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Investigating the correlation between pulmonary function tests and 
ultrasonographic diaphragm measurements and the effects of respiratory 
exercises on these parameters in hemiplegic patients
Mehmet Serkan Kılıçoğlu a, Ozan Volkan Yurdakul b, Yusuf Çelikc, and Teoman Aydın b

aDepartment of Physical Medicine and Rehabilitation, Karamursel State Hospital, Karamursel, Kocaeli, Turkey; bMedicine, Department of 
Physical Medicine and Rehabilitation, Bezmialem Vakıf University, Fatih, Istanbul, Turkey; cMedicine, Department of Biostatistics, Biruni 
University, Topkapi, Istanbul, Turkey

ABSTRACT
Objective: To investigate the correlation of DUS and pulmonary function tests (PFTs), and inves-
tigate the effects of respiratory exercises on the above parameters.
Methods: For the treatment group (n=20), neurological rehabilitation and respiratory exercise 
program, and for the control group (n=21), only a neurological rehabilitation program was imple-
mented for 30 sessions. Forced vital capacity (FVC), forced expiratory volume in 1 s (FEV1), end- 
inspiration diaphragm thickness (IDT), end-expiratory diaphragm thickness (EDT), and diaphragm 
thickening ratio (DTR) were measured pre- and post-treatment.
Results: IDTs and EDTs as well as DTRs of affected side (p < .001, .001, and .03, respectively) and 
intact side (p < .001, .001, and .02, respectively) were found to improve post-treatment than before 
treatment in the treatment group. Similarly, FVC, FEV1, and FEV1/FVC, were better post-treatment 
than before treatment in the treatment group. Moreover, the affected side IDT was positively 
correlated with FVC and FEV1 before treatment (r = .38, p = .03 and r = .35, p = .02) and post- 
treatment (r = .46, p = .02 and r = .39, p = .03). The affected side DTR was positively correlated with 
FVC and FEV1 before treatment (r = .44, p = .01 and r = .40, p = .02) and post–treatment (r = .32, 
p = .03 and r = .40, p = .04).
Conclusion: DUS can be used for the evaluation of respiratory problems in stroke patients. 
Moreover, breathing exercises improve these parameters in stroke patients, and they can be 
followed up by DUS.
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Introduction

The most common clinical symptom of a stroke is 
unilateral motor and/or sensory loss; however, 
respiratory problems, on which only a few studies 
exist in the literature and which may be overlooked, 
are a clinical symptom of a stroke. Impairment of 
respiratory functions in stroke patients may con-
tribute to an increased prevalence of respiratory 
tract infections, increasing morbidity by causing 
a decrease in aerobic exercise endurance and 
cough efficiency; this may consequently result in 
prolonged periods of hospital stay and mortality. 
Respiratory problems occurring in hemiplegia can 
be attributed to the affected respiratory centers, 
respiratory muscle weakness, and diaphragm 
dysfunction.1,2 The diaphragm is the primary mus-
cle used in respiration and is responsible for ~70% 

of ventilation. Because the diaphragm has an essen-
tial role in respiration, knowing the effects of stroke 
on diaphragm function is important for the reha-
bilitation program of hemiplegic patients. Control 
of the diaphragm occurs in two primary descending 
pathways: 1) the corticospinal pathway from the 
cortex to the respiratory motor neurons that are 
responsible for voluntary breathing, and 2) the 
bulbospinal pathway that is responsible for invo-
luntary breathing from the medulla, the ventrolat-
eral quadrant of the spinal cord, to the respiratory 
motor neurons. Further, a putative link exists 
between the motor cortex and pontomedullary 
respiratory centers.3 The diaphragm muscle invol-
vement in a stroke has been defined as paralysis on 
the opposite side of the lesion in patients with 
hemiplegia.4,5 The diaphragm is predisposed to 
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atrophy because of central nervous system (CNS) 
disorders.2 Usually, the unilateral involvement of 
the diaphragm is paucisymptomatic; therefore, the 
diagnosis of dyspnea may be overlooked in hemi-
plegic patients.6 In studies conducted in patients 
with diaphragmatic dysfunction, functional vital 
capacity (FVC) and forced expiratory volume in 
the first second (FEV1) were reported to be lower 
in stroke patients compared with healthy 
individuals.7-9 Early detection of diaphragm dys-
function and the addition of an appropriate respira-
tory exercise program are important for protecting 
patients from comorbid pulmonary problems and 
maintaining the effectiveness of rehabilitation 
therapy.

