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Abstract Background & objectives: This study primarily aims to show that relatively newer techniques like MIP 
(Maximum Inspiratory Pressure), MEP (Maximum Expiratory Pressure) and FOT (Forced Oscillation Technique) 
can be used to detect decrease in respiratory muscle strength along with increase in airway resistance in COPD 
patients. Furthermore, assessment of these parameters during different stages of COPD and its correlation 
with traditional spirometric parameters is done to understand the role of these techniques as additional 
diagnostic tools in the prognosis of COPD. One of these techniques MIP can also be used for COVID 19 patients 
following infection. Methods: Spirometry was done to diagnose COPD. MIP, MEP and FOT measurements were 
conducted. Unpaired t test, Pearson’s correlation and SPSS version 23 were used. Results: 90 subjects with a 
mean age of 60.3 ± 14.76 years and percentage of forced expiratory volume in 1 second (FEV1) of 89.67+9.92 L 
were recruited. The analysis of variance (ANOVA) showed significant difference for maximal inspiratory 
pressure (p=0.003) between different stages of COPD. The MIP results showed that there was a statistically 
significant difference between mild and very severe (p=0.0019) as well as between moderate and very severe 
(p=0.002). A significant positive correlation among maximal static pressure and FEV1 % (r = 0.5) was also 
observed. FOT values had a good correlation (r=0.2) to the spirometric data. These techniques show good 
specificity and sensitivity (>80%) so testing their role in diagnosis can be noteworthy. Interpretation & 
Conclusion: Since performing FOT is very simple and effortless, it can be used along with conventional lung 
function test in the geriatric COPD population. FOT along with MIP and MEP showed good correlation with the 
spirometric data so these modalities can be used to assess pulmonary function in patients with COPD. 
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Introduction:  
India contributes a growing percentage of COPD 
mortality which is estimated to be amongst the 
highest in the world.1 Globally COPD is responsible 
for 6% of all deaths worldwide.2 The traditional 
Gold test spirometry is used to evaluate respiratory 
obstruction in COPD.3, 4 Although used frequently 
in almost all PFT labs, spirometry has the 
disadvantage of requiring much higher effort and 
great cooperation from the patients. Thus 
performing the test on some patients can be 
difficult especially in geriatric population.5-7 
Spirometry is a mandatory tool for diagnosis and 
assessing severity in patients with COPD. It is used 
less effectively in geriatric patients.8-9 The higher 
prevalence of functional impairment in elderly 
patients has rendered many of them incapable of 

performing a satisfactory forced expiratory 
maneuver in spirometry.10-12   

FOT is less time-consuming and is measured when 
patients effortlessly breathe-in their tidal volume, 
requiring minimal patient cooperation. There are 
evidences which suggest that FOT parameters 
correlated well with forced expiratory volume in 1 
second (FEV1 %) and reflecting airway resistance 
more accurately.13-16 It was also suggested to be a 
more sensitive marker for detection of airway 
hypersensitivity 17-20 as  well as early airway 
disease. 21-22 Sensitivity of pulmonary function tests 
in the early stages critically decides the assessment 
of respiratory obstruction.23 The importance of 
impedance in patients is now rapidly gaining 
acceptance, and promises to provide a more 
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comprehensible assessment of lung function than 
parameters derived from spirometry. 24 

