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Research Paper
Investigating the Effects of Dynamic Neuromuscular 
Stabilization Exercises on Chest Mobility, Upright 
Sitting Height, and Quality of Life in Obese Women

Purpose: This study examines the impact of dynamic neuromuscular stabilization (DNS) on 
chest mobility, upright sitting height, and quality of life (QoL) in obese women. DNS exercises 
are used to assess and activate the spinal stabilizers to improve the performance of the posture 
and respiratory systems.

Methods: In this semi-experimental study, 60 participants were randomly assigned to two 
groups as follows: The DNS group (n=30) and the control group (n=30). To start, in a random 
order, each participant completed a pre-test of the upper chest mobility, lower chest mobility, 
upright sitting height, and QoL. The DNS protocol was then implemented, with participants 
undergoing training six times a week for six weeks. After the completion of training, a post-test 
was conducted to measure all parameters. The data was analyzed using descriptive statistical 
analysis and repeated measures analysis of variance in the SPSS software, version 23.

Results: In the DNS group, significant improvements were observed in the post-test compared 
to the pre-test for upper chest mobility (2.1±1.6 vs 3.7±1.8 cm, P<0.001), lower chest mobility 
(2.9±1.4 vs 3.8±1.4 cm, P<0.001), upright sitting height (86.1±3.8 vs 87.7±3.8 cm, P<0.001), 
and QoL (63.7±17.8 vs 68.2±14.9, P<0.001). On the other hand, the control group did not show 
statistically significant changes in these parameters.

Conclusion: DNS which prioritizes ideal alignment, is an effective protocol for enhancing 
upper chest mobility, lower chest mobility, upright sitting height, and QoL. It is recommended to 
incorporate breathing exercises to enhance chest mobility and posture. By doing so, physiological 
stabilization can be achieved, leading to improvements in the overall health and performance of 
obese individuals, ultimately enhancing their QoL.
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Introduction

besity is a significant global health prob-
lem in the 20th and 21st centuries and can 
have negative effects on skeletal muscle 
function and joint mobility in obese 
individuals [1–4]. Skeletal muscles in 
obese individuals have to work harder 

to move the increased body mass, which can potentially 
lead to a positive training effect [5]. However, obesity 
can also result in a decrease in muscle mass and lower 
muscle quality, which can impair the ability of skeletal 
muscles to maintain locomotor performance and reduce 
mobility in obese individuals [6, 7]. Additionally, obesity 
can impact respiratory function, leading to reduced chest 
mobility [8]. On the other hand, prolonged periods of sit-
ting and a sedentary lifestyle can disrupt muscle chains, 
decrease chest mobility of the chest, and limit joint range 
of motion in joints [9–11]. Consequently, sedentary be-
havior may influence the physiological curvature of the 
spine, pelvic tilting, and alignment of joint movement 
axes [12]. For example, overweight individuals have 
a higher risk (15% to 79%) of fall-related injuries re-
quiring medical treatment compared to those with a 
healthy weight [13]. Furthermore, various injuries, such 
as sprains, strains, and dislocations are more common 
among individuals with a low physical fitness level [14].

The importance of considering strategies desired to 
prevent spinal malalignment and respiratory function 

disorders cannot be overstated. Therefore, it is crucial to 
identify factors and measures that can improve the effi-
ciency of the diaphragm. Numerous studies have shown 
a correlation between the activity of the diaphragm and 
intercostal muscles and respiratory and postural function 
[15–17]. Many experts argue that maintaining proper 
posture is essential for regular respiratory function [18]. 

