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ABSTRACT. Objective: To determine the recovery process of respiratory muscle strength during 3 months
following stroke, and to investigate the association of change in respiratory muscle strength and physical
functions. Additionally, we compared respiratory muscle strength with those of healthy subjects. Method: In
this prospective, observational study, 19 stroke patients and 19 healthy subjects were enrolled. Maximal in-
spiratory pressure (MIP), maximal expiratory pressure (MEP), motricity index, trunk control test, 6-minute
walk test (6MWT) and functional independence measure were assessed at 1, 2, and 3 months from stroke on-
set in stroke patients. MIP and MEP were assessed at arbitrary times in healthy subjects. Repeated one-way
analysis of variance with Bonferroni post-hoc test was used to compare the change in respiratory muscle
strength in each period in stroke patients. Pearson’s correlation coefficient was computed for changes in res-
piratory muscle strength and physical functions. Student’s t-test was used to compare respiratory muscle
strength between stroke patients at 3 months from onset and healthy subjects. Results: MIP was significantly
increased at 3 months compared to 1 month. MEP was significantly increased in 2 months and 3 months,
compared to 1 month. MIP changes associated with 6MWT changes. Compared to healthy subjects, MIP
and MEP at 3 months were significantly lower in stroke patients. Conclusion: Respiratory muscle strength
significantly increased during 3 months following stroke. However, the trend of recovery may be different.
MIP changes may associated with walking endurance changes. During 3 months following stroke, respira-
tory muscle strength did not recover to healthy subjects.
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Stroke results in variable disabilities such as limb weak-

ness, spasticity, pain, psychosocial issues ( including de-

pression, cognitive decline, and social isolation), language

impairments, and functional limitations, including problems

with walking, standing, and inability to perform several ac-

tivities of daily living (ADLs)1). Respiratory dysfunction is

also one of the impairments seen in stroke patients. The res-

piratory muscle functions of the diaphragm and intercostal

muscles more decreased in the paretic side compared to the

healthy side in stroke patients2,3); chest wall kinematics were

also decreased in the paretic side4). Additionally, forced vi-

tal capacity (FVC) and forced expiratory volume in 1 sec

(FEV1.0) were reduced by at least 10% and 15%, respec-

tively, in stroke patients compared with healthy subjects5).

Thus, respiratory dysfunction for stroke patients may be

largely due to respiratory muscle impairments.

In patients with chronic stroke, inspiratory and expira-

tory muscle strength can be markedly decreased. Teixeira-

Salmela et al. reported a maximal inspiratory pressure

(MIP) and maximal expiratory pressure (MEP) of 74.2%

and 66.7%6), respectively, in stroke patients compared with

controls. Whereas, Lista et al. reported these values as
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55.5% and 60.6% 7 ) , respectively. Respiratory muscle

strength is also related with cough capacity, which is linked

with aspiration pneumonia, walking speed, walking toler-

ance, and physical activity 7-12 ) . Additionally, respiratory

muscle strength has been associated with sarcopenia in

older adults13); hence, it may also be associated with stroke.

Since reduction in respiratory muscle strength may cause

limitations the daily lifestyle of stroke patients, respiratory

muscle strength should be monitored during stroke rehabili-

tation.

Respiratory muscle strength is significantly increased

from the onset of stroke in sub-acute stroke patients 14 ) .

However, the inspiratory and expiratory muscle strength re-

covery process is poorly understood. Expiratory muscle

strength is associated with trunk control and cough, while

inspiratory muscle strength is associated with walking en-

durance 7,15,16 ) ; hence, there may be different associations

with physical functions between the expiratory and inspira-

tory muscle strength, in patients with stroke. Thus, a

knowledge of the difference between inspiratory and expi-

ratory muscle strength may be helpful in stroke rehabilita-

tion. The effort for breathing is lower during expiration

than during inspiration 17 ) , and the expiratory muscle

strength is higher than the inspiratory muscle strength.

Therefore, our hypothesis is that the expiratory muscle

strength may be easier to recover than the inspiratory mus-

cle strength. Respiratory muscle strength may also be more

decreased in severe stroke patients; hence, this knowledge

may be important for patients requiring long-term hospitali-

zation.

Moreover, respiratory muscle strength was related to

cough function8) which could lead to respiratory complica-

tions 9 ) . Thus, by investigating the amount of muscle

strength recovery and comparing with healthy subjects,

valuable insights may be provided on the effects of respira-

tory dysfunction.