Other techniques used in this study are maximal 
inspiratory (MIP) and expiratory pressure (MEP). 
Reduction of MIP and MEP has been associated 
with several neuromuscular diseases, but it is also 
possible to point lower values in patients with 
chronic obstructive pulmonary disease (COPD). 25-27 
Aim: The primary aim of this study was to evaluate 
Forced Oscillatory Technique, Maximum 
Inspiratory Pressure and Maximum Expiratory 
Pressure as additional diagnostic tools by testing 
their sensitivity and specificity in COPD patients. In 
addition to this, the aim of this study was to find 
the correlation between two values i.e. decrease in 
FEV1% measured by Spirometry and airway 
resistance measured by the FOT and also FEV1% 
and its relation to respiratory muscle strength as 
measured by MIP and MEP. We also used FEV1% 
for assessing different stages of COPD and analyzed 
its correlation to various parameters and their use 
in treating high risk COPD patients. 
Material and Methods : The present study was 
conducted in the Department of Pulmonary 
medicine in Seth G. S .Medical College Medical 
College, Parel Mumbai. Before commencement of 
study, approval was taken from the Institutional 
Ethical Committee. The study design involved 150 
individuals which can be divided in two groups. 
Group I –Diagnosed patients of COPD as per GOLD 
criteria, after applying inclusion and exclusion 
criteria were accepted for study (n=90) Group II –
Age & sex matched normal healthy adults (n=60). 
The evaluation was done in following stages –  

1) A written informed consent was taken from all 
participants of this study.  

2) A detailed history-taking and thorough clinical 
examination was done.  
3) Spirometric test was performed in both groups 
and diagnosis of COPD was confirmed in cases. 
4) MIP, MEP and FOT was performed.  

 Participation in the study was voluntary. 
Informed consent was obtained from all study 
subjects prior to enrolment. The subjects were 
informed to suspend the use of 
bronchodilators during the 12 hours that 
preceded the tests. Both males and females 

were included. Patients who have FEV1 
improvement after taking bronchodialator 
(≥12%) were excluded from the study. Patients 
suffering from Asthma, Interstitial Lung 
Disease, Lung Cancer, tuberculosis, 
neuromuscular disease, fibrothorax were also 
excluded.  
Spirometry manoeuvres were performed according 
to ATS guidelines10 on computerized machine 
MASTER SCREEN PFT by JAEGER. FOT 
measurements along with MIP and MEP were 
carried out with a computerized machine SPIRO 
AIR by MEDISOFT (Germany).   
Statistical Analysis: The results were expressed as 
mean and standard deviation for each variable. 
Unpaired (independent) t- test was used for 
intergroup comparisons in the healthy volunteers 
group and the COPD group. Pearson’s correlation 
coefficient test was applied to correlate between 
airway resistance and respiratory muscle strength 
and FEV1% predicted. All statistical analyses were 
carried out with the help of SPSS version 23.0 
software and Microsoft Excel. p value of 0.05 or 
less has been considered as statistically significant. 
Comparisons between the groups have been made 
by analysis of variance (ANOVA). 
Results:  
Table1
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Table2

 

Table 3 

 

Figure 1(a-d) 

 

Statistical analysis were performed on the data 
obtained from COPD patients to find the possible 
correlation (Pearson correlation) between Ravr and 
FEV1 %. The correlation between FOT parameters 
to FEV1 % in various stages of COPD is depicted in 
Fig. 1(a-d). As seen in the Figure 1(a-d), correlation 
was observed between FEV1 % and Stage 4 Ravr 
(r=0.2) as compare to other stages (r=0.09, 0.05, 

0.17 for stages 1, 2 and 3 respectively). In stage 4, 
we observed that all COPD patients were of the 
age group 60 years and above. The correlation is 
seen best in stage 4 i.e. very severe with FEV1. 

The analysis of variance (ANOVA) showed 
statistically significant difference between the 
different groups (Table 2). A value of p=0.005 for 
Ravr was observed, which shows a significant 
difference between the different stages of COPD. 
As the severity of disease increases, the average 
resistance is significantly increased. 

As regard the maximal mouth pressures, MIP was 
significantly lower at all stages of COPD than in the 
control group. Mean MIP of COPD and Control 
group was 41.43 ± 16.30 and 59.47 ± 14.94 
respectively. Average MIP was significantly higher 
in control group than COPD. (p < 0.05). Mean MEP 
of COPD and Control group was 35.3 ± 13.22 and 
58.4 ± 11.52 respectively, Average MEP was 
significantly higher in control group than COPD (p < 
0.05).     

