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Diaphragmatic ultrasound can 
help evaluate pulmonary 
dysfunction in patients with stroke
Yifei Chen †, Shuyan Zhou †, Lixia Liao , Jinyan He , Danzhe Tang , 
Wen Wu * and Kangling Wang *

Department of Rehabilitation Medicine, Zhujiang Hospital, Southern Medical University, Guangzhou, 
China

Objective: Pulmonary dysfunction after stroke is increasingly gaining attention 
from clinical and rehabilitation specialists. However, owing to cognitive and 
motor dysfunction in patients with stroke, determining the pulmonary function 
of these patients remains challenging. The present study aimed to devise a simple 
method for an early evaluation of pulmonary dysfunction in patients with stroke.

Methods: Overall, 41 patients with stroke in the recovery period (stroke group) and 
22 matched healthy controls (control group) were included in the study. We first 
collected data regarding baseline characteristics for all participants. Furthermore, 
the participants with stroke were examined using additional scales, such as 
the National Institutes of Health Stroke Scale (NIHSS), Fugl–Meyer assessment 
scale (FMA), and modified Barthel Index (MBI). Subsequently, we examined the 
participants with simple pulmonary function detection and diaphragm ultrasound 
(B-mode). Ultrasound indices calculated were as follows: the thickness of the 
diaphragm under the position of functional residual capacity (TdiFRC), the 
thickness of the diaphragm under the position of forced vital capacity (TdiFVC), 
thickness fraction, and diaphragmatic mobility. Finally, we compared and analyzed 
all data to identify group differences, the correlation between pulmonary function 
and diaphragmatic ultrasound indices, and the correlation between pulmonary 
function and assessment scale scores in patients with stroke, respectively.

Results: Compared with the control group, patients in the stroke group exhibited 
lower values for indices of pulmonary and diaphragmatic function (p < 0.001), 
except for TdiFRC (p > 0.05). The majority of the patients with stroke had restrictive 
ventilatory dysfunction, as indicated by a significantly higher incidence ratio 
(36  in 41 patients) than that in the control group (0  in 22 patients) (p < 0.001). 
Moreover, significant correlations were found between pulmonary function 
and diaphragmatic ultrasound indices (p < 0.05), with the strongest correlation 
between TdiFVC and pulmonary indices. In the stroke group, pulmonary function 
indices were negatively correlated with the NIHSS scores (p < 0.001) and positively 
correlated with the FMA scores (p < 0.001). No (p > 0.05) or weak (p < 0.05) correlation 
was found between pulmonary function indices and the MBI scores.

Conclusion: We found that patients with stroke had pulmonary dysfunction even 
in the recovery period. Diaphragmatic ultrasound can be used as a simple and 
effective tool for detecting pulmonary dysfunction in patients with stroke, with 
TdiFVC being the most effective index.
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Introduction

Stroke is the second leading cause of death and the third leading 
cause of disability worldwide (1). Patients who have suffered a 
stroke frequently complain of motor and speech disorders as well 
as dysphagia. However, pulmonary dysfunction after stroke is 
gradually receiving increased attention. Pulmonary dysfunction can 
lead to a decline in cardiopulmonary function and activity 
endurance while simultaneously increasing the risk of pulmonary 
complications, thereby affecting patients’ motor and speech 
recovery and their quality of life (2). Therefore, the prompt 
detection of pulmonary dysfunction among patients with stroke 
will be  of great significance to perform respiratory 
rehabilitation correspondingly.

Although there are several established methods for assessing 
respiratory function (3), assessment in patients with stroke is often 
limited owing to deficits in cognitive, speech, or motor domains. To 
date, simple pulmonary function assessment has been recognized as 
one of the most commonly used methods. Schermer et  al. (4) 
confirmed that the indicators of simple respiratory function 
assessment have remarkable reliability and validity. However, this 
method also requires patients with stroke to have sufficient cognitive 
abilities to understand the basics of the examination, which even a 
healthy older adult may find difficult to understand, and it requires 
them to be able to cooperate throughout the examination. Therefore, 
it is important to find a convenient and convincing way for 
the assessment.

