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	 Background:	 The purpose of this study was to examine the inter- and intra-rater reliability of an electronic inspiratory load-
ing device for the assessment of pulmonary functions: maximum inspiratory pressure, peak inspiratory flow, 
and vital capacity.

	 Material/Methods:	 Subjects were 50 patient volunteers in a rehabilitation hospital who had experienced their first episode of 
unilateral stroke with hemiparesis during the previous 6 months (26 men, 24 women; mean age [±SD], 55.96 
[±12.81] years), with no use of medications that could induce drowsiness, evidence of restrictive lung disease, 
history of asthma, use of psychotropic drugs, or alcohol consumption habit.

		  Maximum inspiratory pressure, peak inspiratory flow, and vital capacity for pulmonary functions were assessed 
using an electronic inspiratory loading device (PowerBreathe, K5, 2010) by 2 examiners, with patients in an 
unassisted sitting position, and 1 examiner re-assessed with same patients at the same time of a day after 1 
week. Intra-class correlation coefficients were used to assess reliability.

	 Results:	 Intra-rater reliability ranged from intra-class correlation coefficients (ICCs)=0.959 to 0.986 in variables. For the 
inter-rater reliability between 2 examiners, the ICCs ranged from 0.933 to 0.985. Intra-rater and inter-rater re-
liability were good in variables (maximal inspiratory pressure, peak inspiratory flow, and vital capacity).

	 Conclusions:	 The intra- and inter-examiner reliability of the pulmonary function measurements, maximum inspiratory pres-
sure, peak inspiratory flow, and vital capacity, for the post-stroke patients was very high. The results suggest 
that the electronic inspiratory loading device would be useful for clinical rehabilitative assessment of pulmo-
nary function.
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Background

Respiratory dysfunction in stroke patients is caused by weaken-
ing of the trunk and respiratory muscles and reduced physical 
activity due to loss of normal postural control resulting from a 
lesion in the central nervous system [1,2]. Because weakening 
of respiratory muscles decreases exercise endurance, function-
al locomotion, and independent walking ability [3], strengthen-
ing of respiratory muscle plays an important role in the func-
tional recovery of post-stroke patients.

Post-stroke patients have partial or total weakening of the di-
aphragm, intercostal, and abdominal muscles on the affected 
side [4,5]. There is also a significant decrease in maximal re-
spiratory pressure in post-stroke patients compared with that 
in healthy individuals [5]. About 40% of stroke patients show 
a reduction in diaphragm displacement and a decrease in lung 
function to 50% of the age-expected values [6,7]. Both residu-
al volume (RV) and vital capacity (VC) are affected, leading to 
respiratory muscle weakness. Recent research reported that 
inspiratory muscle training is effective in improving activities 
of daily living, walking ability, quality of life, respiratory muscle 
strength, and endurance in stroke patients [8,9]. Thus, assess-
ment of respiratory muscle strength may be useful to monitor 
the improvement in patient health over time, identify those at 
risk of hypoventilation, and determine the impact of respira-
tory muscle training, and can assess respiratory muscle weak-
ness and quantify its severity [10].

Maximal inspiratory pressure (MIP) is a widely used, clinical-
ly relevant indicator of the effect of respiratory training. The 
MIP is generated during the Müller maneuver, which involves a 
forced expiration, followed by an attempt at inspiration made 
with the mouth and nose closed, which leads to a negative 
pressure in the chest and lungs. It is the volitional force out-
put of the inspiratory muscles working in synergy, and is an 
established and reliable measure of global inspiratory mus-
cle strength [11,12].

Previous studies have reported that respiratory muscle training 
improves muscle function in acute stroke patients [13] and in-
spiratory muscular weakness is evident in chronic stroke sur-
vivors [14]. However, data on the reliability of measurements 
used in inspiratory muscle training and respiratory functions 
for post-stroke patients are lacking. Peak inspiratory flow (PIF), 
at a given volume, depends on the airway caliber as well as 
the strength and speed of shortening of the inspiratory mus-
cles [15]. The muscle-training device is an electronic inspiratory 
loading device, and can provide automatically processed infor-
mation for the MIP, PIF, and VC during loaded breathing tasks.

The purpose of this study was to determine the intra- and in-
ter-reliability for measurement of pulmonary function values, 

MIP, PIF and VC. Our hypothesis is that the electronic inspira-
tory loading device is sufficiently reliable for pulmonary func-
tion tests in post-stroke patients.

