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Abstract

Introduction: Cerebrovascular accident (CVA) or stroke results in weakness of the trunk muscles and phys-
ical unfitness. Objectives: To evaluate respiratory changes caused by stroke and correlate them with the 
functional capacity of chronic stroke patients who were treated at the Clinical Center of Physical Therapy 
of the Pontifical Catholic University of Minas Gerais, Betim. Methods: Fifteen patients were recruited for 
assessment of respiratory function and functional capacity. We measured maximum inspiratory pressure 
(MIP), maximal expiratory pressure (MEP), peak expiratory flow (PEF), vital capacity (VC), and functional 
capacity using the six-minute walk test (6MWT). Test results were compared with reference values using an 
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unpaired Student's t-test or the Mann-Whitney test. Respiratory variables were correlated with the distance 
walked in the 6MWT using Spearman's correlation test. Results: The sample had a mean age of 58.2 ± 13.4 
years, and most patients had a diagnosis of ischemic stroke and left hemiparesis. The following values were 
obtained: MIP (47.7 ± 22.2 cmH2O); MEP (47.5 ± 20.3 cmH2O); PEF (351.3 ± 90.8 L/min); VC (3.0 ± 0.91 L); 
and 6MWT (222.4 ± 101.6 m). The MIP, MEP, PEF, and 6MWT values measured in this study were statistically 
significantly lower (p < 0.001) than the reference values. There was no statistically significant correlation 
between the distance walked in the 6 MWT and respiratory variables (p > 0.005). Conclusion: Our results 
suggest that, despite the decrease in respiratory muscle strength, PEF, and VC, these variables did not cor-
relate with the functional capacity of the chronic stroke patients assessed in this study. 

Keywords: Stroke. Vital capacity. Respiratory mechanics. Respiratory muscles.[B]

Resumo

Introdução: O acidente vascular encefálico (AVE) resulta em fraqueza dos músculos do tronco e descondicionamen-
to físico. Objetivos: Avaliar as alterações respiratórias e correlacioná-las com a capacidade funcional de pacientes 
pós AVE crônicos do Centro Clínico de Fisioterapia da PUC Minas Betim. Métodos: Foram recrutados 15 pacientes 
para avaliação respiratória e da capacidade funcional. Foram avaliadas a pressão inspiratória máxima (PImáx), 
pressão expiratória máxima (PEmáx), pico de fluxo expiratório (PFE), capacidade vital (CV) e a capacidade fun-
cional a partir do teste de caminhada de seis minutos (TC6M). Os resultados foram comparados com os valores 
de referência utilizando os testes t de Student não pareado ou teste Mann-Whitney. As variáveis respiratórias fo-
ram correlacionadas com a distância percorrida no TC6M por meio do Coeficiente de Correlação de Spearman. 
Resultados: A amostra apresentou idade média de 58,2 ± 13,4 anos, sendo que o diagnóstico da maioria foi AVE 
isquêmico e hemiparesia à esquerda. Os valores obtidos foram PImáx (47,722,2 cmH2O); PEmáx (47,5 20,3 cmH2O); 
PFE (351,390,8 L/min); CV (3,00,91 L) e TC6m (222,4101,6 m). Quando comparados com os valores de referência, 
os valores de PImáx, PEmáx, PFE e TC6M foram estatisticamente menores (p < 0,001). Não houve correlação esta-
tisticamente significativa entre a distância percorrida no TC6M e as variáveis respiratórias (p > 0,005). Conclusão: 
Os resultados sugerem que apesar de existir o declínio da força muscular respiratória, do PFE e da CV, esses não se 
correlacionaram com a capacidade funcional dos pacientes pós AVE crônicos avaliados.	 [K]

Palavras-chave: Acidente vascular encefálico. Capacidade vital. Mecânica respiratória. Músculos respiratórios.

Introduction

The generation and maintenance of respiratory rate 
and ventilation depend on the integrity of the nervous 
system, which determines neural control by means of 
voluntary and automatic mechanisms. Automatic con-
trol is mediated by neuronal groups in the brainstem, 
while voluntary control is mediated by cortical centers 
that are located in the contralateral motor cortex (1). 
This neural control allows the coordinated activity of the 
respiratory muscles (1, 2). The diaphragm stands out 
among the respiratory muscles whose primary function 
is to allow the rhythmic and continuous movement of 
the chest wall and abdomen (2). It is the main respi-
ratory muscle and has greater oxidative capacity and 
capillary density than other respiratory muscles, which 
gives it greater resistance to fatigue. 