 

Moreover we evaluated whether there was a 
possible correlation between COPD stages and 
respiratory muscular strength. The analysis of 
variance (ANOVA) showed significant difference for 
maximal inspiratory pressure (p=0.003) between 
severe (very severe) patients and moderate (mild) 
stage. 
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A significant positive correlation among maximal 
static inspiratory pressure for stage 4 and FEV1 % 
(r= 0.5) was observed. As regard the MEP, it was 
lower in severe airway obstruction than in the 
control group (r=0.35), no difference was observed 
in the mild and moderate patients (p>0.5). 

SPSS version 23 was used to plot Receiver 
operating curve to find out the sensitivity and 
specificity of FOT, MIP and MEP. Fig. 2a-c shows 
ROC curves for all three of these techniques and 
the sensitivity and specificity are tabulated in Table 
3. 

Discussion: 
Previous studies have shown a good correlation 
between FOT and spirometric data.13-14 Our study 
have further highlighted that such a good 
correlation can be maintained even at an advanced 
stage among COPD patients.  
FEV1 is generally regarded as marker to reflect 
central airway function, was shown to be 
correlated to Ravr especially in the stage 4 of COPD 
(r=0.2). The assessment of severity of airflow 
obstruction was further highlighted by the fact that 
the correlation was less in stage 1 and 2 (r=0.09, 
0.05) as compare to stage 3-4 (r=0.17, 0.2) in the 
current study. These results are comparable with 
earlier studies21 and are of importance since the 
current COPD guideline recommends combined 
assessment approach in the management of 
patients with COPD with severe airflow obstruction 
(FEV1% <50%) are regarded as high risk group. 
Many previous studies have suggested that FOT 
may detect subtle changes in distal airway function 
earlier than conventional spirometry 28. Other 
studies 29 have suggested that small airway 
oscillometry (a type of FOT) its index was better 
than FEV1 and FEF25-75%. Besides, Frantz et al.30 have 
reported that COPD was associated with high 
impulse oscillometry pulmonary resistance, even in 
patients with normal spirometry.  
Our study is consistent with the study of Van 
Noord31 which showed that the total respiratory 
resistance is more in emphysema than asthma. Tse 
and coworkers32 have calculated the AUC for Ravr 
and found it to be 0.4 to 0.6. In the present 
analysis, we considered 0.8 to be the minimum 
value of the AUC (Area Under Curve) for adequate 

diagnostic accuracy. Among all the studied 
parameters, FOT showed a high diagnostic 
accuracy (AUC=0.843) with a Sensitivity (Se) of 
92.6% and a Specificity (Sp) of 81% (Table 3, Fig. 
2a). This indicates that FOT can be used as good 
diagnostic tool as both sensitivity and specificity 
are above 80%. Same is true for MIP and MEP. 
Another objective of this study was to determine 
whether the decrease in Maximal inspiratory and 
expiratory pressure is closely associated with 
different stages of airway obstruction. Both MIP 
and MEP values were lower in patients with 
different severity in obstruction than in normal 
patients. In fact, MIP and MEP decreased in 
patients with mild and moderate obstruction; this 
could suggest that even in early stage of COPD, 
there is deterioration of respiratory muscles. 
Similar results were reported by Kabitz and 
coworkers32 but they have evaluated only the 
strength of inspiratory muscles and not expiratory 
muscles.  A reduction in the dynamic parameters 
like FEV1, & FVC in severe COPD is seen, we have 
also observed similar decrease in the MIP and MEP 
(Table 2). Our study strongly correlates the 
reduction in the functional parameters (FEV1) and 
MIP and MEP reduction in COPD patients. 