The present study aimed to determine the recovery

process of respiratory muscle strength during the 3 months

after stroke onset in recovery stage stroke patients; we also

investigated the association between changes in respiratory

muscle strength and physical functions. Additionally, we

compared the respiratory muscle strength of these patients

with healthy subjects of the same age.

Method

Study design and subjects
The present study had a prospective observational de-

sign with an initial and two follow-up assessments (within

3 months). Although neurological recovery was gradual,

with 95 % of stroke patients gaining complete functional

recovery within 12.5 weeks from onset, the pattern of re-

covery depends on the time from stroke onset and the

stroke severity18 ) . Therefore, 3 months from stroke onset

were divided into three measurement periods; 1 month (30

days), 2 months (60 days), and 3 months (90 days) after

stroke onset. The study involved consecutive patients with

stroke who were admitted to the rehabilitation unit at Itami

Kousei Neurosurgical Hospital between October 2016 and

August 2017. A total of 119 patients were initially enrolled.

The inclusion criterion was patients who were admitted to

the rehabilitation unit within 30 days from stroke onset.

The exclusion criteria were as follows: 1) a history of se-

vere musculoskeletal disease; 2) severe cardiopulmonary

disease; 3) psychiatric diseases; 4) a premorbid modified

Rankin Scale (mRS) score of >2 implying moderate to se-

vere disability19); 5) patients who could not understand the

measurement because of aphasia, which was assessed by

their medical records, and those who could not give in-

formed consent due to loss of consciousness, dementia, or

non-cooperation; and 6) those who were discharged in less

than 90 days from stroke onset due to the absence of severe

disability requiring long-term hospitalization ( Fig. 1 ) .

Healthy subjects were also recruited via hospital-based ad-

vertisements; 24 subjects were initially enrolled, and the in-

clusion criterion was > 40 years of age. Additionally,

healthy subjects who had cardiopulmonary disease were ex-

cluded, because the condition could affect the measurement

of respiratory function; the subjects with lower respiratory

functions (predicted FVC < 80% and FEV1.0/FVC < 70 %)

were also excluded. Finally, 19 healthy subjects were in-

cluded. This study was approved by the Konan Women’s

University Research Committee (acknowledgment number:

2015020), and all participants provided informed consent

according to the ethical standards set forth in the Declara-

tion of Helsinki.

Patient demographics and clinical characteristics
Patient characteristics were recorded as follows; age,

sex, height, weight, stroke type (cerebral infarction and in-

tracerebral hemorrhage), affected side, and National Insti-

tutes of Health Stroke Scale (NIHSS) at stroke onset. The

body mass index (BMI) was calculated by dividing the

body weight by the square of the height (kg/m2). FVC and

FEV1.0% were assessed in the upright position using a spi-

rometer ( Autospiro AS-507, MINATO Medical Science

Corporation, Osaka, Japan ) at 30 days (1 month ) from

stroke onset. For healthy subjects, age, sex, height, weight,

BMI, and respiratory function (FVC and FEV 1.0) were as-

sessed in arbitrary timing.

Outcome measurements
Respiratory muscle strength

Respiratory muscle strength was assessed with the pa-

tient in an upright position using a respiratory muscle meas-

urement unit of a spirometer (Autospiro AS-507, MINATO

Medical Science Corporation), which measures the MEP

and MIP in cm H2O units. These methods were in accor-
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Figure　1.　Patient’s flowchart.

Hospitalized patients at rehabilitation unit (n = 119)

Excluded (n = 58)
History of severe disease (n = 9)
Pre-morbid modified Rankin Scale > 2 (n = 12)
Lack of consent

(loss of consciousness, aphasia, dementia, non-cooperation) (n = 37)

Assessed for eligibility (n = 42)

Excluded (n = 23)
Discharge less than 90 days from stroke onset (n = 23)

Met the criteria (n = 19)

Excluded (n = 19)
Admission after 30 days from stroke onset (n = 19)

Admission less than 30 days from stroke onset (n = 100)

dance with the suggestions of the American Thoracic Soci-

ety/European Respiratory Society20 ) . A nose clip was at-

tached to the patients’ noses, while the mouthpiece was

supported by their non-paretic upper limb. Assistance was

rendered by the evaluator when required. For the measure-

ment of MIP, subjects performed maximal expiratory

breathing until the residual volume ( RV ) was reached ;

thereafter, maximal inspiratory effort was performed for at

least three seconds from the RV. Subsequently, for the

measurement of MEP, subjects performed maximal inspira-

tory breathing until the total lung capacity ( TLC ) was

reached; maximal expiratory effort was then performed for

at least 3 seconds from the TLC. At least two practice

measurements were conducted before the actual measure-

ment. Measurements were performed twice, with a 30-s rest

period in between. The higher value of MIP and MEP were

used for statistical analyses. MIP and MEP measurements

were assessed at 1 month (30 days), 2 months (60 days),

and 3 months (90 days) from stroke onset. However, for

healthy subjects, respiratory muscle strength (MIP and

MEP) were assessed at arbitrary times, and the predictive

value of MIP and MEP were calculated by the following

formula21) to confirm normality.

