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ABSTRACT:

Background: Chronic obstructive
pulmonary disease (COPD) is characterized
by progressive airflow limitation and
structural lung abnormalities. The present
study aimed to correlate airwave
oscillometry (AOS) parameters with
spirometry and High-Resolution Computed
Tomography (HRCT) Thorax findings
among COPD patients.

Methodology: This  cross-sectional
comparative study conducted at the tertiary
care centre from South India. This study
was conducted on patients diagnosed with
COPD. All participants underwent detailed
clinical and radiological evaluation,
including spirometry, AOS, and HRCT of
the thorax. The primary endpoint was to
evaluate correlations between spirometric
and AOS parameters and HRCT-derived
radiological markers.

Results: Thirty-one COPD patients (mean
age 65.3 + 10.7 years; 87.1% male) were
included in the study. Progressive COPD
severity was associated with significant
declines in FEV., FVC, and FEF25-75 (all
p = 0.001). AOS demonstrated rising
resistance with severity (R5, p = 0.001;
R20, p = 0.003), while R5-R20 and X5
worsened without significance. Post-
bronchodilator FVC correlated negatively
with R5-R20 (p =-0.356, p=0.05) and X5
(p = -0.51, p = 0.03), and positively with
X5insp (p = 0.34, p = 0.05). Notably, AOS

indices (RS, R20) correlated negatively
with tracheal index, whereas spirometric
measures  showed  no  significant
association, suggesting superior sensitivity
of AOS in detecting structural airway
narrowing.

Conclusion: Spirometry captured
progressive expiratory flow limitation with
COPD and emphysema severity, while
AOS provided complementary insights into
small airway dysfunction and lung
inhomogeneity. AOS measures,
particularly resistance and reactance

indices, may enhance the evaluation of
COPD beyond conventional spirometry.
Keywords: Chronic Obstructive Pulmonary
Disease, Spirometry, Airwave oscillometry,
oscillometry, High-Resolution Computed
Tomography

Introduction:

Chronic obstructive pulmonary disease
(COPD) is a progressive inflammatory
disorder of the airways characterized by
irreversible airflow obstruction. It is now
recognized as a systemic condition, with
extrapulmonary effects driven by chronic
inflammation, hypoxemia-related
metabolic changes, and physical inactivity,
collectively worsening disease severity,
morbidity, and mortality (1,2). According to
the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) 2025
defines COPD as a heterogeneous lung
disease characterized by chronic symptoms
dyspnea, cough, sputum, and/or
exacerbations caused by airway (bronchitis,
bronchiolitis) and/or alveolar (emphysema)
abnormalities, resulting in persistent, often
progressive airflow limitation (3). It is the
4th leading cause of death globally and is
projected by WHO to become the 3rd by
2030 (4). The global prevalence of COPD
in adults aged 30-79 is about 10.3% (95%
CI: 8.2-12.8%), with data indicating
stability over the past decade (6.1% in 2011
vs. 6.0% in 2021) (5,6).

COPD arises from a complex interplay of
genetic, environmental, and early-life
factors. Cigarette smoking is the primary
risk factor, but only some smokers develop
the disease. Other contributors include
passive smoking, air pollution,
occupational exposures, and genetic
disorders such as alpha-1 antitrypsin
deficiency (7). Acute COPD exacerbations
are frequent, typically triggered by factors
such as bacterial or viral infections or
environmental  pollutants  (8).COPD
develops through oxidative stress and a
protease-antiprotease imbalance, causing
alveolar  destruction, impaired gas
exchange, and loss of lung elasticity.
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Reduced lung growth or suboptimal peak
lung  function  from  genetic or
environmental influences further heightens
long-term COPD risk (8-11).

Treatment for COPD can alleviate
symptoms and reduce exacerbations, but
recurrent acute episodes accelerate lung
function decline, leading to advanced
emphysema and, in some cases, the need for
lung transplantation to prevent fatal
outcomes. Early intervention is vital;
however, it requires diagnostic tools that
can identify subtle or early lung changes in
at-risk individuals—an area where current
standard diagnostics remain inadequate.
(9). In addition, early recognition allows for
timely intervention to preserve lung
function and slow progression (10).
Spirometry is the gold standard for
confirming COPD in suspected cases.
Diagnosis is made when the post-
bronchodilator FEV/FVC ratio is <0.7.
While a reduced FEV: suggests airflow
obstruction, it may also be affected by lung
volumes, elastic recoil, respiratory muscle
strength, and patient effort (12). In healthy
individuals, most airway resistance arises in
the 4-8" airway generations. Therefore,
FEV1 primarily reflects obstruction in the
larger airways, and substantial small
airways disease must be present before
FEV1 shows abnormalities.