It is possible to train in a way that aligns the ribs and 
spinal column optimally. Correct breathing patterns can 
also help with breathing and maintaining stability in the 
spine [15]. To achieve success in any corrective or re-
habilitation program that focuses on the movement sys-
tem, it is important to consider retraining and correcting 
faulty respiratory patterns. Accordingly, to effectively 
perform breathing exercises, it is necessary to train in the 
corrective program under different conditions [9, 16, 17, 
19]. The dynamic neuromuscular stabilization (DNS) 
method, which is based on developmental kinesiology 
models, can achieve these goals [20, 21]. One of the 
primary objectives of the DNS approach is to improve 
precise muscle coordination by placing the subjects in 
various developmental positions while achieving a func-
tionally central position for the supported joints and all 
segments. Additionally, the DNS approach emphasizes 
the importance of combining spinal stabilization and 
breathing patterns during daily activities [22–24].

Obese individuals need to participate in rehabilitation 
programs that target the respiratory muscles to address the 
changes in posture, muscle strength, and breathing patterns 

O

Highlights 

• Dynamic neuromuscular stabilization (DNS) exercises should be performed in a consistent developmental pattern 
for effective functional intervention.

• Restoring and improving a dysfunctional respiratory pattern is essential for the success of any rehabilitation program.

• Maintaining an upright thoracic spine, mobile rib cage, and proper alignment and mobility of the thoracic spine are 
necessary for the respiratory muscles to support posture and breathing patterns.

Plain Language Summary 

The neuromuscular deficiencies and mechanical drawbacks of the postural-respiratory muscles are connected to the 
thoracic spine and rib cage. It is important to restore and consider the optimal position of the thoracic spine and chest. To 
achieve this, dynamic neuromuscular stabilization (DNS) exercises were performed to enhance chest mobility, upright 
sitting height, and overall quality of life (QoL). The results showed significant progress in these areas. Therefore, this 
approach is recommended to improve respiration quality, posture, and overall daily activity.
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[4]. The main goal of engaging in breathing exercises is to 
improve respiration and synchronize the different muscle 
groups involved [16, 17, 19]. Therefore, this study assesses 
the effectiveness of DNS exercises in improving chest mobil-
ity, upright sitting height, and quality of life (QoL) in obese 
women. We hypothesize that DNS exercises would lead to 
improvements in these areas. Additionally, we believe that 
performing DNS exercises dynamically and functionally is 
an effective approach for enhancing these variables. 

Materials and Methods

This study employed a pre-test-post-test design and 
was conducted on a sample of 60 women classified as 
obese. We calculated the sample size based on power 
analysis for the repeated-measures analysis of variance 
test using the G*Power software, version 3.1.9.2, setting 
the power at 0.80, the moderate effect size at 0.50, and 
the significance level at 0.05 (2-tailed). This study used 
a group allocation ratio of 1:1. Meanwhile, it determined 
that 60 patients (30 in each group) would be necessary 
based on these calculations. 

The inclusion criteria consisted of being female, aged 
between 30 and 60 years with body mass index values of 
25 kg/m2 and higher. Individuals with mental, neuromus-
cular, musculoskeletal, chronic systemic disorders, and 
vestibular problems that may hinder exercise participa-
tion, subjects who had undergone surgery in the last six 
months, those who were pregnant or planning to become 
pregnant, individuals who were actively COVID-19 posi-
tive, and persons who had previously contracted COV-
ID-19 were excluded from the study [25]. 

Chest mobility

The assessment of chest mobility was conducted with 
the subject in an upright position. A tape measure with a 
length of 200 cm was used at two distinct locations along 
the rib cage. These locations included the anterior axil-
lary line, which was used to measure the mobility of the 
upper chest region (referred to as upper chest mobility; 
axillary line); and the point where the xiphoid process 
is located, which was used to assess the mobility of the 
lower chest region [26].

Furthermore, to minimize changes in soft tissue shape, the 
tape had to be held snugly. The outcome was the difference 
between the measured data at maximum inspiration, and 
maximum expiration, held for at least two seconds to record 
the data, with an average of three tests recorded. This is con-
sidered a reliable method (intraclass correlation [ICC]=0.81-
0.91), widely used by clinicians for assessment [27]. 