Nishimura and colleagues33 have shown a similar 
relationship between respiratory muscle strength 
and FEV1. Thus using MIP and MEP, periodical 
evaluation of respiratory muscle strength seems to 
be a helpful tool in monitoring the disease severity. 
MIP can also be used to test respiratory muscle 
strength in COVID 19 patients following infection. 
Severin and coworkers34 recently published the use 
of MIP for COVID patients following infection.  
FOT shows high diagnostic accuracy (AUC= 0.843) 
so it can be considered a diagnostic test whenever 
patient is unable to perform spirometry. Also it is 
less time consuming and easier to perform.  
As regard the MIP, the cut off value (as obtained 
along with ROC curve from SPSS Version 23) of MIP 
of 83 gives sensitivity of 80.6 % and specificity of 
93.5%. The cut off value of MEP of 98 gives 
sensitivity of 93.5 % and specificity of 99.3%. As 
both sensitivity and specificity are above 80%, both 
MIP and MEP can be used as a diagnostic tool for 
assessing the respiratory muscle weakness in COPD 
patients. All three tests can be performed in the 
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PFT laboratory after the spirometry which will give 
a clear and a better picture of the lung machinery. 
For geriatric population, it would be interesting to 
see how these techniques Spirometry, FOT and 
MIP/MEP can be performed in one session so as to 
derive the exact nature of the COPD stage and it 
will definitely help in the treatment of the high risk 
patients. 
This is one of its kind of study in Indian population. 
There is scantiness of similar studies in Indian 
subcontinent. Only few laboratories have forced 
oscillation instrument. On the other hand lot of 
data is available in the western world. 21,23,24 Salvi 
and coworkers 35 published heterogeneity of COPD 
in Indian states. They have stated that age-specific 
prevalence of COPD increased rapidly after the age 
of 30 years, greater increase in men than women, 
reaching highest prevalence among men in 80 
years or older age group.  There is a lack of 
established baseline values according to age in 
healthy patients. Establishment of normal values of 
the mechanical parameters for old age population 
is needed. We did pilot studies on the COPD 
patients and published earlier.36 More studies are 
required with a larger population to confirm our 
findings.  
Conclusion: The results of this study revealed that 
FOT along with MIP and MEP are good modalities 
to assess pulmonary function in patients with 
COPD as they showed significantly more sensitivity 
and specificity as obtained by the ROC curves. 
Good correlation between functional spirometric 
parameters and Ravr and respiratory muscle 
strength can be helpful for treating high risk COPD 
patient. It will be helpful in prognosis in geriatric 
population. 

Acknowledgment:  
We are thankful to Dr. Amita Athavale, Professor 
and Head of Department, Department of Chest 
Medicine , Seth G.S.Medical College and KEM 
Hospital for allowing us to use PFT laboratory for 
collection of data.  
References:  
1. Jindal SK, Aggarwal AN, Gupta D. A review of the 
population studies from India to estimate national 
burden of chronic obstructive pulmonary disease 

and its association with smoking. Indian J Chest Dis 
Allied Sci. 2001; 43: 139–47. 
2. Agusti A, Vogelmeier CF. Global Strategy for the 
Diagnosis, Management, and Prevention of Chronic 
Obstructive Lung Disease 2018 Report. GOLD 
Executive Summary. 2018. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/28128970. 
Accessed March 21, 2018. 
3. Global Initiative for Chronic Obstructive Lund 
Disease. Global Strategy for the Diagnosis, 
Management, and Prevention of Chronic 
Obstructive Pulmonary Disease; 2019. Available 
from: https://goldcopd.org/. [Last accessed on 
2019 Sep 21]. 
4. Silva KK, Lopes AJ, Jansen JM, de Melo PL. Total 
inspiratory and expiratory impedance in patients 
with severe chronic obstructive pulmonary disease. 
Clinics. 2011; 66(12):2085–2091. 
5. Almagro P, Soriano JB. Underdiagnosis in COPD: 
a battle worth fighting. Lancet Respir Med. 2017; 
5(5):367–368. 
6.  Amaral JL, Lopes AJ, Jansen JM, Faria AC, Melo 
PL. Machine learning algorithms and forced 
oscillation measurements applied to the automatic 
identification of chronic obstructive pulmonary 
disease. Comput Methods Programs Biomed. 2012; 
105(3):183–193. 
7.  di Mango AM, Lopes AJ, Jansen JM, Melo PL. 
Changes in respiratory mechanics with increasing 
degrees of airway obstruction in COPD: detection 
by forced oscillation technique. Respir Med. 2006; 
100(3):399–410. 
8.  Han MK, Kim MG, Mardon R, et al. Spirometry 
utilization for COPD: how do we measure 
up? Chest. 2007; 132(2):403–409. 
9.   Nishi SP, Wang Y, Kuo YF, Goodwin JS, Sharma 
G. Spirometry use among older adults with chronic 
obstructive pulmonary disease: 1999–2008. Ann 
Am Thorac Soc. 2013; 10(6):565–573. 
10.  De Filippi F, Tana F, Vanzati S, Balzarini B, 
Galetti G. Study of respiratory function in the 
elderly with different nutritional and cognitive 
status and functional ability assessed by 
plethysmographic and spirometric 
parameters. Arch Gerontol Geriatr. 2003; 37(1):33–
43. 