Men: MIP = 131 − 0.79 * age.

MEP = 149 − 0.59 * age.

Women: MIP = 102 − 0.69 * age.

MEP = 93 − 0.33 * age.

Physical Functions
The motricity index (MI) on arm and leg22 ) were as-

sessed as weakness on the hemiplegic side at 1 month (30

days), 2 months (60 days), and 3 months (90 days) from

stroke onset. Each section was scored from 0 to 100, where

0 designates complete motor function loss. The arm (pinch

grip, elbow flexion, and shoulder abduction) and leg (ankle

dorsiflexion, knee extension, hip flection) were used for the

assessment in this study. There were six levels on the scale

for each joint: 1) no movement (scores 0); 2) palpable con-

traction but no movement (scores 9); 3) movement seen but

not full range (scores 14); 4) movement against gravity but

not resistance (scores 19); 5) movement against gravity and

resistance but weaker than on the other side (scores 25),

and 6) normal power (scores 33)23,24 ) . The addition of the

scores for all the joints for one limb plus 1 point yields an

“arm score” or “leg score”.

The trunk control test (TCT)25) was assessed as trunk

movement at 1 month (30 days), 2 months (60 days), and 3

months (90 days) from stroke onset. The patient lies supine

on the bed, and is asked to perform the following move-

ments: 1) roll to the hemiplegic side, 2) roll to the non-

hemiplegic side, 3) sit up from lying down, and 4) sit in a

balanced position on the edge of the bed with the feet off

the ground for a minimum of 30 seconds. There are three

levels on the scale for each movement: 1) unable to perform

movement without assistance (scores 0); 2) able to perform

movement, but in an abnormal style (scores 12); and 3) able

to complete movement normally (scores 25).

The 6-minute walk test (6 MWT ) distance was as-

sessed as ambulatory function at 1 month (30 days ) , 2

months (60 days), and 3 months (90 days) from stroke on-

set. A 30-m indoor walkway was used during the test,

which was introduced to patients according to the American

Thoracic Society guidelines26 ). Patients were instructed to

walk from the start line to the end of the walkway as far as

possible for 6 minutes; no verbal encouragement or feed-

back was given. The distance covered within the 6 minutes

was subsequently recorded.
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The functional independence measure (FIM)27) was as-

sessed as the ADL score at 1 month (30 days), 2 months

(60 days), and 3 months (90 days) from stroke onset. The

score measures 18 items, with each item ranging in value

from 1 to 7, where 1 indicates complete dependence and 7

for complete independence in that item. The scale was de-

signed so that the ratings on 18 to 126. The FIM was rated

by clinical observation in the rehabilitation unit.

Statistical analyses
Descriptive statistics were represented as number (per-

centages) and means (standard deviations (SD)). Student’s

t-test and chi-squared test were used to compare the charac-

teristics between stroke patients and healthy subjects. Re-

peated one-way analysis of variance (ANOVA) was used to

compare the change in respiratory muscle strength during

each period in stroke patients. When a statistically signifi-

cant effect was found, the difference were determined with

Bonferroni post-hoc test. The change of respiratory muscle

strength and physical functions were calculated by subtract-

ing the value at 1 month from the value at 3 months

(ΔMEP, ΔMIP, ΔMI on arm score, ΔMI on leg score,

ΔTCT, Δ6MWT, ΔFIM). Pearson’s correlation coefficient

was computed for changes in respiratory muscle strength

and physical functions. Student’s t-test was also used to

compare respiratory muscle strength between stroke pa-

tients at 3 months from onset and healthy subjects. Statisti-

cal significance was set at p < 0.05; all analyses were per-

formed using JMP version 10.0 software (SAS Institute Ja-

pan, Tokyo, Japan).

Results

Patient demographics and clinical characteristics
During the study period, 119 patients were admitted to

the rehabilitation unit at Itami Kousei Neurosurgical Hospi-

tal. Among these, 100 patients were excluded from this

study, while 19 met the inclusion criteria (Figure 1). Demo-

graphics in stroke patients and healthy subjects are pre-

sented in Table 1.