Upright sitting height measurement

For the sitting height measurement, the participants 
were instructed to sit comfortably on a chair with the 
hip, knee, and ankle joints flexed at 90°. Sitting height 
was then measured by calculating the distance between 
the most superior midline of the head and the ischial tu-
berosity, using a stadiometer with a 200 cm measuring 
range [28].

QoL

The QoL was assessed using the short-form survey-26 
questionnaire [29]. This questionnaire consists of 26 
questions, which are divided into five domains. Physical 
health subscale which includes questions 3, 4, 10, 15, 
16, 17, and 18 in the questionnaire. The score for this 
subscale can range from 7 to 35, with a difference of 28 
between these two scores. Mental health subscale which 
includes questions 5, 6, 7, 11, 19, and 26 in the question-
naire. The score for this subscale can range from 6 to 30, 
with a difference of 24 between these two scores. Social 
relationship subscale which includes questions 20, 21, 
and 22 in the questionnaire. The score for this subscale 
can range from 3 to 15, with a difference of 12 between 
these two scores. Environmental health subscale which 
includes questions 8, 9, 12, 13, 14, 23, 24, and 25 in the 
questionnaire. The score for this subscale can range from 
8 to 40, with a difference of 32 between these two scores. 
General public health and QoL subscale which includes 
questions 1 and 2 in the questionnaire. The score for this 
subscale can range from 2 to 10, with a difference of 8 
between these two scores. Each subscale score ranges 
from 0 to 100. A score of 100 indicates the best and most 
positive QoL in that particular area, while a score of 0 
indicates the worst QoL. To calculate the total score for 
an individual, the scores of the five subscales are added 
together and then divided by 5. The resulting score is 
then multiplied by 100 to obtain the final score for the 
person’s QoL.

Study interventions

The subjects completed six sessions (45–60 min) per 
week (3 sessions of supervised exercise and 3 sessions 
of home-based exercise) of diaphragmatic breathing ex-
ercises in DNS patterns for 6 weeks. At first, verbal cues, 
manual guidance, and visual feedback were provided dur-
ing the intervention so that participants learned how to 
adjust the pelvis, spine, ribcage, scapula alignment, and 
abdominal wall shape in various positions [23, 30, 31]. 
Moreover, to encourage the subjects to participate in exer-
cise sessions regularly, they were educated on how incor-
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rect movements, poor posture, and prolonged posture may 
affect neuromusculoskeletal health. In the first week, all 
subjects privately performed the breathing exercise pro-
gram (3 patterns). From the second to the sixth week, sub-
jects performed diaphragmatic breathing exercises using 
the developmental stabilization patterns of a healthy infant 
(Table 1). Inhalation and exhalation were done through the 
nose and mouth, respectively [20, 21, 30, 32–34]. Home 
exercises were taught, and the ability to perform them cor-
rectly was supervised in each session. A physical therapist 
initially explained the therapy method verbally and used 
visual aids, such as photographs, in each group initially 
explained the therapy method verbally and used visual 
aids, (such as photographs), in each group session. Addi-
tionally, the therapist verbally and manually guided and 
corrected the participants to achieve optimal adjustment 
of the pelvis, spine, ribcage, and scapulae while properly 
stabilizing the core in different positions during supervised 
exercise sessions. Supervised exercises were performed 
on Saturday, Monday, and Wednesday and home-based 
exercises were performed on Sunday, Tuesday, and Thurs-
day. The home-based exercise program was similar to the 
supervised exercise program in terms of the number of 
exercises and repetitions. Before each home exercise ses-
sion, the participants attended a supervised practice ses-
sion in which day were instructed on the proper technique 

and mechanics of each exercise. The participants were 
also given an illustrated exercise booklet to improve accu-
racy and compliance. Compliance was reported daily via 
telephone by the participants.

