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Abstract 
Background: The long-term pulmonary sequelae of COVID-19 include restrictive lung patterns and small 
airway dysfunction. Impulse oscillometry (IOS) offers a non-invasive method to assess peripheral airway 
resistance beyond conventional spirometry. However, limited data exist on IOS findings in post-COVID 
restrictive lung disease survivors. 
Methods: We conducted a prospective cohort study of 142 participants divided into three groups: post-COVID 
restrictive pattern (n=48), post-COVID obstructive pattern (n=46), and healthy controls (n=48). All participants 
underwent IOS assessment measuring resistance at 5Hz (R5), resistance at 20Hz (R20), reactance at 5Hz (X5), 
resonant frequency (Fres), and area of reactance (AX). Spirometry and six-minute walk tests were performed. 
Statistical analysis included ANOVA and correlation analyses. 
Results: Post-COVID restrictive group demonstrated significantly elevated R5-R20 (0.18 ± 0.08 kPa/L/s vs. 
0.06 ± 0.03 kPa/L/s in controls, p<0.001), increased Fres (18.3 ± 4.2 Hz vs. 11.2 ± 2.1 Hz, p<0.001), and more 
negative X5 (-0.28 ± 0.11 kPa/L/s vs. -0.12 ± 0.04 kPa/L/s, p<0.001). Small airway dysfunction was present in 
68.8% of restrictive pattern patients. R5-R20 correlated inversely with FVC% predicted (r=-0.52, p<0.001) and 
six-minute walk distance (r=-0.48, p<0.001). 
Conclusion: Small airway dysfunction is highly prevalent in post-COVID restrictive lung disease survivors, 
detectable through IOS abnormalities. IOS provides valuable complementary information beyond spirometry for 
comprehensive pulmonary assessment in COVID-19 survivors. 
Keywords: COVID-19; Impulse Oscillometry; Small Airway Dysfunction; Restrictive Lung Disease; Long 
COVID; Respiratory Oscillometry. 
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Introduction 

The COVID-19 pandemic has affected over 700 
million individuals globally, with emerging 
evidence demonstrating persistent respiratory 
complications in survivors [1]. Post-acute COVID-
19 syndrome, commonly termed "long COVID," 
encompasses a spectrum of pulmonary 
manifestations including restrictive ventilatory 
defects, reduced diffusion capacity, and persistent 
dyspnea [2]. While much attention has focused on 
interstitial lung abnormalities and fibrotic changes 
visible on high-resolution computed tomography, 
small airway dysfunction represents an 
underappreciated component of post-COVID 
respiratory impairment [3]. 

Conventional spirometry, though widely used for 
pulmonary function assessment, has inherent 
limitations in detecting peripheral airway 

abnormalities, particularly in the airways less than 
2mm in diameter [4]. These small airways 
contribute minimally to total airway resistance 
under normal conditions, earning designation as the 
"silent zone" of the lungs. Consequently, 
significant small airway pathology may exist before 
spirometric abnormalities become apparent [5]. 

Impulse oscillometry (IOS) has emerged as a 
complementary tool for evaluating respiratory 
mechanics through the application of pressure 
oscillations at multiple frequencies during normal 
tidal breathing [6]. This technique requires minimal 
patient cooperation and provides frequency-
dependent measurements of respiratory resistance 
and reactance, offering superior sensitivity for 
detecting small airway dysfunction compared to 
spirometry alone [7]. Parameters such as the 

http://www.ijcpr.com/


 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Parekh et al.                                     International Journal of Current Pharmaceutical Review and Research  

543   

difference between resistance at 5Hz and 20Hz 
(R5-R20), resonant frequency (Fres), and reactance 
at 5Hz (X5) specifically reflect peripheral airway 
characteristics [8]. 

Recent studies have documented IOS abnormalities 
in various post-viral respiratory conditions [9], yet 
comprehensive prospective data evaluating small 
airway function in post-COVID restrictive lung 
disease patients remain limited. Most existing 
COVID-19 pulmonary function studies have 
emphasized spirometric parameters and diffusion 
capacity [10], with few investigations 
systematically examining IOS findings across 
different ventilatory patterns. 

Furthermore, the distinction between restrictive and 
obstructive patterns in post-COVID survivors may 
have different underlying pathophysiological 
mechanisms affecting small airways [11]. 
Understanding the prevalence and characteristics of 
small airway dysfunction in restrictive pattern 
patients could inform targeted therapeutic 
interventions and prognostic stratification. 