Diaphragmatic ultrasound is a commonly used method for 
measuring diaphragmatic activity. Previous studies have reported a 
certain relationship between diaphragmatic ultrasound indices and 
pulmonary function parameters in some diseases, including 
osteoporosis, vertebral fracture, kyphosis, late-onset Pompe disease, 
and amyotrophic lateral sclerosis (5–7). To the best of our 
knowledge, only two studies have reported the correlation between 
pulmonary function indices and diaphragmatic ultrasound in 
patients with stroke to date. In one study, Jung et al. (8) reported a 
statistically significant correlation between diaphragmatic thickness 
(DT), thickness ratio, and diaphragmatic excursion and between 
forced vital capacity (FVC), forced expiratory volume in 1 s (FEV1), 
and peak expiratory flow in patients with stroke compared to 
healthy controls. In another study, Kim et al. (9) reported a positive 
correlation between the thickening ratio (%), the ratio of diaphragm 
thickness at end expiration to the thickness at total lung capacity 
(TCL), and maximal inspiratory pressure (MIP). However, their 
study measured the ultrasound index for only one diaphragm, and 
the correlation with the pulmonary function was restricted to only 
inspiratory muscle function. Thus, further studies are required to 
identify the relationship between diaphragmatic ultrasound and 
pulmonary function.

In the present study, we assessed and compared the pulmonary 
and diaphragm function of patients with stroke by combining a simple 
respiratory function assessment with diaphragmatic ultrasound 
detection. We  hypothesized that there is a correlation between 
diaphragmatic ultrasonography and pulmonary function in patients 
with stroke. Because ultrasound offers the advantage of visually 
observing morphologic changes in muscle function (10), a convincing 
correlation with the pulmonary function will be of great help and 
convenience to physicians in the early detection of pulmonary 
dysfunction for patients with stroke.

Materials and methods

Participants

The sample size of the present study was determined based on the 
sample sizes of previous similar studies (11, 12). Overall, 51 patients 
with hemiplegia in the convalescent stage of stroke (stroke group) and 
22 age-and gender-matched healthy volunteers (control group) 
were enrolled.

The inclusion criteria for the stroke group were as follows: (1) 
patients diagnosed with stroke in accordance with the diagnostic criteria 
by the Chinese classification of cerebrovascular diseases (2015) and 
confirmed by brain computed tomography or magnetic resonance 
imaging findings, (2) those aged 18–70 years, (3) those diagnosed with 
stroke for the first time, with a course of stroke ranging from 1 month to 
1 year, (4) those with right hemiplegia, (5) those who were conscious and 
had stable vital signs with no progression of neurological symptoms, (6) 
those who had normal cognitive function (mini-mental state 
examination [MMSE] score > 26) and were able to complete the entire 
examination, and (7) those who voluntarily participated and provided 
written informed consent. The exclusion criteria were as follows: (1) 
patients presenting with a previous history of respiratory diseases, 
including chronic bronchopneumonia, chronic obstructive pulmonary 
disease, bronchiectasis, and lung cancer, (2) those with severe skeletal 
deformities of the thorax or spine, (3) those with neuromuscular 
junction disease, (4) those with tracheotomy or auxiliary ventilation, (5) 
those presenting with a history of thoracic or abdominal surgery, (6) 
those presenting with a history of receiving respiratory training, (7) 
those presenting with a history of using inhaled corticosteroids or 
respiratory central stimulants, (8) those whose House–Brackmann 
assessment revealed facial paralysis of >grade II, (9) those with severe 
cardiac, lung, kidney, liver, or other organ dysfunctions, (10) those with 
severe cognitive impairment or mental illness causing inability in 
cooperation, and (11) pregnant or lactating women.

The inclusion criteria for the control group were as follows: (1) 
individuals with no previous history of cerebrovascular disease, (2) 
those aged between 18 and 70 years, and (3) those who were conscious 
and had stable vital signs and normal cognitive function (MMSE 
score > 26 points), were cooperative, and who voluntarily participated 
and signed the informed consent form. The exclusion criteria for the 
control group were the same as those for the stroke group.

The following were the rejection and shedding criteria: (1) 
individuals who did not undergo qualified pulmonary function index 
measurements and (2) those whose ultrasound examination did not 
reveal clear diaphragmatic images.

Research design

This was a prospective cross-sectional study that aimed to assess 
patients with stroke who were admitted to a rehabilitation unit of 
Zhujiang Hospital. Moreover, healthy controls were recruited via 
poster advertisements on local notice boards.

Data acquisition

Basic information, including age, gender, height, weight, and 
smoking history, were collected for all participants. Additional clinical 
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information, including the course of the disease, type of stroke, and 
brain lesion location, was collected for the patients in the stroke group.