The intensity of the exercises was determined based on 
developmental positions to activate the stereotypical sta-
bilization and breathing patterns seen in natural postural-
locomotion patterns as defined by developmental kinesi-
ology. This goal was achieved by placing the subjects in 
the developmental positions of an infant between three 
months and 13 months of age, as done in this study [20, 
21, 30, 32, 33]. The protocol was implemented under the 
supervision of a trainer. The subjects performed the exer-
cises, and the trainer monitored and updated their perfor-
mance as needed. Additionally, the subjects agreed not 
to engage in other practices or physical activities without 
consent.

Statistical analysis

The statistical package for the social sciences (SPSS 
software, version 23, Inc., Chicago, Illinois) was used 
for the analysis at a significance level (α) of P<0.05 for 
all analyses. The Kolmogorov-Smirnov test was utilized 
to investigate the normality distribution. Repeated mea-
sures analysis of variance was utilized to analyze all data. 

Table 1. Breathing exercise protocol

Week and Session Exercise Description Set

Week 1
Session 1-6

Supine breathing exercise
Crocodile breathing

Breathing exercise 90/90

Set 1:
10 repetitions

1 s inhale, 2 s exhale 
60 -90 s rest period

Set 2:
15 repetitions

2 s inhale, 4 s exhale 
60 -90 s rest period

Set 3:
20 repetitions

3 s inhale, 6 s exhale 
120 -150 s rest period

Week 2
Session 7-12

Prone position: Elbow support (3 months old position)
Supine position 90/90: Arm outside the body (3 months old position)
Supine position 90/90: Hand on the abdomen (4 months old position)

Creeping position (one hip and knee in flexion): Elbow support, anterior superior iliac spine, and 
medial epicondyle of the opposite knee (4.5 months old position)

Week 3
Session 13-18

Rolling pattern (ipsilateral) position (5 months old position)
Supine position 90/90: Hand on the knee (5 months old position)

Prone position: Hand and knee support (elbow is an extension) (6 months old position)
Supine position (hip and knee in 45-degree flexion): Hand on the foot (6 months old position)

Week 4
Session 19-24

Quadruped position (the angle between trunk and hip is 120 degrees) (7 months old position)
Quadruped position (the angle between trunk and hip is 90 degrees) (7 months old position)

Oblique sit position (side plank) with arm and lateral knee support (7 months old position)
Oblique-sitting position with hand support (elbow is extended) (8 months old position)

Week 5
Session 25-30

Crawling position (9 months old position)
Sitting position (keeping the spine upright and elongated) (10 months old position)

Side-lying (side plank) with hand, lateral knee, and opposite foot support (10 months old position)
Raising position (keeping the spine forward and elongated and one leg kneeling) (11 months old 

position)

Week 6
Session 31-36

High kneeling position (keep the spine upright and elongated and one leg kneeling) (11 months old 
position)

Bear position (12 months old position)
Squat position (12 months old position)

Standing position (initial standing position) (13 months old position)
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Results 

According to the findings of the study (Tables 2 and 3), 
significant improvements were observed after 6 weeks 
in the mean of parameters, including chest wall mobility 
(upper chest mobility and lower chest mobility), sitting 
height, and QoL (physical, mental, environmental, and 

overall). No significant improvement was found in the 
social subscale.

Discussion 

This study assessed the effects of DNS exercises on 
chest mobility, upright sitting height, and QoL in obese 
women. The findings of this non-invasive investigation 

Table 2. Characteristics of participants at baseline

Factor No.
Mean±SD

Age (y) Height (cm) Weight (kg) BMI (kg/m2)

Group
IG 30 41.97±10.10 161±6.33 80.48±11.45 31.07±2.51

CG 30 39.97±8.15 161.27±5.59 79.69±8.38 30.76±3.52

P 0.459 0.326 0.750 0.654

Abbreviations: IG: Intervention group; CG: Control group; SD: Standard deviation; Cm: Centimeter; Kg: Kilogram; M: meter.

