Comparison between 
groups

X±SD X±SD X±SD F-value p

Before intervention 21±1.1 21.1±1.1 20.9±1.1 0.179 0.836

After intervention 24.8±0.8 22.4±0.8 21±1.04 13.79 p≤0.05*

Percentage of change 18.10% 6.20%

Comparison within groups p≤0.05* p≤0.05* 0.577

MD p

IMT group vs. coherent breathing group 2.33 p≤0.05*

IMT group vs. control group 3.83 p≤0.05*

Coherent breathing group vs. control group 1.5 p≤0.05*

IMT: Inspiratory muscle training, POMA: Tinetti performance oriented mobility assessment, X: Mean, SD: Standard deviation, p: Probability value, *: Significance, MD: Mean difference, 
n: Number of participants
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the active cycle of breathing approach per week for two 
consecutive months, and the findings illustrated a statistically 
significant enhancement in the outcomes of the 6MWT 
(25). Furthermore, the findings of a previous investigation 
have shown the efficacy of coherent breathing training in 
enhancing cardiorespiratory fitness among individuals in good 
health (26). 

Furthermore, prior research exhibited that home-based 
pulmonary rehabilitation may have beneficial effects on 
functional ability, anxiety, depressive symptoms, and QoL in 
older individuals with chronic obstructive pulmonary disease 
and chronic respiratory failure (27). Moreover, a previous 
study indicated that a duration of 8 weeks of IMT resulted 
in enhancements in inspiratory muscle function, specifically 
peak inspiratory flow rate, maximal inspiratory pressure (MIP), 
peak inspiratory power, and dynamic balance capability, 
as evidenced by an increase in the mini-balance evaluation 
systems test score. Therefore, IMT was feasible and efficient for 
older adults without needing supervision, as it was conducted 
at home with no adverse consequences like falls or discomfort 
(28).

In contrast to the results obtained in our study, it was observed 
that in a cohort of older adults who were in good health and 
exhibited normal spirometry, respiratory muscle strength, and 
physical fitness, the implementation of IMT led to an increase 
in MIP and peak inspiratory flow; however, no significant 
changes were observed in other spirometry assessments, DNA 
damage levels in peripheral blood mononuclear cells, plasma 
cytokine concentrations, dynamic inspiratory muscle function, 
inspiratory muscle endurance, distance covered in the 6MWT, 
physical activity level, or QoL (29).

The outcomes of a previous study revealed that a thorough 
chest physiotherapy (PT) program lasting eight weeks led to 
notable enhancements in dynamic postural stability, spirometry, 
respiratory muscle strength, and functional capacity among 
pediatric patients diagnosed with cystic fibrosis; however, 
including IMT in chest PT did not result in further enhancements, 
except for the MIP value (30), which was in contrast with our 
findings. 

Study Limitations

Some notable limitations should be addressed in this research. 
First, the physical activity history of the participants should be 
considered. Second, the psychological aspects of the individuals 
should be evaluated. Furthermore, our study participants 
comprised an integrated cohort of older individuals with a 
limited age range. Consequently, it is important to acknowledge 
that our findings may not be generalizable to the entire older 
adult population.

Conclusion
Coherent breathing technique and IMT can significantly improve 
functional capacity, gait, and balance in older individuals. 
However, the findings of our study indicated that IMT was more 
efficient than coherent breathing exercises.
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