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Abstract
Background: Motor impairments caused by stroke result in impaired diaphragmatic and respiratory muscle
function, changes in thoracic biomechanics on the hemiparetic side ultimately resulting in decreased efficiency of
lung ventilation. This study aimed to examine the efficacy of chest expansion resistance exercise (CERE) on
respiratory function, trunk control ability, and balance in patients with chronic stoke. Following a purposive
sampling, thirty-five patients with chronic stroke were randomly allocated into two groups, i.e., the experimental
group receiving CERE with conventional therapy and the control group receiving conventional therapy alone. Both
the groups received therapy four times per week for a period of four weeks (total 16 sessions). Following
assessments were done before and after treatment in both the groups: chest expansion ( axillary, nipple,
xiphisternal levels) using measure tape, respiratory muscle strength using micro-respiratory pressure meter, trunk
control using the Trunk Impairment Scale, and balance using mini-Balance Evaluation Systems Test.
Results: Both groups had 17 participants each (n = 34, drop-outs = 1) consisting of 12 males and 5 females having
a mean age of 56.5 ± 12.98 years and 59.7 ± 10.2 years, respectively. Intra-group analysis showed a statistically
significant increase in mean values of chest expansion, respiratory muscle strength, trunk control ability, and
balance in the experimental group whereas the control group showed improvement only in trunk control ability
and balance. Inter-group comparison revealed a better improvement in all the outcome variables in experimental
group compared to the control group.
Conclusions: Based on these results, this study proved that CERE was more effective in improving respiratory
function, trunk control, and balance in patients with chronic stroke.
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Background
According to World Health Organization, stroke is defined as a clinical syndrome consisting of rapidly developing clinical signs of focal disturbance of cerebral
function lasting more than 24 h or leading to death with
no apparent cause other than a vascular origin [1]. It is
one of the main causes of death and disability worldwide
with a very high incidence and prevalence rate [2]. During the past two decades, prevalence of stroke in different parts of India ranged from 44.29 to 559/100,000
persons [3].
Motor impairment caused by stroke is one of the
major deficits resulting in loss or limitation of motor
control [4]. Previously, studies have demonstrated that
stroke not only causes impairments in the peripheral
muscles but also affects the respiratory muscle strength
[5]. Hemiparesis being a common clinical presentation
of stroke compromises the motor control necessary for
maintaining synergy of respiratory muscles. Impaired
function of the diaphragm and respiratory muscles on
the paretic half of the body leads to asymmetric respiratory chest movements and changes in the respiratory
biomechanics which eventually results in decrease in efficiency of lung ventilation [6]. Additionally, tonal abnormalities in the muscles of the chest wall and abdomen
along with motor impairments cause a restrictive pattern
of respiratory involvement [7]. Decreased maximal inspiratory pressures [8], muscle disuse of the hemiparetic
side including the diaphragm, impaired rib cage mobility
[6], along with impaired postural control, and truncal
mal-alignment [9, 10] are commonly seen in chronic
stroke patients. These impairments result in activity
limitation thereby affecting their cardiopulmonary function and reducing the energy efficiency of the body [11].
Literature supports a strong relationship between
trunk and respiratory muscle control [12]. Good sensorimotor ability of the trunk is an important factor for
proximal stabilization, thereby playing an important role
in balance, transfers, and functional independence after
stroke [9, 13]. Therefore, implementing respiratory interventions could potentially influence trunk control and
also reduce the mortality and morbidity related to respiratory complications [14].
Traditionally, neuro-rehabilitation programs for stroke
are based on theories of neuroplasticity and motor recovery focusing on balance and gait impairment. Goal
settings to evaluate and enhance cardiopulmonary functions are scarcely prioritized. A study comparing the effectiveness of combined respiratory muscle training has
shown positive effects on both respiratory function and
expiratory muscle activity in stroke patients [15]. Another systematic review on patients with stroke has reported effectiveness of respiratory muscle training in
improving respiratory muscle strength [16]. The chest
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expansion resistance exercise (CERE) is an exercise
based on a proprioceptive neuromuscular facilitation (PNF) breathing exercise [17]. A recent study by
Lucyna [7] found that a single application of respiratory
stimulation using PNF significantly improved the lung
function. Evidence supports effectiveness of CERE to improve stroke patient’s walk distance, trunk control, degree of chest expansion, and forced expiratory volume in
1 s (FEV1) [11, 17].
So far, respiratory interventions in stroke patients have
focused largely on its effectiveness on respiratory function. Moreover, CERE as an intervention has not been
widely explored. There has been a dearth in literature
studying the effect of CERE on respiratory muscles that
could possibly have an effect not only on the respiratory
functions but also on trunk control and balance in these
patients. Hence, we aimed to investigate the effects of
CERE on respiratory muscle strength, chest expansion,
trunk control and balance in patients with chronic
stroke.