Recovery process of respiratory muscle strength after
stroke

Changes in respiratory muscle strength in each period

are presented in Figure 2. Mean values (SD) of MIP data

were 37.6 (19.6) cmH2O, 44.3 (24.8) cmH2O, and 48.1

(25.1) cmH2O at 1 month, 2 months, and 3 months, respec-

tively. Mean values of MEP data were 46.1 (19.8) cmH2O,

55.8 (26.5) cmH2O, and 63.1 (30.1) cmH2O in 1 month, 2

months, and 3 months, respectively. Repeated one-way

ANOVA showed significant differences among each period

in inspiratory (p = 0.006) and expiratory muscle strength (p
= 0.001). Paired t-test with Bonferroni’s method showed

that inspiratory muscle strength significantly increased at 3

months compared to 1 month (p = 0.004). However, there

were no significant changes between 1 and 2 months, and

between 2 and 3 months. Additionally, expiratory muscle

strength significantly increased at 2 ( p = 0.015 ) and 3

months (p = 0.004), compared to that at 1 month. Although

there were no significant changes between 2 and 3 months

(p = 0.058).

Association of respiratory muscle strength changes with
physical functions changes

Table 2. shows the changes in respiratory muscle

strength and physical functions during 3 months from

stroke onset. Table 3. shows the association of the changes

between respiratory muscle strength with physical func-

tions. ΔMIP was significantly associated with Δ6MWT (r =

0.597, p = 0.007), whereas ΔMEP was not significantly as-

sociated with any physical functions changes.

Comparison of respiratory muscle strength to healthy sub-
jects

Table 4. presents the comparison of respiratory muscle

strength between stroke patients at 3 months from stroke

onset and healthy subjects. The mean (SD) predictive val-

ues of MIP and MEP in healthy subjects were 91.9% and

94.3%, respectively. Mean (SD) values of MIP and MEP at

3 months from stroke onset were 48.1 (25.1) cmH2O and

63.1 (22.3) cmH2O, respectively; these were respectively

75.3% and 73.7% of measurements of healthy subjects. Ad-

ditionally, inspiratory (p = 0.048 ) and expiratory ( p =

0.016) muscle strength were significantly lower at 3 months

in stroke patients than in healthy subjects.

Discussion

This study determined the recovery process of respira-

tory muscle strength during the 3 months after stroke onset

in recovery-stage stroke patients. We also investigated the

association between changes in respiratory muscle strength

and physical functions. Additionally, we compared the res-

piratory muscle strength of these patients to that of healthy

subjects. Consequently, inspiratory muscle strength was

significantly increased at 3 months compared with 1 month

from onset, and expiratory muscle strength was signifi-

cantly increased at 2 and 3 months compared with 1 month

from onset. This study indicated that respiratory muscle

strength is recovered during the first 3 months after stroke

onset. However, the recovery trends may vary and the expi-

ratory muscle strength may be recovered faster than inspira-

tory muscle strength. ΔMIP was positively correlated to

Δ6MWT, which implies that the recovery of inspiratory

muscle strength may be related to walking ability. Com-

pared with healthy subjects, inspiratory and expiratory mus-

cle strength of stroke patients at 3 months after stroke were

lower. Hence, the present study indicates that respiratory
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Table　1.　Clinical characteristics

Stroke Patients
(mean (SD))

Healthy Subjects
(mean (SD))

p value

Age (year) 66.6 (11.6) 66.8 (9.0) 0.951

Sex (female), n(%) 8 (42.1) 8 (42.1) 1.000

Height (cm) 161.8 (7.0) 160.4 (7.4) 0.544

Weight (kg) 63.8 (11.8) 59.6 (7.4) 0.203

Body mass index (kg/m2) 24.2 (3) 23.1 (1.8) 0.186

Type of stroke, n (%)

Cerebral infaction 10 (53)

Intracerebral hemorrhage 9 (47)

Affected side, n (%)

Right 5 (26)

Left 14 (74)

NIHSS at stroke onset (score) 10.1 (3.8)

NIHSS at admitted to recovery unit (score) 6.4 (3.7)

Respiratory function at 1 month from stroke onset

FVC (L) 2.55 (0.67) 3.05 (0.61) 0.022

Predicted FVC (%) 82.6 (16.6) 100.7 (11.7) <0.001

FEV1.0 (L) 2.07 (0.68) 2.60 (0.50) 0.013

FEV1.0/FVC (%) 80.9 (12.6) 84.9 (7.0) 0.229

Physical function at 1 month from stroke onset

MI on arm (score) 48.2 (34.5)

MI on leg (score) 59.3 (27.7)

TCT (score) 81.8 (27.8)

6MWT (m) 153.3 (173.3)

Walking independence, n (%) 3 (15.8)

FIM (score) 76.1 (21.8)

Student’s t-test and chi-squared test were used to compare the characteristics between stroke patients and 

healthy subjects. Statistical significance level was set at <0.05.