The aim of this prospective study was to 
comprehensively evaluate small airway 
dysfunction using impulse oscillometry in post-
COVID patients with restrictive lung disease 
patterns, compare findings with post-COVID 
obstructive pattern patients and healthy 
controls, and determine correlations between 
IOS parameters and functional capacity 
measures. 

Materials and Methods 

Study Design and Setting: This prospective cohort 
study was conducted at the Department of 
Medicine. 

Sample Size Calculation: Sample size was 
calculated using G*Power software version 3.1, 
based on detecting a minimum difference of 0.08 
kPa/L/s in R5-R20 between groups with 80% 
power and alpha of 0.05. Considering an 
anticipated effect size of 0.65 and accounting for 
15% attrition, a minimum of 45 participants per 
group was determined necessary. 

Participant Selection: Participants were recruited 
from the post-COVID follow-up clinic. Inclusion 
criteria for post-COVID groups included: (1) 
laboratory-confirmed SARS-CoV-2 infection 3-12 
months prior; (2) age 18-65 years; (3) persistent 
respiratory symptoms; (4) spirometry 
demonstrating restrictive pattern (FEV1/FVC 
>0.70, FVC <80% predicted) or obstructive pattern 
(FEV1/FVC <0.70); (5) clinically stable condition. 
Healthy controls were age-, sex-, and body mass 
index (BMI)-matched individuals without COVID-
19 history or respiratory diseases. 

Exclusion criteria included: (1) pre-existing chronic 
lung disease diagnosed before COVID-19; (2) 
current smoking or >10 pack-year smoking history; 
(3) acute respiratory infection within 4 weeks; (4) 
severe cardiac disease; (5) neuromuscular 
disorders; (6) pregnancy; (7) inability to perform 
pulmonary function tests adequately. 

Pulmonary Function Testing: All pulmonary 
function tests were performed between 08:00-12:00 
hours. Participants were instructed to withhold 
bronchodilators (short-acting 6 hours, long-acting 
24 hours) and caffeine for 4 hours before testing. 

Spirometry was performed using a calibrated 
pneumotachograph (Master Screen Body, Jaeger, 
Germany) according to American Thoracic 
Society/European Respiratory Society guidelines. 
Measurements included forced vital capacity 
(FVC), forced expiratory volume in 1 second 
(FEV1), and FEV1/FVC ratio. Best values from 
three acceptable maneuvers were recorded. 

Impulse Oscillometry was conducted using the 
CareFusion Master Screen IOS system (Jaeger, 
Germany). Participants sat upright, wearing a nose 
clip, supporting their cheeks with both hands to 
minimize upper airway shunt. Three technically 
acceptable measurements of 30 seconds each were 
obtained during tidal breathing. Parameters 
recorded included: resistance at 5Hz (R5, 
representing total airway resistance), resistance at 
20Hz (R20, reflecting central airway resistance), 
R5-R20 (peripheral airway resistance), reactance at 
5Hz (X5, indicating peripheral compliance and 
homogeneity), resonant frequency (Fres), and area 
of reactance (AX). Results were expressed as 
absolute values and Z-scores based on predicted 
equations. 

Small airway dysfunction was defined as R5-R20 
>0.07 kPa/L/s or X5 Z-score < -1.645. 

Functional Capacity Assessment: Six-minute 
walk test (6MWT) was performed on a 30-meter 
corridor according to standardized protocol. 
Distance walked and peripheral oxygen saturation 
were recorded. 

Data Collection: Demographic data, COVID-19 
severity (categorized as mild, moderate, severe 
based on NIH criteria during acute illness), 
hospitalization duration, intensive care unit 
admission, and mechanical ventilation 
requirements were documented through electronic 
medical records and patient interviews. 

Statistical Analysis: Data were analyzed using 
SPSS version 26.0 (IBM Corp., Armonk, NY). 
Normality was assessed using Shapiro-Wilk test 
and Q-Q plots. Continuous variables were 
expressed as mean ± standard deviation (SD) or 
median (interquartile range) as appropriate. 
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Categorical variables were presented as frequencies 
and percentages. 

One-way ANOVA with post-hoc Tukey HSD test 
compared continuous variables among three 
groups. Chi-square test analyzed categorical 
variables. Pearson or Spearman correlation 
coefficients evaluated relationships between IOS 
parameters and spirometric values, and functional 
capacity. Multiple linear regression identified 
independent predictors of small airway 
dysfunction. Statistical significance was set at 
p<0.05 (two-tailed). 