Methods
This was an experimental study following a purposive
sampling conducted in a physiotherapy rehabilitation
outpatient department (OPD) of a tertiary care hospital.
After seeking ethical approval from the Institutional Review Board (reference no. MGM/COP/IRRC/124/2018),
the study purpose was explained to the participants and
their written informed consent was sought.
A total of thirty-five patients diagnosed with stroke on
the basis of computed tomography (CT) or magnetic
resonance imaging findings (MRI) were selected as participants. The inclusion criteria adopted were stroke duration not shorter than 6 months, Mini-Mental State
Examination score < 24, and an ability to walk 10 m independently (with/without walking aid). Participants
with a history of acute illness, respiratory disorders,
other neurological conditions, acute rib fractures, the
ones who had undergone respiratory rehabilitation for
stroke, and the ones who refused to participate were excluded from the study.
The study participants were randomly allocated into
two groups, i.e., the experimental and control group
containing eighteen participants each using a chit
method. The experimental group received chest expansion resistance exercises along with conventional neurorehabilitation four times per week for a period of four
weeks (16 sessions). The control group received conventional neuro-rehabilitation program for the same number of sessions.
Pre- and post-assessment in both the groups included
(A) chest expansion using measure tape, (B) respiratory
muscle strength using micro-respiratory pressure meter,
(C) trunk control using the Trunk Impairment Scale,
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and (D) balance using the Mini-Balance Evaluation Systems Test (BESTest).
Outcome measures
Chest expansion

Chest expansion was measured using a non-stretchable
inch tape at three different levels—axillary level (2nd
intercostal space), nipple level (4th intercostal space),
and xiphoid process level [18, 19]. Participants were
made to sit on a stool with the hands resting on the side
of the trunk. Tape was wound around the chest wall at
above mentioned levels and participants were asked to
perform complete exhalation through the mouth and
then take a maximal deep inspiration through their nose.
The difference between the full expiration and full inspiration was noted (unit in inches). Three trials were
taken at each level and average of three readings was
noted.
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reliability and validity and is used to evaluate the degree
of trunk motor impairment after stroke [21]. The highest
possible TIS score is 23 points, with 0–7 possible points
for static sitting balance, 0–10 points for dynamic sitting
balance, and 0–6 points for coordination.
Balance

Balance was evaluated using mini-BESTest.
The Mini-BESTest is a 14-item balance scale that measures dynamic balance specifically anticipatory transitions, postural responses, and sensory orientation while
standing on a compliant or inclined base of support, and
dynamic stability during gait. Each task is rated on a 2point ordinal scale from 0 to 2; a score of 0 indicating
that a person is unable to perform the task, score of 2
indicates normal performance. The maximum score for
this scale is 28. High intra-rater and inter-rater reliability
and validity of this tool have been reported in stroke patients [22, 23].

Respiratory muscle strength

Respiratory muscle strength was recorded using a noninvasive micro-RPM (respiratory pressure meter) (manufacturer, Care Fusion Respiratory, 22745 Savi Ranch
Pkwy, Yorba Linda, CA, USA). Micro-RPM is known to
be a reliable, non-invasive measurement tool with good
clinical utility [20].
Maximal inspiratory pressure (MIP) indicates inspiratory muscle strength whereas maximal expiratory pressure (MEP) indicates expiratory muscle strength.
Respiratory pressures were assessed with participants in
comfortable sitting position. They were instructed to insert the mouthpiece into the mouth, ensuring that the
flange was positioned over the gums and inside the lips
while the “bite blocks” were between the teeth.
Recording of MEP After inhaling to their total lung
capacity, participants were asked to perform a forced exhalation with as much effort as possible (minimum 2 s).
The reading displayed MEP in centimeters of water (cm
H2O).
Recording of MIP The participants were instructed to
exhale to residual volume and then perform a forced inhalation through the mouthpiece with as much effort as
possible for at least 2 s. The reading displayed MIP in
centimeters of water (cm H2O).
The test was repeated thrice and the best value was
documented.
Trunk control