Table 3. The changes of parameters from baseline to 6 weeks

Variables Group
Mean±SD

Changes (%)
P

Partial η2

Pre-test Post-test Within Group Between Group 

UCM (cm)
Intervention 2.1±1.6 3.7±1.8 76.2 0.007

<0.001 0.312
Control 2.4±1.3 2.3±1.2 -4.2 0.317

LCM (cm)
Intervention 2.9±1.4 3.8±1.4 31.0 <0.001

0.002 0.151
Control 2.8±1.3 2.9±1.2 3.6 0.873

USH (cm)
Intervention 86.1±3.8 87.7±3.8 1.9 <0.001

<0.001 0.330
Control 85.8±3.9 85.8±3.9 0.0 0.745

Physical health
QoL

Intervention 58.7±22.0 65.9±17.4 12.3 0.015
<0.001 0.309

Control 64.3±20.4 63.9±20.1 -0.6 0.097

Mental
QoL

Intervention 57.9±16.4 63.6±13.9 9.8 <0.001
<0.001 0.282

Control 65.3±15.6 65.1±15.5 -0.3 0.065

Social
QoL

Intervention 63.9±19.8 66.1±17.9 3.4 0.088
0.064 0.058

Control 68.6±21.4 68.4±20.7 -0.3 0.117

Environmental
QoL

Intervention 70.8±12.5 71.7±11.6 1.3 0.043
0.024 0.084

Control 71.9±13.8 71.8±13.5 -0.1 0.098

Overall
QoL

Intervention 63.7±17.8 68.2±14.9 7.1 0.002
0.001 0.172

Control 68.2±20.0 68.3±19.9 0.1 0.186

Abbreviations: UCM: Upper chest mobility; LCM: Lower chest mobility; USH: Upright sitting height.
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suggest that six weeks of DNS exercises can result in 
significant improvements in chest mobility, upright sit-
ting height, and QoL for obese women. Our key findings 
are as follows: The DNS group exhibited improvements 
(when comparing pre- and post-training data) in upper 
chest mobility (76.2%), lower chest mobility (31.0%), 
upright sitting height (1.9%), QoL domains of physical 
health (12.3%), mental health (9.8%), social functioning 
(3.4%), environmental factors (1.3%), and overall QoL 
score (7.1%). 

This investigation assessed thoracic mobility at two 
distinct levels: the upper and lower levels. After analyz-
ing the experimental findings, it was found that there was 
a significant improvement in chest mobility at both of 
these levels. This discovery is in line with the results re-
ported by Bezzoli et al. (2016), Mongkol (2016), Kim et 
al. (2015), and Mohammad Rahimi et al. (2020) [35, 36, 
17]. In the study conducted by Bezzoli et al., the patients 
were instructed on activating the lumbar-pelvic cylinder 
muscles individually, while also practicing diaphragmat-
ic breathing and maintaining a neutral lumbar posture in 
various positions. This resulted in a significant improve-
ment in chest mobility [35]. Similarly, in our respiratory 
exercises, we emphasize deep diaphragmatic breathing 
and maintaining a neutral lumbar posture in different 
positions, using 20 developmental kinesiology patterns. 
This intervention effectively improves breathing pat-
terns and thoracic mobility. Mongkol also found that 
yoga breathing exercises, characterized by forceful res-
piration, contribute to muscle flexibility and expansion 
of the chest wall. In their study, repetitive deep breath-
ing exercises alleviated rib cage rigidity and improved 
thoracic kyphosis alignment [36]. In individuals with 
weakened diaphragm or deep spinal stabilizers, compen-
satory breathing patterns often lead to lifting of the lower 
rib cage during inhalation. However, our functional ap-
proach of activating torso stabilizing muscles before rib 
cage movement can enhance chest mobility and stability 
[9]. Overall, our findings suggest that a functional ap-
proach to harmonizing and enhancing proper breathing 
patterns can have favorable outcomes in improving torso 
stability and chest mobility [17].