http://www.ncbi.nlm.nih.gov/pubmed/28128970


Original Article                                                       International Journal of Basic and Applied Physiology 
 

Int J Basic Appl Physiol., 10(1), 2021 Page 60 
 
 
 

11.  Pezzoli L, Giardini G, Consonni S, et al. Quality 
of spirometric performance in older people. Age 
Ageing. 2003; 32(1):43–46. 
12.  Sharma G, Hanania NA, Shim YM. The aging 
immune system and its relationship to the 
development of chronic obstructive pulmonary 
disease. Proc Am Thorac Soc. 2009; 6(7):573–580. 
13.  Williamson PA, Clearie K, Menzies D, 
Vaidyanathan S, Lipworth BJ. Assessment of small-
airways disease using alveolar nitric oxide and 
impulse oscillometry in asthma and COPD. Lung. 
2011; 189(2):121–129. 
14.  Kolsum U, Borrill Z, Roy K, et al. Impulse 
oscillometry in COPD: identification of 
measurements related to airway obstruction, 
airway conductance and lung volumes. Respir Med. 
2009; 103(1): 136–143. 
15.  Jiang LF, Wang H, Yin KS, Huang M, Sun PL, 
Feng Y. [Impulse oscillometry for estimation of 
airway obstruction]. Zhonghua Jie He He Hu Xi Za 
Zhi. 2008; 31(12):912–914. 
16.  Wang M, Niu S, Li Y, Zhang Z, Bai C. The 
diagnostic value of total respiratory impedance by 
impulse oscillometry in chronic obstructive lung 
disease. Chin Med J (Engl). 1999; 112(11):982–984. 
17. Kim HY, Shin YH, Jung da W, Jee HM, Park HW, 
Han MY. Resistance and reactance in oscillation 
lung function reflect basal lung function and 
bronchialhyperresponsivenessrespectively. Respiro
logy. 2009; 14(7):1035–1041. 
18. Mansur AH, Manney S, Ayres JG. Methacholine-
induced asthma symptoms correlate with impulse 
oscillometry but not spirometry. Respir Med. 2008; 
102(1):42–49. 
19. Weersink EJ, vd Elshout FJ, van Herwaarden CV, 
Folgering H. Bronchial responsiveness to histamine 
and methacholine measured with forced 
expirations and with the forced oscillation 
technique. Respir Med. 1995; 89(5):351–356. 
20. Wouters EF, Polko AH, Schouten HJ, Visser BF. 
Contribution of impedance measurement of the 
respiratory system to bronchial challenge tests. J 
Asthma. 1988; 25(5):259–267. 
21. Faria AC, Costa AA, Lopes AJ, Jansen JM, Melo 
PL. Forced oscillation technique in the detection of 
smoking-induced respiratory alterations: diagnostic 
accuracy and comparison with spirometry. Clinics 
(Sao Paulo). 2010; 65(12):1295–1304. 