Evaluating the mid-portion of expiratory
flow can provide additional insight into
small airway involvement. The Forced
Expiratory Flow between 25% and 75% of
the FVC (FEF25-75) is commonly used for
this purpose (13). However, FEF25-75
depends on FVC, so variations in FVC can
alter the flow-volume segment assessed,
and its reproducibility is poor unless
adjusted for lung volume (14). Moreover,
FEF25-75 often remains normal when the
FEVI1/FVC ratio is > 75% and correlates
poorly with other indicators of small
airways disease (15-17).

Leading guidelines, including those from
the GOLD and the American Thoracic
Society/European  Respiratory  Society
(ATS/ERS), recommend using specific

percent predicted FEV: (ppFEV1) values or
z-score thresholds to determine the severity
and classification of airflow limitation.
(7,18). Although ppFEV: is commonly used
to assess COPD severity, it has limitations
due to reliance on reference equations that
may not represent the general population
and often include race-based adjustments,
risking misclassification. In cases with
concomitant  restriction, FEV: may
overestimate severity. The FEV/FVC ratio
offers a more reliable and clinically relevant
measure, correlating better with key
outcomes (19). Comprehensive evaluation
of COPD requires both functional and
structural assessment. Although spirometry
is the GOLD-recommended standard for
diagnosing fixed airflow obstruction, it has
several shortcomings, including reliance on
patient effort, limited sensitivity for early or
small airway disease, lack of information
on lung volumes or gas exchange, and
reduced utility in acutely il or
uncooperative patients (7). To overcome
these limitations, alternative tools are
valuable. High-resolution CT (HRCT)
offers detailed visualization of airway and
parenchymal involvement and helps
quantify structural damage (20), whereas
oscillometry provides a rapid, non-invasive
assessment of respiratory mechanics during
tidal breathing, making it suitable for
patients unable to perform forced
maneuvers. However, its clinical utility is
constrained by the absence of standardized
global reference values and inter-device
variability, ~which limit  cross-study
comparability. Despite these challenges,
oscillometry demonstrates potential in
characterizing disease phenotypes and
warrants further investigation (21-23).

Forced oscillation (FOT) and impulse
oscillometry (IOS) are the two main
techniques, with FOT applying sinusoidal
pressure oscillations and IOS delivering
square wave pressure pulses across multiple
frequencies. Both methods are patient-
friendly and yield detailed assessments of
lung impedance (Zrs), from which
resistance (Rrs) and reactance (Xrs) are
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derived (24-26). Oscillometry generates
sound waves between 3 and 35 Hz; lower
frequencies assess small airways while
higher frequencies assess large airways.
This enables evaluation of the entire airway
tree (26,27). In COPD, increased airway
resistance (e.g., with bronchoconstriction)
raises Rrs, while increased compliance (as
in emphysema) lowers Xrs, making it more
negative (28). Key indices include RS (total
airway resistance), R20 (large airway
resistance), R5-R20  (small airway
resistance), X5 (reactance at 5 Hz), and AX
(area under the Xrs curve).

Advances in FOT have produced small,
portable devices such as airwave
oscillometry (AOS), which utilizes a
vibrating  mesh  to  generate a
multifrequency sinusoidal pseudorandom
noise (PRN) signal. The portability of AOS
allows for both home- and clinic-based lung
function  testing, offering practical
advantages over traditional FOT devices
(29,30). Notably, AOS not only achieves
more successful measurements than
spirometry, especially in populations
unable to perform forced maneuvers, but it
also demonstrates greater sensitivity in
detecting bronchodilator reversibility (29).
Given the limitations of spirometry in fully
characterizing COPD, this study aims to
correlate AOS with spirometry and HRCT
findings to evaluate whether oscillometry
can offer complementary or earlier insights
into small airway dysfunction and structural
lung damage, ultimately enhancing
diagnostic accuracy and disease assessment
in COPD patients.