Furthermore, when the thoracic spinal curvature is 
straightened, it leads to adaptive changes in the lum-
bopelvic region and improves posture [9, 17]. As a re-
sult, we focused our intervention on the extensor trunk 
muscles. In a study by Obayashi et al. (2012), they also 
found similar results, demonstrating the significant and 
remarkable impact that breathing muscle exercises can 
have on spinal alignment [39]. Moreover, the results 
of the current study are consistent with the findings of 

the study by Mohammad Rahimi et al. (2020); thoracic 
hyper-kyphosis and trunk extensor endurance were sig-
nificantly enhanced by DNS breathing exercises [17]. 
Decreased extensor trunk muscle function is one of the 
effective factors of changing thoracic spine curvature 
[39] and a decrease in the upright sitting height. It seems 
that breathing exercises with an emphasis on the inte-
grated spinal stabilizing system (ISSS) [32, 40], precise 
muscle timing and coordination to have movement ef-
ficiency and breathing technique [23, 24, 30, 32] lead 
to a significant improvement in extensor trunk muscle 
endurance and upright sitting height.

Numerous studies have shown that thoracic stabiliza-
tion significantly influences the acquisition and main-
tenance of proper upright posture [41]. This effect is 
further supported by the interconnected structural and 
functional reactions that affect the thoracic spine [9]. 
Any dysfunction or misalignment in a joint or segment 
can have local and global impacts on the alignment and 
functioning of adjacent regions [9]. 

As for QoL, there was a statistically significant im-
provement in the obese women. This is in agreement 
with Wu et al. (2014) and Bezzoli et al. (2016), linking 
abdominal obesity to the physical health, mental, social, 
environmental, and total domain of the short form sur-
vey-26 [42, 35]. Our preliminary data show a statistically 
significant improvement in the physical health, mental, 
environmental, and overall domains but not the social 
ones. A possible reason for that could be that the breath-
ing exercises used in the intervention group program 
facilitate body awareness and improved body schema 
and possibly decrease the fear of injuries and falling and 
anxiety, positively influencing the mental health compo-
nents of the short form survey-26.

In addition, DNS exercises, which focus on func-
tional movements, have been used to help increase the 
adherence rates of overweight or obese individuals to 
daily activity programs. It is important to recognize that 
breathing exercise programs play a significant role in 
improving the health and QoL for those who are over-
weight and or obese. 

The incorporation of breathing exercises in this inves-
tigation has had a significant impact on enhancing re-
medial exercise methodologies. Additionally, a notable 
advantage of this study is that it included a total of 36 
sessions (18 sessions of supervised exercise and 18 ses-
sions of home-based exercise), which provided educa-
tional content and guidance for participants to correct 
their breathing patterns during daily activities. Although 
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the subject matter remains a topic of debate, the attempt 
to explore existing literature on the effects of respiratory 
exercise on chest wall mobility, upright sitting height 
measurement, and overall QoL has produced insufficient 
findings.

Conclusion

Our study offers preliminary evidence of the relation-
ship between breathing and posture. The main objective 
of breathing exercises is to educate participants on how 
to incorporate proper breathing patterns and alignment 
into their daily activities. Our study demonstrates that 
implementing breathing exercises can lead to significant 
improvements in muscle strength and posture. Consider-
ing the potential benefits, it is recommended that clini-
cians prioritize breathing exercises based on ideal devel-
opmental patterns, particularly for obese women seeking 
to enhance their muscular and postural conditions.

Study limitations

One limitation of this study was that it was impossible 
to provide measurements using valid medical devices 
like spirometers, radiography, or spinal mouse devices. 
However, the study had sufficient statistical power to 
identify differences. It is recommended to conduct fur-
ther randomized controlled trials to gain a better under-
standing of the effects of such interventions over a longer 
period and in different age groups.
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