For hemiplegic patients, proper maintenance of 
pulmonary volume and capacity with lung ventila-
tion and evaluation of the functional capacity of the 
lungs by measuring pulmonary functions are essen-
tial. Thus, breathing exercises can be planned after 
determining the degree of diaphragm 
dysfunction.10,11 Pulmonary function tests (PFTs) 
currently in use face application difficulties in this 
patient group because they require cooperation and 
effort; B–mode diaphragm ultrasonography (DUS) 
provides instant dynamic visualization of the dia-
phragm muscle, and it has been confirmed to reli-
ably show diaphragm muscle thickness.12-14 The 
advantages of a two-dimensional B-mode ultra-
sound are that it is a mobile, bedside usable, inex-
pensive, radiation-free, and highly sensitive method 
commonly used for assessing diaphragm thickness.

In the literature, several studies show that 
breathing exercises improve respiratory 
muscles.11,15,16 The healing effect of these exercises 
on respiratory muscles has been observed in 
patients with chronic obstructive pulmonary dis-
ease, cystic fibrosis, myotonic muscular dystrophy, 
quadriplegia, multiple sclerosis, and stroke. To the 
best of our knowledge, although certain studies 
have evaluated diaphragm muscle thickness mea-
surement with B–mode ultrasound to show dia-
phragm dysfunction,12-14 no study has examined 
the effects of the breathing exercise program on 
B-mode ultrasound diaphragm thickness measure-
ments and/or examined the correlation of these 
values with PFT together with an evaluation of 
these parameters pre- and post-treatment. In this 
context, the present study has two objectives. The 

first is to examine the correlation between dia-
phragm thickness measurements via PFT and 
B-mode ultrasound in stroke patients. The second 
objective is to apply a breathing exercise program 
in these patients in addition to the standard neuro-
logical rehabilitation therapy and investigate the 
effect of these exercises on diaphragm thickness 
measurements using B-mode diaphragm ultraso-
nography and its correlation with PFT.

Materials and methods

Patient selection

In this study, 59 patients who presented to the 
responsible author’s Physical Medicine and 
Rehabilitation inpatient clinic with a stroke com-
plaint were evaluated in terms of study criteria. Of 
these, nine patients who did not meet the inclusion 
criteria of the study, and five patients who refused 
to participate in the study were excluded from the 
study. A total of 45 patients were randomized for 
the study. During the study, several patients left the 
study: one patient left because of intensive care 
requirement during the follow-up, one patient left 
because of a hip fracture after a fall, and two 
patients left voluntarily. After six weeks of follow- 
up, 41 patients completed the study. Flow diagram 
of the study is represented in Figure 1.

The study was approved by the ethics committee 
of the institution (no: 16/195) and was prospec-
tively registered at www.clinicaltrials.gov with the 
number NCT03763019. Also, this manuscript con-
forms the CONSORT (“Consolidated Standards of 
Reporting Trials”) guidelines.

Inclusion criteria in the study were as follows: 1) 
being 18–90 years of age, 2) having a radiological 
diagnosis of cerebrovascular disease, 3) having no 
previous history of cardiovascular and/or pulmon-
ary disease, 4) having unilateral hemiplegia, 5) hav-
ing had the first attack, 6) having a mini-mental test 
score of >24 and no comprehension problems, 
and 7) a lower extremity Brunnstrom stage of ≥3. 
The exclusion criteria from the study were as fol-
lows: 1) not giving consent, 2) having asthma, 3) 
history of a known restrictive and/or obstructive 
pulmonary disease, 4) history of a known cardiac 
disease, 5) facial paralysis, 6) history of previous 
thoracic and/or abdominal surgery, 7) history of 
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psychotropic medication use (anti-anxiety agents, 
antidepressants, antipsychotics, mood stabilizers, 
or stimulants), 8) history of excessive alcohol con-
sumption, and 9) use of drugs that could affect the 
neuromuscular system. Written informed consent 
was obtained from patients before participation. 
The patients were then randomized as per the tem-
plate provided on the website https://www.randomi 
zer.org. They were divided into two groups; the 
treatment group (n = 20) and the control group 
(n = 21). The patients in the treatment group 
received 1 h of neurological rehabilitation therapy 
and 45 min of breathing exercises five days a week 
for six weeks. In contrast, patients in the control 
group received only neurological rehabilitation 
therapy. The physiotherapist applied neurological 
rehabilitation to patients in the treatment and 