Methodology

This study was designed as a cross-
sectional comparative study and conducted
in the Department of Respiratory Medicine,
Mahatma Gandhi Medical College and
Research Institute (MGMCRI),
Pondicherry, between 2022 and 2025.
Approval was obtained from the
Institutional Ethics Committee (IEC:
MGMCRI/Res/01/2024/09/THEC/03) prior
to commencement, ensuring adherence to
ethical standards for research involving

human participants. This study was
conducted in accordance with the ethical
principles outlined in the Declaration of
Helsinki and adhered to the standards of
Good Clinical Practice (GCP) guidelines.
The written informed consent was obtained
from all participants before enrollment.
Study Population The study included
patients aged above 40 years with a pre-
existing diagnosis of COPD or those
presenting with symptoms suggestive of
COPD, confirmed by spirometry as per the
GOLD 2024 guidelines. Patients with acute
exacerbation of COPD, microbiologically
confirmed pulmonary tuberculosis, active
lower respiratory tract infection (viral or
bacterial), hemoptysis, or pneumothorax, as
well as pregnant women, were excluded
from the study.

Study Procedure

All participants underwent a standardized
evaluation protocol. AOS was performed
using the Tremoflo C-100 system
(Thorasys, Canada) to assess small airway
function. Parameters recorded included
resistance indices—RS5 (resistance at 5 Hz),
R20 (resistance at 20 Hz), and R5-R20
(marker of small airway involvement)—
and reactance indices such as X5 (at 5 Hz;
inspiratory,  expiratory, and  post-
bronchodilator) and AX (area under the
reactance  curve).  Spirometry  was
conducted with MIR WinspiroPro (MIR,
Italy) to measure forced vital capacity
(FVC), forced expiratory volume in one
second (FEV:), FEV/FVC ratio, and
FEF25-75, with both pre- and post-
bronchodilator values obtained, and disease
severity staged according to GOLD criteria.
HRCT of the thorax was selectively
performed using the GE 660 Optima 128-
slice CT scanner in patients with persistent
symptoms  despite  optimal therapy,
disproportionate symptoms relative to
spirometry findings, FEV:1 <45% predicted
with hyperinflation or gas trapping, or
eligibility for lung cancer screening as per
ACCP/USPSTF guidelines. HRCT findings
assessed included emphysema, mosaic
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attenuation, bullae, bronchiectasis, fibrosis,
and features of pulmonary hypertension,
with emphysema severity categorized by
mean lung density as mild (-850 to —900
HU), moderate (—900 to —950 HU), or
severe (<—950 HU).

Study Outcomes

The primary outcomes were correlations
between AOS parameters (resistance and
reactance indices), spirometry findings
(FEV., FEV/FVC, FEF25-75), and HRCT
thorax features (emphysema, air-trapping,
and structural abnormalities).

Secondary outcomes included the strength
of these correlations, expressed as weak,
moderate, strong, or very strong, as well as
group differences in pulmonary function
and imaging findings based on clinical
variables such as age, gender, smoking
history, and COPD severity. Statistical
significance was determined at p < 0.05.
Statistical Analysis

Data were entered into Microsoft Excel and
analyzed using SPSS version 23 (IBM
Corp., Armonk, NY, USA). Categorical
variables were presented as frequencies and
percentages, while continuous variables
were expressed as mean =+ standard
deviation (SD) or median with interquartile
range (IQR), depending on their
distribution. Group comparisons were

performed using the Chi-square test or
Fisher’s exact test for categorical variables,
and the Independent Student’s t-test or
Mann—Whitney U test for continuous
variables, as appropriate. Correlations
between AOS, spirometry, and HRCT
findings were assessed using Pearson’s or
Spearman’s correlation coefficients, with
correlation strength categorized as weak
(<0.35), moderate (0.36-0.67), strong
(0.68-0.89), or very strong (>0.90). A p-
value of <0.05 was considered statistically
significant.

RESULTS Among the 31 patients, the
mean age was 65.3 £ 10.7 years, with the
majority being male (87.1%). Mean height
and weight were 160 = 6.7 cm and 62.4 +
5.4 kg, respectively, yielding a mean BMI
of 23.5 £ 4.0 kg/m?. Regarding smoking
status, 41.9% were never smokers, 6.5%
were current smokers, and 51.6% were
reformed smokers. Dyspnea assessment
using the mMRC scale showed 29.0% with
grade 1, 54.8% with grade II, and 16.1%
with grade III. Distribution across COPD
groups was 25.8% in Group A, 41.9% in
Group B, 6.5% in Group C, and 32.3% in
Group D. Among the 14 patients with
bronchiectasis, 41.2% were never smokers
and 41.2% were reformed smokers (Table
1).