Trunk control was evaluated using the Trunk Impairment Scale (TIS). The TIS contains 17 sub-items in
three categories: static sitting balance, dynamic sitting
balance, and coordination. This tool offers high

Intervention program
Experimental group

This group received chest expansion resistance exercise
(CERE) along with conventional neuro-rehabilitation
protocol.
CERE is based on the concept of proprioceptive
neuromuscular facilitation (PNF) which facilitates respiration. Participants were made to lie on their side with
the affected side up. The therapist palpated the anterior
and posterior aspects of the thorax along the costal margins as if embracing the rib-cage. The therapist then
instructed the participant to exhale completely and applied a stretch at end expiration in the medial and caudal direction. This was followed by application of
continuous resistance in the same direction throughout
the next inspiratory cycle thereby allowing him/her to
perform an active respiratory exercise. The amount of
resistance was such that it caused responses in all ranges
of motion but not to such a degree that movements
were suppressed. Each exercise was performed 15 times
per set for a total of 10 sets. Rest pause of 30 s was given
in between the sets [17].
In addition to CERE, participants also received conventional neurological rehabilitation protocol which included the following:
1. Sustained stretching of all spastic muscles-3 sets
with 30 s hold
2. Antigravity/weight bearing postures such as
kneeling and quadruped as tolerated by patient with
necessary assistance
3. Reach outs with unaffected hand in weight bearing
in sitting and quadruped
4. PNF pattern of bilateral upper and lower extremity
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5. Strengthening of weak antagonist muscles with
manual resistance
6. Balance training with perturbations in sitting and
standing position
7. Functional training and transfers
8. Gait training, forward walking, backward walking,
and lunges
Control group

This group received only conventional neurological rehabilitation protocol.
Both the groups received intervention four times per
week for a period of 4 weeks (16 sessions).
Statistical analysis

Data obtained was coded, tabulated using Microsoft
Excel and results were analyzed using Statistical Package
for Social Science software (SPSS version 20). Normality
of the data distribution was assessed using Shapiro-Wilk
test which revealed that the data was normally distributed. Hence, paired t test was used for intra-group

Fig. 1 Flow chart of participant recruitment
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comparison and independent t test was used for intergroup comparison. Data was presented as mean and
standard deviation. The statistical significance level α
was set to 0.05.

Results
Thirty-five patients with chronic stroke were included in
this study. One participant from experimental group
dropped out in the second week because he discontinued coming for therapy to the OPD and had to be excluded from the study. Thus, data was analyzed for 34
participants (17 in experimental and 17 in control
group) who completed all assessments and training (Fig.
1).
The mean age of participants in the experimental
group was 56.5 ± 12.98 years and in the control group
was 59.7 ± 10.2 years. Both the groups comprised of 12
males and 5 females.
The baseline characteristics of the groups are presented
in Table 1. Both groups were homogenous in terms of the
studied parameters (p > 0.05). Tables 2 and 3 shows intra-
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Table 1 Baseline characteristics of participants allocated to the experimental and control group
Variables

Experimental group (n = 17)

Control group (n = 17)

p value

Age (years)

56.5 (12.98)

59.7 (10.2)

0.22

Axillary

0.76 (0.15)

0.77 (0.13)

0.357

Nipple

0.91 (0.14)

0.92 (0.18)

0.389

Xiphisternal

0.63 (0.13)

0.60 (0.19)

0.374

MIP

33.56 (6.38)

35.75 (9.12)

0.425

MEP

45 (9.04)

43.68 (9.51)

0.280

10.56 (3.14)

10.43 (4.07)

0.151

10.06 (2.54)

10.43 (4.07)

0.276

Chest expansion (in inches)

Respiratory muscle strength (in cm H2O)

Balance
Mini-BESTest score
Trunk control
TIS score

Values expressed as mean (standard deviation)
MIP maximal inspiratory pressure, MEP maximal expiratory pressure, TIS Trunk Impairment Scale

and inter-group analysis respectively of different parameters like chest expansion (all three levels), respiratory
muscle strength (MIP, MEP), balance (score), and trunk
control (TIS score) in both the groups.
Within group analysis showed a statistically significant
increase in mean values of chest expansion (axillary, nipple, and xiphisternal levels), respiratory muscle strength
(MIP, MEP), balance (mini-BESTest score), and trunk
control (TIS score) in the experimental group whereas
the control group showed improvement only in balance
and trunk control ability as shown in Table 2.
Between-group comparison showed a statistical significant change as seen by increased mean difference values
of chest expansion (all three levels), respiratory muscle
strength (MIP, MEP), balance (mini-BESTest score), and

trunk control (TIS score) in experimental group compared to the Control group (Table 3).