control groups, including ROM exercises (passive/ 
assistive/active), strengthening exercises, balance 
exercises, standing exercises, weight transfer exer-
cises, transfer training, walking exercises, climbing 
up and down the stairs, exercises for daily living 
activities, and neurophysiological exercises. The 
same physiotherapist additionally applied the 
respiratory exercise program, including posture 
exercises, thoracic expansion exercises, endurance 
exercises, postural drainage, controlled breathing 
techniques (diaphragmatic breathing, segmental 
breathing, long maximal inspiration), breathing 
exercises (pursed-lip breathing and respiratory 
control), and forced inspiration and expiration 
exercises with TriFlo to the patients in the treat-
ment group. Clinical evaluations were made pre- 
and post-treatment by a responsible physician who 

Figure 1. Flow diagram of the study.
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did not know which group the patients belonged to. 
Then, the diaphragm thickness was measured with 
ultrasound by the same physician, and the patients 
were sent to the hospital’s PFT laboratory for PFT 
on the same day. The technician performing the 
PFT measurement was unaware of the design of the 
study and the treatment administered to the patient 
groups.

Calculation of the sample size was based on the 
study by Jung et al.,5 and in accordance with that 
study, it was sufficient to include 20 patients in each 
group for 80% power and 5% error margin.

DUS measurements

Diaphragm thickness measurement was performed 
in the B-mode with a LOGIQ P5 (GE Healthcare, 
Chicago, IL) ultrasound device, using a linear ultra-
sound probe at a frequency of 10 MHz at the end of 
expiration and inspiration from the apposition 
zone with an intercostal approach. The patients 
laid in the supine position at 45°, and the ultra-
sound probe was vertically placed in the area 
known as the apposition zone, in the middle of 
the anterior axillary and mid-axillary line of the 
seventh intercostal space (Supplement 1). With 
the ultrasound probe perpendicular to the two 
ribs, the diaphragm was observed as a hypoechoic 
area between the two hyperechoic layers (diaphrag-
matic pleura and peritoneum), and the diaphragm 
thickness was measured from this area at the end of 
inspiration and expiration (Figure 2). End- 
inspiration diaphragm thickness (IDT) and end- 
expiration diaphragm thickness (EDT) 

measurements were then repeated thrice, and the 
mean of the triplicate measurements was used. In 
addition, the diaphragm thickening ratio (DTR) 
between IDT and EDT was calculated according 
to the following formula:

DTR =[(End-Inspiration Diaphragm Thickness/End- 
Expiration Diaphragm Thickness).12

Higher IDT, EDT, and DTR represents a better 
outcome.12,17 In a previous study, this DUS techni-
que was reported to be reliable, and the intra-class 
correlation coefficients (ICC), as well as single-rater 
and inter-rater reliability coefficients, ranged from 
0.89 to 0.98.18

Pulmonary function test

PFT was performed using the device Flowhandy 
ZAN 100 USB® (nSpire Health®-2008 GmbH, 
Germany) in the spirometry mode as per the cri-
teria of the American Thoracic Society in the PFT 
laboratory of the responsible investigator’s hospital. 
First, the patients were allowed to inhale and exhale 
thrice normally. Then, the nose was closed using 
a plastic plug. They were then asked to inhale as 
deeply as they could and exhale as fast as they could 
after waiting for 3 s. Attention was paid that the 
exhalation time was at least 6 s. Three technically 
acceptable measurements were performed at rest 
and in a sitting position. At the end of the measure-
ment, FEV1, FVC, and FEV1/FVC values were 
calculated using the device’s software. The best 
measurements were then recorded.