Table 1: Demographic and clinical characteristics

Variable Proportions [Mean = S or n (%)]
Age 65.29+10.7

Gender

Female 4(12.9)

Male 27 (87.1)

Height (cm) 160+6.7

Weight (Kg) 62.4+5.4
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BMI (Kg/m?) 23.5+4.0
Smoking status

Never smoker 13 (41.94)
Current smoker 2 (6.45)
Reformed smoker 16 (51.61)
Dyspnea

MMRC-I 9(29.0)
MMRC-II 17 (54.8)
MMRC-III 5(16.1)
COPD groups,

A 8 (25.8)

B 13 (41.9)
C 2 (6.5)

D 10 (32.3)
Bronchiectasis (n = 14),

Never Smokers 6(41.2)
Reformed Smokers 6(41.2)

Pulmonary Function Indices Assessed by
Spirometry and Oscillometry Across
COPD Severity

FEV:, FVC, and FEF25-75 decreased
markedly from moderate to very severe
COPD (all p = 0.001), while FEV/FVC
showed a borderline decline (p = 0.051),
reflecting progressive airflow limitation
and small airway dysfunction. Oscillometry
parameters RS5 and R20 increased
significantly with severity (p = 0.001 and
0.003), whereas R5-R20 and X5 Post
showed trends toward worsening without
reaching significance (Table 2). Spearman
correlation analysis revealed that post-
bronchodilator FVC correlated negatively
with Post R5—R20 (p = —0.356, p = 0.05)
and Post X5 (p = —0.51, p = 0.03), and

positively with Post X5insp (p = 0.34, p =
0.05), indicating that higher peripheral
airway resistance and reduced reactance are
associated with lower lung volumes. FEV
and FEV/FVC showed weak or non-
significant correlations with oscillometry,
while FEF25-75 correlated moderately
with Post R5—R20 (p =0.32, p = 0.07) and
Post X5insp (p =0.27, p=0.14), suggesting
oscillometry’s utility in detecting small
airway obstruction. Overall, oscillometric
measures reflecting reactance (X5, Ax) and
frequency-dependent resistance (R5—-R20)
complement spirometry by providing
insight into peripheral airway function,
particularly in early or subtle disease
(Supplementary table 1) (Figure 1 and 2).
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Table 2: Spirometry and oscillometry parameters with COPD severity

Moderate Severe Very severe P value
(N=8) (N=16) (N=7)
FEVI 57.05+2.58 40.29+4.78 25.43+4 .45 0.001*
FVC 74.05+5.48 59.1649.25 37.46+5.13 0.001*
FEVI/FVC 60.78+3.23 54.07£7.7 51.43+8.59 0.051
FEF 25-75 34.65+4.43 22.7+3.28 13.13+3.14 0.001*
R5 4.91+0.84 5.41+0.921 7.14+1.36 0.001*
R 20 1.95+0.79 2.39+0.74 3.45+0.94 0.003*
R5-R20 2.95+0.57 3.01+0.73 3.68+0.80 0.136
X5 Post -426+1.73 -4.14+2.07 -6.69 +£3.22 0.059
X5 INSP -3.19+£1.07 -3.74+0.83 -4.48 £2.70 0.279
X5 exp -5.03 £2.26 -5.37+2.04 -7.68 +£3.85 0.381
Post AX 46.95+ 23.64 49.07+16.24 73.414+42.36 0.118
*Significant
A ik . B . .
9 . as: e e ) . 2 *
RN e : P L
. i : . : =
c . D L
£ o 19 ) 3 P °__ A - _'_g.!:l_s
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Figure 1: Scatter plots showing the relationship between post-bronchodilator FEV/FVC (%) and oscillometric
parameters. (A) Post FEV/FVC vs.R5, (B) Post FEV/FVC vs. R20, (C) Post FEV/FVC vs. R5-R20 and (D)

Post FEVI/FVC vs. X5. The red line represents the linear regression fit.
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Figure 2: Post-bronchodilator spirometry and oscillometry parameters.

The study evaluated associations between spirometric and oscillometric parameters across

common chest CT abnormalities in COPD patients. Patients with bullae exhibited the lowest

post-bronchodilator FEV1//FVC (48.6 £4.9) and FEV1% predicted (38.5 + 0.69), indicating

marked obstructive impairment. Those with pulmonary artery hypertension (PAH) had the
lowest FEV1% (36.5 + 0.6) and FEF25-75% (19.8 + 5.4), reflecting small airway

involvement. Fibrotic changes were associated with relatively preserved FEV.//FVC (61.7 £
4.4)and FVC (1.9 £0.53 L, FVC% 61.9 £ 8.1), consistent with a restrictive pattern.
Bronchiectasis showed moderate impairments (FEVi//FVC 55.4 = 7.1; FEV1% 43.6 = 9.8)
with elevated RS (5.1 + 1.2) and R20 (3.4 £+ 0.6), suggestive of peripheral airway resistance.