Results 

Participant Characteristics: A total of 142 
participants completed the study: 48 with post-
COVID restrictive pattern, 46 with post-COVID 
obstructive pattern, and 48 healthy controls. 
Baseline characteristics are presented in Table 1. 
The three groups were well-matched for age, sex 
distribution, and BMI.  

Among post-COVID participants, the median time 
since infection was 6.2 months. The restrictive 
group had higher proportions of severe COVID-19 
during acute illness (45.8% vs. 28.3%, p=0.041) 
and longer hospitalization duration compared to the 
obstructive group. 

 
Table 1: Baseline Characteristics of Study Participants 

Characteristic Restrictive Group (n=48) Obstructive Group (n=46) Controls (n=48) p-value 
Age (years) 47.3 ± 11.2 48.1 ± 10.8 46.8 ± 11.5 0.832 
Male sex, n (%) 28 (58.3) 27 (58.7) 29 (60.4) 0.963 
BMI (kg/m²) 26.8 ± 4.3 27.2 ± 4.7 26.5 ± 3.9 0.714 
Time since COVID-
19 (months) 

6.4 ± 2.8 6.0 ± 2.5 N/A 0.452 

COVID-19 severity, n 
(%) 

    

Mild 12 (25.0) 18 (39.1) N/A 0.041 
Moderate 14 (29.2) 15 (32.6) N/A 

 

Severe 22 (45.8) 13 (28.3) N/A 
 

ICU admission, n (%) 18 (37.5) 11 (23.9) N/A 0.148 
Hospitalization (days) 14.6 ± 8.3 10.2 ± 6.7 N/A 0.006 
Persistent symptoms, 
n (%) 

    

Dyspnea 46 (95.8) 43 (93.5) 0 (0) <0.001 
Cough 31 (64.6) 34 (73.9) 0 (0) <0.001 
Fatigue 38 (79.2) 35 (76.1) 2 (4.2) <0.001 

BMI: body mass index; ICU: intensive care unit; N/A: not applicable 
 
Spirometric and Oscillometric Findings: 
Spirometric parameters confirmed restrictive and 
obstructive patterns in respective groups (Table 2). 
The restrictive group showed reduced FVC (68.4 ± 
8.9% predicted) with preserved FEV1/FVC ratio 
(82.6 ± 5.3%), while the obstructive group 
demonstrated reduced FEV1/FVC ratio (63.2 ± 
6.7%) with lower FEV1 (64.7 ± 11.2% predicted). 

IOS parameters revealed significant small airway 
dysfunction in both post-COVID groups compared 
to controls (Table 2). The restrictive group 
exhibited markedly elevated R5 (0.48 ± 0.13 
kPa/L/s vs. 0.29 ± 0.06 kPa/L/s in controls, 
p<0.001) and R5-R20 (0.18 ± 0.08 kPa/L/s vs. 0.06 
± 0.03 kPa/L/s, p<0.001), indicating increased 
peripheral airway resistance. X5 was significantly 

more negative in the restrictive group (-0.28 ± 0.11 
kPa/L/s vs. -0.12 ± 0.04 kPa/L/s, p<0.001), 
suggesting reduced peripheral compliance. Fres and 
AX were also significantly elevated in restrictive 
patients (18.3 ± 4.2 Hz and 1.24 ± 0.58 kPa/L, 
respectively) compared to controls (11.2 ± 2.1 Hz 
and 0.42 ± 0.18 kPa/L, both p<0.001). The 
obstructive group demonstrated the most 
pronounced IOS abnormalities across all 
parameters, with R5-R20 of 0.24 ± 0.09 kPa/L/s, 
significantly higher than both restrictive (p=0.002) 
and control groups (p<0.001). Small airway 
dysfunction, defined by elevated R5-R20 or 
abnormal X5 Z-score, was present in 33 (68.8%) 
participants in the restrictive group and 40 (87.0%) 
in the obstructive group, compared to 4 (8.3%) 
controls (p<0.001). 
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Table 2: Spirometric and Impulse Oscillometry Parameters 
Parameter Restrictive (n=48) Obstructive (n=46) Controls (n=48) p-value Post-hoc 
Spirometry 

     

FEV1 (% pred) 72.3 ± 9.6 64.7 ± 11.2 96.8 ± 8.4 <0.001 a,b,c 
FVC (% pred) 68.4 ± 8.9 87.2 ± 12.3 98.2 ± 9.1 <0.001 a,b,c 
FEV1/FVC (%) 82.6 ± 5.3 63.2 ± 6.7 81.4 ± 4.8 <0.001 b,c 
IOS Parameters 

     