Figure 2. Dotted lines show the thickness of the diaphragm in a) maximal expiration and b) maximal inspiration.
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Statistical analysis

Statistical analyses were performed using the pro-
gram R (version: 3.6.2 (2019-12-12)) – CRAN. For 
the descriptive statistics of the data, mean and 
standard deviation (Mean ± SD) values were calcu-
lated for continuous variables. Median and fre-
quency distributions and percentages were then 
calculated for discrete variables. The normality of 
the variables was analyzed using the Kolmogorov– 
Smirnov test. Student’s t-test was used to compare 
the mean values of the two groups. Correlations 
between variables were then calculated through 
the Pearson correlation method. Analyses were per-
formed using the Pearson Chi-square test for cross 
tables, considering the assumptions of the tests. The 
relations were interpreted as highly, moderately, 
and weakly correlated when r ≥ .60, r = .30– .60, 
and r ≤ .30, respectively.19 If p ≤ .05, the difference 
was considered to be significant.

Results

Regarding demographic data, no significant differ-
ence was found between the treatment and control 
groups in terms of age, weight, gender, duration of 
stroke, smoking, profession, educational level, hand 
dominancy, hemiplegic side, and location of the 
lesion. A significant difference existed between the 
two groups in height (p = .01) and body mass index 
(BMI) (p = .02) (Table 1). Among 41 patients 
included in the study, 3 (2 in the treatment group, 
1 in the control group) were intubated in the acute 
care unit. In the treatment group, the intubation 
periods of the patients were 7 and 10 days, while the 
patient in the control group was intubated for 
13 days. None of the patients were intubated, 
required mechanical ventilation, or had 
a tracheostomy cannula when admitted to the inpa-
tient rehabilitation clinic.

Prior to enrollment, the patients were clini-
cally evaluated using the mini-mental state 
exam (MMSE), Brunnstrom assessment, func-
tional ambulation scale, and functional inde-
pendence measures. No significant difference 
was observed between the groups in any para-
meter. Table 2 shows the clinical parameters 
before treatment.

In the DUS measurements, a significant differ-
ence was observed in the treatment group for all 
parameters (IDT, EDT, diaphragm thickness 
change, and DTR) post-treatment in both the 
affected and intact sides compared with pre- 
treatment. In the control group, no significant dif-
ference was observed between pre- and post- 
treatment values in any DUS parameter. In the 
treatment group, a significant difference was 
found in terms of change with treatment in the 
parameters of IDTs and EDTs in both the affected 

Table 1. Comparison of demographic data between treatment 
and control groups

Treatment 
Group 
(n=20) 

Mean ± SD / n 
(%)

Control Group 
(n=21) 

Mean ± SD / n 
(%) p

Age 64.6 ± 12.4 66.0 ± 10.3 0.09*

Gender, n (%)
Female 10(50) 13(61.9) 0.28**
Male 10(50) 8(38.1)
Height (meter) 1.66 ± 0.12 1.58 ± 0.08 0.01**
Weight (kg) 76.6 ± 12.9 76.2 ± 13.5 0.90**
BMI (kg/m2) 28.0 ± 5.0 30.4 ± 4.0 0.02*

Smoking
Never 13(65) 18(85.7) 0.09**
Ex 3(15) 1(4.8)
Current 4(20) 2(9.5)

Profession
Not Working 8(40) 7(33.3) 0.65**
Official 2(10) 1(4.8)
Worker 1(5) 2(9.5)
Housewife 9(45) 11(52.4)

Education level
Uneducated 9(45) 8(38.1) 0.65**
Primary Education 5(25) 7(33.3)
Secondary Education 4(20) 3(14.3)
Higher Education 2(10) 3(14.3)

Dominant hand
Right 13(65) 15(71.4) 0.74**
Left 7(35) 6(28.6)

Hemiplegic side
Right 10(50) 11(52.4) 0.83**
Left 10(50) 10(47.6)

Etiology
Ischemic 15(75) 15(71.4) 0.72**
Hemorrhagic 5(25) 6(28.6)

Location of the lesion
MCA 15(75) 14(66.6) 0.56**
PCA 1(5) 1(4.8)
Brainstem 1(5) 1(4.8)
PCA + Brainstem 0(0) 2(9.5)
MCA + PCA 3(15) 3(14.3)
Duration of the stroke 

(Days)
134.3 ± 163.0 133.8 ± 246.0 0.99*

SD: Standard deviation, BMI: Body mass index, MCA: Middle cerebral artery, 
PCA: Posterior cerebral artery 

*Student’s t test 
**Chi-square test 
p< .05 significant
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and intact sides compared with the control group 
(Table 3) (Figure 3).