Patients with bronchial wall thickening demonstrated the highest Post Ax (70.5 = 13.5) and

Fres (24.3 £ 1.9), indicating increased lung inhomogeneity and impedance, while mosaic

attenuation was associated with moderate airflow limitation (FEV./FVC 59.2 £ 5.1; FEV.1%
41.2 £ 11.8) and elevated oscillometric indices (Fres 49.3 &+ 12.3; Ax 49.5 + 21.3). These

results highlight that distinct CT patterns correspond to specific physiological impairments,
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particularly small airway dysfunction in structural abnormalities such as bullae,

bronchiectasis, and PAH (Table 3).
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Table 3: Association with HRCT parameters
Spirometry Bronchial wall Mosaic attenuation | Bronchiectasis >2 lobes Fibrosis (n=6) PAH (n=3) Bullae (n=3)
parameters thickening (n=4) (n=10) (n=14) (n=7)
Post FEVI/FVC 57.7£0.92 59.245.1 55.45+7.1 58.7+2.8 61.7+4.4 59.5+4.1 48.6+4.9
Post FEV1 (L) 1.0£0.35 1.01+.38 1.0+£0.26 1.0+0.34 1.240.27 1.0£0.08 1.02+0.99
Post FEV1 (%) 44.3+15.3 41.2+11.8 43.619.8 44.5+12.3 49.5+5.2 36.5+0.6 38.5+0.69
Post FVC (L) 1.8+0.6 1.7£0.56 1.98+0.48 1.8+0.58 1.9£.53 1.7+£0.26 2.1+0.27
Post FVC (%) 61.2+20.3 52.6£13.2 1014+56.3 1.8+0.58 61.9+8.1 48.5+4.1 61.3+6.5
Post FEF 25-75 (L) 0.52+0.18 0.54+0.24 0.64+0.1 0.54+0.1 0.67+0.12 0.52+0.007 0.53+0.03
Post FEF 25-75(%) 26.7+13.5 2381+1.1 24.3+7.4 26.3+9.9 28.9+5.7 19.8+5.4 23.7£1.17
Post RS 4.9+1.1 5.1+1.1 5.1£1.2 5.6£1.4 4.9+1.2 4.8£0.65 5.4+1.3
Post R20 2.8+0.87 3.2+1.0 3.4+0.6 3.6£0.97 3.01+£0.74 2.7+0.43 3.5+1.3
Post R5-R20 2.01+0.74 2.0+£0.45 1.7£0.65 1.9£0.79 1.9£0.68 2.01+0.22 1.9+0.37
XS5 post -6.5£2.5 -4.7+1.8 -4.5+0.6 -5.6x1.6 -4.5+1.2 -5.0£0.86 -4.8+1.9
X5 INSP -5.6x1.6 -3.7£1.6 -4.0+1.3 -4.6x1.5 -4.3+1.2 -4.3+0.28 -3.9+1.4
X5 exp -5.7+2.7 -5.6+2.5 -5.6+1.7 -6.5+£2.0 -2.8+0.67 -6.9+1.7 -6.9+3.5
Post Ax 70.5+13.5 49.54+21.3 55.5+18.3 67.8+20.3 -5.4+1.7 53.1+1.3 44.01£16.2
Post FRES 24.3+1.9 49.3+12.3 33+13.8 49+3.2 41+12.3 26.9+11.7 29.7+4.8
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The correlation between tracheal index and
post-bronchodilator pulmonary function
was  assessed.  Spirometric  indices,
including FEV,, FEV/FVC, FVC, and
FEF25-75, showed weak, non-significant
associations with tracheal index (all
p>0.05). In contrast, oscillometry
parameters  demonstrated  significant
negative correlations, with post RS (p = —
0.36, p = 0.04) and post R20 (p =-0.445, p
= 0.02), indicating that increased central
and peripheral airway resistance is
associated with reduced tracheal index.
Other oscillometric measures (R5-R20,
X5, AX, Fres) showed no significant
correlations. These findings suggest that
resistance-focused oscillometry
parameters, particularly RS and R20, may
better reflect anatomical changes such as
tracheal narrowing, whereas conventional
spirometry is less sensitive to such