R5 (kPa/L/s) 0.48 ± 0.13 0.56 ± 0.16 0.29 ± 0.06 <0.001 a,b,c 
R20 (kPa/L/s) 0.30 ± 0.08 0.32 ± 0.09 0.23 ± 0.05 <0.001 a,b,c 
R5-R20 (kPa/L/s) 0.18 ± 0.08 0.24 ± 0.09 0.06 ± 0.03 <0.001 a,b,c 
X5 (kPa/L/s) -0.28 ± 0.11 -0.38 ± 0.14 -0.12 ± 0.04 <0.001 a,b,c 
Fres (Hz) 18.3 ± 4.2 21.7 ± 5.1 11.2 ± 2.1 <0.001 a,b,c 
AX (kPa/L) 1.24 ± 0.58 1.86 ± 0.73 0.42 ± 0.18 <0.001 a,b,c 
6MWT 

     

Distance (m) 428 ± 67 446 ± 72 542 ± 58 <0.001 a,b,c 
FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; pred: predicted; R5: resistance 
at 5Hz; R20: resistance at 20Hz; X5: reactance at 5Hz; Fres: resonant frequency; AX: area of reactance; 
6MWT: six-minute walk test, Post-hoc: a = restrictive vs. controls (p<0.05); b = obstructive vs. controls 

(p<0.05); c = restrictive vs. obstructive (p<0.05) 
 
Correlations and Predictors: Correlation analyses 
within the restrictive group revealed significant 
inverse relationships between R5-R20 and FVC% 
predicted (r=-0.52, p<0.001), suggesting that more 
severe restriction was associated with greater 
peripheral airway dysfunction (Table 3). R5-R20 
also correlated inversely with six-minute walk 
distance (r=-0.48, p<0.001), indicating functional 
impact. X5 showed positive correlation with 

FVC% predicted (r=0.44, p=0.002) and six-minute 
walk distance (r=0.41, p=0.003). 

COVID-19 severity during acute illness showed 
moderate positive correlation with R5-R20 (r=0.39, 
p=0.006) and inverse correlation with X5 (r=-0.36, 
p=0.012), suggesting that patients with more severe 
acute COVID-19 experienced greater subsequent 
small airway dysfunction. 

 
Table 3: Correlations between IOS Parameters and Clinical Variables in Restrictive Group (n=48) 

Variable R5-R20 
 

X5 
 

 
r p r p 

FVC (% predicted) -0.52 <0.001 0.44 0.002 
FEV1 (% predicted) -0.48 0.001 0.39 0.006 
6MWT distance -0.48 <0.001 0.41 0.003 
Time since COVID-19 -0.21 0.148 0.18 0.219 
COVID-19 severity* 0.39 0.006 -0.36 0.012 
Hospitalization duration 0.34 0.018 -0.31 0.032 
BMI 0.28 0.053 -0.24 0.098 

*Spearman correlation; 6MWT: six-minute walk test; BMI: body mass index 
 
Multiple linear regression analysis identified 
FVC% predicted (β=-0.38, p=0.002), COVID-19 
severity (β=0.29, p=0.012), and hospitalization 
duration (β=0.26, p=0.028) as independent 
predictors of R5-R20, with the model explaining 
42% of variance (R²=0.42, p<0.001). 

Discussion 

This prospective study demonstrates that small 
airway dysfunction, as measured by impulse 
oscillometry, is highly prevalent in post-COVID 
survivors with restrictive lung disease patterns, 
affecting nearly 69% of patients at 3-12 months 
following acute infection. Our findings reveal 
significantly elevated peripheral airway resistance 
(R5-R20) and reduced peripheral compliance (X5) 
in restrictive pattern patients compared to healthy 

controls, with these abnormalities correlating with 
spirometric restriction severity and functional 
capacity limitations. The elevated R5-R20 values 
observed in our restrictive group (0.18 ± 0.08 
kPa/L/s) substantially exceed normal reference 
values and indicate peripheral airway involvement 
beyond what conventional spirometry reveals [12]. 
This finding aligns with emerging evidence that 
COVID-19 causes heterogeneous pulmonary 
damage affecting both parenchymal and airway 
structures. Histopathological studies have 
documented small airway epithelial injury, 
peribronchiolar inflammation, and fibrotic 
remodeling in COVID-19 patients [13], which 
would mechanistically explain the increased 
peripheral resistance detected by IOS. The strong 
inverse correlation between R5-R20 and FVC% 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Parekh et al.                                     International Journal of Current Pharmaceutical Review and Research  

546   

predicted (r=-0.52) suggests that small airway 
dysfunction contributes to the restrictive 
impairment observed in these patients. While 
traditional understanding attributes restrictive 
patterns primarily to parenchymal stiffness and 
reduced lung compliance, our data indicate that 
peripheral airway abnormalities represent a 
concurrent and potentially underappreciated 
component. This dual pathology may explain why 
some post-COVID patients with restrictive patterns 
experience disproportionate dyspnea relative to 
FVC reduction [14]. 