In PFT measurements, although a significant dif-
ference existed in FVC (L), FVC (%), FEV1 (L), 
FEV1 (%), FEV1/FVC values post-treatment com-
pared with those of pre-treatment in the treatment 
group, no significant difference was observed in the 
control group. When the change post-treatment 
was compared between the two groups, 
a significant difference was found only in the FVC 
value; no significant difference was found in other 
parameters (Table 4) (Figure 4).

When we evaluated the correlations between 
DUS and PFT parameters, the patients’ pre-treat-
ment FVC (L) was moderately positively correlated 
with pre-treatment affected side IDT and affected 
side DTR both in pre-treatment (r = .38, p = .03 
and  r = .44, p = .01, respectively) and post-treat-
ment (r = .46, p = .02 and r = .35 p = .03, respec-
tively). Also, FEV1 (L) was moderately positively 

correlated with DUS measurements of affected side 
IDT and affected side DTR in pre-treatment (r = 
.35, p = .02 and r =  .40, p = .02, respectively) and 
post- treatment (r =  .39, p = .03 and r =  .32, p = .04, 
respectively). However affected side EDT was not 
correlated with PFT parameters.

Discussion

Respiratory problems may be overlooked in patients 
with hemiplegia. Timely recognition of the problems 
may be challenging due to impaired cognitive func-
tions or lack of the ability to perform required tests. 
In our study, we evaluated the correlation between 
DUS, a bedside usable, inexpensive, and radiation- 
free method, and PFT. We demonstrated DUS and 
PFT measurements are correlated pre- and post- 
treatment. Another aim of our study was to assess 
whether breathing exercises improve DUS and PFT 

Table 2. Clinical evaluation of treatment and control groups
Treatment Group (n=20) 

n (%)
Control Group (n=21) 

n (%) p*

Brunnstrom stages of upper extremity n (%)
1 3(15) 3(14.3)
2 4(20) 3(14.3)
3 3(15) 4(19) 0.92
4 2(10) 3(14.3)
5 3(15) 2(9.5)
6 5(25) 6(28.6)

Brunnstrom stages of hand n (%)
1 2(10) 2(9.5)
2 3(15) 3(14.3)
3 3(15) 4(19) 0.52
4 1(5) 2(9.5)
5 4(20) 4(19)
6 7(35) 6(28.6)

Brunnstrom stages of lower extremity n (%)
1 0(0) 0(0)
2 0(0) 0(0)
3 2(10) 4(19) 0.60
4 3(15) 3(14.3)
5 5(25) 4(19)
6 10(50) 10(4.6)

MMSE
Mean ± SD 28.9 ± 0.90 28.7 ± 0.68 0.06

FAS n (%)
0 1(10) 3(14.3)
1 4(20) 6(28.6)
2 3(15) 3(14.3) 0.09
3 4(20) 1(4.8)
4 4(20) 4(19)
5 4(20) 4(19)

FIM
Mean±SD 101.1 ± 19.5 97.4 ± 19.8 0.39

SD: Standard deviation, MMSE: Mini-mental state exam, FAS: Functional ambulation scale, FIM: Functional independence measures 
*Chi-square test 
p<.05 significant
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Table 3. Intra- and inter-group comparison of the changes in diaphragm ultrasound (DUS) parameters pre- and post-treatment
Treatment group 

(n= 20) 
Mean±SD

Control group 
(n= 21) 