structural alterations (Table 4). Post-
bronchodilator spirometry and oscillometry
were compared across increasing emphysema
severity. FEV/FVC ratio declined significantly
from 61.3 + 3.6 in mild to 43.2 + 6.8 in very
severe emphysema (p = 0.04), with FEV:%
predicted (56.4 +3.7% to 24.0 + 8.0%, p=0.03)
and FVC% predicted (p = 0.03) also showing
significant reductions, reflecting progressive
airflow limitation and reduced expiratory flow.
FEF25-75 declined with severity but did not
reach significance (p = 0.53). Among
oscillometry parameters, Post AX increased
significantly with severity (p = 0.03), indicating
worsening small airway inhomogeneity, while
Post R5, R5-R20, X5, and Fres worsened non-
significantly. Overall, spirometry captured
significant declines in expiratory function with
emphysema progression, whereas oscillometry
highlighted  increasing  small airway
dysfunction and Ilung  inhomogeneity
(Supplementary Table 2).

Table 4: Correlation of Spirometry and oscillometry parameters with tracheal index

Spirometry and oscillometry parameters Tracheal index
Spearman's rho P value

Post FEVI/FVC -0.19 0.28
Post FEVI(L) -0.08 0.64
Post FEV1(%) -0.04 0.98
Post FVC(L) 0.06 0.72
Post FVC(%) 0.169 0.36
Post FEF 25-75 (L) -0.03 0.87
Post FEF 25-75(%) 0.04 0.82
Post RS -0.36 0.04
Post R20 -0.445 0.02
Post R5-R20 -0.06 0.72
XS5 post 0.05 0.78
X5 INSP 0.023 0.72
X5 exp -0.18 0.52
Post Ax 0.057 0.39
Post FRES 0.07 0.17
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Spirometry and oscillometry parameters
were compared across three smoking
categories: reformed smokers (n = 16),
current smokers (n = 2), and non-smokers
(n = 13). No statistically significant
differences were observed in post-
bronchodilator FEV//FVC, FEV,, FVC, or
FEF25-75 among the groups (all p > 0.05).
Reformed smokers demonstrated the
highest bronchodilator responsiveness in
FEV: (7.53 + 1.63%) and FEF25-75 (7.16
+ 15.84%), whereas current smokers
showed minimal or negative responses,
suggesting reduced airway reversibility in
active smokers, though these trends were
not statistically significant. Oscillometry

parameters, including R5, R20, R5-R20,
X5, AX, and Fres, showed no significant
differences across smoking groups (p >
0.05). Reformed smokers exhibited slightly
higher total and peripheral airway
resistance (R5, R5—R20) and more negative
reactance (X5), indicating increased small
airway stiffness and inhomogeneity, while
current smokers had the highest tracheal
index, though none of these differences
reached statistical significance. Overall,
both  spirometry and  oscillometry
demonstrated similar lung function across
smoking categories, with trends suggesting
better bronchodilator responsiveness in
those who had quit smoking (Table 5).

Table 5: Spirometry, oscillometry and tracheal index parameters stratified by smoking status

Parameter Reformed Current No Smoking P value
(n=16) (n=2) (n=13)
Pre FEV1/FVC (%) 5424 +£6.93 53.74 +10.80 56.89 +8.25 0.419
Post FEV1/FVC (%) 54.25+9.14 52.90 £ 16.26 55.83 £6.90 0.945
Post FEV1 (Litres) 29.94 £ 1537 | 48.50+12.02 42,72 £ 11.53 0.055
Change in FEV1 (%) 7.53+1.63 2.50+1.26 598+1.14 0.697
Post FVC (Litres) 1.71 £0.55 2.26+0.29 1.89 £ 0.54 0.390
Post FEF25-75 (L/sec) 0.46+0.17 0.64 £0.21 0.54 +£0.21 0211
Change in FEF25-75 (%) 7.16 £ 15.84 -1.00 £ 15.56 6.09 +14.38 0.842
Post RS (kPa/L/s) 5.45+1.60 4.06+0.71 4.85+0.89 0.351
Post bronchodilators -7.25 £ 11.11 -19.00+ 12.1 -7.05+£13.56 0.545
change in RS (%)
Post R20 323+ 1.14 2.55+0.29 2.89 £0.77 0.732
Post R5-R20 2.23+£0.96 1.51 £1.00 1.95 £ 0.61 0.577
Post X5 (kPa/L/s) -5.63+£2.87 -3.89 +£0.56 -4.41+2.34 0.582
Post Ax (cmH20/L) 61.43+37.14 39.97+0.37 50.03 £21.31 0.642
Post Fres (Hz) 30.81 +4.73 32.41 +3.00 31.82+4.83 0.853
(n=8) (n=2) (n=11)
Tracheal index 1.10+0.17 1.28 £0.01 1.14+£0.19 0.441
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DISCUSSION:
This study assessed the role of