Interestingly, while the obstructive group 
demonstrated more pronounced IOS abnormalities 
overall, the restrictive group exhibited substantial 
peripheral dysfunction despite preserved 
FEV1/FVC ratios. This highlights IOS's unique 
capability to detect small airway pathology that 
remains occult on spirometry, supporting its role as 
a complementary diagnostic tool in post-COVID 
assessment [15]. Conventional spirometry 
classification may inadequately capture the 
complexity of COVID-19's pulmonary legacy, and 
integrated assessment using both modalities 
provides more comprehensive phenotyping. 

The relationship between acute COVID-19 severity 
and subsequent small airway dysfunction (r=0.39) 
corroborates previous observations that severe 
acute illness predicts persistent pulmonary 
impairment [2]. Severe COVID-19 pneumonia 
induces intense inflammatory responses with 
cytokine dysregulation, which may establish 
profibrotic pathways affecting both alveolar and 
bronchiolar compartments. The longer 
hospitalization duration association with elevated 
R5-R20 further supports disease severity's role in 
determining long-term small airway sequelae. 

The clinical significance of our findings is 
underscored by the correlation between IOS 
abnormalities and six-minute walk distance. R5-
R20 inversely correlated with functional capacity 
(r=-0.48), suggesting that peripheral airway 
dysfunction contributes meaningfully to exercise 
limitation in post-COVID restrictive patients. This 
relationship has therapeutic implications, as 
interventions targeting small airway inflammation 
and remodeling might improve both physiological 
parameters and functional outcomes. 

Our study builds upon limited existing literature 
examining IOS in COVID-19 survivors. While 
previous reports have documented IOS 
abnormalities in mixed post-COVID 
populations [9], few have specifically characterized 
small airway dysfunction within restrictive pattern 
phenotypes or performed systematic comparisons 
with obstructive patterns and matched controls. The 
prospective design and comprehensive correlation 
analyses strengthen causal inference regarding 

COVID-19's role in persistent small airway 
impairment.  Several limitations warrant 
consideration. First, the single-center design may 
limit generalizability, though our institution serves 
a diverse catchment area. Second, the cross-
sectional IOS assessment, despite the prospective 
study design, precludes determination of temporal 
evolution of small airway dysfunction; longitudinal 
follow-up would clarify whether abnormalities 
persist, resolve, or progress.  

Third, we did not perform high-resolution 
computed tomography correlation with IOS 
findings, which could provide structural-functional 
relationships. Fourth, we excluded patients with 
prior lung disease, potentially underestimating 
COVID-19's impact in vulnerable populations. 
Finally, although we identified correlations and 
predictors, residual confounding may exist, and 
mechanistic pathways require direct investigation 
through bronchoscopic sampling or advanced 
imaging. 

Future research should examine longitudinal 
trajectories of small airway dysfunction, investigate 
therapeutic interventions (bronchodilators, anti-
inflammatory agents, pulmonary rehabilitation) on 
IOS parameters, and explore IOS's prognostic value 
for predicting persistent disability or progression to 
chronic lung disease. Additionally, examining 
relationships between IOS findings and 
inflammatory biomarkers or radiological patterns 
would elucidate pathophysiological mechanisms. 

Conclusion 

Small airway dysfunction detected by impulse 
oscillometry is highly prevalent in post-COVID 
restrictive lung disease survivors, affecting 
approximately 69% of patients at 3-12 months 
post-infection. Elevated peripheral airway 
resistance and reduced compliance correlate with 
restriction severity, functional impairment, and 
acute COVID-19 severity.  

These findings demonstrate that restrictive patterns 
in post-COVID patients represent complex 
pathophysiology involving both parenchymal and 
small airway abnormalities. Impulse oscillometry 
provides valuable complementary information 
beyond conventional spirometry, enabling more 
comprehensive pulmonary assessment.  

Clinicians evaluating post-COVID respiratory 
symptoms should consider IOS as part of integrated 
functional testing to fully characterize pulmonary 
impairment and guide therapeutic decisions. 
Recognition of small airway dysfunction in 
restrictive pattern patients may inform targeted 
interventions to improve long-term respiratory 
outcomes in COVID-19 survivors. 
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