Mean±SD p1 t

Affected Side EDT (cm)
Pre-treatment 0.15±0.02 0.17±0.03 0.12 1.81
Post-treatment 0.22±0.02 0.20±0.03 0.03 2.31
Pre-treatment / Post-treatment Change 0.07±0.02 0.03±0.01 <0.001 8.48
Pre-treatment / Post-treatment Change p2 <0.001 0.06 8.96
Intact Side EDT (cm)
Pre-treatment 0.18±0.02 0.20±0.03 0.29 1.08
Post-treatment 0.23±0.02 0.21±0.03 0.01 2.65
Pre-treatment / Post-treatment Change 0.06±0.02 0.01±0.01 <0.001 7.07
Pre-treatment / Post-treatment Change p2 0.01 0.07 7.63
Affected Side IDT (cm)
Pre-treatment 0.27±0.03 0.31±0.04 0.25 1.17
Post-treatment 0.35±0.02 0.32±0.03 0.01 4.22
Pre-treatment / Post-treatment Change 0.09±0.02 0.01±0.01 <0.001 11.31
Pre-treatment / Post-treatment Change p2 0.01 0.08 7.31
Intact Side IDT (cm)
Pre-treatment 0.29±0.03 0.33±0.03 0.56 0.59
Post-treatment 0.37±0.02 0.34±0.02 0.01 4.40
Pre-treatment / Post-treatment Change 0.08±0.03 0.01±0.01 <0.001 7.00
Pre-treatment / Post-treatment Change p2 <0.001 0.07 6.81
Affected Side Diaphragm Thickness Change (cm)
Pre-treatment 0.12±0.02 0.11±0.04 0.53 0.63
Post-treatment 0.14±0.02 0.12±0.03 0.05 1.99
Pre-treatment / Post-treatment Change 0.02±0.02 0.01±0.02 0.05 1.11
Pre-treatment / Post-treatment Change p2 <0.001 0.08 1.87
Intact Side Diaphragm Thickness Change (cm)
Pre-treatment 0.12±0.02 0.12±0.03 0.77 0.29
Post-treatment 0.14±0.02 0.13±0.03 0.21 1.28
Pre-treatment / Post-treatment Change 0.02±0.03 0.01±0.01 0.05 0.87
Pre-treatment / Post-treatment Change p2 0.01 0.06 2.39
Affected Side DTR
Pre-treatment 1.73±0.20 1.69±0.32 0.20 1.30
Post-treatment 1.64±0.14 1.62±0.23 0.73 0.35
Pre-treatment / Post-treatment Change 0.16±0.08 0.07±0.07 0.03 2.14
Pre-treatment / Post-treatment Change p2 <0.001 0.08 1.88
Intact Side DTR
Pre-treatment 1.69±0.17 1.65±0.21 0.52 0.65
Post-treatment 1.60±0.15 1.61±0.17 0.83 0.21
Pre-treatment / Post-treatment Change 0.01±0.01 0.04±0.02 0.02 2.52
Pre-treatment / Post-treatment Change p2 0.04 0.12 1.63

IDT: End-Inspiration Diaphragm Thickness, EDT: End-Expiration Diaphragm Thickness, DTR: diaphragm thickening ratio 
SD: standard deviation 
p1: p value of comparison between pre-treatment and post-treatment groups (Independent Student’s t test) 
p2: Improvement over time in treatment and control groups, in group follow-ups (Paired Student’s t test), p<.05 significant

Figure 3. Changes and comparisons of diaphragm ultrasound (DUS) parameters in affected and intact sides in both groups. IDT: End- 
Inspiration diaphragm thickness, EDT: End-Expiration diaphragm thickness, DTR: Diaphragm thickening ratio.
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parameters, and we showed an improvement both in 
PFT and DUS parameters.

Because the diaphragm plays a critical role in 
respiration, knowing the effects of stroke on dia-
phragmatic function is important for rehabilitating 
hemiplegic patients.5 Park et al. examined dia-
phragm movements via ultrasonography in stroke 
patients with dysphagia and determined whether 
they demonstrated decreased diaphragm move-
ments during voluntary coughing compared with 
stroke patients without dysphagia and healthy sub-
jects. They examined diaphragm movements dur-
ing normal breathing, deep breathing, and 
voluntary coughing via ultrasonography and 
reported that stroke patients with dysphagia exhib-
ited decreased diaphragm movements and respira-
tory functions during voluntary coughing.20 Owing 
to the nature of the disease, evaluating respiratory 
functions with PFT in stroke patients is not always 
possible. In this manner, ultrasonography is a fast 
and practical method that can be performed in the 
evaluation and monitoring of respiratory functions 
in stroke patients.

In a study conducted with hemiplegic patients,17 

healthy volunteers were compared with these 

patients, and it was demonstrated that the diaphragm 
thickness was reduced compared with healthy indi-
viduals, and the hemiplegic side was affected more, 
which was shown to be associated with inspiratory 
muscle strength of the lungs. In the present study, we 
attempted to obtain baseline similarity by using 
stroke patients as the control group. Herein, no sig-
nificant difference was observed between pre- 
treatment IDTs, EDTs, and FVC(l) and FEV1(l) 
parameters in both groups (p = .25, .12, .15 and .05, 
respectively). This facilitated the post-treatment eva-
luation between the groups in this study.

