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Background: Obstructive lung diseases, particularly Chronic Obstructive 

Pulmonary Disease (COPD) and asthma, are major contributors to global morbidity 

and mortality, especially in low- and middle-income countries. Spirometry remains 

the gold standard for diagnosis; however, its performance is often limited in elderly 

patients and those unable to perform forced respiratory maneuvers. Forced 

Oscillation Technique (FOT) has emerged as a promising alternative due to its ease 

of use and minimal patient cooperation requirements. The study was aimed to study 

spirometry and FOT in all patients presenting with chronic respiratory symptoms to 
tertiary care center and attempt to correlate the results of the two with clinical 

diagnosis. 

Material and Methods: A cross-sectional study was conducted in the Department of 

Respiratory Medicine at a tertiary care centre from March 2024 to June 2025. A total 

of 243 patients with chronic respiratory symptoms were included. All participants 

underwent clinical evaluation, spirometry, and FOT testing before and after 

bronchodilator administration. Data were analyzed to assess patterns, bronchodilator 

response, and concordance between spirometry and FOT findings. 

Results: The majority of patients (34.16%) were above 60 years. Spirometry 

revealed a restrictive pattern in 48.56% of patients, obstructive pattern in 31.28%, 

and normal findings in 20.16%. FOT identified normal findings in 27.16%, small 

airway obstruction in 23.46%, combined small and large airway obstruction in 
20.99%, restriction in 18.11%, and large airway obstruction in 10.29% of patients. 

Concordance between spirometry and FOT was 60.08% for interpretation and 

66.67% for bronchodilator response. FOT showed better correlation with clinical 

diagnosis in 51% of cases compared to spirometry (26.3%). 

Conclusion: FOT is a valuable, non-invasive, and patient-friendly modality that 

demonstrates good concordance with spirometry and superior correlation with 

clinical diagnosis in a significant proportion of patients.  
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INTRODUCTION 

Obstructive lung disease is a leading cause of morbidity and mortality globally.1,2 More specifically, estimates suggest that 

90% of deaths due to chronic obstructive pulmonary disease (COPD), which is the primary cause of obstructive lung 

disease in older adults, occur in lower- and middle-income countries.3 

 

As of early 2025, the prevalence of Chronic Obstructive Pulmonary Disease (COPD) in India is estimated to be between 

7.4% and 13% among adults, with significantly higher rates in the elderly, males, and those exposed to biomass fuel. 4 It is 

a major cause of disability and death, driven by pollution, smoking, and indoor air pollution. The Global Initiative for 

Obstructive Lung Disease (GOLD) guidelines state that the ratio of forced expiratory volume in 1 second (FEV1)/forced 

vital capacity (FVC) <70% after bronchodilator inhalation is an essential criterion for the diagnosis of COPD.4 
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In addition to COPD, Asthma is another major obstructive airway disease contributing significantly to the global burden 

of respiratory illness. Asthma is characterized by chronic airway inflammation, variable airflow obstruction, and bronchial 

hyperresponsiveness, often presenting with symptoms such as wheezing, breathlessness, chest tightness, and cough that 

vary over time and in intensity. Unlike COPD, airflow limitation in asthma is typically reversible, either spontaneously or 

with treatment.5 

 

Both COPD and asthma frequently present with chronic respiratory symptoms, making early and accurate diagnosis 

essential for appropriate management. Spirometry is the primary diagnostic investigation in the respiratory department, but 
some patients are unable to perform spirometry maneuvers. Routine PFTs are particularly challenging for older patients, 

those with poor motor coordination, deficits in cognition, and respiratory problems, especially when it comes to the 

evaluation of FVC.6 

 

An oscillatory method for the measurement of the respiratory system (Zrs) mechanics was first described by DuBois et 

al.7 in 1956 However, due to the greater appeal of body plethysmography and the technical difficulties associated with 

oscillometry, the latter was not widely accepted. Recent advances in microprocessor technology have addressed many of 

these earlier limitations, leading to the increased use of forced oscillation techniques (FOT) in clinical pulmonary 

laboratories. FOT is an advanced modality with better sensitivity and is easy to perform. It is particularly advocated for 

children and the elderly who are unable to perform spirometry. 8 

 

Therefore, the study was aimed to study spirometry and FOT in all patients presenting with chronic respiratory symptoms 
to tertiary care center "Shri Ganesh Hospital" Jalgaon in North Maharashtra and attempt to correlate the results of the two 

with clinical diagnosis. 