Material and Methods

Subjects

Fifty post-stroke patients from the M Rehabilitation Hospital 
in Seoul, Republic of Korea, volunteered and participated in 
this study. A physical assessment and interview were initially 
conducted with all individuals to collect anthropometric and 
demographic data (gender, age, height, weight, body mass in-
dex [BMI], affected side, onset time of stroke, and use of med-
ications). A summary of the general characteristics of subjects 
is provided in Table 1. A questionnaire was administered to 
gather information related to the work environment, smok-
ing history, recent respiratory infections, and the presence or 
absence of lung and heart disease. The data were used as pa-
rameters for both the analyses and interpretation of the pul-
monary function tests.

The inclusion criteria were as follows: no history of cardio-
vascular or respiratory problems, first episode of unilateral 
stroke with hemiparesis during the previous 6 months, mini 
mental status evaluation score >24, no facial palsy, no recep-
tive aphasia, and no prior thoracic or abdominal surgery. The 
exclusion criteria were as follows: use of medications that 
could affect neuromuscular control or provoke drowsiness, 
evidence of restrictive lung disease based on lung volumes, 
history of asthma, and use of psychotropic drugs or alcohol 
abuse. The study’s protocol was approved by the institution-
al review board of the Sahmyook University in Seoul and par-
ticipants gave signed consent after receiving verbal and writ-
ten information about the study.

Characteristic Mean ±SD

Gender, male/female 26/24

Age, years 	 55.96±12.81

Height, cm 	 164.77±6.97

Weight, kg 	 63.11±10.53

BMI, kg/m2 	 23.12±2.68

Affected side, left/right 29/21

Duration, days 	 228.66±150.82

Table 1. General characteristics of subjects.

SD – standard deviation; BMI – body mass index.
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Examiners

Two physical therapists participated as examiners in the re-
liability analysis. Examiner 1 had been a physical therapist 
for 2 years, and Examiner 2 had been a physical therapist for 
12 years. Neither of the examiners had evaluated pulmonary 
function using the device in their rehabilitation clinic. Before 
beginning the study, both examiners underwent 24 hours of 
specific training in educational and experimental methods for 
patients, with a professional instructor (Ph.D.) experienced with 
the measurement protocol used in this study.

Study design

The examiners tested all subjects during 2 separate sessions. 
Two measurements were performed on the same day to assess 
inter-rater reliability and to ensure that the pulmonary func-
tion parameters were unchanged [16]. After a week, 1 exam-
iner measured the variables again at the same time of a day 
to assess intra-rater reliability. The measurements were per-
formed in exactly the same way.

Experimental procedure

The electronic inspiratory loading device (PowerBreathe K5, 2010, 
HaB International Ltd, UK) was used to provide automatically 
processed information on pulmonary function (MIP, PIF, and VC) 
during loaded breathing tasks. Inspiratory muscle strength was 
assessed by measuring the MIP at RV [17]. Subjects were com-
fortably seated in a chair with their feet on the ground, their 
back unsupported, and their trunk at a 90° angle to their hips. 
To record MIP, participants were instructed to perform inspira-
tions against an obstructed airway at near-RV. A conventional 
mouthpiece and nose clip were used to prevent leakage of air. 
The pressure, which was sustained for 2–3 seconds, was recorded. 
Subjects could choose their own breathing frequency, but were 
instructed to perform forceful and deep inspirations followed by 
complete expirations. Complete expiration was indicated by an 
acoustic signal provided by the handheld loading device upon 
cessation of flow. Subjects were given strong verbal encourage-
ment but no visual feedback. Subjects performed a minimum 
of 3 efforts and the value used was the best of these. Subjects 
were allowed to practice twice and immediately afterwards 
were asked to repeat the trial until 3 acceptable measurements 
were obtained [18]. Measurements were considered acceptable 
if they were maintained, without an air leak, for duration of at 
least 1 second and if 2 readings were taken with a maximum 
difference of 10%. Between the measurements, 20 minutes of 
break time was given to patients to minimize the bias for the 
MIP, PIF, and VC due to inter-rater reliability test. The highest 
MIP values were recorded for analyses. Signals from the pneu-
motachograph were captured electronically using J-Lab software 
version 5.22.1.50 (Cardinal Health GmbH, Hoechberg, Germany).