NIHSS; National Institutes of Health Stroke Scale, FVC; Forced vital capacity, FEV; Forced expiratory vol-

ume, MI; Motricity index, TCT; trunk control test, 6MWT; 6-minute walk test, FIM; functional independence 

measure

muscle strength may recover to approximately 80% of that

of healthy subjects during the 3 months after stroke onset;

however, it did not recover to the full level of healthy sub-

jects.

Respiratory muscle strength was significantly in-

creased during the 3 months after stroke onset. However,

the trends of recovery are different, and expiratory muscle

strength may recover faster than inspiratory muscle

strength. Similar results were reported only in one study, in

which respiratory muscle (inspiratory and expiratory mus-

cle) strength was significantly increased from onset in sub-

acute stroke patients14). These data may partially support our

study. Electromyograms of the intercostal muscles and of

the diaphragm and diaphragmatic movement measured by

ultrasound were decreased in the paretic side compared

with the healthy side in stroke patients2,3). Additionally, the

activation of abdominal muscles on the affected side was

reduced and delayed relative to the unaffected side in stroke

patients28 ) . These muscle impairments may be the major

cause of decreased respiratory muscle strength after stroke.

Although one study reported that there were changes in the

thickness of the abdominal wall muscle in stroke patients29),

there are no studies on diaphragmatic activation or thick-

ness changes. Therefore, the recovery processes of respira-

tory muscles are poorly understood. The present study may

thus provide a hint about the recovery process of respira-

tory muscle strength after stroke. We were unable to con-

firm these mechanisms in our study. However, since the

work of breathing was lower during expiration than during

inspiration17), expiratory muscle strength may be easier to

recover in stroke patients. Additionally, the trunk control

was associated with MEP not MIP15). However, this correla-

tion of MEP with TCT was not correlated in our study, pos-

sibly due to the small sample size. Thus, further studies are

needed to investigate the changes in the movements, thick-

ness, and electromyograms of respiratory muscles including

the diaphragm, intercostal, and abdominal muscles in pa-

tients after stroke.
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Figure　2.　Recovery process of respiratory muscle strength.

Recovery process of respiratory muscle strength in each of the 

19 stroke patients are presented. Repeated one-way analysis of

variance was used to compare the change in respiratory muscle 

strength during each period in stroke patients. Paired t-test with 

Bonferroni post hoc test was also used.
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Table　2.　Change of respiratory muscle strength and physical functions during 3 month from stroke onset

1 month 2 month 3 month
Changes value from 
1 month to 3 month

MIP (cm H2O), (SD) 37.6 (19.6) 44.3 (24.8) 48.1 (25.1) 10.4 (13.8)

MEP (cm H2O), (SD) 46.1 (19.8) 55.8 (26.5) 63.1 (30.1) 17.1 (22.3)

MI on arm (score), (SD) 48.2 (34.5) 54.3 (32.4) 58.7 (30.3) 10.5 (8.2)

MI on leg (score) , (SD) 59.3 (27.7) 67.2 (24.1) 71.3 (22.2) 12.1 (10.1)

TCT (score), (SD) 81.8 (27.8) 94.6 (14.4) 97.5 (4.9) 16.1 (24.9)

6MWT distance (m) , (SD) 153.3 (173.3) 280.3 (153.8)* 314.9 (158.9) 161.6 (160.6)

FIM (score), (SD) 76.1 (21.8) 92.6 (19.0) 99.1 (16.9) 23.1 (13.1)

MIP; Maximal inspiratory pressure, MEP; Maximal expiratory pressure, MI; Motricity index, TCT; Trunk 

control test, 6MWT; 6-minute walk test, FIM; Functional independence measure

*; two patients could not be measured 6MWT (n=17)

We found a positive correlation between ΔMIP and

Δ6MWT, which implies that the recovery of inspiratory

muscle strength may be related to walking ability. For

chronic patients with stroke, 6MWT was positively corre-

lated to MIP7 ) , and non-community ambulators (walking

speed < 0.8 m/s) had lower predicted MIP values than com-

munity ambulators (�0.8 m/s ) 11 ) . Moreover, inspiratory

training can improve cardiopulmonary functions, such as

FVC, FEV1.0, vital capacity, forced expiratory flow rate 25-

75%, and maximum voluntary ventilation; it could also lead

to higher peak oxygen consumption (�O2 peak) in patients

with stroke (time since stroke: 5 month)30). For patients with

post-myocardial infarction, MIP showed a positive correla-

tion with�O 2 peak 31 ) . Thus, inspiratory muscle strength

seems to contribute to walking ability or exercise tolerance

in chronic patients with stroke; these studies support our

current results. Our study also indicates that changes in in-

spiratory muscle strength and walking ability are signifi-

cantly related in patients with stroke in the sub-acute phase;

therefore, it should be considered that inspiratory muscle

strength recovery may be associated with walking ability

recovery.