 

OBJECTIVE: 

1. To study spirometry and FOT in all patients with chronic respiratory complaints. 

2. To assess the use of FOT as an alternative to, or in conjunction with, spirometry to categorize chronic respiratory 

disorders. 

 

MATERIAL AND METHODS:  

The present cross-sectional study was undertaken to study spirometry and FOT findings in patients presenting with chronic 

respiratory symptoms in a tertiary care centre. The study was conducted in Department of Respiratory Medicine during the 
period from March 2024 to June 2025. A total sample size of 243 patients with chronic respiratory symptoms were included 

in the study population. The study was conducted after taking ethical clearance from the institute and informed consent 

from the patients.  

 

All patients involved in this study was subjected to clinical evaluation, spirometry (Easy on PC, NDD Medical 

Technologies), and FOT (Antlia, iCALTECH Innovation Pvt. Ltd.). Both pre- and post-bronchodilator spirometry and FOT 

were done in the sequence: FOT, spirometry, bronchodilator (salbutamol with ipratropium) 2 puffs, wait 20 minutes, then 

post-bronchodilator FOT and finally spirometry. At least two acceptable manoeuvres were obtained as per standard 

guidelines. Other investigations, such as blood tests and chest X-ray, were performed as required. Clinical diagnosis is 

compared with spirometry and FOT results. Pre and post bronchodilator results were compared and concordance and 

discordance in diagnosis and post bronchodilator results were plotted. The data of all cases was collected in a specially 
designed proforma in this study and later transformed to master chart, and subjected to analysis. 

 

RESULTS: 

Table no 1: Distribution according to demographic profile among patients: 

Demographic profile No. of Patients (243) Percentage 

Age group (years) 

≤10 05 2.06 

11-20 15 6.17 

21-30 29 11.93 

31-40 36 14.81 

41-50 33 13.58 

51-60 42 17.28 

>60 83 34.16 

Gender 
Male 117 48.15 

Female 126 51.85 

 

Table 1 shows the age-wise distribution of patients. The majority of patients (34.16%) were in the >60 years age group, 

with mean age of 49.62 ± 19.70 years. Among 243 patients, females were 126 (51.85%) while males were 117 (48.15%) 

(Table 1) 
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Table no 2: Distribution according to spirometry result among patients: 

Spirometry result No. of Patients Percentage 

Restrictive 118 48.56 

Obstructive 76 31.28 

Normal 49 20.16 

Total 243 100 

 

Among 243 participants, restrictive pattern was the most common finding, observed in 118 patients (48.56%), followed by 

obstructive pattern in 76 patients (31.28%). Normal spirometry was seen in 49 patients (20.16%). (Table 2) 

 

Table no 3: Distribution according to FOT result among patients: 

FOT result No. of Patients Percentage 

Restriction 44 18.11 

Large airway Obstruction 25 10.29 

Small airway Obstruction 57 23.46 

Small + Large airway Obstruction 51 20.99 

Normal 66 27.16 

Total 243 100 

 

According to Forced Oscillation Technique (FOT) out of 243 participants, normal FOT findings were observed in 66 
patients (27.16%) followed by small airway obstruction in 57 patients (23.46%), combined small and large airway 

obstruction in 51 patients (20.99%) Restriction was noted in 44 patients (18.11%), while large airway obstruction alone 

was observed in 25 patients (10.29%). (Table 3) 

 

Table no 4: Distribution according to bronchodilator response among patients: 

Response 
Spirometry FOT 

No. of Patients Percentage No. of Patients Percentage 

Reversible 75 30.86 88 36.21 

Partially reversible 39 16.05 31 12.76 

No significant change 103 42.39 89 36.63 

Worsen 26 10.70 35 14.40 

Total 243 100 243 100 

 