Statistical analysis

To describe the intra- and inter-rater reliability of the electron-
ic inspiratory loading device for pulmonary functions, intra-
class correlation coefficients (ICCs) were calculated for MIP, 
PIF, and VC. ICCs of the type (3, 1) were used to evaluate the 
inter-rater reliability and type (1, 1) for intra-rater reliabili-
ty. Bland-Altman plots and 95% confidence intervals (CIs) are 
given to provide a visual representation of pressure and vol-
ume and to determine the agreement between the 2 measure-
ments [19]. ICC and Bland-Altman plots have been advocated 
as the statistical methods of choice in reliability studies [20]. 
ICCs £0.25 were considered poor, 0.26–0.49 low, 0.50–0.69 
moderate, 0.70–0.89 high, and 0.90–1.00 very high. If the slope 
of the scatter plot of 2 variables in Bland-Altman plot is Y=0, 
the 2 tests will have little error [19].

To assess measurement, standard error of measurement (SEM) 
was calculated as SD * Ö1–ICC. The 95% minimal detectable 
change (MDC) was calculated as 1.96 * SEM * Ö2 [21]. SEM and 
MDC are often used to determine the standard error of the 
measurement; their reliability ensures the accuracy and pre-
cision of the smaller observed standard error of the measured 
variable. Results were considered significant at p<0.05, and 
statistical analyses were performed using SPSS (version 18.0).

Results

A summary of results for intra-rater reliability between examin-
ers for the 3 sessions is given in Table 2. The ICCs for MIP, PIF, 
and VC were 0.986, 0.992, and 0.959, respectively. The mea-
surements were therefore considered highly reliable. A sum-
mary of results for inter-rater reliability between tests for the 
3 sessions performed is shown in Table 3. The ICCs for MIP, 
PIF, and VC were 0.984, 0.985, and 0.933, respectively. The 
measurements were therefore considered highly reliable. SEM 
for MIP, PIF, and VC varied between 3.575 and 4.380 mmH2O, 
0.003l/s and 0.057l/s, 0.122 and 0.179, respectively, and 95% 
minimal detectable change ranged from 4.917 to 7.370 mm-
H2O for MIP, 0.000 to 3.615l/s for PIF, and 0.057 to 0.123 l/s 
for TLC. Bland-Altman plots indicated good agreement, and the 
plots for inter- and intra-rater reliability are shown in Figure 1.

Discussion

Inspiratory muscle training has been used to investigate car-
diopulmonary function and exercise tolerance for chronic and 
subacute post-stroke patients [8,9]. Following a stroke, pa-
tients experience respiratory dysfunction because of reduction 
in vital capacity, inspiratory capacity, total lung capacity, maxi-
mum inspiratory capacity, and expiratory reserve volume [22]. 
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Furthermore, the efficiency of the unaffected muscles may be 
decreased due to instability of the chest wall and an inactive 
lifestyle [9]. The aim of this study was to quantify the reliabili-
ty of a respiratory muscle test device for assessing pulmonary 
function in post-stroke patients and to determine the impli-
cations of the results. The main finding suggests that the de-
scribed protocols produce reliable measurements for most of 
the inspiratory muscle function tests considered. The reliability 
of these measures supports their use in within-subject studies.

Jandt et al. studied the relationship between trunk control, re-
spiratory muscle strength, and pulmonary function in stroke 
patients, and found a positive correlation between trunk con-
trol and respiratory muscle strength, particularly in the case 
of the expiratory muscles [2]. In a study involving individuals 
with multiple sclerosis, inspiratory muscle training significant-
ly increased inspiratory muscle strength and resulted in gener-
alized improvements in expiratory pulmonary function [23]. In 
addition, inspiratory muscle training has been associated with 
breathing retraining and was found to be feasible and effective 
in patients with generalized myasthenia gravis. Improvements 
in respiratory muscle strength, chest wall mobility, respiratory 
pattern, and respiratory endurance were also observed [24]. 
However, other researchers have argued that there is insuffi-
cient evidence to support inspiratory muscle training as an ef-
fective treatment to improve function after stroke, and no evi-
dence relating to the safety of inspiratory muscle training [25].

Although electronic inspiratory loading devices have previous-
ly been used to train and examine pulmonary function, their 
reliability when used with post-stroke patients has not been 
reported, and their clinical use to date has been limited. The 
current study evaluated the intra- and inter-rater reliability of 
measures of MIP, PIF, and VC, and found that the electronic 
inspiratory loading device had very high intra-rater reliabili-
ty and very high inter-rater reliability. The 95% CIs for the in-
ter- and inter-rater reliability of MIP were narrow (0.986 and 
0.0.984, respectively). Similarly, the 95% CIs for the intra- and 
inter-rater reliability of PIF (0.992 and 0.985, respectively) and 
VC (0.959 and 0.933, respectively) were also narrow. The high 
inter- and intra-reliability for MIP, PIF, and VC suggests that 
the current study had high power.