In comparison with healthy subjects, inspiratory and

expiratory muscle strength in stroke patients were signifi-

cantly decreased at 75.3% and 73.7%, respectively, at 3

months after stroke onset. Additionally, for chronic stroke

patients, inspiratory and expiratory muscle strength were

respectively decreased to 74.2% and 66.7%, respectively,

of the levels of healthy patients in one study6), and to 55.5%

and 60.6%, respectively, in another study7). The predicted

value of MIP and MEP were 69.8% and 71.6%, respec-

tively, in acute mild stroke patients32) and 42.0% and 41.2%,

respectively, in subacute stoke patients33). These differences

may be due to age, stroke severity, and time from stroke

onset. The present study included patients with an average

age of 66.6 years at the onset of stroke with moderate se-

verity, and the average NIHSS score was 6.4 at admission

to the recovery unit. Our study suggested that moderate

stroke patients recover approximately 70% of the respira-

tory muscle strength of healthy subjects during the 3

months after stroke onset. Respiratory muscle strength has

also been shown to be related to walking speed, walking

tolerance, and physical activity7,11,12 ) . Although it is highly

possible that the reduction in respiratory muscle may cause

limitations in daily living of stroke patients, the influence

on daily living may be alleviated due to the recovery of res-

piratory muscle strength at 3 months from stroke onset.
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Table　3.　 Association of respiratory muscle strength 

change with physical functions change

ΔMIP ΔMEP

r value p value r value p value

ΔMI on arm 0.361 0.129 0.059 0.810

ΔMI on leg 0.343 0.151 -0.175 0.474

ΔTCT 0.191 0.433 -0.295 0.220

Δ6MWT 0.597 0.007 0.099 0.686

ΔFIM 0.372 0.117 -0.064 0.795

Pearson’s correlation coefficients were computed between 

respiratory muscle strength changes and respiratory, phys-

ical functions changes. Statistical significance level was 

set at <0.05.

MIP; Maximal inspiratory pressure, MEP; Maximal expi-

ratory pressure, MI; Motricity index, TCT; trunk control 

test, 6MWT; 6-minute walk test, FIM; functional indepen-

dence measure

Table　4.　 Comparison of respiratory muscle strength between stroke patients at 3 month from stroke onset and 

healthy subjects

stroke patients healthy subjects

Subjects 
No.

Age Sex BMI MIP MEP
Subjects 

No.
Age Sex BMI MIP MEP

 1 63 F 24.7 27.8 56.7  1 61 M 24.2 95.7 85.8

 2 49 F 24.3 32.3 43.2  2 74 M 26.5 44.6 93.2

 3 68 M 24.4 20.3 57.6  3 68 M 24.9 49.2 69.4

 4 51 M 29.4 63.8 117  4 68 M 21.6 51.9 55.9

 5 73 M 25.6 24.6 21.9  5 66 M 22.2 108 133

 6 81 M 25.3 18.9 43.4  6 83 M 25.9 38.7 83

 7 70 F 25.7 75.6 67.1  7 52 F 24.3 61.6 69.1

 8 66 F 19.8 76.2 59.2  8 54 F 21.2 50.2 53.5

 9 80 F 24.1 28.2 45.6  9 48 F 23.8 55.6 59.8

10 87 M 21.7 45.5 63.1 10 80 F 21.4 47.5 59.7

11 71 M 23.2 76.9 117 11 68 M 22.2 71.0 101

12 79 F 22.2 49.1 65.3 12 69 M 22.0 52.8 99.1

13 53 F 21.5 23.8 31.8 13 63 F 23.4 76.4 78.7

14 67 M 20.4 28.1 27.9 14 72 F 24.6 40.2 65.3

15 54 M 31.0 108 129 15 66 M 23.7 109.6 105.6

16 68 F 20.9 33.1 64.1 16 63 M 21.6 65.9 95.6

17 75 M 25.8 67.5 86.7 17 66 F 18.8 37.6 76.7

18 64 M 27.7 49.1 42.6 18 78 M 22.9 79.5 99.8

19 47 M 22.2 64.5 60 19 71 F 23.8 77.3 143

Mean 
(SD)