AOS in COPD and its correlation with
spirometry and HRCT thorax findings.
Despite these advantages, the clinical
adoption of oscillometry is limited by the
absence of universal reference values and
inter-device variability. However,
oscillometry demonstrates potential in
assessing small airway dysfunction and
differentiating COPD phenotypes (21-26).
In this study, 31 COPD patients were
evaluated with a mean age of 65.3 £ 10.7
years, with 68% aged over 60,
predominantly male (87.1%), and of
normal BMI (23.5 = 4.0 kg/m?). These
findings align with a large Spanish cohort
by Morena et al. (n = 73,901), which
reported a mean age of 73 years and male
predominance (76.8%) (31). Similarly,
Wang et al. in the USA observed COPD
with 77.8% of cases occurring in males,
underscoring the gender disparity and
symptom burden across age groups (32).
Tobacco use is the principal risk factor for
COPD, with disease risk influenced by
smoking duration, intensity, age of
initiation, cumulative exposure, and
abstinence and promoting disease
progression (33). Several tools are
available to assess breathlessness, with the
Modified Medical Research Council
(MMRC) dyspnea scale being one of the
most widely applied (34). In the present

study, most patients (54.8%) reported
moderate dyspnea (Grade II) which were
similar in the earlier study by Dawood et
al., on COPD patients (35).

In this study, 51.6% of participants were
reformed smokers, 41.9% were smokers,
and 6.5% were current smokers.
Bronchiectasis was observed in both
smokers and non-smokers, with 41.2% of
affected patients being never-smokers and
an equal proportion being reformed
smokers. However, Yang et al. reported
23,609 new cases (0.3%), showing higher
risk in ex-smokers (aHR = 1.07) and
current smokers (aHR = 1.06), greatest
with >10 pack-years (aHR = 1.12)
showing smoking is an independent risk
factor, though bronchiectasis also occurs in
never-smokers (36).

In the present study, spirometric indices
(FEV1, FVC, FEF25-75) declined
progressively with increasing COPD
severity, consistent with the expected
pattern of airflow limitation. Similar
findings were reported by Raj et al., who
demonstrated a significant reduction in
spirometric parameters across GOLD
stages, confirming spirometry’s role in
grading COPD severity (37).
Oscillometric parameters in our study
showed significant abnormalities with
disease progression. Increased R5 and R20
reflected higher total and central airway

resistance, while more negative X5 and

2937| International Journal of Pharmacy Research & Technology | July -Dec 2026| Vol 16| Issue 2



Suriya Senthil et al / ASSESSMENT OF AIRWAVE OSCILLOMETRY AND ITS CORRELATION WITH
SPIROMETRY AND HRCT THORAX FINDINGS AMONG COPD PATIENTS

elevated AX indicated worsening small
airway dysfunction. Gunawardana et al.
demonstrated that AOS had a much higher
feasibility rate (98%) compared to
spirometry (68%), especially in younger
children who struggled with forced
maneuvers. They also reported significant
correlations of oscillometric indices such
as RS and X5 with spirometric measures
including FEV,, FEF75, and FEV./FVC,
and found that bronchodilator responses
detected by spirometry corresponded with
marked changes in oscillometric
parameters (38).

This study reported a stronger association
between FVC and oscillometric parameters
(R5-R20, X5) than with FEV.. This
suggests that FVC may better reflect small
airway dysfunction. Similar Grieg et al.
reported that all AOS measurements were
more sensitive than FEV: in detecting
bronchodilator responsiveness among
patients with moderate—severe COPD.
Particularly, R5-R19 and AX showed
stronger sensitivity compared to FEV1,
though R5-R19 exhibited greater
variability due to being derived from two
separate resistance values. These findings
suggest that AOS can serve as a valuable
adjunct to spirometry, especially for
detecting small-airway dysfunction that
may not be evident with conventional
measures (39). These observations align

with the work of Kolsum et al., who found

oscillometry to be more sensitive than
spirometry in detecting small airway
impairment, particularly in early disease
(40). A study by Chan et al. showed
excellent reliability (ICC > 0.80),
demonstrating that oscillometry is a
reproducible tool. These findings support
the role of AOS in monitoring patients on
biologic therapy, offering a sensitive
alternative or complement to spirometry
(41).