Cardenas et al.21 conducted a study with healthy 
individuals, wherein they performed IDT and EDT 
measurements with B-mode DUS and the correla-
tion of these measurements with PFT. At the end of 
the measurements, they reported that FVC and 
FEV1 values correlate with B-mode DUS IDT, 
and DTR measurement (42). Moreover, Fantini et -
al.22 examined the correlation between PFT and 
B-mode DUS parameters in amyotrophic lateral 
sclerosis patients and reported a correlation of 
B-mode DUS EDT measurement and DTR with 
PFT parameter FVC. These studies suggested that 
DUS can be used to monitor respiratory 

Table 4. Intra- and inter-group comparison of the changes in pulmonary function test (PFT) measurements pre- and post-treatment
Treatment Group 

(n=20) 
Mean±SD

Control Group 
(n=21) 

Mean±SD p1 t

FVC (L)
Pre-treatment 2.48±0.98 2.07±0.80 0.15 1.46
Post-treatment 2.78±1.02 2.12±0.80 0.02 2.33
Pre-treatment / Post-treatment Change 0.31±0.39 0.05±0.22 <0.05 1.83
Pre-treatment / Post-treatment Change p2 <0.001 0.34 3.53
FVC (%)
Pre-treatment 77.55±17.45 84.26±21.59 0.28 1.10
Post-treatment 80.20±16.57 85.90±18.95 0.43 0.73
Pre-treatment / Post-treatment Change 2.65±31.62 1.62±9.99 0.06 0.32
Pre-treatment / Post-treatment Change p2 <0.001 0.47 0.37
FEV1 (L)
Pre-treatment 2.25±0.88 1.74±0.72 0.05 2.07
Post-treatment 2.80±0.85 1.80±0.70 0.01 2.59
Pre-treatment / Post-treatment Change 0.15±0.33 0.06±0.24 0.09 0.69
Pre-treatment / Post-treatment Change p2 0.03 0.25 2.04
FEV1 (%)
Pre-treatment 88.05±17.64 90.62±30.05 0.74 0.33
Post-treatment 95.35±16.70 92.24±24.04 0.62 0.51
Pre-treatment / Post-treatment Change 7.30±18.20 1.62±14.69 0.11 0.76
Pre-treatment / Post-treatment Change p2 0.02 0.62 1.79
FEV1/FVC (%)
Pre-treatment 91.75±5.87 83.43±12.21 0.01 2.76
Post-treatment 87.15±8.08 85.05±10.92 0.31 1.03
Pre-treatment / Post-treatment Change 3.60±7.51 1.62±11.42 0.08 0.45
Pre-treatment / Post-treatment Change p2 0.04 0.52 2.14

SD: Standart Deviation, FVC: Forced Vital Capacity, FEV1: Forced Expiratory Volume in 1 second, FEV1/FVC: Tiffeneau-Pinelli index 
p1: p value of comparison between pre-treatment and post-treatment groups (Independent Student’s t test) 
p2: Improvement over time in treatment and control groups, in group follow-ups (Paired Student’s t test), p<0,05 significant
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parameters, and diseases associated with neuro-
muscular involvement can be followed up with 
B-mode DUS as they affect diaphragm muscle 
strength. Accordingly, a moderately positive corre-
lation was found between B-mode DUS and PFT 
parameters FEV1 and FVC in stroke patients in this 
study. This connection with PFT parameters is 

promising for detecting the respiratory status 
through B-mode DUS in patients with stroke.

Jung et al.5 examined the diaphragmatic movement 
and its correlation with respiratory function using 
M-mode ultrasonography in stroke patients and 
demonstrated that all stroke patients had restrictive 
pulmonary dysfunction. In that study, a cross- 