66.6 
(11.6)

24.2 
(3.0)

48.1 
(25.1)

63.1 
(22.3)

66.8 
(9.0)

23.1 
(1.8)

63.9 
(30.1)*

85.6 
(24.8)*

*: p<0.05 v.s. stroke patients at 3 monts from stroke onset

BMI; Body mass index, MIP; maximal inspiratroy pressure, MEP; maximal expiratory pressure

The study has several limitations. First, this study had

a small sample size. Patients who could not be followed up

during the study period were excluded, as were those from

whom consent could not be obtained. Thus, the present

findings are not applicable to all stroke patients. Second,

the factors related to an increase in respiratory muscle

strength were not examined. Thus, a well-designed, large,

cohort or interventional study is required to investigate the

related factors. Third, follow-up in the present study ended

at 3 months; thus, it is not clear if the process of recovery of

respiratory muscle strength continues after 3 months or how

long recovery lasts. Finally, other respiratory measurements

such as chest wall kinematics, diaphragm, and intercostal

muscles activation were not measured. Hence, additional

studies are required to investigate the detailed long-term re-

covery of respiratory function after stroke.

Conclusion

This study investigated the process of respiratory mus-

cle strength recovery and association between changes in

respiratory muscle strength and physical functions in

recovery-stage stroke patients. It also compared the respira-

tory muscle strength in these patients to that of healthy sub-

jects. Consequently, respiratory muscle strength was in-

creased at 3 months after stroke onset. However, the recov-

ery trend was different as MEP recovered faster than MIP.

Changes in inspiratory muscle strength and walking ability

are significantly related in patients with stroke in the sub-
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acute phase. Therefore, it should be considered that inspira-

tory muscle strength recovery may be associated with walk-

ing ability recovery. Additionally, during the 3 months

from stroke onset, respiratory muscle strength after stroke

did not recover to the levels seen in healthy subjects. There-

fore, in the rehabilitation during the 3 months after stroke

onset, the influence of respiratory muscle strength should

be considered.

Acknowledgments: The authors thank the individuals

who participated in the present study. The authors also

thank the physical therapy staff in the Department of Reha-

bilitation at Itami Kousei Neurosurgical Hospital for their

assistance.

Conflict of Interest: None.

References
1) Norrving B and Kissela B: The global burden of stroke and need

for a continuum of care. Neurology. 2013; 80: S5-12.

2) De Troyer A, Zegers De Beyl D, et al.: Function of the respira-

tory muscles in acute hemiplegia. Am Rev Respir Dis. 1981;

123: 631-632.

3) Cohen E, Mier A, et al.: Diaphragmatic movement in hemiple-

gic patients measured by ultrasonography. Thorax. 1994; 49:

890-895.

4) Lanini B, Bianchi R, et al. : Chest wall kinematics in patients

with hemiplegia. Am J Respir Crit Care Med. 2003; 168: 109-

113.

5) Ezeugwu VE, Olaogun M, et al. : Comparative lung function

performance of stroke survivors and age-matched and sex-

matched controls. Physiother Res Int. 2013; 18: 212-219.

6) Teixeira-Salmela LF, Parreira VF, et al.: Respiratory pressures

and thoracoabdominal motion in community-dwelling chronic

stroke survivors. Arch Phys Med Rehabil. 2005; 86: 1974-1978.

7) Lista Paz A, González Doniz L, et al. : Respiratory Muscle

Strength in Chronic Stroke Survivors and Its Relation With the

6-Minute Walk Test. Arch Phys Med Rehabil. 2016; 97: 266-

272.

8) Jo MR and Kim NS : The correlation of respiratory muscle

strength and cough capacity in stroke patients. J Phys Ther Sci.

2016; 28: 2803-2805.

9) Menezes KK, Nascimento LR, et al.: Respiratory muscle train-

ing increases respiratory muscle strength and reduces respiratory

complications after stroke: a systematic review. J Physiother.

2016; 62: 138-144.

10) Smith Hammond CA, Goldstein LB, et al.: Predicting aspiration

in patients with ischemic stroke: comparison of clinical signs

and aerodynamic measures of voluntary cough. Chest. 2009 ;

135: 769-777.

11) Pinheiro MB, Polese JC, et al.: Inspiratory muscular weakness is

most evident in chronic stroke survivors with lower walking

speeds. Eur J Phys Rehabil Med. 2014; 50: 301-307.