Discussion
The present study aimed to investigate the effect of
CERE on chest expansion, respiratory muscle strength,
balance, and trunk control in patients with chronic
stroke. Results showed significant improvement in chest
expansion, respiratory muscle strength, balance, and
trunk control ability in participants receiving CERE
along with conventional neuro-rehabilitation, whereas
control group participants showed improvement only in
balance and trunk control ability.
CERE along with conventional neuro-rehabilitation
brought about a 20% improvement in MIP and 25%

Table 2 Intra-group comparison of chest expansion, respiratory muscle strength, mini-BESTest score, and TIS in the experimental
and control group
Variables

Experimental group (n = 17)

Control group (n = 17)

Pre

Post

p value

Pre

Post

p value

Axillary

0.76 (0.15)

0.9 (0.12)

0.003#

0.77 (0.13)

0.78 (0.14)

0.564

Nipple

0.91 (0.14)

1.11 (0.14)

0.001*

0.92 (0.18)

0.98 (0.2)

0.083

Xiphisternal

0.63 (0.13)

0.8 (0.16)

0.001*

0.60 (0.19)

0.62 (0.21)

0.083

Chest expansion (in inches)

Respiratory muscle strength (in cm H2O)
MIP

33.56 (6.38)

41.75 (7.34)

0.001*

35.75 (9.12)

35.87 (8.97)

0.480

MEP

45 (9.04)

60.31 (8.62)

0.001*

43.68 (9.51)

44.18 (9.15)

0.075

10.56 (3.14)

9.75 (2.20)

0.000*

10.43 (4.07)

17.18 (3.69)

0.001*

10.06 (2.54)

17.31 (1.92)

0.000*

11.06 (2.79)

15.43 (1.82)

0.001*

Balance
Mini-BESTest score
Trunk control
TIS score

Values expressed as mean (standard deviation)
*p < 0.001; significant differences between pre- and post-test in both the experimental and control group
#
p < 0.01; significant differences between pre- and post-test in both the experimental and control group
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Table 3 Inter-group comparison of chest expansion, respiratory muscle strength, mini-BESTest score, and TIS in the experimental
and control group
Variables

Experimental group (n = 17)

Control group (n = 17)

p
value

0.006 (0.04)

0.000*

Mean difference (Standard Deviation)
Chest expansion
Axillary

0.13 (0.07)

Nipple

0.2 (0.06)

0.025 (0.04)

0.000*

Xiphisternal

0.16 (0.07)

0.018 (0.04)

0.000*

MIP

8.25 (2.48)

0.125 (0.71)

0.000*

MEP

15.31 (3.80)

0.625 (1.08)

0.000*

9.18 (1.68)

6.75 (1.34)

0.003#

7.25 (1.5)

4.37 (1.58)

0.000*

Respiratory muscle strength

Balance
Mini-BESTest score
Trunk control
TIS score

*p < 0.001; significant differences between the experimental and control group
#
p < 0.01; significant differences between the experimental and control group

improvement in MEP whereas control group participants receiving only conventional therapy did not show
any significant improvement. Likewise, chest expansion
values improved by 15% (axillary), 18% (nipple), and 21%
(xiphisternal) in the experimental group whereas the
control group showed minimal improvement. CERE is
known to work on the principle of PNF technique [17].
The physiological mechanism of PNF is based on the
stretch reflex which resists the change in muscle length
thereby facilitating contraction in the stretched muscle
fiber via its muscle spindle [24]. Direct resistance applied
by the therapist during inspiration could have increased
the intra thoracic and intra-abdominal pressures thereby
resulting in improved activity of the diaphragm and the
accessory muscles of inspiration [24]. This likely could
have caused an improvement in respiratory muscle
strength as seen in this study. Improved strength in the
inspiratory muscles because of the resistance offered
during CERE along with reduced chest wall stiffness due
to the stretch applied at end expiration could have possibly contributed to enhanced expansibility of the thorax
as proven in other studies [25, 26] Strength and mobility
of respiratory muscles, elasticity of surrounding soft tissues determines the capacity of thorax which has a direct effect on the chest wall movement [17, 27]. This
could have been further assisted by the thrust given at
the end expiration while applying CERE [28]. These
findings were supported by Fernanda Lanza et al. who
found that greater the inspiratory muscle strength, the
greater the expansion of both the upper and the lower
rib cage [29]. Kim et al. in their study on chronic stroke
patients proved that CERE improved chest expansion attributing the changes to facilitation of respiration causing increased inflow of air into the lungs. However,