Figure 4. Changes and comparisons of pulmonary function test (PFT) parameters in affected and intact sides in both groups. FVC: 
Forced Vital Capacity, FEV1: Forced expiratory volume in 1 second, FEV1/FVC: Tiffeneau-Pinelli index.
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sectional analysis was performed, and no follow-up 
was performed. In contrast, herein, the correlation 
between IDT, EDT, and PFT was examined via 
B-mode ultrasonography before and after the six- 
week respiratory exercise program. In the group that 
was given breathing exercises, an increase was found 
in all DUS parameters on both the affected and intact 
sides, in addition to a significant increase in PFT 
parameters post-treatment in the same group. 
Similar increases were not detected in the group that 
received neurological rehabilitation. These results 
demonstrated that DUS can be used to monitor 
respiratory status in stroke patients and the impor-
tance of breathing exercises that may be neglected in 
daily practice in this patient group. Respiratory status 
should be evaluated in stroke patients before rehabili-
tation to prevent pulmonary complications that may 
increase related morbidity and mortality, and appro-
priate exercises should be included in the treatment 
program for these patients. B-mode ultrasonography 
can be useful for this purpose because it is 
a noninvasive method to evaluate diaphragm thick-
ness, which provides quantitative information asso-
ciated with PFT. In our study, in pre- and post– 
treatment DUS evaluations, measurements were per-
formed from the apposition zone at the end of inspira-
tion and expiration while the patients were lying in the 
supine position at 45°, similar to previous studies.17,23- 

25 The advantage of using this patient position during 
evaluation is that it increases sensitivity and eliminates 
the effect of gravity for detecting subtle weakness, 
which cannot be observed in case of gravity on the 
diaphragm movement or standing position.

In our study, FVC% change was 2.65 ± 31. 
A previous study by Kafaja et al.26 demonstrated 
a 3% FVC change in 12 months treatment period as 
a minimal clinically important difference (MCID) in 
patients with scleroderma. Also, a previous study by 
du Bois et al.27 showed a 2% to 6% decline in FVC 
represents an MCID for patients with idiopathic pul-
monary fibrosis. No previous study was conducted for 
FEV1% and FEV1/FVC regarding MCID. However, 
the short treatment period and diverse patient popula-
tion make comparison impossible between existing 
literature and our study. In this context, further studies 
in hemiplegic patients for determining MCID of DUS 
and PFT measurements are required.

The major strength of this study is that it demon-
strates the usefulness of assessing diaphragmatic 

thickness via B-mode ultrasonography, which is an 
approach to evaluate respiratory functions in rehabi-
litation. To the best of our knowledge, this study is the 
first in which B-mode DUS measurements and PFT 
parameters are evaluated together to demonstrate the 
effect of breathing exercises in stroke patients.

The present study has certain limitations. First, the 
number of patients in the study is relatively limited. In 
addition, stroke patients were selected from relatively 
well patients to ensure cooperation in PFT. Therefore, 
generalizing the results of the study to all stroke 
patients is not possible. Besides, MCID for DUS and 
PFT measurements were not evaluated in this study. 
A diaphragm thickness change of 0.02±0.02 observed 
in this study may seem low; however, no previous 
study has evaluated the MCID for diaphragmatic 
thickness in hemiplegic patients. We assumed 
a statistical significance in change and correlation 
with PFT might indicate clinical improvement. 
Nevertheless, this breathing exercise program may 
lead to the treatment or prevention of pneumonia 
during rehabilitation after stroke, especially for aspira-
tion pneumonia. We did not evaluate the presence of 
dysphagia or relation between improvement of pul-
monary functions and pneumonia, which is another 
limitation. Furthermore, dynamic tests simulating 
daily life (6-min walking test) could not be used in 
evaluating the respiratory functions of the patients 
because of the functional status of the patients, and 
the positive contribution of these changes in PFT to 
daily life activities was not examined. This contribu-
tion may be the subject of another study.

Conclusion

This study demonstrates that pulmonary problems 
can exist in stroke patients without the presence of 
dyspnea and that this may be overlooked. Routinely, 
neurological rehabilitation is applied in these patients 
because motor muscle strength loss is more promi-
nent, and respiratory problems and their treatment 
may be overlooked. Giving these patients breathing 
exercises in addition to the standard neurological 
rehabilitation reduces diaphragm atrophy and may 
prevent complications that may develop secondary 
to this condition, which may have a positive effect on 
the patients’ treatment process. This study demon-
strated that adding respiratory exercises to the stan-
dard treatment protocol can contribute to the well- 
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being of the patient. This contribution can be followed 
up by B-mode DUS rather than PFT, which may be 
more challenging to apply in this patient group. 
Further studies need to be conducted on this subject 
with larger patient groups.
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