In spirometry, 75 patients (30.86%) showed a reversible response, 39 (16.05%) were partially reversible, 103 (42.39%) 

showed no significant change, and 26 (10.70%) showed worsening. In FOT assessment, 88 patients (36.21%) demonstrated 

a reversible response, 31 (12.76%) were partially reversible, 89 (36.63%) showed no significant change, and 35 (14.40%) 

showed worsening. (Table 4) 

 

Table no 5: Distribution according to Concordance/Discordance among results of Spirometry and FOT: 

Test No. of Patients (n=243) Percentage 

Interpretation 
Concordance 149 60.08 

Discordance 97 39.92 

Bronchodilator response 
Concordance 162 66.67 

Discordance 81 33.33 

 
Among 243 patients. for test interpretation, 149 patients (60.08%) showed concordant results, while 97 patients (39.92%) 

showed discordant findings. For bronchodilator response, 162 patients (66.67%) showed concordance between the two 

tests, whereas 81 patients (33.33%) showed discordance. (Table 5) 

 

Figure 1: Showing comparison of Spirometry and FOT with clinical diagnosis: 
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Figure 1 shows that FOT better correlated with clinical diagnosis in 51%, spirometry in 23%, and both were concordant in 

26%. 

 

DISCUSSION:  

The present cross-sectional study was conducted to study correlation between spirometry and forced oscillatory technique 

(FOT) findings in patients presenting with respiratory complaints at tertiary care center. A total of 243 patients presenting 

to OPD with chronic respiratory complaints were studied.  

 
In the present study, mean age of patients was 49.62 ± 19.70 years with females were 126 (51.85%) (Table 1) 

 

Similar findings seen Mehta et al 9 study where among 100 participants mean age of the cohort was 48 ± 17 years with 

50% patients were female. Priyanka Singh et al 10 in a study observed amongst 100 patients, there were 47% (n = 47/100) 

males and mean age of patients was 54.12 years (ranging from 18 to 83 years). Almeida et al 11 observed most patients 

were female (65.8%) with median age 42. 

 

In the study, among 243 participants, spirometry findings showed restrictive pattern was the most common finding and 

normal spirometry was seen in 49 patients (20.16%). (Table 2) while normal FOT findings were observed in 66 patients 

(27.16%) and most common morbidity of small airway obstruction in 23.46% (Table 3) 

 

A similar observation was reported by Agarwal et al. 12 who found a higher prevalence of restrictive lung patterns among 
symptomatic individuals. In contrast, Jindal et al.13 (INSEARCH study) reported a higher burden of obstructive airway 

diseases in the Indian population. Buist et al. 14 (BOLD study) reported a notable proportion of symptomatic individuals 

with normal spirometry, comparable to the 20.16% observed in the present study, suggesting the presence of early or 

undetected airway disease.  

 

Among 243 patients, Forced Oscillation Technique detected a higher proportion of reversible airway obstruction (36.21%) 

compared to Spirometry (30.86%), indicating greater sensitivity of FOT in identifying bronchodilator response. Overall, 

moderate concordance was observed between the two modalities (60.1% for interpretation and 66.7% for bronchodilation), 

with spirometry tending to miss small airway obstruction and occasionally misclassify it as a restrictive pattern. FOT better 

correlated with clinical diagnosis in 51%, spirometry in 23%, and both were concordant in 26%. (Table 4 & 5) 

 
F Zerah et al 15 observed the use of FOT can be considered as an alternative to forced expiration for detecting 

bronchodilatation in asthmatics and patients with COPD. 

 

The study by Al-Mutairi et al. 16 reported that the sensitivity of IOS for asthma was 31.3%, while the sensitivity of 

conventional pulmonary function tests was 19.6%. They found that the sensitivity of IOS in COPD was 38.95%, while the 

sensitivity of conventional pulmonary function tests was 47.4%. When it came to identifying healthy individuals, IOS's 

sensitivity of 45.8% outperformed PFT's (28.8%). IOS and conventional PFT have 80.5% and 86.2% specificity, 

respectively, in identifying healthy individuals. 16 This suggested that when diagnosing mild COPD and assessing modest 

51%

23%

26%

Conclusion

FOT is better diagnostic

Spirometry is better diagnostic

Both are equal



Dr Gunavant N Mahajan et al. Correlating Spirometry and Forced Oscillatory Technique (FOT) In Patients Presenting 
with Respiratory Complaints to A Tertiary Care Center in North Maharashtraa. Int. J Med. Pharm. Res., 7 (2): 3884‐
3889, 2026 