Romer and McConnell investigated the inter-test reliability 
of non-invasive measures of respiratory muscle function, and 
suggested that measures of maximum inspiratory and expira-
tory pressure and flow all had good reliability [11]. Gosselink 
et al. reported the reliability of a threshold-loading device in 
healthy subjects and in patients with chronic obstructive pul-
monary disease (COPD). In both groups, only small variations 
in pressure were observed despite large variations in flow. The 
threshold is a reliable and reproducible device for loading in-
spiratory muscles in patients with COPD as well as in healthy 
subjects, and, similar to previous studies, showed good inter-
rater (0.881–0.992) and intra-rater (0.928–0.992) reliability [26]. 

Variables
Mean ±SD

ICC 95% CI SEM MDC
E1 E2

Maximal inspiratory 
pressure (cmH2O)

	 52.02±20.49 	 52.09±21.40 .984 .971–.991 3.575 4.912

Peak inspiratory flow (ℓ/s) 	 2.92±1.20 	 3.01±1.24 .985 .974–.992 0.006 0.000

Vital capacity (ℓ) 	 1.99±0.69 	 1.99±0.58 .933 .881–.962 0.179 0.123

Table 3. Inter-rater reliability between examiners for the variables.

E1 – examiner 1; E2 – examiner 2; SD – standard deviation; ICC – intraclass correlation coefficient; 95% CI – 95% confidence interval; 
SEM – standard error of the mean; MDC – minimal detectable change.

Variables
Mean ±SD

ICC 95% CI SEM MDC
1st test 2nd test

Maximal inspiratory 
pressure (cmH2O)

	 52.02±20.49 	 53.52±21.06 .986 .976–.992 4.380 7.370

Peak inspiratory flow (ℓ/s) 	 2.92±1.20 	 2.97±1.20 .992 .986–.995 0.003 0.011

Vital capacity (ℓ) 	 1.99±0.69 	 1.99±0.58 .959 .928–.977 0.122 0.057

Table 2. Intra-rater reliability between measures for the variables.

SD – standard deviation; ICC – intraclass correlation coefficient; 95% CI – 95% confidence interval; SEM – standard error of the mean; 
MDC – minimal detectable change.
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However, these reliabilities ranged from high to very high and 
the results showed that the procedure for the respiratory mus-
cle test was compromised to increase reliabilities.

When SEM is less than 10% of the mean value and MDC is less 
than 20% of the measured value, they are reliable because 

the measurement error is estimated low [26]. In the present 
study, SEM values of MIP, PIF, and VC were less than 10% of 
the average measured values. Also, MDC values appeared to 
be less than 10% of all the 3 variables and they increased the 
confidence level. To use electronic inspiratory loading devices 
for rehabilitation in post-stroke patients, high and constant 
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Figure 1. �Bland-Altman plots illustrating the measurement difference of maximal inspiratory pressure and peak inspiratory flow 
volume (A): Maximal inspiratory at intra-rater measurement (B): Maximal inspiratory at inter-rater measurement (C): Peak 
inspiratory flow volume at intra-rater measurement (D): Peak inspiratory flow volume at inter-rater measurement (E): Vital 
capacity at intra-rater measurement (F): Vital capacity at inter-rater measurement
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intra- and inter-reliability during inspiration training with pa-
tients is very important. Thus, an appropriate and coherent 
procedure is required.

The results of pulmonary function tests for the MIP, PIF and VC 
can be affected by the examiner’s experience. In the current 
study, although the 2 examiners had clinical careers of differ-
ent durations, the intra-examiner reliability was high to very 
high in both cases. These results show that following a con-
sistent procedure might be adequate for the measurement of 
pulmonary function, despite differences in clinical experience. 
Therefore, the pulmonary function test device can be useful 
in goal-setting for post-stroke patients even when it is per-
formed by therapists with different experience.

Our study has several limitations. First, the findings of this 
study are valid in post-stroke patients only and may not nec-
essarily be generalizable to other patients. Second, the sample 

size was relatively small. Further studies should be conducted 
with other patients who have impaired pulmonary function 
and weakened inspiratory muscles to investigate the effect of 
respiratory muscle training on pulmonary function.

Conclusions

Intra- and inter-rater reliability of this study confirm previous 
results and indicate that MIP, PIF, and VC can be reliably mea-
sured with an electronic inspiratory loading device, even by 
newly trained physical therapists. The smaller inter-rater reli-
ability could be explained by the operator-dependence of this 
device. The potential use of electronic inspiratory loading de-
vice in clinical evaluation of the MIP, PIF, and VC remains un-
known, but this study provides a basis for future research in 
clinical populations.
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