Associated diseases of the respiratory and neu-
rological system such as cerebrovascular accident 
(CVA) or stroke can cause changes in respiratory rate 
and ventilation. The clinical picture of post-stroke 
individuals can be quite diverse depending on the 
location and extent of the vascular injury, and may 
contribute to the development of respiratory insuf-
ficiency or failure (3-5). 

Studies show changes in latency, amplitude of 
action potentials and excitability threshold of respi-
ratory muscles, as well as decreased diaphragmatic 
excursion and excursion of intercostal muscles of 
the paretic side during voluntary ventilation (4, 5). 
Moreover, muscle weakness (hemiparesis) contralat-
eral to the brain injury – which is the most common 
clinical manifestation after stroke – may indirectly 
compromise the stabilization of the spine, which 
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affects thoracic mobility and respiratory muscle 
strength, and hampers respiratory mechanics (3-5). 

Of note, post-stroke individuals, in addition to mo-
tor and sensory losses, also have decreased physi-
cal fitness, which results in a sedentary lifestyle and 
perpetuates a vicious cycle of inactivity. Thus, the 
decline in neuromuscular function is accelerated, 
which increases the likelihood of occurrence of oth-
er comorbidities and promotes disability (7, 8). The 
modification of the cortical control of ventilation, as 
well as the decline in motor function and functional 
capacity in these individuals are well documented. 
The literature on changes in muscle strength and re-
spiratory pattern, and their consequences to these 
individuals, however, is still in its infancy. Thus, this 
study aimed to assess respiratory changes caused 
by stroke and correlate them with the functional ca-
pacity of patients after chronic stroke treated at the 
Clinical Center of Physical Therapy of the Pontifical 
Catholic University of Minas Gerais, Betim.

Material and Methods

The study project was approved by the Research 
Ethics Committee of the Pontifical Catholic University 
of Minas Gerais (CAAE: 0242.0:213,000-09). This 
cross-sectional study recruited patients from the 
neurological outpatient clinic of the Clinical Center of 
Physical Therapy of the Pontifical Catholic University 
of Minas Gerais, Betim, Brazil. Inclusion criteria were: 
clinical diagnosis of stroke associated with motor 
deficit contralateral to the injury; being able to under-
stand and follow verbal commands during tests; and 
being able to walk independently or with assistive 
devices. Exclusion criteria were: having other neu-
rological diseases; and having taken part in specific 
respiratory muscle training programs in the three 
months prior to study entry. Participants or caregiv-
ers were briefed on the purpose and procedures of 
the study and signed an informed consent form.

All participants underwent complete physical ex-
amination. Then inspiratory and expiratory muscle 
strength, peak expiratory flow, vital capacity and 
functional capacity were measured using standard 
techniques. All measurements were performed by 
the same previously trained examiners. Patients' 
functional outcome was assessed using the modi-
fied Rankin Scale (9-11). The score ranges from 0 
(no disability) to 6 (severe disability). 

Respiratory muscle strength was assessed by 
measuring mouth pressures during maximal inspira-
tory pressure (MIP) and maximal expiratory pressure 
(MEP) against a manometer (Commercial Medical, 
M120, São Paulo). MIP and MEP were measured ac-
cording to a standardized technique by Neder et al 
(12). Patients were asked to press their lips against 
the mouthpiece of the instrument as tighly as possible 
in order to avoid air leaks. The examiners also helped 
participants by pressing their lips and cheeks (13). 
Patient's cheeks were compressed with the palms in 
order to prevent the action of the facial muscles (14). 

Peak expiratory flow (PEF) was measured with a 
Peak Flow Meter (Asses Peak Flow Meter, Health Scan 
Products, Inc., Cedar Grove, NJ, USA). Participants 
were asked to perform maximal inspiration and 
then a maximal, forced, short, explosive expiration.  
Patients were not allowed to cough during the test 
and were asked to keep their lips tightly pressed to 
the mouthpiece in order to avoid air leaks. Three 
measurements were performed for each patient 
and the highest value of the three measurements 
was recorded. 

Vital capacity was measured with a Wright spi-
rometer (Ferraris, UK). Patients had their nose 
clipped and were in the sitting position with their 
trunk at an angle of 90° to their thighs and their feet 
on the floor. Participants were instructed to make 
a maximal inspiration through the ventilometer 
mouthpiece until total lung capacity was reached 
and then make a maximum expiration until residual 
volume was reached. Three measurements were per-
formed for each patient and the highest value of the 
threemeasurements was recorded. 

Functional capacity was assessed using the six-
minute walk test (6MWT), according to the guidelines 
of the American Thoracic Society (15). The following 
devices were used to perform the test: timer (digital 
timer, Herweg, São Paulo), pulse oximeter (Model 
BCI Digit INC, USA), heart-frequency meter (Blitz® 
frequency meter), sphygmomanometer, stethoscope 
(BD ®, Germany), and modified Borg Scale (16). 