22. Brochard L, Pelle G, de Palmas J, et al. Density 
and frequency dependence of resistance in early 
airway obstruction. Am Rev Respir Dis. 1987; 
135(3):579–584. 
23. Lopes AJ, de Melo PL. Brazilian studies on 
pulmonary function in COPD patients: what are the 
gaps? Int J Chron Obstruct Pulmon Dis. 2016; 
11:1553–1567. 
24. Bates JH, Irvin CG, Farré R, Hantos Z. Oscillation 
mechanics of the respiratory system. Compr 
Physiol. 2011; 1(3):1233–1272. 
25. Iandell I, Gorini M, Misuri G, Gigliotti F, Rosi E, 
Duranti R, Scano G: Assessing inspiratory muscle 
strength in patients with neurologic and 
neuromuscolar disease. Comparative evaluation of 
two noninvasive techiques. Chest 2001, 119:1108-
1113.  
26. Cheng BC, Chang WN, Chang CS, Tsai NW, 
Chang CJ, Hung PL, Wang KW, Chen JB, Tsai CY, Hsu 
KT, Chang HW, Lu CH: Predictive factors and long 
term outcome of respiratory failure after Guillain-
Barre syndrome. Am J Med Sci 2004, 327:336-340.  
27.  Rochester DF: The respiratory muscle in COPD. 
Chest 1984, 85:47S-50S.  
28. Oppenheimer BW, Goldring RM, Berger KI. 
Distal airway function assessed by oscillometry at 
varying respiratory rate: comparison with dynamic 
compliance. COPD. 2009; 6(3):162–170. 
29. Shi Y, Aledia AS, Tatavoosian AV, Vijayalakshmi 
S, Galant SP, George SC. Relating small airways to 
asthma control by using impulse oscillometry in 
children. J Allergy Clin Immunol. 2012; 129(3):671–
678. 
30. Frantz S, Nihlen U, Dencker M, Engstrom G, 
Löfdahl CG, Wollmer P. Impulse oscillometry may 
be of value in detecting early manifestations of 
COPD. Respir Med. 2012; 106(8):1116–1123. 
31. Van Noord, J. A., J. Clement, K. P. Van de 
Woestijne, and M. Demedts. 1991. Total 
respiratory resistance and reactance in patients 
with asthma, chronicbronchitis, and emphysema. 
Am. Rev. Respir. Dis.143:922– 927. 
32. Tse H N,Tseng CZ,Wong KY,Yee KS, NgLY 
Accuracy of Forced Oscillation Technique to access 
lung function in geriatric COPD population. 
Dovepress 2016 (1) 1105-1198. 
33. Kabitz HJ, Walterspacher S, Walker D, Windisch 
W: Inspiratory muscle strength in chronic 



Original Article                                                       International Journal of Basic and Applied Physiology 
 

Int J Basic Appl Physiol., 10(1), 2021 Page 61 
 
 
 

obstructive pulmonary disease depending on 
disease severity. Clin Sci (Lond) 2007, 113:243-249.  
34. Severin R, Ross A, Lavie CJ, Bond S, Phillips SA 
(2020) Respiratory muscle performance screening 
for infectious disease management following 
COVID-19:  A highly pressurized situation. The 
American Journal of Medicine 9343(20): 30347-
30348.  
35. Salvi S, Kumar GA, Dhaliwal RS, Paulson K, 
Agrawal A, Koul PA, et al. The burden of chronic 
respiratory diseases and their heterogeneity across 
the states of India: The global burden of disease 
study 1990–2016. Lancet Glob Health 2018; 
6:e1363-74. 

36.  Agrawal, A, Athavale, A, Shenvi, DN, Kirtikar, S, 
Nair, J, Menon, L, Ghodeswar, K, Rajput, C. 
Comparative Study of Mechanical Lung Function 
Measurements in COPD Patients - A Pilot Study. 
Rajiv Gandhi University Health Sciences 2017 11(1) 
1-3. 

Conflict of Interest: None 

 

 
 