Pulmonary function index values, including FVC, FEV1, MIP, and 
maximum expiratory pressure (MEP), were collected using a portable 
pulmonary function detector (Sike x1; Xiamen Saike Medical 
Equipment Co., Ltd.).

Diaphragmatic function index values, including the thickness of 
the diaphragm under the position of functional residual capacity 
(TdiFRC), the maximum thickness of the diaphragm under the 
position of forced vital capacity (TdiFVC), and diaphragmatic motion 
(DM) of the right side of the diaphragm, were collected using full 
digital color Doppler ultrasound (F8000; Shenzhen Dewell Medical 
Electronics Co., Ltd.).

DT measurement
All participants were placed in the supine position. To observe the 

region between ribs 8 and 9 and to obtain two-dimensional images, 
the chest wall was perpendicularly illuminated using a linear 
transducer. With the ultrasound probe perpendicular to the two ribs, 
the diaphragm was visualized as a hypoechoic area between the two 
hyperechoic layers (i.e., diaphragmatic pleura and peritoneum), and 
DT was measured from this area at the end of inspiration and 
expiration. The mean value of three measurements was used for the 
analysis (3).

The thickness fraction (TF) of the diaphragm was calculated using 
the following formula:

TF = (maximum DT at the end of deep inspiration − DT at the end 
of quiet expiration)/DT at the end of quiet expiration × 100% 
(13–15).

Diaphragm motion
Diaphragm motion was assessed using ultrasound in M-mode. 

As described in previous studies (11, 16, 17), the amplitudes were 
measured with one caliper placed at the baseline of the diaphragm 
echoic line and the other placed at the apex or the maximum 
height of the line. At least three measurements were recorded, and 
the average value of these measurements was used for 
statistical analysis.

All patients in the stroke group were examined using the National 
Institutes of Health Stroke Scale (NIHSS), Fugl–Meyer assessment 
scale (FMA), and modified Barthel Index (MBI) to evaluate their 
severity of brain damage, motor ability, and activities of daily living 
(ADL), respectively.

Statistical analysis

All statistical analyses were performed using Statistical Product 
and Service Solution version 25.0 statistical software (IBM 
Corporation, Armonk, NY, United States). The Shapiro–Wilk tests 
were used to examine normal distribution. The two-sample t-test and 
nonparametric Mann–Whitney tests were used to compare the two 
groups in terms of continuous variables, whereas the χ2 test was used 
for comparison in terms of categorical variables. Pearson correlations 
were used to measure the relationship between pulmonary and 
diaphragmatic ultrasound indices and between pulmonary indices 
and NIHSS, FMA, and MBI scores, respectively. Measurement data 
were expressed as mean (standard deviation), whereas counting data 

were expressed as frequencies. The level of statistical significance was 
set at a p-value of <0.05.

Results

Basic information

Overall, 73 participants were included in this study and classified 
into the stroke (n = 51) and control (n = 22) groups. Of the patients in 
the stroke group, six and four patients were excluded as their qualified 
pulmonary function index was not measured and a clear 
diaphragmatic image was not visualized under ultrasound, 
respectively. Finally, 63 participants were enrolled in the study, 
including 41 patients with stroke and 22 controls (Figure 1).

No significant differences were identified between the two groups 
in terms of basic information (p > 0.05). However, compared with 
individuals in the control group, patients in the stroke group 
demonstrated significantly lower values for all pulmonary indices 
(p < 0.001) and most diaphragmatic indices (p < 0.05), except for 
TdiFRC (p = 0.404). Notably, in the stroke group, 36 patients were 
diagnosed with restrictive ventilatory disorder. The incidence of 
restrictive ventilatory disorder in these patients was higher than that 
in the control group (0 in 22 patients, p < 0.001) (Table 1).

Correlations between pulmonary function 
and diaphragmatic indices

The results of correlation analysis indicated that all pulmonary 
function indices were moderately correlated with TdiFRC (p < 0.001) 
(Figure 2) and DM (p < 0.001) (Figure 3) and strongly correlated with 
TdiFVC (p < 0.001) (Figure 4) and TF (p < 0.001) (Figure 5).