The variables were expressed as mean ± standard 
deviation (SD). The normal distribution of each vari-
able was was determined by using the Kolmogorov–
Smirnov test.  Test results were compared with ref-
erence literature values using an unpaired Student's 
t-test or the Mann-Whitney test. We also compared 
results between patients according to the type (isch-
emic or hemorrhagic) and topography of the stroke 
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3 (20%) - requires help to perform activities of daily 
living, but is able to walk without help. 

The following respiratory parameter values were 
obtained: MIP (47.7±22.2 cmH2O); MEP (47.5 ± 20.3 
cmH2O); PEF (351.3 ± 90.8 L/min); and VC (3.0 ± 
0.91 L). The mean distance walked in the 6MWT 
was 222.4 ± 101.6 m. As we can see in Table 2, the 
MIP, MEP, PEF and 6MWT values measured in this 
study were statistically lower (p < 0.001) than the 
reference values. There was no statistically sig-
nificant difference only between the ​​obtained and 
expected values of VC (p = 0.159). In the analysis 
by subgroups, there was no difference between 
variables for type of injury (hemorrhagic and isch-
emic). Nevertheless, PEF was statistically lower in 
the group with left hemiparesis, when compared 
with the group with right hemiparesis (p-values = 
317.3 ± 74.0 and 45.0 ± 65.6 L/min, respectively). 

(left or right hemisphere lesion location). Respiratory 
variables were correlated with the distance walked 
in the 6MWT using Spearman's correlation test. We 
used an unpaired Student's t-test or the Wilcoxon's 
test to compare the physiological responses mea-
sured before and after the 6MWT. The statistical pro-
gram used was SPSS 15.0 (SPSS Inc, Chicago, Ill). The 
significance level was set at p < 0.05. 

Results

Fifteen patients (7 men and 8 women) participat-
ed in this study.  Mean age was 58.2 ± 13.4 years and 
mean time of diagnosis was 3.7 ± 1.9 years (range, 
1-8 years). Eight patients had had ischemic stroke 
and seven had had hemorrhagic stroke. Most subjects 
had left hemiparesis (n = 11). With regard to associ-
ated diseases, 13 (66%) patients were undergoing 
treatment for high blood pressure (hypertension). 
As regards lifetyle habits, 12 (80%) patients were 
smokers and 11 (73,3%) self-declared not practicing 
any physical activity (Table 1). 

Table 1- Anthropometric and clinical data of study 
participants

Variables
Chronic stroke subjects   

(n = 15)

Gender (M/F) 7/8
Age (years) 58.2 (13.4)
Height (m) 1.59 (0.08)
Weight (Kg) 66.93 (12.41)
BMI (Kg/m2) 25.87 (4.29)
Number of years since first 
stroke

3.7 (1.9)

Side of hemiparesis (R/L) 4/11

Note: Abbreviations: M = male; F = female; BMI = Body Mass 

Index; R = right; L = left. Data presented as mean ± standard 

deviation.

Table 2- Obtained and predicted values of respiratory 
measures and distance walked

Variables
Obtained 

values
Predicted 

values
p-value

MIP 47. 73 (22.19) 94.15 (15.68) < 0.001

MEP 47.46 (20.27) 97.69 (20.84) < 0.001

PEF 351.83 (90.85) 420.66 (75.74) < 0.001

VC 3010 (907.32) 3296 (795.51)    0.159

6MWT 222.37 (101.65) 519.83 (94.22) < 0.001

Note: Abbreviations: MIP = maximal inspiratory pressure; MEP = 

maximal expiratory pressure; PEF = peak expiratory flow; VC = 

vital capacity; 6MWT = six-minute walk test. 

Data presented as mean ± standard deviation.

According to the modified Rankin Scale, seven 
(47%) subjects had grade 1, i.e., no functional defi-
cit or ability to perform all usual activities and tasks. 
The other participants had either grade 2 (33,3%) - 
inability to perform all usual activities, but ability to 
perform personal activities independently - or grade 

Table 3 shows the vital data values obtained in 
the 6MWT. There was a statistically significant dif-
ference in heart rate (p < 0.001), respiratory rate (p 
< 0.001) and perceived exertion as measured by the 
Borg Scale (p < 0.001) before and after the 6MWT. 
Nevertheless, there was no significant difference in 
systolic blood pressure (p = 0.290), diastolic blood 
pressure (p = 0.564) and oxygen saturation (p = 
0.096) before and after the 6MWT. There was no 
statistically significant correlation between the dis-
tance walked in the 6MWT and any of the respira-
tory variables measured.
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Discussion

The main finding of this study was that patients 
had a decrease in respiratory muscle strength, peak 
expiratory flow rate and functional capacity. However, 
the respiratory changes did not affect the decline in 
functional capacity in our study sample. Our results 
corroborate other studies in which post-stroke sub-
jects showed reduced respiratory muscle strength 
and consequent diaphragm and abdominal dysfunc-
tion (8). This reduction may be associated with sev-
eral factors such as muscle tone changes, abdominal 
muscles weakness and lack of trunk control (17).