On CT correlation, we found emphysema
to be associated with reduced FEV/FVC
and FEV1%, whereas bronchiectasis and
bronchial wall thickening corresponded
with higher resistance and reactance
values. These findings are in line with
those of Yamamoto et al. 2020, reported
that together, HRCT and oscillometry
provide complementary information, with
reactance offering a non-invasive
functional correlate to structural changes
on HRCT. Vital capacity and FVC showed
negative correlations with both
oscillometric indices and HRCT fibrosis
scores, indicating that worsening structural
changes on HRCT were paralleled by
greater functional impairment on
oscillometry, consistent with restrictive
ventilatory deficiency (42).

The smoking status did not yield
statistically significant differences in our
study, trends suggested impaired

bronchodilator reversibility in current
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smokers and increased reactance
abnormalities in reformed smokers. A
comparative study demonstrated that
among children exposed to passive
smoking, oscillometry was more sensitive
in identifying airway changes.
Specifically, higher values of reactance
area, central airway resistance, and
obstruction indices (Fres, X5, AX) were
observed in the passive smoking group.
These findings suggest that oscillometry
may detect early or subtle airway
impairment not captured by standard
spirometry (43). Pisi et al. demonstrated
that oscillometry is sensitive in detecting
small airway dysfunction, with R5—R20
inversely correlating with FEVs/FEVs and
identifying aiway dysfunction even in
heavy smokers with normal spirometry. A
notable proportion of smokers (=30 pack-
years) showed elevated R5-R20,
indicating early airway involvement (44).
In parallel, Verma et al. further confirmed
oscillometry’s utility, reporting increased
RS and R20 and reduced X5 in smokers,
including those with normal spirometry (p
<0.001) (45). Overall, our findings
demonstrate that oscillometry
complements spirometry and highlights its
potential as a valuable adjunct in both
clinical practice and research settings.
However, certain limitations must be
acknowledged. The study was conducted

at a single center with relatively small

sample size. Future multicentre studies
with larger cohorts are warranted to
validate these findings and strengthen the
evidence for routine incorporation of AOS
alongside spirometry.

Conclusion
Oscillometry demonstrated greater

sensitivity than spirometry in detecting
airway resistance and structural narrowing
in COPD. While spirometric indices like
FEV: and FEV/FVC showed expected
trends of decline with disease severity and
emphysema progression, oscillometry
parameters such as R5-R20 and AX
captured additional insights into peripheral
airway involvement and lung
inhomogeneity. The significant
correlations between AOS parameters and
both functional and anatomical indices
highlight its value as a complementary tool
for assessing disease severity and airway

remodelling.
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Supplementary table 1: Correlation of spirometry and oscillometry parameters

Cardiovascular

Variables Correlation | Post | Post | PostR5- | Post Post Post Post | Post
R5 R20 | R20 X5insp | XSexp | Ax Fres | X5

Post Is 0.03 0.08 -0.05 0.18 0.20 -0.21 -0.28 | 0.76
FEV1/FVC

p value 0.85 0.65 0.76 0.33 0.26 0.25 0.20 | 0.21
Post FEV1 Is -0.08 | 0.07 -0.15 0.17 0.13 0.48 0.49 | 0.05
(Litres)

p value 0.65 0.68 0.38 0.36 0.47 0.08 0.14 | 0.33
Post FVC Is -0.21 0.04 -0.356 0.34 -0.31 0.14 0.33 | -0.51
(L)

p value 0.24 0.98 0.05 0.05 0.04 0.53 0.08 | 0.03
Post Is -0.12 | 0.006 | 0.32 0.27 -0.256 -0.08 0.28 | 0.80
FEF25-75
(L) p value 0.53 0.97 0.07 0.14 0.16 0.97 0.11 |0.11
FEVI Post Is -0.018 | 0.136 | -0.16 0.376 0.14 -0.215 0.13 | 0.33
Percentage
perdicted P value 0.81 0.466 | 0.39 0.26 0.28 0.24

0.37 |0.23

FVC post Is -0.13 | 0.04 -0.30 0.28 0.23 -0.135 0.03 | 0.25
percentage | p value
predicted 0.47 0.79 0.37 0.12 0.34 0.46 0.98 |0.16
FEF 25-75 Is -0.08 0.01 -0.15 0.33 0.23 -0.20 0.13 | 0.28
post
percentage | p value 0.65 0.94 0.41 0.06 0.21 0.27
predicted 0.79 | 0.17

rs: Spearman's rho
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