3888 

 

airway alterations following bronchodilator and bronchoprovocation challenges, IOS resistance measurements can be 

helpful. 17 

Mandilwar S. et al 18 in a recent investigation reported that oscillometry outperformed spirometry in both diagnosing asthma 

and assessing response to treatment over a three-month period. Conversely, another study by Houle M.C. et al 19 involving 

military personnel found that spirometry was more effective than oscillometry in diagnosing obstructive lung disease. Such 

variability may stem from heterogeneity in device types and the lack of universally accepted abnormal threshold values for 

oscillometric parameters. The use of oscillometry for bronchodilator and bronchoprovocation testing in asthma is an area 

of investigation. According to current technical standards, a significant bronchodilator response (BDR) is considered by a 
40% decrease in R5, a 50% increase in X5, and an 80% decrease in the area under the reactance curve (Ax) in both adults 

and children. 20 

 

A study by Rathod et al. 21 demonstrated that although asthma typically presents with obstructive patterns, spirometry may 

be normal in early or mild disease. Similarly, Song et al.22 highlighted that while Spirometry remains the gold standard for 

diagnosing Chronic Obstructive Pulmonary Disease, it may fail to detect early or small airway dysfunction, necessitating 

additional diagnostic modalities. Park et al. 23 demonstrated that impulse oscillometry (FOT) is effective in identifying 

small airway disease even when spirometry results are normal.  

 

The higher proportion of restrictive patterns on spirometry in the present study is due to the fact that most of pure small 

airway obstruction on FOT are wrongly labelled as restriction due to airway trapping. If we compare with FOT results 

which show restriction in only 18.11% patients. Also, some of mild small +large airway obstruction cases may be missed 
on spirometry and counted in restriction. This underscores the need to include both spirometry and FOT in investigation to 

proper characterise the pathophysiological mechanism. Additional, the presence of normal spirometry in a considerable 

number of symptomatic patients highlights the limitations of spirometry alone.  

 

The strength of the study is the study is coming from peripheral center from district level far from metro cities. Here we 

have assessed patients, his pre-test clinical diagnosis and post- test treatment response, so reaffirming the diagnosis. Here 

FOT is done in all patients and not only elderly and children. It identified even mild cases which would have been missed 

if only spirometry is done. It differentiates between small and large airway obstruction. It found out that many of the small 

airway obstruction were wrongly labelled as restrictive pattern on spirometry due to air trapping. This study also cautions 

that even though FOT is better than spirometry in obstructive diseases, spirometry correlate better with clinical diagnosis 

in 23% of the cases, hence both spirometry and FOT are complementary and together provide better diagnosis than single 
test alone. 

 

Additionally, significant correlation of oscillometric indices with all daily symptoms of patients with respiratory diseases 

is detected, even for normal spirometric findings, which is exceptionally important in clinical practice. Thus, great 

sensitivity is achieved in detecting underlying pathology, and a different perspective is offered in approaching therapeutic 

interventions, as far as individualized care is concerned for patients’ relief and improvement of their quality of life. Of great 

importance is also the fact that oscillometry is proved much friendlier to the subject than the conventional lung function 

tests, as it is a much simpler, more obvious, shorter method, requiring significantly less effort.  

 

However, some of the lesser disadvantages of FOT are the standardization and the necessity for supplementary testing. 

There is a lack of standardized protocols for FOT measurements, leading to variability in results across different settings 
and devices. 

 

The study was limited by being conducted at a single centre, which restricts the generalizability of its findings. Additionally, 

a detailed correlation between reactance, impedance, and the severity of airway obstruction was not performed. 

 

CONCLUSION:  

The study concludes that, Spirometry and the Forced Oscillation Technique (FOT) are generally moderately correlated, but 

they provide complementary information for better diagnosis. FOT is more sensitive in obstructive airway diseases. It 

differentiates small as well as large airway obstruction. It is also more sensitive in judging bronchodilator response. It is 

better but complementary to spirometry and can’t totally replace spirometry, reinforcing the use of both tests to gain a 

complete picture of a patient's respiratory health.  
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