pulmonary function test results (FEV1, FVC, vital capacity) did not show any significant changes [30]. In another study performed on elderly, Kim et al.
documented a significant change in chest expansion and
inspiratory muscles strength following 6 weeks of CERE
wherein the elderly participants showed an improvement
of 48% in chest expansion and 25% in MIP values [17].
Trunk plays an important role as a central axis for
functional movements of the extremities and also as
proximal stabilizers in order to perform distal movements efficiently. Improved respiratory muscle strength
facilitated by both tonic and phasic activities in the respiratory muscles promotes a central nervous system response of coordination between respiratory and postural
mechanism thus bringing about good trunk control [31,
32]. Therefore, it is said that if proximal trunk control is
enhanced, there will be improvements in the proactive
and reactive posture control required for mobility and
balance [33].
The present study examined the changes in balance
and trunk control ability using the mini-BESTest scale
and TIS respectively in stroke patients. Along with improvement in respiratory functions, CERE resulted in an
improvement in both balance and trunk control far
more significantly in the experimental group as compared to control. This improvement could be attributed
to positive influence of respiratory functions on trunk
control as has been proven in previous studies [34].
Also, improvement in strength of abdominals and internal intercostals as seen by increase in MEP values
post-CERE intervention could have been responsible for
better trunk stabilization [31]. Our findings are supported by study conducted by Jandt et al. wherein TIS
showed a significant relationship with PEFR and MEP
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[12]. Another study by Hodges et al. confirmed that contraction of the respiratory muscles is related to trunk
control, and the activity of the motor neuron is organized in such a way that it contributes for both maintenance of posture and breathing during a task requiring
repetitive changes of trunkal posture [32]. Chang et al.
[35] and Song et al. [11] in their respective studies have
also pointed out the role of respiratory muscles to bring
about positive changes in physical efficiency and body
stability thereby influencing postural control.
The findings seen in this study are corroborated by
evidence reported in previous literature. Study by Lee
et al. [36] confirmed that 4 weeks of respiratory exercises
using respiratory exercise equipment (Lung Boost Respiratory Trainer MD8000) as an intervention positively
helped improve trunk control, trunk muscle activity, and
pulmonary function in patients with chronic stroke. Kim
et al. [37] reported that respiratory strength training program using a threshold Positive Expiratory Pressure
(PEP) device was effective in stabilizing trunk control in
stroke patients. Likewise, Jo et al. [15] reported that
combining respiratory muscle training with conventional
stroke rehabilitation was effective in stabilizing the trunk
muscle activity of the rectus abdominis, external abdominal oblique, and internal abdominal oblique muscles in
patients with chronic stroke, which was consistent with
the results of this study.
Findings of this study could serve as a basis for the development and implementation of revised rehabilitation
protocols incorporating respiratory interventions in the
form of CERE while treating patients with stroke. These
respiratory interventions have a potential to not only improve the cardiopulmonary functions, but also may help
in improving the balance and trunk control ability
thereby possibly facilitating functional performance of
these patients.
There are certain limitations noted in this study. At
first, it is difficult to generalize the current observations owing to limited number of participants from a
single study set up. Therefore, a study with a larger
sample size including participants from multiple clinical set ups could be carried out in the future. Secondly, this study investigated only the short-term
effects of CERE without any follow-up assessment.
Future prospective studies on a larger subset of stroke
patients, with regular follow-up to ascertain how long
the effect of training endures, would prove to be
beneficial. Another potential limitation could be the
use of tape method to assess chest expansion which
is a crude way of testing thoracic mobility; more robust and standardized tools like three-dimensional
motion analysis, respiratory plethysmography via induction, magnetometry, etc. could perhaps have provided better measurement of rib cage mobility.
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Conclusions
This study confirmed that respiratory intervention in the
form chest expansion resistance exercise given along
with conventional neuro-rehabilitation improved chest
expansion, respiratory muscle strength, trunk control,
and balance in patients with chronic stroke. Therefore,
emphasis on incorporation of respiratory exercises as a
part of neuro-rehabilitation intervention should be considered a priority while planning rehabilitation goals for
patients suffering from stroke.
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