12) Polese JC, Pinheiro MB, et al.: Strength of the respiratory and

lower limb muscles and functional capacity in chronic stroke

survivors with different physical activity levels. Braz J Phys

Ther. 2013; 17: 487-493.

13) Ohara DG, Pegorari MS, et al.: Respiratory Muscle Strength as a

Discriminator of Sarcopenia in Community-Dwelling Elderly: A

Cross-Sectional Study. J Nutr Health Aging. 2018; 22: 952-958.

14) Kulnik ST, Birring SS, et al.: Does respiratory muscle training

improve cough flow in acute stroke? Pilot randomized con-

trolled trial. Stroke. 2015; 46: 447-453.

15) Jandt SR, Caballero RM, et al.: Correlation between trunk con-

trol, respiratory muscle strength and spirometry in patients with

stroke: an observational study. Physiother Res Int. 2011; 16:

218-224.

16) Kim NS: Correlation between grip strength and pulmonary func-

tion and respiratory muscle strength in stroke patients over 50

years of age. J Exerc Rehabil. 2018; 27: 1017-1023.

17) Smith JR, Cross TJ, et al.: Resistive and elastic work of breath-

ing in older and younger adults during exercise. J Appl Physiol

(1985). 2018; 125: 190-197.

18) Jørgensen HS, Nakayama H, et al.: Outcome and time course of

recovery in stroke. Part II: Time course of recovery. The Copen-

hagen Stroke Study. Arch Phys Med Rehabil. 1995; 76: 406-

412.

19) van Swieten JC, Koudstaal PJ, et al. : Interobserver agreement

for the assessment of handicap in stroke patients. Stroke. 1988;

19: 604-607.

20) American Thoracic Society/European Respiratory Society: ATS/

ERS Statement on respiratory muscle testing. Am J Respir Crit

Care Med. 2002; 166: 518-624.

21) Nishimura Y, Maeda H, et al.: The effect of aging on respiratory

muscle function. Nihon Kyobu Shikkan Gakkai Zasshi. 1991;

29: 795-801.

22) Demeurisse G, Demol O, et al. : Motor evaluation in vascular

hemiplegia. Eur Neurol. 1980; 19: 382-389.

23) Cameron D and Bohannon RW: Criterion validity of lower ex-

tremity Motricity Index scores. Clin Rehabil. 2000; 14: 208-211.

24) Tyson SF, Chillala J, et al.: Distribution of weakness in the up-

per and lower limbs post-stroke. Disabil Rehabil. 2006; 28: 715-

719.

25) Collin C and Wade D: Assessing motor impairment after stroke:

a pilot reliability study. J Neurol Neurosurg Psychiatry. 1990;

53: 576-579.

26) : ATS statement: guidelines for the six-minute walk test. Am J

Respir Crit Care Med. 2002; 166: 111-117.

27) Stineman MG, Shea JA, et al. : The Functional Independence

Measure: tests of scaling assumptions, structure, and reliability

across 20 diverse impairment categories. Arch Phys Med Reha-

bil. 1996; 77: 1101-1108.

28) Dickstein R, Shefi S, et al.: Electromyographic activity of vol-

untarily activated trunk flexor and extensor muscles in post-

stroke hemiparetic subjects. Clin Neurophysiol. 2004; 115: 790-

796.

29) Seo D, Lee S, et al.: Comparison of the changes in thickness of

the abdominal wall muscles of stroke patients according to the

duration of their illness as observed using ultrasonographic im-



Recovery of Respiratory muscle strength in stroke patients 131

ages. J Phys Ther Sci. 2013; 25: 817-819.

30) Sutbeyaz ST, Koseoglu F, et al.: Respiratory muscle training im-

proves cardiopulmonary function and exercise tolerance in sub-

jects with subacute stroke: a randomized controlled trial. Clin

Rehabil. 2010; 24: 240-250.

31) Neves LM, Karsten M, et al.: Relationship between inspiratory

muscle capacity and peak exercise tolerance in patients post-

myocardial infarction. Heart Lung. 2012; 41: 137-145.

32) Luvizutto GJ, Dos Santos MRL, et al.: Evaluation of Respira-

tory Muscle Strength in the Acute Phase of Stroke: The Role of

Aging and Anthropometric Variables. J Stroke Cerebrovasc Dis.

2017; 26: 2300-2305.

33) Messaggi-Sartor M, Guillen-Solà A, et al.: Inspiratory and expi-

ratory muscle training in subacute stroke: A randomized clinical

trial. Neurology. 2015; 85: 564-572.