Correlations between pulmonary function 
indexes and assessment scales in the 
stroke group

The results of correlation analysis indicated that pulmonary 
function indices in the stroke group were negatively correlated with 
NIHSS scores (p < 0.001), positively correlated with FMA scores 
(p < 0.001), and weakly correlated (FVC and FEV1, p < 0.05) or 
uncorrelated with MBI scores (MIP and MEP, p > 0.05). Details of the 
analysis are as follows: First, FVC was negatively correlated with 
NIHSS scores (r = −0.6339, p < 0.001), positively correlated with FMA 
scores (r = 0.4954, p < 0.001), and weakly correlated with MBI scores 
(r = 0.3906, p = 0.0116) (Figure  6A). Second, FEV1 was negatively 
correlated with NIHSS scores (r = −0.5585, p < 0.001), positively 
correlated with FMA scores (r = 0.4652, p < 0.001), and weakly 
correlated with MBI scores (r = 0.3906, p = 0.0116) (Figure 6B). Third, 
MIP was negatively correlated with NIHSS scores (r = −0.5751, 
p < 0.001) and positively correlated with FMA scores (r = 0.4885, 
p < 0.001); however, it was uncorrelated with MBI scores (p > 0.05) 
(Figure  6C). Fourth, MEP was negatively correlated with NIHSS 
scores (r = −0.4144, p < 0.001), positively correlated with FMA scores 
(r = 0.3369, p < 0.05), and weakly correlated with MBI scores 
(r = 0.2971, p = 0.3604) (Figure 6D).

https://doi.org/10.3389/fneur.2023.1061003
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Chen et al. 10.3389/fneur.2023.1061003

Frontiers in Neurology 04 frontiersin.org

Discussion

The results of the present study were consistent with those of 
previous studies (8, 16, 18) and indicated that the pulmonary function 
and diaphragmatic ultrasound indices of patients with stroke were 
decreased compared with those of healthy controls. In previous 
studies, it has been reported that pulmonary dysfunction in patients 
with stroke is related to brain injury (19, 20). Changes in the 
respiratory rate and rhythm as well as weakness of the respiratory 
muscles may be  the direct causes of such injuries (8, 19, 21), and 
limited thoracic expansion and decreased pulmonary ventilation 
caused by the weakness of hemiplegic extremities and increased 
muscle tension may be the indirect causes (22). Furthermore, brain 
injury directly affects the diaphragmatic muscle on the hemiplegic 
side, thereby causing muscle weakness, atrophy, and movement 
reduction (3, 16, 23, 24). Although it has been reported that the 
nonparalytic diaphragm increases its movement to compensate for the 
dysfunction of the paralytic diaphragm, the compensation remains 
insufficient, resulting in a decrease in the vital capacity of patients with 
stroke (3, 19–21, 25). In addition to the diaphragmatic muscle, other 
accessory respiratory muscles, such as the sternocleidomastoid, 
serratus anterior, and intercostal muscles, may be  temporarily or 
permanently deactivated owing to brain damage (5).

In the present study, no significant differences in TdiFRC were found 
between the two groups; however, there were significant differences in 
TdiFVC, TF, and DM. This finding may be attributed to the differences 
in the enrolled patient population. In our study, all patients with stroke 
were in the convalescent stage, with an average NIHSS score of 
approximately 9 and an MBI score of 53. Accordingly, their brain injury 
was moderate, and their motor function was partly recovered (26, 27). 
Moreover, they could perform some ADLs, such as eating, washing, and 
dressing, which consumes fewer calories and can be  completed in 
eupnea. However, despite the apparently normal pulmonary function in 

eupnea, the dysfunction of patients with stroke was evident in deep 
breathing, as indicated by TdiFVC, DM, and TF, which suggested the 
decompensation of respiratory function. This could be one of the reasons 
why the incidence of respiratory complications (e.g., lung infection) is 
high in these patients and why their disease is more likely to progress to 
a severe condition after a pulmonary attack. Furthermore, this prompts 
us to be cautious of pulmonary dysfunction in patients with stroke even 
though they perform ADLs normally.