According to Pompeu et al. (18) the changes 
that occur in trunk control after a stroke may lead 
to breathing problems. This is consistent with the 
results obtained by Salmela et al.  (19), who found de-
creased MIP and MEP values in post-stroke individu-
als, when compared with healthy subjects. A certain 
degree of abdominal spasticity would be beneficial 
to breathing because it would help expiration and 
support the inspiratory phase. However, marked 
abdominal spasticity in post-stroke patients makes 
diaphragm activity difficult because it ends up work-
ing as a blockade against the descent of the phrenic 
center. In some cases, this causes respiratory dis-
tress with excessive use of accessory muscles and 
hypoxemia, because the accessory muscles alone are 
not able to move suitable volumes of air to allow ad-
equate pulmonary ventilation and gas exchange (20). 

In addition to stroke-related factors, studies 
show that there is also a gradual reduction in over-
all muscle mass and muscle strength with increasing 

Table 3 - Physiological responses to the six-minute walk 
test

Variables Before After P-value

SBP 
(mmHg)

128.00 (11.46) 131.33 (18.07) 0.290

DBP 
(mmHg)

76.00 (5,07) 78.67 (11.25) 0.564

HR (bpm) 76.67 (11.74) 96,33 (17.26) < 0.001
RR (irpm) 18.53 (3.56) 21.47 (3.38) < 0.001
SaO2 (%) 95.87 (1.41) 96.53 (1.46) 0.096
Borg Scale 0.87 (0.97) 3,33 (2.06) < 0.001

Note: Abbreviations: SBP = systolic blood pressure, DBP = dia-

stolic blood pressure, HR = heart rate, RR = respiratory rate, SaO2 

= oxygen saturation.

Data presented as mean ± standard deviation.

age. A study conducted with healthy older adults aged 
between sixty and ninety years has found a decrease 
in respiratory muscle strength in this age group and 
concluded that this is caused by sarcopenia (21). 
Given the relationship between MEP, abdominal and 
thoracic muscles, we highlight that low MEP denotes 
abdominal and chest muscles weakness (22). 

There was a statistically significant difference be-
tween the actual distance walked in the 6MWT and 
the predicted values ​​according to age and gender. 
This can be explained by the fact that most partici-
pants had a mobility deficit, which usually hampers 
the performance of the 6MWT by this population 
compared to healthy individuals of the same age. 
Nive patients used used assistive devices to walk. 
The mean distance walked in this study was less 
than 45% of the expected distance for these age 
groups (13). Corrêa et al. (23) quantified and com-
pared muscle activity parameters and joint moments 
of the lower extremity during gait between healthy 
and post-stroke volunteers by using electromyog-
raphy and electrogoniometry. These authors have 
concluded that reduced angular velocity is directly 
associated with increased levels of muscle co-ac-
tivity in post-stroke patients. They have found that 
post-stroke patients show less mobility of the ankle 
joint, balancing phase changes and decreased speed 
of motion when compared to healthy volunteers. 
Muscle weakness in the entire hemibody associated 
with deficits in neural movement control make gait 
more energy costly for these patients (24). Muscle 
spasticity also contributes to this, because it hinders 
the skillful execution of movements, increasing the 
required energy demand and level of attention of 
the patient (22).

There were significant changes in vital data be-
fore and after the 6MWT, except for SpO2, SBP and 
DBP. Because aerobic exercises are dynamic in na-
ture, they result in an increase in sympathetic nerve 
activity that is triggered by the activation of the cen-
tral command and muscle mechanoreceptors. As a 
result, heart rate, end-systolic volume and cardiac 
output increase. The vasodilatation in the active 
muscles occurs due to the production of metabolites 
in the muscle, which causes reductions in peripheral 
vascular resistance. Thus, during dynamic exercise 
there is an increase in systolic blood pressure, while 
the diastolic blood pressure remains unchanged or 
decreases. As the sample of this study consisted of 
patients after chronic stroke in whom the affected 
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Conclusion

Our study showed that patients had a decrease 
in respiratory muscle strength, peak expiratory flow 
rate and functional capacity. However, the respira-
tory changes did not correlate with the decline of 
functional capacity.
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