In the present study, we found that the mean FVC of patients with 
stroke was approximately 2 L, which was 56.66% of the mean FVC of 
the normal age group (Table  1). According to the international 
guidelines (28), 36 out of 41 patients are diagnosed with restrictive 
ventilatory disorder. In the present study, the incidence of this disorder 
was significantly higher in the stroke group than that in the control 
group (p < 0.001). Restrictive ventilatory disorder frequently refers to 
ventilation dysfunction caused by the limitation of expansion and 
retraction of the lungs. It is mainly found in the lung tissue; thoracic, 
cardiac, and mediastinal diseases; and in diaphragmatic paralysis. As 
previously described, reduced muscle strength of the accessory 
respiratory muscles, asymmetric activation of the respiratory muscles 
and movement of the chest wall after stroke (13), abnormal breathing 
patterns and reduced respiratory flow (6), and a combination of 
multiple causes limit the patient’s respiratory function, leading to the 
development of restrictive ventilatory disorders. Moreover, abnormal 
respiratory patterns and decreased respiratory flow (22) contribute to 
limited ventilation in patients with stroke. This suggests that 
respiratory training for patients with stroke should not be limited to 
the respiratory muscles; rather, general functional training in 
breathing patterns is crucial. Notably, respiratory rehabilitation has 
been found to be significant and sufficient. Sutbeyaz (29) reported 
significant clinical improvements in patients with subacute stroke 
following inspiratory muscle training, including an increase in lung 
volume and exercise capacity, the sensation of dyspnea, and quality of 

FIGURE 1

Trial flowchart.
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life (QOL, 36-Item Short Form Health Survey domains). Furthermore, 
Dall’Ago (30) reported improvements in patients with cardiac diseases 
after the training that targeted 30% of MIP compared with the control 
group with the use of measures for inspiratory strength, functional 
performance, and QOL.

The diaphragm is the main respiratory muscle as its movement 
provides approximately two-thirds of the pulmonary capacity. 
Correlations between pulmonary function and diaphragmatic 
ultrasound indices have been reported in some studies, including 
between FEV1, FVC, and TF in patients with osteoporosis, vertebral 
fracture, and kyphosis (5); between MIP, FVC, TF, and DT in patients 
with late-onset Pompe disease (6); and between inhalation volume 
and DM in patients with amyotrophic lateral sclerosis (16). Moreover, 
other studies of patients with stroke have reported correlations 
between DT, thickness ratio, and diaphragm excursion and between 
FVC, FEV1, and peak expiratory flow (8, 9). These findings indicate 
that a preliminary examination of pulmonary function can 
be performed through simple diaphragmatic ultrasound detection. 
Furthermore, we confirmed a positive correlation between pulmonary 

function and diaphragmatic ultrasound indices (TdiFRC, TdiFVC, 
DM, and TF) in patients with stroke and healthy controls. Despite the 
fact that DM is a valuable index, as suggested by other studies (8), 
we  found that TdiFVC is even more significantly correlated with 
pulmonary function among several indicators of 
diaphragmatic ultrasound.

It is known that the diaphragm is the main muscle for calm 
breathing. While contracting during inspiration, it thickens, which 
causes an increase in the volume of the chest, and more gas rushes into 
the lungs. However, during forced expiration, the accessory respiratory 
muscles increase the oxygen demand. Patients with stroke exhibit 
reduced muscle coordination in the extremities and coordination 
difficulties in the respiratory muscles. This suggests that the diaphragm 
plays a more important role in forced expiration, which could be the 
reason why TdiFVC is more strongly correlated with lung function. In 
particular, in patients with stroke with seemingly normal pulmonary 
function under calm breathing, TdiFVC, as an index, can detect 
underlying diaphragm abnormalities (e.g., insufficient movement 
under deep breathing) as well as serve as a valuable indicator of 

TABLE 1 Baseline characteristics of all participants (n = 63).

Stroke group (n = 41) Control group (n = 22) t/χ2 p

Characteristic

Sex (male/female) 26/15 12/10 0.471 0.493

Age (years) 55.61 ± 12.37 50.05 ± 10.92 −1.771 0.082

Height (cm) 1.66 ± 0.07 1.64 ± 0.08 −0.801 0.462

Weight (kg) 63.80 ± 10.46 63.77 ± 9.73 −0.12 0.991

BMI 23.04 ± 2.89 23.55 ± 2.88 0.679 0.500

Smoking history (yes/no) 12/29 5/17 0.492 0.580

Stroke type (hemorrhage/infarction) 19/22 – – –

Course of disease (days) 85.8 ± 62.8 – – –

NIHSS score 9.4 ± 5.2 – – –

FMA score 42.00 ± 22.80 – – –

MBI score 53.29 ± 24.00 – – –

Lung function index

FVC (L) 2.00 ± 0.52 3.53 ± 0.81 7.955 <0.001

FEV1 (L) 1.58 ± 0.44 2.88 ± 0.74 7.517 <0.001

MIP (cmH2O) 35.95 ± 15.12 93.14 ± 12.69 13.479 <0.001

MEP (cmH2O) 49.41 ± 15.95 131.91 ± 38.73 9.564 <0.001

Diaphragmatic ultrasound indicators

TdiFRC (cm) 0.20 ± 0.02 0.21 ± 0.02 1.010 0.404

TdiFVC (cm) 0.36 ± 0.05 0.44 ± 0.06 5.530 <0.001

TF (%) 85.51 ± 21.06 110.38 ± 17.46 4.730 <0.001

DM (cm) 1.76 ± 0.24 1.93 ± 0.29 2.553 0.013

Types of ventilatory disorders

Restrictive 36/41 0/22 37.062 <0.001

Obstructive 1/41 1/22 – –

Mixed 2/41 0/22 – –

NIHSS, National Institutes of Health Stroke; FMA, Fugl–Meyer Assessment; MBI, Modified Barthel Index; FVC, functional vital capacity; FEV, forced expiratory volume in 1 s; MIP, maximum 
inspiratory pressure; MEP, maximum expiratory pressure; TdiFRC, Thickness of Diaphragm under Position of Functional Residual Capacity; TdiFVC, Thickness of Diaphragm under Position 
of Forced Vital Capacity; TF, thickening fraction; DM, diaphragmatic mobility. Bold indicates statistical significance.
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pulmonary dysfunction, which is of great significance for 
pulmonary rehabilitation.

In addition to measuring pulmonary and diaphragm function in 
patients with stroke, we  performed scale assessments. NIHSS is 
frequently used to evaluate the severity of brain damage, in which 
higher scores indicate more severe brain damage. MBI is used to assess 
the ADL of the patient, wherein higher scores indicate better ADL. It 

has been reported that reduced FVC in patients with stroke is related 
to worse ADL (31–33). In the present study, we found a moderately 
negative correlation between pulmonary function and NIHSS scores; 
however, there was no or weak correlation between pulmonary 
function and MBI scores (MIP and MEP, p > 0.05; FVC and FEV1, 
p < 0.05). This finding may be  attributed to the differences in the 
patient population enrolled. In the present study, patients with stroke 

FIGURE 2

Correlations between pulmonary function indices and TdiFRC.

FIGURE 3

Correlations between pulmonary function indices and DM.
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had a seemingly normal pulmonary function when performing some 
ADLs, such as washing, eating, and dressing. Notably, such activities 
are frequently completed under quiet breathing. Therefore, MBI 
assessment cannot be  used to suspect pulmonary dysfunction in 
such patients.

This study has some limitations. First, our sample size was 
comparatively small. Studies with larger sample sizes may provide 

more positive results. Second, in this study, patients with stroke 
represented only a population of those with mild-to-moderate 
neurological impairment after applying our patient screening criteria. 
Third, as we included patients with a course of stroke ranging from 
1 month to 1 year, variations may exist in their assessment. In future, 
studies may consider narrowing the range of the disease course. 
Fourth, as the repeatability of ultrasound examination of the left side 

FIGURE 4

Correlations between pulmonary function indices and TdiFVC.

FIGURE 5

Correlations between pulmonary function indices and TF.
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of the diaphragm is poor owing to limitations in organ anatomy and 
technology, e.g., the left spleen window is smaller than the right liver 
window and the measurement on the right side is more feasible than 
that on the left side (13, 34–36), we  included patients with right 
hemiplegia only for detecting the right side of the diaphragm. Further 
studies on both sides of the body should be performed considering 
that the diaphragmatic dysfunction following stroke may be bilateral. 
Finally, we only examined the diaphragmatic muscles and not the 
respiratory muscles. Examination of respiratory muscles using other 
novel techniques, including surface electromyography, optoelectronic 
plethysmography, and structured light plethysmography, will provide 
more information about pulmonary dysfunction in patients 
with stroke.

In conclusion, our results revealed that patients with stroke 
generally present with pulmonary dysfunction even in the recovery 
period. Diaphragmatic ultrasound can be  used as a simple and 
effective method for detecting both diaphragmatic function and 
pulmonary dysfunction in such patients, with TdiFVC being the most 
effective index.
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FIGURE 6

Correlations between pulmonary function indices and assessment scale scores in the stroke group. (A) Correlations between FVC and assessment 
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